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1.0

l . l

INSTALLATION PLAN SUMVI{RY

General
The installation/commissioning plan has been developed to efficiently execute the site

phaseof theL iGoVacuumEquipmentcont rac t -w i thmin imumr isk topro jec t
performance goals, project schedule and personnel safety'

The installation/commissioning progtam will be executed under strict quality control

and safety requirements. Raw materials and finished components will be protected

from conia-ination throughout the installation and commissioning process.

As part of the Final Design effort, PSI has evaluated the installation options for the

vacuumequipmentsystem'PSlhaselectedtohireageneralcontractortoinstal l the
tu.uut .quip.ent at each site The LIGO Vacuum Equipment systems will b-e

inrtJLa by a site installation contractor working under PSI's direction. PSI will

maintain a site supewisor at each site for the duration of the

installatior/commissioning pro gram.

PSI engineering staff members will participate on a rotating basis to monitor

construction activities and to validate the installation process

During the Final Design Phase, PSI has evaluated various options for alignin-e the

l,ru"url equipment to the Beam Tube centerline. PSI has hired Metrowest

Engineerin! io to assist psl in selecting optical alignment equipment and developing

the-requirei procedures. The alignment plan is detailed in the following section ofthis

volume.

site commissioning will be executed using PSI personnel with labor assistance from

the site contractoi. Each site will be commissioned in phases and acceptance of

individual vacuum equipment stations is envisioned to be on a staged basis

Detailed acceptance test procedures are included in the attachments to this volume

These procedures wiil viidate the system and equipment performance and form the

basis for LICro's acceptance of the vacuum equipment'

Prior to the start of instailation at each site, a LIGO/PSI Installation Readiness Review

will be held.

After the site acceptance tests are complete, an LIGO/PSI Acceptance Test Review

meeting will be held to closeout the contractual requirements at each site

Use or disclosure of dau in response to Conuact PC175730 is subject to the restnctions on the tirle page'
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1.1.1

1 .1 .2

Installation Control Plan

Ptanning/Scheduling
Installation plans and schedules are developed by the project manager and the site

manager in conjunction with the project team.

Installation scheduling is performed on a computer software package from Primavera

Systems called SureTrack Project Scheduler. SureTrack is a comprehensive project

control software. It produces critical path schedules and various reports used for

resource planning. The schedule is updated periodically to show status and culrent

critical path tasks.

Installation Schedule updates will be provided to LIGO during the monthly progess

meetings.

Technical Performance Measurements

Technical performance shall be measured during the installation/commissioning
portion of Phase 'B' by the following means:

r PSI Intemal Desi-en Reviews of Installation Documentation

r PSI{LIGO Design Reviews (lnstallation Readiness Review)

. Initiai Vessel Alignment Review

. Leak Testing Results

o Cleanliness Check Results

. Finai Vessel Alignment

l. Final Equipment and System Acceptance Testing

Each of these measures will validate the desigr and installation of the vacuum

equipment system.

Use or disclosure of drta in response to ContEct PC175730 is subject to tle restdctions on the title page.
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I
t.2 Site Material Control

Material Control at the installation site will be executed in accordance with the

following documents:

VO49-2-l 19 Contamination Control Plan

y049-?-120 Raw Material Handling Procedure

VO49-2-124 ControlofNon-Conformance

1.3

AII material (both PSI shipped components and supplies as well as vendor shipments)

received at the site will be inspected prior to acceptance, Deliveries will be inspected

for shipping damage, contamination and component accuracy versus the shipping or

purchase order.

Materiats that are required to be identified and traceable to its source are verified at

this time.

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

they are ietermined to be acceptable, they are transferred to the Site Contractor. All

rejected material is marked and returned to the vendor. It is not stored with the

accepted project material. Discrepancy reports shall be written for a.ll rejected material

and routed to the PSI site supewisor for resolution.

Where it is necessary to maintain permanent markings or identification on materials

and items, they are marked vibro-etching. All major items are visibly marked with a

mark number either on the item or on an attached nameplate or tag. No marking is

allowed on vacuum surfaces.

Control of Special Processes

All installation special processes (welding, cleaning, alignment, etc.), are controlled by

documented procedures issued through the Document control Department. special

processes are numbered and called out on manufacturing drawings as applicable'

All required inspections and tesrs are perlormed utilizing properly calibrated T"lulng
ald teit equipment. AII calibrated test equipment has calibration stickers, indicating

w.hen the cali-bration was done, when the nexl 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 tractability to recognized National

Standards.

Use or disclosure of drta in response to Contracl PC175730 is subject to the restrictions on the title page.
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l.;l Change Control

controlled documents and drawings are issued from PSI'�s Westborough, 141 6ffce

to the site supervisor- The PSI site supewisor issues documents and/or drawings to the

Site contractor. when a new revision is issued, it is the PSI supervisor's

responsibility to pickup or mark'!oid" the out-of-date revision and issue the latest

reJsion. ali engineering copies ofdocuments and drawings are issued as uncontrolled

copies.

It is the responsibility of the PSI site supervisor to check the working documents alld

drawings being used-by the Site Contractor to determine if the latest revision of each is

in use.

All requests for change initiated after the final design approval will be controlled by

PSI procedures SOP-006-001 'T'equest for Change" (See Volume I)

Qualit-v Assurance Program

It is the responsibiliry of the PSI site supervisor to monitor and control quality

assurance during the installation/acceptance testing phase of the program' The

program will bJexecuted using a group of home office Q A and engineering staff

*.rib"rr. Training sessions and Q.A. audits will be used as part of the program'

The overall Q.A. plan will be executed per Y049-2-029 (See attachment section).

Components and materials will be installed via detailed PSI procedures and checklists

Contiactor hold points will be established to verifu installation alignment' cleanliness

aad general workmanshiP

Safetv Program

The detailed safety pro$am will be established for PsI and contractor personnel at

each LIGO site. ihe PSI program will be instiruted per PSI Procedure V049-2-023
"safety Plan" (See attachments).

The PSI site supervisor is responsible for implementing the site safety program'

All members of the PSI project team (and associated contractors) are responsible for

executing the project in a 
-manner 

that minimizes risk to personnel, facilities and

eouioment.

1.5

1.6

use or disclosure of data in response to conuact PC175730 is subject to the restricdons on the title page-
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1.7 Trainin g/Qualifi cation

As part of the LIGO Project ExecutiorL PSI will conduct personnel training and
qualification in various specialty areas for site installation personnel. The following is
a list ofthe planned training/quelification activities:

PAW Welding Process

GTAW Welding Process

[IFIV Installation

Cleanroom Protocol

LIFIV Cleaning

Leak Checking

Training and qualifications will be performed by PSI personnel. Formal class agendas
and training material will be prepared and supplied by PSI.

Schedule
The following is a summary schedule of the Vacuum Equipment Fabrication Schedule,
The schedule has been timed to support the planned installation sequence.

1.8

Use or disclosure oI data in response to Contmct PC175730 is subject to the restrictious on the tirle page.
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INSTALI,ATION/ACCEPTANCE TESTING SCFEDULE

See The Monthly Vacuum Equipment Status Report (CDRL No. 09) For An Updated Schedule

Use or disclosure of data in response to Contract PC175730 is subjed ro the restrictions on the title page.
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o 1.9 System Turnover

It is anticipated that Vacuum Equipment at each site will be turned over to LIGO in
three phases associated with the ,ight att (a nid and end station), the comer station
and the left arm (a mid and comer station).

System tumover will be a topic at the installation readiness review meeting. System

turnover documentation and PSI's system for organizing and controlling it will be
presented and discussed.

Acceptance testing for the vacuum equipment is planned on a building by building

basis since the vacuum equipment for each building is isolated by gate valves. After

each building is performance tested and accepted by LIGO, an acceptance test report
will be prepared by PSI and submiued to LIGO for approval.

PSI shall also submit an acceptance test data review package prior to the LIGO/?SI

Acceptance Test Review meeting,

The test reports and Acceptance Test Review meetings will be separate for each site

The Acceptance Test Review meeting will then be held to closeout remaining contract

issues for that site.

Use or disclosure of dan in response to Contract PC 175730 is subject to the resltictions on the tide page.
PzgeT



2-l

INST.{LLATION SUIIT}LA.RY

General
The Vacuum Equipment will be installed by the selected site installation contractot

under the direction ofthe PSI site supervisor.

The vacuum Equipment installation will be scheduled and controlled to minimize

possible contamination to the vacuum system.

The LIGO Vacuum Equipment installation will consist ofseveral different phases.

l. Optical survefng and grid mapping ofLVEA areas.
2. Setting ofmechanical room equipment in place.

3. Sening vacuum vessels and components in place
4. Installing and commissioning the clean air skid and cleanrooms.
5. Aligning and installation ofvacuum vessels and component by section'

6. Installation ofvacuum pumping systems.

Some ofthese activities will be accomplished in parallel to reduce the installation time.

The overall strategy is to commission the clean air Systems and clean rooms as soon as

possible to provide clean purge gas for vessel assemble. This will require some

i..porury clian air lines to be run until the fixed clean air headers can be installed.

The major vessels and components are installed and connected for each major vacuum

equipmlnt section (vertex, diagonal, etc.) fust. l\lter the vessels are installed, the

piping headers and electrical systems are installed under the vessels

The actual installation sequence is detailed in Section 3 0.

Control of Contamination

All vacuum boundary components will have been shop cleaned at PSI prior to being

shipped to the site. At the site, all vacuum components will remain sealed until they

are ready for installation.

Whenever vacuum boundary components are to be opened, they will be purged with

class 100 air and protected by class 100 clean rooms. clean room operation shall

conform to V049-2-l l8 "Procedure for Clean Room Activities".

t j

Use or disclosure of dau in response to Contract PC 175730 is subject to the restrictions on the title page
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2.3 Vacuum EquiPment Alignment

Prior to placing vacuum alignment in the LVEA areas, a detailed optical survey and

grid mapping w;ll be conducted by PSI at each station. This survey will establish

i..uru,. ieam rute centerlines and offset reference lines. This suwey would use

monuments supplied by LIGO to accurately establish the beam line'

These reference malks will also allow PSI to set the vessels close to their final position

as they are moved into the building-

An optical alignment system will be used to accurately install the vacuum beam line

vesse'ls and components. At the present time, the actual system has not been selected.

This system uses an optical source, a reference target and a portable target'

once the laser source and reference target are properly aligned, the poftable talget

would be moved to the vessel beam tube nozzle cover (special alignment cover) to

accurately alig the nozzle centerline, This procedure would be repeated until all

components were aligned.

The actual optical alignment procedure will be developed after the optical ali-enment

system is selected.

Vessel Installation and Precision Alignment

once the vessel has been aligned, the floor will be marked for boring using the vessel

leg anchor plates as a template. The vessel will then be rolled aside and the anchor

bo'lt holes will be drilled. After the anchor bolts cement has cured, the vessel will be

lifted over the bolts and realigned.

Use or disclosure of data in response to Contracr PC175730 is zubject to the restnctions on the title page.
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3.0 STATION INSTALLATION SEQT]ENCE
General

The vacuum system components will be installed in the following general sequence. Some activities
will occur in parallel (i.e. mechanical room and LVEA optical survey) to expedite the schedule.
Class 100 clean rooms will be assembled and commissioned as required to zuppoft the installation.

I The installation of major components will be controlled via a component installation instruction.

I This instruction will give specific instructions and process and safety considerations.

Each major component installation will be independently verified and sig[ed off before proceeding
to the next step ofthe installation.

3.2 Corner Station Installation

3.2.1 Vertex Section

Position WCPI, WCP2, WGV5, WGV7, WBE-44 WBE4B, WA-IA and WA-IB

Position spools WB-9, WB-9B, WBE-S, WB-I,\ WB-IB, WB-8,\ WB-88, WBE-6,
WBE-2Ar WBE-28, WBE-3AI, WBE-38, WA-13A and WA-138.

Position WHAMT and WHAMl2.

Position WHAMI and WHAM6.

Position Mode Cleaner Tubes WB-2A and WB-2B

Position Mode Cleaner Tubes WB-3A and WB-5A.

Position WHAM2 and WHAM3.

Position WHAMl l and WHAMl 0.

Position WHAM9 and WHAM8.

Position spools WA-l3d WA-13B, WBE-3A and WBE-38.

Position WBSC4, WBSC8, WBSC7, WBSC3, WBSC1 and WBSC2.

Position WHAM4 and WHAMS.

Position spools WA-l5d WA-I58, WA-3A WA-3B, WA-6.\ WA-68, WB-7,
WB-4A, WA-124 WA-12B, WBE-2A, WBE-28, WBE-3A2 and WBE-3B.

Assemble and position 2ea, BSC Clean Rooms.

or disclosure of data ir response to Cordract PC I 75730 is suQiect to lh€ restrictions on the title page.
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Install WBSC2, WHAM4, WHAM5, WHAM6 (Anchor bolts - no $out).

Install Mode Cleaner WB-5A (Anchor bolts - no gout)

Install Pipe Bridge.

Install WBSC3, WGV2, WBSCT and WGV2 (Anchor bolts - no grout).

Install WBSCI, WBSC8, WBSC4 and WGVI (Anchor bolts - no grout)

Install WHAI\8, WHAM2, WHAM1 and WB-3A (Anchor bolts - no grouQ.

Install Mode Cleaner Tube WB-3A to WHAM2 (Anchor bolts - no grout).

Install WBE-3B at WBSC2.

Install WBE-2B at WBSC2.

Install Ion pumps WIP3, WIP4 and gauges at W}IAM5.

Install WA-3A at WBSC3 and WA-3B at WBSCI.

Install Ion Pumps WIPI, W?I2 and gauges at WHAM2 and WHAMS.

Install Ion gauges.

Install Roughing and Turbo pump hand valves 6" - 10".

Install Main Roughing Pumps and anchor bolts.

Install Main Turbo Pumps and anchor bolts.

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

Install Vertex VO wiring to LIGO CDS rack.

Grout all comDonents

Ou,.
or disclosure of data in response to Co tract PCI75Z0 is subject to the restrictions on the title page
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3.2,2 Washington Corner Station-Right Beem Manifold

O 
Assemble and set-up portable Clean Room.

Install WCP2, WGV?, WA-IA" and WBE-4A (Anchor bolts - no grout).

Install Cryopump burst disk.

Install Beam Tube manifold WA-134 WB-84 WB-14 WBE-S and WB9
(Anchor bolts - no grout),

Install adapters WA-13A, WA-12A, WB4A to WGV4 and WB-7.

Install 6" and 10" hand valves.

Install WRC2 and WTC2 at WB-7 anchor bolt to floor.

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

hstall Right Beam Manifold VO wiring to LIGO CDS rack.

Install Ion gauges.

Grout all components.

se or disclosure of data in response to Contract PCU5730 is subject to the restrictions on the title page.
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4.2.3 Wrshington CornerStation-Diagonal Section

-
Assemble and set-up portable Clean Rooms.

Install WHAM9, WHAMS and WIIAMT (Anchor bolts - no gout).

Install WHAM10, WHAMII and WHAM12 (Anchorbolts - no grout).

Install WGV3, WB4, WB6, WA-128 and WB-68.

Install Mode Cleaners WB-2A and WB-28 (Anchor bolts - no grout).

Install 6" hand valve at WB6.

Install adapters WA-6B and WBE-3A2.

Grout all components.

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

Install Diagonal VO wiring to LIGO CDS rack.

Install Ion pumps WIPT at WHAMI l, WIP8 at WHAM8.

Install lon gauges.

Install Roughing and Turbo pump hand valves 6" - 10".

q,"
or disclosure of data in response to Contract PCU5730 is sruqi€ct to the reslrictiotrs on the title pagB.
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J'�'n
Washington Corner Station-Left Beam Manifold

Assemble and set-up portable Clean Room.

Install WCPI and WGV5 (Anchor bolts - no grout).

Install Cryopump burst disk.

Install Beam Tube manifold between WGV5 and WBSCS (Anchor bolts - no grout).

Install spools WA-IB, WA-13B, WB-8B, WB-IB, WBE-6 and WB-98 (Anchor bolts - no grout).

Install 6" and 10" hand valves at WBE-6.

Install WRC I and WTCI at WBE-6 anchor bolt to floor.

Install Ion gauges,

Install Electrical distribution systems, Vacuum piping and Clean Air piping,

Install I€ft Beam Manifold I/O wiring to LIGO CDS rack.

Confirm the Corner Station Oxygen monitoring system is operational (supplied by the Owner).

Grotrt all components.

ese or disclosure of data in response to Conhact PC175730 is sribJect to the r€stictions on the title page.
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3.2.5 Corner Station Mechenical Room

Install Main Roughing and Turbo Backing pumps.

Install Clean Air compressor (and commission A.S.A.P.)

Install Air Drier,

Install electrical cabinets.

Install cooling water system.

Connect vent header.

Install electrical systems,

Connect Clean Air piping.

Energize electrical panels.

Install condensate blow down lines.

Install Air Drier blowdown vent line.

Washington Corner Station LN2 Supply System lnstallation

Install Right Beam Manifold LN2 tank, GN2 equipment and LN2 vaporizer.

Install VJ piping to WCP2.

Pressure test LN2 system.

Install Left Beam Manifold LN2 tank, GN2 equipment and LN2 vaporizer.

Install VJ piping to WCPI.

Confirm the Corner Station orygen monitoring system is operational. (Supplied by owner).

Pressure test LNZ system.

Commission and test WCPI.

o
Useor disclosure of dab itr response to Contract PCU5730 is snbject to the restrictions on the tifle page.
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3.2.

o
Corner Station Laydown Area Requirements

Equipment laydown areas to support the Corner Station equipment installation activities will be
needed outside of the Large Item Access Airlock on the north side of the LVEA. This area will run
west to east. The approximate size is (later).

o
I T

lncoming equipment will be positioned in a manner which will not encumber access to the LVEd
LN2 system or other site activities in this area.

3.3 Right Mid Station Instrllation

3.3.1 Vacuum Vessels

Assemble and install portable clean room.

Install WBSC5 (Anchor bolts - no gout).

Install WCP5 (Anchor bolts - no gout).

Install WCP6 and WBB4E (Anchor bolts - no grout).

Install Cryopump burst disks.

Install 10" hand valve.

Install WGVI4 and spools WA-IC, WA-7A1.

Install spool WBE-4C between WCP5 and WGV13.

Install WGVIS and spool WA-14A.

Install WPl0.

Install pump carts and anchor bolt.

lnstall Ion gauges.

Install Electrical distribution systems, Vacuum piping and Clean Air piping'

Install Right Md Station VO wiring to LIGO CDS rack.

Grout all components.

6e or disclosure of data in r€sponse to Contract PC 175730 is subject to the reslrictions on the title psge
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I
3.3

Right Mid Station Mechanical Room

Install and Turbo Backing pumps.

Install Clean Air compressor.

Install Air Drier.

Install electrical cabinets.

Install cooling water system.

Connect vent header.

Install electrical systems,

Connect Clean Air piping,

Energize electrical panels.

Install condensate blow down lines.

lnstall Air Drier blowdown vent line.

Right Mid Station LNr Supply Systems

Install Right Md Station LN2 tanks, GN2 equipment and LN2 vaporizers.

Install VJ piping to WCP5 and WCP6.

Confirm the Right Md Station oxygen monitoring system operational.

Commission LNZ systems.

Commission and test WCP5, WCP6.

3,3.4 Right Mid Station Laydown Area Requirements
Equipment laydown areas to support the Right Mid Station equipment installation activities will be
needed outside ofthe Inspecion/Shipping/Receiving area on the east side of the Right Mid Station.
This area will run south to north- The approximate size is (later).

o
Useor disclosure of data in response 10 Contract PCU573 0 is subject to th€ reshictions on the title page.
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3.4 Left Mid StBtion Installrtion

3.4.1 Vacuum Vessels

Assemble and install portable clean room.

Install WBSC6 (Anchor bolts - no grout).

Install WCP3 (Anchor bolts - no gout),

Install WCP4 (Anchor bolts - no $out)

Install Cryopump burst disks,

Assemble and install portable clean room.

Install WGVI0 and spools WA-1D, WA-7Bl .

Install spool WBE-4D between WGV9 and WCP3.

Install spool WA-14B and WGVI 1.

Install spool WBE-4F between WCP4 and WGVI2.

Install WIP9,

Install hand valves.

Install pump carts.

Install Ion gauges,

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

Install Left Md Stuion VO wtins to LIGO CDS rack.

Grout all components.

l*.
or disclosure of data m response to Cofiract PC 175?30 is subjesl to the rEstrictions on the title page
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3.4.2

o
Left Mid Station Mechanical Room

Install Turbo Backing pumps.

Install Clean Air compressor.

Install Air Drier.

Install electrical cabinets.

Install cooling water system.

Connect vent header.

Install electrical systems.

Connect Clean Air piping.

Energize electrical palels,

kstall condensate blow down lines.

Install Air Drier blowdown vent line.

3.4.3 Left Mid Station LN2 Supply Systems

Install Left Md Station LNz tanks, GNz equipment and LN2 vaporizers.

Install VJ piping to WCP3 and WCP4.

Confirm the Left Mid Station oxygen monitoring system operational.

Commission LNz systems.

Commission and test WCP3 ard WCP4.

3.4.4 L€ft Mid Station Laydown Area Requirements
Equipment laydown areas to support the I€ft Md Station equipment installation activities will be
needed outside of the Inspection/ShippinglReceiving area on the south side of the Left Mid Station.
This area will run west to east. The approximate size is (later).

- 
Use or disclosure of data in response to Contract PC175730 is subiect to the restictions on the title page.
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3.5 Right End Station Instiilstion

!tJ,5,1 Vacuum Vessels

o
Use

Assemble and install portable clean room.

Install WCPS (Anchor bolts - no gout).

Install Cryopump burst disk.

Install WBSC9 (Anchor bolts - no grout),

Install WGV20 and spools WA-IE.

Install spool W A-7 A2

Install spool WBE-4G between WCP8 and WGV19.

Install hand valves.

Install pump carts anchor bolt.

Install WP12.

Install Ion gauges.

Grout all components per specification.

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

Install Right End Station VO wiring to LIGO CDS rack,

or disclosure of data in response to Contract PC 17573 0 i6 subjec't to the restrictions on the title pdge.
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o
Right End Station Mechanical Room

Install and Turbo Backing pumps.

Install Clean Air compressor.

Install Air Drier.

Install electrical cabinets.

Install cooling water system.

Connect vent header.

Install electrical systems.

Connect Clean Air piping.

Energize electrical panels.

Install condensate blow down lines.

Install Air Drier blowdown vent line.

Right Xnd Station LNz Supply System

Install Right End Station LN2 tanh GN2 equipment and LN2 vaporizer.

Install VJ piping to WCP8.

Confirm the Right End Station Oxygen monitoring system operational.

Commission LN2 system.

Commission and test WCP8.

3.5.4 End Station Laydown Arer Requiremenb
Equipment laydown areas to support the Right End Station equipment installatioq activities will be
needed outside ofthe Inspection/Shipping/Receiving area on the east side of the Right End Station.
This area will run soutl to north. The approximate size is (later).

{ ,

o
3.5.3

be or disclosurc of data in response to Cordracl PC 175730 is subject to the rertrictions on the title page.
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* 3.6 Left End Station Installation

-.6.1 Vacuum Vessels

Assemble and install oortable clean room.

Install WBSC l0 (Anchor bolts - no grout).

Install WCPT (Anchor bolts - no grout),

Install Cryopump burst disk.

Assemble and install portable clean room.

Install spool WA-1E and WGVI8

Install spool WBE-4H between WCPT and WGV17.

Install spool WA-7B2

Install WIPI L

Install hand valves,

O Install pump carts anchor bolt.

Install Ion gauges,

Install Electrical distribution systems, Vacuum piping and Clean Air piping.

Install t.eft End Station VO wirins to LIGO CDS rack.

Grout all comDonents.

IJse or disclosure of daa in responge to Co ract FC175730 is subieEl to the reslrictions on the ttle page.
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3.6.2 Left End Station Mechanical Room

Install Turbo Backing pumps,

Install Clean Air compressor.

Install Air Drier.

Install electrical cabinets.

Install cooling water system.

Cornest vent header.

Install electrical systems.

Connect Clean Air piping,

Energize electrical panels.

Install blow down lines-

Left End Station LNr Supply System

Install Left End Stafion LN2 tank, GNz equipment and LNI vaporizer.

lnstall VI piping to WCP7.

Confirm the Left End Station oxygen monitoring system operational.

Commission LN2 system.

Commission and test WCP7.

Left End Station Laydown Area Requirements
Equipment laydown areas to support the Left End Station equipment installation activities will be
needed outside ofthe Inspectior/Shipping/Receiving area on the south side of the Left End Station.
This area will run west to east, The approximate size is Ga!er).

3.6.3

t

3.5.4

ruse or dirclosure of daia in response to Contsact PC 175730 is subject to the restrictions on the title page.
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e.7 Grouting Requirements
Base plate grout shall be the flowable type and it shall meet with the requirements of ASTM Cl 107
for nonshrink, nonmetallic grout.

Tests required by other applicable ASTM specifications shall be performed including strength tests.

The minimum grout strength shall be 7000 psi at 28 days.

Acceptable grout products are:

l. Five Star Grout - manufactured by: Five Star Products.

2, Masterflow 928 - manufactured by: Masterbuilders

3. Masterflow 713 - manufactured by: Masterbuilders

Application:
The undersides ofall base plates shall be clean and the concrete surface be clean and dampened prior
to placing grout.
Grout shall be mixed, placed and cured in accordance with the manufactuers instrustions,
Curing shall continue for a minimum of7 days.
Grout test and QC inspection reports shall be provided to the Owner.

Vessel and Component Optical Alignment
A1l vessels and components will be aligned in accordance with Opticd Alignment Procedure (later).

Anchor Bolt Installation
All anchor bolts will be installed in accordance with Anchor Bolt Installation Procedure V049-1-
101. (See Attachment'.I\f')

I
3.8

3.9

o
Useor disclosure of data in response to Contract PC175730 is su$ect to the restrictions on the tide page.
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o 4.0

4.1

CO}1}IISSIOND{G SUM}L{RY

General
The vacuum equipment commissioning progam will be scheduled and controlled to

minimize possible hazards to personnel and equipment. PSI personnel will execute the

commissioning pro-sram vith labor suppon Aom the site contractor' All

commissioning personnel will be trained in safety and execution of commissioning
procedures.

Some components (ion pumps, roughing and turbo pumps, etc.) will have been

performance tested at the vendors facility prior to shipment. Vacuum vessels, sPools,

mode cleaner tubes, etc. will have been vacuum leak tested at Psl prior to shipment

and will have met LIGO requirements. These tests will not be repeated at the site'

The clean air systems and the Class 100 clean rooms will be commissioned first to

provide contamination control for the installation ofvacuum components'

As each isolatable section is mechanically completed, commissioning will commence

on that section. A-nnulus systems will be pumped down and their vacuum integrity

verified. The roughing headers will be partially installed and capped to allow initial

pumpdown ofthe first isolatable section.

As each new isolatable section is completed, the vacuum headers will be extended and

the electrical systems installed. The newly completed section will then be initially

pumped down.

By usin-e a three point optical system (source, ponable target, and reference target) the

rour.. .- be moved to the end of the completed isolotable section (and aligned on

the beam centerline). This allows the gate vatves to remain closed for initial pumping

of the completed section while still allowing alignment of new components.

Section 5.0 provides summaries ofeach acceptance test. The detailed acceptance test

procedures ior each component and system are included in the attachments to this

volume.

?age25
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4,2 Control of Contamination
All vacuum boundary components will have been shop cleaned at PSI prior to being
shipped to the site. At the site, all vacuum components will remain seaied until they
are ready for installation.

Whenever vacuum boundary components are to be opened, they will be purged with
Class 100 air and protected by Class 100 clean rooms. Clean room operation shall
conform to V049-2-l l8 '?rocedure for Clean Room Activities".

4.3 Acceptance Testing

Formal LIGO Acceptance Testin-s will be done on a station by station basis for each
site. The Acceptance Test (and signoffs) will be executed as detailed in each
component and system test procedure (see Anachment 18 and 19).

After testing, acceptance test reports will be prepared and submitted. In addition, an
Acceptance Data Review Package will be submitted for review.

The LIGO,DSI Acceptance Test Review meeting will then be held to closeout
remainine contract issues.

Page 26
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o 5.0 ACCEPT^{\CE TESTING
This section details how each major LI@ component and system will be acceptance
tested.

Some components (ion pumps, roughin_e and turbo pump, etc.) are performance tested
at the vendors facility. vacuum vessel and tube sections have been vacuum leak tested
at PSI ard have met LIGO requirements. These tests will not be repeated during site
testing. special shipping precaution will be utilized to ensure that all components
arrive safely at the site with all of the proper documentation.

The actual component and station acceptance test procedures are included as
attachments to this volume.

The following is a summary of the acceptance test plan.

Component Acceptance Tests

Chamber and Tube Section Leak Test Plan
Chambers (BSC, [L{M, 80K) and tube sections will have been shop tested at pSI and
will have met LIGO's component leakage requirement (less than I x lO'e torr - Vs of
helium) prior to arriving at the site. These tests will not be repeated during site
acceptance testing. o-ring joints that have been made in the field will be tested (via
pumpdown) as part ofthe isolatable section testing.

Prerequisites
The individual vacuum enclosures have completed their manufacturing cycle and have
been cleaned ,baked, factory leak tested, and sealed for shipment. The unit is then
wrapped and packaged for shipment.

Upon arrival at the installation site, the unit will be visually inspected for any shipping
damage that may have occurred during transit.

Vacuum Pump Acceptance
Acceptance tests for lhe Main Roughing, Main Turbomolecular, and Auxiiiary
Turbomolecular vacuum pumps will be performed at the Edwards High vacuum lnc.
(EHW) factory located in Grand Island, N.y. EI{VI is ISO 9001 cerrified and the
vacuum systems for the LIGo project are designed and manufactured in accordance
with the documentation and qualiry assurarce programs required by ISO90O l.

Each vacuum system will be acceptance tested prior to shipment. In addition to
quality, workmanship, and dimensional inspections, the systems are tested for pumping
speed, ultimate pressure, Ieakage, and operation ofprotective features.

5.t

5.1.1

5 . l . l . l

5.1.2
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I 5.1.2.1 Main Roughing (Ref. Specification V049-2-001 Rev. 3)

The Main Roughing system's individual vacuum pumps wilt be atmospheric air speed
tested by EIfVI at the point of manufacture in the U.K. A test cenificate is provided
with each pump. lvlain Roughing system functional tests will be done at EHV'I's
Grard Island, N.Y. facility. The minimum required pumping speed at I ton = 236 Vs,
at 0.1 torr = 472Us. The roughing pump set must be capable of evacuating a volume
of 200 cubic meters from atmosphere to I torr in 4 hours or less, The Main Roughing
Pumps are designed for continuous duty service at full load and will pump down a
2000 cubic meter volume from atmosohere to I ton without overheaths.

5.1.2,2 Turbo Pumps
The lvlain and Auxiliary turbomolecular pump systems are speed tested in accordance
with American Vacuum Society AVS 4.1; Recommended procedure for measuring
pumping speeds as revised in October 1986. The speed test is performed across the
normal working range of the turbomolecular pump, from lxl0* torr to lxl0'r torr.

< t  ? t  I [Iain Turbomolecular Pump Sets (Ref. Specification V049-2-002 Rev. 4)

The minimum required pumping speed at the inlet pon of the Main Turbo pump =
1400 lis N2 at an inlet pressure = lxlO-r ton. The minimum required backine pump
tkoughput = 5 torr-Vs with a backing pressure = I torr. The Main Turbo Pump sets
are designed for continuous duty service at full load and will pump down a 2000 cubic
meter volume from I torr to 1x10{ torr without overheating.

Auxiliary Turbomolecular Pump Sets (Ref, Specification V049-2-003 Rev. 3)

The minimum required pumping speed -at the inlet port of the Auxiliary Turbo pump =
50 Vs N2 at an inlet pressure = 1x10-'iorr. The Auxiliar.v Turbo pump set will be
speed tested per AVS 4. 1 procedure.

5.1.2.3 Ion Pumps

5.1.2.3.1 Main lon Pumps
Check for physical damage to the pump, controller and F{V cables.

Prior to pump installation, verify that it still is under vacuum.

After pump installation, vacuum leali check it with isolation valve closed.
Refer to PSI leak test procedure V049-2-067 .

Install rhe controller, hook up control wires and FfV cable(s) to the controller
and feedthru(s). Then test controller functionality and all interlocks.

l l ' r ) )

a.

b .

d
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5,1.2.3.2 Annulus Ion PumPs

Refer to Section 5. 1.2.3. 1 (lvlain Ion Pumps)

5.1.3

5.1.3.1

Valves

Large Gate Vatves (Refer to Specification V049-2'107)

The large gate vdves will be acceptance tested at the manufacturer's shop prior to

shipment.

All valves will be inspected for dimensional conformance to approved assembly

drawings. Each valve will be inspected for cleanliness by black light. Valves will be

recleaned if any contamination is found.

Each valve will be functionatly tested. Prior to final gate seal leak testing, operation of

each valve for 20 cycles will be demonstrated. The valves will be shown to be capable

ofstroking in either direction in 5 minutes or less

Each valve shall be tested for leakage (using oil-free pumping equipment and leak

detector) prior to shipment from the malufacturer. Each valve will be baked at 150 c

prior to llak checking. For dual gare seals and end seals, each seal pair will be

indiridually tested. A helium mass spectrometer leak detector with calibrated leak will

be used in perlorming the leak testing. Partial pressures of hydrocarbons will be

measured with an RGA and outgassirig rates gre;ter than 4 x l0-8 Torr-Vs for any

species will be cause for rejection. Body and flange leakage will be measured to be

liss than 10-e torr-Vs of helium before shipment. Leak checking procedures will

conform to ASTM E498.

one valve of each size and type of actuation will be tested for shock. The valve pill

be tested in the vertical position resting on a pad that deflects at least 0.1" under the

static load of the valve, so as not to simulate a "hard mount". Testing will be done

both at atmospheric pressure and with the valve under vacuum. An accelerometer will

be mounted near a connecting flange (or weld stub) on the valve housing or near the

edge ofone of the flange covers. Separate measurements will be taken in each of the

thrie ares. Valve actuation will be shown to induce no more than 0.019 peak+o-peak

accelerat.ion at any point on the valve mounting flanges or weld stubs

The following documentation will be provided prior to shipment:
. Leak test procedure and repon (including data).

. Shock test procedure and report (including data)

o Manufacturer's standard QA repons (including final functional test reports)

o
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I
5.1.3.2 6", 10" and ld" Gate Valves (Refer to Specification V049-2-f08)

Each valve will be inspected for cleanliness by black light. Valves will be recleaned if
any contamination is found.

All 6", 10" and 14" gate valves will be leak tested (using oil-free pumping equipment
and leak detector). An RGA helium mass spectrometer leak detector with calibrated
Ieak will be used in performing the leak testing. Leak checking prccedures will
conform to ASTM E498. Valve body and flange total leakage will be measured to be
less than 10'e ton liter/sec of helium before shipment. Gate seal leakage will be shown
to be less than lx l0-e torr liter,/sec of helium.

One valve of each size and rype of actuation will be tested for shock. The valve wilt
be tested in the vertical position resting on a pad that deflects at least 0.1" under the
static load of the valve, so as not to simulate a "hard mount"- Testing will be done
both at atmospheric pressure and with the valve under vacuum. An accelerometer will
be mounted near a connectine flange on the valve housing or near the edge ofone of
the flan-ee covers. Separate measurements will be taken in each of the three a.xes.
Valve actuation will be shown to induce no more than 0.01g peak+o-peak acceleration
at any point on the valve mounting flan-qes.

The following documentation will be provided prior to shipment:

Leak test procedure and repon (including data).

Shock test procedure and report (including data).

Malufacturer's standard QA reports (including final functional test reports).

Other Small Valves (Refer to Specification V049-2-l1l)

Each valve will be inspected lor cleaniiness by black light. Valves will be recleaned if
any contamination is found. The vendor's standard inspections will be performed.

All 6", 10" and 14" gate valves will be leak tested (using oil-free pumping equipment
and leak detector). The vendor's standard leak checking procedures -will be used
Valve body and flange total leakage will be measured to be less than I0-'ton liter/sec
of helium before shipment, or less if the vendor's standard is lower. Gate seal leakage
will be shown to be less than lx 10-e torr liter/sec of heliur4 or less if the vendor's
standard is lower,

The manufacturer's standard QA reports (including fina.l functional test reports) will
be submitted.

a

a

5.1.3.3
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I 5.1.4

5.1.4.1

s.1.4.2

< r {

5.r.6

80K Cryopump Svstem Site Acceptance Test

80K Pump Field Joint Leak Test
The specification requires all leaks grearer than lxl0'e torr-I./s of helium to be repaired
in accordance with LIGO approved procedures. Prior to shipment to the site, the gOK
pump will have been leak checked and all objectionable leaks will have been repaired.
Fabrication Test Plan Y049-2-129 describes the method by which this is done for the
cryopump reservoir. Leak checking ofthe cryopump vaeuum vessel and all joints and
flanges on cryopump which are assembled in the field will be leak checked per the
methods described in V049-2-014.

LN2 Dewar, Regeneration Heater, and Cryopump Site Acceptance Tests
Detailed plans have been developed for field acceptarce tests of each of these
systems. They are to be found in document number V049-2- 102.

Clean Air Supplies (Refer to Specification V049-2-109)
Each compressor system will be functionally tested. A comprehensive operational test
plan will be developed and used to demonstrate proper operation of the compressors.
Tests will include normal operation plus simulation of unusual events (component
failure, etc.) to ensure that individual skid controls brine the system to a safe
condition.

For one of each size system, the delivered flowrate will be shown to be at least 50
CFM or 200 CFM, the dewpoint showl to be no higher than -60 C (at atmospheric
pressure), and hydrocarbon content shown to be no hieher than the ambient air. In
addition, a particle count ofthe delivered air will be takin to confirm that it conforms
to Class 100. (As part ofthe system acceptance in the field, the hydrocarbon content
and particle count will be repeated to confirm clear:liness of the installed piping
system.

Portable Soft-WaU Cleanrooms (Refer to Specification V049-2-llD)
One of each size portable cleanroom will be fully assembled at the manufacturer's
shop. It will be inspected for dimensional specifications and the presence and proper
operation of the windows to seal to the beam tube or nozzles, and to the BSC dome.
Rigidity of both the frame and of the removable ceiling unit will be verified. The
operation of the sealing system used to mate two clearrooms together will be checked.

The cleanroom will be operated and certified to produce a Class 100 environment.

A system assembly and operating manual will be provided.

Use or disclosue of data in response 10 Contact PCl757i0 is subjecr to the restrictions on the title page.
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I 5.1.7 Bakeout System Blankets And Carts
a. All bakeout cans will be tested per PSI fabrication specification V049-2-068 prior

to shipment to the site.

b, AII blankets will be tested for operation and performance at PSI during bakeout of
all vacuum vessels.

Vacuum vessels will be cleaned, baked out, evacuated, and sealed prior to
shipment to the site.

5.2 System Acceptance Testing

{ t  1 Isolatable Section Leakage Testing
Individual vacuum components are assembled into isolated sections which will be
leaked checked as an independent volume. The procedures used to leak check the
isolated sections are similar to the procedures used for individual components and in
general follow the _zuidelines of .A.STM E498

Each isolated section has basically rwo t)?es of vacuum volumes; the main chamber
volumes and the annulus volume between the dual o-ring seals. The amulus systems
will be leak checked by pumping dowa each annulus system as it is complered. If the
annulus pumps down in the calculated time frame, significant leaks are not present.
The main vacuum sections will be leak tested using an air signature test. The test
criteria is given in leak testing procedure V049-2-014. If an unacceptable leak rate is
detected, the section will be leak checked in accordance with leak check orocedure
v049-2-14.

Ultimate Pressure and Pumpdown Time
The proposed acceptance test will be to measure the pressure after the bakeout when
the isolatable volume has reached room temperature, and prior to a bacldll. This test
will determine if the volume is clean and leak tight, removes any ambiguity created by
the backfilling process.

In addition to measuring the pressure after bakeout the volume w'ill be bacldlled with
dry air and purged for 24 hours. The volume will then be repumped for 100 hours to
establish a baseline pressure. There is no acceptance criteria for this test, and it will be
performed onJy on the largest isolatable volume in each station.

The pumpdown and ultimate pressure tests are performed on the largest isolatable
section with an 80K pump. In the case ofthe Washington corner station the isolatable
sections would be: L The Vertex section *ith one of the Beam Manifolds, and 2.
The Diagonai section with one of rhe Beam Manifolds. In the case of the Louisiana
comer station the isolatable section would be the Venex section with one of the Beam
Manifolds. The End.Mid stations have only one isolatable section. Before an ultimate
pressure test is petformed, the sections that make up the largest isolatable section must
be baked.

< t t
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5.2.2.3

5.2.2.4

< t t {

Annuli Pumpdown

The annuli on ihe flanges will have been pumped during installation for leak checking.
Any remaining flange annuli at atmosphere will be pumped prior to start ofbakeout.

Vacuum Equipment

The roughing carts, and main turbomolecular pumping system and main ion pump
system will have been tested already, The main ion pumps wiil be evacuated and
baked after installation onto the vacuum envelope with their isolation valve closed.
The main ion pumps will then be started to ensure proper operation.

Residual Gas Analysis Prior To Bakeout

Data will be taken prior to start of bakeout as a reference for checking outgassing
rates,4eaks after the bakeout.

System,{solatable Section Bakeout

The bakeout system will be installed on the isolatable section and the section will be
baked out according to the bakeout procedures. Prior to the start of bakeout the
system will be evacuated using the roughing system. The main turbomolecular cart
will be used to pump on the isolatable section during the bake.

The isolatable section will be heated to l50oC and soaked for 48 hours at l50oC+20o.

Cooldown of the system will be carried out with the heating system operating to
maintain temperature uniformitv. This is done by ramping down the setpoints to
ambient temperature.

Since the pumpdown tests will be carried on a isolatable section with a 80K cryopump,
the beam manifold section will also need to be baked prior to vacuum pumpdown tests
in the case ofthe corner stations. Execute bakeout for other sections as required.

Ultimat€ Pressures after Bakeout,

The isolatable section shall attain a total pressure of 2x10-8 torr or less (N2
equivalent), measured with a calibrated Granville-Phillips "stabil" ion gauge at a BSC
RGA port after bakeout and cooldown to ambient temperature. The partial pressure
shall be measured with an RGA at a BSC RGA port. If fte hydrogen content of the
steel prevents the attainment of this value, then the total pressure ofthe gases, other
than Hz and H:O shall not exceed 3x10-e torr. Only the main ion pumps and 80K
cryopumps are permitted during this test.

Table 5.2.2.5 shows the LIGO specification partial pressure goals and the
correspondin-e proposed partial pressure acceptance criteria that are consistent with
the protory?e chamber test results, and design margins required for reliable
impiementation-

Use or disclosure of dara in response to Contract PC175730 is subject to the restriaions on the ritle page.
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o
Gas Species LIGO

Partial Pressure
Goals
Torr

- 5x10-9
5xl0-9

Table 5.2.2.5

Predicted
Partial Pressures

Torr

Acceptance
Partial Pressures

Torr
H-

CFIJ

5xl0-9
Ix l0-9

Total HzO 1xl0-8 6x l0-9

5x  10-10
5x l0 -10

Total co lx l0-9
2x10- 10

2x 10- 10 5xi0- 10
All others 5x10-  i0 5x l0- 10

2.2x10-9 3x10-9

2x l0-8 *

* Exclusion for lI2

5.2.2.6 Backfill. Dry Air Purge, and 100 Hour Pumpdown

The system will be back filled with dry air from the class 100 air system and purged

for 24 hours prior to vacuum pumpdown test, This test will be done onJy on the

lareest isolatable volume in each station, and be for information or y'

5.2.2.7 Pumpdown Of Isolatable Section With 80K Cryopump

Comer Station: Vertex & Beam Manifold

Once two isolatabte sections, a vertex section and beam manifold section have been

baked and backed filled, the vacuum pumpdown test can be initiated'

EndMid Station: There Is Only One Isolatable Section.

Use or disclosure of dau in response to Contrdct PC175730 is subject to the restricUons on the Utle page'
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5.2.2.1.1 Pumpdown From Atmosphere To 0.1 Torr Using The Roughing System

Corner Stations:
The isolatable section will be pumped using one main roughing system to a pressure
below 0.1 torr. The requirement is to be able to h:rn on the turbo pump in less than
four hours. Acceptance will be when a pressure of 0.1 torr is reached in less than 4
hours and the rougJring system can be turned offand the turbo pump can be turned on.

End/Ivlid Stations:
The isolatable section will be pumped using the backing pump of the main turbo pump
to a Dressure of 0.2 torr.

5.2.2.7.2 Pumpdown From 0,1 Torr To 10{ Torr Using The Main Turbomolecular
Svstem

Corner Stations:
The isolatable section will be pumped using two main turbomolecular pump system. to
a pressure of less than 5xl0* ton.

End/ Mid Stations:
One main turbomolecular p_ump system is used to pump the isolatable section to a
pressure of less than 5xl0{ ton. The pumps will be started once a pressure of 0.2
torr has been reached.

5.2.2.7.3 80K Cryopump
The cryopump will be tumed on when a pressure of less than 5xl0{ ton has been
reached. To minimize cryotrapping of CO2, the cryopump should be cooled down as
Iate as possible,

5.2.2.7.4 Main Ion pumps.

The main ion pumps will be turned on after the cryopump is cold and has been
pumping for several hours, @etween 24 hours to 30 hours into the pumpdown).

Use or disclosure of data in resfnnse to Contnct PC 175730 is n$je$ to the restictions on the title page.
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5.2.3 Interface To The CDS

All CDS cabinets are supplied and installed by LIGO. PSI will terminate all VE
instruments and other system interlocks as shown on PSI electrical drawings. CDS
cabinet locations are shown on the following drawings:

V049-3-123 (4 sheets )

V049-3-108 (2 sheets )

V049-3-308 (2 sheets )

V049-3-408 (1 sheets )

V049-3-508 (1 sheets )

Acceptance test for instrument loops and other wiring installed by PSI and terminated
in the CDS's, will be performed as follows:

a. Check point to point continuity of each conductor to insure that wiring is intact
and terminated at the proper place at both ends.

b. Verifu wire connections are made in accordance with terminal wiring diagrams and
schedules.

c. Using highlighter (transparent marker), indicate on terminal wiring diagram sheets
that each wire and connection has been verified. These sheets will be made
available to the buyer.

Replace defective wiring and retest.

Additional testing requirements are listed in V049-2-022 @lectrical and
Instn:ments Construction Work).

Use or disclosure of d.:u in response to Contract PC175730 is subject to the restnctions on the title page.
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6.0

6.1

}TBRAfi ONNOISE/SHOCK MEAST'REMENT

General
In order to evaluate the effectiveness ofthe first order remediation measures designed
into the vacuum equipment, direct measurements ofnoise, shock, and vibration will be

conducted at the LIGO sites during the commissioning process. The LIGO

specification has identified the FL{M and the BSC chambers as locations where shock

and vibration response are important. These tests have been included as part of the

System Acceptance Test Plans for the corner, mid, and end stations (document

numbers V049-2-113, -114, and -115), The measurements are informationai only
however, and may be used to develop measures to improve performance should LIGO
deem that it is necessary or desirable to do so. Further details of the tests may be
found in the referenced documents.

Vibration Nleasurements

Specialized research accelerometers will be used (Wilcoxon models WR73lA and WR

9l68T0-l) to measure vibration amplitudes at the FL{M and BSC chambers While it

appears from manufacfurer's data that they are sensitive enough to measure

acceleration amplitudes below specification compliance limits above l0 Hz, electronic
noise from the measuring equipment or ambient vibration may reduce the

accelerometer sensitivity. For this reason, the vibration measurements should be
viewed as complementary to the analltical models.

Noise Measurements

Cambridge Acoustical Associates has done some acoustical modeling of the

interferometer end station for preliminary predictions of compliance with the LIGO

specification with respect to noise (NC-20 at any location within the vacuum

equipment and laser areas). This preliminary analysiS predicts excedence of the

spicification at the BSC by amounts which depend on the octave band of interest.

Final results require the measurement of sound pressure levels in the vacuum

equipment area at the LIGO sites. As previously stated, these measurements have

been included in the station System Acceptance Test Plans.

Use or disclosure of data in response to Contract PCl757l0 is subject to the restriaions on the tirle page
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6.4 Shock lleasurements

The LIGO specification requires that valve actuation induce no more than 0.01 g
peak+o-peak acceleration at any point within I meter of any BSC or HAM chamber.
To satisfu this requirement, PSI has placed a requirement in the valve specifications
that this acceleration be met at the valve with a veriffing factory test. The valve
manufacturers have agreed to this with one exception - the manufacturer of the large
pneumatically-actuated gate valves has not been confdent that they will pass this test.
He has expressed confidence, however that the valve will come close. The valve will
nevertheless be factory tested for shock. Since the pneumatically - actuated valves are
located at a considerable distance from either a IIAM or BSC, with intervening
bellows, even if the shock measured at the valve is somewhat higher than .01g, the risk
of inducing a shock greater than .01g at a chamber appears low. This will be verified
with a shock test for a representative pneumatic valve actuation conducted at the
LIGO site.

Use or disclosure of data in response to Contracl PC175730 is subject to the restdaions on &e title page.
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7.0

7.1

SPECIAL EQ UIPMENT REQUIREMENTS

GEI{ERAL
Various special deviceVsystems wiil be used to install and commission the LIGO

Vacuum Equipment. These deviceVsystems are detailed in this section'

Optical Alignment SYstem

An optical aiignment system is under consideration for aligning the vacuum equipment

at the site_ ihir tyrter utilizes a optical source, a reference target and a portable

target. By moving the portable target form component to component, the beam tube

centerline can be accurately aliged to the vessel nozzle,

Metrowest Preliminary Alignment Report

7.2.1

1 ' ' 1
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May 2,1995

Process Systenrs lnte.'national. hc
20 Walkup Dnve
Wes$orough, Massachusetts 01 581 -5003

Re: Procedure for vessel alignment for the LIGO project

We at MeroWesi Engineering, lnc. are ple:sed to have the opponuniry to assist Process

Systens lntemational in the deveiopment of a met]rodology and procedure for the

ignment of rhe manufac:ured vessels for the LIGO project' Because of tie exacting

spelificarions involveC in the aJignment of the vessels, some specialized equipment will

be needed to achie're rhis goal. We will be reviewing several options' not only in the

selection ofrhe equipment avaiiable but also in the procedures involved. The usks will

proceed as follor,''s:

L Equipment seleciion:
e. nepon on avail:ble equipment' inciuCing advanrages and disadvannges ofeach

device. The price to purchase ard or le:se ihe device along *ith any recommendations'

2. \'esse! al:g:uneet prcc:dur:s:
A. Baseline procedures for end station unils'

B. Baseline procedures for mid siation units

C- Baseline proceCures for corn:r sta:ion u::its'

3. Recomrnendations:
A- Procedure for initial insullation ofvessels in approximate locanions'

B. Procedure for final measurernents to align and position the vessels'

l. Equipmeot selection:

Sokkia NET2 3-D Statioa:
This is an extemely accurate instrumenl \'ldth the caPabilities to measure large structures'

The insirument has the abiliry ro inerface directly wirh an electronic field book or a

personal compurer. Solckia I has developed an indusrial measuremen! softwate called

AccuNET R which e'hen combined wirh rhe instrument aad urget s1'srem' provides non-

conlact me:surelnent and analysis oflarge objects to sub-millimeter accuracy. The

AccuNET ft system displal's measured coordinates' Performs a best fit shape analysis

using least squares and a:ralyzes lines. pla-nes. circles' spheres' cylinders and parabolas to

gi"el ,..urate 3-dimensional picture ofthe object. The system soft'*zre n:ns under

Microsoft Windo*,r's rv on a personal computer. You can merge extcmal dau to the da(3

collected b-v imponing the design coordinates through a DXF or ASCII file'

Horizonul a:rgle accur:c;- is l* u ith a display resolution to l "'

Distance accuracy is =lmm + 2 Ppm wirh a display rcsolution to 0'0001 m'

Use or disclosure of dara in response to Corlu-act PC 175730 is subject to the resU'ictions on the title page'
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Advantaee:
Tneinsirunrenthasar:autonat icdual.ar is l iquidt i Iesensofcompensator '
il.;;.;;;"-es w'ith adhesive urgcrs' available in a variety of sizes' which eliminates

il"t.;;;;;;i,,ention.l gtass prisms T?rc smallest target size is l0 mm x l0 mm'

The insrrument me:ls thc needs of the preclsion requirenens'

Disadvanlase:
l6g1s *ill be a lea:'inng cur;e ro this s1'sten for both ope:aring the instrument anc

implementing f13 56f1r'I'are
Tit.,ninirnorn electonic me-uring range is 2 melers (6 6 feet)'

il;;.r:;;J,o be se" b1'hanc which introciuces humar e:ior in to the:quatron'

ToPcon GTS-700:
This insm.unent is a highJ;- accurere io'':l s''aiion caoabie of messwing bodr horizonral

ani t.ni.ul angles arddistances ro rrilhin uhe requireC precision'

ioi.ontti -gi. "..'r*.y 15 1" *ith a iiriljmum reading to 0'5"'

Disarc: acc',-Jac-v is = 2 mn - 2 ppm with a nir''i:nuin reeding ro 0 2 mm'

Advanhge:
nt;;;;;.* is eqr.ripped *ith a dual-aris comDensaior '*'hich fe3tutes a tilt sensor

indicator ald elecuonic plumb line adjusimelt'

T:;;;;;l"r;;-.hange data with a personal comqulelalon-a wirh the abilitv 10 t rile j-our

ooo .lt*oa dara collec:ion prograllls on MS-DOS I based computers

The insrument has inremal datJcollection and tle abilitl to manipulare that data by the

oerforming of coordtnate geomeuJ'' differeuial and trigonome"ric leveling'

i*r a;t="" menus ale ur.,i fot t*y use and a minimal learning curve'

The minimu.:n focusing distarce is I 3 mete:s (4 3 fe:t)'

Disadva-nuee:
Meesurenenls are by the conventional glass prism' This either requires a second person

io of*" tr't. prism or that the prism itself is mounted.on lhe vessel'

The distance accurlcy is whal we would consid* barely acceprable for this project'

Lrie or disciosure of data in response to Conaacr PC l7jilo is subject to $e resu'ictions on the title page-
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Toocon 11l -l0l Electronic Disital I.evel:

An elecfonic level complere with a digital readout whjch has the abiliry to achieve l' irsr

orcie: )eveling. lv{ininum units lor rerdi:'.9 is 0.0i mnr.

Accu;acf is 0..1 nr-'n wi*l ar lnvar siaff.

Advartaqe:
The fully automalic meesuring abi)it1 a.nd digiul display excludes aly reading e-ors,

*dting misules and odrer humal enors in recorciing messurements.

Standard RS-2i2C pon provides a:: instant communications linl to a dau collecior or a

direcl output to a personal computer.

T'ne abiiity to also msasure distz:rc:s alti 'oueh oot lo tie accuracv ne:Ced for lhis projecl.

Disadvant2ge:
Tire n:inir::urrL me:surins range is 3 rnele:s (6.6 feel).
Reouires a consisient area to Dosition the:od which iniioduces humal eror.

EL'CLID rn Jntelligent Loser a Iignment S,vstem

Quest lntegratei Inc. - Kent, Washingion.
Inis lighrrve:ghr rugged a-nd ponabie si sien enpJo-ts a.r advanced see riuough aiignnent
largeI svsten and an in:beddeC iniciop:oc=ssor ih:t autom:tically compensates for Iasel
raovement in real rime. B;- eliminating ihe effect of bearr: vibration and laser pointing
e:rors. the operator cail quickll and accuratell a.lign objects. The system employs a
referenc: target thal continuaily monitors the position of the laser beam and transmirs this
information to a hand held Penda:rt or a computer for real+ime alignment compensarion-
T'ne laser unir a:rd targes fit sta.nCard NAS tooling spheres. The s-vstem comes'*ith the
software for seop ard operation '*hich is programmed pior to use for application-
specific paramelers such as dae raase, tzrget disurce and toleralce thresholds. The
P*rdanr. which is a hand he!i device. has a graphic dispJaylr'hich assisis the operator in
conducting th: alisnr.nent process- \\inen all four a:rows are iliuminateC on the Pendant-
the target is *.ithin accepabie tolerances
Sysienr accuracy is = 0.08 mm (= 0.001")
Targel accuiac;- is = 0.015 mm (= 0 00 1")

Advantage:

A minimum numbe: of pecple are ne:ded to opente the s;-sten.

The syslem is extremetY accurale.

Disadvantale:
The vessels u,ould need to be tooleC to accept the laser unit ard lartets.
Tnis svstem is not for re:rt anC musi b: bought.
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The Model | -72J Tri7lz Scann I oser

Hamar Laser lnstnrmenG. lnc. - Wilton- CT.

i* "lifi,y to measure flaness' straightness and squarencss simuluneously with a single

;p.- Th'" unir is completely self contained and can bc used as is' or with a tilt and

i"".i;"g l-.. The Model L-120 leveling base provides a complete and accurate way to

i;";il". ;;, ,* hile the Model L' t 041 Lift Sund allows the user to 1-3i5g 61 lswer lhe

Iaser in controlled. accurate lnctemcnts to any desired height fiorn 20 ro 60 inches' The

*;t'ir p"*.t.a by a gVDC banery pack anached to the unit or a I I5VAC adapter is

available- Th.ree laser turreS positioned 90" apan are set in either a scanning or through-

u."* -oa. In the scarurin-e. mode, rotating laser turtets simulnneously S*'eep three

comolerelv flat planes calibrated to be peryendicular lo one anodter' With a slight

;;il;;, on "=.1, ,oo,lng laser lurre! the laser beams project sraight through the center

oi.ach t rl;et ar:d form a vim:al x'y: aris in space'

Advantage:
Extrenely accurate.
Unir is srnall. Iighr*eighr a::d very- ponable ft weighs only 4'25 lbs'

Can ope;ate * i,2 o, 3 beams and or i '2 or i scarured planes in any combination'

Disadvantage;
A visible dioae beam is used with a bearn diametei of 4 mm'

Limited to a.n effective operarine distance of 100 feet'
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2. Vessel alignmelt Procedures'

,4.- Baselioe procedures for end station units'
( s.. accornPanying sk'rch )

T'nis section ofiers'Jre least amount of enc'unbranc:s in la;-ing out the vessels' Tne

chal lengeis f in ingthere lat ive]y . |a :gevessels intoare lat ive lysmal lbu i ld ing* 'h i le
m"int"i-ni"g a nigi d.gr.e ofaccuracr'' Because ihe project is non'iirectional' we !r'i l l

refer to bui-iding *alls as left" right' near and far based on ''\e preiimina4; skelches

prouid.d to us ii- PSI- The work area is confining aad does not afford us the lurur;; of

esublishing lon! offser lines; we lher=fore rccom.end seve:al baselines be esublished.

f,rr, -i #.rnJrt, rhe beam line should be esrablish:d and markeC on the Sround. This

line should also be extended until it intersects with the right wall establishing a reference

mark on said *all piefeiably at e\e frnish gnde heighr of tJre erd vessel The b'3"n r'ube

irseif *'i l l :stabiish one end of ihe been Iine as il enters th;ough the left * all and a

referelce rnark shouid be esebLished on ihe beam rube inciicating its cente: polnt.

Reference marks should be nace along dre beam line baseline al tie rwo vessel locations'

WCPS a-r6 WBSC9. in aciciition to tre iwo gale vaive locations' WGVI9 z'rd WCV20

resuJring in four reie:ence mz:ks' Iffe: adiitional refe::nc: mz:ks shouli be rnade

availabi-e along J:is Iine. These marks shoulc be made for e dis',:lce of thi;:1' feet at ten

foor intes als.-exl:::ciing be;-ond ihe :ente: of Lhe erd vessel v''BSC9' to*ard the nght

wall. The begn iine baseline should the:: be offset in ri|o direc:ions. oue offset line

should be esiablishec ren ( l0) feet torvaid ihe iar wall while ihe second o5set line shoulci

be esublished frieen (15) fe:t towa;C ihe ne:r '*all ' The reie:ence ma-rks should miror

rhe locarions es..ablished on ihe beam line baseline with dre inclusion of the location of

,f.,. .rJ "f ,i.,. beam rube, preferably at t5e weld line. This uill give you a rninimum of

three relerence poinrs at each majorjunction' Tlre: points are necessary because ifone

poinr is skeweC you will not fu1su. iI you on)y had n"o poins to work from Coordinate

values can then Le calculated for each refeience mark, ofi'eing a ver.r- tight rria.ngular ,
netqork which is essential in deternrining the final locarion ofthe vessels Bec:use of the

tighl working quaners and the height of the sulrctures, we tecommend a mark be

"r'Obllrl.,.O Jn .ach uess.l at rhe time of mzrufacturing which refe:ences the center of the

unit in botb a horizontal and venicai plane- Since you will not be able to see the top of

lhe vessels from the baselines t'! e suggesi a refe:enc: mark on the vessel be esrablished no

iigh.. r.i.,un eighr fe:r from the floor. Tnis will allou techniciar:s to comfonabll vie* the

*irk, fro* rh-e ofiser baselines. \'e:iical reference marks should also be m:de available'

The be:r:r line acpe:rs to be 6'-l 
" ofirhe floor' This '*ould rra-\e a good reference

etevation and markings should be made on the near wall' fa-r *all a-nd the right wall'

Again a combination-of venical a-rd horizontal alignment could be referenced '*ith the

saine point on the right wall while the be:rn tube itselfoffe:s rhe venical sligffnent

;;;;;;; fro. tl,e ieft wall. Because of the precision required. rhe reference marks need

to be riurroo enoulh to be accur:te vel large enoueh to be visibie' ln the unlikell- event a

vessel becomes missalignec it r,,,ould be adr.arrrareous to be abie to use *re nor. esistin$

horizontal offset b:selines to rcctifr th: problem lt is ihe::fore sugeesteC the ofllct

baselines be pesnslcn y monumented rx.ith brass discs scl in the floor of thc building.

o
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These discs are about thre: inches in diame"er' and al X-mark would designate th€ aclual

;;:::fii ;""; attt' .nt 
discs would be se" at rhe previouslv suggestcc iocations'

We recomrnend the vetilcal ;elerence mark ro be a smail reflecri"e' flat larger' The urgel

aF^ords the luxury oiusing " I*;;;i;;;"t *6 o' 1u5g1 le.veling svstc'rl in the sening of

thc venical coniines of rhe t..,ti *iift t"inuining $e abiliry to use more conventional

methods in esubl:shing i\e vei'ical datum'

B.  Basel ine procedures for .mid srat ion uni ts '

( 5c: accomPanYing skcl ' :1 )

Themidsat ionunitsoffelmuchrhesamechal le:rgeasttee:rds. 'ar ionuni!sr ' ' " ' i ththe
:;;;;;;** ,o n'- "ailtion"l chamber ]*irhin tbe builcing' This section does

nor afford us t\e luxur-r' o, t*ttnainl ti't Ueam line baseline 1o an intersecdng wali' ln

rhis seciion rhe beam 6!s r'r'ill ;;;t;"g rjrough both the left and righr.*all: 
T.L.it"t"

th. ;;;;;; ;.ern ru'oes should have "efererte nark es'ablishing the ir respectrve

il;;;.;*g you the tto'lzonttl anc venicri location of dre beam line As in the

Drevious section lhe beam r'"t 'ft"'ii be es"ablisheC as a baseline *ith the cente: of the

vessels WCP5, wBSCi a-nC *lpiUti"g rirarkeC on this line' ln adciition the gate valves

wGv 1i, wGv l4' wCv r; anJwCi i 6-should also be merk-eC- This baseline shoulc be

ofiset in r,r'o direcrions' ttn 1t Ol fttr ror ard the far i*-ail a:rd fiieen ( l5) feer ro\'"rd rhe

near wall, and again nlisoi lhe ioc.''rton of titt vesseis and gate vaives esubiisheC on the

beam line baseline. The ends of-'lt itu- tub:' ar *re welC line-' shoulC also be ma'rkeC

on rhe ofiser lines. The tt"'t"i'*fttt*t marks should be er'ablished on thg n6ai'wail

and the far wall, *ith the be3-m tubes themselves acdne as a prooel venical refe:ence'

The sarne logic applies to this situarion in establishing a pefilarent offsel baseline using

thebrassdiscs*i thX.marks.Tn. 'onu,". . . ingofthevenicalreferenceshouldalso
..*J" ,f.l. same as the proceCure for the end staiion'

C. Basel ine procedures for coruer st l t ioD uBits

*t, .ij'"T:;:T;X;;li::;:li"*-e rhere are rour separ:re,beam lines thar need to be

established and offser. ll. b.;: ;; p.'"tt.t *a perpendicular ro eech other r'"hich will

aid in the offsening of Ot u"tln*t fgtin the besm iine baselines should be esablisheC

wilh the citical t.rstl totutions **kJ fnt baselines should be extended at least thin)'

fe:r wirh markings ar ren foo! ***"ir *a pr.i.nbly until rhey intersecr *ith rhe left

wait and the ne:.r *,all. This *ould be the berm iine baseline extending from untt

W1{.4,1v11 to',,,ard the lefr wall a-qd &e bern line baseline extending from unit WfiA'\16

ro*'ard fie nerr *ali fnt Ut*)*-tu;' *ill again mark rhe end points ofrhesc ba-selines'

The shoner beam tint U:sttines Jould also ie extended' From unit W}IAJVT that

ba-seline should be exrended unril it intersecrs 'rith the right wall' *'ith markings at ten

foot intcnals. From unit wHi'vr:' tltur baseline should be extended until it inte:sects

r,r,.ith the far: uall, aqain r'r'it} *-f i"gt "i tt" f"ot inre-.-als..The intesection poinr of the

shone: be:rn line baselines *lti iitj""gtt ltem line baselines ne'd not be marked rs

this *ill onl:- add anr alread;'conftsing iitu"tion You do not-wart the inrersection of

these baseline s ,o Ut "onfu" 
jlith th-t tt""' of thc vessels These shoner baselines
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$a l l .  I l ccu t rsc  o l  l t tu  i l t ;u l )  L r r r r ts  invo lvcd  w i th in  th is  comc:  \cc l t ( l t ] .  i l  r r r r r r l c i  r l r ' l  l re

s . , : rs ih lc  f t l  a t l cn tp l  r r r  i \ l l \ c l  L i l ch  rnd i ! idua l  un i t -  InStead wC rcc( rn r t r rc t tc l  l l i e  l t r , ,

b ; r rc l tncs  b< nr : t r lec !  r , l l   )  t \ \ (n l \  foo t  in te l r l s .  in  bo th  d t rcc i i t ' ns .  s la r i in ' :  r r  r l l i  thc

rn lc rsec t iOn t ) l ' th ! , t , , r , ,  b : r>c l rne i .  The o f ise t  po in tS  can thCn hc  rSSigncd J  c ( r ! r ! l t r l . r t i

\ J lud  i l l ( )ng  r r i rh  r l rc  re i rc l :  f i te  !essc ls  can ther  be  sc t  in  p l l ce  us in l  e i t i i c r  n rLr l t rp lc

u ls tn l l ) ten l  t r i Jn , - :u l r t i ( 'n  Ur  3  l ( r la l  S t r t ion  equ ipped r , ' i th  d iS tancc  n teaSur in : :  capahr l r t i c :

. \ r l in  becausc  t r l  r l r c  r ru : Iher  o l  un i tS  rnvo l red-  i t  iS  Suggestcd  the  shoncr  bca t l t  l t r t c

\ . \ \ c i }  hc 'pu t  in  p i . rcc  i l f s l  You ' ' ' ' i l l  wan l  to  ma in ie in  as  long r  s i lh t  I in<  u> nr ' : : rh ic

r rh i l c  ins t r l l i n r :  rhc  \  (ss . l s .  tb r  as  Ionr  as  ross ib le  Onc:  "ou  hare  ins te l l rc l  I l l c  r r t : t t s

\ \ S S C l  l n d  \ \ ' l J S (  1 .  r o r :  r * i l l  h a t e l L m r t e C 1 ' o u r I i n e o i ' s i g h t t o r r a r d t l l c t r < : t r r r : r i l  ; t t t d

lc i l  . ra l l  respcc t i rc l , .  l i o r r l "e r -  qe  do  no t  fo rese :  i l t i s  as  a  p rob ien l  as  lo t : - l  a r  t l t c  ! i r t ' - ' o l

s ighr  r>  main ta inc , j  i r [ r : t : -d  111-  131 i  r ' r ' r l l  : r ]d  the  r igh t  rva l l .  The cor l r lec l l l l l l  l i l bc r  hcr ' \ \ec l ]

r , -sse is  \ \ 'BS(  8 -  \ \  I JSC J  i r ld  \ \ r3SC i  shou ld  oe  ihe  las i  t l t r r i r :  i : t s i : l l ed '  a ' i i r i r r  ' i L rc  t ( r  t l l c

l i l c t  lh f , i  )ou  \ i l l  r r r r t t  i l l  i l l : . l l l :a in  l i l a t  sLg i t t  I :n :  Ve- ica l  rc le re j ] i : :  r t :a rk : : l tou l i  t r<

( { )ns is ia : I  r r  i th  l l re  p r ' : .  i . . )L ts  rc :L l l l l n : : ida i ions  io r  ihe  : rd  s i r i ion  u t t t l s  : l i l d  l l l l ' J  : i : r t i0 l l

run i ts  Ven ice l  i ' c le r i i l c i  r la r l . s  shou ld  be  es ia 'o l i sh :C SOnrer rhere  a lons  cach u ; r i l  o t ' t l te

bu i l , c ing  The in te :s rc i ron  o l ' r i re  beent  L ine  base l ines  rv i ih  t j re  near  r r ' . r l l  l nc j  ihc  i c i i  ' ra l l

o i fe :  exce l lenr  oos i t i t ,ns  ib r  a  ;o inbrn :C hor izon ta l  and ven ice l  ;e ie rence nrark  f i rc

bcam tubes ofler the renjcal reierence at the far r,r.all anci the right $all. Bccausc trl ' the

c lus ie r  o f  un i rs  in r .o l red  * i th in  the  cer te r  o f the  bu i i c i ing-  add i t iona l  ren ica l  re l i rc r l c t

marks should be nradc rr ailabie to insure a clear sight between the techricians and tlte

vessels. The q'all corners nearest lo unirs WBSC4. WBSCS- WBSC2 and \r-BS('7

should also have a I'criical rel'ere:ice mark made available- Again we recommend lllat

lareerS be used in reltr<ncing the venical marks and brass discs be useC lbr the otliet

bascl ine.

3 -  R e c o m m e n d s t i o n s  /  A c t i o n  I t e m s :

wc anticipate reccir ing adcjitional insrruinenr infonnarion from companies sLrclt .t.

Le icarv which h l \  a  l l (J( ) (1 t i reoCol i tc  and a \3 sp i r i t  level .  K&E ru who n l . r r l l r : . r i t ( t rdJ

an anay of 'opt icu l  r t l i ! , : r r t t tcn l  cquipntcnt :nd Nikon rv  ' r ' i th  the i r  DTi ' '1 '7(X)  ' i r ie '  t r r t ' t l

s ta t ion inst runrcnl :  ln  Jddi l j (1r l  to  Ihat  and baseC on te lephone conrc:sat i t r t t .  r r t l l t  t l tc

company reprcsc l l : r t i !c t  r ' .g  r . . i l l  hc r . 'cc i \ - i l l l ]  addi t ional  in fomrat ion ot t  r r lhct  l r t :cr

a l ignment  s) .s lcn l \  s . ) l ] ls  t r l  i l re  orhcr  nranul lc turers arc l .e ic ; r .  ( )n- l  rac l  l ' l t ( l t r , r l t ! : . .  l l le-

and ( 'ub ic  Pr(Lr . tL , r  l l tesc s)  s tc : l ls  s( )und \er I  pronr is in : :  a t td  r rc  r rould hc rc t r r tsr  l t t

crc tudinf  r l rc , l r  i i r ' t r )  , ' t r t  cr : r l r t : t l i t ' t r  proccss Oncc thc : tdd i t ion: l  in l i rmrJt i t ' r r  i :  rccc i r  cJ

wc  * i l l  hc  n r l L : r t . l  , ' t r r  l l t t r t l  r ee , ' t t t t r r c t l l l l l r ( r ns  (1 t l  { o ! l iP tuc l l l  s c ! cc l i ( ' l l  u r l d  r espec i l ve

r  css , : !  l l i t t t r t t e i t r  l r r r  t ( ! ' r l t l r c :

Use or disclosure ofdata in response to Conr3ct PCl75t!0 is subjecr to $e resu'ictions on the title page'
p, . "  5 i
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o FDRVOLUME IV
ATTACHMENTS

For Spec, Revision Level see Gen.Doc. List

v049-0-000

I. Procedures and Spec.

Anchor Bolt Installation Procedure
Leak Check Procedure
Vacuum Equipment Installation/Commissioning Spec.
Electrical and lnstrument Construction Spec.
Project Safety Plan
Project Q.A. Plan
Piping Design and Material Specification
Small Vacuum Valves
Clean Quarter Turn Valves
Welding Procedures

MateriaVWelding Repair Procedure
Isolatable Section Bakeout Procedure
Clean Room Activities
Contamination Control Plan
Raw Material H4dling Procedure
Control of Non-Conformance
Visual Inspection Procedure
Black Light Test Procedure
Site Piping Cleaning Procedure
Site Vacuum Surface Re-Cleaning Procedure
RGA Calibration
Structural Carbon Steel Fabrication and Painting
Thermal Insullation - Piping
Conflat Flange Assembly Procedure
O-Ring Installation and Flange Assembly Procedure
Component Alignment Procedure
Vacuum Pump Field Installation Procedure
Prefabricated Vacuum and Class 100 Air Piping

DOCAMENTNO,

v049-1-101
v049-2-014
v049-2-021
v049-2-022
v049-2-023
v049-2-029
v049-2-037
v049-2-059
v049-2-060
v049-2-070
v049-2-071
v049-2-072
v049-2-073
v049-2-074
v049-2-116
v049-2-118
v049-2-119
v049-2-120
v049-2-124
v049-2-128
v049-2-130
v049-2-131
v049-2-132
v049-2-137
v049-2-139
v049-2-163
v049-2-168
v049-2-169
v049-2-174
v049-2-17s
v049-2:778

Nde (laler) = This specifcoicn is being revised and will be updd€d d . lale. dd4



FDRVOLUME IV
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For Spec, Revision Level see Gen.Doc. List

v049-0-000

IL Component Acceptance Tests Procedures

80K Pumps
Roughing Pumps
Turbomolecular Pumps
Ion Pumps
Large Gate Valves
6, 10, 14" Gate Valves
Clean Air Supplies
Portable Soft Wall Cleanrooms
Small Valves
Bakeout System Blankets and Carts

IIL System Acceptance Test Pmcedures

Corner Stations
Mid Stations
End Stations

DOCAMENTNO.

vo49-2-102
v049-2-104
v049-2-105
v049-2-106
v049-2-r07
v049-2-108
v049-2-109
v049-2-110
v049-2-11I
v049-2-112

V049-2-113 (Later)
V049-2-114 (Later)
V049-2-l 15 (Later)



Title: PROCEDURE FOR INSTALLATION OF CONCRETE ANCHORS

PROCEDURE FOR

INSTALLATION OF CONCRETE ANCHORS

FOR
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LIGO VACWM EQUIPMENT

Hanford. Washinston

PREPARED BY:
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QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
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1.0

2.O

PURPOSE

The purpose ofthis procedure is to define the necessary installation steps required to
ensure that concrete anchors meet all project requirements.

GENERAL

Hilti IfVA adhesive anchors will be used to fasten LIGO vacuum equipment to concrete
floor slabs. Concrete anchors have been sized and aranged to restrain the equipment
against operating and seismic loads, including unbalanced vacuum loads that occur during
normal operation. Proper installation ofthe anchors is required to ensure satisfactory
performance of the vacuum equipment.

Component base plates will be fastened to the floor slabs that are constructed of3000 psi
concrete. It is the intent ofthis procedure that the anchors be installed in accordance with
the manufacturer's requlements.

R"ESPONSIBILITY

The installation contractor is responsible for implementing this procedure. Conflicts, if
any, between this procedure and malufacturer's installation requirements shall be brought
to the attention ofPSI prior to the start ofinstallation.

PROCEDUR-E

References:

l. Hilti Publicati onl{-427, Technical Guide - Anchor and Powder Actuated Fastening
FIVA Adhesive Anchor, Installation Instructions QIAS Threaded Rod - Option #1), Hilti
Fastening Systems, Tuls4 OII 1987, pp.8-13.

2. Hilti Publication H-600, Systems and Solutions, Ffilti Fastening Systerns, Tulsa" OK,
1995, pp. 133-135.

3.0

4.0

4 .1

CONCRETE ANCEOR INSTALLATION

SPECIFICATION

Page ---.4- ol tl



rirre 
coNcRETE ANCHOR INSTALLATTON PROCEDITRE

SPECIFICATION

A ' Critical equipment shall be aligned per procedures V049-2-021 section 8-3 and
VO49-2.�174 prior to drilling the anchor bolt hole. Critical equipment anchor bolt
requirements are detailed in attachment A ofthis specification.

Locate and install anchor bolts in accordance with the this specification and the installation
drawings. The hole location tolerance is +l- l/16 in ofposition marked on concrete floor.

Holes shall be plumb to within 1" of vertical. Embedment depths shown in this
specification are minimum depths for the equipment listed. Drill holes using approved
equipment to ensure full design bond strength and to maintain project cleanliness
requirements. A tfilti PMH bit may be used to core drill holes for the FIVA adhesive
anchors. Rebar cutting is permitted.

Adhere to curing time required by Ffilti before loading or disturbing anchors.

Step by step instructions:

+ , J

4.4

4 .5



CONCRETE ANCHOR INSTAILATION PROCEDTJRE

lnstallation Instructions (HAS Threaded Rod - Option #1)

1. ser i ie cr i l l  depth gauge and
dnll i trB hole to the requited holg
deoth. IMPORT-AN-r : Clear out

2. lnsen the canndge. 3. lnsart the shai in th€ .olary
hammer chuck, screw n€'
ancho. fod in rh6 adaotor and
ptac6 the adapto. on tha shaft.
At the ratary hatnrner drilling
seninE. dnve in tho rod to the
deFrh matk. Ae.nove the drill
and shaft assembly frofi the

4. Foratq the hex bolt adaPtor
and unsqrew tha adaptor frsm
the ancnor rod immedialely.
when .emoving fie.adapto4 do
not pul lqut the rod. I tdre
adaoror is remqved inn6diately,
rngvement Oi the rod will not b€
deFmen(al to fie fastening'.

and fragments: PrefErablY
a le l  o l  walea ot

!rnoressed air aod a wir€
brush. The hola may be damp,
bur lhe water snould be blown
out.

5. Satting and harCenifig tirde.
ihe ser anchor rod may not be
disruro6d or loaded.dgrinE of
beto.e the end oilha sPecified
hardenrng t i f ie.

o SPECIFICATION
Numbar 

A 
V049_1-t0l

Psge



ATTACHMENT 5'A'' TO VO49-1.10I

REQUIRED CONCRETE ANCHORS FOR VACT]IM EQUIPMENT

Title: INSTALLATION OF CONCRETE ANCHORS

Component Tag No.

ATTACHMENT

A v049-1-101

Page _l_ of_2_



Component Tae No.
Anchor Diameter Minimum Embedment

Depth
Notes

wGv5 6 5/8' 1
wGv6 5
wGvT 6 Sl8"
wGvs 5
wGv9 5
wGvl0 v.,, 6 5t8"
WGV1l t/tn 6 5/8'
wcv12 r
wcvl3 5
WGVl4 t/ r, 6 5/8'
wGvr5 t/n" 6 518"
wGv16 5
wcvl7 6 5/8n ,f

wcvrS Yln 6 5t8" 7
wGv19 5

wGv20 6 5/8" 7
WA-7A 8 114"
WB.lA I l/4"
WB-lB t , I U4'
WB.2A t, 8lt4"
WB-28 l " I l/4'
WB.3A I' ' 8 U4.
WB.5A I t/4'
wB-6 1 t L2 3/8" 8
wB-7 12 3t8' 8

WB-94 8 ll4"
WB-98 8 t/4'
WBE.5 l ' ' 8 u4"
WBE-6 I t 8l/4?'

Pipe Bridge 6 518"
t.

2.

J .

4.

6.

7.

8.

Install Hilti EVA anchors with EEA crpstl€s and EAS standard rods, unless otherwise noted. in accordrnce witi

Specificalion V049-1-101.

Use 12 3/E" minimum embedment for al| bare plates of this compon€nt

Use 12 3/8" minirnum embedment for base plates at end of arm.

Use 12 3/8' minimun embednent for the four anchor3 at th€ €nd of the arm.

These gate valves are support€d by others.

See Dwg. V049-4434, for 48' gate yalve anchor bolt locations"

See Dwg. V049-4{33 for 44, gate ,.lve a.nchor bolt locetions. 
ffi

Us€ Hiliti HAS Super Threaded Rod +

Title: INSTAILATION OF CONCRETE ANCHORS

ATTACHMENT

A v049-t-101

Page 2_of 3_



Tiile: SPECIFICAT|ON FOR LEAK CHECK PLAN Lrco vACtruM EeUIPMENT
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

1.0 PURPOSE

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

2.0 GENERAL

This specification will be periodically updated to reflect the latest leak check test data that becomes
available from prototype ald production component.testing.
The leak testing methods u'ill make use of a Residual Gas Analyzer and a dry (oil free) Helium Mass
Spectrometer Leak Detector. All leak testing methods and calibration will be derived from
A.S.T.M. E498 Standard Test Methods for Leaks Using the MSLD or RGA in Tracer Probe Method

3.0 RESPONSIBILITY

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

.O PROCEDURE

4,1 Joint Crtegories:

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

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

Category III
CF flange joint.

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

SPECIFICATION

Page 2 of ll



Title: SPECIFICATION FOR LEAK CHECK PLAN LlcO VACUUM EQUIPMENT

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

1.2 Leak Checking Welded,loints

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

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

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

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

4.3 Lcak Checking Confl*ts

Category III
Conflats.

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

SPECIFICATION
: V049-2-014

Page _3_ tt



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EeUtpMENT

1.1 Leak Checking O-rings

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

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

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

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

Outgassing of O-Rings (reference)

Air contains approximately l% Argon , 5 ppm Helium, l8ppm Neon.outgassing of these gasses
from the O-ring will contribute to the background levels during leak checking.
The solubility for these individual gasses in Viton is unknown, therefore actual outgassng levels for
these gasses will have to be determined experimentally.
As an estimate , the outgassing load from the o-ring is 10'l I Torr-L/sec for Helium and Neon, and
10-8 Ton-L/sec for Argon.

SPECIFICATION
Number V049-2414

A

Page_ ' !_o t_  l l



Title: SPECIFICATION FOR LEAK CHECK PLAN Ltco VACUUM EeUtpMENT

Model Number

SPECIFICATION

LEAK TEST DATA SHEET

Page -5- oi- //



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

BSC LEAK TEST SUMMARY SHEET

Weld Joint
Weld Joint

Comments

Witnessed
Signature
Title
Date

SPECIFICATION
Numbec V049-2-014

A

eage -6-ot - /l



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

HAM LEAKTEST SUMMARY SHEET

Name
Model No.
Serial No.
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Signature Date
Torr Torr

Annulus-l IV i  x i0 -
Armulus-2 ry i xi 0''
Annulus-3 IV 1x10- '
Annulus-4 IV 1x10- '

Annulus- l i  x l0 -
Annulus-2 1x l0 -
Amulus-3 1x10-
Annulus-4 1x l0 -

Torr-L/s Ton-L/s
Weld Joint lx10-'
Weld Joint 1x 10

Conflat u l x l 0
Comments

Witnessed
Signature
Title
Date

SPECIFICATION
Number V049-2-014

A
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Name
Model No.
Serial No.
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Signature Date
Torr Torr

Annulus- 1 ff 1x10-'
Annulus-2 ru I  x l0 -

Annulus-1 1x10- '
Annulus-2 1xi 0' '

Torr-L/s Ton-L/s
Weld Joint I 1 x  l 0
Weld Joint T 1 x l 0

Conflat iII 1x10-"
Comments

Witnessed
Signature
Title
Date

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFICATION
umber: V049-2-014

SPOOL SECTION LEAKTEST SUMMARY SHEET

n



Title: SPECfFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET
8OK CRYOP1JMP RESERVOIR

1 2 3
Component Name
Model Number
Serial Number
Drawing Number

Detector Name
Model Number
Serial Number

Detector Calibration
Expiration Date
Standard Leak Rate
Background
Standard Response

Leak Test Data
Location /Date
Tracer Gas
Pressure
Duration
Response

Leak Rate 1x10-E-9 Ton Pass Fail
Measured
Calculated
Allowable
Performed By : Date :
Witnessed By : Date :
Signatue: Date :
Title :

Remarks :

SPECIFICATION
Numben V049-2-014

Page -9- of - / l



Title: SPECIFICATION FOR LEAK CHECK PI-AN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET
FOR

8OK CRYOPUMP WELDMENT ASSY

2 3
Component Name
Model Number
Serial Number
Drawing Number

Detector Name
Model Number
Serial Number

Detector Calibration
Expiration Date
Standard Lealc Rate
Background
Standard Response

Leak Test Data
Location ,Date
Tracer Gas
Pressure
Duration
Response

LEAK KAIE IX I U E,-Y I OIT Pass Fail
Measured
Calculated
Allowable
Performed By : Date :
Witnessed By : Date :
Signature: Date :
Title :

Remarks :

SPECIFICATION
Numben V049-2-014

Page-10-of- / /



l l t le: SPECIFICATION FOR LEAK CHECK PLAN LlcO VACUUM EQUIPMENT

LEAK TEST DATA SHEET
FOR

LN2 BAYONET ON 8OK CRYOPUMP WELDMENT ASSEMBLY

Lea.i( Kate lx_tu t-y lorT

SPECIFICATION
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ritle: SPECIFICATION FoR ELECTRTCAL & INSTRUMENT coNsrRucrroN woRK

G E N E R A L  R E Q U I R E M E N T S

1 CONSTRUCTTON OOCUMENTS

l.l Specificationforlnstallation/Commissioning V04g-2-O2l

L.2 Attachments to the Specification (see Table of Contents).
2 SCOPE OF WORK

2-l Ptovide labor, tools, materials, and equipment necessary for a complete installation of the Work
as specified and as indicated on Drawings.

2.2 Receive, store, and handle equipment fumished by others and required to be installed under this
Contract.

2.3 Through PSI's representative, coordinate Work activities provided under this Contract with
work provided by others.

2.4 SI]MMARY OF ELECTRJCAL WORK

2.4.1 Work as indicated on the Drawings takes place at two sites. The Washington site consists of
one corner station, two mid stations, and two end statioDs.

2.4.2 Provide power, instrument, and control wiring installed in conduit or cable tray; receptacies and
equipment connections as indicated. Panelboards and below grade conduits are provided by
others unless otherwise indicated.

2.4.3 Install gages, switches, elechonic transmitters, and other instruments; control cabinets; and
other equipment fumished by others (see - ATTACHMENT B : FURNISHED ELECTNCAL
EQUIPMNYT LIST).

4.4 Provide instrument airlgas tubing between pneumatically operated devices and supply Iines aad
connections as indicated. Provide process tubing between electronic transmitte$ and Drocess
points and connections as indicated.

4.5 Field Tests
. Test power wiring for grounds and shorts.
' Test instrument and control wiring for point-to-point continuity, grounds, and shorts.
e Check instrument gas and process tubing for leaks.
. Field Calibrations

3 INTENT

3'l Intent ofthe Drawings and Specification is to assist and guide the Conhactor and to establish
minimum requirements.

3 -2 Drawings ind.icate arrangement and approximate location of equipment. When necessary to
deviate from the alrangement indicated to meet stuctural conditions or to clear other worlq
inform PSI's representative ofproposed deviation before
proceeding. S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

3.3 Comply with specific, detailed requirements indicated on drawings in lieu of generaliy stated
requirements.

3.4 All conflicts shall be brought to the attention ofPSI's representative.

3.5 Drawings and Specification do not undertake to indicate every item necessary to produce a
complete installation of the Work indicated or specified.

4 DEFINITIONS (ALSO SEE THE GENERAL CONDTTIONS & THE NEC}

Bv Others Work not under this Contract.

Contractor Company doing electrical and instrumentation work as defined in the
Contract Documents.

PSI Process Systems International, Inc.

Indicated Shown or noted.

Install Place, secure, and connect.

Labeled Equipment marked with an identiffing symbol authorized by a nationally
recognized testing compary such as tIL, FM, ETL indicating sample of
product has been tested and determined it complies with their safety stand,ards.

Owner Califomia Institute of Technology and The US Govemment

Owner's Persons designated by Owner
ReDresentative

Permitted As by code, Contract Documents, or PSI.

Provide Furnish and install.

Required As by code, Contract Documents, or prevailing conditions.

Submittal Information required to show that the proposed equipment complies with
project requirements.

Use Provide material or equipment referenced.

Work Material and equipment and theh installation and other requirements as
established in the Contract Documents.

Wire (Verb) Connect to equipment indicated and provide wiring required for connection.

Wirine Conductors, raceways, and accessories as required for a complete instailation.

S P E C I F I C A T I O N

A vo49-z-022
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRIJMENT CONSTRUCTION WORK

5 CODES, STANDARDS, AND PERMITS

5.1 Comply with authorities having legal jurisdiction and applicable parts of the latest (unless
otherwise required) publications by the following jurisdictions and organizations:

. Applicable federal, state, and local codes.

r Federal Occupational Safety and Health Act (OSILA,)

. American National Standards Institute, Inc. (ANSD

. National Fire Protection Association (NFPA)

. Institute of Electrical and Eleckonics Engineers (IEEE)

. Nationai Electical Manufacturers Association (NEMA)

o Insulated Cable Engineers Association (ICEA)

r Underwriter's Laboratories (LIL), Factory Mutual Engineering Corp (FIt4;, Electrical
Testing Laboratories, Inc. (ETL), or other nationally recognized testing companies'
equipment and instailation safety stardards

5.2 The Drawings and Specification do not undertake to repeat requirements wdtten in the above
codes. ordinances. and standards.

5.3 Arrange and pay for necessary permits, licenses, inspections, and certificates applicable to the
performance of the Work. At conclusion of the Proj ect, deliver certificates of inspection to
PSI's representative.

6 LABELED EQUIPMENT

Provide labeled equipment and assemblies where recognized nationai testing company safety
standards exist.

7 INSTALLATION RESTRICTIONS

7 .1 Do not cut structural members or walls without written acknowledgrnent from the Owner
obtained via PSI's representative. All wall penetrations shall be through wall block-outs
provided by others.

7 .2 Do not weld supports and equipment to building steel without written acknowledgment from
the Owner obtained via PSI's representative.

7.3 Arrange equipment to allow accessibility to installations likely to need inspection, calibratioq
repair, and maintenance.

8 SPECIFIED EQUIPMENT AND SUBSTITUTIONS

8.1 The manufacturer ofthe equipment specified is used as the basis ofthe desigrr and to establish
quality required for this project. Unless no substitutions is stated, other manufactuers of
equivalent equipment may also be proposed by the Contractor.

8.2 The description following a catalog number is basically
to identifu the product, but the description may also call S  P E C I F I C A T I O N

A vo49a-022
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ritle: SPECIFICATION FoR ELECTRICAL & INSTRUMENT coNSTRUcrroN woRK

8.3

for accessories, options, and modifications which are beyond the cataloged producl
Submit proposed substitutions to PSI's representative for acceptance. With submittal, provide
details ofnecessary changes to accommodate substitutions. submit samples ifreouesiea.
PROPOSED EQUIPMENT SUSMITTALS

Before delivering equiPment to the job site and installing it, complete the submittal process as
follows:

Equipment List: As soon as practicable, submit for review a list of equipment proposed for
installation with each item identified by specification paragraph numi"i or *here applicable by
Drawing number. Include manufacturer's name with catalog or model number for each item.
Product Data: wlere required by specification ofthe product, submit catalog data sheets or
other published materials showing appearances, electical ratings, performance characteristics,
dimensions, installation methods, and space requirements of proposed equipment.
Shoo Drawinqs: where required by specification ofthe product, submit shop drawings, drawn
to scale, indicating physical size and arrangement, construction details, provisions foiconduits,
access requirements for installation and maintenance, finishes, and materials used in fabrication.
Supplement shop drawings with wiring diagrams and information as previously described under
- -^ . l , , ^+  l ^+^
i.Jrvllruut tt<tLa!.

Mark submittals to clearly identify proposed equipment including accessories, options, and
features and to exclude parts not applicabie to the project.

Ifproposed equipment deviates fiom the Specification or Drawings, indicate those differences
and provide sufficient data to justif, acceptance.

Provide products of one manufacturer for each classification of equipment.
Stamp submitals indicaring that they have been checked and that they comply with project
requirements including physical resrictions before submitting.

submittals reviews by PSI does not relieve the confactor from the responsibility of complying
with the Specif,rcation and Drawings.

Unless otherwise required, provide two copies of submittals and deliver to PSI's representative.
Where practicabie submit all product data and shop drawings at one time. Arrange submittal in
three-ring binders with looseleaf dividers separating categories of equipment.
At the job site, maintain the latest equipment submittals showing the action taken by pSI's
representative. Make these submittals available to owner's and pSI's representatives.
TEMPORARY POWER

The owner will provide electical power, without charge. Make connections to the owner's
system where permitted.

9.1

t-z

v.5

9.4

9.5

9.6

9.7

9.8

9.9

9.  10

1 0

10.  I

10.2 Provide distribution ofpower as project needs require.

S P E C I F I C A T I O N
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ritle: SPE.IFI.ATT.N FoRELE.TRI.AT & INSTRUI'IENT coNsrRUcrIoN\iloRK

10'3 when temporary power is no longer required, remove that portion provided under this coDtact.
11 RECORD DMWINGS
11'1 At the site, maintain aset ofprinls marking them to accurately reflect the actual installationincluding changes in sizes, rocations, dimensions, aad circuiting as ,1"-**t frgr"rr"r.
r1'2 on a daily basis, trace over the prints with a higblighter (cansparent marker) to ind.icate workinstalled. Make these prints ava abre to ornei's *a pdr', representative. 

' - -

1 l '3 At cornpretion ofproject, deliver marked pdnts to psl's representative.

12 CABLE TRAY SYSTEMS

Where indicated, provide cable tays as follows:
12.1 IVLANITT'ACTURERS: pW Indusries, B_Line, or Mp Husky.
12'2 TRAYS: NEMA vEr; channel and radder rype fays as indicated; ladder tray with rungs on 12inch centers unless otherwise indicated.
12.3 N{ATERIAI: 6063-T6a.luminum

12'4 LOAD AND spAN: rated for 50 pounds per linear foot or more and span to suit tray supports.
12.5 ACCESSORIES:

12'5' I expansion fittings in accordance with manufacturer's recommendations to accommodate
!yil9i"g expansion joints and rhermal expansion of t av in ambierrit.;p;;;;;*ge of 00c to500c

12.5.2 bonding junpers

12.5.3 end plates where applicable

12.5.4 drop-out fittings where conduit is not required
12.5'5 divider strips (barriers) where indicated with cuwed fittings and hold-down clips
12.5.6 other fittings to best suit each application
1.2.6 SUBMITTALS

12.6.1 S ubmit product d ata of each cable tray component for review.
12.6.2 Submit shop drawings of support system for review.

S P E C I F I C A T T O N
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12.7 INSTALLATION

12.7.1 Support horizontal and vertical trays by each side rail using hold-down clamps to prevent lateral
or vertical displacement. Provide support brackets, channels/sEuts, 3/g inch or larger hanger
rods, and fittings to best suit installation (see SUppORLg, Article 22).

12.7.2 Ensure that trays are effectively bonded to electical equipment served by wiring in cable tay.
r Where applicable, bond tray to building steel with *2 AWG copper conductor at rwo

locations.

. Bondiag jumpers at expansion and adjustable fittings.

12.7.3 At approximate 20-foot intervals, identif, instrument, and contol cable tray with vinyl, self-
adhesive signs with one inch high lettering or, similarly, with stencil and paint. Lettering shall
tead 24VDC INSTRUMENT AND CONTROL.

12.7.4 At approximate l0-foot inrervals, identifu channel tray with high voltage, ion pump wiring with
vinyl, self-adhesive signs with one inch high lettering or, similarly, with stencii and paint.
Lettering shall read DANGER-HIGH VOLTAGE.

13 CONDUITSYSTEMS
(ELECTRTCAL RACEWAy OF CTRCULAR CROSS SECTTON)

13.1 INTER\fIDLA'TE METAI coNDLtIT (IMC): Gatvanized IMC conforming to uL 1242
srandard may be provided as indicated on drawings..

13.2 ELECTRICAL METAILIC TUBING (EMT): Ar indoor locations, EMT conforming to ANSI
C80.3 and UL 797 standards may be provided as indicated on drawings.

13.3 FLEXBLE METAI CONDUIT (FMC): At connections to motors, transformers, and other
vibrating equipment and instruments, provide thermoplastic covered, liquidtight FMC
conforming to UL 360 standard and fittings to best suit application.

13.4 ACCESSORIES:

13.4.i Provide littings to best suit each application.

13.4.2 Provide expansion fittings as required in accordance with manufacturer's recommendations to
accornmodate building expansionjoints indoors and thermal expansion ofconduit in ambient
temperature range of OoC to 50'C. Where conduit system is discontinuous, provide bonding
i trmner 4l t nf laroer g6n6lgg1g1.r !  v ]  r s 6 v ^

13.5 INSTALLATION:

13.5.1 Restrictions: Where practicable, keep instrument wiring at least 12 inches away from other
wiring and minimize paralleling instrument wiring with power or conuol wiring.

i3.5.2 Arrangement: Make raceway offsets and bends symmetrically and uniformly.

13.5.3 Suooorts:

i Fasten conduits to building with one-hole malleable
iron conduit clamps with screw or bolt. S  P  E C  I F I C A T I O N
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r where applicable and where two, three, or more conduits are routed together, provide
trapeze hangers made of 3/8 inch minimum hanger rods and channels/stlts with conduit
clamps.

. Support 1-112 inch or larger suspended conduits with 3/8 inch minimum hanger rods with
conduit clamp.

r Provide supports as specified wder SUPPORTS, Arttcle 22, p.14.

13.5.4 Pull boxes: Provide pull boxes required for proper conductor installation in addition to boxes
indicated.

13.5.5 Terminatine conduits:

r Attach IMC to equipment by threading into integral cast hub, compression fitting, or double
locknuts with bwhing.

o Attach EMT with either set-screw or compression t)?e fittings and connectors with integral
insulating liners.

13.5.6 Flexible conduit connectionsr

o Connect to motors, transformers, and other vibrating equipment with 18 to 30 inches
of FMC.

. At equipment mounted on vibrating isolators, provide 90o bend in the FMC.

. Connect to instnments with 18 to 30 inches of FMC.

13.5.7 Groundins: Where grounding conductor or bonding is applicable at locknut installations,
provide tfueaded bushings with insulating liner and grounding lug.

13.5.8 Close openinqs: Keep conduits closed when not accessing them to prevent rairU dirt, and debris
from entering.

14 BOXES, CONDUIT BODIES, AND WIREWAYS

14.1 PULL AND SPLICE BO)GS:

14.1.1 Where indicated and as required to install wiring without darnaging insulation or stsfehing
conductors, provide galvanized or finished with gray baked enamel boxes with screw-on covers
udess otherwise required.

14.1.2 Where applicable, provide galvanized or finished with gray baked enamel box barriers to
maintain separation of wiring systems.

14.2 OUTLET AND JTINCTION BOXES

14.2.1 Provide cast-metal boxes with threaded hubs unless otherwise sDecified.

14.2.2 At outdoor locations, provide gaskets.

14.2.3 At indoor locations, sheet-metal boxes may be provided
in lieu of cast-metal boxes and conduit bodies unless
otherwise required. S  P E C  I F I C A T I O N
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14.3 CONDUITBODIES:

14.3.1 Where applicable, cast-metal conduit bodies with tbreaded hubs may be used in lieu of boxes
unless otherwise required.

14.3.2 At outdoor locations, provide gaskets.

14.4 MREWAYS AND ALDilLIARY GUTTERS:

14.4.i Where required, provide galvanized or finished with gray baked enamel wireways and gutters
with screw-on covers unless otlerwise required.

14.4.2 Where applicable, provide galvanized or finished with gray baked enamel box barriers to
maintain separation of wiring systems.

14.5 ACCESSOzuES: Provide fittings to best suit each application.

14.6 INSTALLATION:

14.6.1 Gener4l requirements:

. Arrange boxes neatly and symmetically to adjacent components and architectural features.

. Identify wire and cables by tag numbers with indelible felt tipped marker pen or as specified
under wiring systems.

r Provide supports as specified und er SUPPORTS, Article 22.
r Wlen not accessing, close equipment to prevent rain, dirt, and debris from entering.

14.6.2 Wirewav and qutters: Where wireway or gutter is discontinuous, bond each secfion with #12 or
larger conductor.

14.6.3 Pull and splice boxes: Provide supports to prevent conducto$ from resting on removable
bottom covers.

14.6.4 Outlet and iunction boxes: Rigidly fasten boxes directly to strucBre, to support channels/sruts,
or in framed constructions to bar haneers.

15 WIRE AND CABLE

15.1 POWER WIRE (up through 600 volts):

I 5 . I . 1 Provide o 1 2 AWG or larger single; stranded copper; rype THHN, THHN-THWN, TIIWN, or
XHHW conductors rated 90"C, 600 volts unless otherwise specified.

Use colored coded insulation in sizes up to #8 AWG, except up to #6 AWG for grounding
conductors, and black insulated conductors in larger sizes (see WINNG IDENTIFICATION,
Article 16).

15.2 CONTROL WiRE (discrete signals):

15.2.1 120 VAC: Provide "14 AWG or larger, stranded copper, qpe THHN-THWN, multiconductor
cable rated 90'C, 600 volts unless otherwise indicated.

1,5-2.2 24 YDC: Provide "18 AWG or larger, stranded copper, S  P E C I F I C A T I O N
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ritle: SPECIFICATION FoR ELECTRJCAL & INSTRUMEIIT coNsrRUcrIoN woRK

muiticonductor cables rated 90oC and 300 volts unless otherwise indicated.
15.3 INSTRUMENT WIRE (analog signals):

15.3. 1 4-20 rrLA': Provide '1 8 AWG or larger, standed copper, individually shielded twisted pairs,
single or multipair cables rated 90"C, 300 volts unless otherwise indicated.

15.3.2 Thermocouole: Provide *i 8 AWC single pair and ?0 AWG multipair ANSI type (as
indicated), soiid thermocouple eKension cable shielded, rated 105"C,300 volts r,ntess otherwise
indicated.

15.4 TRAY CABLE: ln addition to above, provide cable hay installations with cable labeled for
cable tray use.

15.5 SUBMIfiAIS: Provide product data of each wire and cable.

15.6 INSTALLATION:

15.6.1 where practicable, keep instrument wiring at least 12 inches away from other wiring and
minimize paralleling irsrument wiring with power or control wiring

15.6.2 install wiring without splices.

15.6.3 Simuitareously install conductors and multiconductor cables which occupy same conduit .

15.6.4 Only cable manufacturer approved pulling lubricant shall be used.

15.6.5 Use woven cable grips.

15.6.6 Do not to exceed manufacturer's recommended pulling tension and cable bending radius.

15.6.7 Seal cables exposed to weather or other harmful environments until cable is tenninated.

15.6.8 Provide sufficient wire length at each end ofpull to permit grouping and training the wires and
cables. Where applicable, use self-locking nylon wire ties; cut off loose ends. Do not exceed
manufacturer's wire bending radii. Do not allow wiring to bear against edges of enclosures.
Replace wiring cut too short to meet instailation requirements.

15.7 See TESTING, Article 23, p.14.

16 WIRING IDENTIFICATION

16.1 POWERMRE:

16. I .l Color code single conductors as follows:

Line 2081120V 4801277V
A Black Brown
B Red Orange
C Blue Yellow
N White Gray
G Green Green

16.1.2 Where applicable, color code conductors using one-inch
wide colored plastic adhesive tape wrapped with two full S  P  E C  I F  I C A T I O  N
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Title: SPECIFICATION FoR ELECTRICAT & INSTRUMENT coNsrRUcrIoN woRK

turns.

16.1'3 Identifu each conductor end with panel designation and circuit number or with applicable
identification to suit other rype of circuits. Use printed, adhesive wire marker srips.

16.2 INSTRL,\,IENT AND CONTROL WIRE:

16.2.1 Tag each end of single conductors and cable pairs with schematic wire number unless otherwise
directed.

16.2.2 Tag each spare cable end with unique identification.

16.2.3 Use printed sleeve markers.

16.3 SLIBMITTAIS: Provide product data of printed sleeve markers.
17 WIRING TERMINATIONS

17.1 POWER WIRE:

17.1.1 Splices:

. 010 AWG and smailer conductors, provide insulated spring connectors.
o -8 AWG and larger conductors, provide either compression (crimp) conaectors using

matching installing tool or mechanical screw type connectors. Cover splices with insulating
material made for connector where available; otherwise, cover with at least tbree layers of
electrical, vinyl tape to attain insulation rating equivalent to that ofthe conductor.

17.1.2 Terminations:

e #10 AWG and smaller conductors to buses, enclosures, and similar applications, provide
compression (crimp) terminals.

r #8 AWG and larger conductors, prov.ide either compression (crimp) conaectors using
matching installing tool or mechanical screw type connectors.

' Where more than one conductor requires temrination and terminals are not provided as part
of the equipment, provide screw or pressure type insulated terminal blocks.

17.1.3 Motor Leads: To cormect to motor leads, use split-bolt corulectors. cover splices with
insulating material made for connector where available; otherwise, cover with at least three
layers ofelectrical, vinyl tape to attain insulation rating equivalent to that of the conductor.

17.1.4 Where applicable, tighten screw type hardware in accordance with manufachrer's published
torque values. Ifnot available, comply with UL 4864. standards.

17.2 INSTRUMENT AND CONTROL WIRE:

17 -2.1 At instrument end of cable, strip and cutoff shielding back to edge of overall jacket. Then wrap
two full turns of electrical plastic tape or placed heat shrinkable insulating sleeve half on
conductors and halfon overalljacket. At other end ofcable, secure shielding tojunction box
terminal. (Shielding connects only to a single ground
reference point at the electrical source.) S  P E C  I F I C A T I O N
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17 .2.2 Coil, insulate, and label ends of spare conductors.

i 7.2.3 Remove insulation from ends of conductors using mechanical or electic heat t]?e stipper.
18 WIRING DEVICES

Provide devices as indicted on the Drawines.

19 GROUNDTNG

l9'l EQUPMENT GROUNDING: Bond each end of equipment grounding conducto$ to the
grounding bushing, the grounding bus, grounding lug, or the enclosure, respectiveiy.

19.2 GROI.INDINGCONNECTIONS:

19.2.1 Use mechanical connectors to make grounding connections.

Completely remove paint, dirt. and corrosion down to bare metal at corujection areas.

20 INSTRUMENT AIR/GAS AND PROCESS TUBTNG

Where indicated, provide the following:

20.1 INSTRLMENT ArR/GAs TUBING: Provide Vainch, ry?e L, or larger copper tubing, brass
compression connectors, and copper clips (Design: 200pSI @ -20F - +150F).

20.2 PROCESS TUBING: Provide 3/g inch, 0.035 WT, or larger 304 stainless steel, seamless tubing,
stainless steel compression corurectors, and stainless steel clips

20.3 INSTALLATIONS: A:range tubing neatly and symmetrically to adjacent components. use
bending tools to make bends in tubing.

20.4 SUBkIITTAIS: Provide product data oftubing and accessories.

21 EQUIPMENTFURNISHEDBYOTHERS
(SEE - ATTACHMENT B: FUR^/SHFO EL ECTRTCAL EeUtpMENT UST)

21.1 Receive, store (in clean, dry location), and handle equipment fumished by others and required
to be installed under this Contract.

21.2 set equipment in place and bolt free standing equipment to floor as specified under
SUPPORTS, Article22.

21.3 Make power, instrument, and control wiring and rubing connections as indicated.

21.4 Where practicable, keep instrumentation wiring 72 inches away from other wiring and mllJnize
paralleling instrument wiring with power or control wiring.

21.5 Where necessary, cut holes in electrical boxes to accommodate conduit, cable, and tubing
connections.

S  P E C I F I C A T I O N
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22 SUPPORTS

?2.I Where applicable, provide steel channeis/struts with galvanized or painted finish.

222 Fasten equipment and supports with conosion resistant hardware.

223 Provide support systems ofsuitable strength to hold intended equipment in place.

22.4 Fabricate supports from structural steel or steel channelVstruts rigidly welded or bolted. Paint
cut ends of supports with rust bhibitor matching existing frnish.

22-5 Secure free-standing equipment to concrete pad or floor with at least four I/2 inch or larger bolts.
Provide drilled concrete anchors where applicable.

22.6 Secure surface-mounted palels and cabinets weighing 75lbs. or less with at least four V2 inch or
larger toggle bolts.

23 TESTING

23.1 No equipment shall be energized without consent ofPSi's representative.

23.2 It is the Contractor's responsibility to conduct tests without damage to equipment

233 POWER WIRE TESTING (up through 600 volts):

23.3.1 Test each new conductor installed and existing conductor reconnected to ground using 1000-
volt megger.

23.3.2 Provide w,ritten test report listing resistance by feeder and branch circuit.

23 . 3 .3 Replace conductors measuring less than 25 megohm and retest.

23.4 CONTROL AND INSTRUMENT WTRE TESTiNG:

23.4.1 Check point-to-point continuity of each conductor to ensure that wiring is intact and terminated
at the proper place at both ends. After wiring has been terminated,

1. lift one conductor at a time off of its temrinal at both ends;

2. establish an isolated rerrrrn path (not ground, but may be one ofthe cable conductors);

3. check conductor continuity;

4. reconnect wire to terminals, or if defective, correct, recheck, and reconnect;

5. with highlighter, mark wiring diagram or schedule to indicate that wire and connection has
been verified; and

6. proceed to next conductor.

23.4.2 Usng highlighter, indicate on terrninal wiring diagrams or schedules that each wire and
connection has been verified. Make these sheets available to Owner's and PSI's
represenlallves.

23.4.3 Replace defective wiring and retest. S  P E C I F I C A T I O N

A vo49-z
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ritle: sPEcIFrcATroN FoR ELECTRTCAL & TNSTRUMENT coNsrRucrroN woRK

23.5 MOTORS TESTING:

23.5.1 Before coffiecting, measue motor winding resistance and ground resistance.
23.5.2 PSI will test each three-phase motor for proper rotary direction. Where necessary, coEecl

circuit connections per PSI's representative.

23.6 RECEPTACLES TES'TING: PSI will test polarity and grounding of each receptacle device
used with equipment fumished under this Work. Where necessary, correct circuit connections
per PSI's representati ye.

23.7 INSTRTIMENT GAS AND PROCESS TUBING TESTING:

23.7.1 Check tubing and connectors for leaks.

23.7.2 PSI wiil check gas operated valves for proper opening aad closing or positioning of
pneumaticaily operated device.

23.7.3 Make repairs as necessary and retest.

23.8 VALVES TESTING:

23.8.1 Valve cycling to veri$ proper operation of limit switches, pneumatic operators, and positioning
operators is by PSL

23.8.2 Make electrical ald pneumatic repairs as necessary and retest.
23.9 CALIBRATION:

23.9. I Calibrate instrumentation as required.

23.10 SCHEDIJT,ING, NOTIFYING, AND WITNESSING TESTD'IG: provide the psl's
representative with at least three days notification of scheduled testing. With the notification,
include a list ofproposed tests and the expected time to perform these tests.

_ E N D -

S  P E C I F I C A T I O N
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ATTACH]VTENT4A'

D R A W I N G  L I S T S

D R A W I N G D E S C R I P T I O N

VO49-3.002 OVERALL SITE PLAN
VO49-3.10I INSTRIJME}|TPLAN_VERTEXSECNON

V049-3-102 INSTRLMENT PLAN-LEFT BEAM I/I{NIFOLD SECTION
VO49-3-103 INSTRUMENT PLAN-RIGHT BEAM MAMFOLD SECTION
VO49-3.I04 INSTRUMENTPLAN_DIAGONAI SECTION
V049.3-106 CABLE TRAY PLAN_VERTEX SECTION
YO49-3.107 CABLE TRAY PLAN-LEFT BEAM MANIFOLD SECTION
VO49-3-108 CABLE TRAY PLAN-RIGHT BEAM MAMFOLD SECTION
V049.3-109 CABLETRA.YPLAN-DIAGONAL SECTION
V049.3-1IO CABLETRAYDETAILS-CORNERSTATION

V049.3-I1I INSTRIIMENT,ELECTRICAT PLAN_VERTEXSECTION
VO49-3- 1 1 2 INSTRUMENT,ELECTRICAL PLAN-LEFT BEAM ]VfANIFOLD SECNON
VO49-3-I 13 INSTRUMENTIELECTzuCAI PLAN_RICHT BEAM MANIFOLD SECTION
V049.3.114 INSTRUMENT/ELECTRICAL PLAN-DIAGONAI SECTION
VO49-3-116 POWERPLAN_VERTEXSECTION

VO49-3.117 POWER PLAN-LEFT BEAM MANIFOLD SECTION
VO49-3-1 18 POWER PLAN-RIGHT BEAM MAMFOLD SECTION
VO49-3.I19 POWERPLAN-DIAGONAL SECTION
V049.3.120 DISTRIBUTION SYSTEMFEEDERSCHEDL'I,E
V049.3.123 CDSINTEMACEDIAGRAM_-{ORNERSTATION

VO49-3.I24 CONDI.IIT STUB.UPPLAN-CORNERSTATION

V049.3-125 VACWM CART INTERFACE PLAN-{ORNER STATION
V049.3.127 DATA HIGHWAY PLAN-VERTEX STATION
VO49-3-128 DATA HIGHWAY PLAN- LEFT BEAM MAMFOLD STATiON

A T T A C H M E N T ' A "

A vo49-2-oz2
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D  R A W I N  G D E S C R I P T I O N

v049-3-t29

v049-3-130

v049-3-131

v049-3-133

v049-3-134

v049-3-135

v049-3-136

v049-3-201

v049-3-202

v049-3-203

v049-3-?04

v049-3-205

v049-3-206

v049-3-208

v049-3-209

v049-3-301

v049-3-302
I r ' \ r . \ ' t  4 ^ r
V V. lY-J.JUJ

v049-3-304

v049-3-305

v049-3-306

v049-3-308

v049-3-309

v049-3-401

v049-3402

v049-3-403

DATA HIGHWAY PLAN_ RIGHT BEAM MAMFOLD STATION
DATA HIGHWAY PLAN_ DIAGONAL STATION
DATA HIGHWAY INTERCONNECT DTAGRAM- CORNER STATION
GROI.JNDING PLAN - VERTEX SECNON
GROL]NDING PLAN. LEFT BEAM MAMFOLD
GROI.INDING PLAN . zuGHT BEAM MAMFOLD
GROT'NDING PLAN - DIAGONAL SECTION
INSTRIJMENT PLAN-LEFT MID STATION
CABLE TRAY PLAN-LEFT MID STATION
INSTRI]MENTiELECTRICAI PLAN_LEFT MID STATION
POWER PLAN-LEFT MlD STATION

CONDLJIT STUB.UP PLAN. LEFTMID STATION
VACWM CART INTERFACE PLAN-LEFT MID STATION
CDS INTERFACE DIAGRAM-LEFT MID STATION
GROTJNDING PLAN-LEFT MID STATION
INSTRLIMENT PLAN-RIGHT MID STATION
CABLE TRAY PLAN-RIGHT MID STATiON
INSTRTIMENT,ELECTRICAI PLAN-RIGHT MID STATION
POWER PLAN-RIGHT MID STATION
CONDLIIT STTTIB-LIP PLAN-RIGHT MID STATION
VACWM CART INTERFACE PLAN-RIGHT MID STATION
CDS INTERFACE DIAGRAM-RIGHT MID STATION
GROLINDING PLAN-RIGHT MiD STATION
INSTRUMENT PLAN_LEFT END STATION
CABLE TRAY PLAN-LEFTEND STATION
INSTRLMENT/ELECTRICAI PLAN--_LEFT END STATION

A T T . A C H M E N T  " A "

A vo4g-z-ozz
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D  R A W I N  G D E S C R I P T I O N

VO49-3-404 POWER PLAN-LEFT END STATION
VO49-3-405 CONDUIT STIIB-IJP PLAN. LEFT EAID STATION
VO49-3.406 VACUIM CART INTERFACE PLAN_LEFT END STATION
VO49-3-408 CDS INTERFACE DI,AGRAM-LEFTEND STATION
VO49-3-409 GROL]T{DING PLAN_LEFT END STATION
VO49-3-501 INSTRIIMENT PLAN_RIGFT END STATION
VO49-3.502 CABLE TRAYPLAN_RJGHTEI{D STATION
VO49-3-503 INSTRUMENTIELECTRICAL PLAN_RIGHT END STATION
VO49-3-504 POWERPLAN-RIGITTENDSTATION

VO49-3-505 CONDTIIT STUB-LT PLAN-RIGHTEND STATION
VO49-3-506 VACIruM CART INTEMACE PLAN_RIGHT END STATION (2 STIEETS)
VO49-3-508 CDS TNTEMACE DIAGRA"\{-RIGHTEND STATION
VO49-3-509 GROTINDING PLAN_RIGHT END STATION

A T T A C H M E N T  " A ' '
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D R A W I N  G D E S C R I P T I O N

VO49-3.OOI GENERAINOTES&LEGEND

V049.3-OO6 ELECTRICAIINSTAILATIONDETAJLS

VO49-3-OO7 INSTRT'MENTELECTRICALINSTALLATIONDETAILS

V049-3-008 INSTRLMENTINSTALLATIONDETAILS

V049.3-OO9 GROUNDING DETAILS

REFERENCE DRAWING LIST '

D R A W I  N  G D E S C R I P T I O N

v049-3-004 roN coNTRoLLER CABTNET (2 SHEETS)

v049-3-12t PNL-100A & 1008 ASSEMBLY

VO49-3-122 PNL-IOOA & lOOB WTRJNG DIAGRAM

Y049.\-207 PNL-2OO WIRING DIAGRAM

VO49-3-307 PNL-3OO W]RiNG DIAGRAM

VO49-3-407 PNL.4OO WRING DIAGMM

VO49-3.507 PNL-sOOWIRINGDLA,GRAM

Reference drawings ,  used by  o thers  to  fabr ica te
a d , , i  ^ n 6 n l -  : r a  f r r r n  i  ( h - . 1  t ^  c , r n h l  a h a h r

i ns ia l la t ion  de ta i l s  and ind ica te  w i r ing
termina t ions .

A T T A C H M E N T ' A "
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ritle: sPEcrFrcATroN FoR ELECTRICAL & INSTRUMENT coNsrRUcrIoN woRK

F U R N I S H E D  E L E C T R I C A L  E Q U I P M E N T  L I S T

ITEM

dl INSTRUMENT TAG/EQUIPMENT DESIGNATION

€ I/INDICATES VACLTITM ENYIRONMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SI{EET)

'  
F u r n i s h e d  w i t h  a c c e s s o r i e s .

cRYOpLrMp wcpl FLow INDICATOR (V049-3-102)

cRYOpuMp wcp2 FLow INDICATOR (V049-3-103)

CRYOPUMP WCp3 FLOW INDICATOR (V049-3-201)

CRYOPITA4P WCp4 FLOW INDICATOR (V049-3-201)

CRYOPUMP WCp5 FLOW TNDTCATOR (V049-3-301)

cRYOPt Mp wcp6 FLow INDICATOR (V049-3-301)

CRYOPUMP WCPT FLOW INDICATOR (V049-3-401)

CRYOPUMP WCp8 FLOW INDICATOR (V049-3-50i)

CRYOPLA.IP WCp I LEVEL TRANSMITTER* (VO+9-3 - r OZ)

cRYOprJWp wcpl DEWAR LELEL TRANSMITTER* (V049-3-102)

cRYopr.n4p wcp2 LEVEL TRANSMTTTER* ry049-3-103)
cRYOPr,Mp WCp2 DEWAR LE1EL TRANSMITTER' (V049-3-103)

CRYOPI,MP WCP3 LEVEL TRANSMITTER* ry049.3-201)
CRYOPUMP WCP3 DEV/AR LEVEL TRANSMITTER' (V049-3-2OI)

CRYOPUMP WCP4 LEVEL TRANSMITTER* 1VO+E-:.Z,OI;
CRYOPUMP WCP4 DEWAR LEVEL TRANSMITTER* (V049.3-2OI)

CRYOPUMP WCp5 LEVEL TRANSMITTER* (V049-3-30 I )
CRYOPUMP WCps DEWAR LEVEL TRANSMITTER' (V049-3-301)

CRYOPLMP WCP6 LEVEL TRANSMTTER* TVO49.3-3OI)

CRYOPT,MP WCP6 DEWAR LEVEL TRANSMITTER+ CV049-3-301)
CRYOP{.IMP WCPT LEVEL TRANSMITTER* (V049-3-40 I )
CRYOPUMP WCPT DEWAR LEVEL TRANSMIT-|ER* (V049-3-4OI)

I

z
3
A

f,

6

7

8

9

10

1 1

12

13

t 4

l f ,

t o

l 7

l 8

l 9

20

2 1

22

FI- r 04

FI- i54

FI-204

r l-t)+

FI-304

FI-354

Fi-404

FI-504

LT-100

LT-105

LT-150

L r - L ) )

LT-200

LT-205

LT-250

LT-255

LT-300

LT-305

LT-350

LT-355

LT-400

LT-405

A T T A C H M E N T  . . B "

Number

A vo49-2-o2z
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6, INSTRUMENT TAG/EQUIPNIENT DESIGNATION

d, z INDICATES VACLTUM EII!'IROI\IMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SIIEET)

ITEM

24

) (

71

z6

t9

30

J I

)1,

34

J )

l o

3 8

3 9

40

4 l

i a

LT-500

LT-505

PNL.lOOA

PNL.IOOB

PNL-2OO

PNL.3OO

PNL.4OO

PNL-5OO

PT-l01

PT-t5t

PT-20 i

r t-z) l

PT-301

r l  - J f ,  I

PT-401

PT-501

TE-1034, 102A,
l02B

TE-I53A, 1524,
1528

TE-203A,,202A,
?0zB

TE-253A.252A\
2528

TE-303A,302A',
J V L D

cRYOptrMp wcpS LEVEL TRANSMITTER* (V049-3 _50 I )
CRYOPUMP wcpS DEWAR LEVEL TRANSMITTER* CV049_3_501)
coRNER STATTON rON CONTROLLER PANEL (V049-3-1 16)
coRNER STATION ION CONTROLLER PANEL (V049_3_116)
LEFT MID STATION iON CONTROLLER PANEL (V049_3_204)
zuGHT IvIID STATION ION CONTROLLER PANEL (V049-3-304)
LEFT END STATION ION CONTROLLER PANEL CV049-3_404)
zuGHT END STATION ION CONTROLLER PANEL (V049.3.504)
CRYOPUMP wcp I pREs SURE TRA.NSMITTER* (vo+s-:_ t o2)
cRYOpL"&tp wcpz PRESSIIRE TRANSMIITER* 1VO+l_3-t0:;
CRYOPLIMP WCP3 PRESSURE TRANSMITTER* IVO+E-:.ZOI;
cRYOPi,Mp wcp4 PRESSURE TRLNSMiTTER* 6VO+e-: -Z O r ;
cRYOPt,ilvIp WCp5 PRESSURE TRANSMIT"TER* ryoa9-:_:ot ;
CRYOPUMp wcp6 PRES St rRE TRANSMITTER* 1VO+l_:_l O t ;
CRYOPUW wcpT PRESSLIRE TRANSMTTTER* 1VO+l-:-aOt;
CRYOPUMP wcpS PRESSURE TRANSMITTER* 1VO+I-3-SOr;
CRYOPUVIP wcpl THERMOCOUPLE (V049-3-1 02)

CRYOPUMP Wcpz THERMOCOTjPLE (v049-3- 103)

CRYOPL"I4P wcp3 THERMOCOUPLE (V049-3-20 I )

CRYOPUMP wcp4 TIIEtu\4OCOUPLE (V049-3-201)

CRYOPUMP wcp5 THERMOCOUPLE (V049-3-30 I )

F u n : s h e d  w i t h  a c c e s s o r i e s

A T T A C H M E N T  " B ' '
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A ITEM

€ INSTRUMENT TAC/EQUIplrnrvr nrucxanox
s, 'r'INDICATES VACLTLTM El\-nnomrrct{T LocATrox

.cl DESCRIPTIoN (INDICATED oN DRAWTNG/SEET)

45

TE-353A,352A,
3528

TE-403A,407A,
4028

TE-503A,502A,
502B

cRyoprIMp wcp6 THERMOCOUPLE (V049-3-30 t)

cRYOpuMp wcpT THERMOCOUPLE (V049_3_40 l)

CRYOPI,JMP WCPS THERMOCOUPLE 0/049-3-50 I )

A T T A C H M E N T  " B ' '

A vo49-z-022
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ATTACHMENT..C'

S U B M I T T A L  L I S T

Sutmit for review the proposed equipment submittals and reports as required under the Specification and
l lsted below:

l. Eouipment substitutions (Article 8.3. oaee 6)

Submit proposed substitutions PSI's representative for acceptance. With submittal, provide details of
necessary changes to accommodate substitutions. submit samples if requested.

2. List oforoposed equioment (Article 9.1. pase 6)

As soon as practicable, submit for review a list of equipment proposed for installation with each item
identified by Specification paragraph number or where applicable by Drawing number. lnclude
manufacturer's name with catalog or model nurnber for each item.

3. Cab|e trav ( Article 12.6. oase 7)
Product data of each cable tray component.
Shop drawings of support systems.
4. Wire and cable (Article 15.5. paee l1)

Product data of each wire and cable.

5. Wirine identific?tion (Article 16.j. paee 12)

Product data ofprinted sleeve markers.

6. Instrument airlgas and process tubine (Article 20.4. oaee 13)
Product dan of rubing and accessories.

7. Testine (Article 23.3.2. pase l4)

Written test report listing resistance by feeder and branch circuit.

A T T A C H M E N T  " C ' '

A vo4g-2
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SPECIFICATION FOR PRoJECT QUALITY ASSURANCE pI,A]\r

t.0 PURPOSE

The purpose of the QA P.lan is to estabiish the quality requirements for the scope of work
intended. This plan contains the PSI qualiry standards that will be imposed on tlr. tlco
High Vacuum Sysrem.

2.0 GENERAL

The outlined plan will be imposed at psl as well as all maior comoonent vendors.

3.0 RESPONSIBILITIES

The malager of Quality Assurance and the assigned Project Manager are responsible for
the implementation of this plan.

4.0 PROCEDURE

4.1 Qualiry Review And planning

4.1'1 Prior to fabrication the Quality Assurarce Engineer will establish the hold/witress points
from the customers specification; the psl inspection points and the applicable psl
procedures for the contract. From this informatiorq the eAE wiil prepare a psl euality
Plan, for each chamber or assembly built at pSI. The Quality plan will defi:re all of the
inspection steps that require witness and/or verification during the co'rse of
manufacturing aad assembly at PSL Subcontractual work will be subject to the same
planning, by the subcontractor, at his plant with witnessed HoLD points and inspections
by PSI.

4.2 Receivinglnspection

4.2.1 All raw materials that are procured with Material Test Reports will be receipr inspected
prior to use,

4.2.2 Procured components and items will be inspected at the vendor's plant. If inspection is
not performed at the vendors plant, they rvill be receipt inspected upon arrival.

3 o t
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4.3 MaterialCenification

4'3'l All vacuum chamber and flange materials will be procured with Materia.l Test Reports.
other nozde, small pars, sma 

 

flange nozres and borting materials w l be procured
with a Certificate of Compliance. At receiving irupectior4 the materials wiil be verified
against the Purchase Order for quantity, material markings and the Material Test Report
will be verified to the applicable ASME and/or ASTM material specification for
compliance.

4'3.2 If primary vacuum boundary materials are purchased from foreign (outside of uSA), pSI
will conduct independent lab analysis to verifi material composiiion.

4.4 In-Processlnspection

4-4.1 QA/QC will verifo material traceabiliry throughout the manufacturing cycle. They will
monitor the quality of werding and the qualifications of p.rroro'J, verifi the final
cleaning and verif/witness the testhg required by the customers spec.ification.

4.5 Cleaning

4.5.1 All materials will be cleaned free of grease, oii, rust and foreign matter prior to welding.
After the welding and machinery operarions, the assemblies will be cleaned to the
required level, for the intended service.

4.5'2 Final cleaning will be performed in accordance wirh the LIGO cleanins orocedure.

+.o weld lnS

4.6'i All welding exposed to the vacuum will be performed by the pAw or the GTAW cnc)welding process, with a r00% Argon shield gas or prasma arc welding with r00% Argon
shield gas- All open or closed root, butr welding w l be purged with 100% argon
(backing gas). Slip-on-flanges and lap joint designs that allow for fillet welds will not
require baking gas. All vacuum welding will performed utilizing ASME section IX
qualified welding procedures and qualified welders.

4.6.2 welding operations will be monitored on a daily basis by the eA/ec department for
compliance with the LIGO Project procedures and the applicable codes.

+. r  I  lna l  lnsDect lon

4 '7 .1 Final inspection will be accomplished on all components prior to shipmenr. This
inspection rvill include but is not limited to the following: seiialization oi components,

SPECIFTCATION FOR PROJECT QUALITy ASSURANCE PLA-I\

SPECIFICATION
l{umber -

A V049-2-029

final cleaning, final acceptalce testing and packaging for



SPECITICATION FOR PROJECT QUALITY ASSURANCE PLAN

4.8 Testing

4.8.1 vacuum components shall meet pumpdovn and helium leak rates per the LIGO project
Procedures.

4.8.2 Pumps and valves will be performance tested at the vendor plant. These tests will be
witnessed by PSL

4.8.3 AIJ testing will be performed in accordance with LIGo ?roject procedures. All shop
testing performed will be witnessed/verified by QA/eC.

4.8.4 Written test reports will be generated for all testing and will be included in the final
documentation package.

4.9

4 .9 .1

Documentation

Final documentation on this project will consist of signed off euality Plans, Material Test
Reports for vacuum chamber and flange materials, certificates of conformance of all
nozzle materials, small parts and bolting materials, fiaal cleaning certificate, Helium leak
test reports, pumpdown test report and a Certificate of Conformance to the codes and
standards.

For PSI fabricated equipmen! the final documentation summary sheet shall indicate the
drawing revisions which fabricated the component.

For purchased components, the purchase order indicates the revision level ofprocurement
documents.

Vendor Surveillance

Prior to fabrication, each vacuum vessel fabricator shall submit quality plars to PSI for
approval. PSI QA and en-eineering will set mandatory hold points and perform periodic
inspections at the vendor's plant. The vendor shall provide final documentation as
detailed in the procurement specification for all PSI fabricated components,
documentation shall be provided as shown in Anachment I "Final Documentation
Summary".

4.10.2 For major purchased components, QA requirements are detailed in "QA Requirements
Summary" form attached to each procurement specificition.

4 . t 0

4 .10 .1

SPECIFICATION
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SPECIFICATION FOR PROJECT QUALITY ASSURANCE PLAN

4.1I Engineering Plan Review

4. i 1.1 QA will be part of the design review team as the design develops.

4.12 ProcurementSpecificationReview

4'12'l QA will be part ofrhe review ream for alr major component specifications.

SPECIFICATION
NumberA V049_2-029



SPECIFICATION FOR PROJECT QUN,LITY ASSURANCE PLAN

-

Component

Model No.:

Serial No.:

I .  Qual i ry  p lan Doc.  No. .

2. Material Test Reports:

Cenificarion of
Conformance:

Heat Treat Charts:

Final Cleanins
Certiflcation:

Bakeout Cenification:

Final Vacuum Leak
Reports:

Non-Conformance
Repons:

Cenificare of
Conformance:

LICO VACUUM EQUIPMENT
FhIAL DOCUMEMATION SUMMARY

Date:

Prepared By:

Anachmc'|t I
v049-2429

Rev.

Date

)-

) .

6.

9.

SPECIFICATION
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PROJECT SA-FETYPLA.II

FOR

Lrco VACUUM EQUTPMENT

Har:ford Washington
and

Livingston, Louisiana

QUALITY ASSURANCE:

LIGO SAFETY OFFICER:

PROJECT MANAGER:
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I .0

PROJECT SAFETYPLAN

PURPOSE

This plan defines and estab]i:h:s 
fe safeqr requirements for the LIGo project vacuumequipment suppty and 

Tft]I*; h;''p;"ffi" requirements inciude saferymanagement systems as wet as safety .ngin.ffi ;ootors necessary to ensure theidentification and resolurion "f ufr suf.ry irsu!.."ffi iJ*, orr:*r.
This program provides for the review and approval ofall o
1'a muaro*ei apri."tio."ro, ."r..r-*o-ilJrl,i.i*r"llflll';i11,fi :ffi n:::
ilTffi.o"Ti::ti?".-o to minimize'i,a---; persomer, a"1iti"i---f,

SCOPE

The requirements as stated herein, wilr appry to ail psl fac'rties and construclion sites.

*ll,g:tto 
and site maragers report to the PSI president located in the wesrobrough, N{.A

Each PSI facility and site marager is responsible for safety at their location.
APPLI C.A,BLE DOCI.IMENTS

ff:Xlml:;T$*: 
following documenrs dicrate the requiremenrs reradve to the

" 
i;r":,:lt 

occupational Safetv and Health Administration (osHA) Generar

2.0

I
I
3.0

b. 40 CFR Environment protection Agency @pA) protection of Environment
c. 49 CFR Department of Transportation (DOT) Transportation
d. National F.ire protection Association (NFpA) Fjre Codes, Haadbook Of Fireprotecrion, Life Safety coae Hanaioog.io"""J"r,ii.""cal Code.

; ffiiff 
'::3i,''i',HT:::."Tj',.:,...1,::';::' 

f.r rndus,ria,Operations.

g. Toxic Substances Control Act CISCA).
PsI has in prace safet-v policies to meet generar osFrA, Govemment and s,"terequiremenrs (regurations) whi.rr rt*. u"e-n f,rliii,."a uy i-pt"rentarionvauditsard by on_sire visiration of rhese agencies.
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PROJECT SAFETY PLAN

4.0 PLAN MAINTENAT\CE

During the execution of this program, psl's safety philosophy wiil be dictated by itsSafety Policy Starement.

PSI is commifted to providing a_ safe workplace for all employees. program objectivesare. the prevention of injury, an the prevention of injury, and th" p..u"ntiin of ._pfoy".and visitor exposue to hazardous conditions o. r.,.rurr. In order to achieve theseobjectives, environmenlal iealth and safery issues w.i 

 

be addressed as integ;components of our business strategy. our goar is to provide quarity products and serviceswhile actively conserving our human and natural ,.*ur.ar. It is our berief that accidentsand undesirable environmenrar incidents are preventabre by actrve participation aom eachemployee.

All manaeers and readers are responsibre for ensuring that each employee receives thetraining and instruction nec.essary to perform his joi safely. fu.n .o.,ptoy.. 1.,r. tt,.responsibiliry to comply with the company work ruies foflowing safe work practices andprocedures 
-established to protect the environment, and for ieporting to^ t..a.r, -Jmanagers ar unsafe acts and hazardous conditions which may impact the environment.PSI's 

_scope of operations rangg from manufacfuring [.lliti., to administrative offices.Therefore, safety programs will be tailored ro .a.h ,iirution

Ail PSI employees are required to read and folrow the pSI safety Manual as a conditionof employment. (See Anachmi:nr I.)

SAFETY OBJECTIVES

lo;a1:3ut 
-the PSI safety policy, the following objectives have been identified reiativeto the Safety Program.

a. AII work will be performed in the safest possible manner to reduce accidentsinvelyjng personal injury, env.ironm entaf impact, and equipment, facility orproduct damage.

b' A 
-formar safety program has been estabrished ro define safety responsibilities,

safety management controls, procedures, industrial suf.ty ..quirirne't , inaur,Jui
h;'giene requirements,. environmental finctions, and other provisio* to ,n""iregulatory agency requirements. (See pSI Safery Manual.)

c' The PSI Safety program has the active supporl of an psl emproyees. AIr levers ofmanagernenr wili support the program ard the concept ofindividual responsibility
for safe operations will be establiihed and reinforcedl

6.0

o . t
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o
PROJECT SAFETY PLAN

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

The value of personnel training and cenification as an accident preventive
measure will be emphasized. Employees will be trained to be familiar with the
systems' equipment and facilities which are required for the safe performance of
their assigned tasks.

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

To ensure site safety programs comply with pSI Safety Standards.

Organization

To accomplish the safety objectives relative to this program, a safety committee has
been established at PSI. The Safety committee has been designated and charged with the
respcnsibilit,"- of coordinating the safety progam to meet company and conFacfual safety
requirements. The committee reports to the president of psl. There arclzto 14 oeople
on the safefy committee representing each psl departnent including Humor Resources.
The committee normally meets every two weeks. Special meetings may be called by the
chairman ifrequired.

Responsibiliries

Throughout the performarce of this project, responsibiliries have been established to
carry out the requirements of this plan. Each safeqv comminee chairman (or individual
members) are responsible for informing the President of pSI if an unsafety condition is
allowed to exist at PSI after it has been identified. Each psl facility maintains its own
safely committee.

c

o.l

6.3

Each PSI facility and department has the responsibility for identifuing potential
hazardous operations, facilities and equipment; for providing required
documentation and information incorporating safety requirements for continuing
the safe conduct of activities: and for developing procedures and contols
necessar]' for the safe processing offabricated articles/items tfuoughout all phases
of manufacturing and delivery ofproducts.

SPECIFICATION
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7.0

PROJECT SAFETY PLAN

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

All involved persomel are responsible for reporting to aay potential ursafe
condition throughout the performance of their duties/responsibilities - to the
Safety Committee Chairman or to the LIGO safety ofticer for resolution.

MAINTENA]\-CE OF SAFETY CONTROLS

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

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

SITE SAFETY PLAN

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

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

7.2

8.0
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I.0 scoPF'�.

The following piping and material specifications define the pipiag and fittiags to be uscd
for the LIGO-Vaiuui Equrpmenr

CODES ANTI STAMIARDS

.-2.1 Priorify of Codes and Standards

Priority of documeds shall be as follows:

1. Codes(higbespriority)
2. This specification

22 Applicable Codes and Standards

AIISI - American National Standards Institute

831.3 Chemical Plant and petoleum Refinery piping (for process
piping only)

831.5 Refrigerationpiping
836.19 Staialess Steel pipe
816.5 Pipe Flanges and Flange Fittings

ASTM - American Society of Testing and Materials

Standard Practice for Clening and Descaling ,
Stainless Steel

427-7l(81) S_tandard Practice for Testing for Leaks Using the
Halogen Leak Detertor

E493-73(80) S!."dard P.atice for Testing forl"eals Using the
Mass Spectrometer Leak Detector in tbe inside-Out
Testing Mode

8498-73(80) Standard Test Method for Leaks Usine the Mass
Specbometer Leak Detector or Residuil Gas
Amlyzer in the Tracer pmbe Mode

W99-73(80) Standard Methods of Testing for Leaks Using the
Mass Spectometer Leak Detector Probe Mode

4380-88
l

SPECIFICATTON FOR PIPING DESIGN AND MATERIAL

SPECIFICATION
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3.0

3.1

.23 SpecilicstionConpliance

The equipment shall comply with any drawings, data sheets, specificatioDs, mdes
and standar& (atest editibns) refe#d to or ini*rea ;;fr ;?-rbis rDr"ifiu;"".
Srate or local codes or reg.lations, if applicable, ftll b";ofidil; _
attachment to this specification. The Vendoi'is responsibie i* 6.iti-., *tt
such stuadards, specifcations, codes and regulations, ifattachJ.

. MATERIAI./MANTJTACTT]RING REQUIREMENTS

All materials used to manufacture the pipine. nrbine. flanges or fittings, as designated pcr
this specification, are to be of U.SA. oil$ 

-aira 
maiuf"cnue.

FXAMINATTON AND TESTING

Exanination and Pressure Testing as required by ANSI 831.3-1990 chaprer vI.

LINE NUMBER SYSTEM

4.1 Lines shall be numbered according to the following cbart:

Insulation Mat'l
(See Section 5.5)
Service

lnsulation code
(See Section 5.4)

I-nsulation Thichress

Piping Specification
Designation (See Scction 5.3)

Sequential Number

Fluid Service Code (See Section 5.2)

0082 HC

I
I
I

J

I
I
I
I

FP3

L

oD)
Line Size (Nominal Pipe, inches). (Copper tube designated by nominat size, ncrt

SPECIFICATION FOR PIPING DESIGN ANI} MATERHL

SPECIFICATION
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5: Fluid Codes

Code Fluid

53 Piping Specifi cation Designation

4.4.1

Instrument Air
Class 100 Clean Air
Cooline Water Suoolv
CootnE Water Retiiri
Nanual Oas Supplv"a'Liquid Nitogei' 

'
" Gaseous Nihosen

Process VacuuL
hocess Ulta Hish Vacuus
Vent and Relief To ATM
Nitrogen Gas
NiFogen @itber Gas orliquid)

"X" First Digit ldentifiers

l =150#  ANSI

'Y* Second fiigit Identifiers

A = 6061 T6 Aluminum
B = 304 Stainless Steel
C = Type L Copper Tubi:rg
T= Stainless Steel Tubins
"-" Third nigit klentifiers-

I = Cryogenic
2 = Non{ryogenic
3 = Vacuum
4 = Lllta High Vacuum
5 = Class 100 Clean Air

IA
CA
cws
cwR
NGS
LN2
GN2
PV
PW
VA
N2
N

4.4.3

5.4 Insulation Serwice

Insulation
Symbol
HC
c
PC
PH
VJ

Insulation Service
Hot and Cold
Cold Conservati on
Personnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION FOR PIPING DESIGN AND MATERHL

SPECIFICATION
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5.5 Insuletion Mrterirl Codes

FP3 l" Fiberglass Inner
FP3.5 l" Fiberilass Inner
FP4 t" Fiberlhss Inner

2' Polyisocyanuratc Ortcr
2 l/2" Polyisuyaauratc Outcr
3' Polyisocyanurarc Outcr

Ifno insulation material code appears in tbe line n'mber then it shalr bc*6s6to6d that no insulation ii ieouircd-

' , 1

VAI,VE AND INSTRUN4ENT NLMBER SVSTNM

cotol valves, qranual_ valves and associated instuments shall be designated according toP&ID Drawiu Smbols. If the required deSgnarion is nolqp";ifiJoi-Giilr;i;e 6;ISA-S5.t, TaSle i will take prec€denc€.

5.0

P V . A BB
I-Sequential (Loop) Nuober

Station Identification

Functional Identifi cation

Manual valves that do not carry an instrument loop numbers (described above) shall be

f;:ilr":" 
one of the fotlowing.ialve type descriptibns, freci-JJtt th;;"il,'iili;--

Tyne Descrilrtion

GVIIV Gate Valve, High Vacuun, SS, Viton Seals, llandwheel or Lwer, CF Corn.
GVIIT Gate Vatve, Illra High Vacuum, SS, Viton Seals, Handwheel, CF CoDn.
AVHV Angle Valve, High Vacuum, SS, Viton Seals, Handwheel, ISOKF or K Conn.
AVUV Argle Valve, Ulra High Vacuum, SS, Metal Seals, Handwheel, CF Conn
IRV Instnrnent Root Vaive, SS
VJV Vacuum Jacketed Valve, SS
BVCR Ball Valvq Cryogenic, SS,3 piece

BVCA Ball Valve, Class 100 Clean Air, SS, 3 piece

CLV Globe Valve
BVU Ball Valve, Utiliry, Bmss or Bronze
VSOV Vacuurn Seal-OffValve, SS
VSOO Vacuum Seal-OffValve Operator, SS

lY.

5
ot -4-
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SPECIXICATION FOR PIPING DESIGNiM-iAEffi

lBr

PIPING DESIGN AND MATERIAL SPECIFICATION

Service: Cryogenic

Primaqv Rating: 150# AI.ISI 304 SSTL

Desi€m Conditions:
Pressure 0 to 192 psig
Temperature -320"F td 351"F
Corrosion Allowance Zerc

Pioe:

12" and smaller ASTM A312 T?304

Pipe Schedule:
I l/2" and smaller Schedule 10S SMLS
8" and smaller Schedule l0S Slr,fl.S or EFW
10" thru 12" Schedule l0S EFW

Note: vacuum jacketed piping will_be designed and fabricated in accordance with themanuracurers standard, and pSI spec. V049_2_016_

Fittings:
1 1/2" and smaller Socket Welded 3000#
2" and larger Butt Weld

ASTMA403 14?304 IIDS. WPW
OI-et's ASTM Ar82-F304-

Flan-qes: Not allowed, 9.1:?pJ on atmospheric vent lines as indicated on p&ID,s. Flanges on
1F.r,:l! [le,(*ltich mate to aflat faced flange on the vacuumiquipr.ntXn"ff U.sraruess $eel rarsed-tace design. Franged joints shan have spirar ivound itainresssteel gaskets, Flexitallic or equal.

Valves: Valves shall be firmished under their own unique specification.

Continued on Next Pase

VSOO Vacuum Seal-Off Vatve Operator, SS

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL

SPECIFICATION
Numb"A 

vo49-2-037
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04
0 6 u
1 2 0 6 M
t2 t2 06

6 8 1 0

04
06 04
0 5 0 6 M
05 06 06 04
05 05 05 06 04
0 s 0 5 0 5  1 2 0 6 M
05 05 05 t2 t2 06
05 05 05 t2 12 12
05 05 05 12 12 t2
05 05 05 12 12 t2

% 1 1 % 2 3 4

04 - Tee
05 - Sockolet
06 - Tee Then
Reducer or
Reducing Tce
12 - BWO'let

Branch Connections:

Run'. ... . Size n

Branch Size %

% 0 4
% 0 5
t l 2
lVz 05
2 0 5
? n {
4 0 5
6 0 5
8 0 5
l0 05
t2 05 04

t2

o l  2 a



l82

PIPING DESIGN AND MATERIAL SPECIFICATION

Swice:

Primary Rating:

Desiqq Conditions'
Pressure ,..:-' ' ' ' . 'Tcmpera turc

Conosion Allowace

Pipe:

12" and smaller

PiDe Schedule:
1 l/2" and smaller
8n and srnaller
10" rhlu 12"

Eitrings:
I 1/2" and smaller
2" ald larger

Flanges:

Gackqts:

Valves:

Continued on next page.

Non-Cryogenic . Clean

r50# ANSI 304 SSTI,

0 to 192 Dsis
-2F.F t6 350.F
7*ro

ASTM A'312 T?304

Schedule l0S SMLS
Schedule l0S SMLS orEFW
Schedule l0S EFW

Socket Welded 3000#
Butt Weld
ASTM A4O3 WP3O4 WPS. WPW
Elbow O'Let ASTM AlS2-F304

2" and larger AI,ISI 150# RF, ASTM At82 F304, Weldneck with o-ring gaskets.

O-ring, Viton non-lubricated, cleaned and sealed for shipment

Valves shall be fumished under tbeir own unique soecificatiou.

SPECIFICATION FORPIPING DESIGN AND MATE,RIAL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AI\ID MATERIAL

Erarpllonnccliors:

Run
Sizf,J.

. % 04 ':: '  .  04-Tee' 'Y, 
06 O4t O5'sockolet

I 12 06 04 06-TeeThen
l% 05 05 06 U Reduccror
2 05 05 06 06 04 Reducing Tee
3 05 05 05 05 06 M 12 - BW O'let
4 0 5 0 5 0 s 0 s 1 2 0 6 0 4
6 0 5 0 5 0 5 0 s 1 2 7 2 0 6 M
8 0 5 0 5 0 5 0 5  1 2  1 2  1 2 0 6 0 4
r0 05 05 05 05 12 12 12 12 06 04
t2 05 05 05 05 12 12 12 12 12 06 04

Branchsize % t/t 1 1Y2 2 3 4 6 8 10 12

Note:

l. Piping and fittings to be intemally cleaned, dryed and ends sealed dr:ring shipping storing
and installation.

2. ID ofpipe and fittings to be fiee ofhydrocarbon contamination, or dirt. of aay kind.

3. Surface finish to be standard white pickled ID and O.D.

4. fu!6 lgading - The following is not allowed: Sand packing, Mechanical scratches on
tube I.D., Any type of lubricant.

5. Material manufactwes certificate of compliance to applicable ASTM specifications are
required and must :rccompany thipmeDt.

6. Tubing, flanges and fittings to be etched or stamped with ma.nufacturers name, part
number and matenal type.

tB2

SPECIFICATION
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PIPING DESIGN AI{D MATERIAL SPECIFICATION

Swicc:

Desigu Conditions:

hessure

Gaseous Nitrogen, Cooling Water, tnstument Air

2OO PSIG
-200F to 150.F
Tsro

Temperature
. Corrosion Allonance

Tube: All sizes Typ" 
"I-" Copper- Hard DrawnASTM B88,8280, CopperTube

HHT1fj 
by its Nominal sizes,lott OD on P&ID's and pipiag

Note: Copper tube and finings are to be specified on PSI BOM's by the actual O.D. of
the tube. 

,a nttinl, *e to Ue specified on PSI BOM's by the actual O.

Fittings: AII sizes Wrought Copper ASTM 875
All Fittings to be female solda cup ends.
Brass Parker CPI tube fittings (or equal).

Unions: ll4" to l" Brass Parker CPI tube fifiings (or equal) may also be used.

Valves: Valves shali be furnished under their own rmique specification.

Soldering: All joiats in wrought copper fittings shall be ro16"ts6 using 95-5 Tin-Antimony.

Notes:

l. Tubing is to be intemally cleaned and the ends sealed during shipping, storing ard
installation. Spools are to have all flrl< residue, gri! splatters or dirt removed before'installation.

2. Fittings arc to be cleaaed after manufactr.ning and sealed in plastic during shipping, storing
and installati on.

SPECTFICATION FOR PIPING DESIGN ANI} MATERIAL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL

TI

PIPING DESIGN AIID MATERIAL SPECIFICATION

Cryogenic

0 to 300 psie
-320.F 16 3510.F
Zerc

lwics:

Design Conditions:
' . ,  . . 1

Pressure
Temperatrue

Tube:

All sizes

Tube Size (OD):

u4"
3/8'

. 1l 'rn

3/4*
l '

Corrosion Allowance

AS'TM 4269 GR 3O4L SMLS
I ube sizes designated by OD dimensions.

0.035"
0.035'
0.049''
0.049'�
0.065'.

Fittinps: 
SIIS+gl pk parker_ Weld tube fittings SA4Z9 or ASTM 4226 GR Tp3 16 andASTM At82 cR Tp3l6, or equal.

llalgef: Vatys5 shrtl be firmishei under their own unique specification.
Note:

l. Tubing to be intemalty cleaned, dry_ ed anct ends sealed d'ring shippinC, storing eatinstallation. Tube ID io be fiee offiyarocarUon *oa_*"non
2. FjttFgs to .be clean"4 afrer manufacturing and sealed in plastic bags during shipping,storing and installation.

3. Tubing surface finish to be staadard white pickled I.D. & O.D.

SPECIFICATION
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PIPING DESIGN AND II{ATERIAL SPECIFICATION

Service:
:

Design Conditions' 
':'

hessure
Temperature
Corrosion Allowance

Tube:

All sizes

Non-Cryogenic

ASTM A269 GR TP3O4 SMLS
Tube sizes desipated by OD dinensions.

Tube Size {OD): Minimum Wall Thickness {nches)

1t4"
3t8
lt2"
3t4"
l .

Fittings: All Fittings to be Parker A-LOK tube fitrinss SA479 or ASTM A226 GR Tp316
and ASTM Ai82 GR TP3l6 or equal.

Valves: Valves shall be fumished under their own unique specification.

Note:

l. Tubing to be internally cleaned, dryed and ends sealed durine shipinc, storing and
installation. Tube ID to be free ofhydrocarbon contamination 

-'

2. Fittings to !e cl.rned after manufacturing and sealed in plastic bags during shipping,
storing and iwtallation.

3. Tubing surface finish to be standard ufiite pickled LD. & O.D.

0 to 300 psig
-200F to 350"F
Z,qo

0.035.
0.035*
0.049"
0.049'
0.065'

SPECIFICATION FOR PIPING DESIGN AND MATERHL

SPECIFICATION



SPECIFTCATION FOR PIPING DESIGN AND MATERIAL

T3

PIPING DESIGN AND MATERIAL SPECIFICATION

hocess Vacuum

Vacuum l0-J Ton to 2 psie
-200F ro 1500F
Z,ercCorrosion Allowance

Tube: (Tube sizes designarcd by OD dimensions)

All sizes up to 1"
I 112" and larger

Service:

Design Conditions:

Pressure
', TemDerature

ASTM .{269 GR T?304 SMLS
ASTM 426 cRT?304 SMLS or lVelded"

Tube
Size
(op):

3l8'�
r/2,,

3/4

l '
I U2"

2 t/2"

6

. 10"

t2"

14"

Thickness
(Inches)

0.035'
0.035"
0.035'

0.035*

0.065'
0.065'

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

6"Nom. O.D.

8"Nom. O.D.

Thru
Hole
Die.

.r72"

.t72"

.t72"

.265"

.265"

.265"

.332"

.332"

.332"

.332" .

.332"

.332"

.390"

.390"

Minimum WalI Conflat
Flange No. B.C.
Siae Bolls Dia.

I l/3"Nom. O.D. 6 t.A62"
I l/3" Nom. O.D. 6 1.062"
I l/3"Nom. O.D. 6 1.062"

2 l/8"Nom. O.D. 4 t.6ZS"

2 3/4" Nom. O.D. 6 23t2"
2 3/4" Nom. O.D. 6 2.3t2"

3 3/8" Nom. O.D. 8 2.85.

4 l/2"Nom. O.D. I 3.628"

t6 5.128"

20 7.128"

l0"Nom. O.D. 24 9.129"

12"Nom. O.D.  32 l t . t8 l '

14" Nom. O.D. 30 12.810"

16 l/2"Nom. O.D. 36 15.310"
Flanges: 

#J#r"t* 
to be Conflat, ISO Large Flange orKF trbe fittings 304, Srainless

Continued on next page.

SPECIFICATION
xunb.rA V049_2_037
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T3

Notes:

l .

Fittings: All-fittin-gs ro bc 304 butt weld or flanged o.D. tube, wafl thickncss to Eatch tubc
wall thickness listed above.

Ydrcs: Valves shalt bc fi:rnisbed under their own rmique specificatioa

. :  t '

Tubigg to be_intemally c-lealed dryed and erds sealed duriag shipping, storiag and
installation. Tube ID to be free ofhydrocarbon coltarniiation.

Fittings to b-e cle-aned affer manufacnuing and sealed in plastic bags during shippiag,
storing and installaioa

Tubing surface finish to be standard ufrite pickled I.D. & O.D.

Tube B_ending - The following is not allowed: Sand packing, Mechanical scratches on
tube I.D., or any tlpe of lubricant.

Material manufactures certificate. of conpliance to applicable ASTM specifications are
required and must accompany shipment. 

-

Tubing, flanges ald.fittings to be etched or stamped with manufacturers nFme, part
numDer and matenal t!De.

Conilat.flanges to t. .ua. from either electo slag remelt, vacuum remelt or cross forged
material.

?.

4.

5.

7.

SPECIFICATION FOR PIPING DESIGN AND MATERIAL

SPECIFICATION
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T4

PIPING DESIGN AND MATERHL SPECIFICATION

Snricc:

Dcsign Conditions:

Pressurc
., .. . Temperature :.'

Conosion Allowance

Process Ulta High Vacuum

Vacutm I Oro Ton to 2 psig' -20'F to l50oF
Znro

Tube: (Iube sizes designared by OD dimensions)

All sizes up to l"
1ll2"andlarser

ASTMA269 GRT?304L SMLS
ASTM ̂ 4269 GRT?304L SMLS orwelded.

Minimum TVall ConflatTube
Size
(on):
I  t t n

3/8.
t/2"

3/4"

1 "
1 t/2"

2 l /2"

t ,

6.

10"

12"

14"

Thickness
(Inches)

0.035'
0.035"
0.035'

0.035'

0.065'
0.065'

0.065"

0.065"

0.083"

0.083

0.120

0.120

0.t20

0.120

B.C.
Dia.

1.062"
1.062"
r.062"

1.625"

2.3t2"
2.312"

2.85"

3.628"

5.128"

7.t28"

9.128"

I 1 . t 8 1 "

12.810"

t 5.310"

Flange No,
Size Bolts

I 1/3"Nom. O.D. 6
I 1/3"Nom. O.D. 6
1 l/3"Nom. O.D. 6

2 l/8"Nom. O.D. 4

2 3/4"Nom. O.D. 6
2 3/4"Nom. O.D. 6

3 3/8"Nom. O.D. 8

4ll2"Nom. O.D. 8

6"Nom. O.D. 16

8"Nom. O.D. 20

l0"Nom. O.D. 24

12"Nom. O.D. 32

14"Nom. O.D. 30

16 l2"Nom. O.D. 36

Thnr
Hole
Dia.

.172"

.r72"

.t72

265^

.265"

.265"

.332"

.332"

.332"

.332"

.390'

.390"

Continued on next page.

SPECIFICATION
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T1

Ellsgrr:

EiEinss;

lZslycr-:

Cleaoing:

Note:

l .

2.

All Flaages o_be.Conflat 304L Sr"inless Steel. Flanges with 12 uipplcs to havc a
minimum wall thichess pa table (page 16), also see 

-note 
7,

All fittin-gs to be 3O4L butt wcld or flaaged O-D. tube. Wdt thiclocss to match
tube wall rhichess listed in Table (P.Ct lO.

Valves shall be fumished under tbeir oun unique soecification. Valvca whose
seets form part of the UFIV boundary shall be ill n'etal,

Surfaces expgs* t9 v_aggl.m rYtt be cleaned and protected by PSI approved
procedures suitable for UFIV service.

fubrlC to be inteq{ly c]earyd, dryed_and ends scaled during shippi"g, sroring and
installation. Tube ID to be free of hydrocarbon contanination.

Fittings and colflat - l/2 nipples to be cleaned after maoufacturing and sealed in plasic
bags during shipping, storing and installation.

Tubing surface finish to be standard white pickled l.D. & O.D.

Material manufacturers Certificate of Compliance to applicable ASTM qlecifications are
required and must accompany shipment.

Tubing, flanges gd fittings to.be etched or sta.mped with manufacturers n"me, part
nurnber, material type and customers PO [umber on the outside surfacc.

Colflats shall be rnarls frss 304L material suitable for ulta high vacuuo semice.

All welding ocposed to vacuum sball be done by the tungsten-arc hcrt-gas (TIG) process.
Exceptions may be allowed zubject to PSI approval. Weldine tecbniques strdt be-made in
accordance with the best ultra high vacuum 

-pizctice 
to elimifrte any virtual leal.s i:r the

welds; i.e., all vacuum welds shall be, wherever possible, intemal and cootinuous; all
extemal welds added to these for strucnral purposes shall be intermittcnt to stiminate
tapped volnmes. Defective welds shall be iepiired by removal to sound metal and
rewelding. All vacuum weld procedures shall include steps to avoid contamination ofthe
beat affected zone with air, hydrogen, or water. This reqdires that inert purge gas, such as
argon,_be wed to flood the vicuuir side of heated portiok. Venaors to'proiidi uield
procedures, with weld cleaning procedures to PSI ior approvat.

. '.

4-

t'
5.

7.

SPECIFICATION FOR PIPINC DESIGN AND MATERIAL

SPECIFICATION



Swicc:

SPECIFICATION FOR PIPING DESIGN AND IITATERIAL

T5

PIPTNG DESIGN A}ID MATERIAL SPECII|ICATION

Class 100 Clean Air

Desiga Conditions:

pressure :...., .. Vacuum to 2 psie', : I eorPerature -20.Fto 150'ir 
-

Corrosion Allowance Z$o

Tube: (Tube sizes designated by OD dimensions)

AII sizes up to l "
I 12" and larger

ASTM A269 GR T?304 SMLS
ASTM A269 GRTP304 SMLS or Welded

1n

3/4

l '
| l D

10"

14"

0.035"

0.035"

0.065"
0.065"

0.120

0.120

Thru
Hole
Dia.

.172

.172"

.172"

-265

.265"
265"

.332"

.332"

)32

.332"

))z

.390"

.390"

2 t /2 0.065"

4" 0.093'

6 0.083

No. B.C.
Bolts Dia.

6 1.062"
6 r.062"
6 1.a62

4 r.625"

6 2.3t2"
6 2.312"

I 2.85"

8 3.628"

16 5.128"

20 7.128*

24 9.128"

32  1 t . l 8 l "

30 12.810"

36 15.310"

12" 0.120

Tube Mininun Wall Conflat
Size Thickness
(ODI (Inches)

t/4" 0.035"
3/8" 0.035,

Flange
Size

I 1/3"Nom. O.D.
I l/3"Nom. O.D.
I l/3"Nom. O.D.

2ll8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Non. O.D.

3 3/8" Nom. O.D.

41/2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

I0"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

l6l/2"Nom. O.D.

SPECIFICATION

Continued on next page.
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Tltl. SPECIFICATION FOR PIPING DESICN AND IUATERIAL

I
I
I

I

I
I
I

T5

Flanses: All Flanges to be Conftat tube fittings 304 Stqintess Steel.

Fi$ings: All Fittings to bc 304 bufi weld or flanged o.D. nrbc. walt thickness to marcb rhe
tube wall thickness.

Valves:

Cleaning:

' - ' . .
Vfyss shall bs fi.mished uoder their ovm unique specification

Intemal surfaces shall be cleaned and protected by pSI approved procedr:res
suitable for Class 100 air service.

Norc:

1. Tubing to be intemally cleaned, dryed and ends sealed durine shipine. storine and
installation. Tube ID to be free of hydrocarbon contamiaatioi. 

' "

2- Fittings to b: cleaned aier manufacturing and sealed ia plastic bags during shippiag,
storing and installation.

J -

4.

5.

6.

Tubing surface finish to be standard white pickled I.D. & O.D.

Material manufactures certificale of compliance to applicable ASTM specifications are
required and must accompany shipment.

Tubing, flanges and-fittings to be etched or stamped with manufacturers name, part
number and malerial type.

conllat flanges to be made from either etecbo slag remelt, vacuun remelt or crossforged
material.

\

z

o

o

)

SPECtFtCATIOI{

t{urnb.t -
A V049-2-037
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o
Title: SPECIFICATIONFORP

cl

PIPING DESIGN ANI} MATERIAL SPECIFICATION

Service: Cryogenic

Desigrr Conditioni:

Pressure 150 PSIG

Temperature -320"F to 350"F

ConosionAllowance None

Tube:

All sizes Type 'L" Copper - Hard Drawn

ASTM B88, 8280, copper tube designated by its

nominal sizes, not OD (UOll).

Fittings:

AIl sizes Wrought copper

ASTMBT5

All fittings to be female solder cup ends.

Valves: Valves shall be furnished under their own unique specification.

Brazing;

All joints shall be brazed using brazing alloy BCuP-5 (American Welding Society
Designation). No flux is required.

SPECIFICATION

Page
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Title: SPECIFICATION FOR SMALL VACUUM VAL\aES

//vis ?-n-qc c,, i3io F,n En,,*, �56 P;n De-a ot)
Rrloi fia A" 7 {

- ' f-?' 
. >Q/v1

DATE

T/,t
Number V049-2-059

SPECIFICATION FOR

SMALL VACWM VALVES

FOR

LIGO VACWM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

Information contained in this specification and its attachments is proprietary in nature ard 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 parry.

f/**rz.s-a

DESCRIPTION OF CFIANGE

SPECIFICATION

PREPARED BY:

PROCESS ENGINEERI

QUALITY ASSURANCE:

TECHNICAL DIRECTOR;

PROJECT MANAGER:

REVLTR.I BY-DATE I appn.pers
PROCESS SYSTEMS INTERNATIONAL, INC.

Page I of 4



riue SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION
NumberO 

vo49-2-os9

SPECIFICATION TABLE OF CONTENTS

1 .0

2.0

J . U

4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication. assernbly, inspection, testing, preparation for shipping, shipment and delivery
of small (1 112" and.2 l/2") high vacuum and ultra high vacuum angle valves for the
LIGO vacuum system.

The specified equipment is for use as part of the vacuum Equipment supplied for the
Laser Interferometer Gravitational-wave observatory @IGo). LIGO, which is operated
by caltech and MIT under aa NSF grant, includes two sites (Hanford Reservation, near
Richland, wA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information 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 Darty.

Page 2 ot 4



rirte SPECIFICATION FOR SNLALL VACUUM VALVES

SPECIFICATION

2.0

2.1

SCHEDULE

Equipment delivery shall be as follows:

l1 /2"H ighVac
2112" HighYac
I 1/2" Ultra High Vac
2l/2" UltraHighYac

quantity

t37
'70

lo

Date

9/30t96
9/30/96
9130/96
9t30/96

PSI Part No.

VO49AVHV15
VO49AVHV25
VO49AVW15
v049Avw25

t"
2.3

3.0

. , . l

AII valves shall be delivered to Process Systems Intemational, Inc. at 20 walkup Drive,
Westboro, Massachusetts, 0 I 58 1.

Acceptances at the sites are expected to occur on a staggered basis, with final acceptance
at Washington expected to occur about May 31, 1998, and about November 30, i99g in
Louisiana.

DESIGN REQUIREMENTS

Angle valves shall be 304L or 316L stainless sieel (304 or 316 stainless steel is
acceptable ifthe valves are unavailable in L grade SS).

End connections shall be CF flanges.

The valves shall have stainless steel metai bellows stem feedthroughs.

Neither the body leakage not the seat leakage shall exceed I x 10-9 torr liters/sec of
helium.

3.2

3.3

3.4

3.5

3.6

J . t

3.8

3.9

The valves shall be designed to seal in both directions.

The intemal valve mechanisms shall be nonJubricated.

Valves shall be manually actuated by a handwheel.

Valves shall be bakeable to 150 C +/-20 C (170 C maximum).

The valves shall be cleaned in accordance with the Vendor's standard procedures
applicable to the valve service.



T|ue SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION

4.0

5.0

RXQUIRED DOCUMENTATION

Engineering drawings shall be submitted for approval prior to fabrication.
Maaufacturer's standard QA reports shall be provided prior to shipment:

SHOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment from the manufactwer

INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. valves shall be recleaned if
any contamination is found.



SPECIFICATION FOR

CLEAN QUARTER-TURI{ VALVES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston. Louisiana

Information contained in this specification and its attachmenh is proprietary in nature and shall be kept confidential. lt shall be
used only as required to respond to the specification requirernenti, and shall not be disclosed to any oih.r purry.

PREPARED BY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

REVLTR.I BY.DATE I APPD.DATE

PROCESS SYSTEMS INTERNATIONAL. INC.

DESCRIPTION OF CFIANCE

SPECIFICATION

Tit|e: SPECIFICATION FOR CLEAN QUARTER-TURN vALvES

tL c445E 70 400

,'.5 q-)r-|a Rcv/rr-D tih Rn.r+.:r P,-n Dp-a o J-l
Rt: Let+lt t 6& Q,,ors Pr,r ,I-i

PREPARED DA

f,'to.fr',., ?-t-r,
ROVED DATE

Ku>
Number V049-2-060

A
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1 .0

3.0

4.0

5.0

6.0

SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

SPECIFICATION TABLE OF CONTENTS

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

Aftachment MDC Catalog Cut

SCOPE

This specification covers the minimum requirements for the design, materiars,
fa!1i9ation, assembly, inspection, testing, preparation for shipping, shipmen-t and delivery
of2" clean quaiter-tum valves for the LIGO vacuum system. These valves will be used
in Federal Standard 209 Class 100 air service.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-wave observatory @IGo). LIGO, whicir is operated
by caltech and MIT 'nder an NSF grant, incrudes two sites (Hanford Reservation, near
Richland, wA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer comDonents and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shal be used only as required to respond to the specification
requirements, and shall not be disclosed to any other farty.

SPECIFICATION
\  l r \  um Der
l r A, l vo4s-2-o6o lo"'u

l)age . A
ol 1-



Tit lc:

2.Q

2.1

2.2

3.0

J . l

SPECIFTCATION FOR CLEAr\ QUARTER-TURN VALVES

SCHEDULE

Equipment delivery shall be as follows:

I 
PSI, Westboro, MA:

I 
PSI, westboro, MA.

Deleted

Ouantiw Date PSI Part No.

2t 11/29/96 V049BVCA20

12 07130/97 VO49BVCA15 (80K purge)

3.2

3.3

3.4

3.5

3.6

3 . 1

DESIGN REQUIREMENTS

The valves shall be either butterfly style, MDC Model No. BFV_200, MDC
360002.

The valves shall be 304 stainless steel.

End connections shall be CF flanges.

The valves shall be designed to seal in both directions.

The internal valve mechanisms shall be nonJubricated.

The valves shall be cleaned in accordaace with the vendor's standard procedure
valves intended for use in Federal Standard 209 Class 100 clean air service..

Valves shall be manually actuated.

No.

fabrication.

4.0 REQUIRED DOCUMENTATION

Engineering drawings shall be submitted for approval prior
Manufacturer's standard QA reports shall be provided prior to shipment:

umD(

A

SPECIFICATION
t  lR"u.

v049-2-060 | ?,-

+l)age



[-'' 
spECrFrcATroN FoR .LEAN e'ARTER-TTJRN vAL'Es

I
I
I
I
I 

* sHoP rESrrNG

I 

t*ufacrurer's sranda-rd testing shall be performed.

I
I oo TNSPECTToN

| *. Vendor's standard inspections shall be performed. Also, each valve shall be visually

I i*pected for cleanliness prior to shipment. valves shall be recleaned if any

| 

.*tamination is found.

I
I
I
I
I
I
I
I
I
I
I

i  sprcrncATroN
ffi
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t . , .fl-14 .ale fr,/ /

fr vaz6-J-d6d
Butterfly Valves toll Flee outside cA t€oo443.ast 7

SECTION

5.6

E
Del.S6alFlange Kwik-nangeFlange

Ooror*,ro 
TNF.RMAT.N Please order by Paft Number

k-o--l k-o-*l

Tl ckness Wt Unit
D Lbs Prlc€

Part
Number

Bolt Holes
No.

Boll Circle
B C

Ref Heigrt
tso A

Flange Flange
F O.D.

Vatve Nom l-D.
Size Reference

1 $250
1 $250

.ou
3t4
3t4

BFV-o75
KBFV.O75

360000
360010

Del-Seal1-1t3
Kwik-Flange

-  1 .96
NW16 1.81

t a a

1 . 1 8
o

1.25
KBFV-1OO 360011 Kwik-Flange 1 .57 NW25 2.32 .87 1.25 $255

-->1-1/2
1-1t2

BFV-150
KBFV-150

360001
350012

- ,r.o I
NW40 3.81

1.33 1 .00
1 .31  1 .U

Del-Seal 2-A/4 2.79
Kwik-Flange 2.16

o 2.312 1 $260
1 $260

+ 2
2

BFV.2OO
KBFV-2OO

360002
350013

DefsealS-3t! 3.37 I : 11.46 2.850 1.84 1 .OO 2-.t/z $960
Kwik-Flange

Dimensions are in inches

-i

cCI-)
4Fc
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l r Butterfly Valves

FEATURES

. Quick operlQuick close

. Positive lock both positions
' Pbsitive Viton@ O-Ring vacuum seal
. High conductance
. Choice of Del-Sealot Kwik-Ftange

DESCRIPTION

MDC Butterfly Valves require only one-quarter turn
rolation ofthe handle to go from fully open to the fu y
closed position. In the 1-113 Mihi Defsea/ftange series, a
spring loaded ball bearing becomes seated in an indent
providing a positive mechanical stop. All other size valves
employ a roll pin stop method.

Tlese quick-acting Butterfly Valves fealure an improved
sealing action. The opening in the body of the valve has
been machined at a slight angle to the plane of the
flapper. The flapper is set to rotate slightly otf_center. On
clostrre, this causes the sealing pressure to be aoolied
more uniformly all around the O-ring. A reliable, positive
seal is made and the tendency of previous desions to
roughen the surface of the O-ring and eject it frim its
groove is eliminated.

MDC Butterfly Valves are low outgassing. All intemal
surtaces are machined from solid stainle;s steel bar
stock. The handle is made of aluminum. A small O_ring on
the stem prevents shaft leakage.

The valves are otfered with a choice of Defseai ultra-hiqh
vacuum metal-seaf Ilanges or ISO Kwik-Flange O+ing
seal flanoes.

DelSea/ Flange
BFV.150

Kwik-Flange Flange

'194



Lrco-
-- -Proclr8? SyBtena Int.erlalloDrl,
lJalkup_Drive ne8tborough,

I{EI.DING PROCEDI'RE SPBCIPICA?I6N
2 0

l*r No.: 1so
Sugportilg peRE: DaEe,04/23 /96

150 948

Vo4? - 2- ozo Ru{

lilA 01581
0{Ps)

Detet 02/08/96 t.  i . . i

P N o . 8 to P tlo. : 8
1 . 0 0 0 0 i

3.ASB trEtAt (Qlt-{03, Qw-{05) ,torlrr (Qw-{02)
foiat desiga Groorrc./PilteE (8ee Dq 2l
Backtug. . .. . tfirh or rllhout, lai.iifai
Backiag uatl Oirsloaa!
PiDet tfeld Size I11 (efl-151.a)
DOteS

Tbicloe88 r:rnge. 0.1875r to
Posit ioa (B) .A]. l .  posit ionE
Progrression. Vercical II1r jJ,,+
DOteE . .

PREEA? (Qw-406)
l*li'limttn Temperature .
InteryaEs Tenrp. Max.
Preleat ll6i3fa:rrqgg.

50 Degireeg
350 Degrees

Noee

POSII{EI,D EEAT TREENTIEIIT (QI{.{O?)
Teiperature lange None
Tj.ne ra.oge
!10! e I

A].l pass (ee) I xoae

?

tf tloae

^ILLER ME?AI (Qw-404) Iir i lg gf355if icat ion, . .  .  . .  ER3oBL, I  uone- F A S p e c . N o . & F N o . . . . S F A # :  5 . 9  p # :  e  l S r a * :  N o n e  F # :
1. I9 .  or  Chem. Cornp. . . . .  I  |  

- -  -  
None

ProceEs / tlpe pAW -,/ naaual IProcess  th ickness  l in i t .  O.1g?5;  eo  l .OOOOr I  Noo"

cAs (Qw-408)  
-  |

lT:19_'ls^91" ,/^1y. . . . . 7s+ rre-9n, 2s* se. /, 20-30 I Noae /
3:1li ls^e"../_9lr...... lryoire / -- | ; i ;; 7
:?:tis^91" ,/ ̂ crs. loor Arson 

'/ g-za | il;"e /' }p :Hg: : - i  g I I . : : : . . . . .  ro0rAr lon  7 l -a  I  i i ; ; ;  ' l

Filler metaL trade name. SOtfD FILLER METAL,, I Norr"
llH f1g rrade name/!14re N/A a - | wo.r"
: ] : " . /1i19 size ( in) - . - . .  

L/ ts l '  z/zz l '  i le |  -  j - --  -
ELECTRTcet (Qw-409)
t+e]d1ng alq)erage ralge.. 3O-1OO | :s-reO I roO-zOOf{e ld ins vo l rag-  rang- . . .  12-18 |  14-21 |  t i_z i -  |  _  I  _
Travel  speed ( ipm) . : . . . .  Var .  I  v" r .  I  v . .  |  _  I  _
Ftax. t iea! rnpue (J/ in)..  '  

None 
'  

I  None
Tung6ten rlpe,zSize EhTh-2 / t/rc" - 3/t'n I fo/lorr renc & po1ar i ry . . . . . .  ocsr  (Et ra igbr j '  |  

'  
N/a

TECTiNTQUE (Ql.r-410) |
l tT l lg  , / . reave bead. . . . .  St r ing & weave Bead I  lsZ lorif ice / gas cup. 37an ro SIA;--- | Norr.
contacr tube to irork.,,. N/a I xorr"oEcillation rran8verae I xorr"
{yJc./slngle etecrrode.. Single Electiode I xfaother Techrigue Nor.es... xeyholE a ueii: in uEea I Horr"HuI t ip le  or  5 ing1e pass (per  i iae)  . . . .  uuf i ig i - -pasAes(n r l no  pas6  >  I 72 "  E
(n2)No supplement.ary f i l ler tretal wi l l  be ueed r i th thiB procedure.(n3 )

T1I WED I{IRE SHALL BE CLEANED SPECIA! .U[D XU-rdI,gO WITH POLY GI,OIZES.
U:) CRTTUING WITH AARASIVE FTEELS IS 'NOT A!!OW8D.-{N5) 

HIRE BRUSHING IS 'NOT AJ.LOWED'"
(AZ1 9PF3'' REHOVA! MUST B8 ACCOMPLTSHED WITT' A CARBIDE BI'RR CII!:T8R.



lrtPs No.: 150 Date. OZ/Oe/g6
-.tOnrf ($f-,t02)

P*P+.-v gEoove
.Iracl(tng : gouged a back ueldeC
aooc gpening: -I2S- -1975 nax.
Groove .Bngle: 45 Ceq.ree min.
Root  Face-  3  .O3o- :050 E lax ,

SingIe-V groo?e -
Baclias ---i no backlns ii:fl*;""*t,Tffi*,Root OpeElDgr .125-.1825 ua:c.
S::r:-_Pri;; ;;';";"e nin. *:|pffi13: il'il"}33'Jtr.r.ooc raee : .030_.080 Ear(. i;;;-;";;=--i ]o:oldio ""r..
ii'gi"-vij;; 

- - - .,li-'r
eacEins '--l'ious'ea 

e'tack velded !::ii;i'""t,Tffi;:o & back reldedRoor ope!.iDs., ltzl-.18?5 tr31<. :
Grnr. , r r ra r r_1 - .  . / '  j ^_--  _ !_ RooC Openiog:  .125--19?5 Ea:a.

I{EIJDTNG PROCEDURE SPECIFICATION (II"S)

.ieviEi.on llJ . : t

Sing]e/Double Fillet
Backing :

Ptge 2 of 2

DaEez 04/23/96

Groove Angli: 50 deeTee Ein. 
'\rvr vrEr'4sY ' 'r 'z'" rc '5 Edjr

nooi i.ci'--i l6:o''llbeo ."*. f:::T"Hrt": :;rf:ffE HX:

Root opening: 1/32' tra)(.
Weld Size : Required f i l let

plu8 root olreBing
Square groove
Backing :
Root Opening:

Square groove
Eacking : Do backing
Root opening: 3/32' Elax.

T - i a r ' n r

l /32n E;ax.

HP.,*g-* 3:,ssr-:T.r:N!_:Igl[N_1!5 Nor rNcl,usrvE oF .errJ oF rHosE FoUND oN).o r gu{rJJ unEHE 'toB' WELD Jorlsr DEsrcN nsrERiNds-ii .a:v urqerlregRrilc spEcrFrcATroN oRDSSIGN DRAI.IING SF3II, TAKE PREFEiIid-Odi r,Erc JOI}ITS SHOWN IN THIS WPS.

J:l:::t^:t:-:rg^.:1?11 be_in-srricr compliance i,irb special job procedures.Meihod cf back eousins uus. b; ;;;Ciifi;';id';";fiiiE'dli fiff$:
(a) NON-PUSAEL8 RSTAINERS I,IAY BB usED.

(b) FELD wrRE sIlaLL BE CT,EANED sFEcrAr, rN AccoRDAlrcE wrTt spEcrFrc JoBPROCEDI]RES. SEALED IN BAGS A}TD_EAIIDi;D FITH FOIJY GLOVES AT.EIL TI}TES.
(C) GRINDING AND TIRE.ERUSHTNG ARE 'NOT AI,LO}flSDN ON THE LIGO .IOB. DEFEETRsMOVA.L MUST AE ACCOMPLISTIED }IIT:i_; iiNSrOr BI,RR C!:I:IER.
(d) 'f,stDTNG STARTS C STOPS }TUST R.AN'P GRADUAILY T'P & DOI{N TO AVOID GACXING.TEE FELDER S}IALL PROVIDE A POST IATISN FI.oW) GAS FI.,OW OF 10 SECOI.IDS.
( e )

we cercify lhat the Etatements inrfaEh tbe requirements of Sections

]pared By: ( A4/23/96 ) Held Special ist

I 04/23/96 ) QA ltanager:

thie record
fx arld VIII

are correct &d in accordance
of tbe ASME Code.

Accepted By:



G r o s v e l a g l e :  7 - 2 _ _  D e g r e e e f r f o . e  c r .  1  a ;  p r J o . g  G r .  1Root op€ElDg : -9:1?!j,,..* raEhes I ruicr.nisa tGi 
-O.SOOO

.TOINT_DBSTSN (Qw-402)____^-_ 
| eAss Mgre.rJ (Qr{_{03)HBLD \torlfr CoFFTGURATToH I r,rai-rJar tofr. plare

l=tl::y.g:T:: -._ - I il;;a,iar se;;: EA-z{o_______ 
| FaEerrar Epec. Et_Z{o, I)|i)e 30{Lc a s  b a . i { D g  u a s  u s e d _ _  |  T o  . . . . . . . : . . .  g } _ 2 { 0 ,  I ) D e  3 O { tGrogl'g rlaql e : 7s Dearaec I a 

-rr.. 
a F_ !, --

too! tace : o3o-O5ii  lacheg i

POSITION (QW-405) |  rniDaFi +.r ̂ _ | _.._erpa6s ?erq)erature:

DOC,e:

Do!e: I pof rREAl?lENr (Qw-{06, Qw-40?)
I preheat Terq)eratule: G0 DegEees F.-----+ preheat Maintenance: None

rvn-..vJ, I rnterpaEs Terq)erature: 350 Degree8 F.PoEitioD of Joi.r : 1G - Fla! | !,rqq lerperar.ure . .. : Hoae Degreea F.progressipn: N,/A | ",{Fr roriia!-t-iueitil i roo"

lief d Procesl / :cyge
GAS (Ql{_408)
Si: j .elding caE / CFH. . . . .
T ra i l ing  cas  /  CF l f . . . . . . .
B a c k i n g  G a s  /  C E u , . . . .a lasma Gas /  Cru .  . . .  -

^;t tER METAT (Qri-404)
I w S  C L a E s i f i c a t j . o n . . . . . .
- F A  S p e c .  N o .  &  F  N o . . . .

A  N o .  o r  C h e m .  C o n p .  . . . .
Filler MeEat Trade Name .
S}iW FLu:< Trade Name /T)T)e
f e l d  D e p o s i t  r g , '  ( i n )  . . .
E l e c .  / l r i r e  S i z e  ( i n )  . . . .
?T.FC:RICI! (Qw_{09)
.Arperage USED .
Voltage USED .
Travel Speed (ipm)
Itax. HeaE fnput (J/ in) . .' n$gs ten  T j rpe  & S ize . . . .
C'ulrent ?ypelpotarity. . .

TEC]:NrQIIE (Qw_410)
St r ing  or  Weave Bead. . . .
O r i f i c e / G a s  C u p  S i z e . . . .
Contact nr-be t6 i{ork. . . .

t / !6

3 0 - 1 0 0
1 2 - 1 8
var.

t I  6

1 0 0 - 2 0 0
t6-26
Var

All pase (es)
P"Aw / rnanual

75t Argon, 25+ s'e./ 20-30
None / -

100* .ergon / LO-ZO
100t Argon / l--l

ER3 O8I.
S F A # :  5 . 9  F # :  G

8
SOLID FILLER METAI/

N / A / -
0 . 5 0 0 0
s l  S z

7 5  -  1 6 0

Var
None

E w : r h - 2 /  l l S Z , - 3 / t 6 ,
DCEN (srraight)

Slring & gteave Bead
I / 2 "  -  S /  8 '

8/A
Tran6verEe

Single Electrode
Xeyhole & Helt- in used

( p e r  s i d e )  . . . . f4ult iple pasEeE

Notre

None | -
None / -
None / -
NoDe | -

None
SFA#: None 3#:

None

None
None

None

N/A

N/A
None
tfone

. Nolre
N/A
None

Procedure .

I

Osc i l la ! ion .
l lu1 t .  /S ing le  E lec t rodes .
Olher Technique Notes . .  .
H:rJ. c ipl  e or i ingle pass

_rnl) llo Eupplemenlary fi]Ier Eetal rill be used.rrith thi8- - . . r1

!tr3)
(n4 )
(as )



Proeedure Oralificatioa Record (peRl
--. PQR No.; 150 g{8 paEe 2 ot z
_ TSNSTLE TtsSt (Qrf-150)

- - - - + - - - - - - - - + - - - - - - - - + - - - - - - - - + t - - - - - - - - - + - - - - - - - r - - + - - , - - - - - - - - - - - +
|  |  |  -  I  lmr l l oaEe l l l l r l ua tc ,  l  z1p€o f
I specinea I nia* | :urcr. I uea I tot.t I srresg ;l laiture
I No. | (1n.) I (ia.) l(aq.b.) | load ["b) I (pat] ' I r::d locadoa
+ - - - - - - - - - ! - - + - - - - - - - - +  - - - - - + - - - - - - - - - - + - - - , - - - - - - + - - - -  - - - - - _ _ - _ - i

f  1  f  o . z l e l  o . t s z  l o . : z z l  s r s s o  I  s o z o o  l r e l d e c a l  i
l ,  l 0 . z s 0  l 0 . s 0 s l 0 . 3 z e l  

3 { 3 s 0  
|  

e 0 6 0 0  
l r f e r d E e r a l  Il l l : . " . .  1  l l l l

| | | lTest I rrq)acr I tateral e4r. I orop I
I  Spec. I  NoEch I Notch I Teqp. I  value8 +----- ----+--o - ----+ yeight I
l N o .  I  l o c a t i o n  I  r y g e  l ( F )  [  ( f E - l b s )  l s a e a r *  |  M i t B  I  b r e a *  |
+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - r - - - - + - - - - - - - - - - - - + - - - - - - - - - + - - - - - - - - + - - - - - - - - +

I On-lez.z side bend I tto defecre
I Qil-462.2 Side beaCl I No defectg

Qn-{62.2 Side DeDd I No defecrs I
gn-462.2 slde beDil I xo defecte | 

-

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

I None

I
I

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

SARDIrESS TEST - tgo h'lyrnesg tcat

fBase mer.at -1- -2- -3- r,Az -1- -2- -3- ?rM -1 -2- -3-
I

I
+---------------# (Heat Affected Zone-EAZ, Held He r.al.Hr' l )  #-- ------- -  ----+

t{otes:

S t a q ) : 8 4 8 9felder I s Name: Nennedy, Dan ID:
Tests conductedTests conducted by: CONAM fNSPSetION INC.
PQR ra8 done & velding of coupon ras sit!

t aloralory TeEt No: 14082
coupon ras witaessed by : Procesg SyBgemE

we certify
_selds nere

II Sectlon
-

that the ataEernents ln thl8
prepared, selded, and teEled
IX of the ASME Code. - - -

recold are correet rnd
in accordance vith the

2 /  8 le6

2 /  e /e6

that the test
reguirements

lreldl SpecialiEt

QA ilanager:

Prepared By:

Cert i f ied By:

)

)



. :

o l v
trPS lo.:  151-1
Supportlag PQR5:

l4o y'oqq - z- o7 / eu, L

D!!c:  05,/06,/96 . . r -  . ' i : - - -

I lc.
l,lA 01581
(rPs)

; ' . - . :  C
151-1-E{8

3AS3 I'!E:IAL (Q]t-403, ffd-{05)

ProceBB Eystrns lDlrralEloaal,
lfalkup Drive lfeetborougb,

WEI.DINC PR,OCEDI'RB SPECIPICAIIOH

3 l { o .  I t o  P  N o . : 8

t /76

30-100
1 2 - 1 8
Va!.

Tearpe rature range
Time ruge
aotes

1000 D8G.P.
4  . 0 0

,torllT (Qr{-{02)
Jolac dleslgn Croovt/Ffltct(3cc IrE 2)
Eack1nc..... l|ltb or r1tlout DacJcLao
Backlai Hatt Optlqaal
8111et t{eld 81ze fU (Qlf-151.a)
lotc8

Thiclaccg range. 0.1875t to 1.0000'
toslt loo (e) . [11 posit lee
Prog:res aioa. Vertlcal Dpf': a:. :: :i:
aoEgs r:

PREIiEA? (Qt{-{06)
lliaim]Ia Tetrperature. 60 De$ceeg
IDterpasE Tergr. tla:<. 350 Deg?ee8
Prebeal l'tahtenance. tfoDe

POSTI{8I D EBaT TREA:!4E}|T (Of-.107)
F .
9

koces8 | t:yf�e
Proce6E lbickDess ] lr i t .

c,As {QI{-{08)
S b i e l d i o g  c a s  /  C E H . . . . .
T r a i l i n g  G a s  /  C 9 8 . . . . . .
Backing eas / CYH.

1lBiDB Gas / CFlt.
-, ?,FR METAT {Qri_404)

- F a  ^ . l - - - : a - ' - - t , l - -
- r n a ,  L J c r E  D  l t  f  L a  L l u l l  .  .  - . .  -

S F A  S p e c .  N o .  &  F  N o . . . .
. l  N o .  o r  C h e m .  C o n p . . . . .
Pi.l.ler ftetal trade aame.
SAlt flux trade aame/t)T)e
81ec.  /w i re  s ize  ( in )  .  .  .
lLECrRrCr,! (Qw-409)
lJeldiag lqlerage range..
Helding voltage range , . .
?raveJ Elleed (ipm)
l l : . r  l lar  t -  ? l . rnrrr  f  . ' l l {n, |- ^ . t , s e  r e /  - - ,  I  r

1\EgEten Dpe/S ize . .  . .  . .
Cur rea t  &  Po lar icy . . .  . .  -

TECSNTQLE (Qw-410)
Sr l ing  /  reave bead.  . . . .
Orif ice / gas cup.
ConEact tube to uork. .  .  .
Os ci l1a!1on
t-:ul t  .  /Slngle eleclrode. .
other Tecbnique NoteE . . .
l lul t lple or Single PaEE

All pass (es)
PAW / rna.oual

0 . 1 8 7 5 i  t o  1 . 0 0 0 0 '

75t Arg'oa, 25+ g.e./
None /

100* Argon /
100t Argon I

Ncrae

NoDe

tlone
NoDe
None
lfoDe

/ -

AR3OEL
SFA#:  5 .9

E
SOLID PTITER

N/A
3/32

?5-160
l . l -  z L

Var.
None

EWTh-2 | uL6r4/L6r
DCEN (BrraighE)

String & tfeave Bead
3 / 8 r  E o  5 / 8 "

N/A
TratsverEe

8ing1e Electrode
Xeytrole & Helt- in uEed

(per  a ide) . . . .  l ' l u1 t ip ]e  Pag

2 0 - 3 0

9-24
1-3

F# :  6

Mgm!

t /8

100-200
1,6-26
Var

tr/r

proeedure
I{ITH POLY

NoDe
NoDe FT:

NoBe
NODE

tiloDe

None

N/A

N/A
None
Nose
None
N/A
lfone

Gl,ovBs.

(n1 )No  pas6  >  L /2  r  t .
(n2)No Eupplement.ary f i1 let  v j .11 be used sl th thie

.3)TIELD }IIRE S}I}|LL BE CI,EANED SPECIAL A}TD HANDI.SD
!1)cnrllprwc wrrr{ ABr.lsrrJE }IHEELS rs rNor AlIst{EDr'.

1'I5}f,iIRE ERUSHING IS TNOT AI,I,OWMi.
(ns)!ri;r neMp up ro 3oo DEG.P.TIiEN 100 DEG.F./In.uP To 1000 DEG.F.
(D?)P'N'! TAHP DOI4N AT 1OO DEG.F./HR.TO 3OO DEG.F.AND COOI, IN STII.! IIR.



l

r|Br.DIlJG pROCsDtrRS SpECrFIOtS:olf fips) Prgc 2 ot a
I lrps No. : :.51-1 Drtc: 05/06/95 qevlsJo, ),:. : (
- - - - - - - - - -

Jorrr (Q$-{02) 
-----------:.------"--------:

.;
aJ.aglc-v gi:roove giaglc-Barcl groonc
Sacldag : Dg back&g Eac[iag ,-Do Dactclsg
nooi Opealag: 3/16r Eal(: noct-i#e:iasi i/rb'Elxl
grcove laglc: 50 deg;ee '.{n. Croovf*gtEi ii-acgcj-sfe.
T:.-F:": _ : l/:'-y=r,--.'--._ _ _":o: :.F: _,-tlr: 

.F:_ 
_

I1lgl!:v'sroo1r" Dor:ble-Bct|el grooee
Eac}cllg : gouged r back velded Backiag ! gouged & brck reldrd
noot Opening. t/4n u,zx. Root $ealag'. i/ti r.,a,--.
!ro9v9 Angle: sq qegree EtD. eroove-anglEi ii aegrji rofa.
3:'_"-"":  _:t-/ :r :=.-- --- -T': : , :a -,- t !r : i -  ___ _ __
DoubIc-V groove
Backing : gouged & back
Root Ope:Ling : 1/4 n !oar(.
Groove .Aagle : 45 degEee u.in.
.Root Face : 3/16'tra:<.

81491e,/Doublc Pl11et
relded Backi.ng :

Root qre"l-ng ! 3/16' Ea:( .
l{eld Size : Required fulet

Flu6 root ope4ing

Square groose
Backing :
Root OpeDiag:

Sguare groove
Backiag : ao backing
Root q>eoingz 3/32r aax.

T-Joint
1 / 3 2 ' E l a x .

}TEI,D JOTNI DBSqRTPTIONS SHO}IN ARE NOT TNCLUSTVB OP AI,L OP EHOSE POUilD ON A
.Tots. NEIO JOII�T DESIGN REFERA{CE IN A}I ENGINEERING SPBCIFICATION ORDEsrGlt DFA|{rNG sItAlIJ ?AXE PRECEDENCE ovER |{EL,D JoIlEs sEoI{![ rN rcls Hps.

l,t:1:1 9I-ea''.ang Ehall be in strici conptianee ruitb epecial Job proced.ures.
ttelbod of back gougiag Er.rst be acconpliibed rirb a caibide D[rr sutter.

(a) NON-FUS$I..E RETI,INSRS T,IAY BE trsED.

Tb) TET.D WIRE S'IALI BE CIJEANED SPECII! IN ACCORDA}ICts t{ITg SPECIFIC JOB
PRocEDttREs. SEALED rd aAcs .eilD snllDt@ t{rrE por.,y clovEs AT.N,t rr,Es.

(c) GRTNDTNG AND HrRE BRUSETNG eRE 'Nor At.Lowmr oN ?t{E t:co ,toB. DEEECT
N.SMOVA.� T'IJST BE ACCOMPLISEED TIITH A CARBIDE BT]RR CI]TIER.

(d) TGI.DING STIRTS & STOPS I4UST RAMP GR.BDI'trLLY UP E DOIW TO AVOID CRICrING.
ll:S HEI,DSR SIIALL PROVIDE A POST (AETER FLOW) GAS FIPI{ OF 10 SECOI.IDS.

(e)

lD th18 rccord are correet |rrd LD aceoldalce
of tbe lsME code.

I  os l06/96

I  o5lo6/e6

tle:.d SpecidisB

Q .A .l,laDager:

IX alld VIII



' 
20 ,{.rffi"ff' syEr!!,s -T:$;:ffi}i.ti. 

orrEl
I procedure eurlificarloa neeoia.(pen)
rt--------

P Q R ' N o . : 1 5 1 . 1 - 3 { 8 D t t e : o 5 , / o 6 / 9 5 r P s I o . : 1 5 1 . t , - . , , t ? . �

rEIJD ,tOMr CONFIGERAT:g}| | lr"ier-l.f-:-oHlr,vrrr revrJil jerl 
I f:aEgr1al, tO!A. DIAII

:::sl::y..T:: - __- | i;;;;;r.r ;d;: EA-2rro, zrE,cie-ui"i,ilial us"a.. | $'llili.iTi: H:ii3; ffi i8llG:cc; ' ret=gie:  ?S,__ Degreee l ixo.  s cr .  r  io pt |o.  g Cr.  1T9:! 3ry+"g , 9!?-t! :..:nEuta- | :ricxniea rl"i .-o.s66o

lOsIiIoN (Ql{-4os) | iaierpass ?eq}erarure: 350 Degrcea p.Pcsiclca o! .to::r. : JG - ptai 
I F= leg,gratirre ... : roOO DeFGca p. :kogresaloa: N,/A I H{r,r EoraG;-trr0eiurt, r.oo

i .oot Prce' : 030-062 Gc$; l-::------

Eo.ce: I gof Ercry!@lr (Q[t-r05, Qn-{o?)
I preheaB TerE)erllure: E0 DcgEees p,
+ Prelreat lll,aittenaiee: tfose

Dote:  I  aote:  +/-  i6 DEo: 'P.

lleld proces9 / xype
Gr,s (Qw-{08} - -

A h i e J . C i n g  c a s  /  C F ! . . . . .
T r a i l i a g G a s  /  C g x . . _ - -
EackiDg Gas ./ Cfx. . . . .' a 6 m a  

G a s  /  C F : + . . . . .
l"En usrer (Qr{-404)
US ClaEEj . f i ca i ion .  .  - . . .

S F A  S p e c .  N o .  &  F  N o . . . .
A I\-o. or (trem. Corno.. - . .
lil]er t*teral frade Name.
9iw-tlur( ?rade Name/TlT)e
l, leld Deposit , ! '  ( io) ' .- . .
F I e c . / n i r e  S i z e  ( i n )  . . . .
.aL8ClRICAr, (Qw-aog)
-RfiE€rage 0SED .
Voltage USED .
Travel Speed (ipnr)
Hax. Eeat, Iaput, (,1/in) . .
n r n g s E e n  q p e  &  S i z e . . . .
cu.rrenE Txre,/polaricy. . .

TE@IIQUE (Qw_410)
Srri lg or l{eave Bead. .  .  .
O r i f i c e / G a s  C u p  S i z e . , . .
Con!,act : \ tb€ to l tork.. . .
Os ci l l  at loa
fiult . , /Single Eleclrodeg.
Ot.he! Tech$igue No!ee. .  .
fiu] tipl e or Eingle paes

c',n;-;
(n4) \PlE{"

paEE (e8 )
/ uaaual

75t Argon, 25t Ee./ 20-30
Notre / -

100t Argon / 10-20
1001 Argon | !-3

EPA#:
8R30€L

5 . 9  F # :  6
I

SOLTD FTLLER
N/A

Llt6

3 0 - 1 0 0
1 2 - 1 8
Var.

lloae

llone | -
NoEe | -
NoDe / -
NoEe | -

NoDe
sFA#: NoEe F#:

NoDe
Noae

None / -
None

tilose

'III

DAI{

0 . 5 0 0 0
3/32  |

? 5  -  1 6 0
L4-20
Var
None

HE"AIJ

al8

1 0 0 - 2 0 0
L6-26
Var

N / raI{Ih-2 |  3/32n4/t6r
DCEN (srraighr)

StrinE & weave Bead
l l 2 r  ' ! / g a

N'/e
?ranEverBe

81ng1e Electrode
I(eyhole & FJelt-ln used

lr/A

NA
NoDe
lIoae
None
N/A
tlone

(per side) , .

]J) Peenlag sas not ueed sith thig

lrultlple Paeiee

weld te6t. . .
used rllh tbis groccdure.No aupplementary flllcr rill be

(r5) _Ph:J" nami ai:rn rr tOO
l "oP qp to 300 Deg.F. Eher 1OO DeS.g./Ur.up to 10OO Deq.p.Ranlp down rt 100 Deg,F.,/Er. to 300 Deg.F.6d cool l$ GEil , l  r i r .



*lroeciturc Oraltllcatlca teeord lpen)nR I'o.: 151-1-EtB
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+-_-_-__-__ cIrrDED ABIE) 1?ST (Qrf_160)

j -:l*-_*;_*:I{3:_ i----;;;;;; - - -i- -iiT;;;-;;: -;-;;-i - - - ;;;;----;
i sr-iii:?-;il;-;;- 
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Te6tB coaducted by: 
-Lomll 

rNspEcTi
Staap: E{8 l{elder'g Name : Xet:lredy,': CDNAM TNSPECTION IN-C.

'  ID:
Llboratoly Teet !lo: I:  l t t215

, Dan
IQR rae done & reiding ot coup-n-ril' rllaeeeed by : pr6ecra Syatcns
lJe cerlifv
relds reri^f secllon

that tbe
prepared,
IX of tbe

siateTenla ln thl8
Helded, rnd tc8ted

record lte correcE tad
ln accordance ritb tbe

thlt the test
reguirenent6
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Lt eo - Vol? -Z- 07 L
Rq-J.J. 2

ProceEa Sy6tem5 Int,elaalioaal, Iac.
20 t{alkup Drive We8tborough, HA 01591

I{ELDING PROCTDI'RE SPECIPICATION {}IPS)

l lPS  No , :  153 -1
Support ing PQRs :  153-1-848

DaEe-. !0/28/96 ' -  
:  a . - . . :  U

BASE METaI (QW-403, QW-405)
P N O . 8 to  P  No.  s8

JOINT (Qi{-402)
Joint desigra Groo've/Pil7e! (Bee pq 2 )
Backing... . .  l i i rh or witbout. Uai[ ino
Backing MaEI Optional
Fi l1eE rleld Size Al l  (Qw-451.4)
t l6 taa

ThicknesE range.  O-1875 '  to  1 .OOOO'r
PosiE j .on (E) .A11 posir ioas
Progre6 sion. verEical. Itp 

'

BOEES

PRTEEAT (QI.r-405)
Miniunrm Te:Trperature. 60 Degrees F.
Interpass Temp. Max. 350 Degrees F.
Preheat MainE.enance. ._ None _;--

POSTWELD CEAT TREArl'tElfr (0W-407)
Terperature range 100 0
Time range 4.O
aotes  St reEE Re l ie f  1000F.+ / -50  F , ,

Process
Proces s

/ t'vpe
f h i r - l c n a c <  | i m i t -

all  pass (es)
GTAW / manual

None

None

None / -
None / -
None / -

None
SFA#: None F#:

None
None

None / -

-
None

N/A

N/A
None
None
llone
N/A
None

GLO\IES.

cAs (QW_408)
S h i e l d i n g  c a s  /  C F H ,  . , , ,
T r a  j . l i n g  e a s  /  C F H . . . . . .
Backing cas / CFH.

tltLLER METAT, (Qr,t-404)
A w S  c l a s s i f i c a t i o n .  _  . .  . .
S F A  S p e c .  N o .  &  F  N o . . . .
A  N o .  o r  C h e m .  C o m p . . . - .
Fii.ier meE.a1 trade name .
SAW f l-u-x trade name,/type
Elec . / t f j re  s ize  ( in j
ETECTRICAT (QW-409)
}ielding amperage range . .
Welding voltage range. . .
Travel speed (ipm)
Max.  I iea !  Input  (J / in ) . .
ll$gsEen Type,/Size
C u r r e n t  &  p o l a r i t y . . . . . .

TECHNTQUE (Qt^I-410)

n  1 9 1 a t t  r ^  1

100t Algon
None

100t Argon

t1J<J U d!

S F A # :  5 . 9
8

n\JrJll-J .F l!!.Er(
r r / r
t \ /  ^

t  / ' t  <

70 - ] .s0

var.

0000 ,1

/  g -z+

F # :  6

ME?AJ,

1 l a

130-275
TL/ t

Var .

l t f i l 9  /  weave bead. . . . .  SEr ing  & weave Eead
o r i f i c e / g a s c u p .  * 5 t o # 1 0
cont .ac t  tube E.o  work . . , .  N , /A

7. / -21

8 0 - 1 8 0

var,
None

EffIh-2 / L/t6" - 3/r5n
DCEN (6rraight)

N/A
Single ElecErode

Os ciL l at.i on
MuI t .  /S ing le  e lec l rode .  .
Othe! Tectulique Notes. . .
Mul t . iF ie  o r  S ing le  pass  (per  s ide)  . . . .  Mu lE, ip le  pas ies
!tr) l{o peening-done vrith this procedure.

, jq2)No pass > 1/z  ,  t .
I)I{ELD WrRE SrALL BE CTEANED SpECrAr Ar.rD EAIIDLSD WrlE pOL,y*-)GRIIIDING 

WITI{ ASRAS IVE WITEELS ]S "NOT AI.',IOWEDN.
(Ns)WIP€ BRUSHING IS TINOT AI,LOWSD'.
!NE)PW:U TAMP UP TO 3OO DEG.F.TIIEN 1OO DEG.F/HR ?O 1OOO DEG.F,EOI.D FOR 4 FR.
(D7)PWHT RAMP DOWN FROM IOOOF.TO 3OOF. @1OOF/HR. rrrrrs COOL TO ROOM EEIVIP.



WELDTNG PROCSDURS SPECIFICATION (WPS) Page 2 of 2

f:i!-Il::-1ll:i DaEe I t0/28/96 !:e... j.b..

.lolrfl (QW-402)

SingIe-V groove
Backing : no backing
Root q)eniEg: 3/L6n E1aJ-.
Gloove Arrgle: 50 degree urin.
Root  Face :  t /8 'u rax .

Single-Bevel gEoove '
Eacking : ao backing'
Root Opening: 3/!6n max.
croove lngle: 45 deg:ree nia.
Root Pace : A/8n F.ax.

Double-Bevel groove
Backing : gouged & back reLded
Root Opening: 1/4n max.
Groove Angle: 45 degEee rtrin.
Root Face : 3/16" uax.

Silgle-V groove
Eacking : gouged & back welded
Root Opening. !/ 4,, fr1tsx.
Groove Angle: 50 degree min.
Root Face : 3/16" max.

-Double -V grroove
Backing : gouged & back welded
Root Opening: 1/4,, max.
Groove.A::gle: 45 degree min.
Root Face : 3/1C" max.

Singl e,/Double
Backing .
Root Opening:
Weld Size t

! i11eE

3/L6n aax.
Required f iUet
plus root openiag

Square groove
Backing :
RooE Opening:

' F - i z r i r t

!/32't max.

Square groove
Eacking 3 no backing
Root Opening: 3,/32 " max.

Lni:i?l cleanj.ng si:all be in stric! compliaace q'ith €pecial job procedures.
Melhod of back gouging mus E. be acconp!.iihed wiEh a caibide birr cuccer.

{a) NoN-FUS$!E RETATNERS MAY BE usED.

WELD .]OIITT DESCRIPTIONS SITOWN .ARE NOT INCLUSIVE OF AI,L OF TIIOSE FOUND ON A
.}OB. WEI,D JOINT DESIGN REFERENCE IN A}I ENGINEERING SPECIFICATION OR
DESTGN DRAwrNc SIIATL TAKE PREcsDENcE ovER YIE],DJoINTs sHowN IN THIS wps.

(b} WEI,D WIRE SHALT BE CTEANED SPECIAT IN ACCORDA]TCE WITH SPBCTFIC JOB
PRocE'DuREs. SEALED rN BAcs AND EANDLED t.IrrH POLY GLovEs AT Ar,L TrMEs.

GRINDTNG AND WIRE BRUSHING ARE NNOT AILOWED'I ON TIIE LTGO JOB. DEFECT
REMOVAI MUST BE ACCOMPLISHED WITIT A CARBIDE BI'RR CiJTTER.

I{ELDTNG srARTs & sroPs Musr RAMP GRADUAT,LY uP & DowN To AvorD cRs,cKrNe.
TIE WEI,DER SHATL PROVTDE A POST (AETER FIOTS) GAS PLOW OF 10 SECO!{DS.

(d l

( e )

We cert i fy that the statemenlE in
i*ith the requirernenEs of Sections

this record
IX and VIII

are correc! and in accordaace
of the ASME Code.

Accepted By:

t0/28/96 ) Weld Special ist

f i /2e /96  )  Q.A.Marager :



__ -Proces? syEtena InEeraaBioaal, Inc.
20 Halkup Drive Westborough, I,t1 01581

t-___-____ Plocedure Quali.f icarloa Recoid- (pen)
pQR No.  :  153-1_848 ; ; ; ; ; - ; ; ; ; ; i ; ; - - - ; ; ; - ; ; : ,  

- ; ; ; : ; - - - - - - - i l ; - ; - - - - - -

WEIrD JOIMr CONFIGIIRATION I r,rareriaf torm. p1ale
Si.Dgle-V g:roove
Gar lr:a.lr j ra *,t- ..-^j I Material Spec. SA-240, Type 3O4LGas back ias  was uaed. -  -  |  ! ; - . . . . . . . . . . .  sA_2; ; ;  i# : ; i l ;
9.o9ng Angle : 7S-r., Degleee I t-ryo. I cr. 1 to p No. I Gr. 1Root Opening : 9g?-t2s lnEheg I r:: ic*aess (in) O.SOOO

t - -
I rcAT lREA1rfBrr (Qw_405, Qw-407).*.,rE, 
I prebeaE, Teroerature: 60 Degrees F.___+ preheat Maintenance: NonePOSITION (QW-405) 
| Iaterpase TeEperalure: 350 Degrees F.Position of Joi't : 1c - F1at. I p*ttr. lenperat-ure ... : looo DeqleeE F_eros.es;io,,,-i[- ' J'r' - .J'dE 
I ;#tr ;:ffiifitlffi.io,r I 01330 

Degrees F--.
note :  |  -

I  aore :  S t ress  ReL ie f  1000 Deg.F ,+ /_SO r .

A11 pass  (es)
GTAW / ma::ualWeld Process /

cAs (QW-408)
Shielding Gas /
?railing Gas /-rcking Gas /

100* Argon
None

100t Argon

t l t t Juu !
SFA# I  5 .9

DIJjJIU .u J.LJJll!(
rr /r
A / a

1  l 1  a t l

Var.

0 . 5 0 0 0
' 2 , / 1 ) n

R n - 1 a n

n/r
Var
None

L !  P E

g t H .  .

ro lzo

F # :  5

METAI.',

r /8 "

L 5 V - Z  t >

nlr
Var

NoI1e

None

N/l'

N/l
None
None
None
N/r'
None

ltll,Il MErAt (Qw-404)
J r y y >  r - J . a s E 1 t 1 c a t i o r } .  - , .  .  .
S F A  S p e c .  N o .  &  F  N o . . . .
A  N o .  o r  C h e m .  C o m p . . . . .
Filler MeE.al Trade Name.
SAW Flux Trade Name/T)Ge
Weld  DeFos ia  rg r  ( in ) - . - . .
E 1 e c . / W i r e  S i z e  ( i n )  . ,  - .
BLEqIRTCSI. (QW-409)
Afiperage USRD .
Vol.tage USED .
Travel Speed (ipm)
Max. I{ea! rnpur (,t/in) . .
TungsEen T)pe e  S: .2e . , . .
Current Ty?e/polarity. . .

None
None F#:

None
None

None / -
None

r\ ' / lE!f,Ih- 2 /  Z132n-a1g"
DCEN (st,raighE.)

TEGNIQI'E (QW-410)

! t t ]+g or Weave Bead... .  Str ing & weave Bead
o r i f i c e / e a s  C u p  s i z e . . . .  

-  
#  8

ContacE. n:le t-o work. . . . N/A
Oscil lar ion N/A
l. lul t . /single Electrodes. Single blectrod.e
ocher Technique NoEes. . .
Mu!.t ip1e or dingle pass (per side) . . . .  Mulr iple D r  E  c a c

l.) leening was aor used wirh lhis weld test.
-2) l{o pass > !/Z " E.

(n3) Ph::T Raftp up to 3oo Deg.F t,hen 1oo Deg.F/gr Eo looo Deg.F,Hotd for 4 Er.(n4) pwgr nami a-own from ro6or,. to jooi.  @1ooF/gr. lhen cool to room remp.(as )



QR No . :  153 -1 -848
Procedure Qualification Record (peR)

TENSTLE TEST (Qn-15o) Page 2 of 2- - - - - - - - - - - t - - - - - - - - t - - - - - - - -+ - - - - - - - - * - - ' "  - - - '
|  |  |  , * ; : : : - . - - t - : : - : - - - - - i - - f - - - t - - - - - - - +

T 'nr:T"" I l*:l I r,,*, l,-n," i lilq*. i 4:in!; i .r;":!i-.-----------r--:-::--l--l:::l-lJ:g:l::11-l::3-t]:t1---ji:ii -l ..-il;;;""l* i o.zso i i.iil-i--;:;;;-i---iiiii--i---e?:ee--i-;;;;-;;;;=.it "  |  0 .2s0  
I  

o . s t s10 .3 , ; l  i ; ; o ;  
I  ; ; i #  

l ; # : f i : : l i  IL-------,-- I 1-- --- -J-;:_J::-;::_:, 1_-___ -_ r - -_--___--l

+ - - - - - - - + - - -
I  i  

- - - - - - - - - - + - - - - - - - + - - - - - - + - - r - - - - - - - - - + - - - - - - - - - - -

| ,n"" | "o."n I u.rrn I i:tr I +lfpT: i ::i:::i_=,___i ;:ilH, il--I::--i--T:::l::-. | "*;- | ilT I ti;:G;r j sr,."' i-i- u*" I rrea-t I
iNoo" i------------i-------i------i------------i---------i--------T----____+

I
t -

l 'ase 
neEal  -1-  -2_ _3_ HAz _1_ _2_ _3_ r , t l r  _1--- - : ; : - - - : ;_- i

r l
+- - - - - - - - - - - - - - -#  (Feat  A f fecced zone=EAZ,  Weld  Met ,a l=WM) #______-____-_- l

Starp: tl4g w"lg-g5'"_li?ne: Kenredy, Dan ID:Test6 conducEed bv: cor.rA'-ri{si;6Tilii';ii: La.boraroly Tesr No: sodloo_BG1PQR nas done & weiaing of coupo!:, "ii ,iirr".".d by : proceee Syarens

Not es :

EEatements ln
welded, and

thiE record, are correct
EesEed iu accordance with

a:ld tbat the test
the requiremenEs

r0 /28/96

10/28/96

Weld Specialist

Q.A,Ir{anager:
Cert i f ied By:

ASME Code.



Lrdo - Vorlq-z- oB klQ
proce88 gyetens

20 Halkup Drive
HEI,DING PROCEDURE

fnte::aaE:toaal , tac.
tr'esrborough, trtl O1Sg1

sPECrFrCeTroN (}JPS)
$?S No. :  073-3
Supporrlag peRE: 073-E9

Date, 0s/29/?4 Levieloa t lo.: Daxe: 0t/23/96 :

Eis-B lfiAL (Qw_{03, i-_;;;----P  No .  8  t o  p  l { o . : gf t ic ]oe88 range.  O.0E2Sr io-  
- -O.ZSOO,

loEiEion (8) .Al1 po8iEioDs
I!,rogre EEion. Verti cal IJD;....ii
:10te8

PtsEAT (Qli-406)

Yl:id'tjlllt ?ercperarure. 50 Deg?eeE F.r lrer?ass Temp. Max, 350 Degfreee p.
PreheaE llaiatE.a-ce. Nose

iiili,i:i l1 $rtr:l"ii ti:,f r"&:lBaeklng Hatl Ot)tlona,
Fil ler t{etd Siie }lt (Qw-{st.€)
DOteE

,torNT (Qlr-{02)

rosrl{Er.D EAr rREAn6;-iirl:;;;;---- 
-

Tecperature raDge NoDe
r'lne tange t|ooe
DOteS

Process
Proc es s

/ rype
thickness l ini t .

}]. l  pass (es)
C"AW ,/ na5ual

0 . 0 5 2 5 "  t o  O . 7 5 O O , l

100t Argon
None

100t Argon

/ ts-zs

/  g-zo

UETAIJ

t/e

130-275

Var.

PaBses

NoDe

None

Nbne
None
None

cAs (Ql{-{08)
S h i e l d i n g  G a s  , /  C F : I . . . . .
x ? a i l i n g  G a s  , /  C g H . . . . . .
saclct:.lg Gas / CFH .

1|-; i i ;e lE-rE rew-ao4)
V i , ? f S  c i a s s i f i c a t i o n . . . . . .

S F A  S p e c .  N o .  &  F  N o . . . .
l . I g .  o t  C h e m .  C o n p . . . . .
l::r.ter Eleial trade name .
SA!.r fLux trade name/t1pe
Elec , , /H : re  saze ( in )  .  ,  .
ELECTT.:CAr (Qr{_409)

ll:19+"-. anperage t'i''ge. .netcrng voLta_ce range . . ..r'raver speed (ipm)
ttax. Iiear fnput (J/in) . .
r -ungs ien  fype /S ize .  .  .  . . .
L l l r i e n i  &  p o l a r i E y . . . . . .

ER3 0 8t
S F A # :  5 . 9  F # :  E

o
sotrD Fru,sR

N/a

SFA#:
Nane

None F#:
None
llone

1  1 1 <

?0-150
s/t

Var.

3 /32

80-18 0
nlt

Var.
None

rJ / r

None
t -
t -
l -
t -

NoneE I { T b - 2 /  t / t 6 . - 3 / t E "
DCEN (srraighc) / -

N/A

N/e
None
None
None
N/A
None

TBCE{rQuE (Qw_410)
l l l l lg  / .veave bead. . . . .  Sr r ing & t feave Bead
31'I::: /. gas. cup.
conEacE t!.be to rrork. . , . N/A'osci l lat ion 

N/A
I l l t.Zlingre elecrrode.. singre"liecuoaeQEher Technigue Note6. .  .
T_ul:-1pr! or Single paEE (per eide) . . . . Huttlple
l n l ) N o  P a E E  >  t / 2 "  E(n2 )

![iiHH'i-iiilffh*ffffi#"ii*"ff^Hllfi 
*'''' P.LY cLol'Es'

(nz 1



t

t:-::::-:::::
I{EI.DING PROCADI'RI SPECI'ICTTION (rPS)

DaE.,  05/29/74 .{--  i ( . j .?r  : .1c. :

?age 2 ot 2

DeEe. 0r/23/96
Jorlrr (Qfi{-{02}

Siaglc-Y gEoove
Baci<iag : Do backing
Root Opeaing: .125-.1875 roa)c..
Groo"e .Bngle: 50 degree ala.
Root Pace : .030-.060 Ea)(.

8a
sing1e-Bevel groove
Backing : ao ba: ao baeklaE
noot Openiag: .125-.1875 Dar(.
Groove Aagle: {5 degree t{a.
RooE Face :  .030- .050 rax .

silgle-y.gEoove 
- 

i,t-':' 
- 

_ 
- - - - -o*jr"-;;i 

;;;
3ac]<i!S : gouged & back uelded Backing :-gouged & back relded
Roor clpeDir ls: :121-.1875 Eax. Root @enlng: .rz5_.ra?S uarc.
Glogv: lngle: 50 degree tLiD. Groove-A.og1E: 45 degree rnin.
too t ,  lace  :  -030- .060 uax .  Roo!  Face :  .030- :060 Eax.- - . . -

Po+}e-v Foove Single/Double pitler
Backing : gou-ced & back velded Sac[,ing :.xoot Oper: ing: .) .2s-.1875 Erax. Root Seaingt ! /32, azx..
!ro9v9 lngle: 45 degree EiD. }teld Size 

-: 
Reguired filler

:o:'-":": - : :olo:':': ='- _plJ: :e:._TTTs- _ _
Square groove
Backing :
Root Opeaing :

a
T - i . l i  ? r  i -

L/32' max.

Square groove
Backing :
Root Ogeaing:

ao backtDg
3/32" mzx.

?IELD JoINt DEscRrPTroNs sHowN ARE NoT INcLusIlE oF AlIr oF THosB FoIllID oN
TltE JoB. FEL',D ,lort{T DEsrcN REFERENCE rN e}'I ENGTNEERTNG sPEcIFrcATroN oR
DESIGN DRAWING SI:AIL TAXS PREFERBNCE O1ER }IELD.]OII.I'IS SHOI{N IN THIS I{PS.

(b) WELD I{IRE SIIALL BE CLEANED SPECIAI TN ACCORDAI{CB I{ITII SPECTFIC JOB
PROCEDT'R.ES. SEALED IN BAGS AI{D EAM!.ED WITH POIY GI,O'JES AT }IL TII{ES.

(c) GRINDING AI'ID WIRE BRUSSING ARB tNoT Al,LortgDn oN TITE LIGo JOs. DEFECT
R.EMOVEI, MUST E8 ACCOMPLISI{ED T{I11I A CERBIDE BURR CI'TTER.

(dI TTELDING STARTS E STOPS I{UST RAMP GRADUA.TLY UP E DOWN TO AVOID CR.AERTNG.
TI{E TiELDER SHALL PROVIDE A POST (}RTER FLOW) GAS PLOI{ OF rO SECOIIDS.

( e )

in tbis record cor:reet t.Dd :ln lccordance
tbe ASME code.

o5/29/74 ) lreld specialist

Initial cleaning Ehall be ln strict. conpliance rith apecial Job procedures.
i{etlod of back gouging e,rsE b€ acec'apliibea rith a caibide .burr sutger.

(a) NON-PUSABIE RSTAINER,S UEY EE usED.

Accepted By:

!!d VIII

0s/29 /74  |  QA



Proceaa Systems Interutlonal, t!c.
20 tfalkup Drive tfeatborough, titA 01991

Procedure Qualltlearlotr Recoid (EeR)o--
PQR N o , :  0 7 3 - 8 9 DaEe. 05/29/74 rPS No.: 073-3

.torlrT DEsrslr (Qw-{02)
T|BIJD JOI}IT COFFIGI'R:ATION

BASB trSTe.L (Qw-a03)
Ittaterlal forn.
Haterlal Spec.
T 0  . . .
P No. I  Gr.
lti elaesa (1!)

Siagle-V lfroove
Gas baeklug raa
Groove Angle :
Root ope!.lllg :

uEed
75 DegEeeg

O62-t25... . .  Iucbee
03o-062 ,: : '  Iacbee

Plpe / ntre
8A-312, Crade tP304L
8.[-312, Grade IlP30{!

1  t o  P N o . 8  G r .  I
o.3750 D1a. (1a' 5.5530

RooE Pace

aote :
EBAT TREAlt4Eln (Qw-{06, Qr{-40?)
Preheat Tefiperature: 50 Deglee8 P.
Preheat tilaintetraEce: NoDe
InterllasB Tesq)erature: 350 Degrees F.
PIfiIt tedperaEure ... s lfone Degireeg F.
PI{EI Eoldllng tloe (!r) : Noae
D O E E :

POSTTTON (Qt. l-4os)
gositioE of itoiDr :''Progresaioa 

:Vertical
DOte :

6G
ItP

- {5 Deg.

lleld Process / type
cAs (Qn-408)
S h i e l d i n g  c a s  , /  C F H . , . . .
T r a i l i n g  G a s  /  c F H . . . . .
S a c k i n g  e a s  /  C ? H , . . . .

IrLr,ER UETAI (QW-404)
- , l ^ rs  C laEs i f i ca t ion . . .  - .  -

S F A  S p e c .  N o .  &  F  N o . . . .
A  N o .  o r  C h e m ,  C o m p . . . . .
Fi l ler Meta1 Trade Name .
SAll FIux Tlade Narne/T)pe
W e l d  D e p o E i E  ' t '  ( i n ) . . .
E l e c . / H i r e  S i z e  ( i n )  .  . . .
Et8crRrctrJ (Qw_{09)
Aq)erage USSD .
l t ^ l  - - - -  t r - hrvr, Lalc ustJ.r .
Travel Speed (ipm)
Iuax. Heat. Input (J,/in) . .
I \ JngEten I ) |?e  & S ize . . . .
clrrrent 1)pe,/9o1arity, . .

Al l  pass (es)
GTAW / ra:ag3f

100t Argon / L7-20
None / -

100t Argon / tg

None

llone
NoDe
NoDe

None
SFA*: Noae F#:

NoDe
None

None / -

/ -

t -

S F A # :  5 . 9

SOIID PILTER
r,i/ A

u . 5 / 5 U

F # :

}IETA!

L/:-6"

110
111

q

N:ne

:
Noce

N/A

N/A
Nolre
None
Noae
N/A
None

TECENTQLE (Qw-410)
S t r i n g  o r  H e a v e  8 e a d . . . .
Orif  ice,/Gas CuD Size. .  .  .
ContacE Tube t -o  t to rk . . . .
Os ci l lat lon
Uult.  /Single EleclrodeE.
Olher Technlsue Not.es . . .
Jrtultiple or Single Pass (per

f1) Peening eas no!
Ul2 ) No paag , 3/L6,

1n3 )
(n4)
(ns )

Hone
Ewltr-2 / 3/32r

DC'EN (Etraighr)

Stllng & f{eave Bead
# 8
N/A
N/A

Siagle Electrode

s ide) , . . .  t r lu l r ip le  PaB

u8ed uith this ueld te6t.
t .



Procedure Quallticatloa Recorcl (PQR)
PQR I{o.: 073-89 Page 2 ol 2

TE{SIL8 TBST (QI{-150)
+ - - - - - - - - - - - - + - - - - - - - - + - - - - - - - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - , - - - - +

ItlBlnate
total

mEiEa!?. | !6pe o!
strcrs :l failure

(pe1l I and locatiou
Sgecloea

lo .
Hidth
( h . )

Tbiek.
( 1 ! . )

Area
(eq . ln . )  |  load  (1 ! )

I fi.gure No. and tfpe I ReEult I figiure No. aad $pe I Reeul! |
. l - - - - - - - - - - - - - + - - - - - f - - -  - - - - - +

I QI{-{52.2 Side b€nd I Sarisfacroryl Qw-{62.2 siate beDCt I sariefacrory I- 
| Q*-re2.2 slcte bend I saBisfactoryl Qw-{62.2 Side Dend I Satlefaetory I
+ - - - - - - - - - -  - + - - - - - - - - - - - - - + - - - - - - - -  - - + - - - - - - - - - - - - - - +

TOUGENESS TBST (QT{-170)
+ - - - - - - - + - - - - - - - - - - - - + - - - - - i - + - - - - f - + - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - + - - - - - - - - +

I I lrest I rupact I l,ateral ecp. I orop
Spec,  I  Notch  I  Not .ch  I  Terp . l  Va1ues +- - - - ' - - - -+ - - - - - - - -+  we igh t
N o .  l  L o c a t i o n  I  r y p e  l ( F ) l  ( f r - I b s )  l s r r e a r t  I  M i 1 8  |  b r E a r

+ - - - - - - - + - - - - - - - - - - - - + - - - - - - - + - - - - - - + - - - - - - - - - - r _ + _ - - - - - - - - + - - - - - - - - + - - - - - - - - +

I None

q
I
I
fBase nera l  -1-  -2-  -3-  EAz -1-  -z-  -3-  r {14 -1  -2-  -3-
I
I
+- - - - - - - - - - - - - - - *  (Hea!  A f fec ted  Zone-EAZ,  Weld  l , te t  a I -m ' i  )  * - - - -  - - - - - - - - - -+

Notes :

Stali{): F9 lfefder'E Name: Anthony J. Ro1las ID:
?ests conducted by: J.G.Sylvester .Assoc.Inc, Labotatory Test No: 5944
PQR ra8 done & relding of coupon vag siBneeEed by : Proceas Systems

lle certtfy thaE the agaEemenl8 in thie record are correc! lnd that the test
welds uere prepared, uelded, and tegled ln accordance yith the reguirementE

Of 
se:::.:: :x ..f rhe is}:=

Prepaled By:

Certified By:

( 05/29/74 ) l{eld SPecial ist

( 05/29/74 ) QA llanager:

+ - - - - - - - - - - - - + - - - - - - - ! + - - r - - - - - + - - - - - - - - + , - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - - - - - a

l 1  l o . z s g l g . l 0 g l o . z z s l  1 e 4 o o  I  s 6 2 o o  l H e l d E e r a l  I

| 

' 

| 

0'7s3 

[,,,0,,t0' I 

0'227 

| 

20100 

| 

aasoo 

I 

weld Detar 

I
+ . - - : . . . : . . . . + . . . - - - - . i . : - . ; j - - . . + - - - - . . - . + . . - - . - . . - . + - . . . . . f . . . + - - - - . . . � � � � � � � �



LIGO GEI{ERAL REPAIRPROCEDURE FOR
MA

LIGO

GENER{L REP{R PROCEDURE

FOR

PROCESS SYSTEMS INTERNATIONAL INC.

v049-2-n74
f,ev

95u84 PtA pEo 61o.7
OESCFIPTION OF CHANGE

SPECIFICATION
INITIAL

APPFOVALS

..-' t .,' f,



1.0 SCOPE

I'1 This procedwe covers tre requirements for repairilg alr noncooforsiities in base
metal surfaces, the repair of nonconformities in edgapreparatioo ald the repair of
unacceptable defects in impected weld joinu.

1.2 cleaning of repaired areas shall be performed in accordance with psl
Specification V-049-2-01 5.

2.0 GF.NFRAI PROCIIUTRF

2.1 RTPAJRS TO BASE METAI SI.IRFACENONCONFORMiTIES

2.1.1 For Repai.s Not Requirins Welding

A. Surface defects shail be removed by gnnding with CARBIDE BTIRR
CUTIERS only. Abrasive-type wheels ard stones are not allowed on
vacuum base metal surfaces.

B. Ground surface repairs shall be visually inspected to verifr that the
nonconformity has been removed or the indication reduced to an
acceptable limit.

C. The reduced material thickness shall be checked by a depth
h ; ^ - ^ ' n a + - -  ^ .  ^ -  . . rrrulr rJr.relsr ur a.n ultasonjc thickness gauge.

2.1 .2 For Repairs Requiring Welding

A. Remove the defect by grinding *ith CARBIDE BIJT.R CUTIERS
only or by chippiag and grinding with CARBIDE BURR CENTERS
to an acceptable level.. Abrasive-t1pe wheels and stones are not
allowed on vacuum welds.

Visually inspect the area prepared for welding.

Weld in accordance raith PSI procedure Numbers:

WPS #150 P8-PB pAW Manuat
W?S #l5l P8-P8 PAW Manuat PWHT
WPS #153 P8-P8 GTAW Manual PWHT
W?S #073-3 P8-PB GTAW Manual

Welded repairs shall be visually inspected after weldirg.

B.

c.

LIGO GENERAL REPAIR PROCNDURX FOR
MATERIALS AND WELDING

SPECIFICATION

Prga z o t 5



o 2.2 REPAIRS TO EDGE PRTPARATION

) 1 1

A. Defecs shall be removed by grinding with CARBIDE BURR
CUTIERS only. Abrasive-t1ae wheels *d ,too., are lot allowed on
vacuum materials, weld-preps. The cavity shall be blended rmifomly
FJj !!9. sunounaing surfaces.

B. inound swface repairs shall be visually inspected to veriry ftat the
aonconformity has been removed or the indication reduied ro an
anaenrahla l i * i+
e Y e v t r 4 v . r . 4 ! .

2.2.2 For Repairs Requiring Welding

A. Remove the defect by grinding (as specified above) or by chipping
ard grinding (as specified above) to anicceptable level.

B. Visually inspect the area prepared for welding.

C. Weld in accordance with pSI procedure Numbers:

W?S #150 p8-p8 pAW Manual
W?S #151 p8-p8 pAW Maaual PWHT
WPS #153 p8-p8 GTAW Manual PWHT
W?S #073-3 p8-p8 CTAW Manual

REPAIRS TO WELDS

2.3.1 For Repairs Not Reouiring Welding

A. Weld defects shall be removed by grinding with CARBIDE BLIRR
CUT'|ERS onJy. Abrasive-t1pe wheels and stones are not allowed on
the interior or the exterior ofvacuum welds.

B. visually inspect the area prepared for werding to ensure that the defect
has been removed or the indicadon reduced to an acceptable limit.

C. The reduced material thickness shall be checked by a depth
micrometer or an ultrasonic thickaess gauge.

LIGOGENERALREPAIRPRO-EETME

SPECIFICATION



LIGO GE}IERAI, REPAIR PROCEDURE FOR
MATERI.ALS AND WELDING

SPECIFICATION

a 2.3.2 For Repair Requiring Welding

B.

c.

D.

\:.o.r. the, defect by grin,ling (as specified in A a6ove) or by
lHpling and grinding ( as specified in A. above) to ai acceptable
level.

Visually inTect the area prepared for welding.

lfi'.ta in accordance with pSI procedure Numbers:

WPS #150 P8-p8 pAW Manuat
WPS #151 P8-P8 pAW Manual PWHT
WPS #153 P8-P8 GTAW Manual PWI{T
WPS #073-3 P8-P8 GTAW Manual

The repaired uea car, be lefi in the as-welded condition or can be
blended by gnnding. Grinding is resricted ro the use of CARBIDE
BL,T-R CUTIERS onJy. The repaired area shall blend uaiformly into
the surrounding surface and shall be visually impected after welding.

A. remove the unacceptable weld metal by an approved method (as
specified in A. above).

B.

c.

if the full fi1let weld is not completely removed, visually inspect the
area prepared for welding.

Weld in accordance with pSI procedure Numbers:

\ryPS #150 P8-P8 pAW Marual
WPS #151 P8-P8 pAW Manual PWHT
W?S #153 P8-P8 GTAW Manual PWHT
W?S #073-3 P8-Pg CTAW Manual

Welded repairs shall be visually inspected afrer welding.D.

Prcc -!- ol



o 3.0

LIGO GEI\IERAL REPAIR PROCEDM
MATERIALS A}ID WELDING

B A SN MATFRI AL CI,F'AIYUP PROCFNURE

3.1 scoPE

3.1.1 rhis proced're describes the acceptable methods of base meal cieanup
(plate, pipe, forgings, etc.).

3.i'2 Thiq.hcludes the rcmoval of such rhiqgs as temporary atacbments, clanp
marks; fit:up weld marks, undercut, gouges, ctaer cracks and otbei
imperfections.

3.2 REMOVAL MET}IODS

3.2.1 cleanup of imperfections or items listed in 3.r.2 above are limited to
chipping and grinding witir a carbide burr cutter only. Abrasive-type
wheels and stones are not arowed oD vacuum vessel materiars t"*use tf
the binder materiar used in the manufacturing of the wheel. The binder is
embedded in the metar and wilr off-gas gqusing a loss of vacuum over a
period of time.

3.2.2 ,\fter removal, the affected area sha 

 

be repaired by brendiag or werding.
Repair welding can.be Ieft in the as-werded condition. The repaired area
shall blend uniformry into the surrourding surface and shall Le visualy
inspecred afier welding.

SPECIFICATION



SPECIFICATION FOR BAKE OUT PROCEDURE ISOIATABLE SECTION

SPECIFICATION FOR BAKE OIJ"f PROCEDURE

1.,. . FpR LrCo vAcuuM EQUTPMENT
: ; . .  - . -

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUAUTY ASSURANCE:

TEC}INICAL DIRECTOR:

PROJECT IVIANAGER:

'D. (l lv.ru.l Ay'-z_

4.f. {/'/r, nt6 ,74t INITIAL RELEASE 1cg2)
DESCRIPTION OF CI-IANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION
DATE

5/,/zt
Approved DATE

4t + d/./u
Numbe,: V049-2-116



I
Tit|e: SPECIFICATION FoR BAKE oUT PROCEDURE ISOLATABLE SECTION

SPECIFICATION
Number: V049-2-11

I.O PURPOSE

The purpose ofthis is to define the necessary rteps !o psrform 8 bakeout ofariisotatablc scaioa at150 "c. This iucrudes the steps necessary to prepa.'e for the bake out scqur';. 
-

2.0 'GENERA,L

The procedure will general apply to all isolarable sections ofthe statjors.
Slight differences among each isolatable section will be custo different vacuum cquipmeat, size ofthe isol:r'ble section, and quantities invorved rerating insrr.rmartatio!, cquipment, ac. The statioosare divided into the following bakeable sections:

Comer station WA Venex Section
Diagonal SectiG
Lefi Beam ManifotaTEction
tu grrr Beam rur;ifo-iiiGGi-

Comer station LA Venex Section
Lefi Beam Manifold
nighteeanMmia

Required References
A' Blanket System mechanical layout configuration and electic conligr::ation drawings for vacuum

cnvelope. All stations. All sections.
Bakeout System Control Can Operating Manual & procedure.
RGA Operating Manual
EDP200,E H2600 Roughing pumps Operating Manual s
STPH2000C Turbomolecutar pump Operating Maaua! s

B.
c.
D.
E.

Page 2 of _6_



Tiue: sPEClFlcATloN FoR BAKE our pRocEDURE rsot-ATABLE sEcroN

F.
G.
IH

QDP80 Dry Backing Punp Opcnting Manruls
Vacuum Gauges: Cold Cathode & piraai Gauges Opctating Manuals
2500 Us, 75Us,25 Us lon Purnps Opcrating Manruls 

- 
,

3.0

4.0

RESPONSIBILITY

. The procedure is ap!$cable to pSI pcrsounet.

PROCEDURE

Bakeout System

Bake out carts check out
Follow procedures for electric and data acquisition and contol paraneters sheckout ofthe bake outcontroVelecfic system carts.
Refer to: Bakeout System contoi caru, openting Manuar & Senrp hocedure.

Blanket installation

Each heating blalket is identified and will fit onto ce ain sections ofthe vacuum envelope. tastall
the assigned blar*.ets according to tbe assigned locations per biar*et system drawiag layout and
installation procedures.

In addition the following compooents will also be baked:
Cold cathode/ Pirani Gauge pairs on isolatable section.
RGA head with electronics removed.
Main Turbo Pump inJet.
The Main Ion pumps need to be warmed up also to em.re adeqr:ate warmup of rie 14" gate.

Refer to: Blanket system mechanical layout conlig'ration and electic configrration.
Refer to: Bakeout System Control Can Operating Maaual & procedure.

4.t

4.1.t

1.1.2

SPECIFICATION
: VO49-2-116

Paoe 3 of 6



a

o

TlUe: SPECIFICATION FOR BAKE OUT PROCEDURE |SOI-ATABLE SECTTON

SPECIFICATION

1.4 Bakeout Sequence

?
d{.1 Pumpdown

d.4.t.l Pumpdowt nsing roughing system

., . 
- 

. Co-., s1"1ioor, 
'.tt i- '''

Connecting the main turbo and Main roughing erts.
Follow procedures for connecting the main tur.bo aad mail rouehipg punps.

Pumpdown the isolatable section following pmcedures for connecting and operating the roughing
pump system. Pumpdown until a pressue of less 0.1 Torr is reached.
At the completion of roughing the section:
Close the 6" gate valve
Shutdown roughing pumps
Vent the rough line by opening the vent valve on the rouehipg cart.
Disconnect line and blar*offport.
Leak check the Conllat comection of rhe blankoffttrough the pumpout valve.
Evacuate the space between the blind and the gate using the aux turb cafl
Open the 6" valve.

EndMid stations:
Pumpdo*n the isolatable section following procedures for coDnecting and operating the turbo pump
and backing pump system.
At the end ofthe roughing cycle usi:rg the roughing pump: close b)?ass valve and nun on the turbo.
Follow the operating procedrre for opcratilg tbe tlrto p"rnF cart

4.4.1.2 Pumpdown using furbo molecular pump

Coruer, End, and Mid stafions:
Follow turbomolecular pump operating procedure for starnrp and operation of pump for pumpdown.
The nrbomolecular pump will also be heated during bakeout.

RGA data

A residual gas analysis will be canied out as a rcference point-prior to stafl ofbakcout.
Power up RGA only afier pressure bas &opped b less 5X l0'' Torr

4.1.2

Page _5_ ol_6_



Tiue: sPEClFtcATroN FoR BAKE our pRocEDuRE tsorirABLE sEcroN

SPECIFICATION

4.4.4

4.4.5

1.4.6

Remp-up

Ranp rate: :
warm-up will occ'r over a pcriod of 72 ho'rs at a ra'p rate of approximatety l.goc/br.
Sa ranp rate for btaaket system oa coa8ol carts to l.i.CAr.
Set target setpoint to 150.C.

. . Prcssr:re gauge paiis:''Ramprate of the prcss$e gauge pain witl bc at teest 5 oClhr to costre tbar thegauges remain hottir than the vruun envetope at all tines.
Bale out of the gauge pair will be done with the clectonics removed.
Set ramp rate for blalket system on contol carts to 5oCftr.
Set target sctpoinr ro 250oC.
Do not start warmup until the prasurc has droppei! to lcss SX Itrt Ton

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

This will be done using a 25lls lon p"mp
Bale out of the RGA will be done *ith tbe clectonics removed.
Baleout temp€rature of the RGA * I set at manufacturen recommended maximum (200"c)

Soak for 48 hours

Tbe isolatable section will be leated to 150"C ard soaked for 48 hours at lj0'C+20'. The pressure
gauge pairs will be soaked at 250"C.

Cooldowu
cooldown will be contolled by rarnping the setpoints ofthe system to ambient temperature at a
ramprate of-1.8'/lr. The heating jackers for fie pressure gauge pair wiJl recrain ofand rumed off
when the system has cooled down.

RGA data

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

Page -6_ of _6_



Titlcr PROCEDURE FOR CI,EAI{ ROOMACTIVTIIES

PROCEDUREFOR

CLEAN ROOM ACTTVTNES

LIGO VACUUM EQUIPN,IENT
. .i:.--.

if ;; tsmfor,rt,WuLingron

rnd

Liviagston, lausirue

PREPAREDBY:

QTTATITYASSURANCE:

IVL{IIiLTACTURING ENGR:

TECHMCAI. DIRECTOR:

PROJECTMANAGER:

REV LTR. BY.DATE APPD. DATE

-laforacion 
contained in thk spccification rnd is nacbmcnts is proprieery fu Drcure !a:rl shall bc kcp ccafidcotial. Ir slall beusc{ oDly rs rrquired !o EsPoDd lo tbc sPccillcatioo rEquircocns, EDd shall lot bc discloscd to any othcr ;urty.

DESCRIPTION OF C}IANGE

nELEltk) tD6 R DEa f G?

OCESS SYSTEMS INTERNATIONAL, INC. SPECIFICATION

Tus. {'3-r5fkA .eh/r6NumbcrA V049-2-l18
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TAPI-E OF CONTFNTS

1.0 Purposc

2.0 Crocral

3.0 Rcgponsibilitia

4.0 Proccdure

SPECIFICATION



I.O PURPOSE 
:

. E p_ryt_.-:l_{f ryf"q is.to dgfac-9e^opcational groccdures ro ctrcctivety' pcrtorE rtalufafi.rlDg aad &sting io a Class t00 Clean Roon ivimuocot.

GENERAL .i ' . ' . .-...
:: :, -...

The LIGO vacuum system performancc is greatly inlluencrd byrhe tevcl ofctcadiaess of
tie vacuum surlac€s. All coEpoDents ous bc shipped to tha sitc and installcd without
allowing contamimtion of the vacuum sr:rfaccs (aaagc facls and interior srrfacc)

ooce LIGo compoDeDts arc cleaned to lllrv sandards, they must bc protcstcd by s class
100 clern rcoE crvimD.EeDl. This applies to uscolly operations iicr uHv cl.ot;"g
and to any subsequent inspections or oif,er cnty into thjcofoponcar

AJI personnel a"l F T.+d qr clean room proccdures before cnteriag the LIGO clean
roorn areas. This iacludes viering the lriicron video tapes ?asic eept^minrdes
Contol", "Robing for tbe Cleanroom'l and "Behavior in thc Cjeanroom..

..-a-ll^ clean room clothing (boots, gloves, gowns, hat covets, boods, c&. sball nect Class
100 cleaa room standards.

Safery glasses shall bc wom at all times.

RESPONSIBILITIES

The manufacnring depaarnett is responsibje for trainbs ald cxecution of clean room
protocol ge{ .tbis- proce.s. e. Tbe Q.A. departoent shil Eonitor manufacturiag and
re*iag activities for compliaucc to rhis clean ioom proc.cdurc.

4.0 PROCEDLIRX

4.1 Clean Room A ccess

4.1.1 AJI personnel shall put on ctean room clothing systens i! an afiacbed tor,rni.ng rcom
prior to entry into the Class 100 Clean Room. Perionnel shall urovc &om'ihe firs- stickv
pat (dirty)- to the second $icky mar (cle1n) as the.y put on cach sbo-e cover. AJI join6
(glove to sleevc, pants to shoe cover). Aicr gowuing-, pcrsouct shall wait two minutes
pnor to cncnng ure Llass I uu area-

3.0

SPECIFICATION
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4.t2

. 4.t3

All soiled or danaged clothing sba[ bc discsrd.d-

Onlv clcan tools and compoaents shall bc ailowed iridc thc Clsss 100 Clcu Room- All
ecuiimeut r:scd iside thi Ctass 100 clcan room sball bc oil tcc lnd &all lot Scnrtalc
pdrtiiles above Class 100 lcvels.

4.1.4 Clcan Room particle. levels sball bc monitord
.:.. : ; c.Eporleat is 6pca'g abcut !o bc opcnc4

4.1.5 Clean Room oarticle lcvels nust reacb Class
maybc opcned for inspecrion or assembly.

dr:dry clean roon oPadioDs rihcrc a

l00 lcvel bcfore a clcsocd cornponert

4. I .6 New pcaonnel shall not cntcr tbe Class I 00 Cleat Roou urhile a cooponcot is opc!.

4.1.7 . Propcr clca$oom bcbavior shall bc obscrved uihile pcrsonael arein thc clesooo-

4.2 Clean Room F:.it

AII persouel shall exit the Class 100 arca onto the clean sticky Eod.

Sboe covers slall be removed one at a time while moving ov€r to the 'dirfy" sticky roaL

Persoffret shall remove the remaidng Class 100 clothing and storc in a, "rsed clolb+gl
storaee area if not soiled or tom. Oncc tbe Class 100 clotliag is removd prsoonel shell
leave-the gowning room immdiately.

, t , t I

4.2.2

4.2.3

SPECTFICATION
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1.0

CONTAMINATION CONTROL PLAN

PURPOSE

This plan defines measures to be taken to limit contamination of the ultra high vacuum
surfaces of the LIGo vacuum equipment during fabrication, assembly and insta.llation by
particulate and hydrocarbons.

RESPONSIBILITIES

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

Personnel performing cleaning operations shall be tained by the manufacnring
engineering departrnent in the proper procedures.

Personnel performing work inside clearuooms shall be tained by the manufacturing
engineering group in the required clealroom procedures aad behavior.

AJI personnel shall be nained by the manufacturing engineering depaftnent in the
philosophy ard specific provisions of this plan.

REFERENCE DOCUMENTS

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

PSI Specification V049-2-015, Cleaning procedure
PSI Specification V049-2-l 18, Clearuoom Activities
PSI lvlarerial Specifi cations

GENERA,L

while it is critical that all vacuum surfaces (inrernal surlbces and flange faces) be kept
free of contamination, exterior surfaces must also be kept clean. This will not only
facilitate keeping the interior surfaces clean, but it is nelessary in order to maintain the
clearaooms at class 100. care shall be kken to minimize exDosure to corrosive
envirorunents. such as those containing chloride compounds.

2.0

) l

2.2

,!..)

1 t

3.0

4.0
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5.0

5 .1

6.0

6 . 1

5.2

5.3

< A

CONTAMINATION CONTROL PLAN

HYDROCARBON CONTROL

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

contact ofstainless steel by uncontrolled materials shall be avoided. This includes
materials such as work gloves, work boots and uprotected shop floors.

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

Leak testing shall be done onjy with the use of oil-free vacuum pumps.

PARTICULATE CONTROL

Material Protection

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

6.1.1 No carbon steel hooks, fork lift forks, grapples or chains shall be allowed to contact tre
stainless steel.

| 6.1.2 Raw materials shall not be srored in dLect contact wirh materials of different
j composition, but shall be separated by suitable spacers or sheeting. Depending on the
I pu.ts level of cleanliness (raw material vs. cleaned part).

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

6. I .4 During transportation, components shall be shrinj< wrapped in plastic and shipped in
closed trucks or under tighr fitting taryaulins.

6.1 .5 Finished components shall be shipped to the sites under vacuum.

SPECIFICATION
Numbe'A vo49-2-ll9
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5.2

CONTAMINATION CONTROL PLAN

Cleanrooms

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

5.2.I During Assembly

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

5.2.2 During Installation

Components shall be moved into position and prepared to the grcatest exteut possible
before breaching the protective utapping or bagging. The outer protection is then
removed, and a portable soft-wall cleanroom is moved into position over the component
before it is opened. Once the clearuoom is in position and a Class 100 environnent is
established, Class 100 air is used to break the vacuum inside the component. Once
atmospheric pressure has been reached, covers may be removed for final hstallation of
the component. The component and all of its access ports and openin-es shall be closed or
connected to another component before the clearuoom can be moved or shut down.

SPECIFICATION
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o
RAW MATERIAL HANDLING PROCEDURE
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I r
RAW MATERIAI. HANDLING PROCEI}URE

T.|} PURPOSE

IHAXXT$; 
procedrue is u defrne rhe rcquiroears for handting rnd sii,ring

2.0 GETTIERAL
.. ::-'. . -. ,

_, , , , l-tu_rJto.edure is applicable to all LIGO vacur:m boudary and vacu'n inrernal' component raw materials.

Contamination of LIGO vacuum^swface materials must bc prcveoted during rccriving,norage and fabrication in order for the va.rur tyH.ta-iJ#,u.u. ,a oesrm qoars.Contamination is defined as Icourdco;;in-;;ffi,t',#l6lli'#111!'.t"Jtr:ffi st"ct,oir.geaseT"f, .l-"ri.r,

R.ESPONSIBILITIES

3; ;,'"'.];t+t;1ffi il*Ti**iblc 
for preventiag conurnination during rcceiving

niffiT"rt}Hg.depanment is resporuible for prevendng conraminalioa during rhe

PROCEDT'RE

4.1 Receiving

4.1.1 All LIGo Vacuum 
?:y:gp-V:,.fal.(304A04L S-S.) shalt be handred (i.e. rified,rolled, etc.) wirhoul goming il conuct witli .*ir" ,r*f or other contaminants. 

.

4.2 Storage

4'2'l vacuum Boundan materiar 
-sha' be stored indoors and shal bc protected from carbonsteel, hydrocarbon and otler types of "onraminiti-o'i

4.3 Fabrication

4'3'l R-aw materiars shal be prore.cred fr.om conramination tr.foughour the fabrication process.Atl weldine and fining'shalt b;;;;;.ii'".1;;i?uacr*ing space (Ctass td0,000 -200,000) w-irrr outside air purge ro minimizc conrirrnauon. weld.ing gascs sha, becollecred in ex.haust sysrerni "ni u.nr;ffi;]4.'-"*

3.0

4.0
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I
I

I
I

4.32

43.3

13.4

43.4

: ' .

4.4

RAW MATERIAL HANDLINC PROCEDURE

No solvent wiging, grinding or wire brushing shalt bc done to tlre vacuum nrrfaccs.

AII nachining fluids shsll bc watcr solublc and low ia chloridcs, :
Welding wire and joints sball bc clcaned wirh a CO2 spny prior to velding.

Afler Ulta High Vacuum (UIIV) cleaning, vacuum surfaccs shall nor bc touchcd by skin
. or other contaminants. AII cleaned vacuum boundarv comDonents shall be icalcd
. (vessels with coveq.on), doublc plastic bagged or protcitcd by a Class lffi Clcanroonr
.,' aqnosphere at all l[Des. '

Smoking is not allowcd in any LIGO storage or manufacnring area

SPECIFICATION
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SPECTFICATToN

1.0 scoPE ._
This spccificatioD covers the minirnrrm rra'is-r- c--ffi:ffi*t:r*ffiffi'ffiH$"f*Tffis

.. GENER,{!PRO&;'uRX

'#"'$.n*ffi.T#".?#lu*oo#t docs not complv with a spccirc job
2.1

22

z.)

The QSlitv Assnance Eaginer or rhe euality Conbol Il
;H..Y""*"}ES:*3xlr."r.rr'.;t#r-,;e,t-hqF:JH*1ff L*dHgeieratesaDi,;;;;.yri.tr5?#ffi l$i;j:ffi$'frffnu:itit#.ffir;
*."_1f;.1.*g#ffiI r!_e,h_ojecr r{aaager f* dry,rl!.:f .h: projryr },{amgcr
condidon and proccsscs ,h.;tt*Tiii[*"rdlspositiou aplropriate for tie product aad-is

& The Projecr Maiassr or a-,corlp€tent member of tle project tta.El' dosumenb fbetecbnical justificati-on-for .oe ....pt"uirif #'u-srlas-rs.or REpATR dispositionsand obtai$ ttre customer,s appr6vul ioi ilo-rJ"*r.o do Dot comply with thecuston:er's specification requfe'Eeota-. 
-- -:- "

b. When tle disoosirion is coT-p,l.i.t 6: ho.1.m_Managa or his dcsipee shall simard dare in this space pioride-d and renrn ihJ fiii ru r"rqe or rhe QAE.
Acceptarce of the comole,.eC 

$_si5l:id".l is rhen doc,,oented by the Me.{ tle eAE orthe Quality. Contof Insf,ector, 9n th.e lonom ,".tioo of Ui DR. Wben alt of the rreouircd
ilr:JH:: bave ben prolfia,ar{ rb.=ir; i, ;;;6;;1", rhe Rcjecr Tag or the srco

Btd;hiff r#J**Lt#:1,"ffi9{irtf"?*1**#;t[r.$i
,Y,:?.0r"^.-y,::oj"l- ?l plp*d,T{ matrers^sre suspcct of bciDg nonconforaing, a DR isuuuared and forw-arded to the MQe oitliqeila-ri#liio"
a DR's generated for documenation or- procedr-uar deficicncies wirt not require' dispos i tion c on currenc e no.-in gin.o.irig ltffi ;

fiJ,; jffi #:gi,g,ff 
'a#";ff iil'#."H::';*tr,i:'ilStrfi #'SH

2.5
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o 1.0

2.0

SCOPE

This document contains the methods ard acceptance criteria for visuar inspection for theLIGO project.

GENERAI PROCEDURE

Equipment
l. Arrificial Light Source

2. N{inors

3. Magnifiers

4. Straighr Edges or Rules

5. Weld Gages

2.1 Control of Documents, Codes and Standards
2.1.1 

3:"9::l,g flS, the fabri.cation drawings and other procedures specifi the requiredvrsual rnspection and physicar _dimension-s. It is not the intent oi tt ii pr*ia*" toduplicare ihose reouire'ments. rtr-h;;;;;r. iir."i"i."t "i fr;i.#ffi fi"iloria. uconsistent mettrod 6f pe*ormirg "iirlii"rp.iiiii

2.? TechnicalRequirements

2'2'l 
|tjml*:t:r 

- righting, nahrar or artificial shail be sufficient to iluminate the area being

2'2'2 Personnel - Personnel perfonning visual examination shall be familiar with the wgJairlgtechnique being used, welding 
-procedur. 

,.q;ir;r.orc, machining operations, ,quropeneranr tesrine. and *. typ; df discontinuiiies that may o..u, ii, tt e *etJ-t. uusematerial beins eiarnined.

2.2.3 orect,visua 

-examination 

shall be used when access is sufficient to place the eye within24 inches of the surfacc to,be examined -i "i - Gr.-i"?il; t# ;i; li"o?"". ," ,rr.su.{ace to be exarnined. 
- Mirrors may t. us-.J-to i-p-ro.,re tt " ungr" oi uirio"rr, *a "ia,such as a magniffing lers may.be usel to ussist "iairnuuoor.

NOTE: 
Yi]:r,i llpTrlble, direct visual examinarions will be used for all visualexarnlnattons performed to this procedure.

In some. cases, remote visual examinations may have to be substituted for directexamination Remote visual examinationi -ul u.. visual aids such as mirrors.' 
borescopes, carneras, or other suitatie i;;t .;-a#.' 

{Je YrJu'u 'uu) sur' i15 Ir

2.3 ExaminationRequirements

2.3.1 Visual Examination of Weldine

LIGO V-ISUA-L INSPECTION PROCEDURE
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c.

Lrco vrsunr, INspEcrIoN pRocEDURE

IJi:fillTr*ton 
and rdentification of Base Materiar and Joint preparation

l. Base material rype compatible with the detailed weld procedure.
2. Weld being made in accordance with drawing.

3. Weld preparation and..adjacent base material clean free of pain! scale, rusLorr, grease and any othei foreign materiar rlai*oura be d;rei;h;us i;;;nr.raFcc

4. 
Y:ll.t.:tg.li:1,ht gllly smoot surfaces Aee from deep notches,grooves, nicks, and other gross inegutarities.--- 

-''

5. Weld preparation free from b,se material defects such as laminations, Iaps.non metallic inclusions, pin hol.r, po.ority, Gui;;;pen i; tfiffi;;. 
"",

Visual Iaspection of Weld preparation Geometry as follorvs:
1. Alignmenr of parts to be welded.

2. Size ofroot face (land) and root gap.

3. Groove angle.

4. I.D. mismatch of Butt Joints.

Visual Inspection of Tack Welds as follows:
1 � Tack.welds aro properry prep^ared to be incorporated into the werd orcompletely removed. wirei I.n in pruc., iuc'rr i,iJrtou]ra1. r.arr"r"a.

Examine tacks for discontinuiries.

Check for cleanliness.

Visual Inspection of Intermediate Weld passes as follows;
I. Cleanliness

2. Weld spatter

3. ARC srikes

4. Slag

5. Oxide removal

6. Discontinuities

I

o

D.

3 .

P!9e ' o l
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F.

LIGO WSUAI INSPECTION PROCEDI,]RX

visual Inspection of Firar surfaces of wetdiug shalr be verifred as folrows:
l. Cleanliness

2. Weld spatter

3. ARC strikes

4. Butt weld reinforcement (l/g" max)

5. Fillet weld size

6. Fillet weld throat

7. Fillet weld lengthr./spacing

8. Concaviry/Convexiry

9. Traasition must be minimum of 3 to I taper

10. Surface porosiry

I 1 . Overlap

12. Undercut

13. Inadequatepenetation

14. Cracks

15. Underfiil

Visual Examination of Machined Surfaces shall be verified as followsr
l. Surface Finish

2. Discontinuities

3. Cleanliness

G.

SPECIFICATION
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LIGO }1SUA.L hISPECTION PROCEDURE

2.4 AcceplanceSundards

2.4. I Cleanliness

Rcference shourd be made to the LIG. creaning proccd're, for spccific methods. priorto werding, the werd preparation_-andldj;;"r,r "b;. 
,n"r*il ii 

-i""-t'o,i*i'Lr'ty""o
cach side of werd ioinG)-sha'b€ free-;a;;s*.iiit, gr"*", p"inr, scare, chips and orherforeign maner on-the finar werd_surface."ih. #*tif -* ,frJi-uJ_.r"i".ir"rli"g .,aoxidarion. Iridescenr tempcr firms-an; tl;[';;h,rirdh-;,;i;;;"'r"'iiiil ao,,,welding, are accepuble on finished ;.ld;"rf;;. 

-,

Prior To Weldi.ug
weld prepararions and adjacent base material (l i.och for carbon steel and 2 inches forsrainress steer bevond eacri side of werJ joi;itti,ir d; d; ;f ;;il;;: ij, e;.j;!, p"i",,scale, chips and otlrer foreign matter.

After Weldiug
The affectec area of rhe finar weld surface sha, be creaned of srag and oxidarion.Iridescent temper films resurring fr";;J;iil ;;;cceptabre on finished werd surfaces.

1  ,  .  r  r  . . ,  . .z-1 .1  I  acK we lds

Tack welds shalr show no crack or linear indications. srag deposits or indication ofsu'-face_porosity shall aiso be.uui" ioi-ili..rio;. Ed;* of rack welds shall be fearhered(wnen necessary) to provide a smootl taniition durin-g root pass *"fain!. 
- -- ^*'

2.4.3 Fina.l Weld Condition

A. As welded, ̂-:-*- j.gl as-forged surfaces.are permined, provided the surface ofwelds are sufli<
valleys. 

llenuy tlee torm coarse ripples, overlaps and abrupt ridges and

B. Cracks or other linear indications are unacceptable.

C. Porosity open to the surface is unacceptable.
'D. 

Undercut shall not exceed t/32- in. deptl.

E' weld reinforcement on air butt werds may be flush with rhe surface or may have acrown up to l/8" max.

SPECIFICATION
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l . t '=* l
OVERLAP

CR{TERS
All craters shall be filled to the full cross secrion of the weld.

CRACKS
Welds shall have no cracks. When cracks are observed visually,
complelely removed and re-welded. Refer to repair procedure.

LIGO VISUAL INSPECTION PROCEDT'RE

l/4t

the crack shall be

F' concavity on the root si ,e.of a.singre side welded circumfer-cntiar bun werd ispermined when the resurting. tri"li.t'.si- oi n"-i-.,o ts at Icast cqr:ar to trrethickness of the rhinn_er,merib"j ;; tlr; ,iuofil i..,,on, being join_ed and rhecontour of the concaviry is smooth.

G. Offser of final bun welded joint shall not tre grearer than rhe followine:
Nominal Wall Maximum Offset, in. (mrn)

0.060" Thru 0.500*

. Nore: t is the nominal thickness ofthe rhinner section ofthejoint.

H' Any offset within the arowabre tolerance sha' be flared at a three ro one tap€rover rhe widrh of the finished weld, or if necessary, by adding addirionJ weldmeal beyond what would otherwise be the edge of rhe weld.

2.4.4 Examples Of Conditions That Are Unacceptable.

OVERLAP
Welds shall be free from overlap.

SPECIFICATION
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o R E  I N F O R C E M E N T

. LIGO VISUAL INSPECTION PROCEDURE

lsliAc'txcLusIor.rs'
. welds ha-ving slag incJusions rarger than 3/32', are unacccptabre. AIso rmacccplabre are

n#$r:"rt#clusions 
when rle sum of their gr*rcrr li*"*ion excccds y'8";;;

INCOMPLETE FUSION
Acceptability requirements are the same as $rose for srag incrusions.

MISALIGNMENT AI\ID WARPING
Tolerances shall be within rhe. drawing torerarces goveming the work. ASME sectionvIII allows a maximum misarignment of riq" rrr. tiicr,".ss of thc thinner section ar thejoint for thickness ro tD".

CONVEXITY FILLET
convexiry shall nor exceed 0.r s + 0.03", where S is the size ofthe filrer werd in inches.

COnrvEx tTy

COM/EXITY, GROOVE WELDS
Reinforcement to be r/8" max, and shalr have a graduar transition to fre prane of the basemetal surface when the thirurer base meul is less than l/2,, thick.

SPECIFICATION



LIGO I'ISUAL INSPECTION PROCEDURE

INSUFFICIENT THROAT, FILLETS
The throat shall not be under an imaginary profile line dnwn form each teg end.

THFo^T

I N S U F F I C I E N T

THtrOAT

INSUFFICIENT THROAT, GROOVE WELDS
The weld shall be slightly convex.

N S U F F I C I E N T
THROAT

INSUFFICIENT LEG
The leg dimension ofa filret weld shafi not be ress than tlre rhickness of the lighrer of thetwo sections being welded, providing configurations allow this.

I N S U F F I C I E M T

LEG

SPECIFICATION



-irlc: SPECIFICATTON FOR BLACK LIGHT INSpECTION PROCEDURE

SPECIFICATION FOR

BIJ\CK LIGTIT INSPECTION PROCEDT'RE

!;i::; FoR
' ' 
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SPECIFICATION FOR BLIICK LIGHT INSPECTTON PROCEDURE

SPECIFTCATION TASLE OF CONTENTS

.:.-:' '--.

.. . t.U rurPosc

2.0 Ccneral

3.0 Rcsponsibilities

4.0 Procrdnrc

5,0 RcquiredDocrmentation

PLT,POSE

This-specification covers the pro_cedure to bc used for black light iaspections ofvessetsand components cleaned for the LIGO vacuum system.

2.0 GE]\-ERAI

2'1 -ctgr slarrl -fe rrroq:* by - engine-er, technician or shop worker famiriar wirrr thisprocedure and tl)e manual tor use of the ultraviolet lamu.

2.2 Inspection shall be done in a darkened area.

2.3 A 100 watt ultravioler lamp with a wavetcagth of 365 nm shall bc used.

1.0

3.0

3.1

32

RESPONSIBILITIES

_ctg"q shall!e perforr.ngd by an cngineer, rlchnician or shop worker farniriar with thisprocedure and the manual lbr use oft}e ultraviolet lamp.

This procedure shall bc maintained and modified as rcquired by thc cognizant engine,ct

SPECIFICATION
llumbrr -

A V0{9-2-t30
?lee -?- of



SPECINCANON FOR BLACK LTGHT TNSPECTTON PROCEDURE

1.0

4.t

42

4,3.  .

4.4

Thc opcrator shall snta rhe &rl,cned arca and ailow 2.3 niu.ucs for his eyes to dspt torhe low lieht levcl.

'Inspecr *re clear:ed'iiifa$s,_holding the lamp g-12 inches fiom the srrfacc. Be carcful todistinguish between ulravioler fluor:rsccn., fua,.OicrJi piryr, *jUji U*r. 
- ---'- "

Record the description and locuion ofany detccted coataniration and issuc aurscrepancy Kepod.

PROCEDURE

Tr:ra on the lamp and altow it to u,arm up for 3-5 miauas.

REQUIR.ED DOCUMENTATION

Irspection results shall be recorded on tle component cteating data sheet.

5.0

SPECIFICATION
llu6b.r -

A V0{9-2-r30



Title: SPECIFICATION FOR SITE pIpINc CLEANING PROCEDURX

SPECIFICATION FOR

SITE PIPING CLEANING PROCEDURE

FOR

, . LIGOVACUUMEQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAI DIRECTOR:

PROJECTMANAGER:
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SPECIFICATION FOR STTE PIPING CLEANING PROCEDURE

SPECIFICATION TABLE OF CONTENTS

1.0
. , n

J - U

4.0

Purpose

General

Responsibilities

Procedure

1.0 PURPOSE

ITr;rgi::nl"r?:i:il". minimum requirements for rhe on_site cleaning of piping for

GENERAL

Y::"-"1 piping is bor.rghr in u,-:I._.,u,n ,11,. (white pickJed) and is prespooled at pSI.r. heretore, tull site cleaning should not ".*.ltyi. ,-#riif .

y6r#**'* spoots shalt not be unsealed unril rhe end is protected by a Class 100

U_tility piping shall be cleaned by.by a procedure submitted by the site installationcontractor and approved by tne ouyer

RESPONSIBILITIES

9lT"t shall be performed by contractor personner farniriar with this procedure and thecleanng area systems and equlpmenr.

This procedure shall be maintained aad modified as required by the cognizantengineer.

PROCEDURE

Before installing a piping spoor, the exterior sha, be wiped with a crean, rint-free croth.

:,t3#:"t*, 
be installed in sections, with the open end protected by a Class 100

*f::::T:l*t* 
of inscallation of a run of piping, it shau be btown our wirh crean, dry

7 n

2 l

3.0

t,.,
3.2

4.0

t l

.+ -t

SPECIFICATION
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SPECIFICATION FOR SITE PIPTTG CLEANING PROCEDURE

14'4 Ifafter testins the oioing proves to require recreaning, it shal be removed off-site to be| flushed with Fot witlr and deterg-ent(Oakite Ld;-ti*" 1300), flushed with city waterI for 5 minutes, and flushed with D'f ilter F;; i#;-ut!;.

SPECIFICATION
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SPECIFICATION FOR SITE VAC. SUMACE RECLEAI\IING PROC.

SPECIFICATION TABLE OF CONTENTS

1.0 Purpose

2.0 General

.'3.0 . Responsibilities

4.0 Procedure

1.0

2.0

PURPOSE

This specification covers_ the_ mi-niqrum requirements for the on-site recleaning ofvacuum
surfaces ofcomponens for the LIGO vacu-um syslem, should it prove to be riquired.

GENERAI

com.ponents are fully cleaned at PSI. Therefore, full site cleariing should not normally be
required.

RESPONSIBILITIES

cleaning shall be performed by an engineer, technician or shop worker familiar with this
procedure and the cleaning systems and equipment.

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

PROCEDURE

Should small areas of contamination need to be recleaned, they shall be cleaaed by use of
a CO2 cleaning system. A vacuum vent system shall be used io remove the CO2 gas and
aly entrained contaminants from the vesse.l being cleaned.

If major areas are contaminated, the component shall be removed off-site to be pressure
washed with a detergent, rinsed with citywater, and rinsed rlvith DI water. Theje
operations shall be completed in accordance wirh pSI Specification V049-2-095. The
componen! shall be closed and packaged in a Class 100 cleanroom.

3.0

4.0

SPECIFICATION
Hurnbor -

A vo49-2-r32
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TItIe: SPECIF]CAT]ON FOR FOR RESIDUAL GAs A}IALYZER (RGA) CALIBRATIoN

SPECIFICATION
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2.0
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4.0

5.0
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TABLEOFCONTENTS
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t.0

Trtle: SPECIFICATjON FOR FOR RESIDU{ cAS ANALYZER GA CALIBRATION

PURPOSE
:

The purpose of this documcat is to define s system and groccdurc to be uscd for the
calibration of a rcsidr:al gas analrzer (RGA) or ion gauge to iMST raccable srandard.

GENERAL
!  . . t  . .  - . ' .

Itrs procedure spplies to the caiibration of quadrupole rna<s sp€ctometec with clecton
multipliers such as rhe Balzers QMS 200. This procedrue is wed to detenniue RGA
sensitivities for various gasses. As a mfurimum the following gasses should be used: lI2,
He' cH4, 

lt2, 
At' 

993. 
Gas selsitivities will be determiDed in the Faraday c'p mode for

pressurEs qt*To lol ana 10{ Torr ard in rhe electon multiplier mode foi prcssures
between l0'and 10'Ton. A capacirance Manometer Gauge (CMc) wiil be used as tbe
MST raceable standad for this procedure.

This procedure is to be used for factory and field tesring programs. In general, calibration
is to be performed whenever the RGA has been exposed io tbe atmosphere or if the receut
operating "history" of the RGA is unknown and the calibration is thus suspect.

REFERENCE DOCUMENTS

operating s141rrals for: Balzers QMS2OO RGA, MKs Baraton capacitance Manometer,
Granville Philips Stabil lon Gauge, Edwards Vacuum pumps, Varian Ion pr:mp.

PSI Specification V049-2-014, LEAK CHECK PLAN FOR LIGO VACULJIVI
EQUIPMENT.

RESPONSIBILITY

This procedure is applicable to PSI personnel. the calibration will be performed by rhe
assigned tesr engineer. calibration records will bc maintained by rire pSI QA deparuninr.

2.0

3.0

4.0

SPECIFICATION
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BASIC CAIIBRATION METHOD; RGA IN FARADAY CUP MOD;

Pressure rcadings fiom the stabir Ion gauge and ion c'rrent rcadings fioo trrc RGA in the
I=O"t mode,are compared to pr.rrur. r"dings fiom the MKS Barabon C.p*irao",
Manometer cauge (cMc) il rhe presure range of l0{ to l0'5 Ton for each gas ipccies.

Prcssure conection curves for each gas species ,sed wil &en be deveroped for the stabil
Ion Gauge.

sensitivities factors (forr/A:np) for each gas species used will then be dwcloped for the
QMS 200 RGA in the Faraday mode.

LIIiEARITY CIIECK usiug calibrared leak

To check linearitv of the RGs the high vacuur:o range beJow r0{ Torr, the purnping
speed needs to be determined. The check wilr be carried out using nitogea "s tt. g*.'tt"
pump speed is determined in the pressure range 5X10a Torr to sxro" r# *hg
calibrated leak and the baraton. 

- The RGA readtg is compared at a lower presswe using
a smaller calibrated leak and tre determined pump speed foinitogen.

6.0 BASIC CAIIBRATION METHOD; RcA IN ELECTRON MULTIPLIER
MODE

Ion cunent readings from the RGA in the electon multiplier mode will be compared ro
llTr*:::#ines 

fiom.rhe calibrared Stabil lon gauge (see above) in the pressure range
ru to l0 - I orr lor each gas species.

sensitivities factors (ron/Amp) for each gas species used will then be devetoped for the
QMS 200 RGA in rie elecrron multiplier mode.

LINEARITY CHECK using catibrared leak

To cbeck linearity of the RGA in the high vacuum range berow l0r Ton, the pumping
speed needs to be determined. The check will be carried out using nirogen as the gas. Thi
pump speed is determined in the pressure range 5xl0{ Ton to sxt o'5 roir usug
calibrated leak and the baratron. The RGA reating is compared at a lowcr pressure usini
a smaller calibrated leal< and the determined pump speed foinitogen.

5.0

TilIeI SPECIFICATION FoR FoR RESIDUAI GAs ANAIYZER (RGA) CALIBRATIoN

SPECIFICATION
Number: V049-2-137
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Title: SPECIFICATION FOR FOR RESIDUAI GAS ANALYZER (RGA) CALIBMTION

RGA CALIBRA.TION ACCURACY
,_

The contribution of the uncertainty in accuracy for tbe primary and sccondary calibration
standards are currcndy cstimates until a morc accurate nurnbcr is obtaiocd fom tbe
instrumeDt vcndor.

Subil Ion gaugc;assumes linear behaviour ftom 1xl0{ Ton to txlOa Torr.
Uncertaiatv
5rl0's To;

UncertriDty
lrt0{ Tor

Uncertainty
lrl0{ To;

PRIMAR A}iD 3% cstimate
CALIBRA
2nd

N STAIID 3%
D\I

or

CAPACIT 2%
MA}iOMETER
STABIL ION UGE 6%

correclion
TOTAI: 8.7%

SRG: Spinning Rotor Gauge
D$T: Dead Weight Tester

SPECIFICATION
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rile SPECIFICATION FOR STRUCTURAL STEEL FABRICATION AI\D
PAINTING

1.0

1 .1

SCOPE

Furnish and fabricate, structural carbon steel in accordance with attached drawinss
specification. In the event of conJlict between referenced specifications]
requirements herein, these requirements shall take precedence.

Structural steel on rhe prgject will primarily consist of support structures, equipment, and
miscellaneous items. AII carbon sieel will be shop and liriish coat paint (se-e Section 9.0
for requirements) by the fabricator.

Bidding Instructions

1.3.1 Responses to this inquiry shall be as per attached Instructions to Bidders.

Anachments

1.4.1 Drawings as deiineated.

DEFINITIONS

The following terms used in this specification shall be understood to mean:

2.1.1 Engineer - refers to Process Systems Intemational, Inc. (PSD

2.1.2 Fabricator - The corporation, partnership, or individual committed to fumish steel
in accordance with this specification.

and
and

t .2

i .3

1 A

2.0

2.1

3.0 GENERAL

3.1 The fabricator shall furnish as specified, all material and deliver struchral and
miscellaaeous steel such as, but not fimited to, columns, beams, bracing and all essential
clips, gussets, and separators, as shown on contract drawings.

3.2 Substitutions of specified member size or change in details or dimensions of any kind
shall not be permined without the prior wrinin approval of the engineer. Written
proposals for iubstirutions of steel members in place 6f rhose specified riay be submitted
lor consideration only ifspecified sizes are not ieadiiy availabld.

3.3 Questions regarding this specification or discrepancies and conflicts between this
specification and drawings and the referenced specifications and codes shall be referred to
the engineer for resoluilon.

3.4 Shop and erection drawings shall be submitted to the engineer for review and approval
prior to starting work. A minimum of 10 working days shall be allowed for drawing
revlew.

SPECIFICATION
NumberA V04g-Z-139



I 4.0 APPLICASLEPUBLICATIONS

4.1 The latest edirions 
t*:_Tll*r.C.,specification, code-s, and standards, includingrevisions and suporements in effect uithJ time oi ur*a of the contract for the work of

ff: #::,,ff*H:^form 
a pan "iG-;fii"";# ii tLi. .,tii"ti-i,1.?pX,iJak"a uy

4.1 .1 American Institute of Steel Construction (AISC)

1. Manual of Steel Construction, including the following:

a. fpecificlugn .f9r _!r9 .Design, Fabrication, and Erection ofSrucnual Steel for Buildings 
-

b. Code of Srandard practice for Steel Buildings and Bridges
c. Specification for Structural Joints using ASTM A32S or '4.490bolts

d. AISC eualigv Certifrcation program

2. Structural SteeJ Detailing Maaual

4.1.2 American Sociefy for Testing aad Materials (ASTM)

l. ASTM 4.36 Standard Specification for Structual Steel

2' ASTM A53 srandard specification for werded and seamless steel pipe

3. ASTM ,{307 Standard Specificatioa for Carbon Steel Extemally andInrernally Threaded Sraadaid F.*";;;;

4. ASTM A325 Standard Specification for High-strength Bolts for Stuch'alSteel Joints

5. ASTM A1?g-S"rgagA Specificarion for euenched and Tempered AiloySteel Bolts for Stucrural iteel

6. ASTM Ai00 St3ndg^d Specification for Cold_Formed Welded andSeanrless Carbor Steel st "it"r.r iriirg i" R;A;;.iih"pJ'"*"
7. ASTM Aiql S:p+j Specification for Hot_Fomred Welded andSeamless Carbon Steel Sm.i*uf fuiing

8. ASTM .4563 Standard Specification for Carbon and Alloy Steel Nuts
9. ASTM El65 Recommended practice for Liquid penetrant Inspections
10. ASTM F436 Standard Specification for Hardened Steel Washers

CATION FOR STRUCTURAL STEEL FABRICATIONAND

SPECIFICATION
umbetA 
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SPECIFICATION FOR STRUCTURAI, STEEL FABRICATION AIYD
P{NTING

4.1.3 American Welding Socier.v (AWS)

1. D1.1 Strucrural Welding Code

4.1.4 Sreel Strucures Painting Council (SSpC)

1. SSPC-SP6 Commercial Blast Cleanine

5.0 MATERIAL

5'1 All material shall be of domestic origin or from canad4 Germany or Japan.

5.2 carbon steel structural steel shapes, plates, and bars shall conform to ASTM ,436.

5.3 Steel pipe shall conform to ASTM A5 j, Grade B.

5.4 structural steel rubing shall conform ro ASTM 4500, Grade B or ASTM A501.

5.5 High-strengh bolts shall conform to ASTM A325, Type 1. Hot forged bolts will not be
rrem itt.J

5.6 N'uts shall conform to ASTM 4563 for the recommended grade and style and the
Supplementary Requirements S 1.

5.7 Washers shall conform to ASTM F436.

5.8 Common bolts shall conform to ASTM A307, Grade A.

5.9 weldable steel st'd connectors shall be of the automatic-end-weld type conforming to
AWS 1.1 .

5 10 !!in.le1s sieel shapes shall conform ro AsrM A479 G.304; srrucrural tubing to ASTM
.4554 Gr. 304; plaie to ASTM 4'240 Gr. 304.

5' 1 1 certified material test reports (cMTfu) for structural steel shall be provided to the
engineer prior to the start of fabrication. 

'

6.0 FABRICATION

6.1 shop fabricated structuml steel shall be assembied into units as large as possible
consistent with shipping limitations.

6.2 w94,"tq*hip and fabrication shall be in accordance with the referenced AISC
pubhcations excepr as specifically modified by this specification.

SPECIFICATION
NumberA V049_2_1.3g
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Tit|e SPEctFIcATIoN FoR STRUCTURAT STEEL FABRICATIoN AND

o.J

6.2.1 Materials shall have clean surfaces before fabricating. Joint surfaces, including
those adjocent to washers, shail be free of dirt, Ioose !.ur., uuni, oi otir;e.-i;G
that would prevent solid seating ofall parts.

6.2.2 Fabricated members shall be ftee of twists, bends, or loose joiats.

6-2.3 Bolt holes shall be. drilled or punched to locations l/16 inch larger than the
nominal diamerer of bolt.unless otherwise specified on the desiel d'r;wings. 

-if

the thickness of the m_aterial is $eater than tle nominal diameter-of the uoiipr*
1/8 inch, the holes shall be drilled or sub-punched ard reamed. p''ott i" noi.'rii.
or location shall be cause for rejection.

6-2.4 column baseplates exceeding 15116 inch in thickness shall be thermal cut by
machine to the size specified.

6.2.5 Welding shall be in accordarce with AWS D1.1

1. welders. tackers, and werding operators shafl hold curent cenification in
accordance wirh AWS D I.l to perform the tvpe of welding required.

2. The. technique of welding employed, rhe appearance and qualiq, of welds
made, and methods used in iorrecting deGctive work sliarl c'onforrn to
AWS D1.1 .

3. Except for stud connectors, welds shalr be either by manual shielded
metal-arc weldin_e, submerged arc welding, or flur iored are welding
processes. Elecuodes shall conform rc aJVS or A5.5, E70 series, io?
manuai shielded metal-arc weldine. For submereed arc weldins.
electrodes and gra.nular flux shall "?nfo.m to AWS 

-S. 
i Z, FZX-fuOi

classification. For flur cored arc welding, electrodes ana flux strati
conform to AWS A5.20. E70 T-X series.

4- Tack'a'elds which are not incorporated into the final weld and inadvertent
arc strikes shall be removed andground smooth.

5. welds run-off tabs shall be cut off and sround smooth at the ends of the
finished member.

6. Stud connectors shall be installed in accordance with and meet the
requirements of AWS Dl.1.

wle.n figld welding is specified on the engineer's drawings, the fabricator shail fumish
iulo lnstal surtable erectlon supports, subject to approval by the engineer, for erecting and
welding of field connections.

Dimensional tolerances as shown on the pSI drawings are to be adhered to. Multiple
assemblies made from the same drawing are to be imerihangeable during neta erectioni

o.4
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SPECIFICATION F'OR STRUCTURAL STEEL FABRICATION Ai\D
PAINTING

7.0
1 .1

7.2

SCHEDT]LE
See Altachment 'ts" for assembly quantities and delivery schedule.

All of the above
Massachusetts).

shail be shipped to the Buya directly (Westborougll

INSPECTION A}[D TESTING8.0

8 . 1

8.2

The engineer, owner or his representative reserves the right to make reviews. insoection
or tests of the work included in this specification at tifies that he deems i"""i."vlJ
maintain. schedule or quality. The fabricator shall provide cooperation and assistance ivith
zuch rel'lewg mspecuons, or tests as the engineer may require.

The fabricator strall perform-a 100% dimensional and visual inspection of all welds on each
asembly. AII dimesions shall be within established tolerances.' All welds shall be free of
splatter, slag, undercut,. overlap and shall meet the requirements specified in AWS-Dl.i.
Reports on the above shall be provided,with each shipinent upon receipt at psl At psl,
the reports and the assembly will be verified during reieipt insfection.

A cenillate of compliance. shall be furnished to the Buyer stating that the requirements of
the applicable drawings and this specification have been met.

8.3

9.0

9 .1

PAINTING

Fabricated parts shall be spray painted by the fabricator with one (1) prime coat and one
(1) finish coat of rhurmalox 260 self priming heat resistant coating manufactured by
Dampney Co., Everett, Ma. in accordance with the marufacturers' recommendation.

Surface Preparation.
Fabricator shall sand blast all exposed surfaces in accordance with SSpC-Sp-6.

9.1.2 Prime coat:Thurmalox 260 prime coat shall be applied to a dry film thickness of z.o- 2.5
mils.

9-1.3 Finish coat;Thurmalox 260 finish coat shall be applied to a dry fhn thickness of 2.0- 2.5
mils.

9.1.4 Total film thickness: 4.0-5.0 mils.

9.1. 5 Color:Thurmalox 1-07 "Spring Gray".

It

10. PIECE MARKING

Each fabricated part is to be taeged with a part number consistine ofthe drawine number
and a "P" number. The part number will be-shown on the pSI assimbly drawingsi

SPECIFICATION
Number A V049_2_13
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SPE CIFICATION FOR TE-PW

1.0 SCOPE/GENERAL

1'1 This document outlines method-s and procedures for the fabrication and installation ofinsularion systems which are defined ui folo*i, 
- ^-

Cold Insulation - Polfsocyanurate foam
(-)3200F ro 3000F

Hot/Cold - Polyisocyanurate foam
Insulation for outer Layer, Fibergrass Branket for Irurer Layer (-)320b to 350h

1.2 All material shall be suitable for continuous outdoor and indoor service.

Ambient Temperature:
Relative Humidity:

1.3 Insulation identification can be determined from the fo owing regend:

Insulation Classes

C = Cold Conservation
HC : Hot/Cold Conservation
PC = Personnel Protection Cold
PH = Personnel Protection Hot

1.4 The extent of surfaces to be insurated sha 

 

be defined by one or more ofthe following:

Piping and Instrumentation Diagrams
General piping Isometrics Arrangement Drawings
This Specification

l 5 
l1,i11',::l.l:_O:ping;.insutation shall be appiied to all pipe nipptes, fittings, flanges,uruons, valves and projections tkough the baie insulation'u'nless'otherwise n"oted.

1.6 SPECIFICATIONCOMPLIANCE

The equioment shall comply with. any drawings, data sheets, standards, codes andspecifiiations referred to bi. attached'a; il;{, rhis specification. Ary applicablenational,.state, or locar codes or r.gur.ionr-in.ri-u-;:."',iif"i.a "r"iunf""i.tru,specification Th. y,"lg9t. ir '"spo'nsi6ie ioi".".fri"*i,:'*itn r*ri-ri"i'l*ar,specifications, codes and requirementi.

10h to loooF
50 to 100%

SPECIFICATION
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Tit le: SPECIFICATION FOR TMRMAL INSULATION - PPIN

2.i I{ATERLALS

Acceptable insulation materials are listed in Paragraph 5.5 of this specification. Vendor may
quote equivalent materials. However, all ''equivalerit', materials must be approved by the 

'

Purchaser prior to use.

3,0 THICKNESS OF INSULATION

Insulation thickness shall be as designated on the Piping and Instrumentation Diagrams.

Any discrepancies shall be brought to the attention ofPSI for resolution. The other documents
provided are for arrangement and dimension information.

4.1 Special Insulation Codes

FP3 l" Fiberelass inner
2" Polyiiocyanurate outer

Fl.5 I l/2" Fiberelass

4.0 INSTALLATION

4.1 GENERAI

1. The attached iilustrations are included as a euide for fabrication and installation
of insulation systems.

2 Insulating materials shall be protected from moisture at all times.

3. All insulation shall be installed butted together.

4. Insulation showing any evidence ofmoisfure shall be rejected.

5. Insulation shall not be applied to any surface where there is any evidence of
moisture or frost.

6. All material applied in one day shall have the vapor barrier applied in the same
day. Exposed ends shall be temporarily protected by extending the vapor
barrier over the exposed ends and onto the bare pipe or equipment.

7. All outer surfaces of insulation shall be covered with a continuous vapor
barrier-

8. There shall be no discontinuities in the Vaoor banier.

SPECIFICATION
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Tit le: SPECIFICATION FOR TEEMEIffi

9. Plastic pipejacketing shall be installed as the final covering on the insulation.

i a VAI\ES, FLANGES, AND PIPE FITTINGS

a. Valves and flanges shall be insulated to provide coverings that can be removed
easily without destroying the covering' or the pipe iniuration *a 

-iiJ-ripii

barrier. Pipe insulation shail extend to-the flang'ebr valve and.hn;;;il;;
sealed against the_ pipe. Insuration shal be 6eveled so tttat uoG-,nuv't'e
removecl wthout damage to adjacent insulation. Insulation thickness shall be
egual to the pipe insura-tion thi;kness where crearances are soffcieni. 

-wheie

clearances are inadequate, the insulation may be trimmed as required.

h 
Y-4:I:T:,ol-!goC.:uc valves shall be insulared half way between the pipe
centerline and packing flange.

PIPE SUPPORTS

Biping shall be.insulated in a normal manner.around supports except when an attached
figur.e i9 supplied to indicate more exlensive appricaiion or insirlation b;il".t'li
required.

N4ATERIALS DES CRIPTION

A]l materials must compry with- the folrowing requirements. caution shall be
exercised in job.site storage and handling to-assuie that the completea-svst.,
will be. dry, mechanica[y. sound and meei arl requirements or tr,is'speiin"luiion.
Defective materials shaiI be replaced.

4.4.1 Preformed Section 2 lb/cu. ft. polrvisoc.vanurglle

Acceptable Materials:

a. Dow Trymer 2000 or pSI approved equal.

4.4.2 Preformed SectionFiberelass

Acceptable Material:
Owens Corning SSL-II pipe Insulation

4.4.3 Joint Sealant and Vaoor Stoo Mastic

Acceptable Material:

a. B.F. 95-44 Elastolar Sealanl manufactured by H.B. Fuller Company,
Foster Division, Houston, Texas. To be prlrchasea in Uottr o?liii
following contalner slzes:

. t_J

SPECIFICATION
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Title: SPECIFICATION FOR TEERMAL INSULATION - PIPING

4.4.8 1 PCF Fiberglass Blanket

5 gallon containers - for trower
1 1 fluid ounce tubes - for hand caulking guns

b. Dow Coming Silastic 736 or approved equal.

c. Pittseal 111, manufactured by Pittsburgh Corning Corporation.

d. Foamseal 30-45, manufactured by Foster Division of Amchem.

e. S-31 Sealant, manufactured by Mastics and Adhesives Company.

4.4.4 Filament Taoe I " Wide Rolls

' Acceptable Material:

a. 3-M Scotch Brand Filament Tape No. 898 manufactured by Minnesota
Mning and Manufacturing Company.

b. Mystic Tape No. 6491, manufacturing by Mastik Tape, Division of
Borden Chemicals, Borden, Inc., Northfield, Illinois.

4.4.5 Membrane

Polyester fabric cloth having an 8 x 8 or similar size weave pattern. Glass cloth
is not suitable for use with the B.F. 60-30 vapor barrier mastic.

Acceptable Material:

MAST-A-FAB, polyester fabric, 8 x 8 weave pattern. Manufacture by Foster
Division of Amchem Products.

4.4.6 Vaoor Barrier Mastic

Acceptable Material:

a. B.F. 60-30 (dark brown - trowel grade) manulactured by H.B. Fuller
Company, Foster Products Division.

b. Rust-Ban Vapalon FR manufactured by Matcole Company, Inc.

c. Elastometric Coating EC-26 manufactured by Mastics and Adhesives
Company

4.4.7 3 PCF Fiberglass Blanket

Industrial glass blanket without backing 3 lb/cu. foot density, l" thick or as
reoulreo.

SPECIFICATION
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Tide: SPECIFICATION FOR

Induslrial glass blanket without bachng, l rb/cu. foot density, l/2" thick (to fill
voids).

4.4.9 Tie Wire

16 gauge, soft annealed galvanized wire.

4.4.10 Plastic Pioe Jacketing

" lll_r-q. 
pipe jacketing shall be Zeston 2000 pVC (white) or approved

eoual-

b. Jacketing form and thickness to be used shall be as follows:
' 

1. Piping - 0.03" cut and curled.

2. Finings -0.03', preformed.

3. Jacket bonding adhesive shall be perma_bond solvent welding
adhesive, or approved equal

SPECIFICATION
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Title: SPECIFTCATION FOR TMRMAL INSIJLATION - PIPING

ATIACHMENTA

COLD INSULATION - IIJUSTRATIONS

TABLE OF CONTENTS

TYPICAL PIPING INSULATION COLD SERVICE

FIGIIRE B-1 POLYISOCYA}.IT.IRA'TE INSULATION. TYPICAL PIPE SECTION

FIGI,'RE B-2 POLYISOCYANURA'TE INSULAIfON - EXPANSION JOINT

FIGTIRE B-3 POLUSOCYANT]RATE INSULATION . ELBOW

FIGIJRE B-4 POLYISOCYANURATE INSULATION - FLANGE

FIGI'RE 8.5 POLI'ISOCYANURA.TE INSULATION - VALVE

FIGURE 8-6 POLYISOCYANLIRATE INSI.ILATION. EXIENDED STEM VALVE

FIGIIREB-TPOLYISOCYANUX^-TEINSLI,ATION.FILTER

FIGIJRE Cl SAME AS 81 WITHFIBERGLASS INNERLAYER

FIGURE C2 SAME AS 82 W]THFIBERGLASS INNERLAYER

FIGURE C3 SAME AS B3 WITH FIBERGLASS INNER LAYER

FIGIJRE C4 SAME AS 84 WITHFIBERGLASS INNERLA\€R

FIGURE C5 SAME AS B5 WITHFIBERGLASS INNERLAYER

FIGI-IRE C6 SAME AS 86 WITHFIBERGLASS INNERLAYER

FIGURE DI FIBERGLASS INSULATION TYPICAL PIPE SECTION

FIGURE D2 FIBERGLASS INSULATION ELBOW

FIGIJRE D3 FIBERGLASS INSULATION EXIENDED STEM VAIVE

FIGIIRE D3 INSI.ILATION. TI"ICAL PIPE SIIPPORT
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F I G U R E  E - 1

POLYISOCYANUR]ATE INSIILAT ION - TYP ICA]' PIPE SECTION

AAAAAA
t 1

t 1 l Polvi  socvanurate
Jo i i t  se i l an t  and
Vapor  S top  l l as t i c
F i  I  e n o n i  T : n o

Vapor  Ba r r i e i  l { as i i c
PtasrtC P"Ff TAC^F1-

Uee  g i re  to  secu re  i nne r
laye rs  l nd  taPe  to  Eecu re
ou te r  l aye rs  o f  i ns  u l  a t  i  on .
Use  a  u in ioua r  o f  3  v raPs  Pe t
seg ioen t .  Ove r laP  tape  ends
5o t  o f  p ipe  c i r cu -c . f  e rence .

[ 4
t <

I oL o l
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SPECIFICATION FOR THERMAL INSULATION - PIPING
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' I G I ' R E  B - 3
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SPECIFICATION FOR THERMAL INSULATION. PIPING
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SPECTFICATION FOR THERMAL INSULATION - PIPING

' I G U R '  B -  5

POLY 1 S OCY3NURATE --.:L!|5-q]'AJLUI.]!-TAIISE
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l l P r  l n t e l r l l s n

Po 1yi s ocYanurate
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l r3 l  s rL rcoNE SEALI ) :T

EXTEND JOI} IT SEAIANT LTI  D VAPOR STOP XAST]C IJ ID GI .^SS CLOTH

SEVERAL INCHES PAST THE INSUI}T]ON AND ONTO THE VTLVX BO}�T. :T TC

ASSIJRI THAT A GOOD VAPOR STOP IS FOR}'IED.

2.  ]NSUI.ATION ?O BE INSTALLED IN T1, ;O H}LVES '  VAPOR SEALED TCA:NST

P I P E  J A C X . E T ,  B O N N E T ,  E T C .

SPECIFICATION
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SPECIFICATION FOR THERMAL INSULATION. PIPING
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SPECIFICATION FOR THERMAL IN.SI]LATION - PIPING
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SPBCTTTCINON FOR THERMAL INSULATION ' PIPING
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SPECIFICATION FOR THERMAL INSULATION - PIPING
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.. CONFLA'T FLANGE ASSEII'{BLY PROCIDURE
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t.0

a0

CONFLAT FUT{GE ASSEMBLY PROCEDIJRE

PIJRPOSE

This proccdr:re contols tbe final rssr:mbly of coaflat f,anges.

GENERAL

Alt coallat flanle: shdl be asscmblcd in class t00 clcarrooms afitr thc comPotrcot
d.c. BSC. Hafi. door) has b€€n 6r:al clcancd. Hardling and asscmbly rhould bc
ione wcari-ns chan room clothbg and Eloves. Tbc &nifc cdges of cach flange
should bc car-efuJly iupected for niik or othrr dernage whicb migbt causc lcaks-

Marenals Req'd: (,ref FOlvfl

New coppcr gaskct

SST bolts

Silicon bronze otrts

SST washErs (2 per bolt)

Appropriate torque wrcnch

Recommended Torque

2 3/4"OD = l6 ft-lbs ( 192 in-lbs )
3 3/8" OD thru 16 12" OD = 26 ftJbs ( 312 in'lbs )

RESPONSIBILITIES

The manufactr.ring group aad the site coEtractors are respoosible for installation of
conJlats.

PSI Q.A. is reqporsible for monitoring that proccdurcs arc bcing followe.d'

PROCEDURE

Initial Assembly:

washen should be used under cach bolt head and each out. It is critical that the
.."r*- 

-*:"it 
.i-be properly positioned bctwccn the ttangcs' When pogctly

poliUonJa.the gasket ii captured in a close tolerance groove formed,by EucrlD€o
i.c.sses in iach-of the mating llanges. With the gaskct plgP.crly.pgslugncd End tbe
UotG fri.t tiehr, a uniforr;' gap of approxim ately lR2)' is visiblc bctwcea thc
n-ges. I-"itiAissembly is comiplea whln all bolts irc fuger tight'

p
3.0

4.0

4.1

o
I

SPECIFICATION
fiun$.rA V0l9-2-t6E



COMLAT FLANGE ASSETfiLY PROCEDTTRE

12 Torqueiag:

Bolt tighrcaing- is to be done in a cross-flange " trgl pancm" The rccoonendcd
final toreue vatucs are rno*olo-,]|-J.O "&"c. ni Uotrs shoutd. p tolgucd .in
li$Ziir,'#.*E-t-; t bli t l.N"tr'-tr O. copp6 gaska yiclds drdlg the
t"?ii,'"fii-'Jii"**', Uottt n.i [Jme toosc, thiiis aornal rnd-the torqucing
;:r1;;*"5tffiJi-*iti*--A o. rcconmcodid torguc valuc is rcachcd

23l4"OD

3 3/8"-1612"OD

4 iJbs

7 ff-lbs

t ff-lbs

13 ff-lbs

Table I

12 ftJbs

20 ft-lbs

16 fflbs

26 ft-lbs

4.3

5.0

Fin:l 16;qu. 96o1'

Tbe last step in thc bolt tightening proceduE is a fiml- torguc chetk done in a

;.i"ui;ii}ifroi i,,id;;*d &?'6s;-1il t'o55-n'"si'star" pattern is oot
reci"itea for the final torque check.

TAGGING

Afier the final torque check has been done, the asscmbled-flanged joint O,:Id-I
;;;i';'A-"-ia6"i i"aic"tiog the date of assembly, fnd torque value' ano
''EE'11;:;'sL;;tu;.--rl.-S.t 

r ug-;di be anac6d to each-conflat with a

staidess steel wire.

o SpeclrlcATloN
A v04e-2-168

clL-
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o Tilh O.RING INSTALLATION AI{D trI.^IIGE ASSEI'BLY
PROCEDURE

PURPOSE

This procrdr:re cottols tbc fiul
vacuuoc equipmcol

GE}TERAL

instsllatioa of viton orings nd lhagcs oa

Installation of tbc +,rings should bc donc in class 100 ctean -rooo arcas. Itndling
a"a-arr.roUtv ihbdd ,IB done wcaring thc appmpriate clcan room qmtcctivg
stsrhing and ilaan $ovcs. Thc vcsscl rasrivin�g tbe o-rings should b. clcan llrd
dry.

The o-rine Eooves and mating flat facr flalge sbould bc ilsPccted for local
coni,mi''aiio-o includi.og dirt, watet, metai cbips, dctergeot or wasbing Proc€ss
residue ctc.

( m l  C l p a n i n o
!larJ-14,e*at

spot cteanins of small local dirty areas (such as the bottom of the ering groove)
r'"y'* a-""ii-i"g liat free wipoi aad isdpropyl alcohol or a CO2 clcaaing gua

Vacuurn Raked O-Rings

Each size flange has two +ri.ng grooves. Eacb groove h2' a specific o-n1g( Pll
part nunbef )designed for a.q exact fit. These part nlmbers are Elercnceo rn Lr-
IU::g Spec. V049-2-0'i5.

The o-rines that are to be used for final flaage assembly mul be valuu4.pakcd (by

iirli;;;;; volatile compounds prior io installation. Before install+g-tht *
;#. ih. ;;;rbreimG neri$ oat thi o-ring has been vacuurn,bakg'd bv P!! Tle
ffiil;k.ci;ll sute tbat'the o-ring is baled' o-riags *ilI be given a diffe*nt
part Dumber aflel baKlng.

RESPONSIBILITIES

The manufacturing group and site contractors are responsiblc for installation of e'

rings ald flanges.

PSI Q.A. is rcsponsible for monitori::g tlrat proccdures arc being followed'

PROCEDUR.E

O-ring Installati on

Due to the targe flange diameters, three peoplc are rcquired ro bold- tbc ering.in
;;,i;;a-ffi;-iniufiation. The'o-ringi G easilv iriserted tllo th9 groove.bv
i;;;';;;-T"p ani *ottcing down. ihey fit snully on their ID rnd arc beld in

;i;; f;ylh;-dfiui ao".t it. tarc should 
-bc 

takeririot to role ot twist tbe o'ring
llurins installation.

1.0

2.0

3.0

4.0

4.t

SPECIFICATION
tiunlrtO V049-2-159



O.RING INSTALIITION AND FT.ANGE ASSEMBLY

42 Mating Flanga Installati on

Affer tbe eriugs are installcd, tbe u:ating ltange is carcfully positioocd Pcdlcl 
-to

the o-ring Aange. A ccntcriag pia is uscd in one bolt hole to digl the flaagp for

bolting. fte bolts are ilserted with a nlasher rmda the bcad and uDd6 |hc tun All

bolts strould bc instatled hand tighr Tbc Esting flange should bc in coatact vi& tic

o-rings but uot compressing the orings. Aficr contsst with tbc o'rings is Eadl' it

is inportaot Dol .to -Dogvc the nlting {tenge lo prccludc rolling or t$risting ths o'

ring. S.:;.':,r - -'

Torqucing tbe Flange

Bolt tichtenins for 7/8 il. bols is to bc done in t .-55'flangc-* star'poera' Thl
reco'r,iended-fi"a1 torquc value is 220 ftlbs. The bolts sbould be torqucd rD
-25% incrEnctts:

4.3

55 ff-lbs ll0iJbs 165 ffJbs 220 ftJbs

A A

The last step in the bolr tigbtening procedr:re is a firr:l torque check donc in a

sequential fashion going around the ilange. Tbe ctoss-flange " sar" pattcm is aot

required for the fi"al torque check.

Taggi"g

A-fter tie final torque check has been done, tbe assembled Il,lged joint sould bc
taeeed wift a la6el indicating the date of assembly,Enal to-rque Yallc' qnd
asiEmbler's signature. The meul tag shal b€ attached to a flange Doll u$ng
stainless steel wire.

o
SPECIFICATION

tlsnb.'A vo49-2-r69
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ritle: LIGO VACUIIM EQUIPMENT COMPONENT ALIGNMENT PROCEDURE

I.O PURPOSE

The purpose of this procedure is to define the requirements for aligning and positioning vacuum

equipment components for the LIGO project.

2.0 GENERAL

The major vacuum component anchor bolts are located, drilled and installed after the component has been

pre-aligned with the biam line ia each building. This requires that each major vacuum boundary

ionlpon"nt [BSC, I{AM 80K Pump, Spools, etc,) be located in its final location and precision aligned

(with optical surveying equipment) so that the centerline of the beam line nozzles are within + 2 mm of

the actual beam ljne.

The actual beam line location is established by locating target benchmarks (at removable spool locations)

using the Buyer supplied floor bench marks (see Attachme! A). Once the target bench marks are

locaLd alongthe beam line, the surveying equipment siles on two adjacent targets to establish the beam

line. The componerr is then adjusted until it is aligned with the established beam line.

The Customer,/Buyer will verif each component location as part ofthe installation process.

The class 100 air skid must be installed and operational prior to component alignment.

The component alignment data sheet shall be filled out as each component is installed. (S/off = data

signoff point).

3.0 RESPONSIBILITIES

The Contractor is responsible for establishing the target bench marks and aligning and installing each

component.

The Buyer/owner is responsible for verifiing each component location and alignment,

SPECIFICATION
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Title: LIGO VACIIIIM EQUIPMENT COMPONENT ALIGNMENT PROCEDURE

4.0 PROCEDUR-E

l. Establish the target bench marks in the building being worked using the Buyer supplied floor
bench marks (see Anachment A).

2, Set up the surveying equipment to site on two adjacent target bench marks to establish the beam
llne.

Move the component into the installed position using the referenced dimensions on the iflstallation
documents.

connect class 100 air to the component being aligned (using hoses from the mechanical room).

Verify that all shipping door cross hairs are located at the centerline ofthe nozzles (Voft).

Using dollies, align each shipping door cross hat with the established beam line. The alignmenr
shall be +/- 2 mm of the beam line.

Mark the floor to establish the anchor bolt locations by scribing one hole in each component leg
pad on to the floor (s/off).

Move tle component back from its installed position to allow anchor bolt hole drilling.

Using a component anchor bolt template, mark and drill each anchor bolt hole (using a core
drilling system capable of cufting rebar) per Speciication V049-1-10i.

Install anchor bolts and let cure per V049-1-l0l

Lift the component to clear the installed anchor bolts ald reposition the component to once again
align the cross hairs on the shipping covers with the beam line.

Adjust anchor bolt nuts and washers to hold the component in the aligned position and lock into
place.

Remove the iifting tension on the dolties and allow the anchor bolts to support the component.

Verify with the surveying equipment that the nozzle centerlines are within +/- 2 mm of the beam
line (s/off).

Notify the Buyer to witness and signoffthe final alignment (Voff).

Verify that the vessel cross hair ports are closed and disconnect the class 100 air.

Repeat for each major component until all of the major components are aligned. Spools that fit
between major components are aligned automatically by bolting up the spool using the centering
pins (provided by the Buyer).

Components shall be grouted into place (per V049-2-021) after approval by the Buyer (s/off).

J .
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COMPONENT ALIGNMENT PROCEDURX

ATTACEMENTB

COMPONENT INSTALLATION DATA SHEET

Component Tag Nuober

Compooeut Narne

Component SA',1

Componert lastallation Weight Qb.)

Component Instailation Position
Eei Build Grid)

1 .

2.

J .

Signoffs
(Contractor Unless Otherwise Noted)

Shipping Cover Cross Hairs Verified

Component Located For Anchor Bolt
Marking

Buyer

Final Component Location Complete

Buyer

By Date
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o
SPECIFICATION FOR VACUT,'M PIJMP FIELD INSTALLATION
PROCEDURE
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1.0

2.0

3.0

4.0

SPECIFICATION FOR VACUTTM PUMP FIELD INSTALLATION
PROCEDURE

PURPOSE

This procedure controls the field installation of the Edwards High Vacuum Inc. GFIVI)
vacuum pumps supplied by PSI for the LIGO projecr These pumps include the Main
Roughing, Main Turbo, and the Auxiliary Turbo pumps. This procedure does not cover
startup or operation of the vacuum pumps.

GENERAJ,

Prior to installing (or operating) any vacuum Pump, the appropriate ElryI "System

Operation Manual" must be srudied and thoroughly unde$tood. Installation of the
vacuum pumFs must also be done in accordance with the latest revisions of the P&ID'
piping aad equipment arrangement drawings.

RESPONSIBILITIES

The site operating engineer is responsible for overseeing the installation of the vacuum

PROCEDURE

4.1 Main Turbo Cart

4.1.1 Rolling and Lifting

The Main Turbo cart is compriFed of two vacuum pumps (STPH 2000C turbo, QDP80
dr," purnp) that can be rolled as a single assembled cart or, when separated, each pump

has its orvn casters ald thus can be rolled independently. The Main Turbo vacuum pumP

carts are designed to be rolled on smooth level floors and are not equipped with brakes or

caster locks. The Main Turbo can caJrrrot be lifted as a single unit with both vacuum
pumps together. The lvlain Turbo cart can be lifted only as two separate assemblies' The

.uttr .- also be separately carried by a fork truck. Caution must be exercised when fork

moving the STPH 2000C turbo cart due to the relatively high center of gravity'

4.1.2 Anchoring (Ref PSI dwgs V049'4-01 1,V0494-012)

The Main Turbo pumps must be properly anchored to the floor prior to operation' Refer

to the appropriate E[{VI System Operation Manual and applicable PSI installation

drawings for anchoring details.

NOTE: The STPH2000C rurbo pump cart must be anchored for safety reasons due to

the large amount of energy stored in the rotor during operation' The QDP80
dry pump must be anchored to prevent it from moving during operation.

SPECIFICATION
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o
SPECIFICATION FOR VACTJUM PUMP FIELD INSTALLATION
PROCEDURE

When the STPH?000C turbo pump is to be located on the Fame extension @ef. Dwg.
V049-4-0i 1,V049-4-012) the frame extension must be anchored to the floor pnor to
setting the turbo cart on top of the frame extension. The STPH2000C turbo pump cart is
anchored to the frame extension after the tubo pump piping connections have been
completed and the STPH2000C turbo pump cafi is in its fiaal position on the frame
extension.

4.1.3 Piping Connections @ef PSI Dwg's V049-4-011,V049-1-012)

The inlet connection to the STPH2000C turbo Pump is a 12" OD conllat flange. See
specification V0 49-2-l68 "Conflat Flange Assembly Procedure" for conflat flange make-
up instructions. The outlet connection from the STPH2000C hrbo pump is a NW40 (l

I /2") quick flange. A stainless steel flexible hose(s) connects the turbo outlet to the

QDP80 backing pump or the turbo header leading to the mechanical room.

4.1.4 Utiliries

Electric power. cooling water, instument air, and purge gas connections must be done in

accordance with the EFIVI "System Operation Manual" instructions'

4.2 Main Roughing Pump

The main roughing pump is comprised of two separate pump carts (EH2600 booster'
EDP200 chemical pump) working as a singie system. Please refer to the EIfVI "System

Operation Manual" and PSI Dwgs. for deta.iled descriptions and installatjon
ranr  r  i r cmenf<

4.2.1 Rolling and Lifting

The Roughing vacuum pump carts are designed to be rolled on smooth level floors and

are not equipped v"ith brakes or caster locks. Due to the relatively large size and heary
weight ofthese carts, caution must be taken when rolling the carts to preclude runaway
accidents. The carts are also designed to be carried by a fork truck or lifted for transport.

4.2.2 Anchoring (Ref PSI Drvg V049-4-010)

The Roughing pump carts must be alchored to the floor prior to operation to eliminate
any potential for movement when the pumps are operatitlg.

4.2.3 Piping Connections (Ref PSI Dwgs V049;1-010 )

Please refer to the EHVI "system Operation Manual" and PSI dwgs. for detailed
descriptions and insrallation requirements. Note: The exhaust silencer mounted On the

EDP200 discharge flange does not need to be supported unless there are additional forces

or moment loads being imposed on the pump flange from the mufiler discharge piping'

SPECIFICATION



i n

SPECIFICATION FOR VACUIff PUMP FIf,LD INSTALLATION
PROCEDURE

4.3.4 Utiliries

Electric power, cooling water, instrument air, and purge gas connections must be done in

accordance with the EHVI "System Operation Manual" instructions.

Auxilia:-l' Turbo Pump

The auxiliary turbo cart is designed to be rolled on smooth level floors. The casters do
have wheel locks that" when properly employed, eliminate the need to hard anchor the
cart to the floor prior to operation.

The auxiliary'turbo cart onJy requires electric power and instrument air for operation.
Please refer to the EFIVI "System Operation Manual".

PURGING AND BACKTILLING HEADERS .{ND PUMPS (RIF PSI DWGS
v049-5-01.1, 01 9, 023, 028, 032)

Piping and valves have been provided to allow purge gas to flow from the clean air
supply header into the turbo header and into the roughing header. Manual isolation and
throttling valves allow a controlled backfill and purge flow to be admitted to each header
at its "dead end" point, thus, the headers can be effectively swept with purge gas their
entire length. Backfilling and purging in this manner will keep water ard atmospheric
contaminants out of the vacuum system during shutdor,m. Keeping the vacuum system
headers clean and dry will faciliute pumpdown and protect equipment from corrosion.

NOTE: The recommended procedure for shutting down the roughing pumps requires a
15 minute gas purge to prevent moisture corrosion problems in the pumps.
After the roughing pumps have been purged ald shutdoran, the exhaust pipe
should be covered with a plastic cap. Please refer to the EFIVI "System

Operation Manual" for detailed purging requirements.

SPECIFICATION
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1.0 PURPOSE

This specification defines the scope of work to be provided by the contractor for the
supply of the optibnal prefabricated Vacuum and Class 100 Air piping for the
LIGO Vacuum Equipment. All requirements of V049-2-021 "specification for
Installatiorr./Commissioning for LIGO Vacuum Equipment " applicable to this
work.

SCOPE

The contractor is to provide all material and labor to detail design, procure,
fabricate, test, and deliver to the site Vacuum and Class 100 Air piping and pipe
supports as shown on the piping anangement drawings a.ud P&I Diagrams listed in
Attachment A.

The Vacuum piping is comprised of the following:

Roughing Header (Comer Station only)

Turbo Headers

Annulus Piping

MATERL{LS

All materials shall be in accordance wirh V049-2-037 "specification for Piping
Design and Materials"

FABRICATION AND TESTING

Pipe spool sections shall be prefabricated using only approved welding procedures
in lengths appropriate to allow installation in the vacuum equipment area without
requiring welding. Fabrication shall be done in accordance with specified codes.

Each spool section run shall have one fixed and one rotatable CF flange to permit
easy assembly of the piping system. Flex sections shall be provided as necessary.
Branches shall terminate in fittings as designated on the P&I Diagrams. Blind
flanges shali be provided as indicated including gaskets and hardware. Spooi
drawings shall be submitted to PSI for approval prior to fabrication.

Each spool section is to be heliurn leak checked after welding by evacuating and
spmying with helium, and show no detectable with a helium mass spectrometer at a
sensitivity of 1xl0-9 ton Vs. Spools shall be given unique serial numbers (1 to J
to control testing docrunentation.

2.0

2.1

3.0

4.0
/ t 1

4.2

SPECIFICATION FOR
AIR PIPING

PREFABRICATED VACTIUM AND CLASS 1OO

SPECIFICATION
NumbetA 
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A N Each spool section shall be pressure washed with hot water using approved
detergent (Oakite Inpro-Cleaa 1300)* and then rinsed with dionized water to
remove all dirt and hydrocarbons. After drying with cleaq filtered hydrocarbon
free air or nitroge4 the section shall be checked for contamination using a white
glove. Any discoloration shall be cause for rejection and the piece shall be
rewashed. If contanination is localized, the area may be cleaned using isopropyl
alcohol and lint free cioths.

* Per manufacturer's specifications and not to exceed 5o/o inpro-clean in solution.

A-fter drying the section sha1l be properly labeled and capped to provide an airtight
seal. The seal shall be mahtained up to the time the section is to be installed.

DOCUMENTATION

The following documentation shall be provided.

. Material certification of all materials on pipe and fittings

. Leak Test Report

. Cleaning Report

. As built drawines

i <

5.0

SPECIFICATION FOR PREFABRICATED VACTITJM AFID CLASS 1O(|
AIRPIPING

SPECIFICATION
NumberA 
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ATTACHMENT ..A' SPEC. V 049.2.178

DOCIIIVTENT LIST

TITLE

P&ID's

Legend./Station Diagrams (3 Shts')
Beam Splitter Chamber All But Comer Vertex Arms
Beam Splitter Chamber Comer Vertex Arms
Horizontal Access Module
l12cm & l22cm Gate Valves
80K CryopumP
Chamber Pressurization SYstem
WA Left End Station
WA Left Mid Station
WA Left Beam Manifold
WA Vertex Section
WA Diagonal Section
WA fught Beam Manifold
WA fught Mid Station
WA Right End Station
WA Comer Station Mechanical Room

DMWING
SIZE

D
n

D
D
D
D
D
D
D
D
D
D
D

DOCAMENT REI4
NUMBER

D
D
D
D

v049-0-001
v049-0-002
v049-0-003
v049-0-004
v049-0-005
v049-0-006
v049-0-007
v049-0-010
v049-0-011
v049-0-012
v049-0-013
v049-0-014
v049-0-015
v049-0-016
v049-0-017
v049-0-018

2
2
2
z

?
3
U

2
)

2
)

I

2
2
2

SPECIFICATION FOR PREFABRICATED VACUUM AND CLASS lOO

AIRPIPING

SPECIFICATION
flumocrA vo49-2-r7g



SPECIFICATION FOR PREFABRICATED VACUUM AND CLASS lO()
AIRPIPING

SPECIFICATION
r{umberO vo49-2-r7g

DRA'WNG
SIZE

S H T 2 O F 3

DOCUMENT REI.
NUMBER

c
c
n

o

2
8

grY TITLE

2
2
A

:

I

I

MECHAMCAL DRAWINGS
25 L/S Annulus Tubing- 4" G.V. Type III
25 L/S Annulus Tubing 48" G.V. Type 1
Arurulus Tubing & Ion Pump Assembly.44"
G.V.
25 L/S Annulus Tubing 48"G.V. Type II
25 L/S Annulus Tubing - 44" G.V. Type I
Annulus Tubing & Ion Pump Assy 48" G.V.
25 L/S Annulus Tubing - 44" G.V. Type II
Left & Right Beam Manifold A-unuius
Headers
Right Beam Manifold Arnulus Header Per
Line No. 2 1/2-PY-1174-T3
Left Beam Manifold Header Per Line No.
2 t/2-PV-1158-T3

v0494-106
v049-4-108
v049-4-109

v0494-110
v049-4-164
v049-4-165
v049-4-166
v049-5-012

0
0
0

U

0
0
0

sht 1

c

D
C
D



DMWING
SIZE

D

D
D
D
D
D
D

D
D
D
D
D
D

D

D
D
D
D

v049-5-00r

v049-5-001
v049-5-002
v049-5-004
v049-5-005
v049-5-006
v049-5-007
v049-5-010
v049-5-01I
v049-5-012
v049-5-013
v049-5-014
v049-5-017
v049-5-018

v049-5-019
v049-5-021
v049-5-022
v049-5-023
v049-5-026
v049-5-027

v049-5-028
v049-5-030
v049-5-03r
v049-5-032
v049-5-033
v049-5-035
v049-5-036

SHT 3 OF3

DOCAMENT REU.
NUMBER

TITLE

MECHANICAL DRA\ITNGS

Equipment Arr't. Plan, Comer Station WA
sht I of2
Equipment Arr't. Elevation, Sht 2 of2
Equipment Arr't iSO, Comer Station, WA
Equipment Arr't , Right Mid Station' WA
Equipment Ar't, Right End Station, WA
Equipment Arr't , Left Mid Station, WA
Equipment Arr't , Left End Statioq WA
Equipment Arr't ISO, fught Mid Station, WA
Equipment Arr't iSO, Right End Station, WA
Piping 5'1, Plan Comer Statior/WA (4 Shts)
Piping 4.p'1, Elevation, Corner Station/WA
Piping 4s'1, Secticns, Comer Station/WA
Piping Arr't, Plan, Right Mid Station^VA (4 Shts)
Piping Arr't, Elevation, Right Mid Station/WA
(2 ShLs)
Piping Arr't, Sections, Right Mid Station/WA
Piping 6s'1, Plan, tught End Station/WA (2 Shts)
Piping Arr't, Elevation, zught End Station/WA
Piping Arr't, Sections, Rig}t End Station/WA
Piping An't. Plan Left Mid Station/WA (4 Sheets)
Piping Ar't Elevation'Left Mid Station/WA
(2 Sheets)
Piping An't, Sections. Left Mid Statior/WA
Piping An't. Plan Left End Statior/WA (2 Sheets)
Piping An't Elevation Left End Station/WA
Piping Arr't, Sections, Left End Station/WA
Overall Flange Arr't, Comer Statio4 WA
Overall Flange fur't, Mid Station, WA
Overall Flange Arr't, Type End Station

D
D
D
D
D
D
D

I
I
I
1
0
0
0
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Title: SPECTFICAfiON FOR PIPING DESIGN AND MATERIAL

TABLEOFCONTENE

t.0 scoPE

2.0 CODES AI.{D STA}IDARDS

3.0 MATERIAUMANIJFACTURINGREQT'IF€MENTS

4.0 EXAMINATIONAND TESTING

5,0 LINE NTA4BER SYSTEM

6.0 VALVE A}iD INSTRUMENTNT,JMBERING SYSTEM

7 .O PIPING DESIGN AND MATERIAL SPECIFICATIONS

181 150# CLASS STAINLESS STEEL 304 - CRYOGEMC

182 150# CLASS STA]NLESS STEEL 304 -NON-CRYOGEMC

C2 TYPE "L' COPPER TUBING - GENERAL NON.CRYOGEMC

TI 316 STAINLESS STEEL TUBING - CRYOGEMC

T2 304 STAINLESS STEEL TUBING- GENERALNON.
CRYOGENIC

T3 3O4LSTAINLESSSTEELTUBING.VACI'UM

T4 304L STAINLESS STEEL TUBtIG - IJ'LTR.A HIGH VACIJUM

T5 3O4L STAINLESS STEEL TUBING - CLASS IOO CLEAN AIR

VJ 304 STAJNLESS STEEL. CRYOGEMC VACWM JACKETED
sEE SPEC. V049-2-016

Cl TYPE 'I." COPPER TIJBING. CRYOGEMC

ATTACHMENT A LIGO QUALITYASSURANCE SUMMARY

SPECIFICATION
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SPECMCATION FORPIPING I}ESIGN ANI} MATERIAL

SPECIFICATION

SCOPE

The followiog piping and material spccifications define the piping and fittidgs to bc used
for the LIGO Vacuum Equipmeat

COT)ES AND STANDARDS

--2.1 Priority olfodes aad St"ndards
' i 

Priodty of documents shall be as follows:

1. Codes @igbest priority)
2. This specification

22 Applicable Codes rnd Standards

ANSI - Americal National Standards Institute

83 1.3 Chemical Plaat and Petroleum Refinery Piping (for process
piping only)

83 I.5 Refrigeration Piping
836.19 Stainless Steel Pipe
816.5 Pipe Flanges and Flange Fitings

ASTM - American Society of Testing and Materials

A380-88
j

8427-7r(81)

E493t3(80)

E498-73(80)

E499-73(80)

Suldard Practice for Cleaning and Descaling
Stainless Steel

Stardad Practice for Testiag for Leaks Using the
Halogen Leak Dctector

Standard Practice for Testing for Leala Using tb9
Mass Spectometer Leak Dstecto! in the iruide-Out
Testing Mode

Stadard Test Method for Leaks Using the Mass
Spectrometer Leak Detector or Residual Gas
Analyzer in the Tracer Probe Mode

Standard Methods of Testing for Leaks Using the
Mass Soectrometer Leak Detector Probe Mode



!,'0,
3.1

23 Specffication Compliance

The equioment shall comply witb any drawines. data sheets, specifications, codes
ana stiniards Qatest editibns) refenid to or iniclel as part of this specification.
State or local codes or rcgulations. if aoo[cable. will b€ provided as an
attacbneBt to this specificati6n. The Vendoiis resp6osible for iompliancc witb
such standards, specificatioos, codes and regulations, if anached.

II{ATERIAUMANTUFACTURING REQUIREMENTS

All materials used to manufacture the piping, trbiag, flanges or fiuings, as designated per
this specificatioD, are to be of U.S..A- origia and maoufacore.

r.xAMIN ATION AND TnSTrNc

Examination and Pressure Testiag as required by A.l'iSI 83 1.3-1990 Chapter VI.

LTNE NUMBER SVSTTIM

4.1 Lines shall be numbered according to tbe followiag cbart:

Insulation Mat'l
(See Section 5.5)
Service

!:sulation code
(Sec Section 5.4)

- Lrsuiatioa Thickness

Piping Specification
Designation (See Section 5,3)

- Seouential Number

Fluid Service Code (See Section 5.2)

'- 
1ins Size (Nominal Pipe, inches). (Copper tube designated by nominal size' nol

oD)

008PL HC

I
I

FP3

L

SPECIFICATION FOR PIPING DESIGN A}II} MATERHL

SPECIFICATION
l{unberO vo49-2-037
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5J Fluid Codes

Code Fluid

IA
CA
cws
cwR
NGS
LN2
GN2
PV
PW
VA
N2
N

Instnrment Air
Class 100 Clean Air
Cooling Water Supply
Cooliag Water Retm
Natural Gas Supply'',"Liquid 

Ninogen'' Gaseous Nitosen
Process Vacuufo
Process Ulta High Vacuum
Vent and Relief To ATM
Nitogen Gas
Nitogen @itber Gas or Uquid)

53 Piping Specifi cation Desipation

"X" First Digit Identifiers

1=150#  ANSI

4.4.2 "Y" Second Ftigit Identifiers

A = 6061 T6 Aluminum
B = 304 Stainless Steel
C = Type L Copper Tubiag
T= Stainless Steel Tubing

4.4.3 "Z'" Third Digit TdentiJiers

I = Cryogenic
2 = Non-Cryogenic
3 = Vacuum
4 = Ultra Higb Vacuum
5 = Class 100 Clean Air

s.4 Insulation Serwice

lnsulation
Symbol
HC
c
PC
PH
VJ

Insulation Service
Hot and Cold
Cold Conservation
Personnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION

SPECTFICATION FOR PIPING DESIGN AND MAIERIAL

-J-ot-VL



5.5 lasulatiou Materiel Codes
' 

FP3 1" Fiberglass Inner 2" Polyisocyanurae Orter
FP3.5 l" Fiberglass lnner 2 tlZ. Polyi*cyaruratc Ortcr
FP4 l" Fiberglass Ioner 3" Polyisocyanunrc Outet

tf no insr.rlation material code appean ia the line aumber theo it shalt be
uudastood that no insulation is required

6.0 VAT.VE AND TNSTRUMENT NT]MBER SVSTEM

Contoi valves, manual valves and associated instuments shall be designated acco. rding to
P&ID Drawind Sprbols. If the required designation is not spccified on the drawin& then
ISA-S5.1, Table I will take prec€denc€.

BB
ILSequeatial (Loop) Number

Station ldentification

P V -

I
I
I

A

i_

SPECIFICATION FOR PIPING DESIGN AT{D MATERIAL

Functional Identifi cation

Manual valves that do not carry an instrument loop numbers (described above) shall be
assigned one of the following valve type descripti6ns, preceeded by the valve size in
lncnes.

T].pe Description

G1IIIV Gate Valve, High Vacuum, SS, Viton Seals, l{anduiheel or Levcr, CF Com-

GVLIII Gate Valve, llltra High Vacuuro" SS, Viton Seals, Handwheel' CF Coon'

A\TMlgle Valve, High Vacuuro, SS, Viton Seals, Handwheel, ISOKF or K Conn.

AfAry Angle Valve, Ulta High Vacuum, SS, Metal Seals, Handwheel, CF Conn.

IRV Insfument Root Valve, SS

Vry Vacuum Jacketed Valve, SS

BVCR Ball Valve, Cryogenic, SS,3 Piece

BVCA Ball Valve, Class 100 Cleaa Air, SS, 3 Piece

GLV Globe Valve
' BvU Ball Valve, Utility, Brass or Brorue

VSOV Vacuum Seal-OffValve, SS

VSOO Vacuum Seal-OffValve Operator, SS

SPECIFICATION
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Title: SPECIFICATION FOR PIPING DESIGN A}TD MA

VSOO Vacuum Seal-Off Valve Operator, SS

1Br

PIPING DESIGN A}TD MATERIAL SPECIFICATION

Service: Cryogenic

Primarv Ratine: 150# ANSI 304 SSTL

Desien Conditions:
Pressure 0 to 192 Psig
Temoerature -320"F to 350'F
Corr'osion Allowance Zero

Pioe:

12" and smaller ASTM A3l2 TP304

Di--  (^h-J" la '-*=1ff-d 
smaller Schedule los SMLS

8" and smaller Schedule l0S SMLS or EFW
10" thru 12" Schedule los EFw

Note: Vacuum jacketed piping will be designed and fabricated in accordance with the
manufacturer's standard. and PSI spec. V049-2'0I6.

Fittings:- 
1 l/2" and smaller Socket Welded 3000#
2" and larger Butt Weld

ASTM A403 W?304 WPS, W?w
OI,et's ASTM Al82-F304

Flanees: Not allowed, except on atmospheric vent lines as indicated on P&ID's. Flanges on
the vent line, (whiih mate to a flat faced flange on tle vacuum equipment) shall be
stainless ste6l 

'raised-face 
design. Flanged joints shail have spiral wound, stainless

steel gaskets, Flexitallic or equal.

Valves: Valves shall be furnished under their own unique specification.

Continued on Next Page

SPECIFICATION
v049-2-037
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SPECIFICATION FOR PIPING DESIGN AI\D MATERIAL

SPECIFICATION

lBl

04
06 04
12 06 04
12 12 06 04

5 8 r 0  1 2

04
06 04
0 5 0 6 u
05 06 06 04
05 05 05 06 04
05 05 05 12 06 04
05 05 05 12 12 06
05 05 05 t2 t2 t2
05 05 05 12 12 t2
05 05 05 12 12 t2

% l l v r 2 3 4

% 0 4
t/t 06
l 1 2
l% 05
2 0 5
3 0 5
4 0 5
6 0 5
8 0 5
l0 05
t2 05

04 - Tee
05 - Sockol*
06 - Tee Then
Reducer or
Reducing Tcc
12 -BW O'let

Brancb.f,oucctions:

Branch Size %

ol-29-



182

PIPING DESIGN AND MATERIAL SPECIFICATION

Searice:

Fimar] Rating:

Design Conditions:
' Prcssure ":'i.''' " Tcmperature
Corrosion Allowance

pi-.'

12" "r'd snaller

PiJre Schedule;
I 1/2" aad smaller
8" aad smaller
10. thru 12'

Fittin&s:
I 1,2" and smeller
2" and larger

Elanges:

Gaskets:

Valves:

Continued on next page.

Non-Cryogenic - Clean

r50# Al.r$ 304 ssTL

0 to 192 psig
-20>'F ro 350oF
Txro

ASTMA312TP3O4

Schedule l0S SMLS
Schedule I0S SMLS orEFW
Schedule 10S EFW

Socket Welded 3000#
Buft Weld
ASTM A4O3 WP3M WPS, WPW
Elbow O'Let ASTM Al82-F304

2" and larger ANSI 150# RF, ASTM A182 F304, Weldneck with o-ring gaskets.

O-ri:rg, Viton non-lubricated, cleaned and sealed for shipment

Valves shall be fi:mished under their own unique specification.

SPECIFICATION FORPIPING DESIGN AIID MATERIAL

SPECIFICATION



l82

Rrn
Size "

. r/-
3/,

I
IY,
2

4
6
I
l 0
l a
t z

BraachColnccfiolt:

Bralch Size

Note:

1 .

04
06 04
12 06 04
t2 t2 06 04
12 t2 t2 06 04

4 6 E 1 0  1 2

u
06 04
05 06
05 t2
05 12
05 t2
05 12
05 t2

|Y, 2

0 4 , '
06 04
05 06
05 06
05 05
05 05
05 05
05 05
05 05
05 05

04
06
t2
05
05

05
05
05
U)
05

%

04 - Tee
05 - Sockolet
06 - Tee Then
Reducer or
Reducing Tee
12 -BW O'letM

06
12
12
t2
t2

2.

J .

Piping an{ fittings to be intemally cleare4 dryed and ends sealed during shipping, storing
and installation.

ID ofpipe and fittings to be fiee ofhy&ocarbon contamination, or dirt. ofany kiad.

$urf3gs fini5! ts be staldard white pickled ID and O.D.

Tube Bending - The following is not allowed: Saad packing, Mschrnigal scratches on
tube I.D., Any type of lubricant

Material manufactures certi.ficak of complia.nce to applicable ASTM specifications are
required and must accompany sbipment.'

Tubing, flanges and fittings to be etched or stamped with manufactr:rers name, part
number and material type.

) .

6.

tu  o l -3-L

SPECIFICATION FOR PIPING DESIGNAND MATIRIAL
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SPECIFICATION FOR PIPING DESIGN A}{D MATERIAL

c2

PIPING DESIGN AND MATERJAL SPECIFICATION

Gaseous Nitogeq Cooling Warcr, Infiumcnt AirSeicc:

Design Conditions
' ' ' " ' P ress r : r e

Temperatr:re
' Corrosion Allowance

Tube: All sizes

2OO PSIG
-20'F to l50oF
Z,ao

Note:

Eiaings:

T  Tn innc .

Valves:

Solderirg:

Notes:

l .

used-

omwrngs..

Copper tube and fittings are to be specitred oo PSI BOM's by the acanl O.D. of
the tube.

All sizes

Type "L" Copper - Hard Drawn ASTM B88,8280, Copper Tube
d;riigDated bi its Nominal sizes, rd! OD on P&ID's and piping

Wrought Copper ASTM B75
Aii Fittings 16 !g fgmals solder cup ends.
Brass Parker CPI tube fittings (or equal).

l/4" to 1" Brass Parker CPI tube fittiags (or equal) may also be

Valves shall be furnished rmder thek own rmique specification.

AI joints in wrought copper fittings shall be soldered usiag 95-5 Tin-Altimony.

Tubine is to be intemallv cieaned and the ends sealed dr:ring shipoing, storing md
installition. Spools are io have ail flux rcsidue, grit, glafiers or dirt rernoved before

'installation.

Fittings are to be cleaned after rranufacftring and sealed in plastic during stripping' storing
and installation.

ii, Jt-a -Z-9-

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AND IT{ATERIAL

T1

PIPING DESIGN AND MATERIAL SPECIFICATION

twics: Cryogeoic

Desim Conditions: '-.-.

Pressure 0 to 300 Psig
Tenperature -320"F to 350oF
Corrbsioa Alloc/ance Zerc

Tube:

All sizes ASTM A269 GR 304L SMLS
Tube sizes designated by OD dirnensions.

Tube Size (OD): Mirrimurn Wall Thickness (Inches)

1/4" 0.035"
3t8 0.035'
1/2" 0.049'
3/4" 0.049"
l'� 0.065'

Fittings: Al1 Fittings to be Parker Weld tube fittiags SA479 or ASTM 4275 GR TP316 and- 
ASTM Al82 GR TP316, or equal.

Valves: Valves shall be fumished under their own r:nique specification'

Note:

l. Tubing to be intemally cleancd" dryed and ends sealed drring shipping' storing md
istallitiou. Tube ID to be free of hydrocarbon contamination-

2. Fittings to be cleaned affer manufacnring and sealed in plastic bags during shipping'
storiag and installation.

3. Tubing sr:rface finish to be standard white pickled I.D. & O.D'

SPECIFICATION
xutrb.rA V049-1432
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T2

PIPING I}ESIGN AND MATERIAL SPECIFICATION

Non-CryogenicSeice:
Desicr Condrtions; 

'i

Pressure
Tern rt.?ttr r?.

Conosion Allowance

Tuhe:

All sizes

0 ro 300 psig
-20'F to 350'F
ZEro

ASTM4269 GRTP3O4 SMLS
Tube sizes designated by OD dimensioos.

Tube Size (OD'): Minimum Wall Thiclc'ess (Ilches)

u4"
3/8'
1/2'

- ) t+

1 "

0.035'
0.035'
0.049'
0.049'
0.065'

Efiines: All Fittings to be Parker A-LOK tube fittings SA479 or ASTM 4276 GR TP3 l6- 
and ASTM A182 GR TP316 or equal.

Valves: Valves shall be furnished under their own rmique specification-

Note:

1. Tubing to be internatly cleaned, dryed and ends sealed during shipiag' storing and
installation. Tube ID to be free of hydrocarbon contarnination-

2. Fittings to be cleaned after manufacturing and sealed in plastic bags dr:ring shippiag'
storing and iastallation.

3. Tubing surface finish to be standard white pickled I.D. & O.D.

SPECIFICATION FOR PIPING DESIGN AI{D MATERHL

SPECIFICATION
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T3

PTPING DESIGN AND MATERIAL SPECIFICATION

Process VacuumSqice:

Dcrieslodilions:

Tube:

Pressure Vacuum l0-5 Ton to 2 psig
Temperan:re -20'F to 150oF
Corrbsion Allowaace 7ao

(Iube sizes designated by OD dimensions)

All sizes up to 1"
1 ll2" and larger

ASTMA269 GRTP3O4 SMLS
ASTMA26 GRTP304 SMLS orWelded

Tube
' Size
(onl:

1/4"
3t8"
1lz'�

)t . t

I '
| I n

a | /a tt
I  t l a

o

8"

. 10"

12"

14"

Elarges:

MinimumWall Conflat
Thickness Flange
(Inches) Siz€

6"Nom. O.D.

8" Nom. O.D.

No. B.C.
Bolts Dia.

16 5.128"

20 7.128"

Thru
Hole
Dia.

.r72"

.172"

.172"

265"

.265"

.265"

.332"

.332"

.332"

.390"

.390"

Sr';nless

0.035'
0.03s'
0.035"

0.035.

0.065'
0.065"

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

1 1/3" Nom. O.D. 6 1.062"
I 1/3"Nom. O.D. 6 1.062"
I 1/3"Nom. O.D. 6 1.062"

2 1/8"Nom. O.D. 4 1.625"

2 3/4"Nom. O.D. 6 2.312"
23/4"Nom.O.D. 6 2.312"

' 
3 3/8"Nom. O.D. 8 2.85"

4 1/2"Nom. O.D. 8 3.628*

10" Nom. O.D. 24 9.128"

12"Nom. O.D.  32 11.181" '

14" Nom. O.D. 30 12.810"

l6 l2"Nom. O.D. 36 15.310"

All Flanges to be Conftat, ISO Large Flange or KF a$e fittings 3tX
Steel.

Continued on next page.

SPECItr'ICATION FOR PIPING DESIGN AI{D MATERIAL
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T3

Fittings:

Valves:

All fittings to be 304 butt wetd or flanged O.D. tube, wall thiclcncss to noatch t$e
wall thickness listed above.

Valves sball be firmisbed under their own unique specification

Tubing to be irternally cleaned, dryed and ends sealed drui4 Sippiag, storing and
iwtallation Tube ID to be free of hydrocarbon contamination.

Fittings to be cleaoed aier manufacturing and sealed in plastic bags duriry shipping'
storing aod installation

Tubing surface finish to be standard vrtitc Pickled I.D. & O.D.

Tube Bending - The following is not ailowed: Saod pacHng, Mecha.oical scratches on
tube I.D., or any type oflubricant.

Material manufactues certificate of compliance to applicable ASTM specifications are
required and must accompany shipmenl

Tubing, flanges and fittings to be etched or stamped with maaufactuers Dame' part
number a.od material type.

Conllat flanges to be made from either electro slag rcmel! vacuum remelt ot cross forged
material.

. Notes:

I .

?.
:

3.

5.

6.

7.

otJ-A-

SPECINCATION TORPIPING DESIGN A}ID MATERIAL

SPECIFICATION
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Sruicc:

Desigr Conditions:

Pressure
'. . . ' Temoeratr:re .'.'-' 

Corrbsion Allowanie

All sizes up to 1"
I ll2" aadlzrger

SPECIFICATION FOR PIPING DESIGN A}ID IUATERTAL

T4

PTPTNG DESIGN AI{D MATERIAL SPECIFICATION

hocess llltra High Vacuum

Vacuum l0lo Ton to 2 psig
-20'F to 150"F
Zerc

Tube: (fube sizes designated by OD dimensions)

ASTMA269 GRTP3O4L SMLS
ASTM A269 GRTP3O4L SMLS or welded"

Tube
Size
(oD):

1/4"
3/8"

.  \Du

3/4"

1 "
t u 2

2 rD"

6'�

10"

12"

14"

Minimum Wall
Thickness
(Inches)

0.035'
0.035"
0.035"

0.035"

0.065'
0.065"

0.065"

0.065"

0.083"

0.083

0.120

4.120

0.120

0.120

Conflat
Flange
Size

1 1/3"Nom. O.D.
I l/3"Nom. O.D.
1 1/3"Nom. O.D.

2 1/8" Nom. O.D.

2 3/4"Nom. O.D.
2 3i4"Nom. O.D.

3 3/8" Nom. O.D.

41/2"Nom. O.D.

6"Nom. O.D.

8" Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 l2"Nom. O.D.

No. B.C.
Eolfs Dia.

6 1.062"
6 r.062"
6 1.062"

4 1.625"

o t.J tz
o z.J Ll

8 2.85"

I 3.628"

16 5.128"

20 7.128"

24 9.128"

32 i l . t81"

30 12.810"

36 r 5.3 10"

Thru
EoIe
Ilia.

.172"

.172-

.t72

265"

.265"
265"

?a'rn

.33T'�

.33T'�

?11"

.332"

.332"

.390"

.390"

SPECIFICATION
xumb.tA V049-2-037

Continued on next page.
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T4

FlanEes:

Ei[irs$,

f:idlrs:

Clffsirs:

Notc:

t .

2.

All Flanges to bc Conllat 304L Srainless Stecl. Flanges with ll2 nipplcs to havc a
wall thickness per table @age I Q, also sec trote 7.

All Sttings to be 304L butt weld or flanged O.D. nrbe. Wall thicluess to Eatch
tubc wall-thickness listed in Table @agi tQ.

Valves shall be firmished rmder their own unique spccifcation. Valves cihose
seats fono part of the UHV boundary shall be all metal.

Sr:rfaces exposed to vacuurn shdl bc cleaned and protected by PSI ryproved
procedures suitable for tllry seffic€.

I'
6.

7.

Tubiag to be htemally cleaned, dryed and ends sealed during shipping, storing and .
installation. Tube ID to be free ofhydrocarbon contaniaation-

Fittings a.od conllat - l/2 nipples to be cleaned after manufacturing and sealed in plastic
bags during shippirg, storing and installation

Tubing surface firish to be standard v/hite pickled I.D. & O.D.

Material manufacturers Certificate of Compliance to applicable ASTM specifications are
required a.nd must accompany shiFroenl

Tubing, flanges aad finings to.be etcled or stanped with marufacturers namg part
nurnbi, Ea6rial type and= customers PO ur:mbei on the outside surfac€

Conflats shall be made Aom 304L material suitabie for uJtra high vacuum sewice.

All welding exposed to vacuum shall be done by the tungsten-arc iaert-gas$IG) process.
Exceotions-mav be allowed subiect to PSI appr6val. Welding tecbdques shall be made in
accordance witfi the best ultra bieh vacuum b;aoice to eliminate any virtual leaks in the
welds; i.e., all vacuum welds shafl be, wher6ver possible, intemal a.nd continuor:s; all
external welds added to these for structural purposes shall be intermitteat to eliminats
trapped volr''"es. Defective welds shail be repiired by remova.l to soud metal and
r"tritaiog. All vacuum weld procedures shali include stePs to avoid contamination of the
heat affeited zone with air, hy:drogen, or water. This reqriires that inert purge ,gas, such as
argon, be used to flood the vicuum side of heated portions. Vendors to provide weld
procedures, with weld cleaning procedures to PSi for approval.

SPECIFICATION FORPIPING DESIGN AI{D MATERHL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN A}{D MATERIAL

T5

PIPING DESIGN A}tD MATERIAL SPECIFICATION

Class 100 Clcan AirSwicc:

Dcsietr Conditions;

Prcssure Vacuum to 2 psig

Corrosion Allowancc TEto

Tube: (Tutre sizes designated by OD dimensions)

All sizes up to 1"
I U2" and larcer

1l2'�

) l +

1 "
t u2'

2 t D "

10"

IT

r.+

0.035"

0.035'

0.065'
0.065'

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Thru
IIole
Dia.

.172"

.172"
-t72"

26s"

-265"
265"

.332"

.332"

:JZ

.332"

.332"

.390"

.390"

Tube
Size
(on):

TI ! '

3/8'� 0.035'

FIange
Sts

I 1/3"Nom. O.D.
I 1/3"Nom. O.D.
1 l/3"Non. O.D.

2 l/8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Nom. O.D.

' 
3 3/8'Nom. O.D.

4 1/2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

l0"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

l6 12"Nom. O.D.

No. B.C.
Eolts Dis"

6 1.062"
6 1.062"
6 1.062

4 1.625"

6 2.3t2"
6 2.312"

8 2.85"

8 3.628"

16 5.128"

20 7,128"

24 9.12E"

32  r1 . l 8 l "

30 12.810"

36 15.310"

ASTM A269 GR TP3O4 SMLS
ASTM A269 GRIP304 SMLS or Welded-

Minirnum Wall Conllat
Thickless
flnches)

0.035"

SPECIFICATION
Iuirb.rA V049_2_037

Continued on next page.
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4.

SPECIFICATION FOR PIPING DESIGN AI\ID I'ATERHL

Flarges: All Flanges to be Conflat tube fittings 304 Sr"intess Steel.

Eirirys: All Finiags to be 3o4 bun weld or flanged o.D. tutre. war rhickncss to E rch ltr
firbe wall thickness.

Valves: Valves sball. be fumished under their own unique specification

Cl"arring: Intemal _surfaces s-h4i. be cleaned and protected by pSI approved p,rocedures
suitable for Class 100 air service

Note:

l- Tubing to be internally cleaned, dryed and ends sealed durine shioine. storins and
imtallation. Tube ID to be free of hydrocarbon contaminatioin. 

-

2, Fittings to !c cle-qned affer maaufacturing and sealed in plastic bags during shipping
storing and installarion.

Tubing surface fiaish to be standard white pickled LD. & O.D.

Material manufactures Certificate ef esmFliarce to applicable ASTM specifications are
required and must accompaDy shipment.

Tubing, flanges and.fittings to be etched or stanrped with manufactur€rs !ane, part
ntunber and matenal tvDe.

conllat flanges to be maae from either elecuo slag remelt, vacuum remelt or crossforged
mareniu.

Prer --8- ot

5.

6.

SPECIFICATION



Title: SPECIFICATIONFOR

c1

PIPING DESIGN AND MATERJAL SPECIFICATION

Service: Cryogenic

Design Conditioni:

Pressure 150 PSIG

Temperature -320oF to 350.F

CorrosionAllowance Nsne

Tube:

All sizes Type ,L" Copper - Hard Drawn

ASTM 888, 8280, copper rube designated by its

nominal sizes, not OD (UON).

Fittings:

All sizes Wrought copper

ASTMBT5

AII fittings to be female solder cup ends.

Valves: Valves shall be fumished under their own unique specification.

Brazing;

:\Il.joints 9ha! bg brazed using brazing alroy Bcup-s (American welding society
Designation). No flux is required.

SPEClFICATION
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TitIE: PREFABRICATED CLASS I OO VACUUM AND AIR PIPING - WASHINGTON SITE

ATTACHMENT*C'

TO

v049-2-178

SPECIFICATION FOR CLEAI{ QUARTERTTIRN VALYES

v049-2-060

ATTACHMENT
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Title: SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

U
SPECIFICATION FOR

CLEAN QUARTER.TURN VAIVES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston. Louisiana

-/ // zh (*
pRIpAREDBy: /.dq_rr^.-.- /", JU

PRocESs ENGINEER: 2; IU' A :1.
/ l i  / ' n  , i  /

- QUALrry ASSURANCE: f,{&4 { /)2'rt4"*L
\t

TECIINICALDIRECTOR: 
'b 

Q' lnt ctlr-d1"*-; -

PROJECTMANAGER:  ,  ,  7 /

Information contained in this specification and its attachments is proprietary in narure and shall be kePt confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to ary other party.
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Tit lc:
SPECIFTCATION FOR CLEA-N QUARTER-TURN VALVES

t--

I
I
I
I
t , ,

I

SPECIFICATION TABLE OF CONTENTS

1.0 Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

2.0

3.0

4.0

5.0

6.0

Aftachment MDC Catalog Cut

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of2" clean quarter-turn valves for the LIGO vacuun system. These valves will be used
in Federal Standard 209 Class 100 air service.

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

Information 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 disciosed to any other party.

SPECIFICATION--.-.--_--
r  lRev.
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I SPECTFTCATTON FORCLEAN QUARTER-TURN VALITS

2.0 SCHEDULE

2.1 Equipment delivery shall be as follows:

Ouantiw Date PSI Part No.

I PSI, Westboro, M* 21 1r/29/96 V049BVCA20
I
I PSI, Westboro, MA. 12 07130197 V049BVCAI5 (80K purge)
I

2.2 Deleted

3.0 DESIGNREQUIREMENTS

3.1 The valves shall be either buuerfly style, MDC Model No. BFV-200, MDC Part No.
360002.

3.2 The valves shall be 304 stainless steel.

3.3 End connections shall be CF flanees.

).4 The valves shall be desiened to seal in both directions.

3.5 The intemal valve mechanisms shall be nonlubricated.

3.6 The valves shall be cleaned in accordance with the Vendor's standard procedure for
valves intended for use in Federal Standard 209 Class 100 clean air service..

3 7 Valves shall be manually acnrated.

4.0 REQUIREDDOCUMENTATION

Engineering drawings shall be submiued for approval prior to fabrication.
Manufacturer's standard QA reForts shall be provided prior to shipment:

SPECIF ICATION
umber lRcv.

^ lA vo49-2-o6o | 1--

o f 4
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Tit lc:
SPECIFICATION FOR CLEA}I QUARTER-TURN VALVES

5.0 SHOP TESTING

Manufacturer's standard testine shall be performed.

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be visually
inspected for cleanliness prior to shipment. Valves shall be recleaned if any
contamination is found.

i  sprctFlcATtoN
um er  lRcv,

A v04e-2-060 | Z
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Var€-J'dbd SECTION

5.6Butterfly Valves Toll Free Outside CA 1.80O443€Al7

OelSaElFlange Kwik-Flange Flange

o
ORDERING INFORMATION Please order by Patt Number

Valve Norn 1.0.
Size Reterence

Part Fange
Number F

FIanEe BoltHoles
O.D. No.

Ref H€islr
rso A

Bott Circle Thickn€ss Wt
B C D L b S

Unil
Price

3t4 BFV-075
3t4 KBFV-075

360000 !ef$46l l-173
360010 Kwik-Flange

1.33 6 1.96 1.062
1 .18  -  Nw16  1 .81

.75 1
1.25 1

$250
$250

KBFV-1OO 36001 1 Kwik-Flenge 1.57 NW25 2.32 .87 1 .25 I $25s

->1-1/2
1-1t2

BFV-150
KBFV.15O

360001 Del-Seal 24/a 2.73
360012 Kwik-Flange 2J6

o -  3.81 2.312 1.33 1.00 1
Nw40 3.81 - 1 .31 1 .34 1

$260
DZbU

- > 2 BFV-2OO
KBFV.20O

350002 DefSeal3-srs 3.37
360013 Kwik-Flange 

' 
2.95

Dimensions arc in inches

i*- 0 -i

195
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fa ,/a;3-h^
H:"6 Valves

t Buttedly vatves Del.Seal
Metal Seel Flange

Kwik.Flange
r )u  9 .Hrng F tan l te

FEATURES

. Quick open/Quick close

. Positive lock both positions

. Pbsitive Viton@ O-Ring vacuum seal

. High conductance

. Choice of Del-Sealor Kwik-Flange

DESCRIPTION

MDC Butterfly Valves require only one-quarter lum
rotation of the handle to go irom fully open to the tully
closed position. In the 1n/3 Mini Del-Sea/flange series, a
spring loaded ball bearing becomes seated in an indent
providing a positive mechanical stop. All other size valves
emp/oy a roll pin stop method.

These quick-acting Butterfly Valves teature an improved
sealing action. The opening in the body of the valve has
been machined at a slight angle to the plane of the
flapper. The flapper is set to rotate slightly off-center. On
closure, this causes the sealing pressure to be applied
more uniformly all around the O-ring. A reliable, positive
seal is made and the tendency of previous designs to
roughen the surface of the O-ring and eject it from its
groove is eliminated.

MDC Butterfly Valves are low outgassing. All internal
surfaces are machined from solid stainless steel bar
stock. The handle is made of aluminum. A small O-rino on
the stem prevents shait leakage.

The valves are oifered with a choice oi Delseal ultra-high
vacuum metaFseal flanges or l3O Kwik-Flange O-flng
seal flanges.

Del-Seal Flange
BFV.150

Kwik-Flange Flange
KBFV-150



ATTACHMENT "D'

TO

v049-2-178

SPECIFICATION T'OR SMALL VACUTJM VAL!'ES

v049-2-0s9

TitIE: PREFABRICATED CLASS lOO VACUUM AND AIR PIPING - wAsHINGToN SITE

ATTACHMENT
Numbec

A v049-2-178



Title: SPECIFICATION FOR SMALL VACUUM vALvEs
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SPECIFICATION FOR

SMALL VACUUM VALVES

FOR

LIGO VACUUM EQUIPMENT

Hanford. Washington
and

L ivi11g5161, Louisiana

f/-.^.e.saPREPARED BY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MAI\AGER:

Information contained in this specification and its attachmens 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 parry.
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SPECIFICATION TABLE OF CONTENTS

l . u

2.0

3.0

4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentarion

Shop Testing

Inspection

1.0 scoPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of small (1 1/2" and 2 1/2") high vacuum and ultra high vacuum angle valves for the
LIGO vacuum system.

The specified equipment is 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
fuchland. WA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shail 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.

rifle SPECIFICATION FOR St\trA.LL VACUUM VALI|ES

SPECIFICATION
NumberA 

vo4g-2-osg
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rrtte SPECIFICATION FOR SMALL VACUITM VALYES

SPECIFICATION

2.0

2 .1

3.0

3 .1

3-2

3.3

3.4

SCHEDULE

Equipment delivery shall be as follows:

I 1/2" High Vac
21/2" HighYac
I 1/2" Ultra High Vac
2 li2" Ultra High Vac

Quantitv

t 5 l

70
'f1

lo

PSI Part No.

vo49AVHYl5
VO49AVHV25
v049Avw15
v049Avw25

Date

9t30/96
9/30t96
9/30196
9t30t96

l ' t ' t
t ' ' -
I

L . )

3.5

3.6

) -  t

3.8

3.9

All valves shall be delivered to Process Systems Intemational, Inc. at 20 Walkup Drive'
Westboro, Massachusetts, 0 1 58 l.

Acceptances at the sites are expected to occur on a staggered basis, with final acceptance
at Washinglon expected to occur about May 31, 1998, and about November 30' 1998 in

Louisiana.

DESIGN REQUIREMENTS

Angle valves shall be 304L or 3l6L stainless steel (304 or 316 stainless steel is

acceptable if the valves are unavailable in L grade SS).

End corurections shall be CF flanges.

The valves shall have stainless steel metal bellows stem feedthroughs.

Neither the body leakage not the seat leakage shall exceed 1 x 10-q torr liters/sec of

helium.

The valves shall be designed to seal in both directions.

The internal valve mechanisms shall be non-lubricated.

Valves shall be manually actuated by a handwheel.

Valves shall be bakeable to 150 C +/-20 C (170 C maximum).

The valves shail be cleaned in accordance with the Vendor's standard procedures

aoolicable to rhe valve service.

--,3-ol



flrre SPECIFICATION FOR SI\iLA.LL VACULM vALvES

)

4.0 R.EQUIREDDOCLMENTATION

Engineering drawings shall be submiued for approval prior to fabrication.
Manufacturer's standard QA reports shal1 be provided prior to shipment:

5.0 SHOP TESTING

Each valve shall be tested for leakage (using oil-ftee pumping equipment and leak
detector) prior to shipment from the manufacturer

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. Valves shall be recleaned if
anv c ontamination is found.

)

I

3
o

I  spectFlcATlol
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o
TiIIe: ACCEPTANCE TEST. tOK PIIMP SYSTEM

1.0 PURPOSE 
!

The purpose ofthis Acccptancc Test Proccdurc (ATP) is to de6ne thc oveolt filur for acccptancc
t"rtig of rrur piece of cquipmcnt in order to demonstrate that it mects thc requircrncnts of the UGO
vaorum Equipmenr Speciicuioq uGG8940002-02-t Rwision 2, dated August 31, t995.

2.0 GENERAL .i!::: :.-:
. : . .  . .  "  . i

2.1 The procedure applies to all the sations. Slight ditrercaces among cach stetion will be due to

difeient vacuum equipmen! size ofthe isolatable scstion sizcs, srrfaccs, volumes, urd quantities

involved releting to instrumentatior:, cquipmen! stc.

2.2 Tests will be perforrrcd by PSI pcrsonnd urd will bc witnessed by ur agent designated by LIGO.

3.0 REFERENCE DOCTJMENIS

The following documents shall be used in conjunction with this one for performing the ATP:

V049-2-014 Leak Test Plan

4.0 RESPONSIBILITY

It shall be the responsibility ofthe projeA engineer assigned to this component or subsystem to alsure

that all procedures required by this acceptance test procedure are performed, and that a person fom

LIGO desigated as t-he witnessing agent, and who has signoff authority, shall sigl the data sheet

/test certification attached to this piocedure, verifying that the procedures have been performed. The

data sheet shall also be signed by the project engineer or by someone designated by the projed

manager. Ary test listed in the data shea whichis not applicable to this component or srbrystem strall

be nola by 
-writing 'N/A' in the appropriate space. fuiy deviations fiom the tcst procedures or

paralnetets shal.l be noted on this data sheet.

SPECIFICATION

A V049-2-102

eaee-Lrr-L



Title: ACCTPTANCE TEST - toK PUMP SYSTEM

5.0 FIEI,D TEST

5.1 tOK PunP Ficld Joint Irrk Tcst

The oecification rcquiris'rll teals greater than lxl0E 9 ton-Vs of helium to bc
t: 

reoa.ired in accordance fuith LIGO approved proccdures. Prior to shipment to thc

,it", o. aox pump wilt have been leak checked and all objectionable leals will have

been repaired. However, alljoints and flanges on the 80K pump which arc rssenrbled

in thc 6eld will bc leak checkcd per the mahods described h V049-2-014.

5.2 LN2 Dewer Sitc AccePtencc Test

A.fter dewar installation, but prior to filiing it with LN2, the dewar shall be

subjeaed to the following series of checks:

1) Visually inspea for damage that may have occured during shipment or

installation.
2) Briefly exercise alt manual valves to verify opention, The dewar inner vessel
' 
contains a dry nitrogen charge at 5-10 psig, so a small quantity ofgas will

escape when the valves are exercised.
:) Cheik the vacuum level in the de*ar jacket amulus with a thermocouple gauge

to verifi vacuum integriry. Refer to the dewar operating manuat for the

required level.

After filling the dewar with liquid nitogcn, the following checls shail be made:

l) Verify that the locally mounted levet and pressure gauges have stabilizjd Refer

to the dewar oPerating manual and 80K pump oPerating Procedures for correct

readings.

53 Regencretion Eeeter Acccptrncc Tcst

prior to any operating checks, visually inspect the beater for aay signs of damage that

may have occurred during shipment or installation'

SPECIFICATION

Page-z-ot-L



Title: ACCEPTANCE TEST - toK PttMP SYSTEM

:-

Thc ecccptancc test for the regen heatcr is r firncionsl tcst to vaify that thc hcatcr'
pcrfomrs its intended firnaion. It is rccommcaded that in orderto conscnrc liquid
nitrogcn, this test be performed prior cooling down thc cryopump. Thc test
s€quenc€ dessribed bel-o1v. assumes the test is on one of thc long cryopump

.. regen heaters. Wherwer.dre teit for the slrort cryopump regen heater difers from
-. thu oftle long cryopump heater, it is so noted. Equipmcnt tag mrmbcrs are for

cryopump WCPI (Refer to drawing V0a94-006 ). The tea procedure is as
follows:

l) Verify that the oanual globe valve (Ifl?fiI) upstream ofthe heater is closed.

2) Open the dewar gaseous nitrogen supply valve, V-l l, (refer to dewar operating
manual for equipment tag nurnbers) upstream ofthe ambient vaporizer to admit
njtrogen to tbe regen system.

3) Open the manual globe valve until the 0owmeter indicator frIl04) upstream of
the heater reads 10,600 SCFH (5,300 SCFH for the short pump regen system).

4) Set the heater conrols for I gas outlet temperature of360 deg. F (375 deg. F
for the short pump heater).

5) Verify that the heater controls maintain the gas ouilet temperature (IE103A) at
the selected temperature. This concludes the test. The sequence required for
stopping the test is as follows

l) Shut down the heater.
2) Close the dewar gaseous nitrogen spply valve, V-l 1, upstream ofthe

vaporizer.
3) Close the manual globe valvq I{IDCXI.

5,{ Cryopump Acceptrnce Test

The scceptance test for the cryopump is r functional test to verify that the pump
Iiquid level control valve performs its intended function. This may be verified by
simply monitoring the liquid level in the pump over a 24 hour period. Ifthe levcl
control valve is functioning properly, tien neither the high level alarm nor the low
lcvcl Blarm will have tripped.

SPECIFICATION

A V049-2-i02
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Trtle: SPECIFICATION FORACCEPTANCE TEST PROCEDURE FOR ROUGHING SYSTEM

ACCEPTANCE TEST PROCEDIJREFORROUGHING PUMPSYSTEMS

l':':' "'
-, LIGOVACTTUMEQUIPI\,IENr

Ilanford, Washingtou rnd Livingston, Louisiana
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QUALITY ASSLIR.ANCE:
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PROJECT ]vfA.TiAGER:
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DESCRIPTION OF CI{ANGE

SPECIFICATIONPROCESS SYSTEMS INTERNATIONAL, INC.
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1.0

Trtle: SPECIFICATION FOR ACCEPTANCE TEST PROCEDURE FOR ROUGHING SYSTEM

PI,]RPOSE

L

The purpose of6is Acceptance Test Procedure (ATP) is to define the overall plan for acccpunce
tcsting of this piece of equipment in order to demonstatc that it meets thc rcquircments of ttrc LIGO
Vacuum Equipment Specification, LIGO-E94000242-V, Revision 2, dated August 31, 1995.

:--.-; ,. --.
GENERAL ::t'' 

"t

The plan will apply to the main roughing pump systems for the comer statioos.

Tests will be perfomred by PSI pcrsonnel, and will be witnessei and/ or the results rcviewed and the
cquipment accepted by an agent designated by LIGO.

RIFERENCE DOCTMENTS

The following documents shall be used in conjunction with this one for performing the ATP:

EDP200iEH2600 Roughing pumps Operating Manuals

RESPO}iSIBILITY

It shall be the responsibiliry of the project engineer assigned to this componenl or $bsystem to
ensure that all procedures required by this acceptance tesl procedure are performed, and that a person
fiom LIGO designated as the witnessing agent, and who has signoff authority, shall sign the data
sheet /test certification anached to this procedure, verifing that the procedures have been pcrformed.
The dau sheet shall also be signed by the project engineer or by someone designated by the PSI
ptoject mara}et Any test listed in tbe data sheet which is not applicable to this component or
subsystem shall be noted by writing 'N/A' in the appropriate space. Any deviations from the test
procedures or parameters shall be noted on this data sheet.

SPEGIFICATION
Nurnbe,: VD49-2-1

A
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5.0

TItIe: SPECIFICATION FOR ACCEPTANCE TEST PROCEDURE FOR ROUGHING SYSTEM

5.I

5-1.1

FACTORYTEST

Procedure

5.rJ

. . Speed Test .l':' '.--'

. , The Main Rougbjn! ;j,iimt individual vacuum pumps will be atrrospheric air speed tesed by
EIIVI at the poiat of manufacture in the U.K. A test certificate is provided with each pump.

The minimum required pumping speed at I Ton is 236 Vs, at 0.1 Ton is 472Us. The roughing
pump set must tr c'pable of evacuatiag a voluDe of 200 cubic metcrs Aom abosphere to I Ton in
4 hours or less,

The Main Roughing Pumps are designed for continuous duty savice at full load and will pump
down a 2000 cubic meter vol"-e Aom abrosphere to I Torr witbout overheati::e.

Functional Test

Main Roughing system functional tests will be done at EIIVI's Grand Island, N.Y. facility

Besides the manufacnner's standard operating and safety feanres the following additional feature
has been incorporated
a. Gate valve at i et to Roots blower EH2600 fails close on lost ofoower or on shut down of
EDP2OO.

FIELD TEST

Procedure

The main roughing pump equipment will have already been accepted by LIGO at tbe point of
manufacture as part of the beam tube deliverables, and will have bcen used for bcam rube
pumpdown service.

Affer installation of the roughing system into the building, a functional checkout will be carried out
prior to use, to determine operating sla s and mechanical conditioa ofthc pumping systems.

6.t

SPECIFICATION
Number V049-2-1

A
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Title: SPECIFICATION FOR ACCEPTANCE TEST PROCEDURE FOR ROUGHTNG SYSTEM

LIGO VACUUM EQUIPMENT ACCEPTANCE TEST DATA/TEST VERIFTCATION
Equip. Tas S/N

SPECIFICATION

Type of Test ATP
Para.

ATP Req'ment/
Actual Data

Comnents LIGO Witness
Sigrr/datc

PSI
SignJdat

Visual
Inspeaion

Labeling
Verif cation

Grand Isle N.Y.
PSI witness

Bakeout N/A

Leak rate Sundard factory

Factory
Endurance
Test

N/A

Factory
Speed Test

Test in U.K
Certificate supplied

Functional
Test

Grand Isle N.Y.
PSI wimess

RGA Tesr N/A

Particle
Coun!

N/A

Ultimare
Pressure
Test

Sundard
Factory
Test. U.K.
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FACTORYTEST

Procedure Main Turbomolecular Pump Sets

Speed Test
: - . r .  .  . . .  .

, 
-,!. r, . :i.

' The Main tr:rbomolecutarpump systems are speed tested i:r acrordaoce with Amcrican Vacuurt
Society AVS 4.1; Recommended procedure for measuring pumpilg speeds as rcvised in October
I 986 . The -speed test is perfomred across the normal working range of the turbomolecular pump,

from lxl0* tor to lxl0-' torr.
The minimum required pumping speed at the inlet port of tbe Main Trnbo pump isl400 Vs N2 u an
inlet pressure of Ixl0'' torr.

Throughput
The minimum required backing pump throughput is 5 lon-Vs with a backing pressr:re of I ton.

The Main Turbo Pump ses are designed for continuous duty sewice at full load and will pump dort'o
a 2000 cubic meter volume from I ton to l0* ton without overheating.

Functional Test

Besides the manufacrurer's standard operating and safety shutdown features the follo*ing additional
feature has been ineorPorated

a- The turbo pump camot be started or will shutdown at a backing pressute higber thal a preset

value.
b. Emergency stop button on the backing pr:mp clcstical iatcrface box and main control box.

c. Backing pump motor winding overtemp shutdown
d. Backing pump shut down on N2 seal gas low flow
c. Backing pump motor starter overload
d. Foreline safety valve closes on backing pr:mp shutdowl or tubg Punp shutdoun/failrue.

5.1

s.t.t

5.r.2

Title: SPECIFICATION FOR ACCEPTANCE TEST PROCEDURE FOR TURBO PUMP SYSTEMS

SPECIFIGATION
Number: V049-2-1

Page -3- of -€-



TTTIC: SPECIFICATION FORACCEPTANCE TEST PROCEDURE FOR TURBO PUMP SYSTEMS

52 Auriliary Turbomolecular Pump Sets

5J.l Speed Test :

The Auxiliary turbomotecular pump systelns are speed tested iD accordaDcc with American Vacuum
Society AVS 4.1I Recommended proccdure for measuring pumping speeds as rvised in October
1986. The speed tedis performed across the normal working range of the turbomolecular purnp,

' '  . . '  f iom lxlo{iontoit i6t l . ton.' . .

The minimum required pumping speed at the idet port of the Auxiliary Turbo pump is 50 Vs N2 at

an inlet pressure of lxl0-'torr. The Auxiliary Turbo pump set will be specd testcd pcr AVS 4.1
procedure.

5.12 Functional Test

Besides the manufacturer's standard operating and safety shutdown features the following additional

feature h.as been incorPorated.
a. The inlet valve to the turbopump will will fail closed on power loss or turbo failure and the inlet

side of rhe nrbo will be vented. (Process side is isolated and will remain under vacuum by closing

of the automatic inlet valve)

6.0 FIELD TEST

6.1 Procedure Main Turbomolecular Pump Sets

The main ngbomoiecular pump equipment wiil bave already been accepted by LIGO at the Point of

manufacture as part of the beam tube detiverables, and will becn used for beam nrbe pumpdown

service.

A.fter imtailation of the main turbomolecutar system into the building, a functional checkout will be

carried out prior to rlse, to determine the op€rating status and mechanical condition of the pumping

systems.

6.2 Auxitiary Turbomolecular Pump Sets

A firnctional checkout will be canied out drring installation of the vacuum envelope.prior to use,

SPEC!FIGATION
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Titte: SPECIFICATION FOR ION PUMPS ACCEPTANCE TEST PROCEDURE

I.O PTTRPOSE ?

The purpose of this Acceptance Test hocedure (ATP) is to define the ovcrall plan for acccptancc
testing of -ain and arnulus ion pumps ald contollers in ordet to denonstratc that they mect ttre
rcquirements of tbe LIGO Vacuum Equipment Spccificatio4 LIGO-E940002'02{' Rwision 2, dated

. AugBst31, 1995. iJ: ' : : . :

2.0 GENER{I

2.1 The procedure applies to all the stations. Slight differences amoDg each station will be due to

diffeient vacuum equipment, size ofthe isolatable section sizes, surfaces, vol"'nes, and gualtities

involved relating to instr:Dentatio4 equipment, etc'

2.2 Tests will be performed by PSI persomel, and will be witnessed by an agent designated by LI@.

3.0 REFEREIiCE DOCUMENTS

The anached equipment acceptance test data,/test verificatiou forrn shall be filled out wben performing

the ATP and presented to LIGO.

4.0 RESPONSIBILITY

it shall be the responsibility of the project engineer assigned to this comPonent or subsystem to ensrue

that all proceduris required by this accepunce test procedure are performed, and that a person fom

LIGO designated as the wirressing agent, and who has signoff authority, shall sigrr the data sheet

Itest certifrcation attached to this procedure, verifying that the procedures bave been perforrned. The

data sheet shall also be sigrred by the project engileer or by someooe designated by the PSI project

manager. Any test listed in the data sheet which is not applicable to this component or subsystem shall

be noied by writing 'N/A" in the appropriate space. Any deviations Aom the test procedures or

parameters shall be noted on this data sheet.

SPECIFICATION

v049-2-106

Page -2- ol-5-
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TiUe: SPECIFICATION FOR ION PUMPS ACCEPTANCE TEST PROCEDURE

SPECIFICATION

v049-2-106

5.0 FIELD TEST PROCEDURE

Iol Pumps

Main lon fumpi. . .'.
Check for physical damage to the pump, conroller and HV cabtes.

Prior to pump installation" verifr tbat it still is under vacur:m.

While still under vacuumJnstall the contoller, book up contol wires and FIV cable(s) to the
controller and feedthn{s). Then test conaoIer firnctionality "nd all jateriocks.

After pump installatioq vacuum leak cbeck it with isolation valve closed. Refer to PSI leak
test procedure V049-2-014.

5.1

. s.tr
- , . &

b.

d.

Speed test as documented in Specification V049-2-004 will be perforrred ar the factory for
onJy the first manufactured ion pump.

5.1.2 Annulus lon Pumps
Refer to Section 5.1 .l (Main lon Pumps).
Item e (speed test) is not applicable.

Page _3_ of -5_



Title: SPECIFICATION FOR ION PUMPS ACCEPTANCE TEST PROCEDURE

Lrco vAcrIuM EQUIPMEM ACCEPTAIICE TEST DATTTEST VERIFICATION
Equip. Trg (MAIl$-s/N

1.: . ' .  .  ' .

.:: '. ,.

<lX10-' Ton-L/s

Torino,Italy.
PSI witness first onlY

Torino,Italy.
PSI witness frst only.
PSI. Field test all.

SPECIFICATION
Number

A vo49-2-106
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ITitIe: ACCEPTANCE TESTPROCEDURE FOR LARGE GATEVALVES
I

-

ACCEPTAIICE TEST PROCEDURI FOR

LARGE GATEVALYES

FOR
: : . \ ' - .  - . .

ir: r,ico vAcuuM EerlrpMErr-r

Hanford, Washington
and

Liviagston, Louisiana

PROJECT ENGINEER:

INSTR/ELEC ENGINEER:
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TECFINICAL DIRECTOR:

PROJECT MANAGER:
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1.0

ACCEPTAFICE TEST PROCEDURX FOR LARGE GATEVAIVES

PURPOSE 
:

Tbe purpose of this Acceptance Tcst Procedure (ATP)is to define thc ovcrall plan for
acceptance tcsting of this componeDt in order to demorBtrate that it mccts tbc
requircments of the LIGO Vacuum Equipment Specifcatioq LIGO-E94000242-V,' Revision 2, dated August 31, 1995.' . . | - . ' ' .

GENERAL

The procedrue applies to all of the stations. Differences b€tween the garions wiil be due
to different vacurmr equiipmcnt, size ofthe isolatable sections, surfaces, vol:ncs and
quantities of instrumeutation and equipmcat.

Tests will be performed by PSI personnel, and will be witressed by an agent (with sign-
offauthority) designated by LIGO.

REFERENCE DOCTIMENTS

The following documents sball be used in conjunction with this one for performing the
ATP:

PSI Specification V049-2-005, 112 cm and 122 cm Cate Valves

RXSPONSIBILITY

It shall be the responsibility ofthe project engineer assigned to this component or
subsystem to ensure that all of the procedures required by this ATP are pcrformed and
that the LIGO witness signs the dala sbeet4est certification (attached to this procedure)
verifing that the procedures have been perforrred. The dau sheet shall dso be signed by
the project engineer, or other PSI person designated by Ore project manager. Any test
listed in the data sheet which is not applicable to this component or subsystem shall be
notcd by uriting 'NA" in the appropriate space. Any deviations from the test procedures
or pammeters shall bc noted on the data sheet.

2.0

3.0

4.0

SPECIFICATION
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ACCEPTANCE TEST PROCEDURE FOR LARGE GATE VALVES

5.0 TEST

5.1 The first eighr large gate valves will bc acceptance tested at the manufacturer's shop prior
to stripment. These are slated for early delivery to Washington to close rhe bcam tube.

. All other large gate valves will be tested at the manufacturer's shop prior to shipment and
' 
accepted in the Iiel4as lhe sections of equipment that they isolate are tested and acccpted.

' . 'TheJield test will crcnsist of a valve firactional check and tlre leak rest of the isolated
' ''section 

of equipment.

< t D'nap.l" ' .

52.1 Each valve shall be inspected for dimensional conformance to approved assembly
drawings.

5.2.2 Each valve shall be inspected for cleanliness by black light. Valves shall be reeleaned if
any contamination is found.

5.2.3 Each valve shall be functionally tested. Prior to final gate seal leak testing, operation of
each valve for 20 cycles shall be demonstrated. The valves shall be shown to be capable
of stroking in either direction in 5 minutes or less.

5.2.4 Each valve shall be tested for leakage (using oil-free. pumping equipment and leak
detector) prior to shipment from the marufacturer. Each vaive shall be baked at 150 C
prior to leak checking. For drral gate seals and end seals, each seal shall be individually
tested. For the end seals, the Vendor's test fixture shall allow testing of each seal
individually. fuI RCA *irh calibrated leak shall be use.d in performing the leak tesing.
Partial pressures of hydrocarbons greater than 2.0 x l0''u Torr for any species r+ill be
cause for rejection. Body and flange leakage shall be measured to be less tban l0-'" torr
literAec of helium before shipment. Leak checking procedures shall conform to ASTM
E498.

5.2.5 One valve ofeach size and type ofactuation shall be tested for shock. The valve shall be
tested in the verlical position resting on a pad that deflecs al least 0.1" under lhe static
load of the valve, so as not to simulate a "hard mount". Testing shall be done both al
atmospheric pressue aad with the valve under vacuum. AD accelerometer shall be
mounted near a connecting flange (or weld stub) on the valve housing or near the edge of
one of the flange covers. Separate measurements shall be taken in each oflhe three axes.
Valve actuation shall be shown to induce no more than 0.01g peak-to-peak acceleration at
any point on the valve mounting flanges or weld stubs:

SPECIFICATION
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ACCEPTANCE TEST PROCEDURI LARGE GATE VAL1IES

DOCUMENTATION .:

The following documentation shall bc provided prior to acceptance:

o Leak test procedure and rcport (including data).
. Shock testgroc.gdure and rcport (including data)

' c Manufachrer's standard QA reporu (iacluding final functional test reporu)

SPECIFICATION
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ACCEPTANCE TESTPROCEDI'RE FOR 5" TO" & 14'GATE VALVES

I
TABLE OF CONIENTS

1.0' l : .1 . .  - .

;;.:.0 .'

3.0

4.0

5.0

6.0

Pupose

Cr€neral

Referencc Documents

Responsibility

Test

Documentation

Attachment Acceptance Test Data Sbeet

o

I
I
I

SPECIFICATION



o

I
I
I

I
I
I

PURPOSE ?

The purposc of this Acceptance Test Procedr:rc (ATP)is to define thc overall plan for
acceptance testing ofthis compooent in order to dcmonstratr that it mcets the
re4uiremeats of the LIGO Vacuum Equipmcnt Specificatio!, LIGGE94000242'V,' 
Revision 2, dated &lgrtst 31, t995.

:i; ," '..

2.0 GEMRAL

2.1 The procedure applies to all of the stations. Differcnces between tbe stations will be due

to different vacuuE equiipmeot" size of tbe isolafabie sectioss, surfdc€s, votumcs aod
quantities of hsfr:nestation and equipment.

ACCEPTANCE TESTPROCEDURE FOR 6' IA', &I1" GATE VALVES

Tests will be perforrred by PSI persorael, and will be witnessed by an agent (with sigF-

off authority) desigrrated by LIGO.

REFERENCE DOCI.MET{TS

The following documents shall be used in conjunction with this ooe for performiag the
AT?:

PSI Specification V049-2-006, 6", 10" and 14" Gate Valves

RESPONSIBILITY

It sball be the responsibility ofthe project engineer assigrred to this component or

subsystem to eosure tbat all of the procedures required by this ATP are pcrforrred and

Oat he ftCO .t itness signs the data sheet/test certifieation (attached to tbis procedr:re)

veriffing that the procedures have been perforrred. The data sheet shall also bc signed by

the project engineer, or other PSI person designated by the project manag.t' A"l l:1
f*ea in Oe dita sheet which is not applicable to this component or subsystem slull be

noteil by r'"riting 'NA' in the appropriate space. Any deviations from the tesl procedrres

or Darameters shall be aoted on the data sheet.

SPECIFICATION
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5.0

5.1

ACCEPTANCE TEST PROCEDURE FOR 6'. I()' & T4" GATE VALVES

TEST 
:

Each valve shall be inspected for cleaaliness by black light Valves will bc reclcaned if
any contamination is found.

'Ail 
6", l0"and l4'l3.a1g valves valves shall be leak tested (using oil-fiee pumping

' - cquipment and leak'detectbr). An RGA with calibrated leak shall be used in performing' 'the 
leal testing. Lesk checking procedures shall conform to ASTM E498. Valve body

and flange total leakage shall be measured ro be less than 10'10 ton liter/sec ofhelium
before shipment. Gate seal leal.age shall be sho*a to be less than l x lOa torr liter/sec of
helium.

One valve of each size and q'pe of acn:ation shall be tested for shock. The valve shall be
tested in the vertical position resting on a pad that deflects at least 0.1" under the static
load of the valve, so as not to simulate a "hard mount". Testing shall be done both at
atmospheric pressure and with the valve under vacuum. An acceleromeler shall be
mounted near a corurecting flange on tlre valve housing or near the edge ofone of the
flange covers. Separate measurements shall be taken in each ofthe tiree axes. Valve
actuation shall be shown to induce no more than 0.01g peak-to-peak acceleration at any
point on the valve mounting flanges.

Final acceptance will occur in the field. The field test will consist of a valve firnctional
check and the leak test of the associated isolatabie section of equipment.

DOCUMENTATION

The following documentation shall be provided prior to shipment:

r Leak test procedure and report (including data).
e Shock rest procedure ard repon (including dala).
. Manufacturer's standard QA reports (including final fiurctional tes repons)

52

5.3

5.4

SPECIFICATION
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1.0 PURPOSE

The purpose ofthis Acceptance Test Procedure (ATP)is to define the overall plan for

acceptance testing ofthis component in order to demonstrate that it meets the

,.q,lirm.ns of the LIGO Vacuum Equipment Specificatio4 LIGO-E940002-02-V,
Revision 2, dated August 31, 1995-

GENERAL

The procedure applies to all of the stations. Differences between the stations will be due

to different vacuum equiipment, size ofthe isolatable sections, surfaces, volumes and

quantities of instrumentation and equipment.

Tests will be performed by PSI personnel, and will be witnessed by an agent (with sign-off

authority) designated bY LIGO.

REFERENCE DOCUMENTS

The following documents shall be used in conjunction with this one for performing the

ATP;

PSI Specification V049-2-011, Cleaa Air Supply Systems

2.0

2 .1

2.2

3.0

4.0 RESPONSIBILITY

It shall be the responsibility ofthe project engineer assigned to this component or-
i subsystem to ensure that all ofthe procedures required by this ATP are performed and

that ihe LIGO witness signs the data sheet/test certification (attached to this procedurQ

verifying that the procedures have been performed. The data sheet shall also be signed by

the project engineer, or other PSI person designated by the project manager' Any.test

listed in the dita sheet which is not applicable to this comPonent or subsystem shall be

noted by writing "NA' in the appropriate space. Any deviations from the test procedures

or parameters shall be noted on the data sheet.

ACCEPTANCE TEST PROCEDURE FOR CLEAN AIR SIJPPLIES

SPECIFICATION
Numb€rA vo49-2-1



5.0

5 .1

5.2

TEST

Each compressor system shall be functionally tested. A comprehensive operational test
plan shall be developed and used to demonstrate proper operation ofthe compresson.
Tests shall include normal operation plus simulation ofunusual events (component failure,
etc.) to ensure that individual skid controls bring the system to a safe condition.

For one ofeach size systen\ the delivered flowrate shall be shown to be at least 50 CFM
or 200 CFM, the dewpoint shown to be no higher than -60 C (at atmospheric pressure),
and hydrocarbon content shown to be no higher than the ambient air, In addition, a
particle count ofthe delivered air shall be taken to confirm that it conforms to Class
I 00(at 0.5micrometers).

Final acceptance will occur in the field. The hydrocarbon content, dewpoint, and particle
count will be repeated as part ofthe check for cleanliness ofthe installed piping system in
each station. Measurements shall be made at each outlet connection using the sampling
fixture connected to the branch outlet-

The following instruments, or equal, shall be used for testing'

Dewpoint: Kahn Ceramic Portable Hygrometer
Ranee: -80Cto +20C

Hydrocarbon Content:MSA Passport PID2 Organic Vapor Monitor

Particle Count: MET One Model IIPS227B Portable Airbome Particle Counter

5.3

t s 4

t-

SPECIFICATION
Number -

A vo49-2-l
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ACCEPTAI{CE TEST PROCEDURE FOR

PORTABLE SOFT-WALL CLEAI\IROOMS

FOR
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Hanford, Washington
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7,.A. h^ tUU/'"';\

Information contained in this specification and its attachmerts is proprietary in nature and shall be kept corfidential. It shall be
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1.0 PURPOSE

The purpose of this Acceptance Test Procedure (ATP)is to define the overall plan for
acceptance testing ofthis component in order to demonstrate that it meets the
requirements of the LIGO Vacuum Equipment Specifi cation, LIGO-E940002-02-V,
Revision 2, dated August 31, 1995.

GENERAL

The procedure applies to all of the stations. Differences between the stations will be due
to different vacuum equiipment, size ofthe isolatable sections, surfaces, volumes and
quantities of instrumentation and equipment.

Tests will be performed by PSI personnel, and will be witnessed by an agent (with sign-off
authority) designated by LIGO

REFERENCE DOCUMENTS

The following documents shall be used in conjunction with this one for performing the
ATP:

PSI Specification V049-2-010

IFED-SrD 
zoeE,1ee2

RESPONSIBILITY

It shall be the responsibility ofthe project engineer assigned to this component or
subsystem to ensure that atl ofthe procedures required by this ATP are performed and
that the LIGO witness signs the data sheet/test certification (attached to this procedure)
verifying that the procedures have been performed. The data sheet shall also be signed by
the project engineer, or other PSI person designated by the project manager. Any test
listed in the data sheet which is not applicable to this component or subsystem shall be
noted by writing "NA' in the appropriate space. Any deviations from the test procedures
or parameters shall be noted on the data sheet.

2.0

2.1

1 n

ACCEPTA}ICE TEST PROCEDURE FOR PORTABLE CLEANROOMS

SPECIFICATION
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5.0

5 . 1

TEST

One of each size portable clearoom shall be fully assembled at the manufacturer's shop.
It shall be inspected for dimensional specifications and the presence and proper operation
of the windows to seal to the beam tube or nozzles, and to the BSC dome. Rigidity of
both the frame and of the removable ceiling unit shall be verified . The operation of the
sealing system used to mate two cleaffooms together shall be checked. The cleanroom
will be operated and certified to produce a Class 100 (at 0.5 micrometers)environment at
rest for nonunidimensional flow after balancing, sealing and cleaning.

Final acceptance of each cleanroom will occur at the point offirst use: in the PSI shop or
at the sites- Each cleanroom will be operated and certified to produce a Class 100 (at 0.5
micrometers)environment at rest using a discrete particle counter(DPC) in accordance
with Section 5 of FED-STD 209E, 1992. Sample locations and number shall be in
accordance with Section 5.1 .3.2 for nonunidirectional flow. For the BSC cleanroom it is
permissible to block out the non filtered center core with clean room curtains to simulate
the presence ofthe BSC.

The following instruments, or equal, shall be used for testing.

lParticle Count: MET One, Model HPS227B Portable Airbome Particle Counter

Thermal Anemometer: Datametrics. Model ADM-870

Pressure Gauge: Dwyer, Model 2000-00
Range: 0-.25"WC

DOCUMENTATION

A system assembly and operating manual shall be provided.

) . 2

5 . 3

6.0

ACCEPTANCE TEST PROCEDURE FOR PORTABLE CLEANROOMS
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FOR
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Hadord, Washington
and

Livingston, Louisiala

lnformation contained in this spccification and is attachmens is proprietary h nature and shaJl bc kcpt confidcntial' lt shall be

uscd only as requircd to respond to the specification rcguiremens, and shall not bc discloscd to any othcr PaIty'
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ACCEPTANCE TEST PROCEDURE FOR SMALL VALVES

5.0 TEST 
:

5,I Each valve shall bc inspecrcd for cleanliness by black light. Vdvcs shall bc recleaned if
any contamination is found. Tbe vcndor's standard inspcctions shall bc pcrfonned.

52 
' 
All small vacuum v?,lves valves shall be leak tested (using oil-free pumping cquipment

. : .: : and leak detector). Tire vendor's standard leak checking procedures shall be used. Valve' 'body 
and flange total leakage shall be measured to be less than lOa ton liter/sec of

helium before shipment, or less ifthe vendor's slandard is lower. Seat leakage shall be
shown 1o be less than lx l0-'ton liter/sec of helium. or less ifthe vendor's staadard is
lower.

Final acceptance will occur in the field. The field test will consist ofa valve fi:nctional
check and the leak test of the associated isolatable section of equiDment.

DOCUMEIiTATION

The manufacturer's standard QA reports (including final fimctional test repons) will be
submitted.

t.J

SPECIFICATION
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2-0

2.1

ACCEPTANCE TEST PROCEDURE FOR vAl\fEs

1.0 PURPOSE ?

The purpose ofthis Asceptance Test Froccdnre (ATP)is to define tbe ovqall plan for
acceptance testing of this component in order to dcmoDstate tbst it oects thc

- requirements of the LIGO Vacuurn fuuipment Specification' LIGGE94000242-V'
' 
Revision 2, dated Algust 11, 1995.

: :  . .

GENERAL

The procedure applies to all of the stations. Difrerences bctwccn the statioos will be due

to di-fferent vacuum equiipment, size of the isolatable sections, surfaces, volumes and

quantities of instruDentation and equipm.ent.

Tesu will be performed by PSI personnei, and will be witressed by an agent (with sign'

otr authority) designated b1'LIGO.

RXFERENCE DOCTIUENTS

Tbe following documents shall be used in conjunction with this one for performing the

ATP:

PSI Specification V049-2'059, Small Vacuum Valves

RESPONSIBILITY

It shall be the responsibility of the project engineer assigrred to tbis component or

subsystem to ensure that all of the procedwes required by this ATP arc perforoed and.

that the LIGO witness signs the data sheeVtest certification (aflacbed to this procedure)

veri$ing that the procedures have been performed. The ilau sheet sball also be signed by

the projJct engineer, or olher PSI person designated by the project manager' Any test

lisred i; $e d;ta sheer which is nor applicable to this componeot or subsystem shall be

noled by writing "NA" in the appropriate space. Any deviations from the test procedures

or parameters shall be noted on the data sheel

-'Lot

SPECIFICATION
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TitIE: SPECIFICATION FOR BAKEOUT SYSTEM ACCEPTANCE TEST PROCEDURE

ACCEPTAI\CE TEST PROCEDURE
FOR BAKEOUT SYSTEM BLA}IKETS AND CARTS

FOR LIGO VACIITJM EQUIPMENT

I{anford, Washington

and

Liviagsto!, Louisiana

PREPARED BY:

QUALITYASSURANCE: r'/ J6 I/-L

TECIINICAL DIRECTORT

PROJECT MANAGER:

o INITIAL
APPROVALS

6p tDe 160
DESCRIPTION OF CF{ANGE

SPECIFTCATIONPROCESS SYSTEMS INTERNATIONAL' INC.
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Title: SPECIFICATION FOR BAKEOUT SYSTEM ACCEPTANCE TEST PROCEDURE

I.(l PURPOSE

The purpose of this Acc4tance Test Proccdure (AT?) is to definc the ovcrall plan for acccpuncc

&sting of tbe bakeout systeld blankeu and carts in order to demonsrate that they mcet the rcquirsaeats

of thaLIGO Vacuum.F.ulqTeEt Specifcatio4 LIGO.E94000242-V, Revisioo 2, &tcd August 31,
. .  1995. l : ; .  . . .

2.0 GE}IERAL

2.1 The procedure applies to all the stations. Slight differences anong cach station will be due to

differcnt vacuun equipoen! size of the isolatable section sizes, surfaccs, voh'mes, and quantities

involved relating to insuumentation, equiPncat, etc.

2.2 Tesc will be performed by PSI personnet, and will be witressed by an agenl designated by LIGO.

3.0 RIFERENCE DOCUMENTS

The attached equipment acceptarce test data/test verification form shall be filled out when performing

the ATP ard presented to LIGO.

4.0 RESPONSIBILITY

h shall be the responsibility ofrhe project engineer assigned to this component or subsystem to ensue

that all procedruis reguired by this acceptarce test procedure are perforrred, and that a Person from

LIGO designated as the *itnessing agen! and who has signoffautbority, shall sigrr tbe data sheet

/test certifrcation attached to this procedure, verifiing that tbe procedures bave been pcrformed, and
g)eet all rcquirements. Tbe data sheet shall also be signed by the project engineer or by someone

designared ty the PSI project manager. Any test listed in the data sheet whicb is rot applicable to this

comlonent or subsysrem shall be noted by *riting 'N/A" in tbe appropriate space. Aly deviations

from the tesl procedures or paEmete$ shall be noted oa this data sheet.

SPECIFICATION

A voe9-2-112
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Trtlq SPECIFICATION FOR BAKEOUT SYSTEM ACCEPTANCE TEST PROCEDURE

:

5.0 NELDTEST

5.1 Bakeout System Blankes Aod Carts:
i : ' "  -  -_ '-;: \. . .::.

' . ' & Alt bakeout carrs will bc testcd per PSI fabrication specification VO49-2-068 prior to shipment to
the site.

b. All blankeu will b€ tested for operation and performance at PSI duriag bakeout ofall vacuum
vessels.

Vacuum vessels wiil be cleared, baked oug evacuated, and scaled grior to shipment to the site.

SPECIFICATION

A v049-2-112
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Titlc: SPECIFICATION FOR BAKEOUT SYSTEM ACCEPTANCE TEST PROCEDURE

LIGO vActiuM EQUIPMENT ACCEPTANCE TEST DATTTEST VERIFICATION
Equip. Teg

Type ofTcst ATP
Para.

ATP Req'menV
Actual Data

COmttreatS LIGO Wimcss
Sigrr-/date

PSI
SignJdatc

Visual
Ioslectiqn

PSI check at PSI
PSI fiild cbeck

Labclling
Verilication

PSI check at PSI
PSI field check

Blanket Fit
Test

PSI check at PSI
PSI field check

continuity
PSI check at Vendor

System
interlocks

PSI check at PSI
PSI field check

Functional
Test

. PSI check at PSI
PSI field check

Vessel
Bakeout

SPECIFICATION

A V049-2-112
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