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1.0

1 . 1

INTRODUCTION

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

The LIGO (Laser lnteroferometer Gravitational-Wave Observatory) project is a scientific facility
designed to detect gmvitational waves, The vacuum equipment is installed in five buildings
thoughout 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 location: Rt. 10, (Mile Marker 2), fuchland, WA)

LIGO, which is operatd by Caltech and MT under an NSF contract, 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.

DEFII{ITIONS

Where the word "Buyer" is used in this specification, it shall be understood as referring to Process
Systems Intemational, Inc. (PSf .

Where the word uOwneru is used in this specificatio4 it shall be understood as referring to
California Institute of Technology and the US Government.

Where the word "Contractor" is used in this specificatioq it shall be understood as referring to tlre
Successfi.rl Bidder designated by the Buyer to supply all items required to successfirlly complete the
Scope of Work.

Where the word "Scope of WorkY"Work' is used in this specificatiorq 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.

Where the word "subcontractor" is used in this specificatior4 it shall be understood as refening to
any party designated by the Contractor to supply items required to complete the scope ofwork,
subject to Buyer's acceptance.

2.0

2 .1

2.2

z..J

2.5
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2.6 The term'Toint Occupancy" as used in this specification means the time the individual buildings can
be occupied by the LIGO Project staff, its equipment contractors, including it's Construction
Contractor to finish and close out the final inspection items. The Vacuum Equipment Contractor
shall perform the installation effort under this Purchase Order on a 'hon-interference by others"
basis.

3.0 SITE VISIT

3.1 The Contractor shall visit thejob site and familiarize himselfwith the site conditionq local unions
and proposed facilities, careflrlly examining local conditions, together with investigating all other
possible conditions that may affect costs, complicate, delay, or otherwise obstruct the progress of
the Work and include description and costs associated witl 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.

4.0 CONTRACTORCONTACTS

4.1 After award, all Contractor questions should be directed to:
Mr. David Evers
Process Systems International, Inc.
20 Walkup Drive
Westborougll MA 01581
Phone: (508) 898-0206
FAX (s08) 898-0322

5.0 PERMITS AND CODES

5.1 Before starting work on this project, it shall be the responsibility ofthe 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, license and approvals at their own expense and furnish copies
to the Buyer. The Buyer will provide drawings stamped by a Washington state professional
engineer for obtaining permits.

5.2 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 governing the Work.

S P E C I F I C A T I O N
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5.3 Codes And Standards

5,3.I Unless otherwise required, material and workmanship shall conform to and comply with
current editions and the latest rwisions of applicable codes and stardards.

5 . 3 . 2 The following codes and standards, as applicable, shall be followed for the procurement,
installation and testing ofthe equipment and piping:

AISC - American Institute of Steel Construction
ANSI - American National Standards Institute

B16.1 Cast lron Pipe Flanges
816.5 Steel Pipe Flanges
831.1 Also For Utiiities
831.3 Chemical Plant and Petroleum Refinery Piping
83 1.9 Building Services Piping

ASME - American Society of Mechanical Engineers

Section VI[, Pressure Vessels
Division I Boiler and Pressure Vessel Code
Section D( Welding Qualifications

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

5.4 SpecificationCompliance

5,4. I Work shall comply with drawings, data sheets, standards, codes and specifications referred
to herein or attached as part ofthis specification. Applicable national, state or local codes,
standards, and regulations shall be considered as part ofthis specification, The Contractor
is responsible for compliance with such standards, specifcations, 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 ,

S P E C I F I C A T I O N
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6.0

5.4.3 Conflicts between documents or incomplete technical information shall be brought to t}e
attention ofthe Buyer and resolved at the time ofquotation. After conffact award, the
contractor shall identify all conflicts for resolution prior to executing the work. The most
stringent requirement will be considered to be incorporated into their lump sum price,

SAFETY REGULATIONS

A site specific safety plan shall be developed by the Contractor, complying with Federal
OSHA regulations.

The Contractor shall also comply with the Owner's on-site Construction Safety, Health and
Environmental Management program.

The Contractor shall be fully responsible for providing fust ard equipment and other safety
equipment required for his personnel (including subcontractors).

The Contractor shall desigrrate a person to be responsible for safety management at the site.
Contractor 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.

GENERAL REQUIREMENTS

This specification covers installation and commissioning activities for the LIGO Vacuum
Equipment systems. The vacuum equipment will be installed indoors (except for the LNz
tanks and vaporizer systems) in five site buildings (provided by others). The buildings will be
complete (except for minor punch list items) prior to vacuum equipment installation. The
Contractor shall have joint occupancy ofthe buildings on a staggered schedule as defined in
the Purchase Order and LNz foundations 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 qua.lified craft persons, It is not intended that the Project Drawings,
Project Specifications including this Specification enumerate every possible eventuality that
the Contractor may encounter before completing the Work. The Contractor represents that
he has practical construction knowledge and experience in performing the Work. Therefore,
the Contractor shall review and inspect all facilities and equipment and materials supplied to
him to enzure correctness and zuitability for interfacing with the Contractor's Scope of Work.

o - l

o.z

6.4

6.5

7.4

7 . 1

7.2
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t  - J

Additionally, the Contractor shall provide materials required (beyond what is identified in
contract documents as furnished by others) to complefe 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 Contractor's Lump Sum Bid
and, therefore, shall not be reimbursable by the Buyer. Minor errors or interferences, and
problems due to lack of field verification or error shall be corrected at tlre Contractor's
expense.

Bid shall state what work the Contractor intends to subcontract and their proposed
subcontractors. The Contractof is responsible for the performance of subcontfactor(s) and
will assume the responsibility for supervising each subcontractor(s). The Bu}'er's written
acceotance will be reouired of each Subcontragtor, The Buyer will be furnished a coov of
each subcontract.

The contract uses the June 1995 Hanford Labor Rates in accordance with the Project Labor
Agreement LIGO-C95033 1-00-P. Any rate increases at a later date will be a change order to
the contract.

The Contractor shall be responsible for examination and inspection of his Subcontractors'
work to assure that it complies to tle specifications and standards and that the work
performed is of good workmanship quality.

Materials provided by the Buyer are detailed in Section I 1,0.

'Tlold" or 'T-ater" 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 exlent presented on these Drawings. Actual work shall not be executed by the contractor
until the 'Tlold" or 'L,ater" is removed.

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

The Contractor shall be responsible for daily cleanup and removal of debris, rubbish, etc. as
the result of the Work from the job site. Rubbish and debris resulting fiom the Work shall be
removed and legally disposed. Before project completio4 the contractor shall rernove
equipment, scaffolding tools, temporary services and utilities. If the Contractor refuses, the
Buyer shall take necessary steps to cleanup the Contractor's debris, rubbisb etc. and charge
associated costs to the Contractor's account.

7.4

7.6

7 7

7.8

7 .9

S P  E G I F I C A T I O  N
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7.10 Building cranes are not capable of lifting all vacuum equipment components (see Attachments
B&C). The Contractor will provide equipment for lifting and alignment of tlte 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: It is noted that certain equipment, namely Beam Splitters, will be delivered in a horizontal
position and must be rotated to a vertical position, After ofloading this equipment, the contractor
shall rotate tlese components to the vertical position without 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 furnish 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 Contractor with the Buyer's personnel to
review the past week's progress and the next week's planned 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 mornings), Q.A and safety reports
shall atso be reviewed. Meeting minutes shall be iszued within two (2) working days of each
meeting.

7.13 Buyer's field representatives and the Owner shall have the right to review Contractor's worh
material, equipment and procedures as is applicable to ensure the Work is in compliance witl
the Specifications. The Contractor shall provide tools, instruments, etc. necessary to facilitate
these reviews. As a minimurq the Buyer will verify the installation location of each vessel
(I{Ah4 BSC, etc.). See Alignment Procedue V0 49-2-174 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 b€ performed during the progress ofthe Work. Buyer's
field representative shall desfunate which events they wish to witness, and the Contractor shall
furnish an agreed upon amount of notification prior to the start of each event.

S P E C I F I C A T I O N
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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 requirernents of the Contract Documents including, but not
limited to:

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

7.16 The presence or activity ofthe Buyer's field representative shall not relieve the Contractor in
any way ofhis obligation to maintain an adequate inspection program of his own or of otlter
obligations under this specification. Furthermore, the fact that Buyeds field representative
may inadvertently overlook a deviation from some requirement ofthis specification shall not
constitute a waiver ofthat requirement, ofthe Contractor's obligation to conect the condition
when it is discovered, or of other obligations under this specification.

7.17 Buyer's field representative has the authority and responsibility to stop any portion of the
Work whicb if continued, would make compliance with some other requirements of the
specifications difficult or impossible.

7 . 1 8

7.19 The Contractor is responsible for manning the project with the number of people necessary
for the Work to achieve the completion dates indicated on the approved schedule and, if it is
necessary, shall work shift work andlor 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 occured, 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 rnaintain the corrective 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 the premises to represent
him and to whom instructions may be given until final acceptance of the Work.

7.22 The Contractor's work, including testing is be subject to Buyer's review. The Contractor shall
maintain records oftests made during the course of the job and transfer these records to tle
Buyer at the end of the job The Contractor shall maintain quality control to ensure t}at
quality requirements are met, Contractor shall submit proposed OC/OA olan and procedures
no later than one month after he has been awarded the contract.

S P E C I F I C A T I O N
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7 .23 The Contractor shall take measurements to avoid damaglng all structures, building walls,
cables, conduits, pipelines, wells, fences, paving and other facilities within or adjacent to tle
work site. Damages shall be promptly repaired by the Contractor at his expense, including all
premium time, to the satisfaction ofthe Buyer.

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

7.25 Contractor and Contractor's subcontractors shall abide by the rules and procedures the Owner
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 Pior to installation, the Contractor and his personnel shall become familiar with the safety
guidelines of the Owner.

7.25.2 Firearms or other weapons of any khd are strictly prohibited $dthin or around the job site.

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

7 .26 Contractor shall maintain record drawings as follows:

7.26.1 Lt the 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 imtalled.
Make these prints available to Owner's and the Buyer's representatives.

7.26,3 At completion of project, transfer information from your marked prints onto master prints
and deliver drawings including marked prints to the Buyer's project manager.

7 .27 Construction Installation Review

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, Q.A. plan, etc.) for Vacuum Equipment site installation for approval by the
Buyer.

S P  E C I F I C A T I O  N
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7 .28 Documentation

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

7.28.2 Equipment/material identification tags shall not be removed.

7 .29 Temporary Construction Water

A source ofwater for construction purposes will be available to the 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 Contractor, Subcontractor and others engaged in their work.
These facilities shall conform to the requirements ofall state, county and local ordinances.

'l .31 Temporary Storage Facilities/Parking

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

7 .32 Vacuum Equipment Operation

It shall be the responsibility ofthe Buyer to operate all vacuum equipment, in accordance with
ultra high vacuum practice and vendor instructions. The Buyer will direct union crafts, when
required, to operate vacuum equipment.

7 ,33 Disposition Of Debris Cleanup And Denrobilization

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 interfere with normal, convenient and safe operations of the Work
(daily cleanup is required).

7.33.2 The Contractor shall remove and dispose of construction debris from the work areas,
including temporary facilities and utility connections, unless otherwise directed by the
Buyer's representative. This demobilization phase ofthe Work shall be accomplished before
construction will be considered complete.

7.33,3 Parking areas must be kept clean and neat at all times.

S P E G I F I C A T I O N
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7.34 F'INALACCEPTATICE

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

7.35 BILLING

7 . 3 5 . I lnvoices for work performed under this specification shall be clearly identified witl the Job
Title, Job Number and Purchase Order Number. Prior to iszuance of invoices, the invoice
will be reviewed with the Buyer's Installation Manager for approval of progress achieved
during the billing period. The Contractor shall propose payment milestones with their
proposal.

7.35.2 Approved invoices shall then be submitted for payment of Work completed (percent
progress) to:

Mr. Ron Bento
Process Systems International
20 Walkup Drive
Westborouglr, MA. 01581-5003

8.0 scoPE oFwoRK

8, I 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, HAlvt 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
connections (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 statt of
installation. (See Attachment C).

The Contractor shall include all costs associated with providing labor including sup€rvision
and transportation labor, materials, construction equipment, tools, construction supplies,
cornumables, required warehousing, temporary facilities and selices to ofload, receive,
warehousq 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 the Buyer. Component shipping
configurations are detailed in Attachment I.

S P E C I F I C A T I O N
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The Contractor shall offload, receivg clean, inspect, assemble as required, erect, place and
precision align, install anchor bolts, shir4 bolt down, grout and test all required equipment as
shown on P&ID, installation drawings and detailed in this specification.

The Contractor 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 tleir proposal
the applicable T&M rates.

All vacuum equipmant must be installed 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 environment (nornal 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 Contractor (6-BSC typdl IIAM
fype/s gowning tne)

8. L 1 Lifting of major equipment items will be performed in accordance with specific
requirements and procedures listed in Attachment N. Equipment sizes and weights are
detailed in this installation package. Building crane capacrty and coverage is detailed in
Attachment B.

L 1 . 2 All equipment is shipped internally clean (to class 1 00) 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 zum bid:

8.1,4,1 Costs of moving his equipment around the site.

8. 1.4.2 Cost oferecting 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 survey layouts required to properly locate and set equipment and
the work (including WA registered land surveyor) from the Owner supplied
benchmarks (per Specification V049-2-17 4).

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

8. 1.4.6 Contractor shall perform touch-up painting on all steel surfaces per V049-2-139

S P E C I F I C A T I O N
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8.2 Equipment Receiving And Preliminary Cleaning

8.2,I The Contractor will receive and offload LIGO vessels and equipment at the site,

The Confiactor 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, Md and End Stations (steam clean only).

The Contractor shall remove temporary shipping braces prior to moving the
equipment into the buildings-

8.2.2 The Contractor 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.I Vacuum components along the beam line (BSC, HAM, 80K Pumps, Spools, Gate Valves
with Supports)

A. Vacuum Equipment along the beam line shall be aligned using optical alignment
equipment per Procedure V049-2-17 4.

B. The Contractor shall set and aligrr the LIGO vacuum system per the Buyers
installation drawings and installation plan, The center line of all beam tube nozzles
musl !g eligned * 2 mm in both transverse direstions and to within 25 mm of the
design position in the axial direction. Extreme care shall be used while setting and
aligning components to avoid damage to the flange surfaces (32 RMS finishes) and
bellows assemblies.

Flange surfaces damased while in the care" custodv and control ofthe
contractor. shall be reoaired at their exoense. to the satisfaction ofthe buver.

The contractor shall make arrangements for repairing damaged flange surfaces, if
required, pior to mobilization at the site.

S P E C I F I C A T I O N
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C. The Contractor will submit aad validate an anchor bolt installation procedure to be
approved by the Buyer.

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

Ports shall be pre-cleaned and protected by a class 100 portable clean room anytime
ports are opened. Extemal surfaces ofvessels shall be wiped down after the clean
room is in place. The clean room environment must be at class 100 levels for I 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.

After initial alignment, concrete anchor bolts shall be irstalled (per Specification
V049-1-101). Vessels shall then be lifted back into placg final aligred bolted into
place and grouted (per Paragraph 8.3.5).

Anchor bolts should be installed per Attachment'.Itlf'

D.

E.

F.

G.

S P E C I F I C A T I O N
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8.3.2 Vacuum Equipment Skids and Carts

A. Pump carts in the main vacuum equipment rooms do not need to be connected to
pipe connections along the vacuum headers and equipment to locate the anchor bolt
locations. These anchor bolts shall be installed per Specification YO49-2-17 5 and
mechanical drawings. These anchor bolts (4 per cart) 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 aachor bolt installation in
each building:

C,

Corner Strtion
Turbo Carts 6
Roughing Cart 4

Mid Station
Turbo Carts 4
Roughing Cart 0

End Station
Turbo Carts 2
Roughing Carts 0

NOTE: These anchor bolts are !(!!
installed per V049- I - l0l.

Install all skidded vacuum equipment in the corner station mechanical rooms per the
mechanical drawings. Anchor bolt and vibration isolation requlements are also
shown on the mechanical drawings. (These anchor bolts are g installed per
V0409-l-101), Do not $out this equipment.

Install all skidded vacuum equipment in the mid and end station vacuum support
equipment roorns per the mechanical drawings. Anchor bolt and vibration isolation
requi.rements are also shown on the mechanical drawings. (These anchor bolts are
NOT installed per V049-1-101). Do not grout this equipment.

B .

S P E C I F I C A T I O N
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8.3.5 Grout Requirements

Base plate grout shall be the flowable type and it shall meet with the requirements of
ASTM Cl 107 for nonshrink, nonmetallic erout,

Tests per ASTM C5?9 specifications shall be performed, including strength tests, at
the discrestion ofthe PSI site manager on a T&M basis.

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

Acceptable grout products are:

I . Five Star Grout - manufactured by: Five Star Products.
2. Masterflow 928 - manufactured by: Masterbuilders
3. IMasterflow 713 - manufactured bv: 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 and dampened prior to placing grout.

Grout shall be mixed, placed and cured in accordance with the marufacturers
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.

Grout test and QC inspection reports shall be provided to the Buyer.

8 . 3 . 6 Due to floor/beam tube center line angle/manufacturing tolerances, all beam line
vessels @SC, IIAM, etc.) base plates will require an average of 3 inches of $out.

8.4 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. AII vacuum headers ard Class 100 piping
will be supplied by the Contractor and are assembled using conflat flanges. Vacuum header and
class 100 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.
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8 . 5

8,4.1 Install main ion and annulus ion pumps and associated annulus tubing. Per the mechanical
drawings, annulus 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. piping, S.S. piping (insulated), LN, tank" heater, vaporizer and miscellaneous valves and
instnrments (all provided by the Buyer for installation by tie Contractor). The Contractor
shall remove 80K pump shipping supports (in a Class 100 cleanroom). Shipping supports are
bolted rods (lO/pump) located inside on each pump and are accessible from each end. After
the shipping supports are removed, four internal stainless steel sheet metal covers are screwed
into place (5/end) to close up the pump,

LNz lines outside buildings shall be SCH 55 stainless steel. Lines that require mechanical
insulation shall be insulated by the Contractor 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 LNz tanks, supply,
retunL and regeneration piping per the attached drawings. The Buyer will provide the V.J.
piping and all valves. The remaining piping and fittings are to be provided and installed by the
Contractor,

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

Testing

Per Section 9.0.

Electrical/Instrumentation Work

Electrical and installation work shall be accomplished per the attached Specification VM9'2-
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 shall be installed and
test€d per ANSI 831.9 'tsuilding Services Piping". See specification for Piping Design and
Materials Specification V0 49-2-037 for materials and classes.

8 .6

8.7

8.8
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8.8. I 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 qualify welding procedures and welders in accordance with
ASME Boiler and Pressure Vessel Codg Section IX, latest edition. Most welding must be
done outside the laser/vacuum equipment areas.

8.8.2 The Contractor shall protect piping systems from the entrance of moisture and foreign
materials.

8.8.3 Vacuum Jacketed (VI) Piping System materials will be furnished by Buyer. It is the
responsibility oftle Contractor to install these systems. VJ piping is assembled by
connecting bayonet connections (no welding is required to install V.I. piping). One weld is
required at the transition ofV.J. to S, S. insulated piping.

8.8,4 Pipe peneffations are located in all walls. Walls will be closed after piping by others, The
Contractor shall g3 cut any new holes in building walls v/ithout the owners approval.

8 . 8 . 5 The Contractor shall notify the Buyer, who will witness 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 , 6 Utility piping systems shall be cleaned by the Contractor per the attached procedures (see
vo4e-2-r31).

8 . 8 . 7 The Contractor is responsible for inspecting piping materials furnished by others to ensure
they are free of defects 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 blind
flanges. The Contractor shall provide, all test gases. The gases shall be bottled nitrogen.

8.8.9 Material and equipment provided by the Contractor shall be new,

8,8.10 The Contractor is responsible for installing Buyer furnished valves (with mounted actuatort
as indicated on the Buyer lists (Attachment C).

Valves with socket weld or butt weld connections are to have their seats and seals
removed prior to welding installation (in accordance with manufacturers requirements)
and then reinstalled after the valve has cooled.

S P E C I F I C A T I O N
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8.9 Equipment And Piping lnsulation

8.9.1 Insulation shall be installed on equipment and piping as indicated on the Piping md
Instrumentation Diagrams(P&ID's). The Contractor shall provide all insulation materials.
Insulation to be installed by the Contractor per Y049-2-163 .

8.9.2 Insulation for piping inside buildings shall be installed on piping spools prior to installation.

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

The Contractor is responsible for instailing all necessary temporary utility services to perform their
work,

8.1 I Pipe Cleaning - Vacuum Headers and Class 100 Piping

All vacuum headers and class 100 air piping shall be supplied cleaned by the Contractor per
specification V049-2- I 78 listed in Attachment K.

9.0 TESTING

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

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

A, LN, (V.J /LN, Piping) - Pressure decay for supply piping at 1. I design pressure.(N2)

B. Cooling Water - Pressure decay at I .1 design pressure.

C. Instrument Air - Pressure decay at l. I design press.

D. Class 100 Air- Press decay at l.l design 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 Testins

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

Page 21 ot 28



ritle: SPECIFICATION FOR LIGO VACUUM INSTALLATION AND COMMISSIONING
w SITE

9.3 TestingEquipment/Supplies

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 Rework

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

9.5 Test Records

9 . 5 . I Written records in the form of log book entries or reports of leak detection tests will be
made and retained for transfer to Buyer after acceptance.

1O.O MATERIAI,/SERVICES PRO\TDED BY CONTRACTOR

10,1 Unless specified as furnished by the Buyer, the Contractor shall provide materials, equipment,
etc-, including but not limited to the following:

10.1. I Materials indicated on the Drawings or required by the Specifcations and not indicated as
by others.

I tO.t.Z Corner station pipe bridge by contractor

10. 1.3 Materials required to perform 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).

Quan: 2
Type: Mass spectrometers helium leak detector (dry tlpe/no oil flooded pumps or
bearings) with a minimum sensitivity of 2 x 10'10 torr-literVsec.

10.1.5 Commodities required for the electrical work.

10.2 The following shall also be provided by the Contractor:

10.2. I Consumables such as weld filler materials, backing gaseg test gases, cotrcrete anchors,
shims and grout.

10.2.2 Cranes, hoists, welding machines, and other construction 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.
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10.3 The Contractor shall be responsible for receiving and storing materials, including those
supplied by Buyer, associated with this Work. Material receiving and inspection reports shall
be made available to the Buyer at his request.

10.4 Pipe supports provided by the Contractor. 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. V049-4-072:0'13,074,
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, or LN2 piping on Tee posts, these
spans range from approx. 12ft to 18ft.

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 tlpe) will need to be provided at intermediate intervals, between
the supports shown, to support the l" or ll2" dia. copper cooling water/instrument air tubing or
electrical conduits.

These intermediate supports should provide max. unsupported spans of (6) six feet for ll2" coppa,
and (8) eight feet for 1" copper.

The Contractor is to include in his scope the materials, fabrication, painting of any carbon steel
supports, and installation ofall the supports mentioned in this paragraph.

10,4.1 Supports for tubing running under the Beam Tube Manifold are not allowed to be
supported offthe 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 plated u-bolts are required on all 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 wrapper at each u-bolt.
See detail ",{' on revised drawing V049-4-073. 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 Figure Dt of Specffication V049-2-163.
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1I.O MATERIALS FURNISEED BY OTITF'-RS/BTIYER

The following material and facilities are provided by others:

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

11.2 Control valves, relief valves, rupture discs, automatic on/ofr - valves shown on P&ID's,
Piping Drawings and Project Documents.

I 1.3 Hand valves - shown on P&ID's, Piping Drawings and Project Documents.

ll.4 Special materials (SP symbol on P&ID) shown on P&ID's, Piping Drawings and Project
Documents.

I1.5 Vacuum jacketed piping systems as shown on piping Drawings and project Documents.

I 1.6 Instruments 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 L9 Class 100 clean rooms.

li.l0 Sit€ utilities (cooling v/ater, electricity, etc.).

I 1. I I Liquid nitrogen,

NOTE: The Contractor shall retum to the Buyer any shipping skids and surplus materials
furnished 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 I in. deep tapped holes.
Use bolts PSI paftrlo.203567 with washers PSI part no. 203568

12.0 PROJECTDOCUMEI{TS LIST

The Contract Documents shall be as shown in Attachment A.
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13.0 SCHEDI]LE 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 attend 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 j oint occupancy.

14.0 BASTS OF BID

14.1. I 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 (zubject 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 a basis for changes to the lump sum price.

14.l,3 Price is to be fixed lump sum, valid for a period of i 0 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, sepaxate Price Breakdowns as listed on the RFQ
pricing sheet.

14.1.3.2 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 tlte 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.
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SELECTION OF THE CONTRACTOR

Selection ofa 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 €stimate in the Buyer's omc€ prior to
contract award. The review will include a review of takeoff quantities sufficient to assure Buyer
that the Contractor understands the Scope ofWork. The Buyer reserves the right to reject any and
all bids for any reason.
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Title: LIGO VACUIIM EQUIPMENT INSTALLATION AND COMMSSIONING - WASHINGTON SITE

ATTACHMENT "A" SPEC. VO49-2-O2I

PROJECT INSTALLATION/COMMISSIONING

DOCUMENT LIST _ WASHTNGTON SITE

WASHINGTON STTE

P&ID'S

Legend/Station Diagrams (3 Shts.)
Beam Splitter Chamber AII But Corner Vertex Arms
Beam Splitter Chamber Corner Vertex Arms
Horizontal Access Module
I l2cm & l22cm Gate Valves
80K Cryopump
Chamber Pressurization System
WALeft End Station
WALeft Md Station
WA Left Beam Manifold
WA Vertex Section
WA Diagonal Section
WA Right Beam Mailifold
WARightMd Station
WA Right End Station
WA Corner Station Mechanical Room
Washing Station

DRAWING/ BOM STRUCTURE

General Project (Sht. 1 of3)
Washington Site (Shr. 2 of 3)

DRAWING
SIZE

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

DOCUMEI{T
NUMBER

v049-0-001
v049-0-002
v049-0-003
v049-0-004
v049-0-005
v049-0-006
v049-0-007
v049-0-010
v049-0-01I
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

D
D

ATTACHMENT
Number:

A vo4s-2421
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Title: LIGO VACUUM EQLIIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

DRAWINGS

For Electrical Drawing List See Drawing V049-3-001
Rev. 2 Sheet 1 ofZ and2 of?

APPLICABLE SPECIFICATIONS

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

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

Material/Welding Repair Procedure
Section Bakeout Procedure

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 Painting
Thermal Insulation - Piping
80K Pump Relief Valve Spec.
Conflat Flange Assembly Procedure
O-Ring Installation and Flange Assembly Procedure
Component Alignment Procedure
Vacuum Pumo Field lnstallation Procedure

DOCUMENTTNO.

v049-l-101
v049-2-014
v049-2-021
vo49-2-022
v049-2-023
YO49-2-029
v049-2-037
v049-2-070
vo49-2-071
v049-2-072
v049-2-073
v049-2-074
v049-2-116
v049-2-118
v049-2-119
v049-2-120
v049-2-123
v049-2-124
v049-2-128
v049-2-130
v049-2-13l
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

ATTACHMENT
Number:

A v049-2{21
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COMPONENT ACCEPTANCE TESTS
PROCEDURES

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

DOCUMENTNO.

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

III. System Acc€ptance Test Procedures

Comer Stations
Md Stations
End Stations

v049-2-lo2
v049-2-104
v049-2-105
v049-2-106
v049-2-t07
v049-2-108
v049-2-109
v049-2,110
v049-2-111
v049-2-r12

V049-2-113 (Later)
V049-2-114 (Later)
V049-2-115 (Later)

ATTACHMENT
Numben

A v049-2{t21
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WASHINGTON SITE

MECHANICALDRAWINGS
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 Right Hand (2 Sheets)
80K Cryopump, ShortLeftHand (2 Sheets)
Roughing Pump Cart Anangements
Turbo Pump Cart Arrangement s
Base Extension - Turbo Pump Cart

I Cover, BSC Type I
48 ll4" LD. Flange Detail (Grooved)
44 1/4" I.D. Flange Detail (Grooved)
60 1/2" l.D. BSC Flange Detail (Grooved)
72 114" l.D. Flange Detail (Grooved)
84 1/4" LD. Flange Detail (Grooved)
104 112" l.D. Flange Detail (Grooved)
BSC Support Assy
BSC Amulus Piping
72 l/4" l.D. Flange Detail (Flat Faced)
48 l/4" l.D. Flange Detail (Flat Faced)
60 l/2" LD, HAM Flange Detail (Grooved) Sltd
60 l/2" LD, Flange Detail (Flat Faced)
44" Gate Valve Support Frame
48" Gate Valve Support Frame
BSC Intemal Platform Details
HAM Tie Rod Assembly
104 1/2" I.D. Flange Detail (Flat Faced)
44 518" LD. Flange Detail @at Face)
Pipe Bridge - Comer Station
BSC RGA"/Aux. Turbo Conn. Assemblv

I nSC RCaleu*. Turbo/Gauge Pair Assy
44 5/8" D x 80 O.D. Flange Detail (Flat Faced)
Vessel Support (HAM)
Expansion Joint QIAM)

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

I}OCUMENT
NUMBER
v049-4-000
v049-4-001
v0494-003
v049-4-002
v049-4-004
v049-4-005
v049-4-006
v049-4-007
v049-4-010
v049-4-01I
vo49-4-012
v049-4-014
v049-4-018
v049-4-017
vM9-4-019
v049-4-020
v049-4-021
v0494-022
v0494-023
v049-4-025
v049-4-028
v049-4-029
v049-4-031
vo49-4-032
v049,4-033
v049-4-034
v049-4-036
v049-4-040
v049-4-041
vo49-4-042
v049-4-043
v049-4-045
v0494-046
v0494-047
v049-4-052
v049-4-053

ATTACHMENT
Number:

A vo49-2421
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TitIC: LIGO VACULiM EQUIPMENT INSTALLATION AND COMMSSIONING - WASHINCTON SITE

WASHINGTON SITE

MECHAMCAL DRAWINGS
For Spec. Revision Level see Gen-Doc. List V049-0-000
HAM Annulus Piping
60 l/2" I.D. Ring Detail Reducing Union
30 l/2" x 68.25 O.D. Flange Detail @at Faced)
30 ll2" x68.25 O.D, Flange Detail (Grooved)
44 5/8" D x 60 l/2" ID Flange Detail
Shipping Cover with Air Filter
44125 lD Flange Detail (Grooved/Slotted)
3/4" O,D. Elbow x 2 314" CF. Flg Annulus Conn
60.5" ID x 68.5 OD BE-3A Flange (Flat)
60.5" ID x 72.25 OD Offset Flange @E3A)
6l3l"lD x72.25 OD BE-3A Flange (Grooved)
48 l/4" ID x 60 112" D Offset Flange
48.81 ID x 68.25 OD Flg. Detail (Flat)
48.81 ID x 80. OD Flg. Detail (Flat)
PS-l Pipe Support Tee Post (LNz Piping)
PS-2 Pipe Support
PS-3 Pipe Support Tee Post
PS-4 PipelElectrical Support
PS-5 Pipe Support @ 80K Long Pump
75 L/S Ion Pump/N4adfolds
25 L/S Ion Pump/lVlanifolds
48 1l4" ID 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 lon Pump Valve Support
25 L/S Annulus Tubing 48" G.V. Type I
Annulus Tubing & Ion Pump Assembly. 44" G.V.
25 US Annulus Tubing 48"G.V. Tlpe II
80K Long - Shield Assy, RII/LH (3 SIIIS)
80k Short - Shield Assy, R[{/LH (3 SfnS)
Bellows Tie-Rod Assembly
84" ID Access Cover - HAM
BSC Clean Room Assembly - Style #l & 3
BSC Clean Room Weldment - Style #l & 3
BSC Clean Room Assembly - Style #2

DOCUMENT
NT]MBER
v049-4-054
v049-4-055
v049-4-056
v049-4-057
v049-4-058
v049-4-0s9
v049-4-060
v049-4-061
v0494-064
v049-4-066
v0494-067
v049-4-068
v0494-0'10
v0494-071
vo494-072
y0494-073
v0494-074
v0494-075
Y0494-076
v0494-077
v0494-078
v0494-079
v049-4-080
v0494-094
v0494-095
v0494-106
v0494-107
v049'4-108
v0494-109
v0494-110
v04H-l14
v049-4-l l7
v0494-124
v0494-127
v0494-133
v0494-134

DRAWING
SIZE

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

ATTACHMENT
Number:

A V049-2-'021
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WASEINGTONSITE

MECHAMCAL DRAWINGS
For Spec. Revision Level see Gen,Doc. List V049-0-000
Clean Room Assembly - HAM
Clean Room Structure Weldment-I{AM
BSC Clean Room Weldment
16 1/2" OD Conflat Reducing Flanges
LN2 Tank Base Template
Lifting Lug
80K Pump 2" Jacketed Line
Gate Value Fin Clamp
25 L/S Arurulus Tubing - 44" G.V. Type I
Arnulus Tubing & Ion Pump Assy 48" G.V.
25 L/S Annulus Tubing - 44" G.V. Type II
Assembly Back To Air Cart 50 cfin
Assernbly Back To Air Cart 100 cftn
Regen. Electric Heater Assembly 4 in. dia.
Regen. Electric 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 Blank x 25 KF
10" O.D. Tube Bellows-Turbo Pump
BSC Shipping skid Assembly
BSC Annulus Tube Support
BSC Air Filter Assembly
HAM Annulus Tube Shipping Support
BSC Test/Ship Assembly-Two Door
BSC Test/Ship Assembly-Three Door
BSC Test/Ship Assembly-No Doors
BSC Test/Shio Assemblv-One Door
Adapter A-1, 44,6?" ID x 72.25 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 ,4.-6,48.25" ID x 60.5 ID, 2 Sheets
Adapter A-7d 60.5" ID x 72.25 D,5 Sheets
Adapter A-78, 60,5" ID x '12.25 D,5 Sheets
BSC End Cover 60.5" Type All
Adapter A-12, 48.25" ID x 60.5 ID, 2 Sheets
Adapter A-13, 60.5" ID x 72.25 D,2 Sheets
Adapter A-14, 44.62" lD 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
D

DOCUMENT
NUMBER
v0494-136
yo494-137
v049-4-138
vo49-4-142
vM9-4-145
v049-4-159
v049-4-161
v049-4-163
v049-4-164
v049-4-165
v049-4-166
v049-4-168
vu9-4-175
v0494-176
vM9-4-177
v049-4-194
v049-4-19s
v049-4-196
v049-4-19'�1
v049-4-199
v049-4-203
v049-4-204
vo49-4-206
v049-4-302
v049-4-303
v049-4-304
v049-4-305
v049-4-Al
v049-4-A3
v049-4-44
v0494-116

v049-4-A7A
v049-4-A7B
v0494-All
v0494-Al2
v049-4-Al3

ATTACHMENT
Number:

A vo49-2421

Page 6_ of_8_



Title: LIGO VACUIIM EQUIPMENT INSTALLATION AND COMMSSIONING - WASHINGTON SITE

WASIIINGTON SITE

MECEAMCALDRAWINGS
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 tD,3 Sheets
Spool B-2A 30.5 ID x 60.5ID, 5 Sheets
Spool B-2B, 30.5 ID x 60,5 ID, 5 Sheets
Spool B-3d 30.5ID x 60.5 ID, 5 Sheets
Spool B-4,48.25" ID, 2 Sheets
Spool B-5d 30.5ID x 60.5 ID, 5 Sheets
Spool 8-6, 48.25" ID, 2 Sheets
Spool B-7, 48.25" lD,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
Off Set Spool BE-3A 60.5" ID x 60.5 ID, 2 Sheets
Spool, BE-4, 44,62" D,2 Sheets
Spool, BE-5, 72.25" ID,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 Statior4 WA
Equipment Arr't, Right End Statiorq WA
Equipment Arr't, Left Mid Station, WA
Equipment Arr't , Left End Statioq WA
Equipment Arr't ISO, Right Mid Statioq WA
Equipment Arr't ISO, Right End Statioq WA
Piping An't, Plan Corner Station/WA (4 Shts)
Piping Arrt, Elevation, Corner Station/WA
Piping An't, Sections, Corner Station/WA
Piping kr1, Pla4 Right Mid Statior/WA (4 Shts)
Piping Arr't, Elevatioq Rieht Md Station/WA 2Shts
Piping An't, Sections, Right Mid Statior/WA
Piping An't, Plan, Right End Statior/WA (2 Shts)
Piping An't, Elwatio4 Right End Station/WA
Piping Arr't, Sections, Right End Station/WA
Piping An't. Plan Left Md Station/WA (4 Sheets)

DRAWING
STZE

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-Al5

v049-4-B1
v049-4-B2A
v049-4-B2B
v049'4-B3A
v049-4-84

v049-4-B5A
v049-4-B�6
v049-4-87
v0494-88
v049-4-89
v0494-BE2
v0494-BE3

v049-4-BE3A
v049-4-BE4
v049-4-BE5
v049-4-BE6
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
vo49-5-022
YO49-5-023

ATTAGHMENT
Number:

A vo49-2-021

Page 7_ of_8_



TitIE: LIGO VACUUM EQUIPMENT INSTALLATION AND COMMISSIONING - WASHINGTON SITE

WASHINGTON SITE

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

DRAWING
STZE

D
D
D
D
D
D
D
D
D
B
B
B

DOCUMENT
NUMBER
v049-5-027
v049-5-028
v049-5-030
v049-5-031
v049-5-032
v049-5-033
v049-5-035
v049-5-036
v049-5-037
v049-5-050
v049-5-05I
v049-5-052

ATTACHMENT
Numben

A v049-2{21

Page 8_ of_8_



TitIE: LIGO VACUUM EQUIP. INSTALLATION AND COMMSSIONING - WASHINGTON SITE

ATTACHMENT "B'

TO

v049-2-021

BUILDING CRANE COVERAGE

ATTACHMENT
Numben

A vo4e-2421



l. Location:

2. Number Required:

3. TagNo.:

4. Arangement:

5. Type:

6. Number ofHoists: On{l)

7. Class:

8. Capacity:

9. Span:

10. Height of Lift:

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

17. Electrification:

18. Power Supply:

20. Interlock With:

2 l. Special Requirements:

ATThCHMENT
T o  V o 4 n - 7 ' 6 7 1

Data Shect
3nEl96
Page 1

CRANE DATA SIIEET.I
(3-Interferometer Version)

LVEA Corner Station

One (l)

w-cs-102-cR-01
Refer to Figrres I and 2

Electrig Double-Girder Under'Running, 3-Runway

, 8 ,

11. Bridge Travel Speed: Variable speed to 100 &rn' modmum

12. Trolley Travel Speed: Variable speed to 75 fpnr" maximum

CMAAr Class A

5-Ton

61'-6" with 8'-0" girders overhang from each side

z6'-6", true verticat lifl

Variable speed to 15 $rq maximum

S l8 x ?0 # (see Note below)

I 97'-6" (approximately.)

Pendant, Traveling TyPe

Cable festooning or cable reel

460-Volt, 3-Phase, 60 Hertz

19. Environmental Condition: Indoor, Clean Roorq Temperature: 729F, Humidity:

40% RH

Cranes W-CS-I03-CR-01, W-CS-104-CR-01

and W-CS-105-CR-01

Girders to be overhung approximately 8'-0" from

each side ofthe crane in order to achieve the hook

coverage indicated on Figures I and 2.

Lighting 6.xnrres shall be attached to underside of

bridge.

NCE: 
'I.O[IDEN' Rail No. 605.1850 may be used instead the specified'

o F g



CRAI{E DATA SHEET-I
(3-Interferometer Vercion)

l. Location: LVEA Corner Station

2. Number Required: One (1)

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: 5-Ton

9. Span: 75'-6"

i0. Height of Lift: 26'-6", true vertical lift

11. Bridge Travel Speed: Variable speed to 100 ftrq maximum

12. Trolley Travel Speed: Variable speed to 75 Sr4 maximum

13. Hoisting Speed: Variable speed to 15 fprq maximum

14.RunwayRail :  -  S18x70# (seeNotebelow)

I 5. Runway Length: 127'-0" , approximately

16. Control: Pendant, Traveling Type

17. Electrification: Cable festooning or cable reel

18. Power Supply: 460-Volt, 3-Phase, 60 Hertz

19. Environmental Condition: Indoor, Clean Roorq Temperature: 72'F, Humidity:

40%RH

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

21. Special Requirements: Lighting fixtures attached to underside ofbridge

Data Shect'{}#2 ., t

NOTE: 'T-OUDEN'Rail No. 605.1850 may be used instead the specified'



CRANEDATA SHEET.I
(3-fnterferometer Version)

l. Location: LVEA Comer Station

2. Number Required: One (l)

3. TagNo.: 1V-CS-104-CR-01

4. Arrangement: Refer to Figures 3

5. Type: Electric, Single-Girder Under-Running

6. Number of Hoists: One(l)

11. Bridge Travel Speed: Variable speed to 100 Srq ma:cimum

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

7. Class:

8. Capacity:

9. Span:

i0. Height oflift:

13. Hoisting Speed:

14. Runway Rail:

15. Runway Length:

16. Control:

17. Electrification:

18. Power Supply:

CMAA, Class A

5-Ton

37'�-6"

26'-6", true vertical lift

Variable speed to 15 frrq ma:<imum

S 18 x 70 # (see Note below)

100'-0", approximatelY

Pendant, Traveling TYPe

Cable festooning or cable reel

460-Volt, 3-Phase, 60 Hertz

19. Environmental Condition: Indoor, Clean Roorq Temperature: 72"F, Humidity:

20. Intedock With:

40%RH

Crane W-CS-I02-CR-01

2I. Special Requirements: Lighting fixtures attached to underside ofbridge

Data She€t
3na96
Page 3

p[p:' LOIJDEN' Rail No. 605. 1850 may be used instead the specified'

o F 7



CRANEDATA SEEET.I
(3-fnterferometer Venion)

l. Location: LVEA Corner Station

2. Number Required: One (l)

3. TagNo.: W-CS-105-CR-01

4. Arrangement: Refer to Figures 3

5. Type: Electric, Single-Girder Under-Running

6. Number ofHoists: One(l)

11. Bridge Travel Speed: Variable sPeed to 100 fpr\ maximum

12. Trolley Travel Speed: Variable speed to 75 ftrr" maximum

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:

CMA,\ ClassA

5-Ton

3 5'-6"

26'-6", true vertical lift

Variable speed to 15 fpnr, maximum

S 18 x 70 # (see Note below)

127'4", ryproxi mately

Pendant, Traveling Type

Cable festooning or cable reel

460-Volt, 3-Phase, 6O Hertz

19. Environmental Condition: Indoor, Clean Roonq Temperature: 729F, Humidity:

20. Interlock Wth:

40%RH

Crane W-CS-102-CR-01

21. Special Requirements: Lighting fixtures ailached to underside ofbridge

I
Data Shecr

3nEt96
Pag3 4

SIE: 
'!OUDEN' Rail No. 605. I 850 may be used instead the sPecified.

o F l



CRAI{EDATA SFEET-I
(3-fnterferometer Version)

l. Location: LVEA Mid and End Stations

2. Number Required: Four (4)

3. TagNo.: W-MA-202-CR-01' inMd Station-A

W-MB-202-CR-01, in Md Station-B

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

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

4. Arrangement: Refer to Figures 4

5. Type: Electric, Single-Girder Under-Running

6. Number of Hoists: One(l)

7. Class: CMAA Class A

8. Capacity: 5-Ton

9. Span: 33'-6"

10. Height of Lift: 26'-6", true vertical lift

11. Bridge Travel Speed: Variable speed to 100 frrq maximum

12. Trolley Travel Speed: Variable speed to 75 fpnq ma;<imum

13. Hoisting Speed: Variable speed to i5 fpnr' maximum

14. Runway Rail: S l8 x 70 # (see Note below)

15. Runway Length: 57'-6", approximately

16. Control: Pendant, Traveling Tlpe

17. Electrification: Cable festooning or cable reel

18. Power Supply: 460-Volt,3-Phasg 60 Hertz

19. Environmental Condition: Indoor, Clean Roorn, Temperature: 72'F, Humidity:

40%RH

20. Special Requirements: Lighting fixtures attached to underside ofbridge

Data Sheet
3n8t96
Pryes oF 7

I NgE: 
"LouDEM'RailNo.505'1850mavbeusedinsteadthespecified'



9'-o'(END  FPRo^CH)

2'-o'
(sroE APFROACH
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(EN0

r'-0'(srDE APPR0ACH)

w-cs-105-cR-01 BRIDGE CRANE
w-cs-  103-cR-01

. ' - 0 ' ( s l oE

BRIOGE CRANE
w-cs-102-cR-01

(END
APPROACH)' 

l'-0' (510t APPRoTCH)

PLAN

NOTES:
il tirriss-urrcteo lRtAs REPTRESENT oltrtRtin cRANE H00l( covnroE lRtls. - -
i. oiirliiisroiri-iii iidri irl- cbxrnrcion sHArr vER€rFy ^[ BU[..otnG ^H0 cn^HE DruE]rsroNs.

FIGURE 1  -  CRANE ARRANGEMENT AND HOOK
LVEA CORNER STATION

[3- INTERFEROMETER VERSION]

COVERAGE

PG a"e7



7
.\l
zoar.d

EltlFU
J

otJL!.
arIJFzIr.)

zFU
I

ELJzE
.

IJ.J

FztrJ(,ze.ezo-(L

s
h

 
5

I 
lrl 

(t
<

=
 

L
rr

l
o

o
rJ

Z

t::l 
-

rJ
X

 
OLJz.Ic{

>
 

P
lz

 
e

E
:E

 A
5

 
i- 

tr
ia

?
;

9
d

rie
E

E
:-E

E
6

=
E

=
'

=
-.--d

=
 5B

E
Z

o
?

<
Z

L
) ^

<
9

=
d

ali;zr'
z

-
z

=
u

E
 :?

E
;E

9
 - r 

P
6

?

::f

E
tz

R
3

-



o

o

o

PLAN

NOTES:

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

ELEVATION

CONTRACTOR SHALL VEREIFY ALL EUILDING ANO CRANE
BE WITH OR WITHOUT TRUSSES PROVIOING MEETS THE

_ BRIDGE CRANE ARRANGEMENT
LVEA CORNER STATION

(3 -TNTERFEROMETER VERSION)

DIMENSIONS.
SPECIFIED DIMENSIONS.

2- (MrN)
- (rYP)

F IGURE 3

PG ?"r1



PLAN

r '-5'(TYP)

t ' -o '
(rYP)

2 ' ( M r N )

NOTES:

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

ELEVATION

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

DIMENSIONS.
SPECIFIED DIMENSIONS.

F IGURE 4  -  BR IDGE CRANE ARRANGEMENT
LVEA MID & END STATIONS P6 t"r7



Title: LIGO VACUUM EQUPMENT INSTALLATION AND COMMISSIONING- WASHINGTON SITE

ATTACHMENT ..C' SPEC. VO49-2-O2I

EQUIPMENT SUPPLIED BY THE BI.IYER
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 zupplied by the Buyer.
')C'= Item Tag No., see equipment location plans for building location.

WBSCX
WHAI\D(
WCPX
wcPx
wIPx
WGVX

WG\rX
wTcx
v0494-012
WRCX

aty. Estimated
Shipping

Weight Qbs.)
I0 15,000
13 9,000
2 9.800
5 5,800
12 1,200
I 7,200

Description

Beam Spliter Chamber
Horiz. Access Chamber
80K Cryopump - Long
80K Cryopump - Short
Main Icn Pump (2500 Vs)
44" Gate Valve

48" Gate Valve
Turbo Pump Cart Assy per Dwg. V049-4-011
Base Extsrsion-Turbo Cart
Roughing Pump Cart Assyper Dwg. V049-4-010
25 Vs lon Pump Support at Gate Vahes
75 Vs Ior PumpAy'alves-HAM
75 Vs Ion Pump/Valves-BSC
75 Vs lon Pump-Support/Manifold
6" Gate Valve w/ studs on botl sides
10" Gate Valve d studs cm bcfl sides
14" Gate Valve w/ studs on both sides
Clean Rcom Assy-BSC Style #l & 3
Clean Room Assy BSC Style #2
Clean Room Assy-HAM
Gowning Clean Room
Roughmg/Turbo Backmg Tubing Flex Hoses
50 CFM Back To Air Carts
200 CFM Back To Air Carts
Bake Out Blankets

Al[ Items Shown on Attachment 'I'

(NOTE: (8) 44" gate valves exrst installed by others)

94-707
94-054

v0494-077
v049-4-078

A

6
6
2
t2
t2
l 0
!

+

22
1 , )

5
I
I
f

8

2
lafer

8,700
1,300
500

3,300
50
100
150
150
.lu
100
350

5,500
5,400
4,500
1,500

)U

300
400
later

v0494-133
v0494-135
v049-4-136
v049-2-t57
v049-2401/002
v049-4-168
v0494-175
v049-2-009

ATTACHMENT
Number:

A v049-2421

Page _l_ of 2_



Title: LIGO VACIJUM EQUIPMENT INSTALLATION A].lD COMMISSIONING - WASHINGTON SITE

Item Description

LNr Tanls-14,000 Gal.
LN, Tanks-I7,260 Gal.
Ambient Vaporizer 25,000 SCFH
Ambient Vaporizer 10,000 SCFFI
50 CFM Compressor Skid
200 CFM Cornpressor Skid
Vacuum Jacketed LN2 Piping Run (One per LN2
Tank)

Qty. Estimated
ShiPPing

Weieltt0bs.)

LWDX
LWDX

5
2

6
A

2

41,000
47,000
2,200
600

2,000
6,700

NOTE: 1. Also see Attachment J -'Equipmmt Gror4ing for Shipping", for quantity,
shipping cover size, and est. weight of combined spools as shipped to the
slt€.

All ltems Shown on Attachment ".f'

ATTACHMENT

A vo49-2421



TitIE: LIGO VACUIIM EQIIIP, INSTALLATION AND COMMSSIONING - WASHINGTON STTE

ATTACHMENT"D

TO

v049-2-021

ELECTRICAL AND INSTRUMENT CONSTRUCTION WORK V049.2.022

ATTACHMENT
Number:

A v049-2-021





I ritle: SPECIFICATION FORELECTRICAL & INSTRUMENT CONSTRUCTION WORK

SPECIFICATION

FOR

ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

LIGO VACWM EQUIPMENT

Hanford. Washineton

PREPARED BY

ELECTRICAL

QUALITY ASSURANCE Al Bradbrook

TECHNICAL DIRXCTOR D. A. McWilliams

PROJECT MANAGER Richard Baelev

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. tt shall be
used only as required to respond to the specification requLements and shall not be disclosed to any other parry.

ffi

t 7 /

2 t //t*Aoh, /r# t-,-n kta,rA tuz ea'u{rftl.r-idyo )ga #alzo
't ww (ztz[sa 'REB pnr96 Released for Constr. RFQ per DEO #0377

0 DP 4t29t96 REB 4/?9/96 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 4/29196

APPROVED BY DATE
REB 4129196 A vo49-z-oz2

Number Rev

2
Page I of 15





ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

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

I CONSTRUGTION DOCUMENTS

l.l Specificationforlnstallation/Commissioning V049-2-021

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 others and required to be installed under this
Contract.

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

2.4 SUMMARY OF ELECTRICAL WORK

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

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

2.4.3 Install gages, switches, electronic transmitters, and other instruments; control cabinets; and
other equipment furnished by others (see - ATTACHMENT E: FLTRNISHED ELECTNCAL
E/'\I IIDI,TEAIT' I IQ''.).L t !vL  ) r rL1 \  r  L 'u '  J .

.4.4 Provide instrument airlgas tubing befween pneumatically operated devices and supply lines and
connections as indicated. Provide process tubing between electronic transmitters and process
points and connections as indicated.

.4.5 Field Tests

. Test power wiring for grounds and shorts.

o Test instrument and control wiring for point-to-point continuity, grounds, and shorts.

o Check instrument gas and process tubing for leaks.
. Field Calibrations

3 INTENT

3.1 Intent ofthe Drawings and Specification is to assist and guide the Contractor and to establish
minimum requirements.

3.2 Drawings indicate arrangement and approximate location of equipment. When necessary to
deviate from the arrangement indicated to meet structural conditions or to clear other worlg
inform PSI's representative ofproposed deviation before

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

A vo49-z-ozz

I

Page__!_of 15
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Title: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

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

3.4 All conllicts 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 DEFINTTIONS (ALSO SEE THE GENERAL CONDITIONS & THE NEC)

Bv Others Work not under this Contract.

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

PSI Process Systems International, Inc.

Indicated Shown or noted.

Install Place, secure, and connect.

Labeled Equipment marked with an identi&ing symbol authorized by a nationally
recognized testing company such as lIL, FM, ETL indicating sampie of
product has been tested and determined it complies with their safety standards.

Owner Califomia Institute of Technology and The US Government

Omer's Persons designated by Owner
Representative

Permitted As by code, Contract Documents, or PSI.

Provide Furnish and install.

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

submittal Informalion 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 Contract Documents.

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

Wiring Conductors, raceways, and accessories as requted for a complete installation.

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

A vo49-2-oz2
Page 4 of 15



ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMET{T CONSTRUCTION WORK

5 CODES, STANDARDS, AND PERMITS

5.1 Comply with authorities having legal jurisdiction and applicable pads of the latest (unless

otherwise required) publications by the following jurisdictions and organizations:

r Applicable federal, state, ald local codes.

. Federal Occupational Safety and Health Act (OSHA)

o American National Standards lnstitute, Inc. (ANSI)

r National Fire Protection Association (NFPA)

o Institute of Electrical and Electonics Engineers (IEEE)

. National Electrical Manufacturers Association (IIEMA)

r Insulated Cable Engineers Association (ICEA)

. Underwriter's Laboratories (JL), Factory Mutual Engineering Corp (FM), Electrical

Testing Laboratories, Inc. (ETL), 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 Anange and pay for necessary permits, licenses, inspections, and certificates applicable to the

performance of the Work. At conclusion of the Proj ect, deliver certificates of inspection to

PSI's representative.

6 LABELED EQUIPMENT

Provide labeled equipment and assemblies where recognized national testing company safety

standards exist.

7 INSTALLATION RESTRICTIONS

7 .l Do not cut structual members or walls without written acknowledgm.ent ftom the Owner

obtained via PSI's representative. AII wall penehations shall be through wall block-outs
provided bY others.

7 .2 Do not weld supports and equipment to building steel without written aclcrowledgment 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

B.l The manufacturer ofthe equipment specified is used as the basis of the design and to establish

quality required for this project. Unless no substitutions is stated, other manufacturers of

equivalent equipment may also be proposed by t}le Contractor.

8.2 The description following a catalog number is basically
to identify 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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ritle: SPECIFICATION FOR ELECTRICAL & INSTRITMENT CONSTRUCTION WORK

for accessories, options, and modifications which are beyond the cataloged product

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

details ofnecessary changes to accommodate substitutions. Submit samples if requested.

9 PROPOSEDEQUTPMENTSUBMITTALS

Before delivering equipment to the job site and installing it, 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 manufacturer's name with catalog or model number for each item.

9.2 Product Data: Where required by specification of the 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 of the product, submit shop drawings, drawn

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 information as previously described under

product data.

9.4 Mark submittals to clearly identiff proposed equipment including accessories, options, and

features and to exclude parts not appiicable to the Project.

9.5 Ifproposed equipment deviates from the Specification or Drawings, indicate those differences

and provide sufficient data to justiff 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 Submittals reviews by PSI does not relieve the contractor from the responsibility of complying
with the Specification and Drawings.

g.g Unless otherwise required, provide two copies of submittals and deliver to PSI's representative.

Where practicable submit all product data and shop drawings at one time. Arrange submittal 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 electrical 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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ritle: SPECIFICATION FOR ELECTRICAL & INSTRIIMENT CONSTRUCTION WORK

10.3 When temporary power is no longer required, remove that portion provided under this Contract.

1I RECORD DRAWNGS

11.1 At the site, maintain a set ofprints marking them to accurately reflect the actual installation
including changes in sizes, locations, dimensiors, and circuiting as the work progresses'

ll.2 On a daily basis, trace over the prints with a highlighter (tralsparent marker) to indicate work
hstalled. Make these prints available to Owner's and PSI's representative.

11.3 At completion ofproject, deliver marked prints to PSI's representative.

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:

12.1 MANLIFACTURERS: PW Industries, B-Line, or MP Husky.

12.2 TRAYS: NEMA VEl; chamel and ladder type trays as indicated; ladder 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 expansion joints and thermal expansion oftray in arnbient temperatue range ofOoC to
500c

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 frttings 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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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

12.7 INSTAILATION

12.7.1 Support horizontal and vertical trays by each side rail using hold-down glamps to prevent lateral

or vertical displacement. Provide support brackets, channels/sttuts, 3/g inch or larger 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 cable tray.

. \l&rere applicable, bond tray to building steel with u2 AWG copper conductol at two

locations.

. Bonding jumpers at expansion and adjustable fittings.

12.7 .3 At approximate 2O-foot intervals, identiff instrument, and control cable tray with vinyl, self-

adhesive signs with one inch high lettering oq similarly, with stencil and paint. Lettering shall

rcad 24VDC NSTRUMENT AND CONTROL.

12.7.4 At approximate lQ-foot intewals, identifu channel tray with high voltage, ion pruap wirhg with

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

Lettering shall read DANGER-HIGH VOLTAGE.

13 CONDUIT SYSTEMS
(ELECTRICAL RACEWAY OF CIRCULAR CROSS SECTION)

13.1 INTERMEDIATE METAL 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 conforming to ANSI

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

13.3 FLEXIBLE METAL CONDUIT (FMC): At connections to motols, transformers, and otler

vibrating equipment and instruments, provide thermoplastic covered, liquidtight FMC

conforming to UL 360 standard and fittings to best suit application.

13.4 ACCESSORIES:

13.4.1 Provide fittings to best suit each application.

13.4.2 Provide expansion fittings as required in accordance with manufacturefs recommendations to

accornnodate building expansionjoints indoors and thermal expansion of conduit in ambient

temperatue range ofOoC to 50oC. Where conduit system is discontinuous, provide bonding
jumper, #12 of larger conductor.

13.5 INSTALLATION:

13.5.1 Restrictions: Where practicable, keep instrument wiring at least 12 inches away from other

wiring and minimize paralleling instrument wiring witl power or control wiring'

13.5.2 Arraneement: Make raceway offsets and bends symmetrically and uniformly'

i 3.5.3 Sunports:

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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ritle: SPECFICATION FOR ELECTRICAI & INSTRIJMENT CONSTRUCTION WORK

. Where applicable and where two, three, or more conduits are routed together, provide
hapeze hangers made of3/8 inch minimum hanger rods and channels/struts with conduit
clamps.

. Support l-1l2 inch or larger suspended conduits with 3/8 inch minimum hanger rods with
conduit clamp.

. Provide supports as specified under SUPPORTS, Article22,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.

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

13.5.6 Flexible conduit connections:

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

. At equipment mormted on vibrating isolators, provide 90' bend in the FMC.

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

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

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

14 BOXES, CONDUIT BODIES, AND WREWAYS

14.I PULL AND SPLICE BO)GS:

i4.1.1 Where indicated and as required to install wiring without damaging insulation or strctching
conductors, provide galvanized or finished with gray baked enamel boxes with screw-on covers
unless otherwise required.

14. I .2 Where applicable, provide galvanized or finished with gray baked enamel box barriers to
maintain separation of wiring systems.

14.2 OUTLET AND JLINCTION BO)GS

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

74.2.2 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 ur ess
otherwise reouired.

S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMEI{T CONSTRUCTION WORK

14.3 CONDUIT BODIES:

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

14.3.2 At outdoor locations, provide gaskets.

14.4 WIREWAYS AND ATDilLIARY GUTTERS:

i4.4.1 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 barriers to
maintain separation of wiring systems.

14.5 ACCESSORIES: Provide fittines to best suit each aoolication.

14.6 INSTALLATION:

14.6.1 General requirements:

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

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

. Provide supports as specified under SUPPORTS, Article 22.

. When not accessing, close equipment to prevent rain, did, and debris frorn entering.

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

i4.6.3 Pull and splice boxes: Provide supports to prevent conductors from resting on removable
bottom covers.

14.6.4 Outlet and junction boxes: Rigidly fasten boxes directly to structuxe, to support channels/struts,
or in framed constructions to bar haneers.

15 w|RE AND CABLE

15.1 POWER WIRE (up tbrough 600 volts):

15.1.1 Provide r12 AWG or larger single; stranded copper; type THHN, THHN-THWN, THWN, or
XHHW conductors rated 90"C, 600 volts unless otherwise specified.

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

15.2 CONTROL WIRE (discrete signais):

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

L5.2.2 24 VDC: Provide *18 AWG or larger, stranded copper, S  P E C I F I C A T I O N

Page l0 ol 15



o
ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORJ(

multiconductor cables rated 90oC and 300 volts udess otherwise indicated.

15.3 INSTRUMENT WIRE (analog signals):

15.3.1 4-20mA: Provide ul8 AWG or larger, stranded copper, individually shielded twisted pairs,
single or multipair cables rated 90"C, 300 volts unless otherwise indicated.

15-3.2 Thermocouple: Provide #18 AWG single pair and u20 AWG muldpair ANSI type (as
indicated), solid thermocouple extension cable shielded, rated 105'C, 300 volts unless otherwise
indicated.

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

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

15.6 INSTAILATION:

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 Simgltaneously install conductors and multiconductor cables which occupy siune conduit .

15.6.4 Only cable manufacturer approved pulling lubricant shall be used.

15.6.5 Use woven cable grips.

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

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

15.6.8 Provide suffrcient wire length at each end ofpull to permit grouping and faining 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 See TESTNG, Article 23, p.14.

16 WIRING IDENTIFICATION

16.1 POWERWRE:

16.1.1 Color code single conductors as follows:

Line 208fi20V 4801277V
A Black Brown
B Red Orange
C Blue Yellow
N White GraY
G Green Green

16.1.2 Where applicable, color code conductors using one-inch
wide colored plastic adhesive tape wrapped with two full S P E C I F I C A T I O N
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tums.

16.1.3 Identift 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 WRE:

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

16.2.2 Tag each spare cable end with unique idenlification.

16.2.3 Use printed sleeve markers.

16.3 SUBMITTALS: Provide product data of printed sleeve markers.

17 WIRING TERMINATIONS

17.I POWERWIRE:

17.1.1 Splices:

. nl0 AWG and smaller conductors, provide insulated spring connectors.

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

17.1.2 Terminations:

. #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.

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

17.1.3 Motor Leads: To connect to motor leads, use split-bolt 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 of the conductor.

I 7. 1 .4 Where applicable, tighten screw lvpe hardware in accordance with manufacturer's published
torque values. Ifnot available, comply with UL 4864' standards.

17.2 INSTRUMENT AND CONTROL WIRE:

17.2.1 Atinstunent end of cable, strip and cutoff shielding back to edge of overall jacket. Then wrap
two firll tums of electrical plastic tape or placed heat shrinkable insulating sleeve half on
conductors and half on overall jacket . At other end of cable, secue 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 CoiI, insulate, and label ends of spare conductors.

17.2.3 Remove insulation from ends of conductors using mechanical or electric heat type stripper.

18 WIRING DEVICES

Provide devices as indicted on the Drawinqs.

19 GROUNDING

L9.l EQTIIPMENT GROUNDING: Bond each end of equipment grounding conductors to ttre
grounding bushing, the grounding bus, grounding lug, or the enclosure, respectively.

19.2 GROLINDINGCONNECTIONS:

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

Completely remove paint, dirt, and corrosion down to bare metal at connection areas'

20 TNSTRUMENT AIR/GAS AND PROCESS TUBING

Where indicated, provide the following:

20.I INSTRIIMENT AIR/GAS TUBING: Provide 1/a inch, type L, or larger copper tubing, brass
compression connectors, and copper clips (Design: 200PSI @ -20F - +150F).

20.2 PROCESS TUBING: Provide 3/s inch, 0.035 WT, or larger 304 stainless steel, seanrless tubing,
stainless steel compression comectors, and stainless steel clips

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

20.4 SUBMITTALS: Provide product data of tubing and accessories.

21 EQUIPMENTFURNISHEDBYOTHERS
(SEE - ATTACHMENT 8; FUR^TISHED EL ECTRICAL EQUTPMENT UST)

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

21.2 Set equipment in place and bolt free standing equipment to floor as specified under
SUPPORTS. Article 22.

21.3 Make power, instrument, and conlrol wiring and tubing connections as indicated.

21.4 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

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

22.2 Fasten equipment and supports with corrosion resistant hardware.

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

22.4 Fabricate supports ftom structural steel or steel channels/struts rigidly welded or bolted. Paint

cut ends of supports with rust inhibitor matching existing finish.

225 Secure free-standing equipment to concrete pad or floor with 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 V2 inch or

larger toggle bolts.

23 TESTING

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

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

?3.3 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 Provide written 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 WIRE TESTING:

23.4.1 Check point-to-point continuity ofeach conductor to ensure that wiring is intact and terminated

at the proper place at both ends. After wiring has been terminated,

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

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

3. check conductor continuitY;

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

5. with highlighter, mark widng diagram or schedule to indicate that wire and connection has

been veri{ied; and

6, proceed to next conductor.

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

comection has been verified. Make these sheets available to owner's and PSI's

represeffa ves.

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:

23.5.1 Before connecting, measure motor winding resistance and ground resistance.

23.5.2 PSI will test each t}ree-phase motor for proper rotary direction. Where necessary, correct

circuit connections per PSI's representative'

23.6 RECEPTACLES TESTING: PSI will test polarity and grounding of each receptacle device

used with equipment furnished under this Work. Where necessary, correct circuit connections

per PSI's rePresentative.

23.7 INSTRIMENT GAS AND PROCESS TUBING TESTING:

23.7.1 Check tubing and connectors for leaks.

23:1 .2 PSt will check gas operated valves for proper opening and ciosing or positioning of

pneumaticallY oPerated device.

23.7.3 Make repairs as necessary and retest.

23.8 VALVES TESTING:

23.8.1 Valve cycling to verif 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. 1 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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4!]@ENI.g
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

Y049.3.002 OVERAIL SITE PLAN

VO49-3-101 INSTRI'I4ENTPLAN-VERTEXSECTION

VO49-3-IO2 INSTRLMENT PLAN-LEFT BEAM MANIFOLD SECTION

V049.3-103 INSTRI.IMENTPLAN-RIGHTBEAM MANIFOLD SECTION

V049.3-104 INSTRI'MENTPLAN-DIAGONAL SECTION

VO49-3-106 CABLE TRAY PLAN-VERTEX SECTION

VO49-3-107 CABLE TRAY PLAN-LEFT BEAM MAMFOLD SECTION

V049.3-108 CABLE TRAY PLAN-RIGHT BEAM MANIFOLD SECTION

VO49-3-109 CABLETRAYPLAN-DIAGONALSECTION

VO49-3-110 CABLETRAYDETAILS-CORNERSTATION

VO49-3-111 INSTRUMENT,ELECTRICAIPLAN-VERTEXSECTION

V049-3-112 INSTRUMENT/ELECTRICAL PLAN-LEFT BEAM I\,ANIFOLD SECTION

VO49-3-1 13 INSTRUMENT/ELECTRICAL PLAN-RIGFIT BEAM MAMFOLD SECTION

VO49-3-114 INSTRUMENT,ELECTRICALPLAN-DIAGONAI SECTION

VO49-3-116 POWERPLAN-VERTEXSECTION

YO49-3-117 POWERPLAN-LEFTBEAMMANIFOLD SECTION

VO49-3-i 18 POWER PLAN-RIGHT BEAM MANIFOLD SECTION

VO49-3-119 POWERPLAN-DIAGONAL SECTION

V049.3-120 DISTRIBUTIONSYSTEMFEEDERSCHEDULE

Y049.3-123 CDS INTERFACEDIAGRAM_--CORNERSTATION

VO49-3-124 CONDLIT STUB-IIP PLAN-CORNER STATION

VO49-3-125 VACUUM CART INTERTACE PLAN_-€ORNER STATION

VO49-3.127 DATA HIGHWAY PLAN- VERTEX STATION

V049.3.128 DATA HIGHWAY PLAN-LEFT BEAM MAMFOLD STATION

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

VO49-3-T29 DATA HIGHWAY PLAN_ RIGHT BEAM MAMFOLD STATION

VO49-3.130 DATAHIGHWAYPLAN-DIAGONAL STATION

VO49-3-13I DATAHiGHWAYINTERCONNECTDIAGRAM-CORNER STATION

VO49-3-i33 GROIINDING PLAN - VERTEX SECTION

VO49-3-134 GROI.]NDING PLAN - LEFT BEAM MAMFOLD

VO49-3-135 GROI.INDING PLAN - RIGHT BEAM MANIFOLD

VO49-3-136 GRO1INDING PLAN - DIAGONAL SECTION

VO49-3-2OI INSTRUMENT PLAN-LEFT MID STATION

VO49-3-202 CABLE TRAY PLAN-LEFT MID STATION

VO49-3-203 INSTRTIMENT/ELECTzuCALPLAN_LEFTMID STATION

V049.3.204 POWER PLAN-LEFT MID STATION

VO49-3-205 CONDUIT STUB-UP PLAN. LEFT MID STATION

YO49-3-206 VACUUM CARTINTERI'ACE PLAN-LEFTMID STATION

VO49-3-208 CDS INTERFACE DIAGRAM-LEFT MID STATION

VO49-3-209 GROLTNDING PLAN-LEFTMID STATION

V049.3.301 INSTRUMENT PLAN-RIGHT MID STATION

VO49-3-302 CABLE TRAY PLAN-RIGHT MID STATION

VO49-3-303 INSTRUMENT/ELECTRICAL PLAN-RIGHTMID STATION

VO49-3.304 POWER PLAN-RIGHT MID STATION

VO49-3-305 CONDIIIT STUB-UP PLAN-RIGHT MID STATION

VO49-3-306 VACUTIM CART INTERFACE PLAN-RIGHT MID STATION

V049.3.308 CDS INTERFACE DIAGRAM-RIGHT MID STATION

VO49-3.309 GROIJ}IDINGPLAN_RIGHTMID STATION

VO49-3-401 INSTRUMENT PLAN-LEFT END STATiON

V049.3402 CABLETRAYPLAN-LEFTENDSTATION

VO49-3-403 INSTRUMENT/ELECTRICAIPLAN-LEFTEND STATION

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

V049.3.404 POWERPLAN-LEFTENDSTATION

VO49-3-405 CONDUIT STUB.UP PLAN. LEFT END STATION

VO49-3-406 VACI.ruM CARTINTERFACE PLAN-LEFTEND STATION

VO49-3-408 CDS INTERIACE DIAGRAM-LEFT END STATION

V049.3-409 GROI.INDINGPLAN-LEFTEND STATION

V049.3-501 INSTRUMENTPLAN-RIGI{TENDSTATION

V049.3.502 CABLE TRAY PLAN-RIGHT END STATION

VO49-3-503 iNSTRUMENTIELECTRICALPLAN-RIGHT END STATION

VO49-3-504 POWER PLAN-RICHT END STATION

VO49-3-505 CONDUIT STUB-UP PLAN-RIGHT END STATION

VO49-3-506 VACUUM CART INTERFACE PLAN_RIGHT END STATION G SMETS)

V049.3-508 CDS INTERFACE DIAGRAM-RIGHT END STATION

V049.3-509 GROTINDING PLAN-RIGHT END STATION

A T T A C H M E N T  " A ' '
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Title: 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-OO1 GENERALNOTES&LEGEND

VO49-3-OO6 ELECTRICAIINSTALLATIONDETAILS

VO49-3-OO7 INSTRLIMENTELECTRICAIINSTAILATIONDETAILS

VO49-3-OO8 INSTRUMENTINSTALLATIONDETAILS

VO49-3-OO9 GROI]NDING 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)

VO49-3-I2I PNL-IOOA&IOOBASSEMBLY

V049.3-122 PNL.IOOA & lOOB W]RING DIAGRAM

VO49-3-207 PNL-2OO WIRING DIAGRAM

VO49-3.307 PNL.3OO W]RING DIAGRAM

YO49-3407 PNL-4OO MRING DIAGRAM

VO49-3-507 PNL-5OO MRING DIAGRAM

* 
R.f"r-rr". drawings, used by others to fabricate
equ ipment ,  a re  fu . rn ished to  supp len len t
ins taL la t ion  de ta i l s  and ind ica te  w i r ing
term.inat.ions. A T T A C H M E N T  " A "

A vo49-2-ozz
Page 4 ol 1l



TitIE: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

AI@UENUE
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

d, TNSTRUMENT rAG/EQIIPMExI trIsIgIlIION
I/ INDICATES VACUUM ENYIRONMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SHEET)

CRYOPUMP WCPI FLOW INDICATOR (V049-3-102)

CRYOPUMP WCP2 FLOW INDICATOR (V049.3-IO3)

CRYOPUMP WCP3 FLOW INDICATOR (V049-3-201)

CRYOPUMP WCP4 FLOW INDICATOR (V049-3-201)

CRYOPUMP WCP5 FLOW INDICATOR (V049-3-301)

CRYOPUMP WCP6 FLOW INDICATOR (V049-3-301)

CRYOPUMP WCPT FLOW INDICATOR (V049-3-401)

CRYOPUMP WCP8 FLOW INDICATOR (V049-3-s01)

CRYOPLMP WCPI LE\TL TRANSMITTER* (V049-3- 102)

CRYOPI.JMP WCPI DEWAR LEVEL TRANSMITTER* 1VO+E-:-IOZ;

CRYOPLMP WCPz LEVEL TRANSMITTER* (vO+g-l-tol)

CRYOPUMP WCP2 DEWAR LEVEL TRANSMITTER* (V049-3 - I 03)

CRYOPUMP WCP3 LEVEL TRANSMITTER* (V049-3-201)

CRYOPUMP WCP3 DEWAR LE\EL TRANSMITTER- (V049-3.201)

CRYOPLIMP WCP4 LEVEL TRANSMITTER* (V049-3-201)

CRYOPUMP WCP4 DEWAR LEVEL TRANSMITTER- (V049.3.201)

CRYOPUMP WCP5 LEVEL TRANSMITTER* ry049.3.301)

CRYOPIMP WCPs DEWAR LEVEL TRANSMITTER+ 0/049-3-301)

CRYOPLMP WCP6 LEVEL TRANSMITTER* ff049-3-301)

CRYOPUMP WCP6 DEWAR LEVEL TRANSMITTER,i (V049-3-30 1 )

CRYOPIJMP WCPT LEVEL TRANSMITTER* (VO+S-:-+Ot)

CRYOPUMP WCPT DEWAR LEVEL TRANSMITTER* IVO+9.3-+OI;

'  
Furn ished w i th  accessor ies .

I

2

3

4

5

o

'l

8

9

1 0

l 1

t2

13

L +

1 5

I t )

1 7

1 8

1 9

20

21

22

FI- 104

FI- 154

Fr-204

Ft-254

II-304

FI-354

Ft-404

FI-504

LT-100

LT-105

LT-150

LT-155

LT-200

LT-205

LT-250

LT-2s5

LT-300

LT-305

LT-350

LT-355

LT-400

LT-405

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

Number

A vo49-2-022
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMEI{T CONSTRUCTION WORK

6' ITEM

€ TNSTRUMENT r{G4laqNllll n4ggYIIoI
,F Z INDICATES VACT'UM ENVIROI{MENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWING/SIIEET)

ZJ

24

.1,t

zo

27

28

29

30

. ) l

- ) J

J +

35

36

3 8

39

40

4 l

42

43

LT-500

LT-505

PNL-1OOA

PNL-1OOB

PNL-2OO

PNL-3OO

PNL-4OO

PNL-5OO

PT-101

PT-151

PT-201

PT-251

PT-30i

PT-351

PT-401

PT-501

TE-103A, 1024,
l02B

TE-1s3A, 152A,
1528
'tE-203A,2024,

2028

TE-253A,2524,
2528

TE-303A,302A,
3028

CRYOPUMP WCPS LEVEL TRANSMITTER* Cr'049.3.50i)

CRYOPUMP WCPS DEWAR LEVEL TRANSMITTER+ (v049-3-501)

coRNER STATION ION CONTROLLER PANEL (V049-3-l 16)

coRNER STATION ION CONTROLLER PANEL (V049-3-1 16)

LEFT MID STATION ION CONTROLLER PANEL (V049.3-204)

RIGHT MID STATION ION CONTROLLER PANEL (V049-3.304)

LEFT END STANON ION CONTROLLER PANEL (V049.3-404)

RIGHT END STATION ION CONTROLLER PANEL (V049.3-504)

CRYOPLMP WCPI PRESSURE TRANSMITTER* N049.3-1A2)

CRYOPT,MP WCP2 PRESSURE TRANSMITTER' (V049-3- 103)

CRYOPTMP WCP3 PRESSURE TRANSMITTER+ ry049.3.20I)

CRYOPUMP WCP4 PRESSURE TRANSMITTER+ ry049-3-201)

CRYOPUMP WCP5 PRESSURE TRANSMITTER* ry049-3-301)

CRYOPUMP WCP6 PRESSTJRE TRANSMITTER* ry049-3-301)

CRYOPUMP WCPT PRESSURE TRANSMITTER+ ry049-3-401)

CRYOPUMP WCPS PRES SttRE TRANSMITTER' (V049-3- 50 1 )

CRYOPUMP WCPI TTIERMOCOUPLE (V049-3- I 02)

CRYOPUMP WCP2 THERMOCOUPLE (V049-3-103)

CRYOPUMP WCP3 TIIERMOCOI.JPLE (V049-3.201)

CRYOPUMP WCP4 TIIERMOCOUPLE (V049-3.201)

CRYOPUMP WCPs TTIERMOCOLPLE (V049-3-30 i )

'  
Furn lshed w i th  acces  s  o r i  es

A T T A G H M E N T  " B '
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

ITEM

J. INSTRUMENTTAG/EQUIPMENTDESIGNATION

.- I/INDICATES VACWM EI\TVIRONMENT LOCATION

6 DESCRIPTION (INDICATED ON DRAWINGiSIIEET)

TE-353n.,3524,
3528

TE-4034,4024,
4028

TE-503A,502A,
5028

CRVOPUMP WCP6 T1IERMOCOUPLE (V049-3-301)

CRYOPUMP WCPT TI{ERMOCOIJPLE CV049-3-401)

CRYOPLMP WCPS TIIERMOCOUPLE (V049-3-50 l)

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

A vo49-z-022
Page ..-,3_ of 3



TitIC: SPECIFICATION FORELECTRICAL & INSTRUMENT CONSTRUCTION WORJ(

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 and

listed below:

1. Equipment substitutions (Article 8'3. paee 6)

Submit proposed substitutions PSI's representative for acceptance. With submittal, provide details of

necessary changes to accommodate substitutions. Submit samples if requested'

2. List of oroposed eouipment (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- Include

manufacturer's name with catalog or model number for each item.

3. Cable trav (Article 12'6. paqe 7)

Product data of each cable tray component.
Shop drawings of support systems.

4. Wire and cable (Article 15.5. pase 11)

Product data of each wire and cabie.

5. Wirine identification (Article 16.3. page 12)

Product data ofprinted sleeve markers.

6. Instrument airisas and orocess tubing-(Article 20.4. oase 13)

Product data of tubing and accessories.

7. Testine (Article 23.3.2. paee 14)

Written test report listing resistance by feeder and branch circuit.

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

A vo49-2-oz2
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Tit|e: LIGO VACULM EQUIP INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "E"

TO

v04v2-021
FINAL DESIGN REPORT VOLUME IV INSTALLATION/COMMISSIONING

v049-1-100

"SHIPPED LOOSE"

ATTACHMENT

A v049-2-{r2l



TitIC: LIGO VACUT.]M EQI]IP, INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT "F"

TO

Y049-2-021

PSI WASHINGTON SITE DRAWING PACKAGE

(DRAWINGS SHIPPED LOOSE'
See Attachment "A ' of Spec. Vo49-2-021 for Drawing List

For the latest drawing revision lwels see the latest revision of drawing V049-0-000

ATTACHMENT
Numben

A vo49-2421



TitIE: LIGO VACTJIIM EQIIIP. INSTALLATION AND COMMISSIONING. WASHINGTON SITE

ATTACHMENT '6GII

TO
Y049-2-n2r

LIGO BUILDING DRAWING PACKAGE

"DRAWINGS SHIPPED LOOSE"

( 31 Sheets Totat )

ATTACHMENT
Number:

A v049-2-{t21



Title: LIGO VACUUM EQLIIP INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT"H'

TO

vo49-2-021

VENDOR EQUIPMENT DRAWING PACKAGE

"DRAWINGS SHIPPED LOOSE"
(List anached)

ATTACHMENT
Number:

A vo49-2421



TitIE: LIGO VACIJUM EQtnP. INSTALLATION AND COMMISSIONING - WASHINGTON SITE

ATTACEMENT "H"

SPEC. V049-2-021

VENDOR DRAWINGS LIST

Description

50 CFM Compressor

200 CFM Compressor

44" Gate Valve - Assembly
G44 Pneumatic

DrawingNo.

x-156

KACI34I

104065

104063

D-4526-l

D4507

v049-4-012

D-4508

103849

v049-4-043

03.649239
Sketch
03.649218

LI 2l-08lD

u211738

- Document
Kev,

5lze

A-8 B

D C

B A

CampbelllPower Ex.

Rodgers

GNB

GNB

Edwards

Edwards

PSI

Edwards

GNB

PSI

Varian
Varian
Varian

Varian

Varian

Vendor

l .

a

{

4. 44" Gate Valve - Assernbly
G44 Electric

5, GA Roughing Pump Cart

Main Turbo Cart

Base Extension - Turbo Cart

Aux, Turbo Pump Cart

48" Gate Valve - Assembly
G48ESB

10. Pipe Bridge

ll. Ion Pumps:
2500 US
75 LIS
25LtS

12. 6" Gate Valve

13. 10" Gate Valve

B A

D

D

D

D

A

B

:

7.

8.

9.

ATTACHMENT
Number:

A vo49-2421

Page _l_ of_2_



Title: LIGO vACUtIJvIEQUIP. INSTALLATIONAND COMMISSIONING- WASHINGTON SITE

Description Drawing No. Rev. 
Document vendor

14. 14" Gate Valve I'i2lL70C -- A Varian

15. LNr Tanks - Outline CS-12004, 2 Sheets 4 C Process Engineering

15A. LNu Tank - Ext. Piping D45682 3 D Process Engineering
Asqy.

16. Ambient Vaporizer FIN-A-005 FINNCO
2sN3oF (2s,000 scFrD

17. Ambient Vaporizer FIN-A-2O FINNCO
i0A/12F (10,000 scFFD

18. Regen. Heater- 14 kW V049-4-176 I B PSI

19. Reeen. Heater-28 kW VO49-4-177 I B PSI

. LN, Vacuum Jacketed 303250-5001 0 D PSI
Piping

21. 200 CFM Air Filter 53-01079 A A l]ltra Filter

22. 50 CFM Air Filter Catalos -- A ljltra Filter

23. Fisher-Rosemount Pressure PSI Doc.
Relief Valves & Pressure #V049-8-673
Regulators 42 Pages

24. Burst Disk Assembly 48-6759 A C Hydrodyne

ATTAGHMENT

A v049-2-O2l



TitIE: LIGO VACTITJM EQTIIP. INSTALLATION AND COMMSSIONING- WASHINGTON SITE

ATTACHMENT "I'

TO

v049-2-021

CARBON STEEL SUPPORTS SIJPPLIED BY THE BUYER

PSI Part No. I)escrintion Washin ston Ofv

V049-4-A7AP37 Beam Manifold Spool 4
V049-4-A7BP37 Beam Manifold Soool 4
v049-4-B1Pl7 Beam Manifold Soool 4

v049-4-B2AP17 Beam Manifold Spool 2
V049-4-B2AP18 Beam Manifold Spool 2
V049-4-B2BPl7 Beam Manifold Soool 2
V049-4-B2BP18 Beam Manifold Spool 2
v049-4-B3AP17 Beam Manifold Soool 2
v049-4-B3AP18 Beam Manifold Spool 2

v049-4-B5AP17 Beam Manifold Soool 2
v049'4-B5AP18 Beam Manifold Spool )

v049-4-86P7 Beam Manifold Soool ')

v049-4-87P7 Beam Manifold Spool )

v049-4-B9P12 Beam Manifold Soool
v049-4-B9Pl3 Beam Manifold Spool
v049-4-BE5P9 Beam Manifold Soool 2
v049-4-BE6P9 Beam Manifold Spool 2

v049-4-140 80K Crvooumo-Lone I
a

v049-4-14l 80K Crvopump-Short l2
v049-4-012 Turbo Pump Cart Base 6

ATTACHMENT

A v049-2-{r21
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Tit|e: LIG0 VACIJLIM EQTJIP, INSTALLATION AND COMMSSIONING _ WASHINGTON SITE

ATTACHMENT*J"

EQUIPMENT GROUPING FOR SHIPPING

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

lAil BSC's - see drawings V0 49-4-302 thru 305 for door/shipping cover configurations.
NOTE: BSC'S are shioped horozontal on a structural steel skid.

Total shipping'weight ofvessel plus skid = 20,000 lbs.

All HAM's - NOTE: 4 HAMs are shipped with I permanent cover and 1 shipping cover
8 HAMs are shipped with 2 shipping covers.
Est. ship wt. of (1) HAM = 9,000 lbs.

B. The following pieces of equipment will be shipped fulty 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.l Corner Station

The following spools will be shipped assembled as one piece.

Item No. & Sz of Shipping Coven Est Total ship weight

WAIzA B4A (l) 60"x (1) 48" shiDDine coverc 2700 lbs.
WAI2B. B4B (l) 60"x (1) 48" shiooins coveF 2600 lbs.
wB6. A6 (l) 60"x (1) 48" shipoins covers 3650 lb6.
wB7. 46 (l) 60"x (l) 48" shipuhq covers 3 700 lb's.
WA15A&B. (2) SeBrate Dieces (1) 60"x (1) 48" sbipping covers 2400 lb6.
WA3A&8. (2) SeDarate Dieces (l) 60"x (l) 4E" shiooins cwers 2400 lb6.
WB-5A (2) 60" shiDDins covers 6800 lb6.
WBE-3B (2) 60" shiDDins cove6 2,t00 lbs.
WB-3A (2) 60'' shippins covers 6600 lb6.
WBE-3AI (2) 60" shiDDins covers 2400 lb6.
WB.2A (2) 60" shiDoins covers 6800 lb's.
WBE-3A2 (2) 60" shiooine covers 2400 lb's.
WB-2B (2) 60" shiDDina covers 6800 lbs.
wBE-3C (2) 60" shiDpins covers 2400 Ib6.
WCPI. BE-4A [ons) 80K (2) ,K" shipping covers 12000 lb6.
WCPz. BE4B Gons) 80K (2) 44" shippins coven 12.000 lbs.
WAI3A. B8A. BTA (l) 72"x (l) 60" shiooine covers 7400 lb6.

ATTACHMENT
Number

A v049-2-,021

Page_l_of 8_



TitIC: LIGO VACIJUM EQTJIP. INSTALLATION AND COMMSSIONING - WASHINGTON SITE

ATTACEMENT"J'

EQUIPMENT GROUPING FOR SEIPPING {Cont'd)

8.2 Each Md Station - 2 Required as shown

8.3 Each End Station - 2 Reouired as shown

C. The following BSC's will require relocation of one 60" cover from its shipping position to the
operating position as shown on DrawingsY049-4-302,303, 304, & 305.

wBscl, wBSc3, wBscs, wBsc6, wBscg, wBsc10

WAI38. B8B, BIB (l) 72"x (l) 60" shiDDins covers 7400 lbs.
WBE.5 (21 72" shiminc covers 9000 lbs.
WBE{ (2) 72" shiooine covem 9000 lb6,
WB-94" WA1A (1) 72"x (l) 44" shinoins covers 10.500 lbs.
WB,gB. WAIB (1'l72"x (l\ 44" shiroins coverc 10.500 lk.
WBE-2A (2) 60" shiDDins covers 1700 lb6.
WBE-28 (2) 60" shipping covers l700lb's.
BSC'S & HAM'S s€e item "A' Abore

Item No. & Sa of Shipping Covers EsL Total Ship Weight

Short Cryopump A WBE-4 (2) 44" shipping covers 9000 lbs.
Short Cryopump B, WBE-4 (2) 44" shippins covers 9000 lbs.
wAr,A-7 (I) 4c'X (1) 60" shipping

covers
6500 lbs.

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

1800 lbs.

BSC (2) 60" shippins covers I5,000 lbs.

Item No. & Sz of Shiuoine Covers EsL Totsl Ship weight
Short Cryopump. WBE-4 (2) 44" shippine covers 9000 lbs.
wAr, A-7 (1) 44" x (1) 60" shipping

covers
6500 lbs.

BSC ( 1) 60" Shippine cover 15.000 lbs.

ATTACHMENT
Number:

A v049-2-021

Page ]_of 8_



TitIC: LIGO VACIJUM EQI.NP. INSTALLATION AND COMMISSIONING- WASHINGTON SITE

D, ln addition to the above equipment, the following truck loads will be shipped to the site:

1. 12 Shipping crates (valves, instrs., 3,500 lbs 4'x4'x4'E,a.

ion pumps, blankets, o-rings each

(COMMON CARRIER TRUCK).

2. I Truckload ofvac. pump equip. air 20,000 lbs 7'Wx8'IIx30'Lg.

compr + misc, items (airridg closed total

trailer).

3. I Truckload misc. equip. (ainide, 20,000 lbs 7'Wx8'FIx40'Lg.

closed trailer). total

4. I Return trip from Flandord., WA 28,000 lbs I l'-6"\ilx9'I{x30' 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 PSI

ATTACHMENT
Numben

A vo49-2421
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TitIE: LIGO VACIJUM EQT]IP. INSTALLATTON AND COMMISSIONING - WASHINGTON SITE

ATTACHMENT*J'
TO

vo49-2-021

LIGO Equipment Installation and Shipping Data

Washington Corner Station:

Tag No.

WBSC 1
WBSC 2
WBSC 3
WBSC 4
wBsc 7
\4tsSC 8

WIIAM I
W}IAM 2
WHAM3
WHAM4

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.

12000 lbs.
12000 lbs.

5

Shp.Dim. Onsite Date

1 I ft.6 in,Wxl 1 ft.6 in.EIx22 ft.6 in.L Per P.O.
1 I ft.6 in.\\'xl I ft.6 in.Hx22 ft.6 in.L
11 ft.6 in.Wxl I ft.6 in.I{x22 ft.6 in.L
11 ft.6 in.Wxll ft.6lra.11x22 ft.6 in.L
11 ft.6 in.Wxll ft.6 in.Fk22 ft,6 in.L
I 1 ft,6 in.Wxl l ft.6 in.lk22 ft,6 in.L

10f t .Wxgf t .Hx9f t .L
l 0 f t .Wx9 f tHx9 f t . L
10f t .Wx9f t .Hx9f t .L
l 0 f t ,Wx9 f t .Hx9 f 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 f t .Wx9 f t .Hx9 f 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

89 in. OD x 21 ft.L
89 in. OD x 21 ft.L

WHAM6
W}IAM 7
WHAMS
WI{AM 9
WHAM 10
WHAM II
WIIAM 12
WHAM Spare

WCP 1AVBE-4A
WCP 2AVBE-4B

wcv 1
WGV2
wcv3
wcv4
WGV5
wcvT

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
Shipped to site by vendor

ATTACHMENT

A vo4s-2421
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Title: LIGO VACUUM EQUIP. INSTALLATION AND COMMISSIONING- WASHINGTON SITE

ashington Corner Station:

Tag No.

wB-gA/WA-1A
wB-gBAilA-lB
WBE.5
WBE-6
WBE-2A
WBE-28
WBE-3A1
WB-2A
WB-2B
WB-3A
WB-5A
wA-l3A/WB-8A/
WB-1A
wA-13BAMB-88/
WB-IB
WBE-3A,2
WBE-3B

A-I54.

Shp.Wt.

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
1800 lbs.
1800 lbs.
2500 lbs.
2500 lbs.
2500 lbs.

46500 lbs,
46500 lbs.

Shp.Dim

80 in. OD x 39 ft.L
80 in. OD x 39 ft.L
80 in. OD x 34 ft.L
80 in. OD x 34 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 x 2l ft.L

80 in. OD x 2l 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 11 ft.6in. L
69 in, OD x 11 ft.6in. L
69 in. OD x 9 ft.6in. L
69 in. OD x 9 ft.6in. 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
73 in. OD x 4 ft.L
73 in. OD x 4 ft.L

l 0 f t . d i a . X 4 6 f t L
10ft. dia. X46ft.L

Onsite Date

Per P.O.

wA-158
WA-3A
WA-3B
wB-74ilA-64
WB-6^ilA-68
wA-12A \ts-4A
WA-12BAMB-4B
WBE-2A
WBE-28
WBE-3A1
WBE-342
wBE-3C

wDw l
wDw2

ATTACHMENT
Number:

A v049-2421

Page _5_ of J_



Title: LIGO VACUUM EQLIIP. INSTALLATION AND COMMSSIONING- WASHINGTON SITE

Washington Corner Station:

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

WIPl  1400 |bs.  4 f t .Lx4f t .Lx4f t .W PerP.O
WIP2 1400 lbs.  4&. .Lx4f t .Lx4f t .W
WIP3  1400  l bs .  4 f t . Lx4 f t . Lx4 f t .W
WIP4  1400  l bs .  4 f t . Lx4 f t . Lx4 f t .W
WIP5  1400  l bs .  4 f t . Lx4 f t . Lx4 f t .W
WIP6 1400 lbs,  4 f t .Lx4f t .Lx4f t .W
WIPT 1400 lbs.  4 f t . .Lx4f t .Lx4f t .W
WIPS 1400 lbs.  4 f t .Lx4f t .Lx4f t .W
2ea, HAM Clean Rms. 3000 lbs. 13 ft.4in.W x 16 ft.9in.L x 6 ft.sin.H
6 in. gate valves
l0 in. gate valves

Washington Left Mid Station:

Tag No. Shipping Weight Shipping Dimensions Onsite Date

SC 6 20000 lbs. 1lft.6in.Wx I 1ft.6 in.H x 22ft.6in.L Per P.O

3AilBE-4D 9000 1bs, 89 in. OD x13 ft,L
WCP 4AVBE-4F 9000 lbs, 89 in. OD xl3 ft,L

WA-7B1AilA-1D 6500 lbs. 80 in, OD x 19 ft.L
WA-14B 1800 lbs. 52 in. OD x 7 ft.3 in.L

WGV 10 Shipped to site by vendor
WGV 1l Shipped to site by vendor

W I P 9  1 4 0 0  l b s .  4 f t . L x 4 f t . L x 4 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

3 ea. 10 in. gate valves
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Title: LIGo VACUUMEQUIP, INSTALLATION AND COMMISSIONING- WASHINGTON SITE

ashington l*ft End Station:

Tag No

wBscv 10

WCP 7/TVBE-4H

wA-782 ilA-1F

WGV 18

wDwT

wP 11

2 ea. 10 in. gate valves

Washington Righr Mid Strtion:

Shipping Weight Shipping Dimensions Onsite Date

20000 lbs. l1ft.6in,Wx 11ft.6 in.H x 22ft.6in.L Per P.O.

9000 lbs. 89 in, OD xl3 ft.L

6500 lbs. 80 in. OD x 19 ft.L

Shipped to site by vendor

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

1400 lbs. 4 f t , L x 4  f t . L x 4 f t .  W

ag No,

WBSC 5

WCP 5AVBE-4C
WCP 6AMBE-4E

WA-7AAMA-1C
wA-i4A

wDw5
wDw6

wcv 14
WGV 15

wIP 10

Shipping Weight

20000 lbs.

9000 lbs.
9000 lbs

6500 lbs.
1800 lbs,

Shipping Dimensions Onsite Date

11ft,6in.Wx|lft6n.Hx22ft.6n.L PerP.O.

89 in. OD x13 ft.L
89 in. OD x13 ft.L

80 in. OD x 19 ft.L
52 in. OD x 7 ft.3 in.L

40400 lbs, l0 ft. dia. X 40 ft.L
40400 lbs, 10 ft. dia. X 40 ft.L

Shipped to site by vendor
Shipped to site by vendor

1400 lbs, 4 f t . L x 4 f t . L x 4 f t . W

3 ea. l0 in, sate valves ATTACHMENT
Number:
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Title: LIGO VACUTM EQI.IIP. INSTALLATION AND COMMSSIONING- WASHINGTON SITE

asbington Right End Station:

Tag No, Shipping Weight Shipping Dimensions Onsite Date

WBSC 9 20000 tbs. l1ft.6in.Wx 11ft,6 in.H x 22fr,6lrlL Per P.O.

WCP 844tsE-4G 9000 lbs. 80 in. OD xl3 ft.L

WDW 8 40400 lbs. 10 ft, dia. X 40 ft.L

WGV 20 Shipped to site by vendor

W I P 1 2  1 4 0 0  l b s .  4 f t , L x 4 f t . L x 4 f t , W

2 ea. 10 in. gate valves

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

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

ion purnps, blankets, o-rings

B. 1 Truckload of vac. pump equip. air 20,000 lbs 7ft.Wx8ft.I{x 30ft, L

compr and misc. items

C. 1 Truckload misc, equip. 20,000lbs 7ft.Wx8ft.Fk40ft.L

D lRetumtripfromHandord.,WA 28,000lbs 11ft.6in.Wx9ft,I{x30ft,L

to Westboro, MA 6-BSC skids and ship covers

stacked with cradles loose.
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TitIE: LIGO VACI'LiM EQUIP. INSTALLATION AND COMMISSIONING _ WASHINGTON SITE
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Title: SPECIFICATION FOR PREFABRICATED VACUUM AND CLASS r00 AIR PIPING
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REVLTR.I BY-DATE I APPD.DA.TE DESCRIPTiON OF CHANGE
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SPECIFICATION FOR PREF'ABRICATED VACTIUM AND CLASS IOO' 'r's 
ArR PTPING

SPECIFICATION
Number -

A v049-2-178
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1.0 PURPOSE

This specification defines the scope ofwork to be provided by the contnctor for the
supply of the optibnal prefabricated Vacuum and Class 100 Air piping for the
LIGO Vacuum Equipment. All requirements of Y049-2-021 "Specification for
I-nstallation/Commissioning for LIGO Vacuum Equipment " applicable to this
work.

SCOPE

The contractor is to provide all material and labor to detail design, procure,
fabricate, test, and deiiver to the site Vacuum and Class 100 Air piping ald pipe
supports as shown on the piping arrangement drawings and P&I Diagrams listed in
Attachment A.

The Vacuum pipilg is comprised of the foilowing:

Roughing Header (Comer Station only)

Turbo Headers

Annulus Piping

MATERL{LS

All materials shall be in accordance with v049-2-037 "Specification for Piping
Design and Materials"

FABRICATION AND TESTING

Pipe spool sections shall be prefabricated using only approved welding procedures
in lengths appropriate to allow installation in the vacuun equipment area without
requiring welding. Fabrication shall be done in accordance with specified codes'

Each spool section run shall have one fixed and one rotatable CF flange to permit
easy assembly of the piping system. Flex sections shall be provided as necessary.
Branches shall terminate in frttings as designated on the P&I Diagrams. Blind
flanges shall be provided as indicated including gaskets and hardware. Spool
drawings shall be submitted to PSI for approval prior to fabrication.

Each spool section is to be helium leak checked after welding by evacuating and
spraying with helium, and show no detectable with. a helium mass spectrometer at a
sensitivity of 1x10-9 torr Vs. Spools shall be given unique serial numbers (1 to ,)
to control testins documentation.

2.0

2.1

2.2

3.0

4.2

4.0
A 1
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Each spool section shall be pressure washed with hot water using approved
detergent (Oakite Inpro-Clean 1300)* and then rinsed with dionized water to
remove all dirt and hydrocarbons. After drying with clea4 filtered hydrocarbon
free air or nitrogen, the section shall be checked for contamiration using a white
glove. Any discoloration shall be cause for rejection and the piece shall be
rewashed. If contamination is localized the area may be cleaned using isopropyl
alcohol and lint free cloths.

* Per manufacturer's specifications and not to exceed 50% iapro-clean in solution'

Affer drying the section shall be properly labeled and capped to provide an airtight
seal. The seal shall be maintained up to the time the section is to be installed-

DOCUMENTATION

The foliowing documentation shall be provided.

. Material certification of all materials on pipe and fittings

. Leak Test Report

o Cleaning Report

e As built drawines

A <

5.0
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ATTACHMENT "A" SPEC. VO49-2.178

DOCUI{ENT LIST

TITLE

P&ID's

Legend/Station Diagrams (3 Shts')
Beam Splitter Chamber All But Corner Vertex Arms
Beam Splitter Chamber Comer Vertex Anns
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 zught Beam Manifold
WA zught lvlid Station
WA zught End Station
WA Comer Station Mechanical Room

DRAWING
SIZE

D

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

T\

D
D

DOCUMENT REV
NAMBER

v049-0-001
v049-0-002
v049-0-003
v049-0-004
v049-0-005
v049-0-006
v049-0-007
v049-0-0i0
v049-0-011
v049-0-012
v049-0-013
v049-0-014
v049-0-0i5
v049-0-016
v049-0-017
v049-0-018

z
2
z
2
2
3
n

z
2
I

2
z

2
2
2
2

SPECIFICATION FOR PREFABRICATED VACUTIM AND CLASS 1OO
AIR PIPING
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SPECIFICATION FOR PREFABRICATED VACUT.IM AI\D CLASS TOO

AIRPIPING

SPECIFICATION
NumbcrA vo4g-2-ri8

DRAIYING
SIZE

S H T 2 O F 3

DOCAMENT REV
NAMBER

QTY TITLE

MECHANICAI DRAWTNGS
6 25 L/S Annulus Tubing'44" G.V. Tpe III
2 25 L/S Annulus Tubing 48" G-V. Type I
8 Annulus Tubing & Ion Pump Assembly. 44"

G.V.
2 25 L/S Arurutus Tubing 48"G.V. Tvpe II
2 25 L/S Annulus Tubing - 44" G.V. Type I
4 Annulus Tubing & Ion Pump Assy 48" G.V.
I 25 L/S Annulus Tubing - 44" G.V. Type II
- Left & Right Beam Manifold Amulus

Headers
I Right Beam Manifold Amulus Header Per

Line No. 2 1 l2-PV -1 17 4-T3
1 Left Beam Manifold Header Per Line No.

2 1/2-PV-1158-T3

0
0
0

0
U

Sht I

c
c
D

c
c
D
C
D

v0494-106
v049-4-108
v049-4-109

v049'4-i I0
v049-4-164
v049-4-165
v049-4-166
v049-5-012

---4-of



TITLE

MECHANICAL DRdWINGS

Equipment Ar't. Plan, Comer Station WA

Snt  I  o rJ
Equipment Air't. Elevation, Sht 2 of2
Equipment Arr't ISO, Comer Station, WA

Equipment An't, fught 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 lSO, Right End Station, WA

Piping An't, Plan Comer Station/WA (4 Shts)
Piping 4rr'1, Elevation, Comer StationAVA
Piping Ar't, Sections, Comer Station/WA
Piping Arr't, Plan, tught Mid StationniVA (4 Shts)

Piping Anrt, Elevation, Right Mid StationlwA
(2 Shts)
Piping Arr't, Sections, Right Mid Station/WA
Piping 46'1, Plan, fught End StationnVA (2 Shts)

Piping Arr'l Elevation, Right End Station/WA

Piping Arr't" Sections, Right End Station/WA
Piping Arr'1. Pian Left Mid StationAVA (4 Sheets)

Piping An't ElevationLeft lv{id StationAVA
(2 Sheets)
Piping An't, Sections, Left Mid Statior/WA
Piping Arr't. Plan Left End Station/WA (2 Sheets)

Piping Arr't Elevation Left End Station/WA
Piping Arr'! Sections, Left End Station/WA

Overall Flange Arr't, Comer Station' WA

Overall Flange An't, Mid Station' WA

Overall Flange Arr't, Type End Station

DRAWING
SIZE

D

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

SHT3OF '

DOCUMENT REV
NAMBER

v049-5-001 I

v049-5-001 I
v049-5-002 I
v049-5-004 I
v049-5-005 I
v049-5-006 I
v049-5-007 I
v049-5-010 I
v049-5-011 1
v049-5-012 I
v049-5-013 I
v049-5-014 1
v049-5-017 I
v049-5-018 I

v049-5-019
v049-5-021
v049-5-022
v049-5-023
v049-5-026
vQ49-5-Q27

v049-5-028
v049-5-030
v049-5-031
v049-5-032
v049-5-033
v049-5-035
v049-5-036

I

I

I
I
0
0
0

D
D
D

D
D

D
D
D
D
D
D
D

SPECIFICATION FOR PREFABRICATED VACUUM AFID CLASS TO{)

AIRPIPING

SPECIFICATION
Numb€rA 

vo4g-2-t7t



Tit|e: FABRICATED CLASS IOO VACUTJM AND AIRPIPING. WASHINGTON SITE

ATTACHMENT"B

TO

Y049-2-178
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SPECIFICATION FOR PIPING DESIGN AI\TD MATERHL
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Title: SPECIFICATION FORPIPING DESIGN AND MATERIAL

TABLE OF CONTENTS

1.0 scoPE

2.0 CODES A}ID STANDARDS

3.0 MATERIALMANI]FACTURINGREQUIREMENTS

4,0 EXAMINATIONAND TESTING

5.0 I.INENUMBER SYSTEM

6.0 VAI\TE A}-iD INSTRIIMENT NUMBERING SYSTEM

7.0 PIPINGDESIGN.{{DMATENALSPECIFICATIONS

IB1 150# CLASS STAINLESS STEEL 304. CRYOGEMC

IB2 150# CLASS STAINLESS STEEL 304 . NON-CRYOGEMC

C2 TYPE'L'COPPERTUBING.GENERALNON-CRYOGEMC

T1 316 STAINLESS STEEL TLEING - CRYOGEMC

T2 3O4STA]NLESSSTEELTTIBING-GENERALNON.
CRYOGENIC

T3 3O4L STAINLESS STEEL TTIBING - VACUT.]M

T4 3O4L STAINLESS STEEL TTIBING - ULTRA HIGH VACUUM

T5 3O4L STA]NLESS STEEL TLIBING. CLASS IOO CLEAN AIR

VJ 304 STAINLESS STEEL - CRYOGEMC VACUIJM ]ACKETED
sEE SPEC. V049-2-016

Cl TYPE "L" COPPERTIIBING. CRYOGENiC

ATTACHMENT A LIGO QUALITY ASSTJRA].TCE SUMMARY

SPECIFICATION
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SPECIFICATION FORPIPING DESIGN AI{D MATERIAL

1.0 scoPR

The following pipiag aud material specifications define the piping and fitiags to bc used
for the LIGO Vacuum EquiPment.

2.0 CONES AND STANNARDS

"2.1 Priority of Codes sld Stlndsrds

1. Codes @igbest Priority)
2. This sPecification

2J Applicable Codes rnd Strndards

ANSI - American National StaDdards Ilrstiute

831.3 Chemical Plant and Petroleum Refnery Piping (for process
piping only)

831.5 RefrigerationPiping
836.19 Stainless Steel Pipe
B16.5 Pipe Flanges and Flange Firtings

ASTM - American Society of Testing and Materials

4380-88 Statdard Practice for Cleaniag aod Descaling

j Stainless Steel

E427-71(81) Standard Practice for Testing for Leaks Using the
Halogen Leak Detector

E493-73(80) Standard Practice for Testing for Lcaks Using -lJ' 
Mass Spectrometer Leak Detector ia the inside-Out
Testiag Mode

E498-73(80) Standard Test Method for Leaks Using the Mass
SDectometer Leak Detector or Residual Gas
Ahalyzer in the Tracer Probe Mode

E499-73(80) Standard Methods of Testing for Leaks U-sing the
Mass Spectrometer Leak Detector Probe Mode

SPECIFICATION
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.23 SpecificationConPliarce

The equipment shall comply with any drawings, data sheets, spccificstioDs. -, codes
and stin,iards flatest editibns) refenid to or ittacbed as part of this spccifcatioa.
State or local codes or re-gulations, if applicable, wilt !c provifcd as an
attachment to this specifcati6n. The Vendoiis responsible for compliance with
such staudards, specifications, codes and rcgulatioD+ if afiacbed

3.0 MATERIAUMAIIUFACTURINGREQUIREMENTS

3.1 All materials used to roanufachre the piping, trbing, flanges or Ettings, as designatcd per
this specification, are to be of U.S.A. origin and m.mufacture.

{.0 EXAlVfi']\AflON AI{D TESTING

Examination and Pressure Testing as rcquired by ANSI 831-3-1990 Cbapter VI'

I
I
I
I
I

HC

I
I
I

PL FP3

L

I,TNE }IINTBFR SYST"NM

4.1 Lines shall be numbered according to tbe following chart:

Insulation Mat'l
(See Section 5.5)
Service

Isulation code
(See Section 5.4)

Lnsulation Thickness

Piping Specification
Designation (See Section 5.3)

Sequential Number

' Fluid Service Code (See Section 5.2)

oD)
Line Size (Nominal Pipe, inches). (Copper tube desigaated by nominal size' nol

SPECIFICATION
Lumb'rA vo49-2-037
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SPECIFICATION FOR PIPING DESIGN AITID MATERIAL

t t Fluid Codes

Cade Fluid

IA
CA
cws
cwR
NGS
LN2
GN2
PV
PW
VA
N2
N

lnstrumeut Air
Class 100 Clean Air
Cooling Water Supply
Cooliag Watcr Retm
Natural Gas Supply'- j'Liquid Niuogen'' 
Gaseous Nitrogen
Process Vacuun
Process Ulta High Vacuum
Vent a.nd Relief To ATM
Niuogen Gas
Nitrogen @itber Gas orUquid)

53 Piping Specifi cation DesiP.ation

4.4.1 "X" First Digit ldentrfiers

1=150#  ANSI

4.4.2 "Y" Second l-ligit ldentifiers

A = 6061 T6 Aluminrun
B = 304 Stainless Steel
C = Type L Copper Tubing
T= Stainless Steel Tubiag

4.4.3 '7" Third T')igit ldentifiers

1 = Cryogenic
2=Non4ryogenic
3 = Vacuum
4 = UIua High Vacuum
5 = Class 100 Clean Air

5,4 Insulation Senrice

lnsuiation
S)'mbol
HC
c
PC
PH
VJ

Insulation Servrce
Hot and Cold
Cold Conservation
Penonnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION
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SPECIFICATION FORPIPING DESIGN AIID MATERHL

6.0

5.5 Insuhtion Meterirl Codes

FP3 l" Fiberglass Inner
FP3.5 l" Fiberglass Iuer
FP4 l" Fiberglass Inner

2" Polyisocyanurate Oncr
2 ll2" Polyisocyanurarc Otncr
3" Polyisocyanurarc Oticr

Ifno insulatiou material code appears ia tbe lite number tbeu it sba[ bc
understood tbat no insulation is required-

t-___.t -

VALW AND INSTRTJMENT I{IIMBER SYSTFM

Contol valves, manual valves asd associated instrr.meats shall be,designated-according to
P&ID Drawing Symbols. If the rcquired desipation is not specified oD thc dnwiDg; th€'!
ISA-S5.1, Table I will takc precedence.

BB
IL Sequential (Loop) Nuober

Station Identification

A

I
I
I

Manual valves that do not carry an instument loop numbers (described above) shall be
assigned one of the following'lalve type descriptions, preceeded by the valve size rn
inches.

Tvpe

GVIIV
GI'IIH
AVTTV
AVW
IRV
vw
BVCR
BVCA
GLV
BVU
vsov
vsoo

Functional Identif cation

'l-'|escriJrtr on

Gate Valve, High Vacuuro, SS, Viton Seals, tlErdwheel or Lever, CF Conn-

Gate Valve, IJltra High Vacur:m, SS, Viton Seals, Ilandwheet, CF Coon.

Angle Valve, High Vacuusu SS, Viton Seals, Handwheel, ISOKF or K CoDrL

Angle Valve, tlltra High Vacuum" SS, Metal Seats, Handwheel, CF Conn'

Instrument Root Valve, SS

Vacuum Jacketed Valve, SS

Ball Vaive, Cryogenic, SS, 3 Piece

Ball Valve, Class 100 Clear Air, SS, 3 Piece

Globe Valve

Ball Valve, Utility, Brass'or Bronze

Vacuum Seal-Off Valve, SS

Vacuum Seal-Off Valve Operator, SS

P V -

SPECIFICATION
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Title: SPECIFICATION FOR PIPING DESIGN AND MATERIAL

VSOO Vacuum Seal-OffValve Operator, SS

lBl

PIPING DESIGN AND MATERIAL SPECIFICATION

S.s&e: Cryogenic

PrimarvRating: 150# ANSI 304 SSTL

Design Conditions:- 
Pressure 0 to 192 psig
Temperature -320oF to 350oF
Corrbsion Allowance Zerc

Pipe:

12" and smaller ASTM A312 TP304

Pioe Schedule:---- 
t t/Z- nd smaller Schedule l0S SMLS
8" and smaller Schedule 10S SMLS or EFW
10" thlu 12" schedule los EFw

Note: Vacuum jacketed piping will be designed and fabricated in accordance with the
manufacturer's standard, and PSI spec. V049-2-016.

Fittings:
I 1/2" and smaller Socket Welded 3000#
2" and larger Butt Weld

ASTM 4403 WP304 WPS, WPW
OT-et's ASTM A182-F304

Flanees: Not allowed except on atmospheric vent lines as indicated on P&ID's. Flange-s on
the vent line, (whiih mate to iflat faced flange on the vacuum equipment) shall be
stainless steil iaised-face desigrr. Flanged joints shall have spiral wound, stainless
steel gaskets, Flexitallic or equal.

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

Continued on Next Page

SPECIFICATION
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ttrtr SPECIFICATION FORPI}NG DESICN AND MATERHL

t
lBl

Branch Connections:

Run
.. ... . Size " 

l. t

% 04 O4-Tee
t/t 05 04 05 - Sockolet
| 12 06 04 06 - Tee Then
l% 05 05 06 04 Reduceror
2 05 05 06 06 04 ReducingTee
3 05 05 05 05 06 04 l2 - BW O'let
4 0 5 0 5 0 5 0 5  1 2 0 6 0 4
6 0 5 0 5 0 5 0 5  1 2  1 2 0 6 0 4
8 0 5 0 5 0 s 0 5  1 2  1 2  1 2 0 6 0 4
l0 05 05 05 05 12 12 12 12 06 04
12 05 05 05 05 12 12 12 L2 12 06 04

Branchsize Y, % 1 |Y, 2 3 4 6 I 10 12

a

)

z

o

SPECIFICATION
-'*-'A v049-2{137
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THlc SPECIFICATION FORPIPING DESIGN AIYD MATERHL

182

PIPING DESIGN A}ID IUATERIAL SPECIFICATION

Senrice:

Eissry-Badrs:

Non€ryogeaic - Clean

150# ANSI304 SSTL

0 to 192 psig
-20>'F to 350'F
kro

ASTMA'312TP3O4

Schedule l0S SMLS
Schedule 10S SMLS orEFW
Schedule 10S EFW

' Tcmperatr.ne
Corrbsion Allowance

Pipe:
12" and ssaller

Pipelcheduls:
I 1/2" and smaller
8" and smaller
l0' tbru 12"

Einings:
I 1,2" and smaller
2" and larger

Socket Welded 3000#
Butt Weld
ASTMA4O3 WP3O4WPS, WPW
Elbow O'Let ASTM A182-F304

F lanoec '

Gaskels:

Valves:

2" and larger ANSI 150#.RF, ASTM Al82 F304, Weldneck with o-ring gaskets'

O-ring, Viton nonJubricated, cleaned and sealed for shiPme[L

Valves shaJl be filaished under their own unique sPecification.

Contiaued on next page.
z
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l82

Rranch Connections:

Run
SizrJ.

%' ' '  ' %

I
t %
2
J

4
6
I
t 0
t2

Branch Size

04
06
t , }

05
05

05
05

05
05

'/2

04
06 04
72 06 04
12 12 06 04

6 8 1 0  1 2

': i '
04 i
06 04
05 06 04
05 06 06 04
05 05 05 06 04
05 05 05 12 06 04
05 05 05 12 12 05
05 05 05 t2 12 t2
05 05 05 12 12 12
05 05 05 12 t2 12

% t 1 % 2 3 4

04 - Tee
05 - Sockolet
06 - Tee Thea
Reducer or
Reducing Tee
12.BW O'let

Note:

I . Piping and finings to be internally clea.ued, dryed ad ends sealed during shipping, storing
and installation.

2. ID ofpipe and fittings to be free ofhydrocarbon contaminatiou, or dirt- ofany kiad-

3. Suface fi.ish to be standard white picktecl ID and O.D.

4. fulg $gnding - The following is not allowed: Sand packing, Mecbanical scratches on
tube I.D., Ary type of lubricant

5. Material manufactures certificate of compliance to applicable ASTM specifications are
requted and must accompany shipment.

6. Tubing, flanges and fittings to be etched or stamped with maaufasnuers neme' palt
number and material type.

SPECIFICATION FOR PIPING DESIGN AI{D MATERIAL

SPECIFICATION
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e
PIPING DESIGN AI{D MATERIAL SPECIFICATION

Eroica:

Desislonditions:

Prcssure

Gaseol:s Nitogen, Cooling Water, lnstment Air

'' 200 PSIG
-20'F to 150'F
Z,so

Temperanne
. Corrosion Allowance

Note:

Eisings:

All sizes Type 'L" Copper - Hard Drawn ASTM 888, 8280, Copaer Tube
designated by its Nominal sizes, oot OD on P&ID's aod piping
or l4ngs..

Copper hrbe and fittings are to be specified on PSI BOM's by the actual O.D. of
the tube.

All sizes Wrought Copper ASTM 875
All Finiags to be female solder cup ends.
Brass Parker CPI nrbe fiuings (or equal).

Unions: ll4" to l" Brass Parker CPI tube fitti.ngs (or eqr:al) may also be ' used-

Yalyes: Valves shall be firnished rmder their own rmique specification.

Soldedng: All joints in wrought copper fittings shall be soldered using 95-5 Trn'Aatimooy.

Notes:

l. Tubing is to be intemally cleaned and the ends sealed druiag shipping, storing anl
installation. Spools are to have all flur rcsidue, grit, splatters or dirt tgmoved beforc'installation.

2. Finings are to be cleaned after manufacturing and sealed in plastic during shipping, storing
and installatioa.

SPECItrICATION FORPIPING DESIGN ANI} MATERIAL

SPECIFICATION
xumb'rA vo49-2-03?
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SPECIFICATION FOR PIPING DESIGN AND IT{ATERIAL

T1

PIPING DESIGN AIID MATERIAL SPECINCATION

Savice:

. Dcri8n Conditions, 
:: t

Pressure
Tp;rnpretr rp

Corrosion A]Iowance

Tube:

Cryogenic

AII sizes ASTM.4269 GR3O4L SMLS
Tube sizes designated by OD dimeosions.

Tube Size (OD): Minimurn Wall Thickress (Inches)

1t4"
3/8.'
t/2
314'
l "

Fittirgs: All Fittings to be Parker Weld tube finings SA479 or ASTM 4276 GR TP316 and
ASTM Al82 cR TP3t6, or equal.

Valves: Valves shall be fumishei rmder their oqla ,rnique specification

Note:

l. Tubing to be intemally cleaned dryed and ends sealed during shipping, storing and
istallation. Tube ID io be free oflydrocarbon contacrinatio-n

2. Fittings to be cleaned after manufaciring and sealed in plastic bags during shipping,
storing and installation.

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

0 to 300 psig
-320'F to 350'F
Z,ero

0.035'
0.035'
0.049.
0.049"
0.065'

SPECIFICATION
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Tlrh SPECIfl CATION FOR PIPING DESIGN AIID TTIATERHL

T2

PIPING DESIGN A}ID MATERIAL SPECIFICATION

r

sen'ice: ::.;. Non-Cryogenic

beiign Conditions' 
' "

Pressure 0 to 300 psig
Temperafi:re -20oF to 350'F
Corrosion Allowaoce 7-erc

Tube:

All sizes ASTM 4269 GR TP304 SMLS
Tube sizes designated by OD dimensions.

Tube Size (OD): Minimum Wall Thickness flnches'l

l/4" 0.035.
r 3/8" 0.035'
I r/2" 0.049"' 3/4" 0.049"

lu 0.065'

Eifiing:: A1l Fittings to be Parker A-LOK tube fittings SA479 or ASTM A276 GR TP316
and ASTII Ai82 GR TP316 or equal.

Valves: Valves shall be fi:misbed rmder their own uique specification

. Note:

l. Tubing to be intemally cleaned dryed and ends sealed during shiping, storing and
installition. Tube ID io be free of hydrocarbon contarnination

2. Fittings to be cleaned a.fter manufacturing and seated in plastic bags during shipping'
storing and iastallation.

3. Tubing surface fiDish to be standard white pickled l-D. & O.D.

)

z

ct
a

Io

SPECIFIGATION
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Seice:

Desigrr Conditions:

Pressure :: ;.', '. : TemPerzlture
Corrosion Allowance

Tube: Cfube sizes designatcd by OD dimensions)

All sizes up to 1"
I lD" en.dlarger

T3

PIPING DESIGN AIID MATERIAL SPECITICATION

hocess Vacuum

Vacuuo 1O5 Torr to 2 psig
-20oF to 150oF
Zerc

ASTMA269GRTP3O4 SMLS
ASTMA26 GRT?304 SMLS orWelded"

Mininum WaIl ConflatTube
. Size
(oD):

114"
3/8"
1D"

Jt+

I '
I t/2"

21/2"

('

6'�

8"

1n"

12"

lq'

Flanges:

Thickness
(Inches)

0.035"
0.035'
0.035'

0.035"

0.065"
0.065'

0.065'.

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

FIange
Size

5"Nom. O.D.

8"Nom. O.D.

No. B.C.
Bolts Dia.

Thru
Hole
Dia.

.172"

.172*

.172"

265"

.265"

.265"

.332"

.332"

.332"

-5 tL

.332"

.) ),/.

.390"

.390"

Staialess

1 l/3"Non. O.D. 6 1.062"
1 lR"Nom. O.D. 6 1.062"
1 1/3" Nom. O.D. 6 1.062"

21l8"Nom. O.D. 4 1.625"

2 3/4" Nom. O.D. 6 2.312"
2 3/4"Nom. O.D. 6 2.372"

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

4 l/2'Nom. O.D. 8 3.628"

16 5.128"

20 7.128"

l0"Nom. O.D. 24 9.128"

12"Nom. O.D.  32 l1 . l8 l "

14" Nom. O.D. 30 12.810"

t6 l/2"Nom. O.D. 36 15.310"

All Flanges to be ConIIat, ISO Large Flange or KF nrbe fittings 3O4
Steel.

Continued on next page.
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T3

Fittings: All fittings to be 304 butt weld or flanged O.D. tube, wall thickness to Earch tube
rrall thickness listed above.

Yglyr$ Valves shall be fumished under their own unique spccification

Notes:

l. Tubing to be intemally cleaned, dryed and ends sealed during shipping' storing and
installition Tube ID to be fiee of hydrocarbon contami.nation

?. Fittings to be cleared after and sealed in plastic bags druing shipping'
I storing ana irstallatio!-

3. Tubing surface fnish to be standard white pickled I.D' & O.D.

4. Tube Bending - The following is not allowed: Saod packing, Mecbaoical scratches on
tube I.D., or any b?e of lubricail.

5. Material manufactures certificate of compliance to applicable ASTM specifications are
required and must accomPany shipmeDt.

6. Tubing, flanges and finings to be etched or stamped with manufacturen fttme' part
number and material type.

7. ConIlat.flanges to be made fiom either electo slag rcmelt, vacuum reraelt or closs forged
rnetFll al

SPECIFICATION FOR PIPINC DESIGN AITID MATERHL

SPECIFICATION
xunb"A 

vo49-2-037
otJ-9,-



SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T4

PIPING DESIGN AI{D I4ATERHL SPECINCATION

Ssicc:

Design Conditions:

All sizes up to l"
I lD" andluget

Process tlltra High Vacuum

Vacuum l0'ro Ton to 2 psig
-20'F to l50oF
7*ro

Tube: (Iube sizes designated by OD dimensions)

ASTMA269 GRTP3O4L SMLS
ASTM A269 GRT?304L SMLS orwelded.

Tube
Size(on):

t/4"
3/8"
1  D ' l

314"

t "
| |n"

21t2"

t ,

o

8"

l0*

12*

t q

Size

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

2 1/8" Nom. O.D.

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

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

41/2 'Nom.  O.D.

6"Nom. O.D.

8"Nom. O.D.

l0"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 1/2"Nom. O.D.

Minimurn Wall Couflat
Thickness Flange
(Incbes)

0.035"
0.035.
0.035"

0.035'

0.065'
0.065'

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

No.
Rolts

6
6
6

6
6

8

I

16

20

?J

30

36

B.C.
Dia.

1.062"
r.062"
1.062"

1.625"

2.3lv
2.312"

2.8s"

3.628"

5.128"

7.t28"

9.128"

11 .181 "

12.810"

15.310"

Thm
Hole
Dia.

.172"

.t72*

.t7z

265"

.265"

.265"

.)),/.

.332"

) tz

.332"

.332"

.332"

.390"

.390"

SPECIFICATION

Continued on next page.
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T4

Els!8cs:

Efttss;

I&lvcs":

Clcaaing:

Notc:

t .

2.

All Flanges to bc Confla! 304L Sr'inles,s Steel. Flang* with ll2 aipples to bave a
rnininrm r all thickness pcr table @age 16), also sec Dote 7.

All fittings to be 304L butt weld or flangcd O.D, hrbc. WaIl thiclncss to Esrch
tube wall thickness listed in Table (Pag" lO.

Valves shall be fl:mistred under their onra unique specification" Valves cihose
seats form part of the LIHV bormdary "hatl be ill deul.

Surfaces exposed to vacuum shall !s cleaned and protected by PSI approved
orocedures zuitable for UlfV sewicp.

4.

Tubing to be intemally cleaaed dryed and ends sealed during Sippilg, storing and
installation. Tube ID to be Aee of by&ocarbon contamiration.

Fittings aad conllat - 1/2 nipples to be cieaaed after manufacturing and sealed in plastic
bags duri4 shippi::g, storing and installation.

Tubing surface fiaish to be standard white pickled I.D. & O.D.

Material manufacnrers Certificate of Compliance to applicable ASTM specifications ate
required a.ud must accompany shipmenL

Tubing, flanges and fittings to.be etched or stamped with manufacturers nrms, part
number, material type ald customers PO number on t}re outside surface.

Confats shett be made from 304L material suitabie for ulfa higt vacuum scrrrice.

All welding qrposed to vacur:m shall be donc by thc tmgsten-arc inert-gas CIIG) process.
Exceptions may be allowed zubject to PSI approval. Welding techdques shall be made in
accordance witfi the best ulta hish vacuum D;actice to elimin-ate any viraral leaks in tbe
welds; i.e., all vacuuur welds shal be, wheriver possible, intemal aid continuous; all
extemal welds added to these for structural pr:rposes shall be intermittent to elirninFte
tapped vol"mes. Defective welds shall be iepiired by removal to sormd Eetal aud
reriitaiog. All vacuum weld procedures shali include steps to avoid contamination ofthe
heat affeited zone with air, hyrdrogen, or water. This reqriires that inert purge gas, such as
argon, be used to flood the vacuum side of heated portions. Vendors to provide weld
procedures, with weld cleaning procedures to PSI for approval.

I'
6.

7.

SPECIFICATION FORPIPING DESIGN AND MATERIAL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGNA}ID MATERHL

T5

PIPINC DESIGN AND MATERIAL SPECIFICATION

Class 100 Clean Air

Prcssr:re :*..-.,, ... Vacuum to 2 psig
'', : . i Tcmp€rzfire -20'F to 150'F

Corrosion Allowancc Zso

Tube: (Iube sizes desiglated by OD dimensions)

$wics:

Desisfl Conditions:

10"

12"

ta'

All sizis up to l"' I 112" and larger

il4"
3/8"
ln"

3l4'�

1 .
| 1/2"

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

2 i/8"Nom. O.D.

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

3 3/8"Nom. O.D.

4 l/2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

l0"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 1/2" Nom. O.D.

No. B.C.
Bolts Dia.

6 1.062"
6 1.062"
6 t.062

4 r.625"

6 2.312"
6 2.312"

E 2.85-

I 3.628"

16 5.128"

20 7.128"

24 9.128"

32  l 1 . l 8 l "

30 12.810"

36 15.310*

ASTM A269 GR T?304 SMLS
ASTMA269 GRTP304 SMLS orWelded.

Tube Minirnum Wall Conllat
Size Thickness Flange
(OD'l: flnches) Sizg

Thru
Hole
Dic"

.t72"

.t7t '

.172"

.265*

265"
265"

-5)Z

.332"

.332"

-5 t r

.332"

-332"

.390"

.390"

0.035'
0.035'
0.035'

0.035'

0.065"
0.065'

2 tD" 0.065"

6'. 0.083

0.120

0.120

0.120

SPECIFICATION
Numb.iA v04g-2-037
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SPECIFICATION FORPIPING DESIGN AI{D MATERIAL

Flanges: All Flaoges to be Conflat nrbe fittings 304 St"inless Steel.

Ei$ilgs: All Finiags to bc 304 butt weld or flanged O.D. trbe. WaIl thiclocss to oatch thc
tube wall thickness.

Valves:

Cleanirrg:

Note:

l. Tubing to be intemally cleaned, dryed and ends sealed dr:ring Sipiog, storing and
installation. Tube ID to be fiee ofhydrocarbon coutamination.

Z Fittings to be cleaned after naaufactuing and sealed in plastic bags dr:ring shipping,
storing and imtallation.

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

4. Material maaufactnes Certificate of Compliaace to applicable ASTM specifications are
required and must accompany shipment.

5. Tubing, flanges and fittings to be etched or stamped with manufacnrers Damg part
number and material type.

6. Conllat flanges to be made from either electo slag remelt, vacuum remelt or crossforged
' material.

: - . - .  . ,
rfdvs5 shall.b€ fr:mished under their oul unique specification

Internal surfaces shall be cleaned ald prctected by PSI approved proccdures
suitable for Class 100 air service.

SPECIFIGATION
tlumb"A 
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Title: SPECIFICATION FOR

cl

PIPING DESIGN AND MATERIAL SPECIFICATION

Service: Cryogenic

Design Conditions:

Preszure 150 PSIG

Temperature -320'F to 350oF

CorrosionAllowance None

Tube:

All sizes Type "L" Copper - Hard Drawn

ASTM 888, 8280, copper tube designated by its

nominal sizes, not OD (UOI\D.

Fittings:

All sizes Wrought copper

ASTM B75

A.ll fittings to be female solder cup ends.

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

Brazing;

AII joints shall be brazed using brazing altoy BCuP-S (American Welding Society
Designation). No flux is required.

SPECIFICATION
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TitIE: FABRICATED CLASS IOO VACUUM AND AIRPIPING. WASHINGTON SME

ATTACHMENTffC''

TO
v049-2-178

SPECIFICATION FOR CLEA}I QUARTER TURN VAL}IES

v049-2-060

ATTACHMENT
Number:

A vo49-2-178
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Title: SPECIFICATION FOR CLEA|I QUARTER-TURN VALI'ES

SPECIFICATION FOR

CLEAN QU.{RTER.TURN VALVES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
ald

Livingston. Louisiana
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Tit lc:- 
SPECIFICATION FOR CLEAII QUARTER-TURN VALVES

SPECIFICATION TABLE OF CONTENTS

1.0 Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

3.0
4.0

5:0

6.0

1.0

Attachment MDC Cataloe Cut

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of2" clean quarter-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 (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 aa L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

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

SPECIF ICATION
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I SPECIFICATION FOR CLEAN QUARTER-TURN VALyES
I

2.0 SCIIEDULE

2.1 Equipment delivery shall be as follows:

Ouantiw Date PSI Part No.

I PSI, Westboro, \4{: 21 11129196 V049BVCA20

I 
PSI, Westboro, lvlt. 12 07130/97 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.

3.3 End connections shall be CF flanges.

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

3.5 The intemal valve mechanisms 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 manually actuated.

4.0 REQUIREDDOCUNIENTATION

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

J SPECIFICATION
ffi
I  a  vo4e-2-o6o lz
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Tit lc:
SPECIFICATION FOR CLEAI\I QUARTER.TURN VALVES

5.0 SHOP TESTING

Marufacturer'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 prior to shipment. Valves shall be recleaned if any
contamination is found.

I  specrrlcATloN
lNurnber-- lR"u.
I  n  vo49-2-o6o lz -
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s:b valves
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Buttedly Valves Del.Seal
Melal Seal Flange

Kwik.FIanqe
ISO O-ning Flaf lqe-

FEATURES

. Quick open/Quick close

. Positive lock both positions

. Pbsitive Vitono O-Ring vacuum seal

. High conductance

. Choice of Del-Seal or Kwik-Flange

DESCRIPTION

MDC Butterfly Valves require only one-quarter turn
rotation of the handle to go trom fully open to the fully
closed position. In the 1-1l3 lvlini Delsealilange series, a
spring loaded ball bearing becomes seated in an indent
providing a positive mechanical stop. All other size valves
employ a roll pin stop method.

Ttrese quick-acting Butterfly Valves feature an improved
sealing action. The opening in the body of the valve has
been machined at a siight angle to the plane of the
flapper. The flapper is set to rotate siightly off-center- On
closure, this causes the sealing pressure to be applied
more uniformly all around lhe O-ring. A reliable, positive
seal is made and the tendency of previous designs to
roughen the surface of the O-ring and eject it from its
groove is eliminated.

[/DC 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 offered with a choice of DelSeal uitra-high
vacuum metal-seal flanges or ISO Kwik-Flange O-ring
seal flanges.

Del-SealFrange
gFV4 50

Kwik-Fiange Flange
KBFV.l50

1 9 4
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SECTION

5.6Butterfly Valves Toll Ffee outside cA t €oo{4$aal ?

E
Oel.Sea/ Fiaoge Kt4ik-Flange F'afl,ge

o
ORDERING INFORMATION Please order by Pai Number

F- 0 ---.i

Valve Nq|n 1.0.
Size

Part Fa.ge
Reference Number F

Flange Eolt Holes
O.D. No.

Wt Unit
Lbs Price

Ref He€f
tso A

Bohcircle ThicknE*s
B C D

3t4 BFV-075 350000 DefSeal 1- O
3t4 KBFV-075 360010 Kwik-Flanoe

o - l.:ro
-  NW16 1 .81

.bu

.5b

1.33
1 . 1 8

1 .062
'rE ,1

1 .25  1
$250
$2s0

KBFV.lOO 360011 Kwik-Flange 1.57 Nwzs 2.32 .87 1.25 $2s5
-->1-1l2 BFV.150

KBFV.15O
360001 Del-jeal2-Ztt
350012 Kwik-Flange

- 3.81 2.312 1.33 1.00
NW40 3.81 -  1.31 1.34

1 $260
1 $260

1 . t J  O

2 .16

--> 2 BFV.20O
KBFV-2OO

3600O2 Qaf$asl!-316
360013 Kwik-Flange

2-1t2 F6o

Dimensions are in inches
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SPECIFICATION TABLE OF CONTENTS

1.0

2.0
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4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of small (1 1i2" and 2 1/2") Lrgh vacutun and uitra high vacuum angle valves for the
LIGO vacuum system.

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

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

rifle SPECIFICATION FOR SNLdLL VACUUM VALI'ES

SPECIFICATION
NumberA vo$g-z-osg

Page 2 ol U



rirte SPECIFICATION FOR SMALL VACI'IIM VALVES

SPECIFICATION

2.0

2.1

SCIIEDI.ILE

Equipment delivery shall be as follows:

I 1/2" High Vac
2l/2" HtghYac
I 1/2" Ulra High Vac
2 1/2" Ultra High Vac

Ouantiqv

137
70
77
zo

Date

9/30/96
9/30/96
9/30/96
9/30/96

PSI Part No.

VO49A\T{V15
v049AvlIV25
V049AVWl5
V049AVW25

t ) )
t - ' -
I

3.0

3 . 1

3.5

3 .6

3 .8

3.9

) . - ! .

J . J

3.4

All valves shall be delivered to Process Systems International, Inc. at 20 Walkup Drive,
Westboro, Massachuseus, 01 58 1.

Acceptances at the sites are expected to occur on a staggered basis, with final acceptance
at Washington expected to occu about May 31, 1998, and about November 30, 1998 in
Louisiana.

DESIGN REQUIRXMENTS

Angle valves shall be 304L or 316L stainless steel (304 or 316 stainless steel
acceptable if the valves are unavailable in L grade SS).

End connections shall be CF flanees.

The valves shall have srainless steel metal bellows stem feedthrouehs.

Neither the body leakage not the seat leakage shall exceed i x l0'" torr liters/sec of
helium.

The valves shall be designed to seal in both directions.

The intemal valve mechanisms shall be non-lubricated.

Valves shall be manually acnrated by a handwheel.

Valves shall be bakeable to 150 C +/-20 C (170 C maximum).

The valves shall be cleaned in accordance with the Vendor's standard Drocedures
applicable to the valve service.



REQUIRED DOCUMENTATION

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

SHOP TESTING

Each valve shali be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment from the manufacturer

INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. Valves shall be recleaned if
any contamination is found.

T|fle SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION
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Parsons Drawings

wA-s-001
wA-s-003
wA-s-208
wA-s-s0l
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CONCRETE ANCEOR INSTALLATION PROCEDURE

I.O PURPOSE

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

2.0 GENERAL

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

Component base plates will be fastened to the floor slabs that are constructed of3000 psi

concrete. It is the intent ofthis procedure that the anchors be instalied in accordance with
t}te manufacturer's reouirements.

3.0 R.ESPONSIBTLITY

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

4.0 PROCEDURE

4.1 References:

1 . Hilti Publicationlfir-427 , Technical Guide - Anchor and Powder Actuated Fastening
HVA Adhesive Anchor, Installation Instructions (HAS Threaded Rod - option #1), Hilti
Fastening Systems, Tulsa" OK 1987, pp.8-13.

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

SPECIFTCATION

Page V ot tl



CONCRETE ANCHOR INSTALLATION PROCEDUR.E

A 1 Critical equipment shall be aligned per procedures V049-2-021 section 8.3 and
VO49-2-174 prior to drilling the anchor bolt hole. Critical equipment anchor bolt
requirements are detailed in attachment A ofthis specification.

Locate and install anchor bolts in accordance with the this specification and the installation
drawings. The hole location tolerance is +/- 1/16 in of position marked on concrete floor.

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

Adhere to curing time required by Hilti before loading or dishrbing anchors.

Step by step instructions:

4.3

4.4

4.5

SPECIFICATION
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CONCRETE ANCHOR INSTAILATION PROCEDURE

lnstallation lnstructions (HAS Threaded Rod - Option #1)

1. SEr i ie dri l l  degrh gauge add
dnll  ihe hole to lhe recuired hole
decrh. IMPOniANI Clearout
cusi and lracmentsi treferablv

lnc a ,",  oi*"t".  o, '
llftcressed air anc a wite
-oru"i , ihe t ote .av ba danp.

but !he walea snoqld be blotYn
out.

2. Inserttfie canridge. 3. Insen ihe shaft in ths rotaly
hammaa chuck, sctew ne
anqhor rod in rh€ adaotor and
ptace the adaptor on th6 shaft.
At thg rorary hammErdrilling
sgnidg. ddve in the rod to the
deolh mark. Ra.nove th6 drill
and shaft assemoly lrom lhg
adaplor.

4. Flotate th6 hsx bolt adaFtor
and unscrew the adaptor from
the anchor rod immediaGiy,
Whgn removing th6. adaptor, dO
not pull out thE rod. lt the
adagror is rqmoved imrnediataly,
rnovement of the rod willnot b6
derimgntal io the f iutlgnlngi.

5- Setting and hardenifig time.
.ihe 

set ancjlor rod may nat be
disturoed o.loaded dgring or
belore the end oithe sPecified
hardening tirne.

*tiiiiijiliii
f-

,

SPECIFICATION
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TitIE: INSTALLATION OF CONCRETE ANCHORS

ATTACHMENT 6'A'' TO V049.1-101

REQUIRED CONCRETE ANCEORS FOR VACI'IJM EQIIIPMENT

Component Tag No.

ATTACHMENT

A v049-1-101



TitIE: INSTAILATION OF CONCRETE ANCHORS

1. fustatl Hilti EvA anchoru with EEA capsules and HAS standard rods, unless otherwise noted, itr accordance with

Specilication V049-1-101.

2. Use 12 3/t" nidmum embedment for all bas€ plates ofthis component

3. Use 12 3/8' minimurn embedmeot for base plrts at end of arrn,

4. Use 12 3/8' mininun embedment for the four snchors at th€ end of tbe arm.

5. These gate valves are supported by othen.

6. See Dwg. V049il-034, for 48'gate valve anchor bolt locations.

7. See Dwg. V049-{-033 for 44" gate valve anchor bolt locations.

Use Hiliti EAS Super Threaded Rod

wGvl0
WGV11

ATTACHMENT

A v049-1-101
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* /r+
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I[formation contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any oth€r party.
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TitIE: COMPONENT PACILAGING. HANDLING AND SHIPPING

TABLE OF CONTENTS

1 .0 Purpose

Shipping

Handling

ATTACHMENTS

Component Specific Lifting and Rigging Procedures:

PEI-LN2 Tank Lifting Diagram
PEI-LN2 Tank Lifting Diagram
BSC Shipping Skid/Lifting Diagram
FL{M Shipping Assembly
80K ShorV BE-4 Shipping Assembly
Spool A-1/A-A7A & A-1/A-A7B
Spool B-6iA-6, B-7 | A-6 A
Spool B-4lA12
Spool A-1,ts-9
Spool BE5 & BE6
Adapter A-14
Adapters A-15, A-13, A-12
Spool BE-2
Spools B2d B2B, B3A & B5A
Spool WAl3Atrts-84il8-l
Spool LA-ZILB- 1 lLBB-ll
Offset Spool BE-3 & BE3A
80K Lone/BE-4

2.0

1 .

PEI Dwg, B-30049
PEIDwg 8-30050
v049-4-t99
v049-4-219
v049-4-222
v0494-224
v0494-225
vo49-4-225
v049-4-226
v049-4-226
v0494-229
v049-4-230
v049-4-231
v0494-232
v049-4-233
v049-4-233
v049-4-234
v049-4-235

+ "D" SIZE DRAWINC SHIPPED LOOSE WTIH PSI DRAWING PACKAGE.

SPECIFICATION
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TitIC: COMPONENT PACI(AGINC. HANDLING AND SHIPPING

1.0 PURPOSE

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

2.0 GENERAL

The primary objective ofthis procedure is to:

l. Provide sufficient supports to prevent damage to vacuum equipment and system components.

2. Provide protective closers on spools and valves.

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

4. Assure that the crated/skidded equipment and components are properly packed and fasened, and
that the contents of eash 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 identification ofthe equipment and parts shipped including waming notes on crates skids
and boxes,

Crates, Crating and Skids

Crates and skids shall be designed and constructed to comply with the military specification MIL-C-
104B, 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 dnd 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 ofcrates and skids:

The crate/skid fabricator should be provided with information on each crate specirying the weigltt ofthe
object to be crated, the internal dimensions ofthe crate (the crate shall clear the obj ectby 2" on all sides)
and any special data that may useful 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 ofthe 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 ofthe crate when it is lifted with a single set of slings.

SPECIFICATION
Numben A vo4g-z-12i
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Tit|e: COMPONENT PACKAGING. IIANDLING AND SHIPPING

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

Visqueen polyethylene filn1 bags and shrinkwrap film are available in various widths and sizes and are
readily from a variety ofsources. This is a good choice for use as an initial layer ofprotection.

No ventilation holes shall be provided in the crates.

Drain holes shall be provided in the crate bases,

Crating and Skidding Of Piping, Spools, Valves And Miscellaneous ltems

Pipes, spools and valves with ends protected by pipe caps or blhd flanges shall be secured to crates to
prevent any movement during handling and shipment. In regard to large valves and automatic valve
operators, each one shall be wrapped with water tight polyethylene enclosures. Small valves, bolting, and
other small items can be wrapped in polyethylene bags and packed in water tight boxes. All items shall be
properly marked.

Items To Be Removed And Crated Separately

Delicate items such as small automatic valves, instrumentation and automatic valve operators should be
removed and crated or covered with water tight wrapping, plywood or sheet metal.

Stretch Wrapping and Shrink Wrapping

Stretch wrap and shrinkwrap (6 mil plastic) is available in various widths from 2" to 36" with applicators
for wrapping of various components.

3.0 SHIPPING

Truck Transport

All vessels and components shall be transported on tractor/trailer combinations equipped with air ride
susDenslons.

SPECIFICATION
Numbec A vo4g-2-i23
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Title: COMPONENT PACKAGING. HANDLING AND SHIPPING

Shipping Considerations For Components

The primary objective in the preparation ofcomponents for shipping is to minimize the chance for
damage shipping can induce. Thoughtful plaruring is required in considering the causes of potential
damage and its prevention.

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

All loads will be tarped irregardless ofany coverings applied by PSL

All pipes, nozzles, flanges and so fonh shall be sealed, Various methods and materials may be used, but
all must be watertight. A[ components shipped under vacuum shall be marked with warning labels.

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

Attaching of chain or strao tiedowns to component door assemblv lifting lugs is
prohibited.

Fow point lifting chain or strap sets shall use a minimum lifting angle of60 degrees
At times there may be special tie-down lugs required for securing a component on particulat transport, or
bigger holes may be required on the lifting lugs to accommodate the lifting equipment at particular site,
Such requirements will be known after the PSI Project Manager has submitted the component shipping
drawings to the shipping conceril and the transporter has been selected.

Two point loading with substantial shipping saddles evenly spaced about the center of gravity in areas of
relative stiftress, such as external or internal stiffening rings, internal structural members, or near shell
seams. Avoid supporting components at the mid-span of unsupported shells.

All shipments of components utilizing more than two point loading shall have the rwiew and approval of
the LIGO Project Manager. Refer to attachments for equipment specific lifting and rigging requirements.

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

Supports shall only be the minimum height required to clear protrusions and stay within the shipping
envelooe,

SPECIFICATION
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TitIE: COMPONENT PACKAGING. I{ANDLING AND SHIPPING

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

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

The qpe of tr:msporter used will affect the design of suppons.

Protective Storage And Identification

Completed components shall be securely stored to prevant inadvertent movement (rolling). AII nozzles
shall be protected, Once protected, these components shall be stored indoors.

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

Marking and Special Instructions

Establishment ofa good marking system and good records is critical.

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

HANDLING

All LIGO components and crated equipment will be loaded and ofFloaded under the supervision ofa PSI
representitive,

A11 LIGO components shall be handled (i.e. lifted, pulled, etc.) per the component handling data sheet.
This sheet will detail weight, center ofgravity, spreader beam requirements, rigging and ofloading
instructions, etc. Spreader beams are shall be used on all Beam Splitter vessels.

Special shipping instructions such as "USE SPREAIIER BAR WmN LIFTING" or shipping weight
should be painted in the proper places and detailed instructions attached to the vessel ifapplicable. (See
Attachments) .

SPECIFICATION
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