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Title: LIGO VACWM EQLIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

1.0 INTRODUCTION

1.1 This specification covers the installation and commissioning of the Vacuum Equipment for the LIGO
Project at Hanford, WA. The Livingston, LA site is covered by a separate specification

The LIGO (Laser Interoferometer Gravitational-Wave Observatory) project is a scientific facility
designed to detect gravitational waves. The vacuum equipment is installed in five buildings
throughout the site.

The buildings, foundations and vacuum enclosures between each ofthe buildings is provided by others.

The location for the scope of work of this specification is the LIGO facility in Hanford, WA. (Actual
Iocation: Rt. 10, (Mile Marker 2), Richland, WA)

LIGO, which is operated by Caltech and MIT under an NSF conhact, includes two installations at
widely separated sites: near Hanford, WA and Livingston, LA. Each installation contains laser
interferometers in an L shape (with 4 km long arms) installed inside a vacuum enclosure, vacuum
pumping systems and other support facilities.

2.0 DEF"INITIONS

2.1 Where the word
Systems Intemational, Inc. @S!.

2.2 Where the word uowner" is used in this specification, it shall be understood as referring to Califomia
Institute of Technology and the US Government.

2.3 Where the word "Contractor" is used in this specification, it shall be understood as referring to the
Successful Bidder designated by the Buyer to supply all items required to successfrrlly complete the
Scope of Work.

2.4 Where the word "Scope of Work'/'Work' is used in this specification, it shall be understood as
referring to all items ofwork required to complete the work defined in this specification, indicated on
the project drawings, or enumerated in the project specifications.

2.5 Where the word "Subcontractof is used in this specificatioq it shall be understood as referring to any
party designated by the Contractor to supply items requhed to complete the scope of work, subject to
Buyer's acceptance.
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Title: LIGo vAcuuM EQUIPMENT INSTATLATION AND CoMMISSIoNTNG - wASHrNcroN SITE

2.6 The term "Joint Occupancy'' as used in this specification means the time the individual buildings can
be occupied by the LIGo Project stafl its equipment contractors, including it's construction
Contractor to finish and close out the final inspection items. The Vacuum Equipment Conhactor shall
perform the installation effort under this Purchase Order on a 'hon-interference bv others" basis.

SITE YISIT

The Contractor shall visit the job site and familiarize himselfwith the site conditions, local unions and
proposed facilities, carefully examining local conditions, together with invesfigating all other possible
conditions that may affect costs, complicate, delay, or otherwise obstruct the piogress of the Work and
include description and costs associated with such conditions in their proposal.

Selected LIGO site building drawings are included in this package (Attachment G&L). Other building
drawings will be provided on an as needed basis.

CONTRACTORCONTACTS

After award, all Conhactor questions should be directed to:
Mr. David Evers
Process Systems Intemational, Inc.
20 Walkup Drive
Westborough, MA 01581
Phone: (508) 898-0206
FAx: (508) 898-0322

PERMITS AI{D CODES

Before starting work on this project, it shall be the responsibility of the Contractor to make certain that
all necessary permit, license and approvals are obtain for performance ofthe work at the site.
Contractor shall obtain such permits, Iicense and approvals at their own expense and fumish copies to
the Buyer The Buyer will provide drawings starnped by a Washington state professional engineer for
obtaining permits.

The Contractor shall include in their Lump Sum Bid all costs associated with performing the work in
compliance with Federal, state, and Local codes and standards goveming the work. 

-

3.0

3 . 1

4.0

4,1

5.0

5.1

5.2
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5.3 Codes And Standards

5.3.1 unless otherwise required, material and worknanship shall conform to and comply with
current editions and the latest revisions ofapplicable codes and standards.

5.3.2 The following codes and standards, as applicable, shall be followed for the procuement,
installation and testing ofthe equipment and piping:

American Institute of Steel Construction
American National Standards Institute

B16.1 Cast hon Pipe Flanges
816.5 Steel Pipe Flanges
831.1 Also For Utilities
831.3 Chemical Plant and petroleum Refinery piping
831.9 Building Services piping

ASME - American Society of Mechanical Engineers

Section VIII, Pressure Vessels
Division I Boiler and pressure Vessel Code
Section D(, Welding eualifications

ASTM - American Society for Testing Materials
AWS - American Welding Society Welding Symbols
NEMA - Motors and Generators, MG-l
OSHA - Occupational Safety and Health Act Noise Standard
SSPC - Structural Steel Painting Council
Applicable - Local Codes and Standards

Specifi cation Compliance

5.4.1 Work shall comply with drawings, data sheets, standards, codes and specifications referred to
herein or attached as part ofthis specification. Applicable national, stite or local codes,
standards, and regulations shall be considered as part ofthis specification. The Contractor is
responsible for compliance with such standards, specifications, codes or regulations.

5.4.2 The Buyer's Installation Manager or his designee shall be advised by the contractor ofall
scheduled inspections by regulatory agencies, and be allowed the option to witness such
inspections.

AISC -
ANSI .

5.4
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TitIC: LIGO VAC{.ruM EQLIIPMENT INSTAILATION AND COMMISSIONING - WASHINGTON SITE

6.1

5 '4.3 Conflicts between documents or incomplete tecbnical information shall be broueht to the
attention ofthe Buyer and resolved at the time ofquotation. After confact awaid, the
contractor shall identify all conflicts for resolution prior to executing the work. Tire most
stringent requirement will be considered to be incorporated into their lump sum price.

SAT'ETY REGULATIONS

A site specific safefy plan shall be developed by the conhactoq complying with Federal osHA
regulations.

The contractor shall also comply with the owner's on-site consfuction safefy, Health and
Environmental Management pmgram.

6.2

6.3

6.4 The contractor shall designate a person to be responsible for safety management at the site.
Conhactor shall conduct weekly safety meetings with their crew and send a representative to all
site wide safety meetings.

To ensure safety, the contractor is responsible for supporting and bracing partially installed
equipment.

GEF{ERAL REQTIIREMENTS

This specification covers installation and commissioning activities for the LIGO Vacuum
Equipment systems. The vacuum equipment will be instalLd indoors (except for the LN, tanks
and vaporizer systems) in five site buildings (providerl by others).' Th; buildings will be
complete (except for minor punch list items) prior to vacuum equipment instdlaf,on. The
Contractor shall have joint occupancy of the buildings on a staggered schedule as defined in the
Purchase Order and LN, foundafions as defined in Section 2.6.
It is the intent that the Work be executed in accordance with the Project Drawings and project
specifications by qualified craft persons. It is not intended that the project Draiings, rrqect
specifications including this Specification enumerate every possible eventualit/ that the
contractor may encounter before completing the work. The conhactor represents 

-that 
he haspractical construction knowledge and experience in performing the woik. Therefore, tle

Contractor shall review and inspect all facilities and equipment and materials supplied to him to
ensure corectness and suitability for interfacing with the contractofs scooe of work.

6 .5

7.0

'7 1

7.2
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TitIE: LIGO VAflTLJM EQI.IPMENT INSTALLATION AND COMMISSIONING _ WASHINGTON SITE

t . 5

7.4

Additionally, the contractor shall provide materials required (beyond what is identified in
contract documents as fumished by others) to complete the Scope of work. Interferences among
pipe, conduit, steel, etc., where occurring in limited instances, shall be considered normal
working circumstances and to have been included in the confoactor's Lump sum Bid and,
thereforg shali not be reimbursable by the Buyer. Minor errors or interferencis, and problems
due to lack of field verification or error shall be conected at the contractor's exDense.
Bid shall state what work the Conhactor intends to subcontract and their proposed subcontractors.
The Contractor is responsible for the perforrnance of subconaactor(s) and will assume tle
responsibility for supervising each subcontractor(s). The Buver's written acceptance will be

The conhact uses the June 1995 Hanford Labor Rates in accordance with tle Project Labor
Agreement LIGO-C950331-00-P. Any rate increases at a later date will be a chanee order to the
conract.

The Contractor shall be responsible for examination and inspection ofhis Subcontractors' work to
assure that it complies to the specifications and standards and that the work perforrned is of eood
worlananship quality.

Materials provided by the Buyer are detailed in Section 11.0.

'I{old" or "Later" shown on Drawings indicate that final dimensions and details have not been
determined. Contractor shall include these areas in their Scope of Work or Bid Proposal to the
extent presented on these Drawings. Actual work shall not be executed by the contractor until the"Hold" or "Later" is removed.

The Conhactor's Work must be coordinated in the field through the Buyer's Installation Manager.

The contractor shall be responsible for daily cleanup and removal ofdebris, rubbish etc. as the
result of the work from the job site. Rubbish and debris resulting from the work shall be
removed aad legally disposed. Before project completion, the contractor shall rernove
equipment, scaffolding, tools, temporary services and utilities. If the contractor refuses, the
Buyer shall take necessary steps to cleanup the conhactor's clebris, rubbish, etc. and charge
associated costs to tlle Confactor's account.

7.5

7.6

7.7

7.8

7.9
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TitIE: LIGO VACT]UM EQUIPMENT INSTALLATION AND COMMISSIONING _ WASHINGToN SITE

'1 .10 Building cranes are pgll capable of lifting all vacuum equipment components (see Attachments
B&C). The Contractor will provide equipment for lifting and alignment of the components. The
Contractor is responsible for providing all other lifting devices, dollies and handling equipment.

All equipment shall be lifted and handled in strict conformance to this specification.

NOTE:II is noted that certain equipment, namely Beam Splitters, will be delivered in a horizontal
position and must be rotated to a vertical position. After offloading this equipment, the conhactor shall
rotate these components to the vertical position witlout damaging the equipment. It may be necessary
for the contractor to provide two cranes for this task. The contractor shall not apply lateral loads to the
lifting lugs.

NOTE: Inside the site buildings, only electric drive equipment is allowed (no propane or diesel
equipment).

7.11 Contractor shall fimish with the bid a detailed construction and staffing plan and schedule which
specifies the resources and time required to complete the Work (including a list of the different
union crafts to be utilized).

7 .12 A representative of the Contractor will be required to attend weekly status meetings with the
Buyer. Status meetings will be conducted by the Conhactor with the Buyer's personn'el to review
the past week's progress and the next week's plarmed activities. A Two Week Look Ahead
Schedule, (updated weekly) and staffing plan will be provided by the Contractor at weekly
Progress Meetings (tentatively set for Monday momings). Q.A. and safety reports shall also be
reviewed. Meeting minutes shall be issued within trryo (2) working days of each meeting.

7.13 Buyer's field representatives and the Owner shall have the right to review Contractor's work,
material, equipment and procedures as is applicable to enswe the Work is in compliance with the
Specifications. The Conkactor shall provide tools, instruments, etc. necessary to facilitate these
reviews. As a minimum, the Buyer will verifi the installation location of each vessel (HAM,
BSC, etc.). See Alignment Procedure V049-2-174 in Attachment E.

7.14 The Contractor shall cooperate with Buyer's field representative in establishing a schedule of the
various reviews or verifications to be performed during the progress of the Work. Buyels field
representative shall designate which events they wish to $,itness, and the Confactor shall fumish
an agreed upon amount of notification prior to the start of each event.
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Title: LIGO VACUUM EQUPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

7 .15 Contractor's field representative shall confirm by examination and tests, specified or usually used for
such purposes, and submit a written report to the Buyer that the material, equipment and field
installation Work conforms to the requirements of the Contract Documents including, but not limited
to:

a) The Purchase Order
b) The Specifications
c) Applicabie Codes and Standards

7 .16 The presence or activity of the Buyer's field representative shall not relieve the Contractor in any
way of his obligation to maintain an adequate inspection prograrn of his own or of other
obligations under this specification. Furthermore, the fact that Buyer's field representative may
inadvertently overlook a deviation from some requirement of this specification shall not
constitute a waiver of that requirement, of the Contractor's obligation to correct the condition
when it is discovered, or of other obligations under this specification.

7.L7 Buyer's field representative has the authority aird respcinsibility to stop any portion of the Work
which, if continued, wouid make compliance with some other requirements of the specifications
difficult or impossible

7 .18

7.19 The Contractor is responsible for manning the project witl the number of people necessary for
the Wo* to achieve the completion dates indicated on the approved schedule ind, if it is
necessary, shall work shift work and./or overtime to meet the completion dates in the Purchase
Order at no additional cost to Buyer.

7 .20 The Contractor's progress will be monitored on a weekly basis by the Buyer. If it becomes
apparent to the Buyer during the monitoring of the progress of the work that a slippage in the
schedule has occuned, the Buyer shall direct and the Contractor shall provide at no increase in
cost to the Buyer, additional people, additional equipment, overtime and shift work to achieve the
schedule. The Contractor shall maintain the conective measure taken until the Buyer has agreed
that the current progress agrees with the original project progress curve.

7.21 Contractor shall, at all times, have a competent Superintendent on tlre premises to represent him
and to whom instructions may be given until final acceptance of the Work.

7.22 The Conttactor's work, including testing is be subject to Buyer's review. The Contractor shall
maintain records oftests made during the course ofthe job and transfer these records to the Buyer
at the end of the job. The Contractor shall maintain quality control to ensure that quality
requirements are met. Conhactor shall submit proposed QC/OA plan and procedures no later
than one month after he has been awarded the contract.
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TitIE: LIGO VACUUM EQUIPMENT INSTAILATION AND COMMISSIONING _ VTASHINGTON SITE

7 .23 The Contractor shall take measurements to avoid damaging all structures, building walls, cables,
conduits, pipelines, wells, fences, paving and other facilities within or adjacent to the work site.
Damages shall be promptly repaired by the Conhactor at his expense, including all premium
time, to the satisfaction of the Buyer.

7.24 The Contractols material storage shall be confined to those areas which the Owner designates as
construction laydown areas. Laydown, fabrication, and painting activities are limited to areas
specifically designated by the Buyer.

7.25 Conhactor and Contractor's subcontractors shall abide by the rules and procedures the Olr.ner has
in effect at the job site pertaining to the performance of the work, materials, tools, and equipment.
Contractor shall be responsible for personnel in his employment and shall take appropriate
disciplinary action, including dismissal for the violations to these rules and procedures. These
rules and procedures include, but are not limited to, the following:
7.25.1 Prior to installation, t}le Contractor and his personnel shall become familiar with the safetv

guidelines of the Owner.

7.25.2 Firearms or other weapons of any kind are strictly prohibited within or arotmd the job site.

7.25.3 No alcohol or drugs of any kind will be allowed within or around the job site. Use ofdrugs or
alcohol on the job site is grounds for dismissal.

7.26 Contractor shall maintain record drawings as follows:

7.26.7 At t}re site, maintain a set of prints marking them to accurately reflect the actual installation
including changes in sizes, locations, and dimensions as the work progresses.

7 .26.2 On a daily basis, trace over the prints with a highlighter (marker) to indicate work installed.
Make these prints available to Owner,s and the Buyer's representatives.

7 .26.3 At completion of project, kansfer information from your marked prints onto master prints and
deliver drawings including marked prints to the Buyer's project manager.

7.27 ConstructionlnstallationReview

7-27.1 The Contractor shall participate in an installation readiness review (at the site) one month prior
to mobilizing on the site. The Contractor shall present their plan (schedule, procedures, eA.
plan, etc.) for Vacuum Equipment site installation for approval by the Buyer.
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l .Title: LIGO VACLJT'M EQUPMENT rNsrArLATIoN AND coMMrssroNrNc - wAsHrNcroN SITE

7.28 Documentation

7.28.1 The Buyer will issue to the Contractor, one (1) set of prints of Drawings and Specifications."C" size and larger drawings will be issued as a reproducible vellum. A mastei set (with as-
built information) shall be maintained throughout the installation confiact.

7.28.2 Equipment/material identification tags shall not be removed.

7.29 Temporary Construction Water

A source of water for consffuction purposes will be available to tre contractor.
7 .30 Temporary Sanitary Facilities

The Contractor is required to provide and maintain temporary sanitary toilets for the use of
personnel employed by the Conhactor, Subcontractor and others engaged in their work. These
facilities shall conform to the requirements ofall state, county and local ordinances.

7.31 TemporaryStorageFacilities/Parking

The Buyels representative will desigrate areas and locations for the temporary storage of
personnel hailers, materials, tools, equipment and contractor parking.

7.32 Vacuum Equipment Operation

It shall be the responsibility of the Buyer to operate all vacuum equipment,
ulha high vacuum practice and vendor instructions. The Buver w l- direct
required, to operate vacuum equipment,

7.33 Disposition Of Debris Cleanup And Dernobilization

7.33.1 No debris shall be allowed to accumulate in or be in contact with existing equipment or in such
a manner as to interferc with normal, convenient and safe operations of the Work (daily cleanup
is required).

7 '33.2 The Contractor shall remove and diqpose of construction debris from the work meas, including
ternporary facilities and utility cormections, unless otherwise directed by the Buyer,s
representative. This demobilization phase of the Work shall be accomplished before
consfruction will be considered complete.

7.33.3 Parking areas must be kept clean and neat at all times.

in acco.d-"" *ittr
union crafts, when
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8.0

8.1

7.34 F]NALACCEPTAI\TCE

7.34.1 Final acceptance ofthe fixed price lump sum work required by the Specifications shall be on a
building by building basis. This acceptance shall be given after all fix price lump s1m cleanup
operations and tests have been completed.

7.35 BILLING

7.35.1 Invoices for work performed under this specification shall be clearly identified with the Job
Title' Iob Number and Purchase Order Number. Prior to issuance of invoices, the invoice will
be reviewed with the Buyer's Installation Manager for approval ofprogress achieved during the
billing period. The Contractor shall propose payment milestones with their proposal.

7.35'2 Approved invoices shall then be submitted for paynent of Work completed ftrercent progress)
to:

Mr. Ron Bento
Process Systems Intemational
20 Walkup Drive
Westborough, MA. 01581-5003

SCOPE OFWORI(

General

This specification covers the installation and commissioning of the LIGO vacuum Equipment
System. The system is installed into five site buildings provided by others.
The vacuum system consists of major vessels (BSC, HAM, 80K pumps, and spools), portable
clean rooms and support equipment (vacuum pumps, skids, class 100 air skids, utility headers,
instrumentation, valves, etc.). Major vacuum equipment has been fabricated with flanged
corurections (double o-ring seals) which requires only alignment, bolting together and anchor
bolts to install.

All major vessels and skids have been fabricated and tested by the Buyer prior to the start of
installation. (See Attachment C).

The Contractor shall include all costs associated with providing labor including supervision and
hansportation labor, materials, construction equipment, tools, construction supplies,
consumables, required warehousing, temporary facilities and services to offload receive,
warehouse, and complete the installation of the equipment, piping and miscellaneous structural
steel work (pipe supports etc.) and all other required Work indicated in the Specifications and
Drawings to the satisfaction of tle Buyer. Component shipping configurations are detailed in
Attachment J.
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Title: LIGo vAcuuM EQUIPMENT INSTATLATIoN AND coMMIssIoNrNG - wAsHTNGToN srrE

The Contractor shall olfload receive, clean, inspect, assemble as required, erect, place and
precision align, install anchor bolts, shim, bolt down, grout and test all required equipment as
shown on P&ID, installation drawings and detailed in this qpecification.

The Conhactor may also be. asked to assist in additional commissioning and testing of the LIGO
vacuum system on a time and material basis. The Bidder shall state in their proposal the
applicable T&M rates.

All vacuum equipment must be instailed and commissioned in a clean room environment. Any
time a vessel is to be opened (for inspection, bolting to other equipment, etc.) it must be protected
by a portable class 100 clean air system(assembled by the Contractor). These systems require 2-3
hours to clean up a class 100,000 environrnent (normal building environment) to class 100 after
the class 100 clean room system is started. Portable clean rooms will be provided by the Buyer
for assembly by the Conhactor (6-BSC type/l I{AM typel5 gowning type).

8.1.1 Lifting of major equipment items will be perfomred in accordance with specific requirements
and procedures listed in Attachment N. Equipment sizes and weights me detailed in this
installation package. Building crane capacity and coverage is detailed in Attachment B.

8'1.2 A1l equipment is shipped internally clean (to class 100) and closed with bolted shipping covers.

8.1.3 The Contractor shall detail, fabricate, paint and deliver miscellaneous structural steel and pipe
supports as required in accordance with Contract Documents. All vessels or major spool
supports are provided by the Buyer. (See Attachment I).

8.1.4 The Contractor shall include in his lump sum bid:

8.1.4.1 Costs of moving his equipment around the site.

8.1.4.2 Cost of erecting a temporary wood and plastic shelter to clean equipment.

8.1.4.3 Costs for initial assembly ofportable clean rooms supplied by the buyer.

8 . 1 .4.4 Costs for building suwey layouts required to properly locate and set equipment and the
work (including WA registered land suweyor) from the Owner supplied benchmarks
(per Specifi cation V 049 -2-17 4).

8.1.4.5 Contractor shall fabricate, clean, install and anchor the comer station pipe bridge.

8.1.4.6 Contractor shall perform touch-up painting on all steel surfaces per y049-2-1.39

SPECIFICATION
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Title: LIGOVACUTIMEQUIPMENT INSTALLATIONAND COMMISSIONING-WASHINGTON SITE

8.2 Equipment Receiving And Preliminary Cleaning

8.2.1 The Contractor will receive and offload LIGO vessels and equipment at the site.

The Contractor shall pre-clean all vacuum vessels and components extemal surfaces in
the designated clean area before equipment is moved into the buildings and pre-positioned
in Comer, Mid and End Stations (steam clean only).

The Contractor shall remove temporary shipping braces prior to noving the equipment
into the buildines.

8.2.2 The Conhactor shall receive. handle and store all material in accordance with the
following:

V049-2-120 Raw Material Handling

V049-2-119 ContaminationControlPlan

V049-2-124 Control of Non-Conformance

8.3 Equipment Setting And Alignment by the Contractor

8.3.1 Vacuum components along the beam line @SC, HAM, 80K Pumps, Spools, Gate Valves with
Supports)

A. Vacuum Equipment along the beam line shall be aligned using optical alignment
equipment per Procedure V049-2-174.

B. The Contractor shall set and align the LIGO vacuum system per the Buyers installation
drawings and installation plan. The center line of all beam tube nozzles must be aligued
+ 2 mm in both transverse directions and to within 25 mm of the design position in the
axial direction. Extrerne care shall be used while setting and aligning components to
avoid damage to the flange surfaces (32 RMS finishes) and bellows assemblies.

Flange surfaces damaged while in the care. custody and control of the contractor. shall be
repaired at their expense. to the satisfaction of the buyer.

The contractor shall make axrangements for repairing damaged flange surfaces, if
required, prior to mobilization at the site.
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Title: LIGO VACWM EQUIPMENT INSTAILATION AND COMMISSIONING - WASHINGTON SITE

C. The Contractor will submit and validate an anchor bolt installation procedure to be
approved by the Buyer.

D. Gate valves to be aligned and supports installed and adjusted to support the gate valve
in its final alignment position.

E. Ports shall be pre-cleaned and protected by a class 100 portable clean room anytime
ports are opened. Extemal swfaces ofvessels shall be wiped down after the clean room
is in place. The clean room environment must be at class 100 levels for t hour before
opening any vessel or piece ofvacuum beam line equipment. The vacuum system
assemblies shall be prepared and assembled in accordance with Buyer's documents.

F. After initial alignment, concrete anchor bolts shall be installed (per Specification V049-
I-10I). Vessels shall then be lifted back into place, final aligned, bolted into place and
grouted (per Paragraph 8.3.5).

G. Anchor bolts should be installed per Attachment'M"

8.3.2 Vacuum Equipment Skids and Carts

A. Punp carts in the main vacuum equipment rooms do not need to be cormected to pipe
connections along the vacuum headers and equipment to locate tlre anchor bolt
locations. These anchor bolts sha1l be installed per Specilication V049-2-175 and
mechanical drawings. These anchor bolts (4 per caxt) are now located offthe pump out
nozzle on the beam tube or 80K pumps and are to be installed per drawing V049-4-010
and V049-4-01 l.

The following list details pump cart locations requiring anchor bolt installation in each
building:

Corner Station

Turbo Carts
Roughing Cart

Mid Station

Turbo Carts
Roughing Cart

End Station

Turbo Carts
Roughing Carts

NOTE: These anchor bolts are NOT
installed per V049-l-101.

6
4

2
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Title: LIGO VACUUM EQLiIPMENT INSTATLATION AND COMMSSIONING - WASHINGTON SITE

B. Install all skidded vacuum equipment in the comer station mechanical rooms per the
mechanical drawings. Anchor bolt and vibration isolation requirements af,e also shown
on the mechanical drawings. (These anchor bolts are IIQI installed per V0409-1-101).
Do not grout this equipment.

C. Install all skidded vacuum equipment in tle mid and end station vacuum flrpport
equipment rooms per the mechanical drawings. Anchor bolt and vibration isolation
requirements are also shown on the mechanical drawings. (fhese anchor bolts are NOT
installed per V049-l-101). Do not grout this equipment.

8.3.5 GroutRequirements

Base plate grout shall be the flowable type and it shall meet with the requirements of
ASTM Cl107 for nonshrink, nonmetallic grout.

Tests per ASTM Cl09 specifications shall be performed, including strength tests, at the
discrestion of the PSI site manager on a T&M basis. The grout testing is shown in
Attachment P.

The minimum grout strength shall be 7000 psi at 28 days.
Acceptable gtout products are:

l. Five Star Grout - manufactured by: Five Star Products.
2. Masterflow 928 - manufachred by: Masterbuilders
3. Masterflow 713 - manufactured by: Masterbuilders

Application:

NOTE: Grout must be mixed outside the vacuum equipment areas and applied in a
manner to minimize contamination.

The undersides of all base plates shall be clean. The concrete surface shall be stripped of
sealant, roughened and dampened prior to placing grout.

At base plate locations that are required to be scarified, indentations in the concrete shall
be a minimum of l/8 inch. (See Attachment M.)

Grout shall be mixed, placed and cured in accordance with the manufacturers instructions.
Care shall be taken during grout installation to avoid voids in the grout pad (proper vent
holes, vibration, etc.)

Curing shall continue for a minimum of 7 days per tle manufacturer's specifications.

Grout test and QC inspection reports shall be provided to the Buyer.
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Title: LIGO VACUUI\4 EQ{.IPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

8.4

8.3.6 Due to floor/beam tube center line angle/manufachrring tolerances, all beam line vessels
(BSC, HAM, etc.) base plates will require an average of 3 inches of grout.

Vacuum Headers And Class 100 Air Piping

Vacuum headers and Class 100 piping shall be installed by the Contractor per the attached drawing
list. In the vacuum building, vacuum headers and Class 100 piping run under the vacuum equipment.
Piping shall be tested per this Specification. All vacuum headers and Class 100 piping will be supplied
by the Conhactor and are assembled using conllat flanges. Vacuum header and class [00 air piping
materials are detailed in V049-2-037 .

Note: Air inlets to all air compressors are to be fabricated from sheet metal guage aluminum tube and
adequately supported by the field contractor.

8.4.1 Install main ion and armulus ion pumps and associated annu'lus tubing. Per the nechanical
drawings, armulus tubing assemblies are to be pre-assembled by the Contractor and require
flange and bracket bolting installation to install.

80K Pump System

The 80K pump system consists of an 80K pump vessel (shipped complete) and associated V.J.
piprng, S.S. piping (insulated), LN, tank, heater, vaporizer and miscellaneous 'valves and
instruments (a11 provided by the Buyer for installation by the Contractor). The Contractor shall
rernove 80K pump shipping supports (in a Class 100 cleanroom). Shipping supports are bolted
rods (I0/pump) located inside on each pump and are accessible ftom each end. After the
shipprng supports are removed, four internal stainless steel sheet metal covers are screwed into
place (5/end) to close up the pump.

LN, lines outside buildings shall be SCH 55 stainless steel. Lines that require mechanical
insulation shall be insulated by the Conhactor with material (supplied by the Contractor) and
thickness as indicated on the P&ID's (per Specification V049-2-163).

The Contractor shall install the 80K pump system (8 total), including L\ tanks, supply, return,
and regeneration piping per the attached drawings. The Buyer will provide the V.J. piping and all
valves. The remaining piping and fiuings are to be provided and installed by the Conhactor.

The LN, tank area foundation and LN, tank anchor bolts are provided by the Buyer. The Contractor is
respomible for installing the LN, tank and all associated equipment.

SPECIFIGATION
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Title: LIGO VACUUM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

8.6

8.7

Testing

Per Section 9.0.

Electricalllnstrumentation Work

Electrical and installation work shall be accomplished per the attached Specification V049-2-022
(see Attachment A).

Piping Systems (Water, Air, LNt)

The Scope of Work includes, but is not limited to, the fabrication and installation of various
utility piping systems as shown on the Project Drawings and P&ID's. S. S. utility piping to be
installed and tested in accordance with ANSI 831.3. Copper lines sha11 be installed and tested
per ANSI 831.9 "Building Services Piping". See specification for Piping Desigrr and Materials
Specification V049-2-03'1 for materials and classes.

8.8.1 The Contractor shall supply all necessary welding procedures. Welding procedures shall be
submitted by the Contractor to the Buyer for acceptance prior to commencement of welding.
The Contractor shall qualiff welding procedures and welders in accordance with ASME BoilerT
and Pressure Vessel Code, Section IX, latest edition. Most welding must be done outside the
laser/vacuum equipment areas.

8.8.2 The Conhactor shall protect piping systems from the entrance ofmoisture and foreign
materials.

8.8.3 Vacuum Jacketed (VD Piping System materials will be fumished by Buyer. It is the
responsibility of the Contractor to install these systems. VJ piping is assembled by connecting
bayonet cormections (no welding is required to install V.J. piping). One weld is required at the
transition of V.J. to S.S. insulated piptng.

8.8.4 Pipe penehations are located in all walls. Walls will be closed after piping by others. The
Contractor shall not cut any new holes in building wa1ls without the owners approval.

8.8.5 The Contractor shall notifu the Buyer, who will witress all tests, four (4) hours prior to test
readiness. Test readiness means Contractor has verified system is leak-free. After testing, the
Contractor shall safely vent test media from piping (pressure tests).

8 .8

SPECIFIGATION
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Title: LIGO VACIJUM EQUIPMENT INSTAILATION AND COMMSSIONING - WASHINGTON SITE

8.8.6 Utility piping systems shall be cleaned by the Contractor per the attached procedures (see
v049-2-131).

8.8.7 The Contractor is responsible for inspecting piping materials furnished by others to ensure they
are free ofdefects and damages prior to use.

8.8.8 The Contractor shall pneumatically pressure and leak check test the air and water utility piping

systems including; but not limited to; vents, drains, pipe caps, flanges and blhd flanges. The
Contractor shall provide, all test gases. The gases shall be bottled nitrogen.

8.8.9 Material and equipment provicled by the Contractor shall be new.

8.8.10 The Contractor is responsible for installing Buyer fumished valves (with mounted actuators) as
indicated on the Buyer lists (Attachment C).
Valves with socket weld or butt weld connections are to have their seats and seals rernoved
prior to welding installation (in accordance with manufacturers requirements) and then
reinstalled after the valve has cooled.

8.9 Equipment And Piping Insulation

8.9.1 Insulation shall be installed on equipment and piping as indicated on the Piping and
Instrumentation Diagrams(P&ID's). The Conhactor shall provide all insulation materials.
Insulation to be installed by the Contractor per V049-2-163.

8 .9 .2 Insulation for piping inside buildings shall be installed on piprng spools prior to installation.

8.10 Utilities
The Contactor is responsible for installing utility services (cooling water and instrument air)
from the Buyer supplied points. The supply points are located in each building mechanical room.

The Contractor is responsible for installing all necessary temporary utility services to perform their
work.

8.11 Pipe Cleaning - Vacuum Headers and Class 100 Piping

All vacuum headers and class 100 air piprng shall be supplied cleaned by the Contractor per
specification V049-2-178 listed in Aftachment K.

SPECIFICATION
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Title: LIGO VACIJIJM EQUIPMENT INSTALLATION AND COMMSSIONING - WASHINGTON SITE

9.0 TESTING

Required tests shall be conducted in the presence of the Buyer's representative. The Buyer's
representative shall be notified at least 4 hours prior to tie performance of a test. The Buyer shall
determine iftest results are acceptable. Costs for repairing failed items and re-testing shall be by
tle Contractor.

9.1 The Contractor shall conduct the following tests under the lump sum contract.

A. LN? (V.J./LN, Piping) - Pressure decay for supply piping at 1.1 design pressure.(N2)

B . Cooling Water - Pressure decay at I . I design pressure.

C. Inshument Air - Pressure decay at 1.1 design press.

D. Class 100 Air - Press decay at 1.1 desigt press.

9.2 The Contractor Shall assist the Buyer in other testing on a T&M basis as requested

Typical tests:

Helium Leak Tests
Equipment bakeout (including blanket installation)
100 hour pumpdown test
RGA Leak Testine

9.3 TestingEquipmenVSupplies

9.3.1 The Contractor shall provide equipment and gases/supplies required for leak testing on a T&M
basis.

9.4 Leak Testing After Rewotk

9.4.1 Costs for additional pneumatic and leak testing due to defects or enors by the Conhactor shall
be performed at no additional cost to the Buyer.

9.5 Test Records

9.5.1 Written records in the fonn of log book entries or reports of leak detection tests will be made
and retained for hansfer to Buver after acceptance.

SPECIFICATION
Number:

A v049-2421

Page ;fl_ of ;lL



Title: LIGo VAcuuM EQUIPMENT INSTATLATIoN AND CoMMSSIONTNG - WASHTNGToN SITE

10.0

10.1

MATERIAL/SERVICES PROVIDED BY COI{TRACTOR

Unless specified as fumished by the Buyer, the conhactor shall provide materials, equipment,
etc., including but not limited to the following:

10. 1 .1 Materials indicated on the Drawings or required by the Specifications and not indicated as by
others.

10.1.2 Comer station pipe bridge by conhactor

10.1.3 Materials required to perforrn pneumatic testing.

10.1 .4 Equipment and materials (gases, etc.) required to perform leak detection by Helium Sensitive
Mass Spectrometer (on a T&M basis).

euan: 2
Type: Mass spectrometers helium leak detecto r (dry type/no oil flooded pumps or bearings)
with a minimum sensitivity of 2 x l0r0 torrliterVsec.

1 0. I . 5 Commodities required for the electrical work.
10.2 The following shall also be provided by the Contractor:

10'2.1 Consumables such as weld filler materials, backing gases, test gases, concrete anchors, shims
and grout.

10.2.2 Cranes, hoists, welding machines, and other constnrction equipment and tools including small
tools and expendable items necessary to execute the scope ofwork.

10.2.3 Class 100 O.D. tubing, vacuum header O.D. tubing, annulus O.D. tubing to include all fittings,
gaskets, flex hoses and bolt-up hardware.

SPECIFICATION
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TitIE: LIGO VACUUM EQUIPMENT INSTATLATIONAND COMMISSIONING- WASHINGTON SITE

10'3 The Conhactor shall be responsible for receiving and storing materials, including those supplied
by Buyer, associated with this Work. Material receiving and inspection reporti shall be made
available to the Buyer at his request.

10'4 Pipe supports provided by the Confactor. All pipe supports and gate valve supports as indicated on
the piping GA's indicated by the designations ps-l thru ps-6 (see dwgs. v04t-4-072,073, o74,075,
076,082 and gate valve supports per drawings V049-4-033 and 034) are to be supplied by the
Contractor per the PSI drawings at the locations shown. The pipe supports as shown, are for the
stainless steel O.D. vacuum and class 100 air piping headers, orLN, piping on Tee posts, these spans
range from approx. 12ft to 1Sft.

NOTE: Supports PS-2, PS-4, and PS-4A are intended to also provide support for electrical conduits
and wire ways.

NOTE: Additional support (PS-2 type) will need to be provided at intermediate intervals, between the
supports shown, to support the 1" or l/2" dia. copper cooling water/instrument air tubing or
electrical conduits.

These intermediate supports should provide max. unsupported spans of(6) six feet for l/2', copper, and
(8) eight feet for 1" copper.

The Contractor is to include in his scope the materials, fabrication, painting ofany carbon steel
supports, and installation ofall the supports mentioned in this paragraph.
10.4-l Supports for tubing running under the Beam Tube Manifold are not allowed to be supported
off the vacuum equipment legs. pipe supports are to be supported offthe floor.
10.4.2 All supports are to have vibration isolation rubber pads between the tube and the

support metal, except insulated piping which is to be supported outside the insulation
per Fig. D4 , in insul. spec. V049-2-163

10.4.3 Pipe guides using nickel prated u-bolts me required on arl headers at a
maximum of 30 ft. intervals. The u-bolt must be isolated from the support
member and u-bolt by adding an 1/8" thick silicon rubber 360 wrappeiat each u-bolt. See
detail "A' on revised drawing VO49-4-073. This is also required on bare piping supported by
tee post supports outside ofbuildings.

10.4.4 Support points for insulated piping inside and outside the buildings, the Contractor is to
provide high density support cradles as shown in Figwe D4 of Specification V04g-2-163.

SPECIFICATION
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Title: LIGO VACLruM EQUIPMENT INSTAILATION AND COMMISSIONING - WASHINGTON SITE

11.0 MATERIALS FTJR}TISHED BY OTIIERS/BTIYER

The foliowing material and facilities are provided by others:

11.1 Major Equipment items as shown on P&ID's. (See Attacbment C)

ll.2 Control valves, relief valves, rupture discs, automatic on/off - valves shown on P&ID's, Piping

Drawings and Project Documents.

11.3 Hand valves - shown on P&ID's, Piping Drawings and Project Documents.

11.4 Special materials (sP symbol on P&ID) shown on P&ID's, Piping Drawings and Project

Documents.

11.5 Vacuum jacketed piping systems as shown on piprng Dra$rn.g1and projecl Documentl,

1 1.6 Inskuments as shown on the P&ID.

ll.7 Bolts, nuts and washers to bolt up equipment and beam tube manifold spool flanges.

11.8 Site buildings and roads.

I I .9 Class 100 clean rooms.

11.10 Site utilities (cooling water, electricity, etc.).

11.11 Liquid nitrogen.

NOTE: The Contractor shall retum to the Buyer any shipping skids and surplus materials
fumished by the Buyer.

NOTE: Special bolts and washers are needed to bolt spool flanges to 44 in. & 48 in. gate valves.
The bolts and washers will be supplied in each building bill of materials.
Shipping bolts shall not be used to attach spools to the gate valves.
The gate valves have 1 in. deep tapped holes.
Use bolts PSI part no. 203567 with washers PSI part no. 203568

I2.O PROJECT DOCT]MENTS LIST

The Contract Documents shall be as shown in Attachment A.

SPEGIFICATION
Number:
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Title: LIGO VACUUM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

I3.() SCHEDTJLE OF THE WORK

The installation phase shall be completed in 26 weeks starting from joint occupancy. The joint

occupancy is currently defined by the Purchase Order. The Contractor will be required to aftend
an Installation Readiness Review one month prior to joint occupancy. The Contractor is also
expected to be mobilized prior to joint occupancy and ready to start work at joint occupancy.

14.0 BASIS OF BID

14.1.1 See Equipment Installation Commercial Requirements V049-2-170 for complete terms and
conditions and project tax status.

14.1.2 The Firm Total Lump Sum Bid (subject to labor escalation only) is to include all direct and
indirect costs, including all profit associated with performing the Scope of Work associated
with the project specifications, together with each and every item of expense for all supervision,
tools, construction equipment, labor, materials, and other services necessary to perform the
Work.

Labor rates use by the Contractor shall be per Spec. V049-2-170. Changes in labor rates
from these levels will form abasis for changes to the lump sum price.

14.1.3 Price is to be fixed lump sum, valid for a period of 10 months from time of submittal to the
Buyer.

14.1.3.1 The Fixed Lump Sum Price Labor(L) and Material(M)for each building's
work shall be broken out separately with direct labor hours specified. The
Contractor will submit, separate Price Breakdowns as listed on the RFQ
pricing sheet.

74.1 .3.2 Scope change pricing formula is to be provided and shall be utilized for
evaluating and costing any revisions, additions, and deletions and new
drawings issued to the Contractor's scope to provide.

14.1.3.3 Contractor will propose a method/formula for changes in labor rates specified
herein V049-2-170 Attachment B.

SPECIFICATION
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Title: LIGO VACIIIIM EQUIPMENT INSTAILATION AND COMMISSIONING - WASHINGTON SITE

15.0 SELECTION OT'THE CONTRACTOR

Selection of a contract will be made from proposals submitted under this inquiry with special
consideration given to the ability ofthe Contractor to who presents his understanding ofwhat is
required to perform this Scope of Work and complete the Work in accordance with the Schedule.
Bidders under consideration may be required to review their estimate in the Buyer's office prior to
contract award. The review will include a review of takeoff quantities sufficient to assure Buyer that
the Conhactor understands the Sco'pe of Work. The Buyer reserves the right to reject any and all bids
for any reason.

SPEGIFICATION
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Title: LIGO VACUUM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "A" SPEC. V049.2-O2I

PROJECT INSTALLATION/COMMISSIONING

DOCUMENT LIST- WASHINGTON SITE

WASHTNGTONSITE

NOTE: FOR CURRENT REV. LEVEL OF
DOCUMENT, SEE INSTALLATION DOCUMENT

LIST ON DWG.VO49.O-OOO

P&ID's

Legend/Station Diagrams (3 Shts.)
Beam Splitter Chamber All But Corner Vertex Arms
Beam Splitter Chamber Comer Vertex Arms
Horizontal Access Module
ll2cm & 122cm 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 Right Beam Manifold
WA RightMid Station
WA Right End Station
WA Comer Station Mechanical Room
Washing Station

DRAWINGi BOM STRUCTURE

General Project (Sht. I of3)
Washington Site (Sht. 2 of 3)

DOCUMENT
NUMBER

v049-0-001
v049-0-002
v049-0-003
v049-0-004
v049-0-00s
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
v049-0-031

v049-0-100
v049-0-100

DRAWING
SIZE

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

D
D
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Tit|e: LICO VACWM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ELECTRICAL DRAWINGS

For Electrical Drawing List See Drawing V049-3-001
Rev. 2 Sheet 7 of2 and 2 of2

APPLICABLE SPECTFICATIONS

For Spec. Revision Level see Gen.Doc. List V049-0-000

Anchor Bolt Installation Procedure
Leak Check Procedure
Installation/Commissioning Spec.
Electrical and Instrument Construction SDec.
Project Safety Plan
Project Q.A. Plan
Piping Design and Material Specification
Weldine Procedures

Material{Velding Repair Procedure
Isolatable Section Bakeout Procedure
Clean Room Activities
Contamination Control Plan
Raw Material Handling Procedure
Component Packaging, Handling and Shipping
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 Paintine
Thermal Insulation - Piping
80K Pump Relief Valve Spec.
Conflat Flange Assembly Procedrue
O-Ring Installation and Flange Assembly Procedure
Component Alignment Procedure
Vacuum Pump Field Installation Procedure
Prefabricated Vacuum & Class 100 Air piping

DOCUMENTNO.

v049-l-101
v049-2-014
v049-2-021
v049-2-022
v049-2-023
v049-2-029
v049-2-037
v049-2-070
y049-2-071
v049-2-072
v049-2-073
v049-2-074
y049-2-t16
v049-2-118
v049-2-119
vQ49-2-120
v049-2-123
v049-2-124
v049-2-128
v049-2-130
v049-2-131
v049-2-132
v049-2-137
v049-2-139
v049-2-163
v049-2-164
v049-2-168
v049-2-169
v049-2-174
v049-2-175
v049-2-178

ATTACHMENT
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il. COMPONENTACCEPTANCETESTS
PROCEDURES

For Spec. Revision Level see Gen.Doc. List
v049-0-000

80K Pumps
Roughing Pumps
Turbomolecular Pumps
Ion Pumps
Large Gate Valves
6, 10, 14" Gate Valves
Clean Air Supplies

DOCUMENTNO.

v049-2-102
v049-2-104
v049-2-105
v049-2-106
v049-2-107
v049-2-108
v049-2-109

Portable Soft Wall Cleanrooms
Small Valves
Bakeout System Blankets and Carts

IIL System Acceptance Test Procedures

Comer Stations
Mid Stations
End Stations

v049-2-l l0
v049-2-l l l
v049-2-112

v049-2-113
v049-2-114
y049-2-115

ATTAGHMENT
Number:

A v049-2421



Title: LIGO VACUIIM EQUIPMENT INSTAILATION AND COMMISSIONING - WASHINGTON SITE

WASHINGTON SITE

MECHAMCAL DRAWINGS
For Spec. Revision Level see Gen.Doc. List V049-0-000
Mechanical Drawing Index
BSC Over All Assembly
BSC Shell Weldment/Machining (4 Sheets)
Horizontal Access Module (IIAM) (5 Sheets)
80K Cryopump, Long Left Hand (2 Sheets)
80K Cryopump, Short Right (2 Sheets)
80K Cryopump, Long fught Hand (2 Sheets)
80K Cryopump, Short Left Hand (2 Sheets)
Roughing Pump Cart An-angements
Turbo Pump Cart Anangements
Base Extension - Turbo Pump Cart
Cover, BSC Type I
48 l/4" I.D. Flange Detail (Grooved)
44 l/4" l.D. Flange Detail (Grooved)
60 ll2" l.D. BSC Flange Detail (Grooved)
72 ll4" l.D. Flange Detail (Grooved)
84 l/4" l.D. Flange Detail (Grooved)
104 112" l.D. Flange Detail (Grooved)
BSC Support Assy.
BSC Annulus Piping
72 I/4" 1.D. Flange Detail (Flat Faced)
48 l/4" l.D. Flange Detail (Flat Faced)
60 1/2* I,D.IIAM Flange Detaii (Grooved) Sltd
60 l/2" I.D. Flange Detail (Flat Faced)
44" Gate Valve Support Frame
48" Gate Valve Support Frame
BSC Internal Platform Details
HAM Tie Rod Assernbly
104ll2" I.D. Flange Detail (Flat Faced)
44 5/8" l.D. Flange Detail (FIat Face)
Pipe Bridge - Cornet Station
BSC RGA"/Aux. Turbo Conn. Assembly
BSC RGA/Aux. Turbo/Gauge Pair Assy
44 5/8" D x 80 O.D. Flange Detail (Flat Faced)
Vessel Support (IIAM)
Expansion Joint (IIAM)

DRAWING
SIZE

D
D
D
D
D
D
D
D
D
D
D
D
C
c
C
C
C
C
D
D
C
c
C
C
D
D
D
D
c
c
D
c
c
C
D
C

DOCUMENT
N{JMBER
v049-4-000
v049-4-001
v049-4-003
v049-4-002
v0494-004
v049-4-005
v049-4-006
v049-4-007
v049-4-010
v049-4*011
v049-4-Ol2
v049-4-014
v049-4-018
v049-4-017
v049-4-019
v049-4-020
v049-4-02r
v049-4-022
v049-4-023
v049-4-025
v049-4-028
v049-4-029
v049-4-031
v049-4-432
v049-4-033
v049-4-034
v049-4-036
v049-4-040
v049-4-041
v049-+042
v049-4-043
v049-4-045
v049-4-046
v049-4-047
vu9-4-052
v049-4-053
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Title: LIGO VACULM EQTIIPMENT INSTATLATIONAND COMMISSIONING-WASHINGTON SITE

WASHINGTON SITE

MECIIANICAL DRAWINGS
For Spec. Revision Level see Gen.Doc. List V049-0-000
HAM Amulus Piping
60 112" }'D. Ring Detail Reducing Union
30 112" x68.25 O.D. Flange Detail (Fiat Faced)
30 112" x 68.25 O.D. Flange Detail (Grooved)
44 518" D x 60 1/2" ID Flange Detail
Shipping Cover with Air Filter
44125 TD Flange Detail (Grooved/Slotted)
3/4" O.D. Elbow x 2 314" C.F. Flg Armulus Conn
60.5" ID x 68.5 OD BE-3A Flange @lat)
60.5" lD x72.25 OD Offset Flange @E3A)
61.31'1D x72.25 OD BE-3A Flange (Grooved)
48 l/4" D x60 7/2" ID Offset Flange
48.81 ID x 68.25 OD Flg. Detail (Flat)
48.81 ID x 80. OD Flg. Detail @iat)
PS-l Pipe Support Tee Post (LN, Piping)
PS-2 Pipe Support
PS-3 Pipe Support Tee Post
PS-4 PipelBlectrical Support
PS-5 Pipe Support @ 80K Long Pump
75 L/S Ion Pump/Ivlanifolds
25 L/S Ion Pump/Ivlanifolds
48 7/4" D x 68.25 OD Flange Detail
Shipping Cover Assy
80K Pump Reservoir Suppt, Assy, Short
80K Pump Reservoir Suppt, Assy, Long
25 L/S Annulus Tubing-44" G.V. Type trI
25 L/S Ion Pump Valve Support
25 L/S Arurulus Tubing 48" G.V. Type I
Arrulus Tubing & Ion Pump Assembly. zl4" G.V.
25 L/S Annulus Tubing 48"G.V. Type II
80K Long - Shield Assy, RHILH (3 SHTS)
80k Short - Shield Assy, RH/LH (3 SHTS)
Bellows Tie-Rod Assembly
84" ID Access Cover - HAM
BSC Clean Room Assembly - Style #1 & 3
BSC Clean Room Weldment - Style #l & 3
BSC Clean Room Assembly - Style #2

DRAWING
slzE

D
c
C
C
c
D
c
B
c
c
C
C
C
C
C
C
C
C
c
D
D
c
D
D
D
c
D
c
D
c
D
D
D
D
D
D

DOCUMENT
I\IJMBER
v049-4-054
v0494-055
v049-4-056
v049-4-057
v049-4-058
v049-4-059
v049-4-060
vM9-4-061
v049-+064
v049-4-066
v049-4-067
v049-4-068
v049-4-A7A
v049-4-071
v049-4-072
v049-4-073
v049-4-O74
v0494-075
v0494-076
v049-4-077
v049-4-078
v049-4-079
v049-4-080
v0494094
v049-+095
v049-4-106
v049-4-107
v049-4-108
v049-4-109
v049-4-110
v049-4-114
v049-4-117
v049-4-124
v049-+127
v049-+133
vo49-4-134

ATTACHMENT
Number:

A vo49-2-O21
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Title: LIGO VACUUM EQLnPMENT INSTALLATION AND COMMSSIONING - WASHINGTON SITE

WASHINGTON SITE

MECHAI\iICAL DRAWINGS
For Spec. Revision Level see Gen.Doc. List V049-0-000
Clean Room Assembly - HAM
Clean Room Structure Weldment-HAM
BSC Clean Room Weldment
16 L/2" OD Conflat Reducing Flanges
LN2 Tank Base Template
Lifting Lug
80K Pump 2" Jacketed Line
Gate Value Fin Clamp
25 US Annulus Tubing - 44" G.V. Type I
Annulus Tubing & Ion Pump Assy 48" G.V.
25 L/S Annulus Tubing - 44" G.V. Type tr
Assembly Back To Air Cart 50 cfrn
Assembly Back To Air Cart 100 cfm
Regen. Electric Heater Assembly 4 in. dia.
Regen. Elecffic Heater Assembly 6 in. dia.
12" O.D. CF Blank x 2.75 O.D. CF
12" O.D. CF Blank x 25 KF
8" O.D. CF Bla* x 25 KF
10" O.D. Tube Bellows-Turbo Pump
BSC Shipping skid Assembiy
BSC Annulus Tube Support
BSC Air Filter Assembly
IIAM Annulus Tube Shipping Support
BSC TesUShip Assernbly-Two Door
BSC TesVShip Assernbly-Three Doot
BSC Test/Ship Assembly-No Doors
BSC TesVShip Assembly-One Door
Adapta A-1, 44.62" D x72.25 D,3 Sheets
Adapter A-3, 48.25" ID x 60.5 ID, 2 Sheets
60" HAM Cover, Grooved Type A'4, 2 Sheets
Adapter A-6, 48.25" ID x 60.5 ID, 2 Sheets
Adapter A-7A, 60.5" ID x 72.25 ID, 5 Sheets
Adapter A-7B, 60.5" ID x72.25ID, 5 Sheets
BSC End Covet 60.5" Type All
Adapter A-12, 48.25" ID x 60.5 ID, 2 Sheets
Adapter A-13, 60.5" ID x72.25 D,2 Sheets
Adapter A-14, 44.62" D x 60.5 ID,2 Sheets

DRAWING
SIZE

D
D
D
B
D
D
D
B
c
D
C
D
D
D
D
B
B
B
B
D
B
D
B
D
D
D
D
D
D
D
D
D
D
D
D

DOCUMENT
I\{T]MBER
v0494-136
v0494-137
v049-4-138
vu9-4-142
v049-4-145
v049-4-159
v049-4-161
v049-4-163
v049-4-164
v049-+165
v049-4-166
v049-4-168
v049-4-175
v049-4-176
v049-4-t77
v049-4-194
v049-4-195
v049-4-196
y049-4-197
v049-4-199
Y049-4-203
v049-4-204
v049-4-206
v049-4-302
v049-4-303
v049-4-304
v049-4-305
v049-4-Al
v049-4-A3
vM94-A4
v049-4-A6

v049-4-A7A
v049-4-A7B
v049-4-A1l
v049-4-At2

nrff$EHfiErur
Number:

A vo49-2.{,2'�|.



Tifle: LrGO VACUTIM EQTIIPMENT INSTALLATION AND COMMSSIONING - WASHINGTON SITE

WASTIINGTON SITE

MECIIAI\ICAL DRAWINGS
For Spec. Revision Level see Gen.Doc. List V049-0-000
Adapter A-15, 48.25" ID x 60.5 ID, 2 Sheets

Spool B-1, 72.25 D,3 Sheets
Spool B-2A, 30.5 ID x 60.5 ID, 5 Sheets
Spool B-28, 30.5 ID x 60.5 ID' 5 Sheets
Spool B-3A, 30.5 ID x 60.5 ID, 5 Sheets
Spool B-4, 48.25" ID,2 Sheets
Spool B-5A, 30.5 ID x 60.5 ID,5 Sheets
Spool 8-6, 48.25* D,2 Sheets
Spool B-7, 48.25" D,2 Sheets
Spool B-8, 72.25" ID,3 Sheets
Spool B-9, 72.25" ID,4 Sheets
Spool BE-2, 60.5" ID, 2 Sheets
Off Set Spool BE-3,60.5" ID x 60.5 ID,2 Sheets
OffSet Spool BE-3A, 60.5" ID x 60.5 ID, 2 Sheets
Spool, BE-4, 44.62" lD,2 Sheets
Spool, BE-5, 72.25" lD,5 Sheets
Spool, BE-6, 72.25" ID,5 Sheets
Equipment Arr't. Plan, Comer Station WA Sht lof 2
Equipment Arr't. Elevation, Sht 2 of 2
Equipment Arr't ISO, Comer Station, WA
Equipment Arr't , Right Mid Station, WA
Equipment Arr't, Right End Station, WA
Equipment Arr't , Left Mid Station, WA
Equipment Arr't, Left End Station, WA
Equipment Arr't ISO, Right Mid Station, WA
Equipment Arr't ISO, Right End Station, WA
Piping Arr't, Pian Comer Station/WA (4 Shts)
Piping Arr't, Elevation, Corner Station/WA
Piping Arr't, Sections, Comer Statior/WA
Piping Arr't, Plan, Right Mid StatiodwA (4 Shts)
Piping An't, Elevation, Right Mid Station/WA 2Shts
Piping Arr't, Sections, Right Mid Station/WA
Piping Arr't, Plan, Right End Station/WA (2 Shts)
Piping Arr't, Elevation, Right End Statior/WA
Piping Arr't, Sections, Right End Station/WA
Piping Arr't. Plan Left Mid Station/WA (4 Sheets)

DRAWING
SIZE

D

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

DOCUMENT
NUMBER
v049-4-A15

v049-4-81
v049-4-B2A
v049-4-B2B
v049-4-B3A
v049-4-84

v049-4-BsA
v049-4-86
v049-4-87
v049-4-B8
v049-4-B9
v049-4-BE2
v049-4-BE3

v049-4-BE3A
v049-4-BE4
v049-4-BE5
v049-4-BE6
v049-5-00i
v049-5-001
v049-5-002
v049-5-004
v049-5-005
v049-5-006
v049-5-007
v049-s-010
v049-5-011
v049-5-012
v049-5-013
v049-5-014
v049-5-017
v049-5-018
v049-5-019
v049-5-021
v049-s-022
v049-5-023

ATTACHMENT
Number:

A vo49-242'l
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Title: LIGOVACTruM EQUIPMENT INSTALLATIONAND COMMISSIONING-WASHINGTON SITE

WASHINGTON SITE

MECHAMCALDRAWINGS
For Spec. Revision Level see Gen.Doc. List V049-0-000
Piping An't Elevation Left Mid Station/WA(2 Shts)
Piping An't, Sections, Left Mid Statior/WA
Piping Arrl. Plan Left End Station/WA (2 Sheets)
Piping An't Elevation Left End Station/WA
Piping Arr't, Sections, Left End Station/WA
Overall Flange Arr't, Comer Station, WA
Overall Flange Arr't, Mid Station, WA
Overall Flange Arr't, Type End Station
Clean Room with BSC Assembly
Suwey Benchmarks-Corner Station-Washinton
Survey Benchmarks-Mid Station-WA & LA
Survey Benchmarks-End Station-WA & LA

DRAWING
SIZE

D
D
D
D
D
D
D
D
D
B

DOCTJMENT
NUMBER
v049-s-027
v049-5-028
v049-5-030
v049-5-031
v049-s-032
v049-5-033
v049-5-03s
v049-5-036
v049-5-037
v049-5-050
v049-5-051
v049-5-052

B
B

ATTACHMENT
Number:

A v049-2-021



Title: LIGO VACUUM EQUIP. INSTALLATION AND COMMISSIONING. WASHINGTON SITE

ATTACHMENT *B'

TO

v049-2-021

BUILDING CRANE COYERAGE

ATTACHMENT
Number:

A vo49-2-021o



MAIYEDATA SEEET.I
(3-f nterferometer Version)

l. Location: Lrr'EA Comer Station

2. Number Required: One (l)

3. TagNo.: W-CS-102-CR-01

4. Arrangement: Refer to Figures I and 2

5. Type: Electric, Double-Girder Under-Running, 3-Runway

6. Number ofHoists: One(l)

7. Class: CIvIAA Class A

8. Capacity: 5-Ton

9. Span: 61'-6" with 8'-O' girders overhang from each side

10. Height ofl,ift: 26'-6", true vertical Iift

I l. Bridge Travel Speed: Variable speed to 100 fpr4 modmum

12. Trolley Travel Speed: Variable speed to 75 fpm, maximum

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

I7. Electrification:

18. Power Supply:

Variable speed to 15 fprq maximum

S 18 x 70 # (see Note below)

1 97'-6" (approximately.)

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phase, 60 Hertz

ATTqCHry4ENT  
.8 .

To  Voqa -7 ' 671

Data She€t
3nu96
Page 1

19. Environmental Condition: Indoor, Clean Roor4 Temperature: 72\ Ifumidity:

407o RH

20.InterlockWith: CranesW-CS-103-CR-01,W-CS-104-CR-01

and W-CS-I05-CR-01

21. Special Requirements: Girders to be overhung approximatety 8'4" Aom

each side of the crane in order to achieve the hook

coverage indicated on Figures I and 2.

Lighting fixtures shall be attached to underside of

bridge.

IIQIE: 
"LOUDEII' Rail No. 605.1850 may be used instead the specified.

o F 9



CRA}TE DATA SHEET-T
(3-fnterferometer Versionl

l. Location: LVEA Corner Station

2. Number Required: One (l)

3. TagNo.: W-CS-103-CR-01

4. Arrangement: Refer to Figures 3

5. Type: Electric, Single-Grder Under-Running, 3-Runway

6. Number ofHoists: One(l)

7. Class: CMAA Class A

8. Capacity: S-Ton

9. Span: 75'-6"

10. Height oflift: 26'-6", true verticat lift
I I. Bridge Travel Speed: Variable speed to 100 fpnr, maximum

12. Trolley Travel Speed: Variable speed to 25 Snr, maximum

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Controli

17. Electrilication:

18. Power Supply:

Variable speed to 15 Sna maximum

S l8 x 70 # (seeNotebelow)

127' -C', approximately

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phasg 60 Hertz
19. Enviroirmental Condition: Indoor, Ctean Roorq Temperature: 7ZT, Humidity:

20. Interlock With:

40%RH

Crane W-CS-102-CR-01

21. Speciat Requirements: Lighting fxtures attached to underside ofbridge

Data Sheet
3nEt96
Page 2

o NOTE:' LOUDEI.I' Rail No. 605. 1850 may be used instead the specified.

O F f l



o CRANE DATA SEEET-T
(3-Interfcrometcr Vcrsion)

l. Location:

2. Number Required:

3. TagNo.:

4. Arangement:

5. Type:

6. Number of Hoists:

7. Class:

8. Capacity:

9. Span:

10. Height oflift:

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

I ?. Electrification:

18. Power Supply:

LVEA Corner Station

One (l)

w-cs-104-cR-01
Refer to Figures 3

Electrig Single-Girder Under-Running

ondl)

CMAA' Class A

5-Ton

37'�-6"

26'-6", true vertical lift

Variable speed to 15 fpnr, mo<imum

S l8 x 70 # (see Note below)

I 00'-0", approximately

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phase, 60 Hertz

I 1. Bridge Travel Speed: Variable speed to 100 $ra maximum

12. Trolley Travel Speed: Variable speed to 75 $n1 maximum

19. Environmental Condition: Indoor, Clean Roorq Temperature: 22\ Humidity:

40olo RH

20. Interlock With: Crane W-CS-102-CR-01

21. Special Requirements: Lighting fixtures attached to underside ofbridge

Data Sheet
3n8/96
Page 3

p[p: 'LOLIDEN'Rail No. 605.1850 may be used instead the specified.

o F l



CRANE DATA SHEET.I
(3-fnterferometer Version)

1. Location:

2. Number Required:

3. TagNo.:

4. Arrangement:

5. T1rye:

6. Number ofHoists;

7. Class:

8. Capacity:

9. Span:

10. Height oflift:

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

17. Electrification:

18. Power Supply:

L\IEA Comer Station

One (1)

w-cs-r05-cR-01
Refer to Figures 3

Electric, Single€irder Under-Running

One(1)

CMAd Class A

5-Ton

35'-6"

26'-6", true vertical lift

Variable speed to 15 $r4 maximum

S 18 x 70 # (see Note below)

127' -0", approximately

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phase, 60 Hertz

11. Bridge Travel Speed: Variable speed to 100 fpn\ modmum

12. Trolley Travel Speed: Variable speed to Z5 Srq miDdmum

19. Environmental Condition: Indoor, Clean Room, Ternperature: 72"F, Humidity:
4trloRH

20. Interlock With: Crane W-CS-102-CR-01

21. Special Requirements: Lighting fixtures attached to underside ofbridge

Data Sbe€t
3na96
Pagc {

NOTE: 'IOIJDEN'Rail No. 605.1850 may be used instead the specified.

o F l
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I. Location:

2. Number Required:

3. TagNo.:

4. Arrangement:

5. Type:

6. Number of Hoists:

7. Class:

8. Capacity:

9. Span:

10. Height oflift:

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

17. Electrification:

18. Power Supply:

CRANE DATA SEEET.T
(3-fnterferometer Vercion)

L\1EAMd and End Stations

Four (4)

W-1,{A-202-CR-0 l, in Md Station-A

W-MB-202-CR-0 I, in Md Station-B

W-EA-302-CR-01, in End Station -A

W-EB-302-CR-01, in End Station-B

Refer to Figures 4

Electric, Single-Girder Under-Running

One(l)

CMAA Class A

5-Ton

33'-6"

26'-6", true vertical lift

Variable speed to 15 fpnl maximum

S l8 x 70 # (see Note below)

57'-6", approximately

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phasg 60 Hertz

11. Bridge Travel Speed: Variable speed to IQO fprq maximum

12. Trolley Travel Speed: Variable speed to Z5 Srq maximum

19. Environmental Condition: Indoor, Clean Roor4 Temperature: 22"F, Humidity:

40%RH

20. Special Requirements: Lighting fi,xtures attached to underside ofbridge

Data Sheet
3nil96
Page 5

NOTE: "LOUDElif'Rail No. 605.1850 may be used instead the specified.

o F 7
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ERIDCE CRANE
w-cs-102-cR-01
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PLAN

r0rts:
il cl-oss-ur*reo AREAs REPERtsE$r oFF[RtNI cRANt H00x covtRlct .AR[A5..- -
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FIGURE 1  -  CRANE ARRANGEMENT AND HOOK
LVEA CORNER STATION

[5- INTERFEROMETER VERSION]

COVERAGE

P G  6 " r 1

9'-o'(END ^PPRo^cH)

2'-0'
(srDE APPTOACH-
TrP g01H SrOtS) 

5.

,a'-o'(SIOE AFPROACH)
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PLAN

N OTES:

1 .  DIMENSIONS ARE NOMINAL.
2 .  S INGLE-GIROER CRANE MAY

ELEVATION

CONTRACTOR SHALL VEREIFY ALL SUILDING AND CRANE
BE WITH OR WITHOUT TRUSSES PROVIDING MEETS THE

DIMENSIONS.
SPECIFIED DIMENSIONS.

FIGURE 3 -  BRIDGE CRANE ARRANGEMENT
LVEA CORNER STATION

(3- INTERFEROMETER VERSION) PG ?"ra
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PLAN

t '-3'(rYP)

2 ' ( M r N )- (wP)

N OTE S:

t .  DIMENSIONS ARE NOMINAL.
2.  SINGLE-GIRDER CRANE MAY

ELEVATION

CONTRACTOR SHALL VEREIFY ALL BUILOING AND CRANE
BE WITH OR WITHOUT TRUSSES PROVIOING MEETS THE

DIMENSIONS.
SPECIFIEO DIMENSIONS.

FIGURE 4 _ BRIDGE CRANE ARRANGEMENT
LVEA MID & END STATIONS f6 l"r1



TitIC: LIGO VACWM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "C" SPEC. V049.2-O2I
EQUIPMENT SUPPLIED BY THE BUYER

Equipment listed below is supplied by the Buyer for installation by the contractor

NOTE: All valves shown on piping Dwgs. or P&ID's are supplied by the Buyer.
"X" = Item Tag No., see equipment location plans for building location.

Item Description

Beam Splitter Chamber
Horiz. Access Chamber
80K Cryopump - Long
80K Cryopump - Short
Main Ion Pump (1500 Vs)
44" Gate Valve

QIIOTE: (8) 44" gate valves exist installed by others)
48" Gate Valve 4
Turbo Pump Cart Assy per Dwg. V049-4-011 6
Base Extension-Turbo Cart 6
Roughing Pump Cart Assy per Dwg. V049-4-010 2
25 l/s Ion Pump Support at Gate Valves 17
75 l/s lon Pump/Valves-FIAM 12
75 l/s Ion PumpA/alves-BSC 10
75 l/s Ion Pump-Support/Manifold 2
6" Gate Valve V studs on botti sides 4
l0" Gate Valve studs on both sides 22
14" Gate Valve w/ studs on both sides 12
Clean Room Assy-BSC Style#l &3 5
Clean Room Assy BSC Style #? I
Clean Room Assy-HAM I
Gowning Clean Room 5
Roughing/Turbo Backing Tubing Flex Hoses 8
50 CFM Back To Air Carts 4
200 CFM Back To Air Carts 2
Bake Out Blankets later

All Items Shown on Attachment "J"

Qty. Estimated
Shipping

weight (lbs.)

l0 15,000
13 9,000
2 9.800
6 5,q00
t2 1,200
8 7,200

WBSCX
WHAMX
WCPX
WCPX
WIPX
WGVX

WGVX
WTCX
v049-4-0t2
WRCX
v049-4-101
v049-4-054
v049-4-077
v049-4-078

8,700
1,300
500

3,300
) U

100
150
150
50
100
350

5,500
5,400
4 snn
1,500

) U

300
400
later

v049-4-133
v049-4-135
v049-4-136
vo49-2-157
v049-2-001/002
v049-4-168
v049-4-17s
v049-2-009

ATTACHMENT
Number:

A V0,t9-2-021
o



TitIC: LIGO VACWM EQUIPMENT INSTALLATION AND COMMISSIONING _ WASHINGTON SITE

Item Description

LN2 Tanks-14,000 Gal.
LN2 Tanks- 17,260 Gal.
Ambient Vaporizer 25,000 SCFH
Ambient Vaporizer 10,000 SCFH
50 CFM Compressor Skid
200 CFM Compressor Skid
Vacuum Jacketed LN2 Piping Run (One per LN2
Tank)

Qty. Estimated
ShiPPing

Weight(lbs.)

LWDX
LWDX

41,000
47,000
2,200
600

2,000
6,700

NOTE: 1. Also see Attachment J - "Equipment Grouping for Shipping", for quantity,
shipping cover size, and est. weight of combined spools as shipped to the
site.

All Items Shown on Attachment 'T"

ATTACHMENT
Number

A v049-2421

i
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Tit|e: LIGO VACUUM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "D'

TO

v049-2-021

ELECTRICAL AND INSTRUMENT CONSTRUCTION WORK V449.2-022 ,\
(L \Qo-  E9 ' l  O \38  -o2 ' \  )

ATTACHMENT
Number:

A vo49-2-021





a
TitIE: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

SPECIFICATION

FOR

ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

LIGO VACUUM EQUIPMENT

Hanford, Washinglon

PR.EPARED BY

ELECTRICAL

QUALITY ASSURANCE Al Bradbrook .

TECHNICAL DIRECTOR D. A. McWilliams

PROJECT MANAGER Richard Baelev

lnformation contained in this specification and its attachments is proprietary in natute and shall be kept confidential. It shall be

used only as required to respond to the specification requirements and shall not be disclosed to any other Party

ffi

't7, /
4 d/t /so/s,/tr# z-,'n kendtffi .aaplr/?thaou-fu icI#4J=-/a:
1 1 .

't nJw hn/so 'xna entse Released for Constr. RFQ per DEO #0377

0 DP 4/29196 REB 4t29196 Released for Review and Comment per DEO #0149

REV LTR BY_DATE APPD-DATE DESCRIPTION OF ACTION

PROCESS SYSTEMS INTERNATIONAL, INC S  P E C I F I C A T I O N

INITIAL
APPROVALS

PREPARED BY DATE
D. Parenti 4129/96

APPROVED BY
REB

DATE
4t29t96 A vo49-2-o2z

Number Rev

2
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Titte: SPECIFICATION FOR ELECTRICAL & INSTRLJMENT CONSTRUCTION WORK

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

1 CONSTRUCTION DOCUMENTS

1.1 Specificationforlrstallation/CommissioningV049-2-021

1.2 Attachments to the Specification (see Table of Contents).

2 SCOPEOFWORK

2.1 Provide 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 otlers and required to be installed under this

Contract.

2.3 Tbrough PSI's representative, coordinate Work activities provided under this Contract with

work provided by others.

2,4 SITMMARY OF ELECTRICAL 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 stations'

2.4.2 Provide power, instrument, and conhol wiring installed in conduit or cable tray; receptacles and

equipment connections as indicated. Panelboards and below grade conduits are provided by

others unless otherwise indicated.

2.4.3 Install gages, switches, elechonic tansmitters, and other instruments; control cabinets; and

other equipment furnished by others (see - ATTACHMENT a: FURNISHED ELECTNCAL
EQUIPMENT LIST).

.4.4 Provide instrument airlgas tubing between pneumatically operated devices and supply lines and

corurections as indicated. Provide process tubing between electonic transmitters and process

ooints 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.

. Check instrument gas and process tubing for leaks.

. Field Calibrations

3 INTENT

3.1 Intent of the Drawings and Specification is to assist and guide the Conhactor and to establish

minimum requirements.

3.2 Drawings indicate arrangement and approximate location of equipment. When necessary to

deviate from the anansement indicated to meet structural conditions or to clear other work,

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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3.3 Comply with specific, detailed requircments indicated on drawings in lieu of generally 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 GENEML CONDMONS & THE NEC)

Bv Others Work not under this Contract.

Contactor 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 identifiing symbol authorized by a nationaliy
recognized testing company such as UL, FM, ETL indicating sample of
product has been tested and determined it complies with their safety standards.

Owner Califomia Institute of Technology and The US Government

Owner's Persons designated by Orvner
Representative

Permitted As by code, Contract Documents, or PSI.

Provide Fumish and install.

Required As by code, Contmct 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 their installation and other requirements as
established in the Contact Docurnents.

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

Wirins Conductors, firceways, and accessories as rcquired for a complete installation'

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

A vo49-2-022
Paoe 4 of 15



t
ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

5 CODES, STANDARDS,AND PERMITS

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

o Applicable federal, state, and Iocal codes.

r Federal Occupational Safety and Health Act (OSIIA)

r American National Standards Institute, Inc. (ANSD

r National Fire Protection Association (NFPA)

. Institute of Electrical and Electronics Engineers (IEEE)

. National Electrical Manufacturers Association INEMA)
r Insulated Cable Engineers Association (ICEA)

r Underwriter's Laboratories (JL), Factory Mutual Engineering Corp (FM), Electical
Testing Laboratories, Inc. @TL), or other nationally recognized testing companies'
equipment and installation safety standards

5.2 The Drawings and Specification do not undertake to repeat requirements written 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 Project, deliver certificates of inspection to
PSI's representative.

6 LABELED EQUIPMENT

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

7 INSTALLATION RESTRICTIONS

7.1 Do not cut structural members or walls without written acknowledgment 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, calibration,
repair, and maintenance.

8 SPECIFIED EQUIPMENT AND SUBSTITUTIONS

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

8.2 The description following a catalog number is basically
to identif the product, but the description may also call S P E C I F I C A T I O N
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for accessories, options, and modifications which are beyond the cataloged product.

8.3 Submit proposed substitutions to PSI's representative for acceptance. With submittal, provide

details ofnecessary changes to accommodate substitutions. Submit samples ifrequested.

9 PROPOSEDEQUIPMENTSUBMITTALS

Before delivering equipment to the job site and installing i! complete the submittal process as
follows:

9.1 Equipment List: 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. Include manufacturet's name with catalog or model number for each item.

9.2 Product Data: Where required by specification ofthe product, submit catalog data sheets or
other published materials showing appearances, electrical ratings, performance characteristics,
dimensions, installation methods, and space requirements ofproposed equipment.

9.3 Shop Drawines: Where required by specification ofthe product, submit shop drawings, dravm
to scale, indicating physical size and arrangement, construction details, provisions for conduits,
access requirements for installation and maintenance, finishes, and materials used in fabrication.
Supplement shop drawings with wiring diagrams and inforrration as previously described under
product data.

9.4 Mark submittals to cleariy identift proposed equipment including accessories, options, and
features and to exclude parts not applicable to the Project.

9.5 Ifproposed equipment deviates from the Specification or Drawings, indicate those differences
and provide suffrcient data to justiry acceptance.

9.6 Provide products ofone manufacturer for each classification of equipment.

9.7 Stamp submittals indicating that they have been checked and that they comply with Project
requirements including physical restrictions before submitting.

9.8 Submiuals reviews by PSI does not relieve the conhactor from the responsibility of complying
with the Specification and Drawings.

9.9 Unless otherwise required, provide two copies ofsubmittals and deliver to PSI's representative.
Where practicable submit all product data and shop drawings at one time. Arrange submittai in
three-ring binders with looseleaf dividers separating categories of equipment.

9.10 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.

10 TEMPORARY POWER

10.1 The Owner will provide electieal power, without charge. Make connections to the Owner's
system where permitted.

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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10.3 When temporary power is no longer required remove that portion provided rmder this Conhact.

11 RECORD DRAWNGS

I1.1 At the site, maintain a set ofprints marking them to accurately reflect the actual installation
including changes in sizes, locations, dimensions, and circuiting as the work progresses.

11.2 On a daily basis, trace over the prints with a highlighter (transparent marker) to indicate work
installed. Make these prints available to Owuer's and PSI's representative.

I 1.3 At completion of project, deliver marked prints to PSI's represenlative.

E O U I P M E N T  A N D  I N S T A L L A T I O N

12 CABLE TRAY SYSTEMS

Where indicated, provide cable trays as follows:

l2.l MANTIFACTURERS: PW Industries, B-Line, or MP Husky.

12.2 TRAYS: NEMA VE I ; channel and ladder type trays as indicated; laddei tray with rungs on 12
inch centers unless otherwise indicated.

12.3 MATERIAL: 6063-T6aluminum

12.4 LOAD AND SPAN: rated for 50 pounds per linear foot or more and span to suit tray supports.

12.5 ACCESSORIES:

12.5.1 expansion fittings in accordance with manufacturer's recommendations to accommodate
building expansionjoints and thermal expansion oftray in arnbient temperatue range ofOoC to
50"c

12.5.2 bonding jumpers

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 curved fittings and hold-down clips

12.5.6 other fittings to best suit each application

12.6 SUBMITTAIS

12.6.1 Submit product data 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 I 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/stuts, 3/s inch or laryer hanger
rods, and fittings to best suit installation (see ,SUPPORTS, Article 22)-

12.7.2 Ensure that trays are effectively bonded to electrical equipment served by wiring in cabie hay.

r Where applicable, bond tray to building steel with ? AWG copper conductor at two
locations.

r Bonding jurnpers at expansion and adjustable fittings.

12.7.3 At approximate 2O-foot intervals, identifr instrumenq and conbol cable tray with vinyl, self-
adhesive signs with one inch high lettering or, similarly, with stencil and paint. Lettering shall
read 24WC INSTRUMENT AND CONTROL.

12.7.4 At approximate 1 O-foot intervais, identifu channel hay with high voltage, ion pump wiring with

vinyl, self-adhesive signs with one inch high lettering or, similarly, with stencil and painl.

Lettering shall rcad DANGER-HIGH VOLTAGE.

13 CONDUIT SYSTEMS
TELECTRICAL MCEWAY OF CIRCULAR CROSS SECTION)

13.1 INTERMEDIATE METAI CONDUT (IMC): Galvanized IMC conforming to w 1242
standard may be provided as indicated on drawings..

13.2 ELECTRICAL METALLIC TUBING (EMT): At indoor locations, EMT confonning to ANSI

C80.3 and UL 797 standards may be provided as indicated on drawings.

13.3 FLDilBLE METAL CONDUIT (FMC): At connections to motors, hansformers, and other
vibrating equipment and hstruments, provide thermoplastic covered, liquidtight FMC
conforming to UL 360 standard and fittings to best suit application.

13.4 ACCESSORIES:

1 3 .4 . I Provide fittings to best suit each application'

13.4.2 Provide expansion fittings as required in accordance with manufacturer's recommendations to

accommodate building expansion j oints indoors and thermal expansion ofconduit in ambient

temperature range of OoC to 50"C. Where conduit system is discontinuous, provide bonding
jumper, #12 of larger conductor.

I3.5 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 control wiring.

13.5.2 Arrangement: Make raceway offsets and bends symmetrically and uniformly.

13.5.3 Suooorts:

r 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 appiicable and where two, three, or more conduits are roued together, provide
tapeze hangers made of 3/8 inch minimum banger rods and channelVstruts with conduit
clamps.

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

r Provide supports as specified under SUPPORTS, Article 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 bushing.

r Attach EMT with either set-screw or compression type fittings and connectors with integral
insulating liners.

13.5.6 Flexible conduit connections:

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

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

r Connect to instuments with 18 to 30 inches of FMC.

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

13.5.8 Close openings: Keep conduits closed when not accessing them to prevent rai4 dir! and debris
from entering.

14 BOXES, CONDUTT BOD|ES, AND WTREWAYS

I4.I PULL AND SPLICE BO}GS:

14.1.1 Where indicated and as required to install wiring without damaging insulation or stretching
conductors, provide galvanized or finished with gray baked enamel boxes with screw-on covers
unless 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 JTJNCTION BO)GS

1 4.2. I Provide cast-metal boxes with threaded hubs unless otherwise soecified.

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 reouired. 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 threaded hubs may be used in lieu of boxes
unless otherwise required.

1 4.3 .2 At outdoor locations, provide gaskets.

14.4 WIREWAYS AND ATDflLIARY GUTTERS:

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

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

14.5 ACCESSORIES: Provide fittings to best suit each application.

14.6 INSTALLATION:

14.6.1 General requirements:

r Arrange boxes neatly and symmetrically to adjacent components and architectural features.

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

r Provide supports as specified under SUPPORTS, Artlcle 22.

r When not accessing, close equipment to prevent rain, dirt, and debris fiom entering.

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

14.6.3 Pull and splice boxes; Provide supports to prevent conductors from resting on removable
bottom covers.

14.6.4 Outlet and iunction boxes: Rigidly fasten boxes directly to structure, to support channels/struts,
or in ftamed constuctions to bar hansers.

15 WIRE AND CABLE

15.1 POWER WIRE (up through 600 volts):

15.1.1 Provide "12 AWG or larger single; stranded copper; type THHN, THHN-THWN, THWN, or
XIIHW conductors rated 90oC, 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 WIRNG IDENTIFICATION,
Article 16).

15.2 CONTROL WIRE (discrete signals):

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

15.2.2 24 YDC:- Provide r18 AWG or larger, stranded copper, S P E C I F I C A T I O N
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multiconductor cables rated 90oC and 300 volts unless otherwise indicated.

15.3 INSTRLIMENT WIRE (analog signals):

15.3.1 4-20mA: Provide #18 AWG or larger, stranded copper, individually shielded twisted pairs,

single or multipair cables rated 90"C, 300 volts unless otherwise indicated-

15.3.2 Thermocouole: Provide nl8 AWG single pair and 020 AWG multipair ANSI type (as

indicated), solid thermocouple extension cable shielded, rated 105"C, 300 volts unless otherwise
indicated.

15.4 TRAY CABLE: In additior to above, provide cable ftay installations with cable labeled for
cable taY use.

15.5 SUBMTTALS: 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 instrument wiring with power or control wiring

15.6.2 Install wiring without splices.

15.6.3 Simultaneously 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 harmi:l environments until cable is terminated.

15.6.8 Provide sufficient wire length at each end of pull 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 installation requirements.

15.7 SeeTESTING, Article 23' P.14.

16 WIRING IDENTIFICATION

16.1 POWERWIRE:

16.1.1 Color code single conductors as follows:

Line 2OBfi2OV 480l2TlV
A Black Brown
B Red Orange
C Blue Yellow
N White GraY
G Green Green

i 6 . I .2 Where applicable, color code conductors using one-inch
wide colored plastic adhesive tape wrapped with two fulI S P E G I F I C A T I O N
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Irnns.

16.1.3 Identiff each conductor end with panel designation and circuit number or with applicable
identification to suit other type of circuits. Use printed, adhesive wire marker strips.

16.2 INSTRUMENT AND CONTROL WIRE:

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

16.2.2 Tag each spare cable end with unique identification.

16.2.3 Use printed sleeve markers.

16.3 SUBMTTAIS: Provide product data of printed sleeve markers.

17 WIRING TERMINATIONS

I7.I POWERWRE:

17.1.1 Splices:

. o10 AWG and smaller conductors, provide insulated spring connectors.

. o8 AWG and iarger conductors, provide either compression (crimp) connectors using
matching installing tool or mechanical screw type connectors. Cover splices with insulating
material made for connector where available; otherwise, cover with at least three layers of
electrical, vinyl tape to attain insulation rating equivalent to that ofthe conductor.

17. I .2 Terminations:

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

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

o Where more than one conductor requires termination and terminals are not provided as part
ofthe equipment, provide screw or pressure type insulated terminal blocks.

i7.1.3 Motot Leads: To corurect to motor leads, use split-bolt connectors. 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 ofthe conductor.

I 7. 1 .4 Where applicable, tighten screw type hardware in accordance with manufacturer's published
torque values. If not available, comply with UL 486A standards.

17.2 INSTRUMENTANDCONTROLMRE:

17.2.1 At instrument end ofcable, strip and cutoffshielding back to edge of overall jacket. Then wrap
two full tums of electrical plastic tape or placed heat shrinkable insulating sleeve half on
conductors and half on overall jacket . At other end of cable, secure shielding to junction 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.

17.2.3 Remove insulation from ends ofconductors using mechanical or elechic heat type stripper.
18 WIRING DEVICES

Provide devices as indicted on the Drawinss.

.I9 GROUNDING

19.l EQLIIPMENT GROTJNDING: Bond each end of equipment grounding conductors to the
grounding bushing, the grounding bus, grounding lug, or the enclosure, respectivery.

19.2 GROTINDINGCONNECTIONS:

1 9 .2 . I Use mechanical connectors to make grounding connections.

Completely remove paint, dirt, and conosion down to bare metal at connection areas.

20 INSTRUMENT AIR/GAS AND PROCESS TUBING
Where indicated, provide the following:

20.1 INSTRUMENT ArR/GAs TUBING: provide va inch, type L, or larger copper tubing, brass
compression connectors, and copper clips (Design: 200pSI @ _20F _ +150F).

20'2 PROCESS TTIBING: Provide 3/8 inch, 0.035 wT, or larger 304 stainless steel, seamless tubing,
stainless steel compression coffiectors, and stainless steel clips

20.3 INSTALLATIONS: Arrange tubing neatiy and symmetrically to a-djacent components. Use
bending tools to make bends in tubing.

20.4 SUBMITTALS: Provide product data of tubing and accessories.

21 EQUIPMENTFURNTSHED BY OTHERS
(SEE - ATTACHMENT B: FURNISHED ELE'IRI'AL EQUIPMENr usTl

2l.l Receive, store (in clean, dry location), and handte 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 tubing connections as indicated.
2l '4 Where practicable, keep instrumentation wiring 12 inches away from other wiring and minimize

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

221 Where applicable, provide steel channels/struts with galvanized or painted finish.

22.2 Fasten equipment and supports with corrosion resistant hardware.

22.3 Provide support systems of suitable strength to hold intended equipment in place.

22.4 Fabricate supports from structural steel or steel channels/struts rigidly welded or bolted. Paint
cut ends of supports with rust inhibitor matching existing finish.

22.5 Secure free-standing equipment to concrete pad or floor wittr at least four V2 inch or larger bolts.
Provide drilled concrete anchors where applicable.

22.6 Secure surface-mounted panels and cabinets weighing 75lbs. or less with at least four Vr 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.

23.3 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 Ptovidewdtten 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 WIR-E 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 terrninated,

l. lift one conductor at a time offof its terminal at both ends;

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

3. check conductor continuity;

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

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 Using highlighter, indicate on terminal wiring diagrams or schedules that each wire and

connection has been verified. Make these sheets available to Owner's and PSI's

representatives.

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

23 . 5 . I Before connecting, measure motor winding resistance and ground resistance.

23.5.2 PSI will test each three-phase motor for proper rotary direction. Where necessary, conect
circuit connections per PSI's representative.

23.6 RECEPTACLES TESTING: 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 rePresentative.

23.7 INSTRUMENT GAS AND PROCESS TIJBING TESTING:

23.7.1 Check tubing and connectors for leaks.

23.7.2 PSI will check gas operated valves for proper opening and closing or positioning of
pneumatically oPerated device.

23.7 .3 Make repairs as necessary and retest.

23.8 VAIVES TESTING:

23.8.1 Valve cycling to verifi proper operation of limit switches, pneumatic operators, and positioning

operators is bY PSI'

23.8.2 Make electrical and pneumatic repairs as necessary and retest.

23.9 CALIBRATiON:

23.9. I Calibrate instrumentation as required.

23.10 SCHEDULING, NOTIFYING, AND WITNESSING TESTING: Provide the PSI'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 -
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ATTACHMENT..A"

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

V049.3-OO2 OVERALL SITE PLAN
V049.3-IO1 INSTRUMENTPLAN-VERTEXSECTION

V049.3-IO2 INSTRUMENT PLAN-LEFT BEAM MAMFOLD SECTION
VO49-3-IO3 INSTRUMENT PLAN_RIGHT BEAM MANIFOLD SECTION
VO49-3-104 INSTRI.IMENTPLAN-DIAGONAL SECTION

VO49-3-106 CABLE TRAY PLAN-VERTEX SECTION

VO49-3-107 CABLETRAYPLAN-LEFTBEAMMAMFOLDSECTION

VO49-3.108 CABLE TRAY PLAN-RIGHT BEAM MAMFOLD SECTION
VO49-3-109 CABLETRAYPLAN-DIAGONAL SECTION

V049.3-I10 CABLE TRAY DETAILS-CORNER STATION
VO49-3-II1 TNSTRUMENT/ELECTRICALPLAN_VERTEX SECTION
V049.3.112 INSTRUMENT/ELECTRICAL PLAN-LEFT BEAM MANIFOLD SECTION
VO49-3-113 INSTRUMENT/ELECTRICALPLAN-RIGHTBEAMMAMFOLD SECTION
V049.3-114 INSTRUMENT/ELECTRICALPLAN_DIAGONAI SECTION
VO49-3-116 POWERPLAN-VERTEXSECTION

VO49-3-117 POWER PLAN-LEFT BEAM MANIFOLD SECTION
VO49-3-118 POWER PLAN-RIGHT BEAM MANIFOLD SECTION
VO49-3-119 POWERPLAN-DIAGONAL SECTION

VO49-3.120 DISTRIBUTION SYSTEMFEEDER SCHEDULE

VO49-3-123 CDS INTERFACEDIAGRAM_{ORNERSTATION

V049.3.124 CONDUIT STUB-UPPLAN-CORNERSTATION

V049.3-125 VACUUM CARTINTERFACEPLAN-{ORNERSTATION

VO49-3-127 DATA HIGHWAY PLAN- VERTEX STATION

VO49-3-128 DATAHIGHWAYPLAN-LEFTBEAMMANIFOLDSTATION

A T T A C H M E N T  " A ' '
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v049-3-t29

v049-3-130

v049-3-t3l

v049-3-133

v049-3-134

v049-3_135

v049-3_136

v049-3-201

v049-3-202

v049-3-203

v049-3-204

v049-3-205

v049-3-206

v049,3-208

v049-3-209

v049-3-301

Y049-3-302

v049-3-303

v049-3-304

v049-3-305

v049-3-306

v049-3-308

v049-3-309

v049-3-401

v049-3-402

v049-3-403

DATA HIGHWAY PLAN- RIGHT BEAM MAMFOLD STATION
DATA HIGHWAY PLAN_ DIAGONAI STATION

DATA HIGFTWAY INTERCONNECT DIAGRAM- CORNER STATION
GROUNDING PLAN- VERTEX SECTION

GROIINDING PLAN - LEFT BEAM MAN]FOLD

GROT.INDING PLAN - RIGHT BEAM MAMFOLD

GROUNDING PLAN. DIAGONAL SECTION

INSTRUMENT PLAN-LEFT MID STATION

CABLE TRAY PLAN-LEFT MID STATION

INSTRUMENT/ELECTRICAI PLAN-LEFT MID STATION
POWER PLAN-LEFT MID STATION

CONDL'IT STTJB-UP PLAN. LEFT MID STATION

VACWM CART INTERFACE PLAN-LEFT MID STATION
CDS INTERI'ACE DIAGRAM-LEFT MID STATION

GROLINDING PLAN-LEFT MID STATION

INSTRUMENT PLAN-RIGHT MID STATION

CABLE TRAY PLAN-RIGHT MID STATION

INSTRUMENT/ELECTRiCAL PLAN-RIG}IT MID STATION
POWER PLAN-RIGHT MID STATION

CONDTIIT STUB-IIP PLAN-RIGHT MID STATION
VACUUM CART INTERFACE PLAN-RIGHT MID STATION
CDS INTERFACE DIAGRAM-RIGHT MID STATION

GROI]NDING PLAN_RIGHT MID STATION

INSTRUMENT PLAN-LEFT END STATION

CABLE TRAY PLAN_LEFT END STATION

INSTRUMENT/ELECTRICAL PLAN-LEFT END STATION

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

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

A vo4s-2-022
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

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 STI.JB-UP PLAN - LEFT END STATION

VO49-3-406 VACUUM CART INTER-FACE PLAN_LEFT END STATION

VO49-3408 CDS INTERFACEDIAGRAM-LEFTEND STATION

VO49-3.409 GROUNDINGPLAN-LEFTENDSTATTON

V049.3-5OI INSTRUMENTPLAN-RIGI{TEND STATION

VO49-3-502 CABLE TRAY PLAN-RIGHT END STATION

VO49-3-503 INSTRUMENTiELECTRICALPLAN-RIGHTEND STATION

VO49-3-504 POWER PLAN-RIGHT END STATION

VO49-3.505 CONDUIT STIIB-UP PLAN-RIGHT END STATION

VO49-3-506 VACWM CART INTERFACE PLAN_RIGHT END STATION (2 SHEETS)

VO49-3-508 CDS INTERFACE DIAGRAM-RIGHT END STATION

VO49-3-509 GROUNDING PLAN-RIGHT END STATION

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

A vo4s-2-oz2
Paoe 3 of 4



ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

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

VO49-3-OOI GENERALNOTES&LEGEND

VO49-3-OO6 ELECTRICAIINSTALLATIONDETAILS

VO49-3-OO7 INSTRUMENTELECTRICALINSTALLATIONDETAILS

VO49-3-OO8 INSTRUMENTINSTALLATIONDETAILS

VO49-3-OO9 GROIINDING 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 IONCONTROLLERCABINET(2SHEETS)

V049.3-I21 PNL-IOOA&1OOBASSEMBLY

VO49-3-122 PNL-IOOA & 1OOB W]RING DIAGRAM

YO49-3-207 PNL-2OO WIRING DIAGRAM

VO49-3.307 PNL.3OO W]RING DIAGRAM

VO49-3-407 PNL-4OOWIRINGDIAGRAM

VO49-3-507 PNL-sOO WIRING DIAGRAM

Reference drawings, used by others to fabricate
equ ipment ,  a re  fu rn ished to  supp lenent
ins ta 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 "

A vo49-2-o22

I
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TitIE: SPECIFICATION FOR ELECTRJCAL & INSTRUMENT CONSTRUCTION WORK

s@uryutr
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

,E INSTRTJMENTTAG/EQTMMENT DESIGNATION

tg I/INDICATES VACUTJM EI{URONMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SIIEET)

I
a

J

5

6

7

8

9

1 0

1 1

t2

t3

14

l f

1 6

t t

1 8

l9

20

2 1

22

FI-104

FI-154

Ft-204

Fr-254

FI-304

FI-354

FI-404

FI-504

LT-100

LT-105

LT-150

L  l - l ) )

LT-200

LT-20s

LT-250

LT-255

LT-300

LT-305

LT-350

LT-355

LT-400

LT-405

CRYOPUMP WCPI FLOW INDICATOR CV049-3-102)

CRYOPT.JMP WCP2 FLOW INDICATOR (V049-3-103)

CRYOPUMP WCP3 FLOW INDICATOR (V049-3-201)

CRYOPUMP WCP4 FLOW INDICATOR (V049-3-201)

CRYOPUMP WCP5 FLOW INDICATOR CV049-3-301)

CRYOPLMP WCP6 FLOW INDICATOR (V049-3-301)

CRYoPUMP WCPT FLOW INDICATOR (V049-3-401)

CRYoPUMP WCP8 FLOW INDICATOR cv049-3-501)

CRYOPUMP WCP1 LEVEL TRANSMITTER' CVO49-3- I 02)

CRYOPTJMP WCPI DEWAR LEVEL TRANSMITTER* (VO+g.:.IOZ)

CRYOPUMP WCP2 LEVEL TRANSMITTER+ ry049.3.I03)

CRYOPUMP WCP2 DEWAR LEVEL TRANSMITTER* (VO+S-3-IO:)

CRYOPUMP WCP3 LEVEL TRANSMITTER* ff049-3-201)

CRYOPUMP WCP3 DEWAR LEVEL TRANSMITTER' (V049-3-2OI)

CRYOPUMP WCP4 LEVEL TRANSMITTER* ry049-3-201)

CRYOPUMP WCP4 DEWAR LEVEL TRANSMTTER+ (V049-3-201)

CRYOPUMP WCPs LEVEL TRANSMITTER' (V049-3-301)

CRYOPTJMP WCP5 DEWAR LEVEL TRANSMITTER'* (V049-3-301)

CRYOPI.JMP WCP6 LEVEL TRANSMITTERi CVO49.3-3OI)

CRYOPUMP WCP6 DEWAR LEVEL TRANSMITTER* (V049-3-301)

CRYOPUMP WCPT LE\'EL TRANSMITTER{. N049.3-40 I)

CRYOPUMP WCPT DEWAR LEVEL TRANSMITTER' (V049-3-401)

'  
Furn ished w i th  accessor ies .

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

Number

A vo49-z-oz2
Page I of 3



TitIC: SPECIflCATION FOR ELECTRICAL & INSTRT'MENT CONSTRUCTION WORK

J, ITEM

6INSTRIJMENITry
tg I/ I}{DICATES VACWM EI\TVIROIIMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SImET)

ZJ

1 n

t)

26

27

28

29

30

J.)

'24

35

36

37

38

) ,

40

4 l

A '

43

LT-500

LT-505

PNL.lOOA

PNL.lOOB

PNL-2OO

PNL-3OO

PNL-4OO

PNL-5OO

PT-l0l

PT-151

PT-201

PT-251

PT-301

PT-351

PT-401

PT-501

TE-103A, 102A,
l02B

TE-r53A, 152A,
l528

TE-203A,2024,
2028

TE-2534,2524,
2528

TE-303A,302A,
3028

CRYoPUMP WCPE LEVEL TRANSMTTER" (V049-3-501)

CRYOPUMP WCPS DEWAR LEVEL TRANSMITTER* (V049-3-501)

coRNER STATION ION CONTROLLER PANEL (V049-3-1r6)

coRNER STATION ION CONTROLLER PANEL (V049-3-116)

LEFT MID STATION ION CONTROLLER PANEL (V049-3.204)

RIGHT MID STATION ION CONTROLLER PANEL CVO49-3-304)

LEFT END STATION ION CONTROLLER PANEL (V049-3-404)

RIGHT END STATION ION CONTROLLER PANEL (V049.3.504)

CRYOPTJMP WCP1 PRESSURE TRANSMTTER* 1VO+ -3-IOZ;

cRyopuMp wcp2 PRESSURE TRA,NSI'/trTTER* 1VO+e-l-t O:;

CRYOPUMP WCP3 PRESSURE TRANSMITTER* 1VO+E-:-ZOI;

CRYOPUMP WCP4 PRESSURE TRANSMITTER* IVO+E-I-ZOI;

CRYOPUMP WCP5 PRESSURE TRANSMITTER' (V049-3-301)

CRYOPUMP WCP6 PRESSURE TRANSMITTER* (V049-3-301)

CRYOPUMP WCPT PRESSURE TRANSMITTER* (V049-3-401)

CRYOPUMP WCP8 PRESSIJRE TRANSMITTER'* (V049-3-s0l)

CRYOPUMP WCPI TIIERMOCOUPLE (V049-3- 102)

CRYOPUMP WCP2 TI{ERMOCOIJPLE CV049-3- 103)

CRYOPUMP WCP3 TruRMOCOLJPLE (V049-3-20 1 )

CRYOPUMP WCP4 TTIERMOCOUPLE (V049-3-20 1)

CRYOPUI\4P WCP5 TIIERMOCOUPLE (V049-3-301)

Furn ished w i th  acces  sor fes

A T T A C H M E N T ' 8 "

A vo49-z-022
Page 2 of 3
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ritle: SPECIFTCATION FoR ELECTRTCAL & INSTRUMET{T coNsrRUcrIoN woRK

B

d' INSTRUMENT TAG/EQUIPMEI{T DESIGNATION

d. I/II{DICATES VACUUM E|TWRoNMENT LOCATToN

6 DESCRIPTION (INDICATED ON DRAWING/SmET)
44

45

40

TE-353A,352A,
3528

TE-403A,402A,
4028

TE-503A,502A,
5028

cRyopuMp wcp6 Tr{ERMOCOUPLE (V049_3_30i)

cRyopuMp wcpT TIIERMOCOUPLE (V049-3_401)

cRYOpUMp wcpS TIIERMOCOUPLE (V049_3-50 1 )

A T T A C H M E N T  . . 8 "

A vo4ga-022
Page 3 of
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ritle: SPECTFICATION FoR ELECTRICAL & INSTRUMENT coNsrRucrroN woRK

ATTACHMENT..C''

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

Submit for review the proposed equipment submittals and reports as required under the Specification andrtsleo below:

1. Equioment substitutions (Article 8.3. paee 6)
Submit,proposed substitutions PSI's representative for acceptance. Wth submittal, provide details of

necessary changes to accommodate substitutions. Submit samples if requested.
2. List of oroposed equioment (Article 9.1. paee 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 number for each item.

3. Cable tral/ (Article 12.6. page 7)
Product data ofeach cable tray comDonent.
Shop drawings olsuppon ryri".r. 

'

4. Wire and cable (Article 15.5, paee I 1)

Product data of each wire and cable.

5. Wirine identification (Article 16.3. paee 12)
Product data of printed sleeve markers.

Product data of tubing and accessories.

7. Testine (Article 23.3.2. paee 14)

\I/ritten test report listing resistance by feeder and branch circuit.

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

A vo4g-2-022
Page I of I
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Tit|e: LIGO VACWM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

AAACHMENT '{E''

TO

v049-2-021

FINAL DESIGN REPORT VOLUME IY INSTALLATION/COMMISSIONING

v049-1-100
(ui(o 'cs@glo?-ot-v)

"SHIPPED LOOSf,'

ATTAGHMENT
Number:

A v04g-2421



Tit|e: LIGO VACUUM EQUIP. INSTAILATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT*F'

TO

v049-2-021

PSI WASHINGTON SITE DRAWING PACKAGE

.DRAWINGS SHIPPED LOOSE"
See Attachment "A" of Spec. y049-2-021for Drawing List

For the latest drawing revision levels see the latest revision of drawing VO4?.9o0,__Oforr, 
o, O)

ATTACHMENT
Number:

A vo49-2-021



Title: LIGO VACUUM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT(GI'

TO

v049-2-021

LIGO BUILDING DRAWING PACKAGE

"DRAWINGS SHIPPED LOOSE'

( 31 Sheets Total )

ATTACHMENT
Number:

A v049-2-O21



TitIE: LIGO VACUUM EQUIP, INSTALLATION AND COMMISSIONING _ WASHINGTON SITE

ATTACHMENT "H'

TO

v049-2-02r

VENDOR EQUIPMENT DRAWINGS

(List Attached)

SPEGIFICATION
Number:

A v049-2421



TitIC: LIGO VACWM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "H'

SPEC. V049-2-02r

(>ra,ulrtr<s
Loosg

VENDOR DRAWINGS LIST

streoeu)

Description

1. 50 CFM Compressor

2. 200 CFM Compressor

3. 44" Gate Valve - Assembly
G44 Pneumatic

4. 44" Gate Valve - Assembly
G44 Electric

5. GA Roughing Pump Cart

6. Main Turbo Can

7. Base Extension - Turbo Cart

8. Aux. Turbo Pump Cart

9. 48" Gate Valve - Assembly
G48ESB

10. Pipe Bridge

I l. Ion Pumps:
2s00 L/s
75LIS
25L/S

12. 6" Gate Valve

13. 10" Gate Valve

Rev. 
Document vendorDrawing No.

x-l56

KACI34r

104065

104063

D-4526-1

D-4507

Y049-4-012

D-4508

103849

v049-4-043

03.649239
Sketch
03.649218

LI  21-08ID

u21r73B

A-8 B Campbell/?ower Ex.

D C Rodgers

B A G N B

AB GNB

Edwards

Edwards

PSI

Edwards

GNB

PSI

Varian
Varian
Varian

Varian

Varian

I D

D

1 D

D

B

- - E

SPECIFICATION

A v049-2-021



Tit|e: LIGo vAcUUMEQIIIP. INSTALLATIoN AND coMMssIoNINc- WASHINGTON SITE

Description Drawing No. Rev. Docume 
Vendor

14. 14" Gate Valve M2ll70C A Varian

15. LN: Tanks - outline cs-12004, 2 sheets 4 c process Engineering

l5A LNrTank-Ext.PipinC D45682 3 D processEngineering
Assy.

16. Ambient Vaporizer FIN-A-005 FINNCO
2sN30F (25,000 scTrt

17. Ambient Vaporizer FIN-A-2O -- . FINNCO
104/12F (10,000 SCFro

18. Regen. Heater- l4kW V0494-176 I B pSI

19. Regen. Heater - 28 kW V0494177 I B pSI

20. LNz Vacuum Iacketed 303250-5001 0 D pSI
Piping

21. 200 CFM Air Filter 53-01079 A A Ultra Filter

22. 50 CFM Air Filter Catalog -- A tlltra Filter

23. Fisher-Rosemount Pressure PSI Doc.
Retef Valves & Pressure #V049-8-67i
Regulators 42 Pages

24. Burst Disk Assembly 48-6759 A C Hydrodyne

ATTACHMENT
Number:

A v049-2{21
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Title: LIGO VACWM EQUIP. INSTALLATIoN AND CoMMISSIONING - WASHINGTON SITE

ATTACHMENT "I'

TO

v049-2-021

CARBON STEEL SUPPORTS SUPPLIEI}BYTHE BUYER

PSI PartNo. Descrintion Washinston Otv.

v049-4-A7AP37 Beam Manifold Soool n

v049-4-A7BP37 Beam Manifold Soool +
v049-4-BlP17 Beam Manifold Spool A

V049-4-B2AP17 Beam Manifold Spool 2
V049-4-B2AP18 Beam Manifold Spool 2
V049-4-B2BP17 Beam Manifold Soool 2
V049-4-B2BP18 Beam Manifold Spool 2
v049-4-B3AP17 Beam Manifold Spool 2
V049-4-B3AP18 Beam Manifold Spool 2
v049-4-B5APi7 Beam Manifold Spool 2
v049-4-B5APl8 Beam Manifold Spool 2

v049-4-86P7 Beam Manifold Spool 2
v049-4-87P7 Beam Manifold Spool 2
v049-4-89P12 Beam Manifold Spool
v049-4-89P13 Beam Manifold Spool 4
v049-4-BE5P9 Beam Manifold Spool 2
v049-4-8E6P9 Beam Manifold Spool' -. 2

v049-4-140 80K Cryopump-Long 4
Y049-4-141 80K Cryopump-Short 12
v049-4-012 Turbo Pump Cart Base 6

ATTACHMENT
Number:

A vo49-2-021



Title: LIGO VACWM EQUIP.INSTALLATION AND COMMISSIONING_ WASHINGTON SITE

ATTACHMENT..J'

EQUIPMENT GROUPING FOR SHIPPING

A.. Chambers shipped separately: (Also, see Item "C" below)

All BSC's - see drawings V049-+-302 thru 305 for door/shipping cover configuratrons.
NOTE: BSC'S are shipped horozontal on a structural steel skid.

Total shipping weight of vessel plus skid = 20,000 lbs.

All HAM's - NOTE: 4 HAMs are shipped with I permanent cover and I shipping cover
8 HAMs are shipped with 2 shipping covers.
Est. ship wt. of (l) HAM:9,000 lbs.

B. The following pieces of equipment will be shipped fully bolted together as listed below:

These pieces will be shipped on wooden cradles with bolt-on support legs shipped loose for field
assembly. See the Attachment I to determine the quantity of support legs to be field assembled.

B.1 Comer Station
;

The following spools will be shipped assembled as one piece.

Item No, & Sz, of Shipping Cov€rs Est. Total Ship Weight

WAI2A, B4A ( l )  60"x ( l 48" shipping covers 2700 lbs.
WAI2B, B4B (l) 60"x (1 48" shipping covers 2600 lbs.
wB6, 46 (l) 60"x (l) 48" shipping covers 3650 lbs.
WB7, 46 (l) 60"x (l) 48" shipping covers 3700 lbs.
wAI5A&8, (2) Separate pieces (l) 60"x (1 48" shipping covers 2400 lbs.
WA3A&B, (2) Separate pieces l) 60"x (1) 48" shipping covers 2400 lbs.
WB-5A 2) 60" shipping covers 6800 lbs.
WBE-38 (2) 60" shipping covers 2400 lbs.
WB.3A (2) 60" shipping covers 6800 lbs.
WBE.3AI 2) 60" shipping covers 2400 lbs,
WB-2A 60" shipping covers 6800 lbs.
WBE.342 (2) 60" shipping covers 2400 lbs.
WB-2B (2) 60" shipping covers 6800 lbs.
wBE-3C (2) 60" shipping covers 2400 lbs.
wCPl, BE-4A (Long) 80K (2) 44" shipping covers 12000 lbs.
WCP2, BE-4B (Long) 80K 2) 44" shipping covers 12,000 lbs.
WAI3A., B8A, BIA t ) '12"x (r 60" shipping covers 7400 lbs.

ATTACHMENT

A vo49-2-021

'r1



Title: LIGO VACWM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "J"

EQUIPMENT GROUPING FOR SHIPPING (Cont'd)

8.2 Each Mid Station - 2 Required as shown

B.3 Each End Station - 2 Required as shown

The following BSC's will require relocation ofone 60" cover fiom its shipping position to the
operating position as shown on Drawings V049-4-302,303, 304, & 305.

WBSC1, WBSC3, WBSCs, WBSC6, WBSCg, WBSCIO

WAI3B. B8B. BIB l) 72"x (l) 60" shipping covers 7400 lbs.
WBE-5 (2) 72" shipping covers 9000 lbs.
WBE-6 (2) 72" shipping covers 9000 lbs.
WB.gA, WAIA (t) 72"x (l) 44" shipping covers 10,500 lbs.
WB.gB, WAIB (l) 72"x (l) 44" shipping covers 10,500 lbs.
WBE-2A (2) 60" shipping covers 1700 lbs.
WBE-2B (2) 60" shipping covers 1700 lbs.
BSC's & HAM's see item "A" Above

Item No. & Sz. of Shipping Covers Est. Total Ship Weight

Short Cryopump A, WBE-4 (2) 44" shipping covers 9000 lbs.
Short Cryopump B, WBE-4 (2) 44" shipping covers 9000 lbs.
wAl, A-7 (1) 44" X (1) 60" shipping

covers
6500 lbs.

wAl4 (1) 44* X (1) 60" shipping
covers

1800 lbs.

BSC (2) 60" shipping covers 15,000 lbs.

Item No. & Sz of Shipping Covers Est. Total Ship Weight
Short Cryopump, WBE-4 (2) 44" shipping covers 9000 lbs.
wAl, A-7 (1) 44" X (1) 60" shipping

covers
6500 lbs.

BSC (1) 60" Shipping cover 15,000 lbs.

ATTACHMENT

A vo49-2-oz1



Title: LIGO vAcuuM EQUIP. INSTALLATTON AND coMMrssroNrNc - WASHINGTON SITE

D. In addition to the above equipment, the following truck loads will be shipped to the site:
l. 12 Shipping crates (valves, instrs., 3,500 lbs 4'x4, x4, Ea.

ion pumps, blankets, o-rings each

(coMMoN CARRTER TRUCK).

2. I Truckload of vac. pump equip. air 20,000 lbs 7'Wxg,Hx30' Lg.
compr * misc. items (ainide, closed total

trailer).

3. I Truckload misc. equip. (ainide, 20,000 lbs 7'Wxg'Hx40'Lg.
closed trailer). total

4. I Retum trip from Handord., WA. 2g,000 lbs I 1'-6"Wx9'Hx30' Lg.
to Westboro, MA. total

6-BSC skids & ship covers

stacked with cradles loose.

E. PSI reserves the right to make changes to the above groupings, without cost impact to psl

ATTACHMENT
Number:

A v049-2-021
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Title: LIGO VACWM EQUIP. INSTALLATION AND CoMMISsIoNINc _ WASHINGToN SITE

ATTACHMENT ..J"
TO

v049-2_021

LIGO Equipment Installation and Shipping Data

Washington Corner Stationr Area 100

Tag No.

WBSC 1
WBSC 2
WBSC 3
WBSC 4
WBSC 7
WBSC 8

WHAM 1
WHAM2
WHAM3
WHAM4
W}IAM 5
W}IAM 6
WHAMT
WHAM 8
WHAM9
WHAM 10
WHAM 11
WHAM 12
WHAM Spare

Shp.Wt.

20000 lbs.
20000 lbs.
20000 lbs.
20000 lbs.
20000 lbs.
20000 lbs.

9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.
9000 lbs.

Shp.Dim. Onsite Date

1l ft.6in.Wxll ft.6in.Hx22ft.6in.L PerP.O.
1l ft.6 in.Wxl1 ft..6 in.Hx22 ft.6 in.L
l1 ft.6 in.Wxl I ft.6 in.Hx22 ft.6 in.L
I 1 ft.6 in.Wxl 1 ft.6 in.Hx22 ft.6 in.L
1 I ft.6 in.Wxl I ft.6 in.Hx22 ft.6 in.L
1l ft.6 in.Wxl l ft.6 in.Hx22 ft.6 in.L

10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10 ft.Wx 9ft.H x 9 ft.L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L
10f t .Wx9f t .Hx9f t .L

WCP l/WBE-4A
WCP 2/WBE-48

wGV l- 48"
wGV 2- 48-
wGV 3- 48"
wGV 4- 48"
wGV 5- 44"
wGV 6- 44"

12000 lbs. 89 in. OD x 21 ft.L
12000 lbs. 89 in. OD x2t ft^L

8500 lbs.
8500 lbs.
8500 lbs.
8500 lbs.
7200 lbs.
7200 lbs.

6ft.Wx2ft.Hx 17ft.L
6ft.W x 2ft.H x17ft..L
6f t .Wx2f t .Hx17f t .L
6ft.Wx2ft.Hx 17ft.L
5f t .Wx2f t .Hx16f t .L
5ft.Wx2ft.Hx 16ft.L

Shipped to site by vendor
Shipped to site by vendor
Shipped to site by vendor
Shipped to site by vendor
Shipped to site by vendor

ipped to site bv vendor

ATTACHMENT
Number:

A vo49-2-021
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TitIC: LIGO VACIJIJM EQUIP. INSTALLATION AND COMMISSIoNTNG _ WASHINGTON SITE

Washington Corner Station: Area 100

Tag No.

wGV 7- 44"
wcv 8- 44"

WB-9A/WA-lA
WB-9B/WA-lB
WBE.5
WBE-6
WBE-2A
WBE.2B
WBE-3A1
WB-2A
WB-2B
WB-3A
WB-5A
wA-13A/WB-8A/
WB-1A
wA-13B/WB-88/
WB.1B

Shp.Wt.

7200 lbs.
7200 lbs.

10500 lbs.
10500 lbs.
9000 lbs.
9000 lbs.
1700 lbs.
1700 lbs.
2400 lbs.
6800 lbs.
6800 lbs.
6800 lbs.
6800 lbs.
7400 lbs.

7400 lbs.

2400 lbs.
6800 lbs.
2400 lbs
2400 lbs
2400 lbs.
2400 lbs
3700 lbs
3650 lbs
2700 lbs
2600 lbs

46500 lbs.
46500 lbs.

WBE-3A2
WBE-3B
wA-t5A
wA-158
WA.3A
WA-38
WB.TAVA-6.{
wB-6/WA-6B
wA-12A/WB-4A
wA-128/WB-4B

wDW 1
wDW2

Shp.Dim.

5ft.Wx2ft.Hx t6ft .L
5ft.Wx2ft.Hx 16ft.L

80 in. OD x 39 ft.L
80 in. OD x 39 ft.L
80 in. OD x 34 ft.L
80 in. OD x34 ft.L
80 in. OD x 6 ft.6 in.L
80 in. OD x 6 ft.6 in.L
73 in. OD x 4 ft.L
69 in. OD x 37 ft.6 in.L
69 in. OD x 37 ft.6 in.L
69 in. OD x 37 ft.6 in.L
6 9 f t . O D x 6 f t . L
80 in. OD x21 ft..L

80 in. OD x 21 ft.6 in.L

73 in. OD x 4 ft.L
73 in. OD x 4 ft.L
69 in. OD x 2 ft.6in. L
69 in. OD x 2 ft.6in. L
69 in. OD x 3 ft.10 in. L
69 in. OD x 3 ft.10 in. L
69 in. OD x 1l ft.6in. L
69 in. OD x 1l ft.6in. L
69 in. OD x 9 ft.6in. L
69 in. OD x 9 ft.6in. L

l0 ft. dia. X 46 ft.L
l0 ft. dia. X 46 ft.L

Onsite Date

Shipped to sire by vendor
Shipped to site by vendor

Per P.O.

ATTACHMENT
Number:

A v049-2.021



Title: LIGo vAcwM EQUIP. INSTATLATTON AND coMMrssroNrNc - WASHINGTON SITE

Washington Corner Station: Area 100

Tag No. Shp.Wt. Shp.Dim. Onsite Date

W I P l  1 4 0 0  l b s .  4 f t . L x 4 f t . L x 4 f t . W  p e r p . O .
WIP2 1400 lbs .  4 f t .Lx4 f t .Lx4 f t .W
wIP3 1400 lbs .  4 f t .Lx4 f t .Lx4 f t .W
WIP4 1400 lbs .  4 f t .Lx4 f t .Lx4 f t .W
W I P 5  1 4 0 0  l b s .  4 f t . L x 4 f t . L x 4 f t . W
WIP6 1400 lbs .  4 f t . .Lx4 f t .Lx4 f t .W
WIPT 1400 |bs .  4 f t " .Lx4 f t .Lx4 f t .W
WIPS 1400 lbs .  4 f t .Lx4 f t .Lx4 f t .W
lea. IIAM Clean Rms. 4100 lbs. t3 ft.4in.W x 16 ft.9in.L x l1 ft.H
2ea BSC Clean Rms 5800 lbs 17 ft.6in.W x 18 ft.8in.L x 1g ft.6in.H
4ea. 6 in. gate valves 50 lbs.
6ea. i0 in. gate valves 100 lbs.
8ea. 14 in. gate valves 350 lbs.
2ea.l2 in. O.D. Conflat Special Flange shipped loose for B5A & 87 (V049M195)
2ea. 8 in. O.D. Conflat Special Flange shipped loose for B5A & 86 (V049M196)

Washington Left Mid Station: Area 200

Tag No. Shipping Weight Shipping Dimensions Onsite Date

WBSC 6 20000 lbs. 11ft.6in.Wx 11ft.6 in.H x 22ft.6in.L per p.O.

WCP 3/WBE-4D 9000 lbs. 89 in. OD xl3 ft.L
WCP 4/WBE-4F 9000 lbs. 89 in. OD xl3 ft.L

wA-7BlnVA-lD 6500 lbs. B0 in. OD x 19 ft.L
WA-I4B 1800 lbs. 52 in. OD x 7 ft.3 in.L

WGV l0- 44" 7200tbs. 5ft.W x 2ft.H x 16ft.L
WGV l1- 44" 72001bs. 5ft.W x 2ft.H x 16ft.L

WIP 9 1400 lbs .  4 f t . Lx4 f t . Lx4 f t .W

WDW 3 40400 lbs. l0 ft. dia. X 40 ft.L
WDW 4 40400 lbs. l0 ft. dia. X 40 ft.L
lea BSC Clean Rm. 5800 lbs 17 ft.6in.W x 18 ft.8in.L x 18 ft.
3 ea. l0 in. gatevalves 100 lbs.
lea. 14 in. gate valve 350 lbs.

Shipped to site by vendor
Shipped to site by vendor

ATTACHMENT

A vo49-2-021
Rev.
4
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loose for WATB-
(v04eM195)
Title: LIGo vAcwM EQUIP. INSTALLATTON AND coMMrssroNrNc - WASHINGTON SITE

Washington Left End Station: Area 400

Tag No. Shipping Weight Shipping Dimensions Onsite Date

WBSC l0 20000 lbs. 11ft.6in.Wx l1ft .6in.Hx22ft.6in.L perp.O.

WCP 7/WBE-4H 9000 lbs. 89 in. OD x13 ft.L

WA-7B2AVA-lF 6500 lbs. 80 in. OD x 19 ft.L

wGV l8- 44" 7200 lbs. 5ft.w x 2ft.H x 16ft.L shipped to site by vendor

WDW 7 40400 lbs. 10 ft. dia. X 40 ft.L

W I P l l  1 4 0 0  l b s .  4 f t . L x 4 f t . L x 4 f t . W
1ea BSC Clean Rm. 5800 lbs 17 ft.6in.W x 18 ft.8in.L x l8 ft.6in.H
2 ea. 10 in. gate valves
lea. 14 in. gate valve 350 lbs.
12 in. O.D. Conflat Special Flange shipped loose for WATB-2 (V049M195)

Washington Right Mid Station: Area 300

Tag No. Shipping Weight Shipping Dimensions Onsite Date

WBSC 5 20000 lbs. 11ft.6in.Wx 11ft.6 in.H x 22ft.6in.L per p.O.

WCP 5/WBE-4C 9000 lbs. 89 in. OD x13 ft.L
WCP 6AVBE-4E 9000 lbs 89 in. OD xl3 ft.L

WA-7A/WA-IC 6500 lbs. 80 in. OD x 19 ft.L
WA-14A 1800 lbs: 52 in. OD x 7 ft.3 in.L

WDW 5 40400 lbs. t0 ft. dia. X 40 ft.L
WDW 6 40400 lbs. l0 ft. dia. X 40 ft.L

WGV 14- 44" 7200 lbs. 5ft.W x 2ft.H x 16ft.L
WGV 15-44" 7200tbs. 5ft.Wx2ft.Hx 16ft.L

WIP 10 1400 lbs .  4 f t . Lx4 f t . Lx4 f t .W
lea BSC Clean Rm. 5800 lbs l7 ft.6in.W x 18 ft.8in.L x 18 ft.
3 ea. l0 in. sate valves

Shipped to site by vendor
Shipped to site by vendor

ATTACHMENT
Number:

A vo49-2-021



Title: LIGo VACWM EQUIP.INSTALLATION AND coMMrssroNrNc- WASHINGTON SITE

Washington Right End Station: Area 500

Tag No. Shipping Weight Shipping Dimensions Onsite Date

WBSC 9 20000 lbs. 1lft.6in.Wx ilft.6 in.H x 22ft.6in.L per p.O.

WCP 8/WBE-4G 9000 lbs. 80 in. OD xt3 ft.L

WA-7824 /A-lF 6500 lbs. 80 in. OD x 19 ft.L

WDW 8 40400 lbs. l0 ft. dia. X 40 ft.L

WGV 20- 44" 7200 lbs. 5ft.W x 2ft.H x 16ft.L Shipped ro site by vendor

WIP12 1400 lbs .  4 f t . .Lx4 f t .Lx4 f t .W

lea BSC Clean Rm. 5800 lbs l7 ft.6in.W x t8 ft.8in.L x l8 ft.6in.H
2 ea. l0 in. gate valves 100 lbs.
1ea.14 in. gate valve 350 lbs.

In addition to the above equipment, the following truck loads will be shipped to the site by Common
Carrier truck with air ride closed trailer:

A. 12 Shipping crates (valves, instrs., 3,500 lbs 4ft.Wx 4ft.Hx 4ft.L

ion pumps, blankets, o-rings

B. I Truckload of vac. pump equip. air 20,000 lbs 7ft.Wx8ft.Hx 30ft. L

compr and misc. items

C. I Truckload misc. equip. 20,000Ibs 7ft.Wx8ft.Hx40ft.L

D. 1 Retum trip from Handord., WA. 28,000 lbs I lft.6in.Wx9ft.Hx30ft.L

to Westboro, MA.6-BSC skids and ship covers

stacked with cradles loose. ATTACHMENT

A v04g-2-021
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Title: LIGO VACWM EQUIP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE
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Title: SPECIFICATI0N FoR PREFABRICATED vAcUt M AlrD clAss 100 AIR pIprNG

4suboc-A4U

G,-t

PREPARED DATE

1ZA,,"ltohA

DATE
Dh/16y'14

Number VO49-2-178

SPECIFiCATION FOR

PREFABRICATED VACUIJM AIID CLASS IOO AIRPIPINC

FOR

LIGO VACUUM EQUIPMEI{T

Hanford, Washington

,r/rz

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shalt be
used only as required to respond to the specification requirements, and shai not be disclosed to any oitt", purty.

INSTALLATIONMANAGER:

STRUCTURAL ENGIIITEER:

TECHMCAL DIRECTOR:

PROJECTMANAGER:

REV L BY-DA . DATE

ROCESS SYSTEMS INTERNATIONAL. INC.

INITIAL
APPROVALS

DESCRIPTION OF CIIANGE

SPECIFICATION
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T|IIE: FABRICATED CLASS IOO VACTIIIMA}.ID AIRPIPING.LIGO WASHINGTON SITE

TABLE OF CONTENTS

L0 Purpose

2.O Scope

3.0 Materials

4.0 Fabrication and Testing

5.0 Documentation

ATTACHMENTS:

A Drawing List - See Attached List
B. V049-2-037 " Specification for piping Design and Material-
C. V049-2-060 Specification for Clean euarter Turn Valves
D. V049-2-059 Specifcation for Small Vacuum Valves

SPECIFICATION
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TitIE: FABRICATED CLASS lOO VACUTIM AND AIR PIPING-LIGO WASHINGTON SIIE

1.0 PttRPosE

This specification defines the scop! olyo* to beprovided by the contracror for the zupply oftheprefabricated vacuun ald C^tas1 lo0 Air prping for the LIGO Vacuum Equipment. AII iequirements ofU049-2421*Specification for InstallatiodCommissi6ning for UCO Va61urn f4uipment:. ,ppfi.rOf" iothis work.

2.0 scoPE
2.1 Th€ contractor is to provide all material aad labor to detail desig4 procure, fabricate, test, clean and

detver to the site vacuum g_d g* lo0 Air piping and pipe zupjorts as srrown on tle piping
arrangement dravrings and p&I Diagrams listed in Attachment A

2.2 The Vacuum piping is comprised of the following:
Roughing Header (Corner Station only)
Turbo Headers

Annulus Piping

MATERIALS

All materials shall be in accordance with V049-2-037 "specification for Piping Design and Materials".

All fle:x sections are to meet the following requirements:

Note: Flex sections are intended to act as vibration/sound isolators. -

3.2.1 Vlcuum and Class 100 Air Eeaden

Flex sections are to be vacuum compatible stainless steel, with firll penetration welds, low stiftess
bellows without metal braids.

AII flex sections are to be cleaned, tested and packaged for UHV semicg as manufactured by
A&N Corp., Varian Vacuum products or aprproved equal.

3.2.2 Coolirg Water Supply / Return and Instrument Air Eeaders

FIex sections are to be Safeflex SFU{T as manuftctured by Mason Industries or approved equal.

3.0

3 . 1

J .Z

SPECIFICATION

Page _3_
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TitIE: FABNCATED CLASS IOO VACUUM A}.ID AIR PIPING-LIGO WASHINGTON SITE

4.0 FABRICATIONANDTESTHG

4'l Pipe spool sections shall be prefabricated using only approved welding procedures in leogths apgropriate
to allow installation h the vacuum equipment area without requiring iitding. Fabrication shau be done inaccordance with specified codes.

Each spool section run shall have one fxed and ooe rotatable CF flange to permit easy assembly ofthepiping system Flex sections strall be provided as shown on the pipinglrawings Branches stral terminate
in fiuings as designated or the_P&I Diagrams Blind flanges shall-beirovided-as indicated including
gaskets and hardware' Where ISO Quick flanges are designated on piping drawings, use 304 stainless
:tlef centering rings with Vton o-rings. Soool drawings shalt be submittel to pSl-for aooioval orior to
fabrication.

r Cleaning Report

r As built drawings

4.2

4.3

4.4

4.5

Each spool section is to be helium leak checked after welding by evacuating and spraying with heliunq
and show no detectable leaks with a helium mass spectrometer at a sensitMty of txi 6-e-ton Vs. Spoots
shall be given unique serial numbers (l to Lt) to conuol testing documentatlon.

!1n snoo! section shall be pressure washed with hot water using approved derergent (Oakite Inpro-
Clean 1300)* and then rinsed with de-ionized water to ,"*ou. JI dirt and hydrociartons. After dqring
with clean' filtered hydrocarbon free air or nitrogen, the section shall be checked for contamination us-ing
a white glove. A.ry discoloration or visable particles shall be cause for rejection and the piece shall be
rewashed. If contanination is localized, the area may be cleaned using isbpropl alcohofand lint free
cloths.

i Per manufacturer's specifications and not to exceed 5% Inpro-clean 1300 in solution.

NOTE: This cleaning reguirement also applies to contractor provided spools ofpiping materials used
between class 100 Air compressors and stainress steel o,D. tubing air headers. 

- - --

After drying the section shall be properly labeled and capped to provide an airtiglrt seal. The seal shall be
maintained up to the time the section is to be instailed.

DOCUMENTATION

The following documentation shall be provided.

r Material certification of all materials on pipe and finings
r Leak Test ReDon

SPECIFICATION
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TitIE: FABRICATED CLASS IOO VACUTJM AT.ID AIR PIPINGLIGO WASHINGTON STTE

ATTACHMENT "A" SPEC. V049.2.I78
DOCUMENTLIST

Washington

For Drawing Revision level see Gen. Doc. List
Dwg. V049-0-000

P&ID'S

Legend/Station Diagrams (3 Shts.)
Beam Spliner Chamber Alt But Comer Vertex Arms
Beam Splitter Chamber Corner Verten Arms
Horizontal Access Module
ll2cm& l22cm Gate Valves
80K Cryopump
Chamber Pressurizafi on Svstem
WALeft End Station
WALeftMid Station
WAL€fr BeamManifold
WA Vertex Section
WA Diagonal Section
WA Right Beam Manifotd
WARightMd Station
WA Right End Station
WA Corner Station Mechanical Room

I}RAWINGSEE DOSUMENTNUMBER

D

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

v049-0-001
Y049-0-002
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-G015
v049-0-016
v049-0-017
v049-0-018

SPECIFICATION
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TitIE: FABRICATED CLASS IOO vAcuUM A}.ID AIR PIPING-IJGo wAsHINGToN SITE

QTY V9ashington

For Drawing Revision level see G€n. Doc. List
Dwg. V049-0-000
MDCEANICALDRAWINGS
25 US Annulus Tubing-44" G.V. Type Itr
25 US Annulus Tubing 48" G.V. Type I
AnruIus Tubing & Ion Purup Assembly. .t4"
G.v.
25 US Annulus Tubing 48"G.V. Type tr
25 US Aanulus Tubing - 44" G.V. Type I
Annulus Tubing & Ion Pump Assy 48" G.V.
25 US Aunrlus Tubing -lt4" G.V, Type tr
Left & Right Beam Manifold Annulus Headers
Riglrt Beam Manifold Anrnrlus Header per
Line No. 2 ll2-PV -t t'7 +Tj
Left Beam Manifold Header Per Line No.
2li2-Pv-l158-T3

I}RAWINGSIZE I}OCI'MNNTNTIMBER

v049+106
V049-zf-108
v04*.+109

v049-4-110
v0494-t64
v0494-163
v049-+166
vo49-5-0t2

6
7

I

2
2
4
8

c
c
D

c
c
D
c
D

SPECIFICATION
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I
TitIE: FABNCATED CLASS IOO VACUUM A}.iD AIRPIPING-LIGO WASHINGTON SITE

TVashington

For Drawing Revision level see Gen. Doc. List
Dwg. V049-0-000

MECUAMCALDRAWINGS

Equipment Arr't. Plan, Comer Station WA
Sht I of2
Equipment Arr't. Elwatio4 Sht 2 of 2
Equipment Arr't ISO, Comer Station, WA
Equipment Arr't, Rieht Mid Station, WA
Equipment Arr't , Right End Statioq WA
Equipment An't, Left Md Station, WA
Equipment Arr't , Left End Station, WA
Equipment An't ISO, Right Mid Siatioa WA
Equipment Arr't ISO, Right End Station, WA
Piping Arr't, PIan Comer Station/WA (4 Shts)
Piping An't, Elevation, Comer Station/WA
Piping Arr't, Sections, Corner StationAMA

lprog en't, Plar', Righr Md Station/WA (4 Shts)
Piping An't, Elevatio4 Right Md StationAilA
(2 Shts)
Piping An't, Sections, Right lvfid StationAilA

liping Arrt, Pla4 Right End Station/WA (2 Shts)
Piping tur1, Elevatiorq Right End Starior/WA
Piping An't, Sections, Right End Statior/WA
Piping Arr't. Plan Left lvfid Station/WA (4 Sheets)
Piping 4s'1 gl"roation Left Md StationMA
(2 Sheets)
Piping Arr't, Sections, Left Md StationAVA
Piping An't. Plan LeS End Station/WA (2 Sheets)
Piping Arr't Elevation Left End Statior/WA
Piping Arr't, Sections, Left End StationAVA
Overall Flange Arr't, Comer Station, WA
Overall Flange Ar't, Md Statioq WA
Overall Flange Arr1, Type End Station

IIRAWINGSTT.E

D

DOCT'MENTNTIMBER

D
D
D
D
D
D
D
D
D
D
D
D
D

D
D
D
D
D
D

D
D
D
D
D
D
D

v049-5-001

v049-5-001
v049-5-002
v049-5-004
v049-5-005
v049-5-006
v049-5-007
v049-5-010 .
v049-5-011
v049-5-012
v049-5-013
v049-5-014
v049-5-017
v049-5-018

v049-5-019
v049-5-021
v049-5-0?2
Y049-5-023
v049-5-026
v049-5427

v049-5-028
v049-5-030
v049-5-031
v049-5432
v049-5-033
v049-5-035
v049-5-036

SPECIFICATION
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Title: SPECIFICATION FOR PIPING DESIGN AND MATERIAL

TABLE OF CONTTNTS

IBI I5O# CLASS STAINLESS STEEL 304. CRYOGEMC

IB2 I5O# CLASS STAINLESS STEEL 304 - NON-CRYOGEMC

C2 TYPE'L"COPPERTUBING-GENERALNON.CRYOGENIC

T1 316 STAINLESS STEEL TI'BING - CRYOGEMC

T2 3O4STAINLESSSTEELTIIBING-GENERALNON.
CRYOGENIC

T3 3O4L STAINLESS STEEL TUBING - VACI]I,]M

T4 3O4LSTAINLESSSTEELTUBING-ULTRAHIGIIVACI][]M

T5 3O4L STAINLESS STEEL TTJBING. CLASS IOO CLEAN AIR

VJ 304 STAINLESS STEEL - CRYOGEMC VACWM JACKETED
sEE SPEC. V049-2-016

CI TYPE'L'' COPPER TI]BING. CRYOGENIC

ATTACHMENT A LIGO QUALITYASSI]RANCE SIJMMARY

SPECIFICATION
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o 1.0 scoPn

rhe followins siDinq and datcrid specifications define the giping and faings Eo bc used
for the LIGO-ViEui Equipnenr

CONES ANII STANDARDS

:.Ll Priority ofCodca rtrd Strndrrds

Priority of ilocuments shall be as follows:

. l. Codes (highestpriority)
2. This specification

22 Applicable Codes rnd St{rdards

ANSI - American National Standards Institute

831.3 Chemical Plant and petoleum Refinery piping (for process
piping only)

B3 1.5 Refrigeration Piping
836.19 Stainless Steel Pipe
816.5 Pipe Flanges and Flange Fittings

ASTM - American Society of Testing and ldaterials

A380-88 Standard Practice for Cleaning and Descaling
Stainless Steel

EA27-71(81) SJqPdard Practice for Testing for Leaks Usiag the
Halogcn Leak Detcctor

H93-73(80) -Slandqd Practice for Tcsting for Lcaks Using the
Mass Spectometer Leak Ddecbr in the insiiie-Out
Testine Mode

E498-?3(80) Sruoar]a f"rt Uethod for Lraks Usins rbe Mass
Spectrometer Leak Detector or Residriil Gas
Aaalyzer in the Traccr probe Mode

F/99-73(80) Standard Methods ofTesting forLeaks Using the
Mass Spectometer Lcak Daector probe Mode

2.0

SPECIFICATION FOR PIPING DESIGN AIID MATERIAL

SPECIFICATION



o
spccificaioos, codcs
of this gpecifcarion-
bc povidcd rs an

compliarc,c

fiuings,

n& spEcIFrcATloNFoRpIptNG DESIGNAITDMATERIAL

.23 SpecificetionConpliaacc

The equipnreat shall conply with any drawings, data shectC aDccif
and standards flatest cditioos) rcfencd to or atta.rhcd as part olthis
State fi local codcs or regulations, if pplicable, *itt bc g,
attacbmcnt to this specification- The Vendor is rcsponsible for cor
such stadards, specifcatiooq codes md rcgulations, if anacbe<t

codca
:arion.
tlt tn
s with

Lo. " umnur,mnmrrncnrnnvc REQIIREMEF{TS

3.1 Atl nratelids us€d ts rnllufacture the pipiag, tubing, flaoges or fiUings, as dcsigpatd per
this specification, are to be of U.S*A" origiu md manufacture.

.{.0 EXA}fTIYATIONANDTFSTn{G

Examination and Pressure Testing as required by ANSI 83 I .3- I 990 Chapter VI.

5.0 LU\TE]TII]MBFRSYSTI'M

4.1 Lines shall be numbered according to the followiag cbart:

2 PL OO8 K-TZ 3 HC FP3

I I I | | | LrosurationM"*
l l l l l l ( s e e S e c t i o n 5 . 5 )
l l l l l l S e r v i c e
I | | I I 

' Insulation code
l l l l l  t s e e s e c t i o n s . 4 )t t t t l
| | | | 

L Insulation Thickness
t t l l
I I | 

:- Piping Specifcation
| | | Designation (See Scction 5.3)
t t l
| | 

- Sequential Number
t l
| 

- Fluid Service Code (See Section 5.2)

. lI Line Size (Nominal Pipe, inches). (Copper tube designated by nomiral size, Dot
oD)

z
E

I

o

SPECIFICATION
llumbtO vo49-2-tt3z

FrY.

ot-4-



SPECIFICATION FOR PIPING IIESIGN AJI'D MATERIAL

nuid Codes

Code Fluid

IA
CA
cws
cwR
NGS
LNz
GN2
PV
Pt'v
VA
N2
N

InsUument Air
Class 100 Cleatr Air
Cooline Water Suoolv
CooliDc WalerRriiri' Natual Gas Suoolv':';'Liquid 

Nirogei' 
'

'' 
Gaseou Nitocen
Process Vacuuh
Process Ulta High Vacuum
Vent and Relicf To ATM
Nitogen Gas
Nitogen @ither Gas orUgid)

Piping Specification Designation

4.4.1 'X" First Disit ldentifiers

I = 150# AIISI

4.42 "Y" Second Digit ldentifiers

A: 6061 T6 Aluminun
B = 304 Staidess Steel
C - Type L Copper Tubing
T= Staintess Steel Tubing

4.4.3 "2" Third Digit ldentifiers

I = Cryogenic
- 2=Non-Cryogenic

3 = Vacuum
4 = tllna High Vacuurn
5 = Class 100 Clean Air

Insulation Service

Imulation
Symbol
HC
c
PC
PH
vt

lnsulation Service l
Hot and Cold
Cold Conservation
Personnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION



Trh SPECACATIONFORPIPINGDESIGNANDMATERHL

SPECIFICATION

bsulation Mrterirl Codec

t " Fitrerglass r'rn6 2" Polyisocyanurc Orncr
2 1/2" Polyisocyaaurae orlcr
3' Polyisocyanirac Orer

I' Fibcrglass Imcr
l" Fiberglass lnner

Ifno insulation naterial code appears ia thc line aumbcr thca i1 ctrall !p
Ederstood that no insulation G icErircd

"-{"..

99g[ol u.lu.o, manual valves and associated instnrments shall be desisated accordins toP_&ID_ Drawing Synbots. If the rc.quired designation is noi ,p*EJ;ilth" ddifi;A;
ISA-S5.1, Table i will take prec€denc€.

P V - A
t l
| 

-S"quential (Loop) Number

L Station ldentification

Functional Identifi cation

Manual valves that do not carry an instument loop numbers (described above) shall beassigned one of the following i,alve type descriptii,ns, preceeaed bt the;alve'si* i"--
lDChes.

Gate Valve, Higb Vacuunc, SS, Viton Seals, Uaadwheel or Lorer, CF Cona.
Gate Valve, Ulta Higb Vacuu4 SS, Viton Seatq llaodwheel, CF Com.
Angle Valve, High Vacuuo, SS, Viton Seals, Ilandwheel, ISOKF or K Conn
Angle Valve, llltra High Vacuun, SS, Metal Seats, Handwheel, CF Conn.
hstrument Root Valve, SS
Vacuum Jacketed Valve, SS
Ball Valve, Cryogenic, SS,3 Piece
Ball Valve, Class 100 Clean Air, SS, 3 Piece
Globe Valve
Ball Valve, Utility, Brassor Bronze
Vacuum Seal-Off Valve, SS

FP3
FP3.5
FP4

T:rP"

GVIIV
GVTJH
AVITV
AVuV
IRV
vJv
BVCR
BVCA
GLV
BW
vsov
vsoo Vacuurn Seal-Off Valve Operator, SS



SPECIFICATION FOR PIPING DESICN A}TD MAITffi

Pioe:

VSOO Vacuum Seal-OtrValve Operator, SS

lBl

PIPING DESIGN ANI} MATERIAL SPECIFICATION

service: Cryogenic

PrimaryRating: 150# ANSI304 SSTL

Desisn Conditions:
Pressure 0 to 192 psig
TemPerature -320.F td 350"F
Corrosion Allowance Zerc

12" and smaller ASTM A3l2Tp304

Pioe Schedule:
I l/2" and smaller Schedule tOS SMLS
8" and smaller Schedule l0S SMLS or EFW
l0'thru 12' Schedule l0S EFW

Note: vacuimjacketed piping will be designed and fabricated in accordance with the
manufacturer's standard, and PSI spec. VOIS-Z-0t6.

Fittines:
7 7/2" and smaller Socket Welded 3000#
2" and larger Butt Weld

ASTM A403 WP304 WPS, WPW
OT.et's ASTM Al82-F304'

Flanges: Not allowed, qgepj on atmospheric vent_hnes as indicated on p&ID's. Ftanges on
the. v.ent line,-(which mate to a flat faced flange on the vacuum equipmenii sfial be
stainless steel raised-face design. Flanged joiits shall have spiral woi:n4 slainlur.
steel gasketq Flexitallic or equal.

Valves: Valves shall be fumished under their own unique specification.

Continued on Next Page

SPECIFICATION

: l i  :

'  : i . i
1 1 . '

-', ii:: .i
j . i

i' f '
' , I

i l
: i

::i

: t

t , i

: l

.  i l -
j

- ; !

:  : : ]
. , t . . ;

f : :  i  i .

- r:.i
. . :

Page 1



SPECIFICATION trOR PIPING I'ESIGN AND MATERIAL

SPECIFICATION

lDT

M
06 04
1 2 0 6 M
12 t2 06 04

6 E l 0 1 2

M
06 04
06 06 04
0 5 0 5 0 6 u
05 05 t2, ,06, 04
05 05 t2 t2 06
05 05 t2 t2 12
05 05 12 12 l2
05 05 t2 t2 t2

u
06
05
05
05
05
05
05
05
05

%

04 - Tee
05 - Sockol*
06 - Tee Then
Reducer or
Reducing Tce
12 - BWOIet

Yz 04'/ 06
1 1 2
lYz 05
2 0 s
3 0 5
4 0 5
6 0 5
8 0 5
l0 05
t2 05

l %Branch Size %

:

I
-



Tt[r SPECIFICATION FORPIPING DESIGNAND MATERIAL

SPECIFICATION

Scrvicc:

Firnar,v Reting:

'" '' '. 'Tcmoerotrtre

Conbsion Allowaace

Pine:

12" and snaller

FFe Schedule:
I 12" and smaller
8' and smaller
10'thru 12'

Eiffings:
I ll2" and smaller
2' and larger

Elan$s:

Gaske{s:

Valves:

Continued on next page.

l82

PIPING DESIGN AND MATERIAL SPECIFICATION

Non-Cryogcnic - Clcan

t50# AI{SI304 SSTL

0 to 19 osie
-zD.F t6 350.F
ZEro

ASTMA3l2IP3O4

Schedule l0S SMLS
Schedule l0S SMLS orEFW
Schedule l0S EFW

Socket Welded 3000#
Butt Weld
Ar!TM A403 WP304 WPS, WPW
Elbow O'Let ASTM Al82-F304

2" and larger AIISI 15G#. RF, ASTM Al 82 F304, T/etdneck with o.ring gaskets.

O-ring, Viton non-lubricated, cleaned and sealed for shipmeot.

Valves shall be fumished under their own unique specification.



Branch Connections:

tB2

Ruo

T3
.. .. Y2 04'' "% 06

t 1 2
t% 05
2 0 5
3 0 5

. 4  0 5
6 0 5
E 0 5
l0 05
12 05

Branch Size %

04
06 04
1 2 0 6 0 4
t 2 t 2 0 6 M

6 8 1 0  1 2

O4F J
06 04
05 06 04
05 06 06 04
05 05 05 05 04
0 5 0 5 0 5  1 2 0 6 c / .
05 05 05 12 12 A6
05 05 05 t2 t2 t2
05 05 0s t2 t2 12
05 05 05 t2 12 12

% r 1 % 2 3 4

04 - Tce
05 - Sockolet
06 - Tee Then
Rcduccr or
Reducing Tee
12.BWO'let

Note:
t  r .

2.

J .

4.

Piping aq$ fittings to be intemally cleaned, dryed and ends sealed during shipping, storiog
and installation,

ID ofpipe and fittings to be aee ofhydrocarbon contamination" or dirt ofany kind.

Surface finish to be standard white pickled ID and O.D.

Tube_Bading - The following is not allowed: sand packing, Mechanical scrarchcs on
tube LD., Any bipe of lubricant.

Material manufactures certificate. of compliaace to applicable ASTM specifications are
required and must lrcconpany shipment 

-

fubrpg, flanses.and.fittings to be etcbed or stamped witb manufacturers Dane, part
[uIDDer aDd rDatenat type.

5.

SPECIFICATIQN FOR PIPING DESIGN AND MATERIAL

SPECIFICATION
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J, Q,

PIPING DESIGN AND MATERIAL SPECINCATION

Service:

Design Conditions: __ _
i

Pressrne
Tempcralure

. Corrosioa Allowance 7$o

Tube: All sizes Type 'L" Copper - Hard Draum ASTM 888, 8280. Copper Tube

ffiHXlj 
by its |r[6niner si2g5, ss1 OD on P&ID'!r aod-pipiqs

Note: Copper tube and fittings are to be specified ou pSI BOM's by the actual O.D. of
the tube.

Fittings: All sizes nr'rought Coppcr ASTM BZs
All Filtings to be female soldcr cup ends.
Brass Parker CPI tube fittings (or -qual).

Unions: l/{' to l" Brass Parker CPI tube fittings (or equal) may alrc be . 
' 'used

Valves: Valves shal! be fi:misbed udet iheir own unique specification.

Soldering: All joiats in wrought copper fittings shall be soldered using 95-5 Tin-Antinony.

Notes:

l. Tubing is to be intcrnally cleaned and the ends seated during shipping, storine and
installation- Spools are to bave all flux residue, grit, splat€ft or'dirt ftmoved-before'installatiof,.

2' Fittings are to be cleaned after manufacturing and sealcd in plastic during shipping, storing
and installation.

Gaseous Nitogeo, Cooling Wd€r,Inshecot Air

200 PsIc
-20oF to l50oF

SPECIFICATION FOR PIPING DESIGN AITID MATERIAL

SPECIFICATION
xutnD'rA 

vo49-2-{r3z
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T1

PIPING DESIGN AITID MATERIAL SPECIFICATION

CryogeaicSccilr:

Design Condifions' ::;-: ..

Pressure
Tsnperature
Con6sion Allowance

lrbcr

All sizes

rl4"
318
tn"
3t4"
t "

0 ro 300 psig
-320'F to 350'F
TEro

ASTM A269 GR 3()4L SMLS
Tube sius designated by OD dimensions.

Tube Size (OD): Minimrmr Wall Thickness 0nches)

0.035..
0.035'
0.049'
0.049.
0.065'

Fittings: All Fittings to E: Parker Weld tube fittings SA479 or ASTM ,{276 GR TP3l6 and- 
ASTM Al82 GR TP3l6, or equal.

Valycr: Valves shall be firmishe'd rmdet their own unique specification.

Note:

l. Tubing to be intemally cleane4 dryed and eods sealed during shipping, soriug aod
installition. Tube ID to be free ofhydrocarbon oontamiDatio&

2. Fittings to be cleaned after manufacturing and sealed in plastic bags during $ipprng,
storin-g and iDstaltation

3. Tubing surface finish to be standard ufiite pickled I.D. & O.D.

SPECIFTCATION

o f  ) o



t -

ScfviQ!: 
i:i.

iedsicordidoG; 
'i

Pressure
Temperature
Corr'osion Allowance

Tube:

All sizes

SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T2

PIPING DESIGN A}ID MATERIAL SPECINCATION

Noa{ryogcoic

0 to 300 psig
-20oF to 350oF
7*m

ASTM 4269 GR TP3O4 SMLS
Tube sizes designated by OD dimensions.

Tube Size (ODl: Minimum Wall Thickness (Inches)

U4"
3t8"
tn"
3t4
l n

Ei$ines: All Fittings to be Parker.A-LOK tube fittings SA4?9 or ASTM .A276 GR TP316- 
and ASTM A I 82 GR TP3 I 6 or e4ual.

l&,bcs: Valves sball be fumished rmder tbeir own rmique specification.

Note:

l. Tubins to bc internally cleaned, dryed and ends sealed during shiping, storing md
installitioo Tube lD to be fiee ofhydrocarbon contamination

2. Fifiines to be cleaned after manufacturing and sealed in plastic bags drning shippilg,
storin! and installation.

3. Tubing srface finish to be standard $ihite pickled I.D. & O-D.

0.035'
0.035.
0.049.
0.049'
0.065.

SPECIFICATION
runb..A v04g_2_lf3?
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SPECINCATION FOR PTPING I'ESIGN AITD MA1IERIAL

T3

PIPING DESIGN AND MATERTAL SPECIT'ICATION

Ssicc:

Dcrirnloqditions:

. hessure'-- ' .- '. Temperature
Conosion Allowance 7ao

Tube: (fube sizes designated by OD dimeosions)

Proccss Vacuuo

::.:-. . .... Vacuum l0'5 Ton to 2 psig
::." -2o.Fto l5o.F

All sizes up to l"
I ll2" and larger

ASTMA269GRTP3O4 SMLS
ASTMA26 GRTP304 SMLS orWclde4

Conf,at
Flange
lize

I l/3"Nom. O.D.
I lB"Nom.O.D.
I 1/3"Nom. O.D.

2 1/8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Non. O.D.

3 3/8"Nom. O.D.

4 lD"Nom. O.D.

6"Nom. O-D.

8"Nom. OD.

l0"Nom. O.D.

12"Nom. O.D.

14"Nom.O.D.

16 l2"Nom. O.D. 36 15.310"

Tube
. Size
(op):

ll4"
3/8'
l12"

3t4"

t '
t lD"

2 tD"

q'

6u

. 10"

t2"

14"

Elanges:

MininumWall
Thickness
Onches)

0.03s.
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

No.
nd&
6
6
6

4

6
6

8

E

B.C.
Dia.

r.062"
t.062"
t.062"

1.625"

2.312"
2.312"

2.85"

3.628"

Thru
Hole
Dia,

.172"

.172"
. ..t72"

265"

265"
265"

Jtz

332"

332"

1??"

332"

332"

390"

.390"

16 5.128"

20 7.128"

24 9.128"

32 11.181"

30 12.810"

All Flanges to be Conflat, ISO Larse Flange or I(F trbe fttings 3O4 . $tqinlsg
Steel,

SPECIFICATION

Continued on next page.



T3

Fittings: AII finings to be 304 bun wcld or flaged O.D. tubc, c/atl thidocss to Erlch fi$c
wall thic[ness listcd above.

Yelycr: Valves shall be firnishcd rmder their own rniquc spccifc*ion

Notcs: ':-:'

l. Tubing to be internally cleaned, dryed and cnds sealed dudng shipping; storing and
instatlitioa Tube ID 

-to 
be fiee ofhydrocarbou contamiratiol. 

" --

1. Fittings to !e clqned affer manufactrring and sealed il plastic bags drniag "hilping,
: stontrg and rDstall,llroll

3. Tubing sr:rface finish to be statrdard vitite pickled I.D. & O^D.

4. Tube Bending - The following is not allowed: Sand packing, Mectanical scratches on
tube I.D., or any type oflubricanl

5. Material manufactures certificate of compliance to applicable ASTM sp€cifications arc
required and must accompany shipment.

Tubing, flanges and fittings to be etched or stamped with manufacturers aame, piit
number and rnaterial type.

Conflat flanges to be made from either electo slag remelg vacuum remelt or cross forged7.

SPECIFICATION TOR PIPffG I'ESICN ,{T'D MATERIAL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AI{D MATERITL

T4

PIPING DESIGN AND MATERIAL SPECIFICATION

Scrvice Proccss lJlta High Vacum

Dcsign Conditions:

Pressure Vacuum l0to Ton to 2 psig
.,, .'.. . ' Tc,nwratrne .: " 

""- 
-20oF to l50oF' ' 

Conbsion Allowandc Txlto

Tube: (Iube sizes designated by OD dimensions)

All sizcs up to l"
. 1112" and@er

Tube MiuimumWall Conf,at

ASTM 4269 GR TP3O4L SMLS
ASTM A269 GRTP3O4L SMLS orselded.

Size(on):

U4'�
318'�
lDn

314"

1 n
I tD"

2u2"

5

10"

12"

14"

Thickness
(Inches)

0.035"
0.035'
0.03s'

0.035'

0.065'
0.065'

0.065"

0.065"

0.083"

0.083

0.120

0.120

0.120

0.t20

No.
Bolts

6
6
6

4

6
6

8

8

t6

20

za

32

30

36

B.C.
Dfu"
t.062"
r.062"
1.062"

1.625"

2.312"
2.312"

2.85"

3.628"

5.r28"

7.t28"

9.128"

11 .181 "

t2.8lo'

15.3 r 0"

Thru
Eole
IIia,

.172"

.172"

26s"

265"
265"

.332"

.332"

.33t'�

.33t'�

33T'

?1?"

.390"

.390"

Flange
SiEe

I lA"Nom. O.D.
I 1/3"Non. O.D.
I 1/3"Nom. O.D.

21l8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Nom. O.D.

3 3/8"Nom. O.D.

4 l2"Nom. O.D.

6"Nom. O.D.

E"Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 ll2"Nom. O.D.

SPECIFICATION

Continued on next page.
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL

SPECIFICATION

T{

EIEq86:

Fittings:

' viv"":

Cleaning:

A{ flaogcs t9-b.c€o!flat, 3O4L Star"less Steel. Flanges with ll2 dpplcs to bave a
minimum wall thic&ness pcr tablc (pagc lQ, also see-lotc 7.

Ail fuingE to be 304L bufl weld or flanged O.D. trbe. Wdl thic&Dcss to E !6
tubc wall thichess listcd in Table @agC lQ.

Valves shall be firmished under thcir owu unique sD€cification. Valvcs wbose
seas forn part of the UIIV boundary shall ls irll n'etal.

surfaces expgs* q TlgqP oBtl b" ctcaned and protcccd by PSI approrrcd
procedures suitable for UIIV sewice.

Tubing to be_intemaily cleale4 dryed and ends sealed during shipping, storing aod
installation. Tube ID to be free of hydro"r6sn ssararnination.

Fittings and conflat - 1/2 4pples to be cleaned after manufacturing and seated in
bags during shipping, storing and installation.

Tubing sr:rface firish to be standard white pickled I.D. & O.D.

Notc:

t .

2.

J .
' |' 4 .

plastic

Material manufacturers Certificate of Compliance to applicable ASTM qpecifications are
required and must accompany shipmenl

Tubing, flanges and fittiags to.be erched or stamped with matrufactrers narnq part
number, material type and customen PO number on the ouside surface

Codnats shall be made from 304L material suitablc for ulta high vacuum service.

All welding ocpos6{ 1s vacuum shall be done by thc tungsten-arc incrt-gas (TIG) process.
Exceptions may be allowed subject to PSI approval. We-lding tecbniquJs stiatt Ul-nade in
accordance with the best ultra high vacur:m practice fe sliminats any i7i6rat leaks in the
welds; i.e., all vacuum welds shall be, wherever possible, intemal aid cootinuous; all
external welds added to these for strucfural purposes shall b€ intcrmittetrt 1s sliminete
bapped vol"'nes. Defective welds shall be iepiired by removal to souud metal and
rewelding. All vacuurn weld procedurcs shall include steps to avoid contamination ofthe
heat affected zone with air, hydrogen, or water. This reqdires that inert purse ea.s. such as
argorl be used to flood the vacuum side ofheated portiois. Vcndors to'pro-vid; $icld
p,rocedures, with weld cleaning procedures to PSI for approval.



SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T5

PIPING I'ESIGN AND MATERIAL SPECIFICATION

Class t(X) ClcanAir

hessrne :-..--. .. - . Vacuum to 2 psig
'. ' , :- ' :TcmDcfature

Corrision Allo"vance ?fro

Tube : (Iube sizes desipxed by OD dimcnsions)

All sizes rp to l"
' I lD" aad lrger

Sqic:

Desigr i'rnditionq:

3/4"

1 u
I tn"

2 tD"

4"

6'

10"

t2"

14"

Thickness
fJnches)

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.t20

ASTM 4269 GRT?304 SMLS
ASTMA269 GRTP304 SMLS orWclded.

Tube Minimum\tell 
- 

Coiltit 
' --"

Flange No. B.C.
Size BoI$ Dis"

l lB"Nom.O.D. 6 1.062"
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 1.625"

2 3/4"Nom. O.D. 6 2.312*
2 3/4"Nom. O.D. 6 2.312"

3 3/8" Nom. O.D. 8 2.85"

4 l2'Nom. O.D. t 3.628"

6"Nom. O.D. 16 5.128"

8*Nom. O.D. 20 7.128"

10"Nom. O.D. 24 9.128"

12"Nom. O.D. 32 11.181"

14"Nom. O.D. 30 12.810"

16 ll2"Nom. O.D. 36 15.310"

Size
(op):

l14"
3/8"
tn"

Thru
Eole
Di&

.172"

.t72"

.172"

265"

265"
265"

s32"

J5Z

332"

-332

-5tz

332"

.390"

390"

SPECIFICATION
ilum!.lA V049-2-{t37

Continued on next page.
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SPECIFTCATION FOR PIPING IIESIGN AND MATERIAL

T5

Flmocs:

Ei[irgs:

All Flaoges to be Confur tube fifiirys 3O4 Stainless Steel.

All Fiuings !q bc 3o4 butt c.ld or flaoged o-D. t$e. wall rhiclocss io ro.tch te
nlDe Wall tbrclcnelF.

Valves shall.be fimished under their owu uniquc specificdion

Inter'al surfaces shall be cleaned and plotected by psl approved proccdurcs
suitable for Class 100 air seni'ice.

Note:

1. Tubine to be internallv cleaned, dry. ed- and eds sealed d'ring shiping, storing andinstallition. Tube ID io u" teJoihyarocartoi'.ilti.-uuoo.

Fittings to .le cle-aned after manufacturing and sealed in ptastic bags d'ring shipping,storing and installation.

Tubing sr:rface finish to be standard white pickled I.D. & O.D.

5.

6.

Material manufactrues certificate of conpliance to applicable ASTM specifications arerequired and must accompany shipment.

lylf^g: lgl.:.and,fittings to be etched or starnped with rnanufacturers narne, p6rt
numDer ano rnalenal tJTe.

conllat flanges to be made aom either electo slag remelt, vacuum remclt or crossforged
material.

' Vdves:

2.

3.

4.

SPECIFICATION
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Title: SPECIFICATIONFOR

cr
PIPING DESIGN AND MATERIAL SPECIFICATION

Service: Cryogenic

Design Conditions:

Pressure 150 PSIG

Temperature -320"F to 350.F

CorrosionAllowance None

Tube:

All sizes Type "L" Copper - Hard Drawn

ASTM 888, 8280, copper tube desigrated by its

nominal sizes, ns! 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;

3r.ioin1r $41 b: brazed using brazing aloy Bcup-s (American welding society
Designation). No flux is required.

SPECIFICATION
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Title: SPECIFICATION FOR CLEAN QUARTER-TURN VAI,IIES
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Number V049-2-060

A

:

SPECIFICATION FOR

cLEAiY QUARTER-TURN VALVES

FOR

LIGOVACTJUMEQTMMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

PROCESS ENGINEER:

QUALITYASSURANCE:

TECHMCAL DIRECTOR:

PROJECTMANAGER:
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Infonnation contained in this specification and its anachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shail not be disclosed to any oih.. purty.

REVLTR.I BY-DATE I appO.nerr
ROCESS SYSTEMS INTERNATIONAL. INC.
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SPECIFICATION FOR CLEA}I QUARTER-TT'RN VALVES

SPECIFICATION TABLE OF CONTENTS

1 .0

2.0

3.0

4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

Attachment .MDC. Catalog Cut.

1.0 scoPE

This specification covers the minimum requirements for the desigrl materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment a4d delivery

. of 2" clean quarter-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 (LIG0). 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 support facilities.

' 
Inforrnation contained in this specification and its attachments is proprietary in nature and
shall be kep confidential. It shall be used only as required to respond to the specification
rcquirements, and shall not be disclosed to any other party.

SPECIFICATION
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Titlc:
SPECIFICATION FOR CLEAN QUARTER.TURI{ VALVES

2.0 SCI{EDULE

2.1 Equipment delivery shall be as follows:

Ouantifv Date PSI part No.

PSI, Westboro, MA: 2! lln9/96 V049BVCA20

PSI, Westboro, MA. 12 O7l3\tg7 V049BVCAI5 (80K purge)

2.2 Deleted

3.0 DESIGNREQUIREMENTS

3.1 The valves shall be either butterfly style, MDC Model No. BFV-200, MDC part No.
360002.

3.2 The valves shall be 304 stainless steel.

3.1 End corurections shall be CF flanses.

3.4 The valves shall be designed to seal in both directions.

3.5 The intemal valve mechaaisms shall be non-lubricated.

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 manuallv actuated.

4.0 REQUIREDDOCUMENTATION

Engineering drawings shall be submitted for approval prior to fabricarion.
Manufacturer's standard QA reports shall be provided prior to shipment:

SPECIFICATION
Rcv.

A IA vo49-2-o6o | 2-



Tit lc:
SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

5.0 SHOP TESTING . :

Manufacturer's standard testing shall be performed.

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be visually
inspected for cleanliness priof !9 shipme.�nl _- Valves shall be recleaned if any
contamination is found. : -r -

i  SPECIFICATION
Numto' lRcu.
I  A  V 0 4 9 - 2 - 0 6 0  t - t

| (-'

I'age Q of *
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Valves

Bufterfly Valves

FEATURES

. Quick open/Quick close

. Positive lock both positions
c Pbsitive Vitono O-Ring vacuum seal
. High conductance
. Choice of Del-Sealor Kwik-Hanoe

DESCRIPTION

A rrtrcu ̂,;*a A
T" l to l l  - \ -  bbo

f G  l o F  t

DehSeal
il.tal Seal Flange

Kwik.FIanae
ISO o.Ring Ftange-

MDC Bufterfly Valves require only one-quarter tum
rotation of the handle to go trom fully open to the tully
closed position. In the 1-1l3 Mihi Del-Sea/flange series, a
spring loaded ball bearing becomes seated in an indent
providing a positive mechanical stop. All other size valves
ei?rploy a roll pin stop method.

. These quick-acting Butterfly Valves feature 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 lo rotate slightly off-center. On
closure, lhis causes the sealing pressure to be applied
more uniformly all around the O-ring. A reliable, positive
s€al is made and the tendency of previous designs to
roughen the surface of the O-ring and eiect it from its
groove is eliminated.

MDC Butterfly Valves are low outgassing. All intemal
surfaces are machined from solid stainless 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 Del-Sea/ ultra-high
vacuum metaFseaf flanges or ISO Kwik-Hange O-nng
seal flanges.

Del-SealFlange
8FVn50
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I
I
i

fr TrneHmepT , n 1DAGE 7 aF 2--
Tb VoLtl-)--o66 sEcnotl

Totl Ft€€ Outside CA ,."OO-nO".""r, 5.6Butterfly Valves

I

OeASea/ Flan96 Kwik.Flangenange

ORDERING INFORMATION Please order by Part Numbet

f-- o -*i f-- o --l

nidoeEs Wt Unlt
C D Lbs Prlce

Ret Heigrt
lso A

Part Fhnge
Numbor F

Valvo Nqm LD.
Slee

Fhrq6 Bolt Holss
O.D. No.

Eolt Ctude
IReference

3t4
3t4

BFV-075
KBFV-075

360000
360010

Del-Seal1-1t3
Kwik-Flange

- 1.96
NW16 1.81

1.34]
1 .18

.60 .75 1 $250

.56 1.25 1 $250
o 1.062

KBFV.lOO 36001 1 Kwik-Flange 1.57 - NWzs 2.32 .87 1.25 r $255
-}'t-tn

. 1-1t2
BFV.150
KBFV.150

6 -
- NW40

2.312360001 De!-Seat2-st4
360012 Kwik-Flange

1.33 1.00 1 $260
1.31 1.34 1 $260

3.81
3.81

2.73
2.16

- > 2
2

BFV.2OO
KBFV-2OO

360002 Del-Sea/3-3/s
360013 Kwik-Flange

.84

.E t
1
i
.00
5E

2-
E

60

Dimensions arc in inches

@
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TitIe: SPECIFICATION FOR SMALL VACTJIJM VALyES
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I

SPECIFICATION FOR

SMALL VACWM VALVES

FOR

LTcoVACTIUMEQ(]IPMEIVT

Hanford, Washington
and

Livingston, Louisiana

fr-*^thsaPREPARED BY:

PROCESS ENGINEER:

QUAIITY ASSURANCE:

TECHNICAL DIR-ECTOR:

PROJECTMANAGER:

lnformation contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requbements, and shall not be disclosed to any other party.
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SPECIFICATION TABLE OF CONTENTS
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1.0

2.0

3.0

4.0

5.0

6.0

Scope

Schedule

Desigrr Requirements

Required Documentation

Shop Testing

Inspection

1.0 SCOPE

This specilication covers the minimum requirements for the design, materials,

fabrication, assembiy, inspection, testing, preparation for shipping, shipment and delivery

of small (1 l/2" md 2 ll2') high vacuum and ulna high vacuum angle valves for the

LIGO vacuum system.

The specified equipment is for use as part of the Vacuum Equipment supplied for the

Laserinterferometer 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 support facilities.

lnformation contained in this specification and its attachments is proprietary in nah[e and

shall be kept confidential. lt shall be used only as required to respond to the specification

requirements, and shall not be disclosed to any other party-

rlre SPECIFICATIONFORSMALLVACWMVALVES

SPECIFICATION

Page ---2-o, 4
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T|fle SPECIHCATION FOR SMALL VACUUM VALVES

SPECIFICATION

2.0

2.1

t"
2.3

3.0

3.1

) .2

3.3

3.4

SCIIEDTJLE

Equipment delivery shall be as follows:

I l/2"HighVac
2l/2" HighYac
I l/2"UltraHighVac
2112" UltaHighYac

Quantiqv

137
70
77
26

Date

9t30/96
9t30t96
9/30t96
9130/96

PSI PartNo.

V049AVHY15
V049AVIIV25
v049AYw15
v049AVW25

steel is

All valves shall be delivered to Process systems International, Inc. at 20 walkup Drive,
Westboro, Massachusetts, 0158 l.

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, 1998 in
Louisiana.

DESIGN REQUIREMENTS

Angle valves shall be 304L or 316L stainless steel (304 or 316 stainless
acceptable ifthe valves are unavailabie in L grade SS).

End connections shall be CF flanses.

The valves shall have stainless steel metal bellows stem feedthroushs.

3.5

3.6

t . t

3.8

3.9

Neither the body leakage not the seat leakage shall exceed I x lO-e torr litervsec of
helium.

The valves shall be designed to seal in both directions.

The intemal valve mechanisms shall be nonlubricated.

Valves shall be manually actuated by a handwheet.

Valves shall be bakeable to 150 C +/-20 C (170 C maximum).

The valves shall be cleaned in accordance with the vendor's standard procedues
applicable to the valve service.



o
nrre SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION

REQUIRED DOCUMINTATION

Engineering drawings shall be submitted for approval prior to fabrication.
Manufacturer's standard QA reports shall be provided prior to shipment:

SIIOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and teak
detector) prior to shipment from the manufacturer

INSPECTION

The vendor's standard inspections shall be perfouned. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. valves shall be recleaned if
any contamination is found.
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CONCRETE FLOOR REINFORCEMENT DETAILS AND LAYOUTS

"Shipped loose'

Parsons Drawings

wA-s-001
wA-s-003
wA-s-208
wA-s-501
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TNST.{LLATIO N OF CONCRETE .T\CSORS

FOR

LIGO VACIIUpI EQI[?][EI{T

Hanford" Washingron

lnformacion contained in ihis specification and is anachrnenu is proorietary in nanrre and shall be kept confidenrial' It shall be

used. only as requireC ro respond ro thc specifrcadon requiremens, and shall noc be discloseC to any odler palq'

PREP.{RED BY:

INST-{LLATIO N lL{r\AG ER:

QU.cIITY ASSL'R{\GE:

TECIIiT'ICAI DIRECTOR:

PROJECT }LLr.\AGER:

REV LTR.I BY.DATE I EPPO. PATC

PROCESS SYSTEiv-IS II\ITERNATIONAL' INC'

DESCzuPTION OF CI{\\GE

PROCEDURE

TNITI.-\,L
APPROV.{LS

R€PARED DA

aoc-- ,/ n,
Page I of {

"#ffi,$rg.{

Titte: PROCEDURE FORII{STALLATION OF CONCRETE AI\CEORS

SS'J €;--'. t o t7? e4G z\i

ATE lNurn6g; V049-1-101



Title: CONCRETE AIICEOR INSTALIJ\TION PROCEDITRE

I.O PURPOSE

The purpose of this procdure is to defne the necessary installation steps required to ensure that concrete
anchors me€t a[ project requiremeflts.

2.0 GENERAL

Fflti HVA adhesive anchors will be used to fasten LIGO vaarum equipment to concrete floor slabs.
Concrete anchors haie been sized and ruranged to restrain tie equipment against operating and seismic
loads, including unbalanced vacuum loads that occur during nonnal operatiorl Proper installation ofthe
anchors is required to ensure satisfactory perfonnance oftle vacrnrm equipm€nt.

Component base plates will be fastened to the floor slabs that are construeted of3000 psi concrete. It is
the intent ofthis procedure that the anchors be installed in accordarce with the manufagturer's
reouirernents.

3.0 RESPONSIBIIJTY

The installation contractor is responsible for implementing this procedure. Conflicts, if any, betr*'een this
procedure and manufacturer's installation requirernents shall be brought to the attention ofPSI prior to
the start of installation.

4.0 PROCEDT]RE

4.1 References:

l. lfilti Publicati onF'427, Technical Cuide - Anchor and Powder Actuated Fastening IIVA Adhesive
Anchor, Installation Instructions (I{AS Tkeaded Rod - Option #l), tflti Fastening Systems, Tulsa, OK
1987, pp. 8-13.

2. Hilti Publication H-600, Systems and Solutions, fflti Fastening Systems, Ttrl$, OIq 1995, pp. 133-
l 3  5 .

SPEGIFICATION

A vo49-1-101



TitIE: CONCRETE ANCHORINSTAI.I.ATIONPROCEI}T]RE

+-/

4.3

Critical equipment shall be aligrred pet procedures V049-2421 section 8.3 and
V049-2-174 prior to drilling the anchor bolt hole. Critical equipmert anchor bolt requiremeats are
detailed in attachmeot A ofthis specification.

Locate and install anchor bolts in accordance wittr the this specification and tbe equipment drawings.
The hole location tolerance is +l- 1116 in of position marked on concr€t€ floor. Holes sball be plumb to
withh lo of vertical. Embedment depths showa in this specification are minimum deptbs for the
equipmeflt listed. Drill holes usitrg approved equipment to ensure frll design bond strength and to
maintain project cleaaliness requirements. A Hilti PMH bit may be used to core drill holes for the f{VA
adhesive anchors. Rebar cutting is permitted.

Dwg. V049-4-423 shows the threaded rod installation

Adhere to curing time required by lfilti before loading or disnrbibg anchors.

4.6 Prior to placing grout, tighten ruts the followirg torque:

3h" rod - 175 ft.lbs.

l" rod - 375 ft.lbs.

+.2 J Step by step instructioas:

4.4

4.5

lnsialtation lnsiructions (HAS Threaded Fod - Option #1)

I  < : t  - a  - - n  - r ^ . -  - . , . . -  t - -

Cj:il iiie :ictg :: :.:a '?c:!rec i:c!6
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PROJECTIEN ABOVE FLOOR SURFACE
5 7,/8'  MAX., TYP,
EXCEPT, 6 3,/{ AT VHAM1

VASHER tr lf l  | HEX NUT

EOUIP. BASE PLATE
THICK. VARIES FRT]M
L' Ttr | 3/8'

' f /- rJKuu I

I ut- uF
FLOI]R

CI]NCRETE

5

*8 (1 ')  RESAR EN 8'
CTR,S-EACH VAY

r - L
I

\ \  b '

l r
\ -
t '
\
\ )
\
\
1 '\

LENGTH

REOUiREMENT

EMBEDMENT DEPTH
SEE ATTACHMENT 'M'

SPEC vE49-a-oal

D r

: ^

TYPICAL VACUUM EQUIPMTNT
CNNCRITI  ANCHDR DETAIL

REF INSTALLATiI]N SPEC VO49-2-OE1

- ' i ' - , ' t  
t

a ;;.-:, i'.-:)

LEVELING NUT
FULL HEX

.-...-...-..'.^-.-.

E SIDE CHISEL POINT

HT]LE DIAMETER ( DETERMINE PER AEHESIVE

ANCHSR BOLT MANUFACIURER'S REOUIREMENT)

CI]NCRETE ANCHOR DETAIL
LAR6E EAUiP. ADHESIVE TYPE

Li6O VACUUM EOUIPMENT
!!G. nO

v049 -4 -e43
-SpecVo4Q-2-o?l {r



Title: INSTALLATION OF CONCRETE ANCHORS

ATTACIIMENT "A'' TO V049.1-TO1

REQ{IIRED CONCRETE ANCHORS FOR VACT]UM EQUIPMENT

t
I
I
I

Component Tag No' Anchor Diameter Rod Length Minimum
Embedment Depth

Notes

WBSCl 14 llE" I lt4" 12

wBsc2 t4y8" I u4" t2
WBSCS t4U8" I ll4" t2

wBsc4 14 llS', I lt4" 12

WBSC5 14 ll8" I U4"
WBSC6 14u8" E ll4"
WBSCT lE 7t4" 123tE" 2,8

wBscS t8lt4" 123t8" 218

wBsc9 t4 |8' I u4" 3'8
WBSClO 14  8" I ll4" 3,8
WIIAMl l ': e 1 u " -rl

WIIAM2 t4 u8" I7t4"

WHAM3 14 U8" Iu4"
WIIAM4 t4 u8" Iu4"
WIIAMs t4 u8" I714"

WILA.M6 t4u8" Iu4" 4

WHAMT 14 r/8" Iu4" 4

WIIAMS t4 t/8" I lt4"
WHAM9 14 l/8" Eu4"

WIIAMlO t4U8 8u4"
WILdMII 14 U8" 8 u4"
WI{AMT2 t4 t/8" 8 u4" 4

WI{AMI3 Spare
WCPl t8u4" 12318" 9

wcP2 t8 y4" 123t8 I
wcP3 t8u4" t2318" 9

WCP4 t8l/4" 123t8" 9

wcP5 18u4" 123t8" 9

wcP6 l8lt4" 12 3t8" 9

wcPT 18 1/4" 12318" 9

wcPS l8 u4" t23t8" 9

wGvl 12tn* 6 5t8" 6

wGv2 t2lD" 6 5i8" 6

WGV3 t2tn" 6 5t8" 6

wGv4 t2 tn" 6 5n" 6

ATTACHMENT

A v049-1-101
KEV.

2
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Tit|e: INSTALLATION OF CONCRETE ANCHORS

1. Install
Specilication V049-l-101.

2. Use 12 3/8' minimum embedment for all base Plates ofthis component.
3. Use 12 3/8" minimum embedment for base plates at end ofarm' Adjust rod lenth accordingly'
4. Use 12 3/8" minimum embedment for the four anchors at the end of the arm. Adjust rod lenth accordingly.
5. These gate valves ar€ supported by others.
6, See Dwg. V049-,t-034, for 48' gat€ valve anchor bolt locations.
7. See Dwg, V049-+033 for 44'gate valve ancbor bolt locations.
8. Use Hilti HAS Super Threaded Rod. Scarify flcor.
9. Use Hilti HAS Super Thresded Rod with l2 3/8" embedment for all ba$eplates. Scarify floor.
10. No grout pad. Shim if necessary.
ll. Scarify floor at baseplates connected to diagonal members.
12. Scarify floor.
13, Use Hilti HAS Super Threaded Rod for baseplates conn€cted to diagonal

members. Scarify floor for lhese baseplates.

Component Tag No.
Anchor Diameter Rod Lenth Minimum

Embedment Depth
Noteg

wGv5 tl r'l 12 ll2" 6 5t8" ,f

wGv6
wGvT 12 u2" 6 5/8"
wGvS 3

wGv9 5

WGVIO t2 U2" 6 5t8"
wcvll 1L$ 12 u2" 6 StB"
wGvr2
WGVI3 5
wGvl4 3/.tt t2 u2" 6 518"
wcvr5 l/ r, 12 t/2" 6 5t8"
wcvt6 5
wcvtT t2 U2" 6 5t8"
wcvrS t2 u2" 6 5/8"
wcvl9 f,

wGv20 t2 |2" 6 s/8"
WA-7A t4 u8" I l/4"

WB-1A t4 r/8" 8u4" l l

WBIB t4 y8" 8 u4" l l
WB.2A 14 l/8" 8ll4" l l

WB-28 t4 y8* Iil4" l l

WB-3A lrt t4 U8" au4" l l
WB-5A 14 l/8" 8u4" 1 l

wB-6 t8u4" t2318" 8

wB-7 l8 t/4" 123/8" 8

WB-9A t4 u8" 8il4" 13
WB-98 t4 u8" I ll4" t3
WBE-5 14 r/8' 8u4"
WBE-6 14 liE" I lt4"

Pipe Bridge 9 314" 6 5/8" l0
HittiEVA ancbors with HEA cansules and HAS standard rods, unless otherwise noted, in sccordance with

ATTACHMENT

A v049-1-101
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Title: COMPOFIENT PACKAGING, IIANDLING AltD SHIPPINC

COMPOI\-ENT PACKAGING, TIANDLING AND SIilPPING

FOR

LIGO VACtnJM EQUIPMENT

r:.I' Eanford, Washington

PREPAREDBY:

MAIYUT'ACTIJRING ENGR:

QUALITY ASSURANCE:

TECHMCAL DIRECTOR:

PROJECT MANAGER:
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TitIC: COMPONENT PACKAGING. HANDLING AND SHIPPING

I,O PURPOSE

The purpose ofthis procedure is to provide basic guidelines for th€ safe transfer ofvacuum equipment
and components to the customer sit€s.

2.0 GENERAL

The primary objective ofthis procedure is to:

l. Provide zufficient supports to prevent damage to vacuum equipment and system components.

2. Provide proteqtive closers on spools and valves.

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

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

5. Make packages, crates and skids water tight and air tight to prevent damage from the elements.

6. Provide identifcation ofthe equipment and parts shipped including warning notes on crates skids
and boxes.

Cratcs, Crating and Skids

Crates and skids shall be desigred and constructed to comply with the military specification MIL-C-
1048, Crates, Wood; Lumber and Plywood Sheathed, Nailed and Bolted.
The above specification provides reference tables relating weight ofthe objects to be crated, size ofthe
crate and size of the crate frame members. It should be noted that crates constructed to MIL-C- 104
specification develop their full strength after the side panels and top are installed in place. The
specification also provides ample amount of sketches ofthe crate construction details.

The following points should be observed in the construction of crates and skids:

The crate/skid fabricator should be provided with information on each crate specifiing the weight ofthe
object to be crated, the internal dimensions ofthe srate (the crate shall clear the object by 2" on all sides)
and any special data that may usefirl such as the internal cross bracing of equipment.
The maximum allowable span dimension between skids and other frame members shall be avoided.

Rubbing strips of4" thick lumber shall be installed on the underside of the crate bases to provide for sling
and forklift truck handling.

Sufficient reinforcing joists ofproper size shall be on the crate tops in the center ofbalance area to
prevent crushing of the crate when it is lifted with a single set of slings.

SPEGIFICATION
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