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1.0 PURPOSE

The purpose of the Project Management Plan (PMP) is to document the
detailed plans, procedures, systems and responsibilities required to
successfully execute a PSI project. It also formally documents contractual
requirements.

The requirements and nomenclature of this PMP are based on an ISO-9001
approach to project execution.

The requirements of the PMP are intended to ensure that design output meets
criteria established by the design input requirements, has been developed
against known acceptance criteria and conforms to appropriate regulatory and
contractual requirements. In this respect, the word design covers all process,
project and specialist engineering, design, procurement, fabrication,
construction. contracts. etc.

Use or disclosure of data in rcsponse to Contract PC 175730 is subj€ct to the restrictions on the title page.



2.0 GENERAL

The LIGO Vacuum Equipment Project will be executed and controlled via
requirements, plans, procedures and systems detailed in this Final Design
Report, (FDR). The Vacuum Equipment FDR consists of five sections as
follows:

Volume I Project Management

Volume II Design

Volume III Fabrication

Volume IV Installation

Volume V Drawings

The FDR has developed during the LIGO Phase B - Final Design and will be
updated (by section) thoughout the project life. It will provide detailed
instructions for executing all phases of the project including administrative,
contractual and technical aspects.

The FDR is available to all members of ihe project team and to PSI
management. Weekly meetings are held by the project team to discuss job
performance and to measure progress against schedule milestones. Problem
areas which may arise are identified and a plan is immediately developed and
implemented to remedy the problem. Status reports are distributed to PSI
management personnel who monitor the status of all projects.

The FDR also mandates planning, design review, risk management, cost
analysis and schedule monitoring procedures designed to ensure consistent
cost effective project execution.

Some section of the FDR are independent documents @ng. Plan, Q.A. Plan,
Fab. Plan, etc.) to facilitate revision control during the project.

The revised detailed Vacuum Equipment Program Schedule is included in
Attachment 2 of this volume.

Current status information (as of 5/l/96) on the various aspects of lhe Vacuum
Equipment contract are detailed in Sections 9, 10, 12, 13 and 15.

Use or disclosure ofdata in response to Conaact PC175730 is subject to the resrictions on the title page.



3.0 RESPONSIBILITIES

The LIGO project organization is stnrctured to ensure responsiveness to the
customer and schedule requirements ofthe contract.

To fulfrll these objectives, the project will be staffed by a competent and
versatile project team with the capability to effectively execute in the
following program areas :

Project Management

Process Engineering

Project Engineering

Civil/Structural Engineering

Electrical and Instrumentation Engineering

Design/Drafting

Procurement/Expediting

Manufacturing

Construction

Contract Administration

Scheduling

Document Control

Quality Assurance

Project Management

The PSI Project manager directs all project efforts and is responsible and
accountable for successful achievement of all project objectives. The PSI
project manager is delegated the authority to execute the project according to
the contract documents by the President of PSI. This includes all material
expenditures and decisions and the negotiation of change orders, if required.
It also includes the commitment of PSI labor reEowces to perform to the
contract, and to resolve any situations that might arise during the course of a
proj ect.

The PSI Project Manager has overall responsibility for technical performance,
quality, costs and schedule. This organizational structure provides a single
point of contact on all matters relating to the project.

3.1

Use or disclosure of daia in response to Contract PCI75730 is subject to the restrictions on the title page.



Specific responsibilities of the Project Manager include:

Direction and control ofthe project tearn

Definition, planning, budgeting and assignment of work elements.

Allocation, scheduling and control of resources necessary to perform these
work elements in a timely, cost-effective manner.

Implementation of corrective action when potential problems arise.

Interface with and comrritment to the customer.

The project manager is assisted by an MIS function at PSI called Effective
Management System (EMS). EMS provides material Fesource planning,
material control and accounting information for both labor and materials.

Various departnents at PSI input information directly into EMS, and access
the reports necessary to control their operations. The project manager
accesses EMS on a regular basis to provide information needed for status and
planning reports. He prep.ues a formal project review monthly. This report
contains information on all labor and material expenditures to date, and all
expenditures and labor utilization planned for tle duration of the project. It
also contains schedule information.

PSI recognizes the need for frequent, clear communication between LIGO and
PSI throughout the course of the project. AII formal communication from the
Institute will go through the PSI Project Manager. It is realized, however, that
there is a need for direct lines of communication between tle corresponding
parties of both PSI & LIGO to avoid misunderstanding due to the involvement
of third parties. This direct communications is encouraged. All mafters will
be documented by conversation minutes by PSI and forwarded to the
customet.

All technical direction and change of scope items will be instituted by
Cal-Tech and issued via "Technical Direction Memorandums" (TDM) or by
"Technical Information Memorandums" (TIM).

a

o

a

a

o

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



Project Team
The Project Team is responsible for executing the project under the direction
of the Project Manager.

The LIGO Project will be staffed with dedicated engineering/designers/
Q.A./Procwement/Manufacturing/Construction staff for all key positions (see
3.3 LIGO Project organization). Additional staff will be assigned from the
Engineering/Administration/IVlanufacturing pool for peak and intennittent
liaison needs.

The technical director and design coordinator are responsible for providing
technical direction to the Project Team. The manufacturing coordinator is
responsible for directing PSI manufacturing and facilities improvements and
for coordinating outside fabricators.

The following LIGO Management Team report to the Project Manager and
direct their area of responsibilities:

Technical Director

Design Coordinator

Procurement Manager

Cost/Schedule Manager

Manufacturing Coordinator

Installation Manaser

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



3.2 Project Team

The Project Team is responsible for executing the project under the direction
of the Project Manager.

The LIGO Project will be staffed with dedicated engineering/designers/
Q.A.lProcuremenVManufacturing/Construction staff for all key positions (see
3.3 LIGO Project organization). Additional staff will be assigned from the
Engineering/Administration/Iifanufacturing pool for peak and intermittent
liaison needs.

The technical director and design coordinator are responsible for providing
technical direction to the Project Team. The manufacturing coordinator is
responsible for directing PSI manufacturing and facilities improvements and
for coordinating outside fabricators.

The following LIGO Management Team report to the Project Manager and
direct their area of responsibilities:

Technical Director

Design Coordinator

Procurement Manager

CosVSchedule Manager

Manufacturin g Coordinator

Installation Manaser

Use or disclosure ofdata in response to Contract PC 175730 is subject to lhe restrictions on the title page.
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3.4 Safety Program
All members ofthe LIGO project tearn (and associated contractors) are
responsible for executing the project in a manner that minimizes risk to
personnel, facilities nd equipment.

The Project Safety Plan V049-2-023 (Attachment 5) details the safety
organization, objectives of the safety program and plans for project execution.

Use or disclosure ofdata in response to Contract PC175?30 is subject to the resfictions on the title page.



4,0 CONTRACTUAL BASIS

4,1 Project Proposal

This project is based on PSI's Phase "A" design (CDRL No. l) developed
under contract PP1 6 I 533.

Use or disclosure of data in response to Contract PCI?5?30 is subject to the restrictions on the title pag€.



'4.2 Original Contruct
The LIGO Vacuum Equipment System project will be executed per Fix Price
Contract PC 175730 (enclosed). The contract has been updated as required by
change orders dwing The Final Design - Phase B.

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



FIXED.PRICE CONTRACT
Between

Califomia lnstitute of Technology
and

Process Systems lntemational, Inc.
for

LIGO Vacuum Equipment Design,
Fabrication. lnstallation. and Tesl

(Phase B)

Seotember 12. 1995
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FIXED.PRICE CONTRACT
PC175730

BETWEEN

CALIFORNIA INSTITUTE OF TECHNOLOGY
1201 E- CALIFORNIA ELVD.

PASADENA, CALIFORNIA 91125

AND

PROCESS SYSTEMS INTERNATIONAL, INC.
20 WALKUP DRIVE

WESTBOROUGH, MA 015E1-5003

THIS CONTRACT FOR

LIGO VACUUM EOUIPMENT
DESIGN, FABRICATION, INSTALLATION, AND TEST

(PHASE B)

I D  A

SUBCONTRACT UNOER A NATIONAL SCIENCE FOUNDATION
COOPERATIVE AGREEMENT NO- PHY.921OO3E

CONTRACT PRICE: $39,100.000

LrGo-c9s0804-00-v
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PREAMBLE

This contract, entered into on
by and between the CALIFORNIA INSTITIITE OF TECHNOLOGI (hercinafte r called
"Instirue'). a corporation organized and exisdng under the laws of the State of Califomia. and
hocess Systems International, Inc- (hereiaafter called the 'Conractor"), a corporation organized
and existing under the laws of the State of Massachusets and constituting a subcontract under rhe
Cooperative Agreement No. PHY-9210038. between the National Science Foundation and the
lnstitute:

WITNESSETH THAT:

The Contractor a_srees to fumish and deliver the supplies and perform the services ser fonh
ir tHs contract for the considerarion suted herein.



Cootr-ad No rcl?5?30
LICO-C950t040(} V

Article l. Statement of Work

The Contractor shall fumish all personnel, services, materials and facilities ncccssary for
completion of this Sutement of Wo1ft and the Delivcry and Pcrformance Schcdule included
bclou

(l ) Preliminary Design (updated): The Contractor shall revise (according to action items
rcsulting from the PDR of Phase A) the preliminary design developed in Phase A and
submit to LIGO for approval before proceeding with &e final design. In addidon the
Conractor shall revise and submit tbe Project ManagcmeDt Pian to LIGO for approval

(2) Deliverables to $e Beam TUbe Conracbr Final llesign: Aftcr approval of the
preliminary design the contractor shall perform the final design of the deliverables to the
Bearn Tube Contractor. A-fter approval by LIGO of the delivcrables to $e Bcam Tube
Contractor Final Design. the Contractor shall procure and deliver pumP carts and gate
valves to the two LIGO sites according to Exlibit m

(3) Ffuul Design: The Contractor shall perfonn a detailed frnal dcsign in accotdance lvith
the appmved design above ( t ) which meets the requircments of the Specification for the
LIGO Vacuum Equipment (LiGo-E940m2-02-v). The fnal design shall be submined to
LIGO for approval bcfore procurement ard fabrication is initiated. The contraclor shall
fabricaa, procure :rny necessary suppon equipment, and run prcliminary tests on a
protorype charnber prior to the Fina-l Design Review. Note that no documentation is
required for the LA mid stations beyond the gae valve drawiags (pan of paragraph 2
above). The frnal design shall include. bul not be limied to the following:

Final versions of the documentation developed in Phasc A' paragraph l. subject to
the updates of paragraph A(1) above. Include all necessary deuils required for
procuremenL fabrication. insrallation and resting of the Vacuum Equipmenr

AII calculations and analyses required to conf,rm the structural integrity of the
vacuum shell and mechanical suppons.

All calculadons and analyses reguired to confirm the pcrforrnance of the pumping
system. Include all assumptions such as marcrial outgassing rates'

All calculations and analyses performed to specify the bakeout sysrcm. Proride
details of necessar y- intcrlocks, power Iimits' rcmperature sensorVmonitors. congol
of headng rares and gradiens, and overall power rcquirements.

All documents reguired to control material quality' surface treatrnents and clearing
processes throughout the fabrication. assembly -6 in5'ellstion phases.

AII documents required to fuliy identify and control the inrcrfaces berween tie
Vacuum Equipment and t}te other faciliry and detector subsystems as listed n t}te
Specification for the LIGO Vacuum Equipment

f.

b .

d .



Comracn No. PCI?5R0
LIC'o-C95080400V

g. Control Stratcgy. All documents rcquired to fully define the hardware (VE
hardware only) and software to bc used for thc conuol and inarlockilg of the
Vacuum fouipment as rcquired in the Specification for the LIGO Vacuum
Equipment.

h. Failure Modes and Effects Analysis.

i. Shock. Vibration. ald Acoustic noise. The contractor's proposai for midgaEng
vibration, shock and acoustic noise shall be performcd as stated in proposal number
LIGO{950804-0GV (PSI-VE001AAIA0I.) This analysis and the passive
solutions proposed for mitigation shall be considered full compLiance with
paragraphs 4.6.1 , 4.6.2. and 4.6.3 of the Specification for dre LIGO Vacuum
Equipmenr.

j. Hazard Analysis. The hazard analysis shall include a risk assessment of the
conditions which may lead to a mishap. (A mishap is an unplanned event or scnes
ofevents resulting in death, injury. occupational illncss, or darnage to or loss of
equipment or property, or damage to the environment, i.e. accident). The analysis
shall rate hazards according to hazard probability and hazard severiry. MIL-STD-
882C secdon 4.5.1 and 4.5.2 are suggestcd as guides to perforraing these analysis.

k. Vacuum E4uipmenr Mainrenance Requirements.

l. Site lnsallation and Assembly Plan including schedules, special equipment
requirements. laydown areas and alignment tess.

m. Acceptance Test Plan.

(4) Fabrication and hocurement: Afrer llGO approval of the final design
documenadon the Contracror shall begin fabrication and procurement of the Vacuum
Equipment in accordance with the approved Project Management Plan per paragraph
A(1) above. The prototype vessel fabrication ard procurement shall begin prior to FDR
approval.

(5) Installation: After *joint occupancy for the Washinglon site has been accomplished
the Contractor shall begin insrallation of the Vacuum Equipment. The Conuactor shall
begin irstallation of the Vacuum fouipment at Louisiana aftcr joint occupancy for this
sie has been accomphshed.

'JoiDt OccupaDcy is defined in Aricle I - (rn) of t}re GeDcral Prousion!



Codracr No. rc175730
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(6) Defiverable Hardwan and Acceptance Testing: The equipment to be dc[vered and
tcsted is listed in Exhibit [V, "Hardware De]iverables." Aftcr insullation has bcen
completed the Conractor shall conduct the accepttnce tests of the Vacuum Equipment
according to the approved Acccptance Test Plan and the schedule in Anicle IL Delivery
and Performance Schedule. of this contract.

(7) Management: The Contractor shall implement the approved Project Management
Plan described in paragraph A(l) above. ln addition the Contracror shall:

a. Provide rcchnical and administrative management throughout the life of the contracl

b. Maintain informal technical liaison between the LIGO cognizant engineer(s) and rhe
Contractor's equivalen(s).

c. Accept and implement in-scope technical dirccdon as Provided via Technical
Direction Memoraadum (TDM). Such direction shall be accepted only from the
Conract Technical Manager by the conu'actor's project manager.

d. Notify the Contract Technical Manager at least 5 days prior to technicd meethgs
where major decisions may be made.

e. Notify the Contract Technical Manager at least 5 days prior to the stan of major
fabrication. assembly. installarion, or testing at any location.

f. Arrange non-escon privileges for Government and LIGO repres€ntadves to all area-s
of the Contractor's and subconractor's facilities where tlre work is being performed
under this conracl This shall include access to fabrication, assembly. cleaning. and
test areas for the purpose of monitoring activities.

(8) Reviews and Meeting: The Contractor shall conduct the following reviews and
meetings at the Contractor's facilities according to the schedule in Anicle tr, Delivery
and Performance Schedule and prepare and submit the documenation for these revieu's
according to Exhibil II, Deliverable Documenation, IJGO Vacuum Equipmenr

a. Updated Preliminary Design Review.
b. Bearn Tube Deliverables - Final Design Review

Final Design Review.
Prototype vessel data review.
Install ation Readiness Review.
Accepance Test Revie*.
Monthly Progress Mee ting.

d .

f.

E .



Coutr..ci No. rc175?30
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(9) Deliverable Documentation: The contractor shall prcpare and submit all plans and
documenution in accordance witlr Exhibit tr, "Dclvcrable Documenation, LIGO
Vacuum Equipmenl" This Exhibit consists of the following:

a. Contract Dau Requircments U$ (CDRL)' listing and cstablishirg delivery
rcquirements for documentation ro be generatcd under this contract.

b. Data Requirements Description @RD), describing the basic requirtmens for each
itcm of the CDRL.

(10) Detiverable Hardware: The Conractor shall deliver and test the vacuum Equipment
in accordance wift Exhibir III, Bearn Tube Deliverables and Exhibit IV, "Hardware

Deliverables."

B. Provided by LIGO:

(1) Space for vacuum equipment to be insralled in the mechanicai equipment rooms'

(2) Concrete pads ouside each station rollup door for rhe purpose of unloading equipmenr

(3) Electrical disribudon panels where the conEactor tnay obtain 480/208/120 volt

eiecuical power as required for the Vacuum Equipment ask-

(4) Sadon floor concrele with a minimum 3000 psi strengh rating throughout the LVEA
and VEA areas. Floors will be flat to +/- l/4 inch.

(5) Site layour and floor plans according to the following preliminary inrerface drau'ings:
C omer Sudon : WA -SK- I 0 I : dated'1 /7 19 5 100% concept subminal'
Mid and End Srations: WA-SK-300; dated7lll95 100% concept subminal'
The Louisiana site design will be similar and will allow use of common Vacuum
Equipment Designs.

Article II. Delivery and Performance Sdredule

Descriotion
(1) Updated heliminar,v Design (Phase B)

(2) Submit and lnplement the Updarcd
Project Malage menl Plan

(3) Dcliverables to the Beam Tube
Contractor, Washington

(4) Deliverables to the Beam Tube
Contractor, Louisiana

On or Before
One (l) raonth ARO

One (l ) month ARO

As indicatcd in Exhibit trL Deliverables
to dre Beam Tube Contractor

As indicarcd in Exhibit DL Delivent'les
to the Beam Tube Connactor



(5) Finai Design

(6) Begrn Fabrication and Procurement

(7) Begin Insr-llation. Washingron

(8) Begin Insr.llation. Louisiana

(9) Complete Acceptaflce Testing,
WA

(10) Complete Accepance Testing.
LA

(l I ) Deliverable Documenation

(12) Project Reviews

(13) Special Reviews:
. Updaed Prcliminary Design Review
. Deliverables to the Bearn Tube Filal

Design Review
. Fha.l Dcsign Review
. Fhal Protorype Vessel Data Review
. Insullation Readiness Review WA
. Iasullation Readiness Review LA
. Acceptance Test Review WA

. Acceptance Tbst Review LA

(14) Deliverable Hardware

Coorraa No. pCtTiZo
Ltco,c950BO4 0,0 v

Sevcn (7) months ARO

After approval of final design

At *Joint Occupancy Datc for WA.
Early Date 8l0ll91,late Dztt. 9l0ll97

At Joint Occupancy Datc for LrA,.
Early Date 3l0ll98,I.ae Drc. 4l0Il98

Eight (8) months after Joint Occupancy
Datc for WA

Eight (8) months afer Joint Occupanc,v.'
Date for LA

As indicaed in Exhibit IV, Defiverable
Documenution

Monthly except for special reviews
below

October3, 1995

Two (2) months ARO
Eight (8) months ARO
Ten (10) months ARO
One month prior to Joint Occupanct' w.4
One month prior to Joint Occupanc)' LA
One month afte r completion of accep-
tance tesdng WA
One month afur compledon of accep-
Unce testing LA

As indicated in Erhibit IV. Hardware
Deliverables

'Joint Occupancy is dcfiucd ir Article I. (m) of De Gcocral hovisions



ARTICLE III

Price And Payment

(Omitted)

Use or disclosure of data in response to Contract PCl75?30 is subjecl to the resfictions on the title page.
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IN WITNES S WHEREOF. the parues herero have execued rhis

Conract as of dre dav and vear fust above *'rirten.

(Typed Name)
Presrdent

f Tiped Namc)

hstrucuons to Contractor:
Do nor insen darc on Preamble paee.

INSTITUTE OF TECHNOLOCY



D E C - O e - 9 5  I  I  ' 2 €  F R O I I . L I C O  P R O J E C T r D ' € r l E  3 0 4  9 € 3 4 PACE 8, .  16

C.@!e !{o. FCtTirJo
LIGO€5AO4{X!v

B.

A-RIICLE IV. SFECXAL PROVISIOi{S

a rbc couhctor warrants sat it bas bccn drdy anhorized to opcnre and <r,o busiDcss i! 6esaes of califoaia washinston ald tauisiaru. trat it will obain at no cosr o G ililr"ail_ucccssary liccoscs a.nd pc@irs &quicd io coonccdoo with thc co,racc and 6r, fo"flfuily comply with ar lav6, dccfcc, Iabor $ardads ald Ggutadfis or mcu sraer-aurij tapcdormalcc of rhi e corrEacL

Thc cmtracor egrees &d aII inb@zrioa rcreascd by 6c cutncor for grbricity orp'romotiooal porposcs which is direcrly &Iarcd to rtc coffracr qro* witt * s*oilJ to ruIastirc for rcvicw of rcchnical acoacy prrirlr to iscr,,qnc€;

Tbe_CouEor shall povidc tb r-.*qe copr\ for infomatim Frposcs, of atryuotification of icveutioa adlor rgueE 6r intoadble pr"pslty ;& -csft"g ti- &iscotrEacl Tbc saoe itrrmation mill bc pmvifcd for alt stcwctoc.

It is agrecd +'at as a coqditiou oftb ae61d 6f rhis 6661g2gE tbc cor,,cdacnt,n.r 6c hsiqeth"Il F:-rb" dgh to usc, dqrlicarc and disclose, ad have othcrs do so, the Ecbaical irara
:Yio4 iu ee pme@I upon wtich this comacr is basc4 objcao dc rcstic*ion scr-foth in 6c PSI proposal daed Juc 19, 1995-

c-

D.



D E C - A e - 9 5  1 l  ' 2 ?  F R O I I ' L r G O  P R O J E C T I O , u l u  J l d 4  l l d J a l P A G E  7 /  1 6

C^e-^- lro- rcl?Stio
uco-c?5G{x{Gv

c-

ARTICIJ V. ESCAI"A.TION

A Thc followiag iteo:s udcr ttis Coorract (hrll bc sslbjccr to 666a66j6 cq-tarionl
l- On sie craft labor mrcs
2^ 9% Didcl co,ltcDt stecl, and 304L g-inLss secl

B. Ou-srt cra-ft labor raes shall bc for tirc following crafis:

1. Shcct mcal wortcr
2. Milwdghr
3. Elcccician
4. Iaborcr

Baseliuc labor rates shalt bc thosc itr c&ct in Juc l99i for tbosa crafrs ,,n.tc. thc LreO
h'ojectl^abor Agreuacor for Hasfqd, W4 and ee Dats-Bacou-Art Wage Dcuminaio
for Livingston, LA

The Counactor shall prcseot a Foposal for escalarion of tic aborc ims to Calrcch at tic
tiae suct .sF r^rio! is inctrnd- mc poposal sball "'c].dc tbc baselbc cosrs pmposed in
*e PSI ptoposal &ed Juc 19, 1995, cvidcDce of &c cscalafcd coss ro bc iDcosd
(uvoiccs, ncgotia.ed labor.ar.r ca"), dd &c dcha to rbc cotrtacL Upol conchsim of
fict-fnding 8nd negotiations, 6c C@act r-or,'t v:ll bc adjustcd accoldiugly by 6c
issrace of a S"ppJc-eural furccocat o 6c Coqtn<L Profit will uot bc alptied o thc
escalated tm'oEts"

9% aiclel coneat st*L 8rd 3q4+!tiglc$ 56gcl shqll bc as.-Iered as follsq's:

!)% Nickel
Escalation wrll bc bascd ou 2596 of lftcstooc #|7lDewar* WA ad Mlcstooc #l7lDcs,as,

LA as sct ford in Afiidc III, Pricc ald Paymcnr
Fscalerioq basis: Iumases iu Boca of hbor Sadstics Pmfrcer Price Ildices Tablc 5

*335G1- ' ,
Base- Avctagc pricc ApZMaS/Jw 1995
Escalab to: Avcrage lrice tbrcc monss prior to vcsscls being araiiablc fol shtrmerrr

Fq'-lerios wfll be bascd on 10096 of lfilcstone *12 Rcccip as set fore in Article III
Pricc ald Paymeae

Escalation bafls: Ilscascs in Borcu of bbor Sadsics Produccr kice lldiccs GbIe 5
*331245314.

Basc: Avc.eg+ price Apul{ay/Jun f995
Escalare to: Average price wo monds prior to achicving ttc milcsonc.

304L Sainfess Secl



4.3 Change Orders
(Change orders as they are received are added to this section of the Project
Manual.)

4.3.1 PSI CHANGE ORDERS
The following PSI changeorders have been accepted by LIGO via T.I.M.
notices and are included in the Final Design Report:

Comer Station Pipe Bridge
Failsafe Roughing Pump Gate Valve
304L Machined Gate Valve Weld Stubs
WA Comer Station Spool Change
Freon Cooling Systems - BTD
Revise BSC Floor
8 in. Ion Pump Port
1 Piece To 2 Piece Spools
Pump Cart Modification
Annulus Pump Pumping Speed
30 in. Mode Cleaner Tube Chanses

No. 03
04
{\1

l 1
t2
l 3
l 5
l 6
t 7
l 8
l 9

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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GAI{GEORDR No I
to

Contract No- PC 175730 (LIGo€950S0441-g
Ligo ]*cuum Equipmaat Dcsfa Fabricarioa hsalluior" fud Ti:st

(Pbzsc B)
Norcmber l, 1995

Pursoant to Anicl,e 4 of tbc Gencral Prrovisious, cb:ngcs, tbc oQicct coatract is hcrby modificd
as follos's:

I . . Hclc &ticle Xg, Fayroeng in irs cadrcry, and rcotacc with ".itFd Ecw Articic m, pqrEcor

2 Dclctc&tidc rv, spccizi Prcvisioas, iE ns clticry, ald twlrcc wirh atachcd uew Article tv,
Sccilt ProyisioDs.

3. Ddce Anictc v Fscar-rio,q ia irs carircry, and rcplacc wid "tracicd ncw Articlc v,
Fsrqlerio:r

4- Dclcc tic folowitrg Gcocraf Provisio,n aniclas, aad rcplacc eift rtrcrred a6q7 artictcs:

a- Aardcf -UcenirioL ,
b- . &tictc 2 - fuct ofpreccdcnce ,
c-''Aaiclc 10 -Mceic SysE
d. Anicle 12 - Liabrlity and T'rd.'rmificatoo/ r anrl Eloldcc
e AAictc 32(d)- Tr*l.rnnificattioi

- Acccpta&t
land$-Waamy
)2- Suspcosioa of Wo*

L d.ttide €(c)- lbninaim forCorrcoicacc
j- &dcicaatdFDcadt

5. Dckb.hg" 2 of 2 of ExbibitlV, Eadsac Dclivaeblcs, in irs cuicty ed rqrlace wirt ncw
' Fasc2 oft.

llcsc nodficatioos shall bc rcc.rrnFti*hed tlOg Crr-ngC i[ or schcdula AII othcr
iernf gad crrn diriOOS Of rtri< COOtCaCt rtOait

Edc/ard J.
Subcontraca

I-.scf Istcreroerq Graviadosal wa!,c Obsdertory



PROCESS SYSTEMS INTERNATIONAL
WESTBOROUGH, MASSACHUSET-IS

CHANCE ORDER
REQUEST

NO.: 3
PAGEI OF I

REV. DATE BY TITLE:
Design, fabricate, and install the pipe bridge at the WA
and LA corner stations.REV. O r2/o5t95 P.F. Hendry

PROJECT: LIGOVACUUMEQUIPMENTSYSTEM

CUSTOMER: CALIFORNIA INSTITUTE OF TECH.

PROJECT NO.: V59049

CONTRACTNO: PCl7s73t)

CUSTOMER
REFERENCE: LIGO{9s0732-00-v

TIM. No. 2 (PSI ref# V0a9-LP-5)
CIIANGE ORDER SCOPE:
Design, febricete, rnd i$tell the pipe bridge at the WA and LA corner strtions for use by PSI only.
The structure is to be supported only from the LVEA lloor, and clearauce undemeath wiII be a
minimum of 9 feet.

Plesse rtfer to the prelimiaary sketch attached to this change order.

NOTES:
This c.hangc hes no ovcrrll sc.hedule impact eite mechanical completion detes This pipe bridge wilt
necd to bc instdlcd vcry errty in the constmction progrrm for eech site.

Pnoposcd prlm€Dt tctms rrc tret 30 days from the PSI invoice drte, whicb will bc tnusmitted upon
installntion of the bridgc in the Wsshington comer gtation (5{l%) and instdtation of the bridge in
thc Louisirna corner strtion (507o).

TOTAL PRICE: S{9,950.00
Pricing valid for 30 days from submittal date.

SUBMITTED BY: fI4tu/\_ DATE: /a/1/rr-

CUSTOMER APPROVAL: DATE:

CUSTOMER CHANGE
ORDERNO:

COMMENTS:



PROCESS SYSTEMS INTERNATTONAL
WESTBOROUGH, M ASSACHUSETTS

CHANGEOR.DER
REOUEST

NO.: 4
PAGEI  OF I

REV. DATE BY TITLE:
Add fiil safe gate r,alves to the rnain rough punrp inlet
(roots pumps - four locatiors)

REV. O l2/1v95 P.F. Hendry

PROJECT: LIGO VACUUM EQTIIPMEI{T SYSTEM

CUSTOMER: CALIFORNIA INSTITUTE OF TECH.

PROJECT NO.: VS9049

CONTRACTNO: PC175730

CUSTOMER
REFERENCE: LIGO-C950732-00-V

T.I.M. No.2 (PSI ref# V049-LP-5)
CHANGE ORDER SCOPE:
Add e 6 inch air operated, feil safe, high vecuum grte vdves to the inl€t (chember side) main
ruugbing pump inlet (roots pumps - four locations). The valve wilt be suitrble for 170 degrees C at
l0D6 mbar of vacuum.

NOTES:
This change hes no overall schedule impact on the rcquircd rt site d.tes for the mrin roughing
pumps. Minor rswork will be rcquired to tbe ruughing pump specificrtions rnd p&ID,s.

Pttposed prymetrt tems art net 30 days from the PSI invoice date, whicb will be tnnsmitted upon
sbipment of the pump skids for tbe Weshington Bcem Tube contrector (507o) end Louisiane Beam
Tube contrrctor (S0%).

TOTAL PRICE: $16,280.00
plg!1gfa& fot3Q {qys from submitral date.

/'=-a-u-o---.---
,n ",147;,725

CUSTOMERAPPROVAL: / DATE:

CUSTOMER CHANGE
ORDERNO:

COMMENTS:



PBOCESS SYSTEMS TNTERNATIONAL CHANGEORDER
MASSACHUSETTS UEST PAGET OF I

TITLE:
Change buttweld end connectiors on large gate valves
to 304L machined weld stubs

PROJECT: LIGO VACUUM EQUIPMENT SYSTEM

CUSTOMER: CALIFORNIA INSTITUTE OF TECH.

PROJECT NO.: V59049

CONTRACTNO: PC175730

v049-TN-t 3 . Md | | t29t9s

CUSTOMER
REFERENCE: T.D.M. No. 5, Dated ll/30/95, Itcm 4

CHANGE OR.DER SCOPE:
Chrnge the buttw€ld ends ofthe large grte velves to speciet 304L machined weld stubs (low sulphur
.01 to .02Vo) and macbined per LIGO far V049-Lp-01 t,

Revise valve speciFrcation and purrhase order

Additional quality rssunDc€ scope of work

This change has no overall schedule impect on the rcquircd rt site detes for the lerge gatc vatves
providing the decision is mede by Deccmbcr 15, 1995, becruse it impacts the dcsign of thc vrtve
body by the vendor. Minor rtrork will be rtquircd to the valve specificetions end punhrse ordcr.

Proposed peyment terrns rrc nct 30 days from the PSI invoice dete, which will be transmittcd upon
delivery of the gete vslv$ .t site,

SIjBMITITD BY: DArE: ta/.//1{

CUSTOMERCTIANGE
ORDERNO:



PROC&SS SYSTEMS NTTERNATIONAL
ltAssAcnuSETTS

Washington Crrner Station Bcam lvlanifoU Spool
Charges

PROJECT: LIGO VACUUM EeL[ptvIEr{T SySTEt,r PROJECT NO.: V59049

CONTRACTNO: PC|?S730CUSTOMER: CALIFORNTA INSTTTUTE OF TECH.

REFERENCE: T.I.M. No. 10, Drted t2nt91
LIGO Doc. No. LIGO-C95l47l-00-V pSI No. VM9_Lp-23

In the Weshington comer stetion onh:
Detete: 2 A-8 spools, 6 B-l spoo( end 6 BE-l spools
Add: 2 BE-S spools in their plece

Additionel enchors, supports, end sbipping costs
Engineering and design rework to eristing dnwings end designs

CIIANGE ORDER SCOPE:

I a3cisiolt is required by Januery 26, 1996 in order to rvoid deleys in thc comptetion of thc fiaatdesign efiort. No ovcrrll schedute impect is eaticipeted. ocsign orfte cquipmtt rrrugc6erts forthc WA corner station is cnrrtntly [nderray, end trriq scction of thc bcrn menifold is bcing hetdpcnding epprovd of this chengc order.

Proposcd prynent terDs erc nct credit to LIGiO by PSI on thc invoice for prymcat Mitestone l7dMrjor Vcsscl Delivcry for thc Weshington Coracr'strtion-

TOTALPRICET ffi
velid for30 deys fiom rbovc issoed drta

SLTBMITIED BY: c-? z ' * 'y ' rola

CUSTOMERCHANGE
ORITERNO:



PROCESS SYSTEMS INTERNATIONAL
WESTBOS.OUGH, MASSACHUSETTS

CIIANGE ORDER
REOUEST

NO.: 12
PAGE 1 OF I

REV. DATE BY TITLE:
Supply 4 Aeon cooling systems for the Beam Tube
Deliverable Turbomolecular Pumps and 2 freon
cooling systems for the BTD Main Roughing Pumps

REV. O 2128t96 P.F. Hendry

PROJECT: LIGO VACUTJM EQUIPMENT SYSTEM

CUSTOMER: CALIFORNIA INSTIIUTE OF TECH.

PROJECT NO.: V59049

CONTRACTNO: PC[7573O

CUSTOMER
REFERENCE: T.I.M. No. 13, Dctd2Dl96

LIGO Doc. No. LIGO-C960203-00-V
CIIANCE ORDERSCOPE:
Suppty sir (6) frton cooling systems for the Beem Tube Deliverables in Weshington, as follows:
- Four (4) units for the Turbomolecubr Pump Carts
- Two (2) units for the Main Roughing Pump Carts
- Supply e 40 foot hose and fittings for cech cooling system to connect to the rrspective cart
Engineering and quality assurence r''equircd to specify, bid, evaluate, purcbasg rwiew vendor
drawings, end inspect the sir cooling systems.

NOTES:
A decision is required within 30 days of the dete of this change order in order to dcliver the
cquipment when required by the Beam Tube Contrector.

Assumptions:
1. No vibration anatysis will bc rcquircd by Cambridge Acousticrl Associrtes"
2. PSI scopc of wor.l is equipment supply only, with ifftdlrtion by the Been Tribe Contnctor.
3. This new scope is ercluded from thc final dcsign scope of worlc

Pmposed paynent terns ere thc 507c ofthe value ofthe chrnge order be rdded to the invoice for
Payment Milestone l5d Mein Roushing pnmps sets At site, wA; end s0% rdded to pe5rment
Milestone 15C, Turbo Motecular Pump Sets At Site, WA,

TOTAL PRICE: $ 6 1 , 0 3 6 . 0 0
Pricing valid for 30 deys from rbovc issucd dete.

srJBMrrrED By, -'2ffi . -rf*_, j onn'M"/,
CUSTOMERAPPROVAL: DATT,:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:



PROCESS SYSTEMS INTERNATIONAL
MASSACIIUSETTS PAGEI OF

TITLEI
Revise the intemal floor ofthe BSC to support a 500
kilograrn load

PROJECT: LIGO VACWM EQUIPMENT SYSTEM

CUSTOMER: CALIFORI{IA INSTITUTE OF TECH.

PROJECT NO.: V59049

CONTRACTNO: PC[7573O

CUSTOMER
REFERENCE: T.I.M. No. l, Dered Ocrober f9, 1995

CHANGE ORDER SCOPE:
Revise the internal BSC removable nsintenence floor desigu from the standard eugineering
practice of support for e 300 pound person, to support of a 500 kilogram load. In order to minimize
cost, the following modified scope of supply was requested by LIGO:
- Supply of 7 BSC rcmoveble floors made out of 5lB" thick eluminun ( 4 to WA & 3 to LA)
- Provide rcmovable support berms for erch BSC cepable of supporting the 5{D Kg load
- Engineering and design costs for the rwised f,oor desigu

This change order rapresents only the tret additionel cost for the rwised floor costs es LIGO is
receiving frrll crcdit for the original scope of supply.

A decision is rcquired by Marth 6, 1996 in qrdcr to rvoid dcbys in the completion of thc finel
design cfiorl No overell schcdule imprct is rtrticiprted.

Proposed paymctrt tenrrs are the total vslue of this change ordcr rdded to PryDent Milestonc l7A,
Major Vcsscl Delivery, Corner Station, WA.

TOTALPRICE: $11.74s.C0
velid &r 30 days frrom ebovc issued drte.

STJBMITTED BY:
%zz

CUSTOMERCHANGE
ORDERNO:



PROCESS SYSTEMS INTERNATIONAL
WDSTBOROUGH, MASSACHUSETTS

CHANGEORDER
REOUEST

NO.: 15
PAGE I OF I

REV. DATE BY TITLE:
Add an 8-inch pon to the Main lon Pumps

REV. O u24t96 P.F. Hendrv

PROJECT: LIGOVACWMEeUIpMENTSySTEM rnffi

cusroMER: CALIFORNIA INSTITUTE oF TECH. CONTRACT No: pctzsTt0

CUSTOMER
REFERENCE: Verbrl rrquest for frrturc leser detector rcquirrmcnts

CHANGE ORDER SCOPE:

Add an 8-inch port to eech of l8 Main Ion pumps end blind it ofiwith l conflrt frnnge.
Related engineering and design impact.
Leak check new ports il the field.

NOTES:
A decision is required by February l, 1996 in order to avoid delays in th€ rcccipt ofvendor
informetion rtquirtd for the conptetion of the frnrl design cffort, rnd delays in pceiving r mrin ion
pump necd for thc prototypc testing pmgrlm. No ovcrrll scbedulc inprct-is enticipeted.

Proposed Pryment terms rrc 2/3 of total velue added to Payment Milestone 20i Bcgin Instrlhtion,
wrshington, end 1l3 eddcd to pryment Milestone 21, Begin Instr[rtion, Iauishni.

TOTAL PRICE: S9,E54.00
Pricing velid for 30 days from ebove issued drfe

swwwwwwwwwwwwwwww�utrrgpBy:: 
ZAZ| *

CUSTOMER APPROVAL

CUSTOMERCHANGE
ORDER,NO:

COMMENTS:



PROCESS SYSTEMS INTERNATIONAL
WESTBOBOIIG H, M ASSACHUSETTS PAGE I OF

TITLE:
Changes to the configuration ofa quantity of 3 BE-3
spools &om I piece to 2 piece spool

Rev. I generated due to TIM | 9, dated 3/l 2/96, which
reduced the scope ofwork for PSI Fom Rev. 0

PROJECT: LIGOVACUUMEeUIPMENTSYSTEM

CUSTOMER: CALIFORNTA TNSTITUTE OF TECH.

PROJECT NO.: V59049

CONTRACTNO: PCl75?30

CUSTOMER
REFERENCE: Minutes of meeting V049-MM-8, Ircm 20, Dated 2fi4t96

Trarsmitted on V049-PL-097 . Datd 2123196
CIIANGE ORDER SCOPE:
Revise e limited oumber removable BE.3 spoots ss detriled betow:
Soool BE-3:
Change e qu8ntity of 3 (2 WA, I LA) 50 in. spools from e I piece spool with t set of flenges and I
€rprnsion joint to e 2 piece 60 in, spool with 2 sets of llanges rnd I erpension joint. The new spools
will be iustelled in WA er WBSC2 and WBSC4, end io LA st LBSC2. New spoot designation is BB.
3A.

9!b_Igp!g!g: Eugineering/design rework, bakeout bhnket mods, installatioo & testing.

Assumotions:
t. Spook will be assembled in PSI's shop end shipped es one piecc,
2. No rdditionsl costs for shipping/test cove6 ere included.
3. spools will be iastelle4 es oue piece rnd will not bc disesscmbhd prior to hstellrtion.
NOTES:
A decision is required by March 21, 1995 in order to rvoid delays in tbe comptetion of the linal
deiga efrort. No ovenll schedule impact is euticipetcd.
PLEASE NOTE THIS CHANGE ORDER OITILY REPRESENTS ADDMIONAL COSTS ONLY.
Proposed pryment terms rrt 2/3 of totrl vslue rdded to Peyment Milestone 20, Begin Instelhtion,
Wrshin$on, and l/3 edded to Prymetrt Milestooe 21, Begin Instelletion, Louisiene.

TOTALPRICE: ( ln7 zqn nn
vrlid for 30 dsvsfron abovc issued dete.

SUBMITTED BY: .--- , -Z--'
.z'2',/'az-* o** ,%z4a

CUSTOMER APPROVAL:

CUSTOMER CHANGE
OR-DER NO:



PROCESS SYSTEMS INTERNATIONAL
MASSACHUSETTS

N U . :  1 7
PAGE I OF I

TITLE:
Vacuum Pump Can Modificatiors

PROJECT NO.: V59049

CONTRACTNO: PCt7s730

PROJECT: Lrco vACUUru pQutprvruvr svsrEru

CUSTOMER: CALIFORNTA TNSTTTUTE OF TECH.

Minutes of meeting V049-MM-8, Itcms 4 & T,Detell 1z114196
TrarEmirted on V049-PL-097, Dated Z/23 tg6

CHANGE ORDER SCOPE:

1._.?:f_r!. cert (qty of l0) for rhe Turbo Moleculer pumps by a minimum of Z/8 inch.
ENGINEERING AND FABRICATION OF THIS CHANGE ARE BEING PROVIDED TO LIGOAT NO COST.
2._Change the Main Roughing pump Carts (qty of 4) es follows:
- Lower the blower portion of lhe rougbing cart by epproriErtety 3 feet- Design the cart to facilitate movemeDt with a pailetlack
- Provide l0 feet of intercontrectitrg fler vecuun hose-
- Provide 15 fcct of interconnecting power and control cabling
- Pmvide 10 feet of intercotrnecting wrter hoses between the 2 crrts- No interconuecting provisions ere being Erde between the 2 csrts for instrument eir end purgegas
- Provide en itrstrlktion sketch (by pSI)
- Instelhtion for Beam Tube usc is by the Bcem Tube Contnctor
.3: =Pmvide r pgllet ia ring construction, which is to bc ret8ined bv LIGO.

A dccision is rcquired by Merch 8, 1996 in order to support the detivery schedule of the meinroughing pumps to the Beem Tube Contractor.

l-poruo payment terms err s0o/o of total value rdded to peyment Milestone l5A, BTD MeinRoughing Pumps At wA site; eud 50% edded to pry''ent Mirestone lsB, BTD Mein RoughingPumps At LA Site.

valid for 30 deyqlrom ebove issucd delc.

TOTAL PRICE: S3e,316.00

SUBMITTED,r?ffi* DArE: a/'/za
CUSTOMER APPROVAL:

CUSTOMER CHANGE
ORDER NO:



PROCESS SYSTEMS INTERNATIONAL
WESTBOROUG H, MASSACHUSETTS

CHANCE ORDER
PAGE I OF

Reduce the annulus pump speed requirenrnt from
0.3 liters per second ro 0.2 liters per second in order
to minimize overall project cost.

PROJECT: LlcO VACUUM EeUtptUENT SYSTEM PROJECTNO.: V59049

CONTRACTNO: pCl?5730CUSTOMER: CALIFORNIA INSTITUTE oF TECH.

Minutcs of meeting V049-MM-S, ltem 21, Detel! 2ll4t96
Transrnitted on V049-PL-097 , Dared 2/2J/96

ll-Tdutiog the annulus puurp speed requirement from 0.3 lilers per second to 0.2 literr per secood,PSI is able to offer LIGO e credit for the savings in flange cost due to ovemll rcductions io flangeforging thickness'.

Additionrl eugineeriog dnd design costs are offset by other savings in annurus pipirg Erterial
changes due to small diameter rcductions.

A decision is rcquired by Mrrch t, 1996 in ordcr to support the tinrt desip schcdura

Proposed payDent terms erc s0zo of toter varue credited to pryment Mirestone r?A, Mejor vcsserDelivery, weshiugton conrer strtion, end s07o crEdited to peyment Milestone r?:B, Mrjor vessetDelivery, l,ouisiana Coner Stetion.

rorAl PRICE: ( $40 ,687 .00 ) cRErtTE[rco
velid for 30 deys from above issued dete.

SUBMITTED BY: sn ", .J/fu

CUSTOMER CHANCE
ORDER NO;



PROCESS SYSTEMS INTERNATIONAL
WESTBOROUqH, MASSACHUSETTS

CHAI{GEORDER
REQUEST

NO.: 19
PAGEI OF 1

REV. DATE BY TITLE:
3O-Inch Mode Cleaner Tube Changes

REV. O 3t2u96 P.F. Hendry

PROJEC'T NO.: V59049

CONTRACTNO: PC175730

PROJECT: LIGO vACL[tM EQUIPMENT SYSTEM

CUSTOMER: CALIFORNIA INSTIT[]-[E OF TECII.

CUSTOMER
REFERENCE: Minutes of meeting V049-MM-9, Item 23, Diled3114196

Trammitted on V049-PL-123. Dated 3/18/96
CHANGE ORDER SCOPE:
Revise the Mode Cleener Tube Spools (8'-21315 & A-5) as follows:
- Delete 12 sets of 3{l inch flanges and machining associated with thcae lhnges
- Delete 12 o-rings
- Delete the annulus piping for the above flange sets
- Delete the conical section of the A-5 spool (12 places)
- Add 6 new 30 inch expansion joints
- Add 6 new supports for the Mode Cleaner Tubes
- Redesign the equipment arrrtrgement drawings of tho correr stations
- Revise the affected equipment detail drawings for the Mode Cleaner Tubc spools
- Engineering rnd design of the ner supports for the Modc Cleancr Tube
This impacts 4 Mode Cleaner Tubes in WA (8 A-5 spools) end 2 in Il\ (4 A-5 spools)
Implementing this clenge yietds the following benefits:
- Further reduce vibration r€rching tbe IIAM by edding e bellows on the verter end of the node
clcgner tube between the turto pump nozzle and the IIAM
- Reduce o-ring ofigassing by slimiasting 12 o-rings

NOTES:
A decision is required by March 26,1996 in ordcr to support the final dcsign rchedute.
Proposed piJmcnt terms tc 67Vo of total value credited to Payment Milestone 17A, Mejor Vesel
Delivery' Washington Comer Station, and 33% crrdited to Payment Milcstone 178, Major Vessel
Delivery, Louisiane Comer Stetion.

TOTAL PRICE: ($35,293.00) CREDIT TO LIGO
Pricing velid_ for 30 days from above issued date.

suBMmrrDutr@- 'on's/*y'n6
CUSTOMf,RAPPROVAL: / DATE:

CUSTOMER CTIANGE
ORDERNO:
COMMENTS:



I
5.0 DESIGN INPUT

.5.1 Scope
Project Scope is detailed in Section 5.2.

5.2 Design Basis
This project is based on LIGO Vacuum Equipment Specification No. LIGO-
E9400020-01-V Revision 2 and the contract documents (SOW, etc.) in
Section 4.0. Specification E9400020-02-V is attached in Section 5.2.1 .

The contract documents apply in the following order ofprecedence:

1. The Contract (Including S.O.W.)

2. SpecificationNo.LIGOE9400020-02-V

3. General Provisions

4. PSI Proposal of June 19, 1995

Use or disclosure of data in response to Contract PC 175730 is subject to the restrictions on the title page.
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Vacuum Equipment Specifi cation

L|GOE940002-02-V
Flevision 2.

August 31, 1995

1.0 scoPE
This specification defnes the Echnical rcquiremenr for the design, procur€meDL delivery,
gudifcadon. i.nsullation, and acceptanc! tcstinS of thc LIGO (Lascr Intcrferomctcr
Gnvitational-Wave Obscrvatory) vacuum cquipmcnt. Thc LIGO includcs two installations at
widely scparaad sitcs. near Hanford, WA and Livingston, LA Each iasallation includcs lascr
inerferomercrs in aa L shapc with zl-lm long arms, a vacuun syscm for thc scositive
interferometcr corDponens and optical bcarns, and other suppon facilitics. The vacuum
cquipment consists of intcrconnectcd vacuum vesscls. pumping systcms, valvcs and a
Eonibring ald contol systcm for each sitc. The vacuum cquipment will bc locatcd in
$nrcnres called $ations, locatcd at tbe corners, mid poinB, a.Dd cnds of the L-shapcd parcm.
Sce Figure 1.
The vacuum tube joining tbe vacuum cquipmcnt in tlre stations is providcd undcr scparatc
conracl ald is described by LIGO I t000O1, Bearo Tubcs Spcci.fcation. Clcaning. alignment
and lea! checkrng are critical processcs. Vacuum levels during opcration ma;- range from a
nominal l0-a ror at the chamben to l0-'torr in the bcamrubc.

2.0 APPLICABLE DOCUMENTS
If more than one documenr app[cs ro a tcchnica] requiremenl t]rc more stringeDt standard shall
have precedence. Requiremenrs s€! forth in this spccificadon shall have 6aal prcccdencc.

2.1 Industry Documents

2.f .1 American Socieqv of trlechanicat Engineers (ASME) Boiler snd hessure
Vessel Code
hessure Vessels. Section VItr. Dirision I.
&'elding and Brazing Qualifications, Section H.

2.1J American Society for Testing and Materials
ASTM E498 Standard Test Mcthods for Lcala Using the Mass Spectrometer Lcali
Detector.

2.13 Handbook of Acousticai Measurements and Noise Conbol
Chaper 43, Noisc Criaria for Hcating. Vcntilating. and Air Conditioning S1'srms.

2.1.4 International Standards Organization
ISO Sundard 2861 Flange sundatds.

2.1.5 American Socieg of Civil Engineers
Minimum Design Loads for Buildings and Other Srucrures. ASCE 78S.

2.1.6 Exparuion Joint Manufacturtr's Assocjation (EJlllA )
Sandards of Expansion Joim Manufacturcr's Associadon,



LlGGE940002-02-V
Revision 2.

Augusl 31, 1995

2.1.? Netjonal Firr hotection Association (NFPA) Standsds
No. T0National Elcctrical Code.

22 Governmenl Standards
Buildilg and s.fety codes: local. statc, and fcdcral, including OSFIA.
Federal StaDdard 209 for clcan rooms.

23 LIGO Documents

23.f LIGO Drawings
LIGO Drau'ing I 101100, Vacuum Equipmenr Corner Sution, Wasbing:ton Site,
Phase A. anached.
LIGO Drating 1l0l101. Vacuum Equipment, Corncr Sution. l,ouisiana Sitc.
Phase A. attached.
LIGO Dra*'ing 1 101 102, Vacuum Equipment- End Stations, Phase A. anached.
LIGO Dra*ing 1101103, Vacuum Equipmenl lvlid Stations, Washi.n$on Site.
Phase A. anached.
LIGO Dra*ing 1101009. Beam Splitter Cbarnber (BSC).
LIGO Dra*ing 1101010, Horizonral Access Module (HA\{).

LIGO Dra*ing 1101051, AnachrDent Brackets.

232 LIGO Specifcadons
LIGO 1i00001. Bearn Tubes Specificadon.

2.4 Interface Control Doc'ments

2.4.1 Prorided b,v LIGO
LI@ document TBD, LIGO lntcrferometcr to the Vacuum Equipmenl
LIGO document TBD. Vacuum F4uipment to the Beam Tube.

2.4J Pmvided by lhe Vacuum Equipment ConEactor
Contractor docurnenr TBD, Vacuum Equipment lo t}e BuiJdings and Udlitie-i
Contractor documenl TBD, Vacuum E4uipment to tle LIGO CDS.
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3.0 SYSTEM DESCRIPTION
The LIGO vacuurD sysem is diddcd ino two parts: the bcam nrbc modulcs ard thc vacuum
cguiproenl The beam tube modules are two kilonetcrs long urd arc addrcsscd il a scparatc
coDEacL The vacuum equipment is houscd ia buildilgs l*atcd at the intcrscction (corner) and
eDds of tbe bcan nrbc modules. Thcse buildings are lhe corncr gtation, mid stadons, and cnd
stations. The vacuum equipmcnt consisc of the following subsystcms:

. Vacuum enclosure subsystcm

. Punping subsystem

. Valve subsystcm

. Vent a.nd purge subsysem

. Bakeout subsystcm

. Moniror aad conml subsysrcn

Together these subsystcms. along with the beam $be modules. make up the vacuun systcm.
The tr\iashingron site schematic is shown in Figure 2 and thc Louisiana sitc schematic is shoun
in Figurc 3. A description of the vacuum equipmenr according to $ation is given beio*r

3.1 Corner Station \4'ashington Site
The vacuurn enclosure for tre corner sudon of dre Washilgton Sitc is shown h Figure 4 and is
diridcd into four vacuum scctions as shoum in Figure 2. The Vencx Section includcs thrcc beam
splincr chambers (BSC), sir horizonsl acccss rDodulcs (tiAM), and the two 76 cm diameter
mode cleaaer rube s. Two 122 cm gate valves isolae this scction from the Bcam Manifold
Sections. All gate valves at the EOK pump locations shall provide 112 crn of clear apernrrc. Each
Beam Manifold Section includes one BSC, a scction of 183 cm diameer bcan oaniJold. and
one 80K pump. Tbe beam manifolds providc for tbe addition of morc chambcrs i! futule
exp"nsions. The Dagonal Section includes one BSC charubcr. six HAM chambcrs, and t*o 122
on gatc valves. AI major optical componen$ are houscd in the two chamber rypcs @SC.
HAM). Removal of access covers from the cha:lbcrs will allow for scnicing the optical
componenu during nonoal opcrations; the scals on drcse covers shall be designcd as double O-
rings with a pumped annulus for cconomical reusc during operations. A clcan air vent and pu3e
sysrD shall be provided to brcak vacuum and maintain cleanliners of tbc optical conponcnl\
whenevcr a chanrber is open.
Thc comer station pumpirg systcm shall include two tOK pulps ftquid nitrogen. continuous
iow, or rcfrigcralcd) ncar thc bca.rn tubc incrfaces, and main ion pumps as shorm in Figun l.
Ion pumps shall also be uscd to pump thc annuli of double O-ring scals cxcept 8s Dotad hercin.
Rough puoping from aunosphere shall bc done with ponable and stationary punp $ations.

3.2 Corncr Station Louisiana Site
Thc vacuum aquipment for tic comer stadon at the Louisiana sitc is similar to that at the
Washington sitc, exccpt that only one of the BSC/HAM groupings shall be installed, See
Figurcs 3 3ni J f61 !gtril5.
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33 End Stations Both Sites
Thc vacuum cguipment for tbe cnd statioas is shown in Figurc 6. Vacuum Cnclosurls Shall
include onc BSC. The pumping sysrrE shall includc onc tOK pump with ll2co isol,ation
vatvcs. and ion pumps for bot} the enclosulc and thc annuli. Rough pumping fioo aEnosphere
shell bc done with portable and stationary turbo rlolccular pump sations.

3.4 Mid Station Washington Site
The vacuum cquipment for tbe mid stations is shown in Figure 7. The purnping sysEm shall

include npo 80K pumps with 112 cm isotation valvcs, and ion pumps for both tbe cnclosue and

tbe annuii. Rough pumping from atmosphert shall bc done with poruble and sEtioDatl'turbo
molecular pump $atioDs.

3.5 Midpoint Pumping Station L'ouisiana Site
No equipment or utilities are to be irselled herc. One clcctrically opcrated 122 cm djameer
gatc valve shalJ be supplied for others to irrstdl. Refer to Figure 7.

4.0 SYSTEMREQUIREMENTS

4.1 Leali Rate
All leaks grcaer rhan I x 10'9 ton lirerVscc of helium shall be rcpaircd according ro I-IGO

approved procedws. kak checki"g procedures shall conform to ASTM E49E Sandard Test

Metlrods for l-eaks Using thc Mass Spectrometcr le ak Detccror.

4.2 Pump Do*n Time
Eacb vacuum scction (an isolauble volumc) of cacb conrcr station, without intcrferomeer

componenls. shall pump down fiom atmosphcre to 1 r l0 
-6 torr il less rhan 24 houn. of rhis

time, acoustic noisc and vibration may cxcecd the limia described below in Section 4-6 for no

more rhan rhe initial 4 hours. Turbo purnps are erempt from the acoustic Doisc critcria at all

timeS. ln the case of the vcner and offsct vaguUm S€ctiOnS, twq Pump S13ti9ns may be ColrDeced

ar oncr. Otherwisc, only a singie PuIDp sultion shdl b€ comcctcd at one ti:nc'
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43 Ultimate Preszurcs
Erch vacrum scction shall auin a rctal prcssure of 2 x 108 ton, mcasurcd with ln RGA ar ar
ion punp pu.mpour pon aftcr 100 hours of pumping. If the hydrogcn contrDt of tbc stcel
Prlvenls thc anainment of tlris value, thcn the toul prcssurc of all gascs, othcr tbr! H2 aad H2O.
shall not excccd 6 x l0-v on The panial prcssurc goals below will be adjustcd, as Eunrally
egreed upon by LIGO and the conracror, so thar they arc consisrcnr with rhc prototype charober
resuhs and the design margi.ns required for rcliable implemcntation, but in any casc nor lcss thar

fbble l: Pertid hessures C'oals

Gas Species Panial hessure - ton

Hzo 5 x l0-e

H2 5 x l0'e

N2 5 x l 0  l o

co 5 x l0' lo

cou 2 x l0' lo

CHa 2 x l0-lo

All O&ers 5 x 1 0  l o

sho*'n in Table l.
Tbis ultimae pressue test shall bc performed afier a 48 hour, 150 C baleout and subsequent
cool-do*n period. The scction under tcst shall be exposed to tle operating 80K pumps. The
onJy other purnps allowed are t}e installed main ion pumps, thc annulus ion pumps and the
pumps rcquired for temporary pumpinS of the gate valvc amuli.

4,4 System Control and Protection
Each vacuum scction shall bave suf6cient insmrmcntation and hardware to allow safe a.ud
rcliable opcration of valves, pumps and gauges under a.ll conditions. UGO will suppl) process
control functions (hadwale and softwarc prograrnming) needed for safe acccptance tcsting as
ncU as nonnal opcrations.

4.5 Bakeout/Degassing Capability
A mcus shall bc provided to hcat all vacuum surfac€s ur a given secdon to ary desircd
tcmpcra$rc, ranging from ambicnr to 150 C, wit} a maximum variation of '20 C to + 20 C. No
vacuum scals shall bc damaged by non-uniform Empcrarurcs or bl overhcating. Raraping of
tcmpcraturcs shall bc conrollable. Powcr density shall be Lmied in ordcr to provide fail safe
procction. The ratc of tcmperaturc risc during warmup shall not cxcced l.8C/hour. Paniculate
generation or shcdding causcd by placement or removal of dre insulation shall bc minirnizcd.
The surfaccs may bc blar*ctcd or entirc vacuum scctions may bc insularcd bl rigid or iexible
panidons.
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4.6 Special Envimnmental Requirtments
The LIGO vacuum equiprDcnt and lascr aEas housc instrumentation which is potcntially highly

scEsitive to vibration and acoustic noisc, shock'induccd darnage or misalignmcng
elccaonagnctic incrfercnce, and conuruination.

4.5.1 Shock
Valvc acnration or othcr intcnuittcnt device oPeratioD shall inducc no mote tlun 0.01 g

pcak-to-pcal, acccleratioD al any Point u/ihin I mecr of any HAM or BSC chamber.

4.62 Acoustic Noise
Acoustic noisc from all sinuluneouly opcrating equiPmcnl in normd operation shall not

excecd NC-20 (Noise criarion 20) at any location within LIGO vacuum equipment a.Dd
lascr arcas. Liraiud nanowband exemptions may bc pcrmincd subjecr to LIGO approval.
Rough pumping equipmenl uscd itltlrmincntly to initiatc pu:apdowns, may bc exempted
for limited periods as prorided in Section 4.2.

4.63 Vibration
Jls Vssurrin Equipmenr shall be designed in such a way that vibration ftom all simulu-
neously operating vacuum equipment" in the abscncc of vibration from otber sor:rccs. shall

nor ind'uce motion of dre walls of aay vacuum chamhr or of tbe faciliry floor within I

merer of any chambcr which excccds the following spccral density limits (Iable 2). Ltn-

ied narrowband exemprions may be pennitad subject 10 LIGO aPProval. Rough pumpir-s

equipment uscd inrcrmincntly ro initiarc pumpdowns, roay be cxcmPtcd fgl lirni6i ppfi'

ods as providcd in Section 4.2. Compliance wirir this spcci6catioa may bc demonstrared
by any combination of measurements and analysis, subjeo to LIGO approval'

Table 2: Maximum allowable spectral densiry- of charnber or floor libration induced

11.6.4 Ehcromagneti c Emissioru
All clectrical equipmcnt shal mect commercial standards for EMI.

{.6J Particulates and other contarninants
No insallcd cquipment shall cmit or harbor paniculates at a levet inconsistcnt $'itl ma:n-
tcnance of a clcan environment confonaing to Fcderai Sbndatd 209 Ctass 50.000. Ba]:e-

by opcration of LIGO vacuum cquipmeDl

3 x l 0 e x  ( l H z t f ) 2

3 x l 0  1 5
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out fuLsularion may be cxemprcd from this ilit can bc shown rhar rcasonable clcaabg
proccdures and a rcasonablc time period will rcstore thc cnvironmcnr

4.7 Interfaces
Tbe following intcrfaccs shall bc providcd for ud fully documcnted:

. LIGO Intcrfemmctcrs to the vacuum cguipmcnt-*

. Vacuurn cguipment ro the bcam obe.**

. Vacuum equipment to the buildings and utifities.+t*

. Vacuuo cquipmcnt to process control syslcm.***
* ICD to be prorided by LIGO.
*r ICD !o be provided by Bcam Tubc Installer.
rr+ ICDs to bc provided by rhe Vacuum Equipment Contraaor.

4.8 Design Life
The contractor shall design the vacuurn cquipment for a minimum scrvicrable Iife of 20 years
assuming equipment is maineined and opcraed in accordance with vcndors' recommendations.

4.9 Enrironmental
Under normal operations, the vacuuro e4uipment will be operaed ia a tcmpcrature and
humidity controlled enrironmenl ln casc of power or connol failure, and during the
corstruction phasc, conditions will be dicEted by diurnal and scasonal ranges. Exposure to
these conditions shall not damage the vacuum equipment prorided rhar cquipment is
mailaiaed. storcd and operaed in accordance with vendors' recommendations.

5.0 SUBSYSTEMS

5.1 Vacu'm Enclosure Subsystem
The vacuum enclosure includes all components such as charDbcrs, tubcs, flaages. elbos's. tces.
blank-offs. and oder 6niags. which fom the barrier bcrween atmosphere and vacuum. These
components are rcquircd to be compatible witb use al I x 10 -v torr. Spcci6c rcguiremens are
bclolr'.

5.1.f Ma&rials
All fabricatcd components cxposcd ro vacuum shall be made from r)?c 304L or 3l6L
tairdess ste€I, using low carbon wcld iller wirc, or aluminum alloys whcn rcquircd.
Sandard Fr:legug iams of 3O4 or 316 sainless stcel are accepublc if not rvailable in
3O4L or 316L. Coppcr, aluminum, and prcbaked Mron may be uscd for scab. Vrcuum
fcedthroughs may utilize ulIV compatible glass or ccramic. All other marcrials art sub-
jcct to UGO approval. Copies of miLl rcsr rcpons of cbambcr. tube and 0ange maarials
shall bc furnishcd. Intcrnal surfacc 6nish is subjccr to UGO approval.
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5.lJ Chaning
All surfaces cxposcd to vacuurn or purge gas shall bc clcaacd in accordalcc with procc-
durcs approved by LICO prior to fabrication and installation; surfacc reontamination
shall be prevcntcd during ali subscguent proccsscs.
All iems shall be wrappcd or scaled aftcr clcaniag to mainain clcanlincs through han-
dling, transponation, aad storagc. Care shall bc u&cn to minimizc cxposurc to corrosive
environments, such as those containing chloridc compounds. No visible contarninant
(viewed n'itb the naked eye, under both natural aDd ulraviolct light) of aoy form shall be
left withir: the vacuum cnclosures or purge systcm piping when installcd (for example:
warcr. dust. satd, hydrocarbon 6lrn, etc.).

5.13 ll'elding
All weldirg cxposcd to vacuum shall be done by the tungscn-arc incn-gas (TIG) process.
Exceptions may be allowcd subject to LIGO approval. Wclding tcchniqucs shall deviare
from the ASME Code in accordance wi$ the best ultra high vacuum practice to climiaate
aay virnul leaLs in the welds; Le., all vacuum wclds shall be, whercver possiblc, inemal
aad conti,nuous; all cxrcmal welds added ro these for strucrural purposcs shall be intcnnit-
tcnt to eliminate trappcd volumes. Defective welds shall bc rcpaircd by rcmoval to sound
meul and rcweiding. AII vacuum weld proccdurcs shall includc strps to avoid conamila-
tion of the hear affcced zone r*'irh air, hydrogen. or watcr. This requires that incn purge
gas, such as arBoD, bc used to flood dre vacuum side of hcarcd ponions.

5.1.4 Alignment and Dimeruions
All charnbcrs shall bc aligncd to within 2mm of rhe dcsign optical axis in both tznsverse
direcrions and to within 25mm of the design position in the arial directioo. Unlcs norcd
otherwise, dimensions of chamben (including inlcrconnccting tub€s) refcr !o nominal
internal dimension5.4U stbsl.limensions shall be +/- 3mm. +/- I degree, and +/- 3mm pcr
3 metcr scction of obe.

5.1.5 Mechanical Loads
All vacuum components shall bc anchored to tlre floor or to each other so as to rcstrict ali
mouon to bellows unis. Tlre floor anchors shall be supplied and insr^lled by the conrac-
tor. The dcsign of thc vacuum cnclosurc shall allou'for strains aDd sresscs due to the fol-
lowing: normal cycling of Ae station HVAC (hcating. ventilating. and ab condidoning)
cysrcm (erpecod to mainain tcmpcraturc wit}in a range of +f 2 C); variations in atmo-
spheric pressure; vacuum cycling of other scctions of the vacuum cnclo$re: b*cout of
any vacuum scction; failurc or non-opcration of $e IIVAC.

S.f .6 Design
Each vacuum clement wirh a diamctcr grearer than 12 inchcs shall be dcsigned accordin-c
to the laest cdition of ASME Boiler and hcssurc Vesscl Codc. Scction VIII. Dirision I
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urd its subscqucnt addcnda (erccpt as notcd in 5.1.3), cven though vacuuo cbrmbcrs lic
oulsidc of the scope of that docurnenl AlEmatc desip mcrhods may bt cnploycd subjcct
to UGO approval. Code ccrtification and sramPing arc not required. AII rparablc paru
shall bc fnliy inrcrchangcable bctwccn asscmblies. Adcquetc clcarancc shrll bc providcd
for asscmbly of mating 0anges, and for bandles. Exernal acccss sball bc providcd to all
vacuum scans for lcak chcckilg. All vacuurn clcmeots hcavicr than 50 lbs shall have lift
lugs insulled and aach charnbcr asscmbly shall havc 8! clcctricd grould connection
(rcmovable for diagnostic purposcs). Calculations shall be made to dctcrniDe dcsign fca-
tures. including the nccd for and the sizc of any rcinforcemens duc to oPctri.Dgs. ChaE-
ben shall bc dcsigrcd to wiftstand thc loadings exertcd by all applicable loads ir
accordance widr the prorisions of all applicablc codes and stan&rds. All char:lbers shall
be designed to bc free sunding to allow blarked-off lcak chccking. To dctcrmiac the prob-
abiliry. of canhquakes and scismic coef6ciens in various arcas of tbc Unitcd Statcs, Stan-
dard AIiSI ,458.1 (ASCE Minimum Dcsign Lnads for Buildings urd Olrer Suuctures)
shall bc applied.

5.1.7 Chamben
All optics are bouscd in two qpes of charobcrs. Thesc chambcrs contain the scismic isola'
tors and aligment mechanisms which suppon t}le optical clcroeDs. Thc two chambers are
designaed BSC ard IIAM.

5.1.7.1 B€am Splin€r Chamber (BSC)

The Beam Spliner Chamber @SC) confguration is sho*n in Figure 8.

5.1.72 Horizontal Axis Module (IIAM)

Tbe Horizontal Axis Module (tlAM) confguation is shown in FiguE 9' One spare
HAM is rcquired at the Washington sia.

5.l.6 AEachment Braclets
Both chambcr types shall have intcrnal atBcblDeDt brackets as shorlll i,D Figurc 10. These

brackets will bc uscd to suppon lightweight optical components.

5.1.9 Flanges and PorG
DuaJ O-ring flarges shall bc designed for conveuienl quick urd easy disasscmbll and

asscmbly' consistcnt wi$ rcliable scaling o-rings shall bc vacuum q.'eliry viton' free of
lubricant and baked to remove contaminatts. O-ring gToovcs shall rctain tlrc Gring dur-

itg asscmbly/disasscmbly. Flange ccnrcrirg pins shall bc tapered, roundcd, and rePlace-

ablc; ccnrering pins for Bangc scts in the venical ptaoe sball suppon tbe weitht of the
mating cover. Exccpt for t}e casc of cbarnbcr to charnber connectiOnS. 6alge Ocntcring
pins sha.l) bc includcd in the charnbcr flatge of flange sct' in the vcnical plurc, urd the

iower ffange of farge sets in rhc horizonral planc. Pon designs shall provi& for m:ximum
aperr.,te and minimum ncck lengrh. where applicable dcsigns shall conform to ISO Snn-
dard 2861.
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5.1.10 Accrss Cormectors
The 152 cm dianeur shon nrbc scctions locatcd at BSC 2 urd BSC 4 rre &6rd rs acccss
coDDcctorsr aDd shall be dcsigned for convcnicnt rcmoval and iasrallation. As a mid.oum
the toral axid space reguircd a! thcsc locations is 90 cm. Thc bcliows po,nioD shall bc as
$hon as practical o allow addition of sidc acccs pons in thc future. A similar rcccs con-
nccor is rcquired at BSCs Tand 8.

5.l.ll Optical Balfes
All connccting nbcs shali be dcsigned to allow for insrellation of optical baffes a a laer
daa. This requirelDcnt car bt mct by allowing acccss to all intcrDal surfaccs.

5.1.12 Annular Spaces

The annuli ofeach chambcr shdl bc connected to a single iange. Pumping spccd betwecn
this flange and any poiat of the pumpcd annulus is to bc gcatcr thar 0.3 litcrVscc for air.
ia molecular flou'. Intcrconnecting tubirg shall be roued close to *rc chambcr wall, wirlt
aLl comcrtions to bc welded or CF flanges.

5,1.13 Fasteners
Flange fasenen shall be of high qualiry, appropriac for cfficient asscmbl;- and disasscm-
bly. All faseners shail be Plated or made of alloys wbjch allow usc without lubrica:rs
Floor alchors need not bc plarcd. \\'here possible plate nus shall be uscd

5.1.14 Component Lcak Rate
The contracror shall cnsure that all leats grearcr than I x l0'v torr litcr/secoDd of helium
on each chamber or urbe s€cdon are repaircd at the sie of manufactutt accordittg to LIGO
approved procedures. Lc.aI checking procedures shall conform to ASTM E498 Sundard
Tesr Methods for l.cats Usiag the Mass Spcctrometcr Lcak Dctccor.

5.1.15 Worlumrahip, Finish, and Appearance
The finished product shalJ bc frce of weld spaner, cutoff spancr, free iron, weld oridation
and defecrs. There shall bc no grinding or abrasion of conpletcd welds or intcrnal vacuum
surfaces.

5.1.16 Marking
Each scparable pafl (except fastcners, scals. and inCrchangeable, standad blanli Sanges)
shall bc pcrmanenrly marked with a unique idendhcation numbcr in a location rcadil1
viewcd.

5.2 Punping Subsystem
Vacuum pumps include ponable roughing PurDPs, stadonaty backing pumps' ultlulus pumPs.
main ion pumps. and 80K pumps. The roughing PumPs:ue uscd to pump the sy*cms dont
from atmosphere to lO6 ton. The ion pumps, and 80K pumPs are used for ribration-free
pumping during normal opcradon.
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Tbe oain puroping phascs include:
Initial Puropdown (from 760 torr to less than I ton): Roos roughiag pump scs are
to be uscd. Smaller volumes may only rcquirc roughing with the arto backing
puops. The duration of this phasc is limitcd to 4 hours pcr vecuunl scction for alJ
scctions in the comcr stations. Sec Scction 4.2.
Intcrmcd,iatc Rmpdowo (from I ton to less than l0 { ron): Turbo oolccular
purDp scts art to bc uscd. The duration sf this phsc is expcctcd to bc of order 24
hours. Lnw noisc and vibration are required.
Final Pr:mpdowl and normal opcration (bclow t0{ ton): No mechanical pumps
may be uscd- Ion pumps and cr-rogenic punps are m provide continuous pumping
without vibration.

5.2.f Roughing Pumps
The roughing pumps shall consist of rwo r)?cs of ponable pump statior$ and stationary'
backiag pumps, the main roughiag purnp sct and the turbo molecular purnp scts. The main
roughing pump sct sball be lrsed for pumping from amosphere to lcss than I torr while the
urbo molecular punp set shall be used fbr furuping fton 1 torr to lcs thaa l0{ ton Thc
main roughing purap sets are exempt fror! tbe vibration and acoustic noise limits. The
turbo molecular purDp scts, however, shall be designed to opcrare for crtcnded pcriods of
time without contributing to vibntion and noise levels beyond those describcd ir Section
4.6. Tbe design of the roughing pu.rnps shall prcclude ssstarrrin3tiag the bcaro obes and
chambers during tre iife of the equipmenl evcn r*'ith equipment failures and opcrator mis-
takes.

5.2.f .1 Main Roughing Pump Ses
Each main roughing punp sct shall coDsist of a roots blower backed by onc or oore
backing purops. Four scts are rcquired in rotal. Thc minimum pumping spced at I ton
at the pump inlet shall b€ 500 CFM and at 0. I torr, 1000 CFM. Therc shall be no oi1 in
the pumpi.ng path. The pump set shall bc sclf containcd so tbat under povcr failwe or
pump failure, interlocks shali prcvent the pumped chambers from bcilg vcned. The
pump set shall be^ capable of roughilg volumes as hrBe as the 2 lr! bcam obc module
(volume 2000 r0r) without overheadng. Provisions for connertion to the control s)'s-
tcm shall bc provided. Provision for scaled connection to a ductcd faciliq exhaust s-rs-
tcm shall be provided. There shall be vacuum gauges locarcd at each purnp idet Ooth
the roor pump and the backilg pump) and *rerc shall bc auxiiiall va.lvcd (manuaJ)
pons to allou, conncction ofa leat dctcctor. AI unuscd conncctions shall bc 6ttcd uith
blankoff Bangcs.

5J.1.2 Turbo Molecular Pump Sets
Each turbo molecular pump scl sball consist of a widc range magnetically lcvitatcd
turbo molecular pump backed by an oil frce pump (diaphragm, Piston, or scmll PumF)
Tcn serc arc rcquircd in toul. The mi-nimum pumping specd at the rou-rhing pon shall
bc 1400 litcrJscc for ninogen al l0'r lor. Throughput at a backing Ptessutt of I ton
shall bc at lcast 5 torr btcrVsccond. The pump sct shall bc capable of pumping large

t r
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voluraes (2000 m3) withour overhcating. The pump sct shall bc sclf contaiacd so thar
undcr powcr failurc or pump failurc, inrcrlocts shall prcvcnr 6c pumped cbambcrs
tom bcing venrcd or erposcd ro pump lubricants. hovisions forioucctio,D !o thc
control systcm shall bc provided. Therc shall bc vacuum gauges locatrd ar cach punp
inlet (both tbc nrbo pump and rlre backiag pump) and rbcrc shall be auriJiary valvcd
(malual) ports to allow coonection of a lcak dcaaor or auxiliary backiag n'bo. All
unuscd connections shall bc fittd wirh blanLoff 6angcs.

5Ji Main Ion Pumpe
Thc main ion pr:mps, positioned as shown in Figures 2 and 3, havc nomiaal punpitg
specds of 2500 [E/5gc rainimus for nitrogen. Each main ion pump shall havc a manual
isolation valvc as weu as a manual punp out valve. The rainioum life of the pumps shr 
bc 40,000 bours or Eor€ at an openting pressure of l0 { torr. Noblc gas d.iodl-rypc ion
pumps shetl be uscd. U required for starting purposcs, or to avoid the usc ofcustom power
supplies. multiple power supplies and fccdtbroughs may bc cmployed ro opcrarc each
puop. The ion purnp design shall allow staning at prcssurcs of I x l0'5 ton. Howevcr, rhe
power supplies nced onJy be capable of providing staning currcnt for I x l0 { ron Ion
purop power suppbes shall be mourtable in standard 19 inch nacks. All ion p"mp power
supplies shall have rcmoe conrol capability with both currcnt and voltage signals
remoel)' readable.

5.23 tOK hrmps
Tbere are two typcs of 80K pumps: tong and sbon. The long 80K p"mps shall have a
cyliadrical cold surface 3.? m long and rle sbon EOK pumps shall bave a cold surtace 1.?
m long. All other features of rhe 80K pumps shall be identical. The puroping surface shall
be coaxia.l with tbe bcaro tube axis, and provide a clcar apcmue of ar lcast 1.30 m, l aro
or cold. The apcffue ar rhe purnp fanges a.nd necks sha.ll be thar of the adjaccor gate
valves. Tbe EOK pumps may be of the liquid nirogcn, continuous fow, or rcfrigeraed
design. In any case the vibration rcquirmens of scction 4.6 shall bc mer
Ccnain pans of the 80K pumps may have large thermal gradicnts which may give risc to
local, intermittcnt rclease ofgas. Tbe design strall preclude the sudden and dircct relcase
of this gas into the optical path. Each 80K puop shall have a rcmovable bcan tubc scction
at ooe cnd to allow inscnion of optics componenLs. The minimum lengrJr rcquired for t}is
scction is 60 cm.

5.2.4 Annulus Pumps
Auxiliary turbo. m olecular pump scs (auxiJ.iary rurbo carts) shall be proridcd for mughin-t
of the amrular sfaccs. Tcn pump scls are rcquired. The pump scrs shall bc scu contained so
tbat under power failurc or pump failure, intcrlocks shall prcvcnr the puopcd volurncs
from being venrcd. hovisions for connccrion to the control sysrcm shall bc provided.
Thesc pump scrs shall usc an oil frec backing purop to minimizc ttrc risl. of clnrmil3gsn
of rhe annuli. Each chambcr shall have a 200Vs (marimum) ion pump ro mainuin the
annular vacuum. The ion pump shall be isolarable from the annu[ wirh a hand valve.
lioble gas diode pumps shall bc uscd. Thc minimum annutus ion pump uscd anyvherc
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sbdl bc et least 20Vs. All ion purop powcr supplies shdl heve rcmotc coorol cryabilrJ-
with a rcmorcly rcadablc currcnt signal.

53 Vdve Subsystem

53.1 Gate Vdves
All garc valves shall bc stainless stccl with mcul scaled flanges or wcld ficings where
appropriatc, and meral bcllows stcm fccdtllroughs. Gring seds arc allowcd on the bcam
line franges. Only oon-contaniaati-ng and non-Eilratory lubrication shall bc uscd on the
inamal mechanisms. Valve body and flange lcakage shall bc mcasure! to !3 lgss then lQ-
l0 lon litcr/sec of heliuro before installation. 112 cm ar:d largcr gatc vaives shall bave dou-
ble riton gaa seals. Annular spaces between garc valvc scals shall be isolatablc. Tb.is
space shall be prorided widr a bla.nled-off pon All gate scals shall be leak frcc to a level
of l0 -e ton [tcrlscc of heliuro. Valves of the sa^Ee size and typc shall be idcntical to mb'
imize the numbcr of requircd spare parts. All valvcs shall bc ratcd for 10000 cycles before
sen'ice is required. All valves, rcgardlcss of opcration (clcccic, pneuoatic, or ma.uual)'
shall be proteced froo accidenul opcration. Such protcction oay bc providcd by mechan-
icai, electrical. or procedural mcans. ln instances whcrc accidental venting is possible'
redunda.nt means shall bc cmployed.

53J Smsll Valves
Small valves (less than l5cm apcrture), such as right angle manual valves' shall be all
meal and bakcable to 150C. Exccptions are $osc valves which arc uscd on tbe oring
annuli and thosc which arc mounted on the ponable pumP stadons. Tbesc may be liton
scaled. All metal scaled valves sball be rated for 10000 cycles bcforc scrvice is rc4uircd.

5.4 Vent and Purge Subsystem
Componenrs ilside each of the cha.mbcrs shall be protccted against pafticulatc and hydrocarbon
con&mhation al ali tiroes: whcn chambers are oPen, whiJe vcnting rc air, during oPcDing and
closing. ar:d whcn closcd, ircluding purnpdown. This protection against paniculaes shall be
equivalent to exposure within a Fcd. Srd. 2$9 Ciars 100 clean room. Tbe vacuum cnclosutt arca
of cach sution g'ill bc consmrced wi0r marcrials consistcnt with a Fed. Std. 209 Class 50.000
clean room. Vent and purge sysrcms shall bc providcd witlr valved and presswe limi6d. Class
100 air witb a watcr vapor dew point of lcss thar -60 dcgrccs Celsius. Thc vcnt and purge
systctr shall not fuitrduce hydrocarbons inlo the purBc air strcam. There shall be one 200 CFIII
Sysrcm available in thc comer sutions and 50 CFM systcms clscwherc. No systcms are Equired
rr thc LA mid sudons.Thc air compressors shall be mounrcd in the dcsignaad Ecchanical room
arcas. Tbc purge syslcm shall allow for thc co tecrion of air shower manifolds in $c chambcn.
uscd to disribute purge gas ovcr the optical componcns inside the chambers. Additionally.
ponablc soft-\r''all clcanrooms shall bc provided to allou'coverage of opcn chambcr Ports. The
cleanrooms shall bc designed pcr Federal std. 209 (Merhods al rest approach). Air 0o* shali t'c
dcsigned to optimitc paniculatc rcmoval. Unidircctional air flow is not rcquircd. A toul of l3
portablc unis arc rcguircd (8 for the Washin4on sir).
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5.5 Bakeout Subsystem
Iasulation and hcatilg cquipmcnt shall bc modular so as to sllow cfficient removd and
placcmcnt Thcrc necd only bc cnough cquipmcnt to bakc the largest contigrou vacuum
pction at oue time; howevcr, thc cguipment shall bc capablc of baking u|y of rhc vscuum
rcctions. Balcout controls shall bc suffcicnr to cDsrre drat the performancc rcquiteEcnrs arc
DCL

5.6 Monitor and Control Subsystem
Vacuum monitoring and coutol cquipmcrt includas Pirani taugcs, ion taugcs (cold cathode).
proccss controllcrs for the large valves, and proccss controUers for the tOK pumPs. Gauge tuhs
shall bc mounad on 2 314 inch meul scal CF falgcs at the locations shorvn in Figurcs 2 and 3.
Thcrc sball bc two auxiliary pons (one 2 314 and one 4 ll2 ilch CF) comPlec with all metal
valves and blankoffs for cach BSC cbamber. The 4 ll2 inch CF pon is rcscwcd for RGA
scnsors (to be provided by LIGO). Thcre shall bc sufiEcient conrols logic (including hardware
and soft!,'are) to safely opcrarc and commission cach vacuurl scctioD. Sitr wide functions such
as data logging and control roon opcrations will be providcd by the LIGO conrol systcm. Tbe
inrcrfaces to this systcn sball consisr of discrcrc digiul and analog signals. Siginal qpes, cablirg
aad connectors are subject to LIGO approval. Tbe suggestcd sigaal levcls a.re lised below:

' Aaalog Input 0 to l0 vDC, hput impgdrnc€ greatcr than I Kohm.
' Aaalog lnput 4-20 mA, inpur impedancc 600 ohrns nomind.
. Aaalog Output 0 to 10 VDC, oulPut cuneDl drive l0 mA minimum'
. Analog Outpur rt-20 mA, voluge compliancc 15 VDC maximum.
. Discrea hpur 24 VDC, input impedancc grcarcr than I Kohm. or conuct closure

witl contacts ratcd at 24VDC, 500rEA.
. Discrcte Output 24 VDC, 100 nA maximum.
. Discrea Conact Output 24 VDC. I A marimum.
. RTD Tcmpcrarure Mcasurernent ISO 385 cuwe platinum RTDs. 100 or I Kohm.
. Thcnoocouple Measurcment Tlpcs B, R, S, E. T' J' lL

Inpur is defued as an input to LIGO controls from thc Vacuum EquipnctrL OutPul is defaed ar
ourput from LIGO conrols to the Vacuum Equipmenr- All Vacuum Equipmenl elcctronics shall
be supplied conplete with standard 19" racks, howcver. vacuum gagcs arc dlowed to be of the
"sman gage" rypc and do not require rack mounting.

5.6.1 Vanrum Gauges
Vacuum insmrmentation shall bc provided for pressures from atnospheric down 10 lxl0'!
torr (N2 cguivalenr). Each chambcr and bcam tubc sccdon which can bc isolaad shall
have insrallcd one Pirani gauge, and onc cold cathode gauge. Vacuum gages nay bc scU
contained "sman gage" typc. Conncctors for all vacuum gauges shall havc locking. posi'
tivc contao o the mating vacuum feedthrough. propcrly shield the high voluge and siSnal
co tcctors, aad providc proper srain relief.
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5.6.1.1 Pirani Gauges
Pirani gauges shall opcrarc from atnospherc rc l0 4torr. Thc contollcr shall bavc at
Icast oue seuble process conrol conad ot setpoint if conmercially availablc. Thc
gauges sball bt insrdlcd on CF flanges and be balcable to 200 dcgrccs Celsius.

5.5.1J Cold Cathode Gauges
Cold cathodc gauges shall oPcratc from l0-r ton to hlG9 torr. Tbe conroller shall
have at least one sctable proccss control contact or sctpoint if commercially availablc.
The gauges shall be i.nsulled on CF flanges and bc baleable o 250 degrces Cclsius.

6.0 QUALTTY ASSURANCE

6.1 Tbst Plans
DcaiJed plaru including descriptions of the tcst equipment and procedures for thc qualification.
rrcening. ard accepuncc rcss shall be approvcd by LIGO prior to usc. Of panicular iatcrcst
are thc ql,'lification re4uirements for large gae valvcs.

6.1.f Contol of Contani nation
Detailed plans to cnsure control of cleadiness shdl be approved by LIGO.

6.lJ Component Acceptanc less

6.12,1 Chamber and Tube Leali Tests
The contraclor shall document helium leak ratcs on cach vacuuo chambcr or tube sec-
tion as pan of the fabrication process. No vacuun chamber or fabricatcd lrbe sccuon
shall be 6eld insulled without 6rst dcmonsrating acccpable lcakage-

5.1J.2 Pumps
Each electrically powered vacuum pumP shdl be rcsed (or ccni6ed) for spccd. uiti-

Dalc pressure. lcalage. noisc and ribration, and operation of prorcdive features.
bcfore shipment from dre manufacntrer.

6.1J.3 Yalve Tests
Each vacuum valve shall be esad for lcatage prior to shipoent from the manufac-
turer. For dual gate scals, each scal shaJl bc iJrdivid,,ally tcsted. As wcll. each vacuum
vajve (including cach indir.idual gaa scal) shall be rcstcd for leakagc aftcr i-nsullation
on $e LIGO vacuum systcm. O!'cration of cach vaive shall also be demonstrarcd'

6.13 System AccePtance TLss

5.13.1 Leakage
All vacuum leals grearcr than the limir scr by the sysrm rcquiremcnE scction sball bc
mcasured. rcpaircd and documentcd.
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6.13.2 Pumpdown
Pumpdown from auoosphcrc to ultirnatc prrssure (100 hours pumping) rhrll bc pcr-
formed on all vacuurn scctions and documcntcd.

6.13.3 Noise and Vibration
Acoustic noisc shall bc mcasurcd and documcntcd at thc vacuum ghambcv r/alls with
vacurrm cquipment operating in cach of the 3 modcs dcscribcd in Scction 5.2. Addi-
tionally, background levcls shall bc measwcd aad documcned as wcll. Vibratioo hv-
cls at tbe floor ncar the charnbers shall bc mcasured and documcntcd" both with and
r*'ithout simultaneous opcration of all of the vacuuro cquipmenr All tcsts shall bc con-
ducted pcr the statcmcnt of worl

6.13,4 Purge System
A tcst shall bc developcd to ensuE the clcadiness ofthe purge air supply sysam.

5.13.5 Control and Monitoring
Oprration of cach vacuum gauge shall bc demonstrated aftcr instaliation. Opcration of
each vacuum pump and each valve shall be dcmonsraad aicr ingallatioo. Opcration.
Empemture uoiformiry. aad emperature stabiljt) of thc bakeout systcm shall bc alcm-
onsrated.

l 5
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Cootr.cr No. PC175730
L!GO{9508044Sv0)

A.

B.

DELIVERABLE DOCUMENTATION

The dclivcrablc documentation of this conract is summarizcd il the followbg Cmtract Data
Rcquirtoents List (CDRL), whicb identifics thc ircms to bc dclivcrcd and whcn dclivcry is
required, rhc quantity and type of cach itcm, and frcqucDcy of issue. DocgmcDEtion shall be
dclivered as carly as available but no latcr ttran tbc datc specifrcd in tbc CDRL. The Dau
Requirtmcnr Description @RD) forms refercnccd in thc CDRL derribc thc spcci5c
rcquircments for $e itcm(s) to be delivcrcd.

The Coatractor shall display on the cover or title page of all deliverablc nondesign
docuroenution (i.e., all documents exccpl dm*ings and sPecilications) the followi-ng
minimum hformation:

. Document Trtle

. Contrac Number

. Document Number 0nstitute and/or Contractor assigned)

. Program Idcntiicadon

. Darc of Issue

. CDRL Lile Ircm Nrrmlrs1
' Approval Surus

The approval code on the CDRL is defined as follows:
A= Submincd for LIGO's approval.
X- L1GO approval not required.

Thc following applies to all data submittcd for approval:

). The Contractor shall submit the approval draft on or before rhe dae indicated.

U the draft is approved, lhe Contactor will be notificd in writing by the LIGO Contract
Technjcal Manager. The Conuacor shall then prcpare and deliver final coPies as
indicaed ir: tbe CDRL.

U the submitad approval drafr requires signi.ficant Contractor modi6cations bcfore
approval wi.ll be granted, the following stcps shall be taken:

. Thc requirtd modifcations will be ransmined or discussed betu'ecn thc copizant
panies.

. The Contracror shall submit aa updared draft, containing the rcquircd modifications.

. If $e updaad dnft is approved, the Contractor will bc nodficd in writing by the LIGO

Conracr Technical Managcr The Conractor shall then preparc and delivcr final coPies a-s
indicaad in the CDRL.

c.

D.

)

3.



CoDnri No. rc175730
Ltco€9$tor{ovol

The approvd requicmens for rcvisions shall bc thc sanc as applicd to thc original &ra
itcm subminal unless otherqrisc spccificd.

All documentation is to be de[vercd to the Documenl Contol Ccnar (DCC) in can of
MS. Lin& Turner, LIGO Projccr" Mail Stop 5l-33, Catifornja Insrirurc of ?cbaology,
391 South Holliston Ave. Pasadena CA 91125. Tlre Document Conrol Ccnrcr will bc the
point of ofrcial rcceipt and diseibution.
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Data Requirement Descriptiou @RD)
for CDRL No. l: Updated Pneliminary Design

hrposc:
To document lhe design of the UGO overall vacuum systcm and to substantiatc thal thc &sign
rnccts lbe Eouiremen6.

Prtparation Instructions :
Asscmble a package of plans. drawirgs, spccifcations procedures, calculations erc. which
describe the overall vacuum sysem dcsign. This dau pachage sball i.nclude as a mininum the
iams described ir Aniclc I. Starcment of \[brk, Delivcry or Performance Schedule. Additiona]
information whicb may be required ro full,'- describe aDd asscss, the adequacy of tbc system
design shall also bt iacluded in rhis dau package.

Couraa No. rcl?t30
LreO{950t04{|-v(rl

Pa$re 5



Data Requirement D€scription (DR-D)
for CDRL No.2: Project Management Plan

Rrposc:
To povide ftc basic operatilg plan for the project which allows for dctailed scbeduling' wo*
ploFrss rcponing. a'ld trackhe of tcrmination liabiltry.

Prcparation Instructions :
Updaa and rcrise the hojerr Management Pian generared for CDRL No. 02 of Phase A as
describcd in Article I. Sacment of Work-

Cooract No. FC I 75730
L|GO{950t04Sv0t

PaE.6



ffi6*ff;T;l
Data Requirenent Description (DRD)

for CDRL No.03: Final Desigu

Purposc:
To &finc and documenr rbe vacuum equipmenr dcsign.

hcparation lastnrctions:
Prepare a stand alone docurnent, consisting ofdrawings, speci.fications. plzns. proccdurcs, crc., as
describcd in Anicle I, Statcmenr of Work.

Pagc 7



f[HT,*ffj,l'J3Y
Data Requirement Description @RD)

for CDRL No.04: Prcliminary Design Review Data hckege

Ptrrposc:
To pnscnt and subsuldar the prcliminary design for the vacuum cquipment.

heparation Insmrctions:
The Dau Package to k provided in suppon of the PrcIimhary Design Review shall contain all
prcsenration malerial as well as backup dau and information on all topics to be discusscd at the
rcriew.



f,?HT,|,lff;"131
Data Requirrnent De$cription (DRD)

for CDRL No.05: Final Desip Review Data Package

Pur?ose:
To prcscnt and substantiarc the frnal design for rhc vacuum cquipmenr

heparation Instnrctions :
The Dau Package to bc provided in suppon of thc Final Design Rcview shall conairr all data ard
information on all topics to be discussed and prrsrnrcd ar the Revie$'.

Pagc 9



Coaraa No. rcl7n31
LIGO-C950t04+v01

Data RequiremeDt Description (DRD)
for CDRL No. 06: Acceptance Test Report

huposc:
To document the acceptance tcst prcccss and Esults.

Preparation Irstrucdons:
Subsuntiarc thar the vacuum cquipment complies with the Design documentcd ir CDRL No. 03
and the requiremenLs in Afiicle L Suement of Woric



,.",1H,[1ff#fil
Data Requirenent Description (DRD)

for CDRL No.07: Acceptance Tbst Review Data Peckage

Purposc:
To pEscnt all aspects of as built dcsign and associated fabrication, irullation and :rccepance
EsdnS of the vacuurn cquipmenL and to provide a pemancnt rEcold of prcscncd marcrial and
subscquent closcoul of rcsulurt action itrms.

heparation Lnsmrctions :
The Dau Package to bc pmvided in suppon of *re Accepunce Tcst Revien'shall contain a.ll dau
and information on all topics to be discussed and prcscntcd at the Review a.nd shall include, but
not be limiEd to, tbe fouo*'ing for cach UGO sia:

. Test repon excerps documenlirlg tbe rcsults of $e acccPrance tcsts, ir accordanc€
*ith CDRL No. 06, Accepance Test Repon

. Performance verifrcation.

. As-buiir drauings.

. Dsposition of properq procured under dre conraa or made available as Govemment
furnished propen).

. Remarnil8 issues and opcn acoon iems.

Paec ) I



Data Requirenetrt Description @RD)
for CDRL No.0t: Minutes

. Purposc:
To document proceediags of dl formal Insda:e/Contractor LIGO projcct mcctings.

heparation krswctions:
The Minutcs shall document procccdings of all fomal Instiote.iContmctor projecr mectilgs. The
Minurcs shall include:

. A suomaq'of all business Eansactions htwccn tbe Contractor aad dre lastirue.
iacluding any alcradons and/or clarifications to the Reriew Data Package generated
during the Revieu:

. Conractor action itcms and planned completion dates.

. Insdurr action icms and olanned completion date s.

Cooract No. PC 175730
LIGO€950tC14{rV0l

PaEc l:



CoDracl No. FC 175?30
LIGO-C950t04{,!v0l

Data Requiremetrt Description (DRD)
for CDRL No.09: Status Report

hrposc:

To asscss projccr progress and starus.

heparation Ilstnrctions :

The Dau Packages ro be pro'ided in suppon of tbe monthly progrcss mecting shall conain a]l
data and information on ali topics to be d:scusscd and prescnad at a rcvicu, and shall include. bur
not be limiad ro. tle following'

. All currenr echnical contract actirities, and percent complcrc ar the rits S clement
level.

' Updated schedules including mi.lestones ard other events accomplJshed or missed.
rcasons for dela.l, and concctivc measures talen.

. Pmblem areas. includrng those concerns rcquiring action(s), decision(s) or assisrance
on the pan of rhe Insdrue,

. Action ircms closed during the rerie*.period. progrcss of open action itcms. and iden-
tifcadon of neu acdon icms.

. Response to technical direcdon received.

Pagc 13



,-''t5t'[lffJ'Jil
Data Requirement Description @RD)

for CDRL No. l0: Deliverables to the Beam lbbe Find Design

hrposc:
To &fine and documcnt the dclivcnbles to thc Bcam Tubc Conractor.

Preparation Instructions :
hcpare a stand alone documenl consisting of drawilgs. spccifications, plans, proccduns. crc., as
described in Aniclc I. Suament of Wbrk-



Cootact No. FC 175730
Ll@-c950804 {} V0 r

Data Requirement Description (DR.D)
for CDRL No. ll: Protot5pe Vessel Data Review

Purposc:
To document the tcst rcsuhs of thc prctoty?e vesscl.

Prcpantion Instructions:
heparc a swrd alone document, consisting of tcst rcsults as dcscribed in Article I, Statcment of
rlbrk.
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EXIIIBIT trI

DELI\TERABLES FOR THE BEAM TUBE CONTRACTOR
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CoDt rt No PC 175?30
UGOC950t04@v02

E'CIIBIT Itr
DELN'ERABLES FOR THE BEAM NJBE CONTRACTOR

A. Tbe Delivcrablcs consist of pump cans and garc valvcs which are required for t}c bcam mbe
pump do*r (a scpaiarc conrafl). Thesc components art defincd in Bhibir I Vacuum
Equipment Spccifcation. Tbcrc are thrce typcs ofpump carts and onc rypc ofgarc valve.
Thc required equipmcnt is listcd belo*:

EhSHNCTON SITE - Rcquircd date: 6fl9t96

LOLIISLA,NA SITE - Requircd date: 8l!0197

Item

1. Main Roughing Pump (per Exhibir I. paragraph
5  )  I  l )

2- Turbo Molecular Pump Ser (per Exnibir I.
n a r e a r e n h { 1 1 ? \

Auriiiary Turbo Can (per Exhibit L paragraph

4. ll2 cm Gate Valve (per Exhibit I paragraph
53 . r )

5. 122 cm Gate Valve (pcr Exhibit L paragraph
s ?  t \

3 .

Quartity
Hanford

2

4

2

8

0

[.ouisiana

2

t

)

NOTE: Quantitics above are rhose requfurd for the bcam tube pump do\*T onl] and ma) nor
be the sarne as the total quanciry.- called for ia Exhibir I Vacuum Equipment
Soccificarion.



CoE ..r No PC:7SAO
UGO.C96�0t040Gv03

EXIIIBIT IV

zuRDWARE DELIYERABLES
LIGO-C9s0E0+00-v03



ColF.ct No rcl7580
ucoc950tgBv03

DflIIBIT IV
HARD1IARE DELII'ERABLES

A. The Hardware Deliverables consist of a.ll the Vacuurn Equipmcnr to be installcd and rcscd al
thc two I-IGO sitcs. This cquipmenr is defined in Exhibir I, Vacuurn Equipment
Spccifcation. Each vacuum section shall be delivcrcd, installcd, aad acceprance testcdr,
conplete witl all chamben, puraps.valves, supporrs, finings and gauges. Tbc cquipment is
listcd belor+, and the acceptancr darcs are as statd in Article II.

'Ac$purce daas will be detcrmined jointJl' b1'LIGO. dle A-E Contractor aad t}e Vacuum
Equipment Conuacror

\lhSHf\-CTON SITE - Er-hibir i. Figurcs 4. 6. 7.

Ircm

l. Corner Station !'encx Secdon

2. Corner Sution Diagonal Secoon

3. Comer Sadon Bearo Manifolds

4- Sitc PurgeA/enr sysrem

5. Sitc Bakeout system (/rrs 4stem v'ill also be used in Louisiana)

6. Sitc Pump Cans

?. I-efi Anc Mid Station

8. Right Arrn Mid Station

9. Lcft Ann End station

10. Right Arm End Station

Ouardlv

I

2

I

I

I set

i

I

t

I

Pagr I of :



CoG&t No. lC 175R0
lj@-c950r4ft! V03

LOUISTANA SITE - Exhibit I, Figur,cs 5,6, ?.

It!m

l. Comer Sstion Vcncx Scction

2. Comer Sution Beam Manifolds

3. Sitc PurgeA/enr sysrem

4. Sitc Bakeout systrm (rle Washingnn bakcout slstem will be
shipped to Louisiana)

5. Site Pump Carts

6. Irft Arm End sration

7. Righr Arm End Station

Oue!titv

I

2

I

D

I set

I

I



5.3 Design Input Review
Prior to contract acceptance, a detailed review is held intemally at PSI to
review the design input basis. The customers contract documents are
reviewed against the PSI proposals and any subsequent letter addenda to
ensure the project design basis is underslood and contractually corsistent
between all documents. All discrepancies will be tesolved before conftact
acceptance.

This meeting is attended by the Project Manager, the Director of Confracts
and Senior Proiect Team Stafl

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



6.0

6.1

DESIGN OUTPUT

Project Execution Summary
The LIGO Project will be executed as shown on Chart 6.1 "Pmject Execution
Summary".

Because of the technical challenges and fast tack nature of the engineering
phase ofthis projecl some engineering, research and fabrication must be done
in parallel to maintain the project schedule. This approach is also mandated to
properly control risks associated with vessel fabrication, vibratior/shock
design and very large ulna high vacuum systems design.

VIBRATION STUDY

As part of the Phase B final design, PSI will conduct vibration/noise/shock
testing of all the devices that have sigrrificant contibution to the
vibration/noise spectrum. This source spectrum data (not available from most
vendors) will enable PSI to calculate the resulting vibration/noise/shock at the
beam tube system and recommend 2nd order rcmediation for approval by
LIGO (NOTE: lst order remediation is included in the lump sum price). See
Volume I, Section 4 for more details of the vibration/noise/shock program.

F'IRST ARTICLE FABRICATION

Also, as part of the Phase B Engineering Phase, PSI will fabricate a lst article
vessel @SC or HAM) to validate pmposed fabrication, sealing and cleaning
techniques. This approach will provide significant risk management benefits
and prevent fabrication false starts or large delays later in the program'

A first article large gate valve program is being executed by PSI. PSI has
released one large gate for design and manufacture. This approach will reduce
the risk associated with the large gate valves.

Prototype 10" vessels are also being fabricated and tested to validate
fabrication and cleaning techniques prior to the Final Design Review.

PROCUREMENT
After final design approval by LIGO, PSI will purchase the remaining system
equipment and material. PSI intends to puchase 304L S.S. (plate, flanges and
heads) in mill runs to reduce project costs. Due to the future demand for S.S.,
this purchase will have to be made before the final design approval to
maintain the schedule.

6.1.1

6.L.2

6.1.3

Use or disclosure ofdata in response to Confact PC 175730 is subject to the resrictions on the title page.



CHART 6.1
PROJECT EXECUTION SUMMARY

PRELIM DESIGN
REVIEW

(wrH LtGo)

FIML DESIGN
PHASE B

RELEASE FOR
PROCUREMENT

AIID
FABR|cANON

DESIGN
OPTIMIZATION
(INCORP FDR
INPUT ANO

RESULTS FROM
VIBRATION

TESTING AND
lST ARTICLE
FABRICATION

a!---



6.1.4 FABRICATION

Fabrication of the vacuum system components will be conducted at various
PSI and vendor facilities to optimize the utilization of space, equipment and
staff expertise. (See Section l3). These complicated vessels will require
sophisticated fabrication and stress rclief techniques to successfully fabricate
the units. PSI will draw on its history of cost effective innovation to design
intemal/extemal fabrication jigs and fixture to maintain vessel tolerances. See
Volume III for additional fabrication information.

INSTALLATION/COMMISSIONING
PSI will use local contractors to install the LIGO systems. These contractors
will be selected based on precision alignment and clean service experience. A
PSI representatives will be present at the site to coordinate activities and
interface with LIGO representatives.

The vacuum systems will be tested and commissioned using the control
system provided by LIGO. The system components will be commissioned
and tumed over to LIGO in phases.

See Volume IV for additional installation/commissionine information.

6.1.5

Use or disclosure ofdata in response to Contract PC 175730 is subject to the restrictions on the title page.



LICO SCHEDULE SUMMARY

Use or disclosure of data in response to Contract PCI75?30 is subject to the restrictions on the title page.
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6.3

6.4

Documentation Deliveries
Vacuum equipment deliverables are detailed in Volumes I thru V of this Final
Design Report.

Documentation Format
All documents will be supplied in PSI standard drawing format. LIGO title
block information (Customer Document No., etc.) will be added to the PSI
title block.

All PSI documents will be numbered per PSI Standard SOP-006-003
"Procedure For Assigning Engineering Documents Numbers".

Required Approvals
The complete design will be submitted to LIGO for approval as part of the
Final Design Review.

Installation readiness reviews will be conducted prior to the start of
installation at each LIGO site.

6.5

Use or disclosure of data in response to Contract PCI?5?30 is subject to the restsictions on the title page.



1.0

7.1

PROJECT ADMINISTRATION/TECHNICAL COORI}INATION

Progress Report

PSI will prepare monthly reports documenting the status and action items
from the monthly LIGO/PSI progress meetings.

Project Filing System
Proj ect/Customer correspondence, intemal memorandum, vendor
correspondence etc., shall be filed by the project secretary in the project file.

All PSl/Customer correspondence will be assigned a sequential number by
category and recorded in the project log. Document numbers shall be
assigned as follows:

Correspondence (Letter or Fax): V049-PL-
from PSI to LIGO

' 1 )

Conespondence (Letter of Fax):
from LIGO to PSI

v049-LP-

t . J

Any correspondence received out of sequence number shall be investigated
and resolved.

All PSVLIGO conespondence shall be sent and received through the PSI
project secretary.

Project Document Control
All project documents (specification, drawings, procedwes, etc.) are reviewed,
signed-off, issued and archived per PSI SOP-006-012 "Procedure for Release
of Controlled Documents" (See Exhibit I).

All project documents, (hard copy and electronic), are issued and archived
through the PSI Document Control Departrnent (DCD).

All PSI and customer submittals are also handled through the DCD. PSI
submittals to LIGO shall be documented by PSI transmittal notices and logged
by the DCD.

. Use or disclosure of data in resDonse to Contract PC 175730 is subiect to the restrictions on the title page.



7.4

/ . f ,

7.6

All engineering document submittals from LIGO will be logged in by the
project secretary and copies intemally distributed. The original will be filed in
the LIGO project file.

Document Numbering System
All PSI documents will be numbered per PSI procedure SOP-006-003
"Assigning Engineering Document Numbers".

Project Chart Of Accounts
Ptoject labor and costs will be monitored and recorded by means ofa Project
Chart of Accounts. The breakdown will be based on the Project Work
Breakdown Structue (WBS) and tracked via PSI's M.I.S. System (EMS).

Project Needs List
Requests for information between LIGO and PSI shall be monitored and
controlled through a project needs list. This system of consolidated
information requests ensures timely closure of technical and commercial
requests for information. Two separate lists are kept for each organization
request.

The items on the needs list are numbered sequentially (LIGO to PSI V049-
NL-LP-1, -2, etc., PSI to LIGO V049-NL-PL-1, -2, etc.) and roll-offthe list
when completed. The needs list is transmitted between LIGO and PSI as
required and is part of the monthly progress report.

See enclosed samples,

Use or disclosure of data in response to Contract PCI?5730 is subject to the restrictions on the title page.



7 .7 Proj ect Reviews

Intemal project reviews are held monthly to review project status with PSI
upper management.

During the project review, each phase ofthe project is scrutinized in an effort
to understand project status, identifu area ofrisk requiring firther action, and
to discuss issues critical to successful project execution.

The project review meeting is attended by the PSI President, Vice president of
Operations, Controller, Manager of Contracts, Project Manager, Engineering
Manager, Manufacturing Manger and others as appropriate.

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



7,8 Project Planning/Execution Review
In-depth project planning and reviews (PPER) are held for all major PSI
projects at critical milestones of the project. These meetings are designed to
review all aspects of the project with an emphasis on "Looking Forward"
strategies and planning on a company wide basis.

The first meeting is held within 30 days of project kickoff and is designed to
set the project plans and strategies to achieve project goals and schedules.
Other PPER meetings are held at key milestones (prior to release for
fabrication, construction, etc.).

The PPER meeting is aftended by key project team members, PSI senior
management, engineering managers and non-project team PSI staff as required
who have applicable experience or expertise to contribute.

Typical PPER meeting topics include:

Contract Review

Top Level Program

Engineering Plan

Procurement Plan

QA/QC

Manufacturing Plan

Construction Plan

Commissioning/Startup

customer Issues

Risk Manasement

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



8.0

8.1

CLIENT RESPONSIBILITY

Project Codes and Standards
Project codes and standards are detailed in the LIGO Vacuum Equipment
Specification and subsequent technical direction memorandums as detailed in
Section 5.2 of this manual.

Building DrawingVFacilities
LIGO is responsible for providing building drawings for all site facilities for
the Hanfotd, WA and Livingston, LA site to PSI in a timely manner.

LIGO is also responsible for providing site buildings, utilities, conttol system
and operator interface stations at each site building etc., as agreed to in the
contract.

Laser System Design Input

LIGO is responsible for providing design requirements for the laser system
relative to the Vacuum Equipment System design in a timely manner. Intemal
clearance, support, etc., must be established early in the Phase B schedule to
avoid project delays and additional costs.

Drawing Review/Approval

LIGO document review requirements are detailed in Exhibit II, "Deliverable

Documentation, LIGO C950804-00-V0l ". (See Section 5.2).

Scope Changes

Timely approval of scope changes are necessary to keep major projects on
schedule.

Requirements for scope change approval are detailed in Section 4.0,
"Contractual Basis".

8.2

8.3

8.4

8.5
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9.0

9.1

ENGINEERING/DESIGN EXECUTION

General
The engineering phase of a PSI project is executed per the project CPM
schedule under the direction of the Project Technical Director in conjunction
with the project manager. The Technical Director is assisted by the Project
Design Coordinator in coordinating the actives of the engineering and design
deparfinents.

PSI employs a system of control over engineering and design activities by
implementing procedures which provide for review and approval of
specification, drawings and other engineering documents, as well as revision
to these documents prior to issuance for use. Such reviews are conducted to
verifu completeness and adequacy with respect to contract and design input
requirements.

PSI will conduct system design reviews at stategic points during the
engineering phase of the program. These reviews are attended by the Project
Team and PSI's technical management to objectively review and discuss
process desigr, including process flow diagrams, piping and instrumentation
diagrams, equipment sizing, mechanical and structure design, electrical
instrumentation and controls. Design review meetings ensure that client
specifications and design input requirements are adhered to.

Engineering Plan

GENERAL
The LIGO Engineering Plan has been developed to ensure that the
engineering/design output match the criteria established by the design input
requirements, has been developed against known acceptance criteria and
conforms to appropriate regulatory and contractual requirements.

The Phase B engineering/design effort of the LIGO project will be executed as
shown on t}re attached SureTrack Critical Path Schedule (See Exhibit ID.

9.2

9.2.1
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The goals ofthe final design phase are as follows:

. Incorporate LIGO PDR comments and laser system requirements into the
Vacuum Equipment Design.

. Update vacuum system component specification to incorporate vendor bid
data and laser system requirernents and suitable design margin to reduce
overall project risk.

r Qualifo equipment suppliers tentatively selected in Phase A.

r Develop equipment and installation documentation and procedures in
sufficient detail to ensure vacuum system integrity, cleanliness,
dimensional requirements and overall system performance are met or
exceeded.

Develop operating procedures & control logic to enable LIGO to develop
the central control system software.

Perform failure mode analysis.

Specifications have been generated by the engineering disciplines for unique
major purchased paxts or items (compressors, pumps, vessels, valves, heat
exchangers, electrical, instruments, controls, etc.). These specifications reflect
the requirements of the contract which are to be imposed on all subvendors.
Each specification is a binding document and is so stated in the body of the
PSI purchase order. Completed specifications are reviewed and signed-off by
Engineering, Project Management, Quality Assurance and released via a
Design Engineering Order (DEO).

Detailed fabrication drawings for manufacturing have been prepared by the
design/drafting group under the direction of the project manager and
engineering disciplines. Completed drawings are checked by the Design
Department and then reviewed by Engineering, Project Management, Quality
Assurance and tlen released on a DEO.

Procedures for welding, cleaning, painting, etc. (when applicable), have been
developed, reviewed and released in the same manner as specilications and
drawinss.
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9.2.2

Design changes after the Final Design Review will be executed using PSI's
"Request for Change" procedure. Design changes are submitted to Project
Management and Engineering for review and sign-off When review and
sign-offs are complete, the Document Control Departrnent assigns a number to
the form for control and filing. If fabrication has been released, a copy of the
Request for Change is made and is routed to the Material Control Department.
It is auached to the affected drawing or document in the manufacturing area.
This constitutes authorization to proceed with the required change. Design
changes after the Final Design Review will be submitted to LIGO for approval
prior to release.

Critical design calculations prepared by the project team have been
independently reviewed within the engineering department by a qualified
individual other than the person who performed the original desigr. The
design engineer and the reviewer sign the ftont cover page of each set of
required calculations. These calculations are maintained in the engineering
job files.

All documents are issued per PSI SOP-006-012 "Release of Controlled
Documents".

The LIGO Engineering Plan has been designed to maximize system
performance and minimize overall project risk. To this end, PSI has execute
additional engineedng/testing/fabrication activities designed to develop
necessary engineering data and to validate proposed fabrication and testing
techniques. These additional activities include cleaning analysis (XPS),
plasma welding test, l0 in. vessel testing and Viton o-ring bakeout testing.

VIBRATIONNOISE/SHOCK PROGRAM

As part of the Phase B engineering effort, PSI has retained a world class
vibration/noise/shock consultant (Cambridge Acoustical Consultants, Inc.) to
sfudy the source levels from vacuum system equipment. Tlrey will then make
recommendations for remediation of Vacuum System/Vibration/t',loise/Shock
content beyond what is included in PSI's first order lump sum proposal. In
addition, they will develop computer models to predict resultant
vibration/noise/shock levels before and after second order remediation.

This approach is mandated since source levels (in the LIGO system
configuration) are not available from the vendors. Without accurate source
dat4 it is impossible to predict resultant vibration/noise/shock levels. The
lack of current LIGO buildins/foundation information also contributes to the
current uncertainty.
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9.2.3 FIRST ARTICLE FABRICATION
As part of Phase B engineering period, PSI is fabricating a first article BSC to
validate proposed material specification/preparation, fabrication and cleaning
techniques and sealing system. This approach will provide valuable data and
risk reduction for the LIGO Program. The information and techniques
developed during this program will be incorporated in the Final Vacuum
System Design.

VESSEL/SYSTEM ENGINEERING
During Phase B engineering, vessel design has been optimized to meet laser
system and vacuum performance requirements. PSI currently employs state-
of-the-art Finite Element Analysis (FEA) methodologies for the analysis and
design of the structural components. Combined with the requirements of the
goveming codes, PSI can offer the most cost effective design which will meet
all of the client operational and safety related requirements. Our
engineering/design programs also have the ability to interface with the
AUTOCAD drafting/detailing system. All of the computer software is
maintained and updated annually to meet the changes of the relevant codes.

The overall anchorage and structural suppo systems has been finalized
during Phase B of this project. System Vacuum/ATM loads/bakeout
loads/failure mode loads, etc. have been investigated and documented.
Results from the analysis have been used to finalize system fabrication and
installation drawings. A comprehensive analysis/design package will be
presented to LIGO at the FDR meeting.

The site anchor bolt systems were moved to PSI's scope of supply during final
contract negotiations. The anchor bolts will be field installed by PSI after the
concrete floor has been installed (by others).

9.2.4
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9.2.3

9.2.6

9.3

9.3.1

9.3.2

SHOP CLEANING/TESTING
During the Phase B Engineering Program shop cleaning and t€sting
procedures have been finalized. Information from the l0 in. vessel program
and the first article program will be used to optimize the procedures.

PSI has continued with the surface analysis testing program to confirm the
effectiveness of tlte proposed cleaning procedure.

INSTALLATION/COMMISSIONING

Installation and commissioning plans have been optimiznd and finalized
during Phase B. See Volume IV for additional information.

Project Control Plan

PLA}TNING/SCIIEDULING
Project plans and schedules are developed by the cosVschedule manager in
conjunction with the project team and the project manager.

Plans and schedules of major PSI projects are reviewed on a company wide
basis at the PPER meetings (See Section 7.8).

PSI Project scheduling is performed on a computer software package from
Primavera Systems called SureTrack Project Scheduler. SureTrack is a
comprehensive project control software. It produces critical path schedules
and various reports used for resource planning. The schedule is periodically
updated by the project manager to show status and current critical path tasks.

Schedule updates will be provided to LIGO the montNy progress meetings.

COST CONTROL
PSI project costs are monitored and controlled by the project manager via the
project review financial report. This report is generated form data in the PSI
MISA4RP system'EMS'.

Labor usage is updated weekly into EMS from timecard data. Project material
and expense costs are updated monthly as part of the PSI accounting
orocedure.
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93.4 PROJECT ESTIMATES
The original estimate is entered into the project review database after contract
award. This base estimate form the benchmark data for measuring project
financial status.

As project change orders occur, the change order is estimated and if approved,
the project budgets are adjusted to reflect the new project scope.

By keeping the project budget current, project performance can be evalualed
with the aid ofthe SureTrack schedulitrg % complete data.

9.3.5 TECHNICALPERFORMANCEMEASUREMENTS
Technical performance shall be measured during the engineering/design
ponion of Phase 'B' by the following means:

o PSI internal design review

r PSI/LIGO design reviews

r First article fabrication and testing

o VibrationA,loise/Shock modeling of proposed remediation programs

Each of these measures will test or predict the results of the vacuum
equipment system operating performance.

Engineering/Design Interface
The engineering and design department work very closely together during the
detailed design phase. In addition to the one-on-one contact between
engineers and designers, the technical director and desigrr coordinator provide
hands-on participation in the engineering/design process.

Weekly project team meetings are held to establish priorities and information
needs and to promote project team communication.

Applicable PSI Standards, Guidelines, and Software Prograns
Applicable PSI standards and guidelines to be used on the LIGO project are
detailed in Attachment I.

9.4

9.5
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9.6 Engineering QC Program
PSI engineering managers and Q.A. engineers audit PSI projects periodically
to veriff that company and project procedures are being followed, that
engineering quality is high. Vendor Q.A. programs are also audited and
approved.

Reports are filed in the project files of all audit results.

Engineering Document Review
All engineering/design documentation (spec, drawing, procedures, etc.) are
reviewed and signed-off before issue.

Vendor Drawing Review
Drawings are submitted to PSI for approval by vendors for all major
purchased equipment. Vendor drawings are logged in through the Document
Control Department (DCD) and circulated to the project team for comments.

After the review cycles, they are returned to the vendor by the DCD with the
appropriate approval status (approved, approved as noted, rejected) as
determined by the project manager.

All documents not "approved" are revised by the vendor and resubmitted.
(See SOP-006-011 "Document Control Department" Exhibit I ).

En gineering/Design Status
The engineering and design effort for the Final Design Review has been
completed essentially on schedule. The Washington site is presented in the
FDR drawing package. The Lousiana site will be issued after the Final
Design approval is received from LIGO and the LA building &awings are
issued.

9.7

9.8

9.9
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10.0

10.1

10.2

r0.3

10.4

DESIGN VERIFICATION

Design Reviews

PSI will conduct system design reviews at strategic points during the
engineering phase of the program. These reviews will be auended by the
Project Team and PSI Management to objectively review and discuss process
design, including process flow diagrams, piping and instrumentation
diagrams, equipment sizing, mechanical and skuctural design, electrical
instrumentation and controls. PSI will notifu LIGO engineering
representatives of all reviews well in advance, enabling their participation.
Preliminary failure mode and hazards analysis will be conducted dwing
design reviews. This data will be used to produce the final reports for the
Final Design Review package.

Safety Reviews
A failure mode and effects analysis will be conducted on the LIGO vacuum
equipment system as part ofthe final design package.

A hazards analysis will also be conducted as part of the final design package.
Each hazard will be identified and rated for severity.

Cornparative Design Analysis/Testing
During the engineering design phase, comparative design analysis
investigations will be conducted to compare predicted LIGO vacuum system
performance versus systems and experiments documented in technical papers
or actual installation data.

Results from the l0 in. vessel program and the first article testing will be
extrapolated to predicted full system performance.

Outside Consultants
PSI has retained outside consultants to assist PSI in revieweing and validating
the LIGO Vacuum Equipment design. The outside consultants are listed in
Attachment 5.
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10.5

10.6

10 Inch VesseWiton Testing Status

A l0 in. vessel program was included as part ofthe Final Design Phase. This
program we conducted to veri& plasma welding, o-ring design, cleaning
procedures and cleanroom operation. Various l0 inch vessels were fabricated,
heat treated, cleaned; baked and pumped to ultimate vacuum levels.

Viton bakeout testing was also conducted as part ofthe 10 inch vessel
program. This testing was desigred to verifr the proper heaVtime cycle to
condition the viton o-rings for UHV service.

Various cleaning protocols were investigated during the 10 inch vessel
program to verifr the most effective cleaning system.

Results ofthe 10 inch vessel testing program will be presented at the FDR and
are contained in Volume II.

Prototype BSC Program Status

As part ofthe Final Design Phase, a full size BSC vessel is being built and
tested.

Originally, the prototype BSC was scheduled to be mechanically complete
before the Final Design Review meeting. The revised schedule now has the
prototype being mechanically complete by the end of June. This delay was
caused by late material delivery (winter flood at steel mill) and delays in
placing the order with the fabricator. The prototype testing scope was also
increased to include testing an 80K pump shroud in the BSC vessel.

In spite of the mechanical assembly delay, the prototype BSC will be
mechanically complete before the main BSC production lot is released for
fabrication.

Performance testing of prototype should be complete by mid August 1996.
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11.0

'  11.1

tr.2

11.3

CONFIGURATION MANAGEMENT

General

PSI project documentation is issued and controlled via PSI SOP-006-012
"Release of Controlled Documents".

PSI fabrication components are controlled via product structure
documentation in PSI's MRP System "EMS". Product structure is controlled
per PSI procedure SOP-006-002 "Drawing Tree/BOM Structue".

In-House Design Change Control

All PSI in-house design changes after the Final Design approval by LIGO will
be requested and executed per PSI procedure SOP-006-001 "Requests for
Change".

Contract Change Of Scope

All changes of scope to the Vacuum Equipment project not covered by the
existing contract shall be submitted to the PSI contracts departrnent for
acceptance.

Once accepted, the Change of Scope shall be implemented by the project
manager via the normal design change control procedure (See Section 1 1.2).
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L2.0

l2.l

PROCUREMENT

Procurement Plan
PSI utilizes a strict program for planning and executing procurement activities
in accordance with documented instructions and procedures. Prior to purchase
order placement, a material requisition is prepared by the responsible
engineer. The requisition is routed to the Project Manager and Quality
Assuance Depafiment for review and signature prior to going to the
Purchasing Department for processing. The purchasing agent prepares the
purchase order and places the order with a vendor or subcontractor.

Changes to a purchase order are handled in the same manner as the original
purchase order. Copies of purchase order afld change order are routed to tlre
Inspection and Quality Assurance Deparhnents. Provisions are made for
evaluation and selection of subcontractors.

The program also provides for the verification of purchased items to
procurement documentation requirements by receipt inspection.

During the LIGO Project, extensive vendor interface and surveillance is
planned. Major purchased items will be monitored via vendor kickoff
meetings, in progress inspections and witnessed testing as appropriate to
ensure equipment quality.

The procurement time table for the LIGO Project is detailed in the project
schedule. (See Attachment 2).

Expediting

All major contract purchase orders are monitored and expedited by the project
management team and the purchasing department. Periodic vendor interface
(and plant visits as required) is used to monitor production status. Vendor
progress payments and penalties will be sfiuctured to encourage on-time
deliveries.

Inspection/Testing
Major equipment deliveries will be inspected (and tested as appropriate) at the
vendor's factory before shipment.

Material and equipment for LIGO project received at PSI will be inspected
before release to the manufacturing departrnent or to subvendors.

12.2

12.3
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12.4 Vendor I)rawing Control
Vendor drawings will be controlled per PSI procedure SOP-006-01I (also see
Section 9.8).

12.5 Transportaiion Coordination

Transportation of LIGO raw materials and equipment will be coordinated by
the Project Manager and the PSI Transportation Depadment.

This aspect of the project is viewed as critical to the installation phase where
site storage may be limited.

12.6 Procurement Status

The Beam Tube deliverables (roughing pumps, turbo pumps and gate valves)
have been ordered and are on schedule for an August 1996 delivery to the WA
site.

The following purchase orders have been placed:

o Bakeout Blankets (1)

r Cleanroom Air Supply system

r Ion Pumps

r 6, 10 and 14Inch Gate Valves

o Prototype BSC

r Water Chillers

o Vessel Heads

. Vessel Flanges

r Vessel Plate
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I3.O FABRICATION

13.1 Fabrication Ptan
The LIGO Vacuum Equipment System will be fabricated per FDR Volume III
"Fabrication".

- 13.2 Fabrication Status
Detailed manufacturing planning has been conducted during Phase B.

The fabrication plan has been scheduled to support the intended site
installation schedule.

PSI plans to have outside fabricators build the BSC and the FIAM vessels.
This will allow PSI to concentrate on the UHV cleaning and testing and the
various small spools and cryopumps.
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14.0

.14.1

PROJECT QUALITY ASSURANCE PROGRAM

Q.A. Organization

The quality assluance organization is headed the PSI Quality Assurance
Manager, with a staff of Quality Assurance Engineers/Inspectors. The
Receiving Inspection Department is made up of full-time inspectors also
reporting to the QA Manager. The QA Manager has the authority and is
responsible for implementing of the quality program. In addition, he provides
policy adminislrative guidance to the QA and Inspection Departments.

A lead Q.A. engineer will be assigned to the project for the life of the project.
Other engineers and inspectors will be utilized as required.

Project Q..4. Plan

The LIGO Q.A. plan is detailed nY049-2-029. (See Attachment 4).

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

Training/Qualifi cation Program

The Q.A. deparfnent will monitor that all personnel performing special skill
tasks (tig welding, leak checks) on the LIGO project have been nained and
qualified to perform their assigned duties.

L4.2

14.3

14.4
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15.0

15.1

15.2

INSTALLATION

Installation Plan

The LIGO Vacuum Equipment system will be installed per FDR Volume IV
"Installation".

Installation Status

Installation for the WA site is still being planned to start in August of 1997.
PSI will be bidding the installation work for WA in AugusVSeptember of
1996. The LA site installation is planned to start in March of 1998. PSI will
be biddins the installation work for LA in mid 1997.
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16.0 PRE.OPERATIONAL TESTING

Detailed procedures have been developed during the detailed design Phase B
of the LIGO project. These procedwes will cover alignment, leak testing,
cleanliness testing, valve and pumping operations, etc.

Pre-operational testing will be performed as detailed in FDR Volume IV
"Installation".
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17.0 SYSTEM COMMISSIONING/ACCEPTANCE

Detailed test procedures have been developed during Phase B covering system
commissioning and acceptance testing.

System commissioning and acceptance testing will be performed as detailed in
FDR Volume IV "Installation".
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I8.O PROJECT TURNOVER

After project award detail plans will be developed for system tumover to
LIGO.

Vacuum Equipment turnover to LIGO will be accomplished in phases as
detailed in FDR Volume IV "Installation".
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19.0 PROJECT CLOSEOUT

19.1 Documentation Transfer to LIGO

After each site is accepted, PSI will update the installation drawings to reflect
an as built condition and transfer hardcopy and elecfionic files (Autocad
drawings) to LIGO.

19.2 PSI Documentation Archiving

After the project is complete and the systems acceped, PSI document control
will archive the electronic files to backup tapes for storage in the fireproof

. safe. Hard copies will be moved from the active files to the document
warehouse.

19.3 Final Project Report

The project manager shall prepare an intemal final project closeout report per
PSI standard procedure.
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1.0 PTJRPOSE

The purpose of this procedure is to deline the method for processing a Request for
Chadge (RFC) Notice and to identiry the responsibilities of the percons or functjons
involved.

2.0 GENERAL

Due consideration to all chanqe requests and proper closure thereof are essential
routines to optimize product quality and costs as well as to empower all persons
associated with rhat pdrt, procesl or frocedure to contribute to its iirprovement.

This procedure defines a flexible means of obtaining data necessary to evaluate
chang-e requests and implement revisions in an organized and timely fashion while
allowing tracking of the process.

The RFC orocess is reouired for all drawines and documents that have been released
on a Desiin Engineerihg Order (DEO) fo-r "design", "fabrication', "construction" or
"equipmeri't purc-hase". The only eixception to this is that a Project/Program Manager
(PMI mav revise and release the diawing or document directly from engineering
design input thereby negating the need for an RFC. This type of change is
documented by the normal DEO process.

An RFC form signed by the PM may be used to stop work.

The RFC review cycle must be the same (same sign-offs) as for the original document
release.

Open RFC's (not signed offl are tracked by the document control database and
reports are issued monthly.

RFC numbers for cu.qtom projects will start with 001 for each project. RFC numbers
for the standard product giouir will use the 7014-XXXX series.

Please note that while the following generally defines changes to Engineering
documents, this procedure may be appfied to proiedures outside Ihe normaftealm oT
Engineering.

Definitions

2,1, Request for Chanee Form (RFC) is that document that formally
proposes a changeTnd allowlEi lnalysis of.related cost, effectivity
and schedule impact.

2.2 Project/Product Manaeer (PM) refers to either that manager or his
appointed designate.

2.3 Delign Eqgingerins OJde r (PEO) is the procedure by which drawings
ancl specltlcatrons are lormally entered lnto a oocumentauon PacKage'

soP-@b001
REV. O
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2.4 refers to the PSI department
documents

soP-@1001
REV. O

3.0 RESPONSIBILITY

3.1 Any person recognizitg a defect in a drawing or document is
resiroirsible for initTating-a Request for Change.

3.2 Responsibilitv for various steps of the process shifts during the RFC
revi-ew cvcle. 

-All peoole in th-e review cvcle are responsible for timely
review and forwarbni of the RFC. Foi urgent RFC's the initiator o-r
a person designated-by the project mantger shall walk the RFC
through the review cycle.

3.3 Responsibility for revising this procedure rests with the Vice President
of dngineeririg.

PROCEDURE4.0

Area numbers of Exhibit "A" are referred to in the followinq:

The Initiator suoolies information in Areas 1. and 2. This information
sh.ould be as corirlrlete as pQssible and may be provided in cooperation
wtth a suDervrsor. manutacttulnq enqlneer or otner approprlare
person. Mirked piints or hand ske-tches-may be added to tha RFC as
needed.

Upon completing a review with the manufacturing department
subervisor. 

'lead 
lnsineer or designer, the initiator, br supervisor,

foirvards tfie RFC tdDCD, At thiipoint, the initiator's resp6nsibility
has been fulfilled; however, he may be asked for clarification at a later
time.

DCD assigns an RFC number, enters the description in the RFC log
(Exhibit "e")/database and retains a file copy of fhe RFC.

DCD forwards the RFC to the appropriate (PM) and also sends a
copy ro the initiator.

The PM reviews the RFC and decides whether or not to proceed with
the RFC.

4.3.1 If the decision is not to oroceed, the PM states the reason
and returns the document to DCD.

DCD closes out the log and sends a copy of the RFC to the
PM and the initiator.

.+. I

4.2

.i.J
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4.4

4.3.2 If the decision is to oroceed, the PM may add sheet 2 of
the RFC Gxhibit "8") and assisns distribution to those
Disciplines' that are imlacted by lhe change (Area '5") for
commen$ ano requesteo oara.

"Urgent" written in requests immediate attention
bv ihose Darties cornmentine. 

- 
Urqent RFC's shall be

w'alked thrbueh the review cvcTe.

Und", nor*il conditions, the RFC will be processed by
each Dartv within 24 hours of receipt and forwarded
throug'h th'e distribution

Within the affected departments, the designated persons
will evaluate the change and respond in the appropriate
area ("8" through "12") and sign (Area "14").

When the ASME Code applies, the AI (Authorized
Quality Assurance Inspector)'irill sign off on tlie RFC and
the revised drawing.

The RFC is then returned to the PM for cost analysis (Area "13"),
product considerations and final approval or disapproval.

4.4.7 If the RFC$-le.LsBprc,ved, the PM states the reason and
rerurns the R-fTEffi to PCn.

DCD closes out the log and sends a copy of the RFC to the
PM and the initiator.

4.4.2 If the RFC is approved, the PM determines the disposition
in Area "4" and'returni the RFC to DCD for distiibution
and filing.

DCD updates the RFC belDatabases and hand-writes on the
original'drawings as followsl' "An Approved RFC (#_) is
penomg-.

4,5.1 The DCD distributes copies of the approved RFC to
concerned parties. This donstitutes autfrorization for the
shop and vEndors to deviate from current specification or
draivine confizuration. A RFC issued for immediate
action;hall biupdated by the design group and issued via
the DEO procedure.

4.5.2 If a drawing change is to be delayed, the PM determines
when the chanse will be scheduled and notifies DCD.
DCD notes the Icheduled change in the RFC log.

Upon issue of the drawing or document, DCD notes the DEO number
in the RFC loe and notifies tbe initiator of the action.

4.5

SOP-tob001
REV. O
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5.0 FLOWCHART

RFC Procedure Flow Chart d^ted5/22/93 is attached.

6.0 REFERENCES

None.

7.0 EXHIBITS

A. RFCForqSheet 1

B. RFC Forrn" Sheet 2

C. RFC I-og, Blank

soP.rDt-001
REV. O
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1.0 PT'RPOSE

The purpose ef rhis procedure is to define a udform method of developing a drawing
tree/bill of material structure to be used on PSI projects.

2.0 GENERAL

The drawine tree estabushes a bill of material structure for a project and must be
created at tf,e beeinnine of the oroiect. The structure of the trEe sbould define tbe
separation of tf,e iob into'mdjor componeDts for PSI engrneering/desigA
minufacturing (by palking lists for ihipping), purchasing and field installation This
orocedure is 1d bi used to olqanize- ihs- prbiect components into a structure of
itrawings and bills of material-whictr will'be-entered-into PSI's EMS (MRP tr)
Compu-ier System, For "engineering on$ tlpe Projects, formal drawing trees are only
required when directed by the Project Manager.

The structure should satisfo the needs for desisn sequenc€, drawing numbe
material. material control.'manufacturhs pladhins. schedriling, fad'ricatioD,

numbers, bills of
icatioD, shipping,material, material control,-manrrfactrrring plen-ning, 

-schedqtittg, 
fabtricatioq shipping,

field installation, commissioning, and startup. All data ir! the tree shoulal be complete
enoush to satl\f; the needs ofZverv internal qrstomer in the comoanv. One of theenoush to satisfi, the Deeds of;verv internal customer in the company. One of the
most'important ises of the structure is for proper project Planning dnd Should includemost'important irses of the structure is for proper project Planning and should include
all items to be scheduled by manufacruring or purchasing.

Effective Manaeement Svstems (EMS) - PSI's MRP tr software qtstem
which contains numerous appucation packages which nrBnage ttre bill
of material, iDventory plannin& purchasing manufacturing' etc.

Bill ol,Malerial (BOM) - PSI'S system. of defning, Tqtiog*g+^a
controllrns the Droducl structrre ot parts whrcn are entereo ulto EMs.
The bills 

-must'be 
mahtained on-ffne in the computer to allow all

users to share the salne bill.

material. material

3.0 RESPONSIBILITIES

4.0 PROCEDT]RE

2.1,

3.1 The proiect Manaqer is responsible for convening a meeting witb
gngineering, desigf man!'!actu-ringr engrneerin& 39iJ material cdntrol,
foithe puroose oT orsanizins tbe fuawing tree. The drawing tree is a
livine dbcuinent and 

-can 
beidded to duiins the proiect. It is criticd

that-the trunk and major branches areaefin'ed-properly at the
beginning of the project and are not changed.

The Mechanical Desisn Department will be responsible for
maintainins a master c6pv of ihe drawing tree, and updatine it as
reouired bi the oroiect iirnaser. A formll internal issire sho:nld be
mahe usin! the design enginee'ring order (DEO) process.

Durchase order and the proiect scope report creates a dcmand to
Lct in the EMS system (eritered by the-manufacnring-59[sdtrling
The proiect manlcer must provide the planaed ship date toThe oroiect manlcer dust proviiie the planaed ship date to
The broduct drawhs tree/BOM suucture ls dcvelopcil from the
for ea'ch project. It ihould'be noted here that the tre-e structure is
dependent.

REV. O
soP-006-002
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4.2

4.3

4.4

Drawing Tree Meeting

The oroiect mrneper is to convene a Eeetitrs durins the earlv phase
of th'e pioiea exe;ution and establish the dparatid'n of uppEr level
assemblies, and subassemblies to b€ manufai:tured or plrchased by
PSI, i.e. stid tm, sldd 200, spare paf,ts, field para, etc. 

-The 
drawing

numberins wstem and chart of aocouDts for each
eneineerils/de3im/draftins discipline can b€ established to coitrcide
wiih the odinpof,edt numb;ring, i.e. skid 100, skid 200, spare parts,
field pars, eta. This should be done for each skid or uniquc assembly
manrilactured or purchased by PSI. The &awing tree structure and
the bill of material structure are to be identical structures,

A kev item to keeD in mind is to plan and design the stnrcture by the
way ihe end products are 5uilt (ind shipped) and not bow ttey are
designed and drafted.

Document/Drawing Numbering Procedure

Drawing trees should be numbered in the 'O' document class code
systeIIl"

See PSI Procedure for Assisnfus and Maintainins
Engineering/Dcsign Docrient-Numbers - SOP-006403.

Parent - Component Relationship See Exhibit ".,r�

The tree is developed from the top down-

The oarent and comDonent relationship needs to be identified in the
tree.'A parent can b'e an assembly (finished product), subassembty or
anv other created/fabricated/produced 6J manufachrrgd product- A
paient item is alwiys made upbf one or more componeot ftems.

Pre-Purchased Items - Major purchased componenls items with long
delivety or special materials

There are two (2) methods of settins parts on order which can be
used b,\, the Droiict manaeer. Beifore ileiidine what method should be
used, discusi thi: types of 

-materials 
with manrifacturing.

The items catr be Durcbased as either advanced ordered Darts and not
directlv lhked to the Droiect itr EMS. or they can bd linked to a
projeci via a BOM struriur-e entered intb EMS. 

'

4A.7 Advance Ordered ltems Linked'to a Project Bill of
Material

For special itenu rrnioue to oue proiecl ttre preferred
methrid is to link ordeied pars to a iob. Tbii method
requires a BOM structure cDtered itrto EMS and
developed down to the level where the cquipment or
compo'DeDts are identified a:i parts. The bdsic drawins
tree. as develooed for the iroiect will provide thE
struiture of pirent/componeit 

-relationshiig 
161 this

purpose. This'methrid will establish the proji:ct and part

REV, O
soP-006-002
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4.4.L.1

demands in EMS for MRP DurDoses. Tbey must also be
defined iu the item maeter ditaSase. Thev lre to tre civen
a custom part number (either job number and P&D tag
number of special 'lrtr oi E nimbcr).

Advance Ordered ltems on a Tcmporary BOM

Advance ordered Darts can be put on a temporarv BOM
which can easilv br! unlinked (noi deleteO froin thi parent
when the Dre-drdered Daf,ts dre re-assirded to real'detail
drawine BOtr,t's. This metbod will 

-rcduce 
the work

requirel to unlink the parts from the advance BOM aud
re-'assiln them to the reil BoM's. 11/[ga this Drocedue is
used ihe temporary BOM No. should be shbn'n on the
drawing tree. 

-Usc 
Job No. aod Bulk 1, or BuIk 2, ctrc,, if.

more than one temporary BOM is needed.

For additional information ou usiru this method a.nd whetr
the relinkino process should take p'lace. see PSI procedure
for loading bills of material SOP{06-007.

4.5

NOTE: When pre-purchased parts are entered on a drawing BOM
use exactly tbe sarne characters as used in the original
EMS entry, including any dashes, spaces, etc.

4.4.2 Advance Ordered Items Not Linked to a Project in EMS

Normally common items or sDecial materials which could
be used on more than oni Droiect are Durchased to
inventorv. AII items to be pre-riurihased froin a Dluchase
requisiti6n (without a DEO) br a specification'need to
have an ited master created'for the irarts in EMS before
the reouest goes to Durchzrsitrs to buv,- Purchasins buw the
Darts ind ripdates EMS wh-en thd para are durcliased.'fhese itemi will show as extra itedx in EMS until the
demand is entered in a BOlvL Pre-purchased items are
initially entered in EMS at $0.0 cosl They are to be given
a SCS'(6 dieit) standard Dart number oi a cusrom oan
number. NdTE: Wben pire-purcbased Darts are entdred
on a drawinc BOM use exictlv the same dharacters as used
in tbe orie$al EMS entry (if the exact paft number is not
used, extra parts will be ordered).

Irvel O

The top level parent item for each iob is the proiect number. It will
alwaysbe a qdantiw of one. When this numtier is called up iD EMS
the domplete- listini of qrouDs of Dackins lists. assemblies 

'and 
their

subasserirblies, tinkEd tolbe'pareni catr bE obriined from EMS. The
@mputer can output the draffng tree in indented form.

REV.O
soP-006002
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I 4.5.1 Other ltems Sent to Client or Site

of the tree. When items are shown,

Packine lists or shippine orders for otber cquipmcnq paxts,
etc., w:hicb are ddrch:ased from vendori and shipped
directlv to the cliehl are also shown in a seDarate branch
of the'tree. Wben these items are shown" thev Drovide a

4.6

ot tne tree. wnen mese lteEs are snown" ureY DroBoe a
means for planning when th9 transmittali will be made.
These items link to the lrvel 0 parent.

I-evel 1 - Packing Lists - Re4ufun f* each miryE skid or major
assembly shipped as a unit

4.6.1 Items Manufactrued by PSI

The oackine list is the Darent item for each maior
Produl*/assEmbly (i.e. skid) manufactured by PSI and
includes all items shipped loose from PSI to the client.
This list should inchide installation interface drawinss.
valves, valve actuators (if removed for shipping), pipiig
moun.ing hardware, etc. (AI items to be shipped with the
system)

4.6.2 SkidNumbering/DrawingNumbering

(Refer to Document Numbering Procedure SOP-006-003,
item 4.1.3)

For ctstom projects, normally each major skid assembly
rvill be eiver a 100 series name and the drawine Dackase
for the- skid will have the same 100 series- irumblr.
Included in the last tbree (3) sequential numbers. For
examDle: The packing list-for sldd 100 = PT077-1-100.
The gbneral assdmbly <frawing for skid 100 = T077-5-100.

Level 2 - General Assembly Drawings

This is the seneral assemblv drawins which is the parent of all the
subassembly'drawings for a f,nd prod'uct or skid. 

'

Level 3 - Discioline Assemblies

This is the toD assemblv drawine of each desim discipline. i.e.
electrical, mecfianical/piping struduat, etc. ThJ drawin! number
Dormally indicates the discipline and skid number.

Level 4 - Component ltems or Sub-assemblies of Iwel 3 Assemblies

These items can also be used to roup various sub-assemblies into one
shop work order. For e"ramo'ie: 7\ll the pipins isometric DiDins
draivings used on a skid are liir,ked to an iriai,{di item caU6d tlE
piping ipool assembly.

The use of additional BOM levels to aid manufacturine itr
reduction of work orders should be determined duiing
development of the drawing tree.

ide a

REV. O
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4.10

4.Il

4.72

4.73

4.L4

4.t5

I-evel 5 - C-omponents/Parts of l-evel4Items as Required

Additional levels may be used, if required.

Parc shall be defined and numbered per PSI procedure for
numbering paru SOP'?4&006 (formerly S-10/S-2m). 

-

Drawinss Used as Parts

AIl drawines in tbe proiea are considered parts or assemblies of parts
and loadedinto EMS with the drawing number as the part numbei.

The assemblv drawins sbould be the last item in each BOM so that it
is issued to the shop irith the BOM kit. The revision number should
also be shown-

NOTE: It is extremelv important that all paru arc etrtered into
EMS via a BOM which lidks t6 a drawing. This includes all nuts and
bolts, paing insulation, etc" AII parts are to be linked to the drawing
which is used to install the Daru in aD assemblv. For additional
inforrnation and examptes, se6 PSI Paxt Numberfuig Procedure SOP-
006-006 (formerly STD. 5-200).

Specifications Used as Parts

Specifications are onlv fisted in the drawine tree as parts when the
siecification number'is the oart number &ins pur6hased (no tas
n:umbers). When items have tie numbers (exami'le': T077-FTI01). tbE
tas numSer becomes the Dan trirmber and the siecification number is
sh-own in the part descripiion for reference.

Manufacnrring's Inlluence in the Tree Structure

Manufacturine should identifr the followins durine tbe tree
development [nd continue to review the structuie durin! the desip
pnase:

A) All components which will not be manufactued by PSI.

B) Determine what the assembly process will be for each major
assembly and subassemblies.

C) Determine a plan of how the structure will be separated into' 
shop orders arid how that may affect the tree structue.

D) For advance ordered parts, determine whether they should be
purchased to iDventory or linked to a project.

Number of l*vels

The structure should contain as few levels as possible.

REV. O
soP-006-002
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4.16

4.17

4.18

4.79

Parts Manufactured Outside PSI

Parts that are to be Eanufactued outside PSI are to bc detailed on
seDarate drawines. This will help avoid aDy misunderstrnding W the
vehdor or PSI nlnufacturing. Piru nanufictured outside PSI do not
need detailed BOM.

Drawing Title Blocls

The drawing tree should show the appropriate fonnat
consistently'on all the drewings used bn-the project.
projects the title will normally be shown as followsl

Drawine Name
Skid De-simation or Unit Name
Client/Pr6iect Name
Site oi Clirint lncation

Drawing Tree Reference Documentation

to be used
On c1rstom

5.0

6.0

Tbe followine items should be sbown in the reference doormentation
branch of thddrawing tree:

P&ID's
Shop Job Book
Engfrneering Lists (valve, instrument line)

Project Document List

A complete project documen! list of aU issued_documents is availableA ComDlete prolect oocunent llst or au Nsueo oocurn€tru' $ avauaole
from the Dilcuinent Control Departmenl^ Ogly manufacturing or
procurement documents are sho$6 in a Project drawing tree'

FLOWCHART: (see nextpage)

REFERENCES:

Procedure for Numbering Parts SOP-ffi6-006 (formerly S'1m/S-200).

Procedure for Loading Bills of Material SOP-006007 (formerly STD. 5-200).

Procedure fs1 Assigning FnBineering/Design Document Numbers SOP-ffi6-
003.

REV. O
soP-006-m2
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PROJECT
DEFINED

PROJECT }.IANA6ER CONVENES
DRAVING TREE I,IEEIING.

DIVIDE Jt]B INTO MAJDR
COMPONENTS / SKIDS,

NETD AN INIIIAL DEIERMTNATION
OF VHAT IS TO BE I'IANUFACTURED

DR PURCHASED BY PSI.

i'IANUFACTURING T[ DETERHINE
A PLAN FOR SHOP VORK

ORDER REOUTRMENTS.

DETERI.IINE DOCUMENI / DRAVING
NUMBERING SYSTEM FOR PROJECT

RE, PSI S0P-740-003.

FINALIZE PRNJECT
NAI,{E / CLIENT INFO FOR

USE IN DRAVINI TITLI BLOCKS,

ISSUE I}RAVING TREE
IO EN6Ii'IEERIN6, DESIIN

AND IIANUFACTURING I}EPTS.

RE:
CUSTOMER P,O" SALES ORDER OR
PREJECT SCOPT REPIRI

ATTENDEESI
P.M., PROJECT ENcINEER, DESIGN HANA6ER,
MANUFACTURIN6 EN6INEERING,

N0TESI
ALL ITE}IS TO BE SCHEDULED EN A JOB,
BY MANUFACTURING SHOULD BE LISTED
ON TIIE DRAVING TREE / 8.0.I.1.

CAD FILE:S0P60?02
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I.O PURPOSE

The purpose of this procedure is to estabfish the responsibilities and define the any
operations of the Document Control Department.

2.0 GENERAL

The Document Control Department (DCD) functions as the central point in managing
and maintaining the electronic document data base, distribution, and archiving of
electronic and hard copy controlled documents.

For the purpose of this document, Project Manager and Producf Line Manager (PM) are
synonymous.

3.0 RESPONSIBILITIES

The DCD is responsible for management, distribution, and archiving of the following
documents:

A) PSI Engineering documents (electronic and hard copy)
B) Client documents, submittals, and transmittals
C) Vendor documents, submittals, and transmittals
D) Historical data base of all Projects and related Job Books
E) PSI Standard Operating Documents. These include Procedures

(SOP), Work Instructiohs (Wl), Work Standards (STD),
Standard Drawings, etc.)

Any changes to this procedure must be approved by the Engineering Manager and the
Vice President of Operations.

4.0 PROCEDURE

4..I PSI ENGINEERING DOCUMENTS

4.1.1 DEO RELEASES

All PSI Engineering documents shall be released via a Design
Engineering Order (DEO) as prescribed in SOP-006-012.

When a DEO Release is received in the DCD, in" oCo shall perform
the following:

A) Update the Document Control Data Base (DOCMAN) file
B) Copy and distribute according to the distribution provided

by the Project Manager (PM) on the back of the DEO.
C) File the original copy of the released documents in the

DCD for reference. 
REV. 1
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4.1.2 REQUESTS FOR CHANGE

A Request for Change (RFC) shall be submitted as prescribed in
soP-006-001.

Upon receiving an RFC the DCD shall:

A) Apply an RFC Number from the RFC Log Book
(See Wl{06{01)

B) Retain a copy of the RFC for the DCD RFC Pending File
(The RFC Pending File is a hard mpy "tickle" file of
OPEN RFC's.)

C) Enter the RFC information in DOCMAN (the Document
Management Program) with the desoiption "OPEN"

D) Write a penciled note on the document being effected by
the RFC noting the following:

1) RFC Number
2) "RFC Pending"
3) Date

E) Fonrvard the original copy of the RFC to the appropriate
PM for disposition.

When a final disposition has been determined by the PM and the
RFC has been returned to the DCD for distribution, the DCD will:

A) Update the DOCMAN file with the final disposition.
Available dispositions are as follows:

1) Approved
2) Void
3) DEO with DEO number

B) Correct the penciled note on the effected document
indicating the RFC's final disposition (exception - DEO'd
RFC's)

C) Copy and distribute the RFC according to the distribution
list provided by the PM on the back of the RFC and shall
include the originator of the RFC.

D) File the original copy of the RFC in the DCD Job File for
reference.

See SOP-{106-001 for complete dstails on issuing RFC's.

REV.1
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4.1.2 REQUESTS FOR CHANGE CONT,

The maximum number of RFC'S on any document shall not exceed
five (5). After five RFC's the accumuleted changes shall be applied to the
docr..inient bv the Enoineerino/Desiqn orouD and released viadocr.inient by the Engineering/Design
a DEO. RFC's can be "held for accul
document by the Engtneenng/uestgn group ano releaseo vla
a DEO. RFC's can be "held for accumulation" and applied to the
document at th6 end of the job as the Project Manager deems
apProPriate.

4.2 CLIENT DOCUMENTS

4.2.1 CLIENT SUBMTTTALS

All Client submiftals received in DCD will be given a document
number in the "8" (or Vendor discipline) category unless otherwise
directed bv the PM. Client documents received in DCD will be
logged in bOCURw, copies forwarded according tothe PM'g
diiection, and the original filed in the appropriate DCD Job File.

All accompanying transmittal cover sheets will be 3-hole punched
and kept in the Job Log Book for reference.

4.2.2 CLIENT TRANSMITTALS

All Client transmittals involving controlled documents will be
processed through the DCD. DCD will:

A) Generate the transmittal using DOCMAN (see W1406{02)
B) Complete the necessary shipPing forms
C) Package the documents
D) Mail the documents according to the PM's instructions.
E) Retain a copy of the transmittal cover sheet in the Job Log

Book for reference

4.3 VENDOR DOCUMENTS

4.3.1 VENDOR SUBMITTALS

All Vendor submittals received in DCD will be given a document
number in the "8" (or Vendor discipline) category unless otherwise
directed by the PM. Vendor documents received in DCD will be

REV.1
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4.3.1 VENDOR SUBMITTALS CONT,

lossed in DOCMAN and the Review, Approval, and Status stamps
aooiied (see lLL.1). These documents',ririll be forwarded to the PM
wfrb will'circulate them through the aPpropriate disciplines for review and
approval.

All accompanying transmittal @ver sheets will be 3{ole punched
and kept in the Job Log Book for referen@.

4.3.2 VENDOR TRANSMITTALS

When the Review and Approval process is complete the PM will
apply his/her signature, check off the appropriate Vendor Approval
Code. and retum the documents to the DCD. The DCD will:

4.4 HISTORICAL DATA

When a PSI Project, with the exception of Standard Cryogenic Systems
(SCS), begins, the DCD fonrvards a New Project Information Package (see
lLL.2) to the PM to obtain the necessary data to establish Job Log Books
and Job Files for the new project.

The items included in the New Project Information Package are:

A) Make copies of the documents for the Project team
according to the PMs instructions

B) Prepare a Vendor transmittal to accompany the copies
being returned to the Vendor (See Wl-O06402)

C) Complete the necessary shipping forms
D) Packaoe the documents
ei uait tn-e documents according to the PM's instructions
F) File the original in the appropriate DCD Job File.
G) Retain a copy of the transmittal oover sheet in the Job Log

Book for reference

A) An explanation of the primary functions of the DCD
B) Information Checklist
C) Mail service summary
D) DCD transmittal information and cutdf times
E) Transmittal information sheet (to be completed by the PM)
F) Distribution form (to be completed by the PM)

REV. 1
soP-006-011
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4.4 HISTORICAL DATA CONT.

The Standard Cryogenic Systems (SCS) group differs from the Custom Project
group in that theDCD perp'etually maintains the SCS drawings, drawing Log
Books, and related files. These products are standard equipment and sold as
such with only minor modifications as specified by any given Customer. Special
system confidurations are documented using the standard SCS document
numbering system.

4.4.1 CUSTOM PROJECT JOB LOG BOOKS AND FILES

The Custom Projec't Job Log Book is a 3-ring binder that contains
the following Project information:

A) Discipline specific drawing/document logs
B) Computer generated drawing log from DOCMAN (see

wr406402)
C) DEO Log
D) PSI transmittal mver sheets to Client
E) Client transmittal cover sheets to PSI
F) PSI transmiftal cover sheets to Vendors
G) Vendor transmittal cover sheets to PSI

Project Job Books are not to be temoved frcm the Document Control Department.

The Custom Project Job Files are kept in the DCD ofiice area for
reference as long as the Project is active. Job Files contain the
following items:

A) Master copies of the Projed's forms
B) Blank DEO forms for releases
C) Released DEOs
D) Approved RFCs
E) Bills of Material (BOMs)
F) Specifications
G) All "A' size (8 112" X 11") drawings and doqrments
H) Vendor related data

A separate flat file located in the DCD reproduction room will be labeled
with the Custom Project Job number where all cunent B, C, D, and E size
drawings will be held (see SOP{06408 for archiving of previous
revisions).

The PM notifles the DCD when a Project has been completed. At that

REV.,I
soP-006-o11
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4.4.1 CUSTOM PROJECT JOB LOG BOOKS AND FILES CONT.

time all Job drawings, Job Log Books, and Job_File-s-are transfened to the
DCD locked storage area for archiving (see SOP-006408).

4.4.2 STANDARD CRYOGENIC SYSTEMS DRAWING LOGS AND FILES

The SCS Drawing/Document Log Books contain only log sheets.
These log sheets are organized in a specific four{igit base number
system (see SOP406{03 and 3545-2-001). Several base number
l<igs cari be contained in one Log Book; however, they must be
se-parated by clearly marked tabS for easy reference. A separate
DEO Log Book is maintained for all SCS releases.

4.4.2 SCS DMWING LOGS AND FILES CONT.

The SCS Files are arranged in the same fourdigit base number
system with separate files for all SCS DEOs and RFCs. (SCS DEOs
ahd RFCS are filed numerically from lowest to highest in front.)

Both SCS Drawing/Document Log Books and their related files are
kept in the DCD office area for reference.

A separate flat file located in the DGD reproduction room will be
labeied by base number where all cunent B, C, D, and E size
drawings will be held (see SOP406408 for archiving of previous
revisions).

4.5 OPERATING PROCEDURES AND STANDARDS (SOP)

4.5.1 SOP LOG BOOK

DCD maintains the Procedure and Standards Log Book and assigns
numbers to these documents by utilizing this log book in the same
manner as Engineering uses the drawing/document log for Custom
projects.

The Procedure Log Book is divided into tabbed sections by Department.
Each department has been assigned a Permanent three{igit numeric

REV.1
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4.5.1 SOP LOG BOOK CONT.

indentification number. There are three document categories (denoted by
their prefix below) as follortrs:

= Standard Operating Procedures
= Work lnstruclions
: Standard Drawings and Guidelines

REV. 1
soP406{11

A) SOP
B ) W
c) srD

The DCD also maintains (and updates with each new entry into the
Procedures Log Book) an Index listing all the pending and released
Drocedures to date. The updated Index is distributed to all
ilesignated personnel who'hold the SOP Binder for their individual
deparlment or group (see Section 4.5.3).

4.5.2 FILING AND STOMGE

The DCD maintains files for all current Procedures and Standards in the
DCD office where they are kept for reference by all PSI personnel'

The SOP file contains:
A) SOP Distribution List (see lLL.3)
B) SOP Cover Sheets

1) Company Procedures
2) Department Procedures

C) Folders cbntaining the original document. Folders are aranged
by Department and do-cument category (see Section 4.5.1)

4.5.3 DISTRIBUTION

The distribution of any Procedure or Standards document is determined
by the Department Menager or Vice President of the department where
ttie orocedure is oeneratdd. Those personnel who are holders of SOP
Bin<iers for their d'eoartment or groub will receive copies of all released
Procedures automdtically. Theie pdrsons are'Tlagged" on the SOP
distribution list by an asterisk (see lLL.3).

4.6 OTHER DOCUMENT CONTROL FUNCTIONS

The DCD also provides the following services:

A) "Release of Original" to Engineering/Design for revisions
B) Reproduction of Job and Product Manuals
C) General coPying
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4.6 OTHER DOCUMENT CONTROL FUNCTIONS CONT.

D) Maintenance of Engineering Data Library
E) Archiving of documents (see SOP{06{08)
F) Generate reports from DCD data base (i.e Job Drawing

Logs and RFC Aging report - see W1406{02)

5.0 FLOWCHARTS

None

6.0 REFERENCES

None

7.0 EXH|B|TS

lLL.1 Review, Approval, and Status Stamps
lLL.2 New Project Information Package
lLL.3 SOP Distribution List

REV.1
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PROCESS SYSTEMS INTERNATIONAL. INC. nEV 2196

NEW PROJECT INFORMATION'DATA PACKAGE

PROJECTMANAGER:

CONGRATULATIONS ON YOUR NEW PROJECTT

THE DOCUMENT CONTROL DEPARTMENT IS RESPONSIBLE FORTHE
ORGANIZING AND MAINTENANCE OF PROJECT DOCUMENTS. ATTHE
BEGINNING OF EACH PROJECT DOCUMENT CONTROL CREATES
SPECIFICATION AND DRAWING FILES, COMPUTER LOGS AND A PROJECT
BOOK

THE FOLLOWING PAGES REQUESTTHE NECESSARY INFORMATION TO
SET UP THESE RESOURCES. THE NEXT PAGE AFTER THIS COVER
SHEET CONTAINS A CHECK LIST FOR YOUR COM/ENIENCE. WHEN YOU
HAVE COMPLETED THIS PACKAGE, PLEASE RETURN ITS ENTIRE
CONTENTS TO DOCUMENT CONTROL.

IF DOCUMENT CONTROL DOESNT RECEIVE THIS
INFORMATION IN NME FOR THE FIRST OOCUMENT
RELEASES. PROCESSING MAY AE DEI-AYEDI

IF YOU HAVE ANY QUESTIONS REGARDING THIS PACKAGE OR THE
FORMS CONTAINED IN THESE PAGES, PLEASE DON'T HESITATE TO ASK

SINCERELY,

THE DOCUMENT CONTROL DEPARTMENT

Tu-.L p^f f  l *1
20 Walkup Drive . Weslborough, Massachusetts 01581-5m3 . 508/366-9111 . FAX508/87tr5930



CHECK
OFF
WHEN
DONE

NEW PROJECT INFO PACKAGE

CANIESIE

MAIL SERVICE SUMMARY (FOR YOUR REFERENCE)

TRANSMITTAL CUTOFF TIMES (FOR YOUR REFERENCE)

TRANSMITTAL INFORMATION SHEET (PLEASE FILL IN
APPROPRLATE INFO)

BI.ANK DISTRIBUTION FORM WITH INSTRUCTIONS
(PLEASE FILL IN APPROPRIATE INFO)

SPECIAL INSTRUCTIONS AND REQUIREMENTS OF
PROJECT (LIST BELOW

1)

2'�)

3)

4')

5)

INFORMATION COMPLETED BY DATE

2 * 1



TIAIL SERVICE SUMMARY

EXPRESS MAIL: (DOMESTIC)

COST. MOST ECONOMICAL OF ALL METHODS AVAII-ABLE
DELIVERY. GUARANTEED TWO DAYS

FEDERAL EXPRESS: (DOMESTIC & INTERNATIONAL)

COST - MNGES BETWEEN HIGH TO ECONOMICAL DEPENDING OiI
REQUESTED DELIVERY

DELIVERY - PRIORITY OVERNIGHT: 10:30AM NEXT DAY
STANDARD OVERNIGHT: 3:OOPM NEXT DAY
ECONOMY TWO-DAY; 4:30PM 2ND DAY
SATURDAY DELIVERY: 1:3OPM SATURDAY

SPECIAL REQUIREMENTS: - ALL PACIGGES MUST HAVE A STREET
ADDRESS. NO P.O. BOXES ARE ACCEPTEDI

NOTE: FEDEML EXPRESS PROVTDES AN E(CELLENT PACKAGE TRACKING SYSTEM
THAT PROVIDES DATE THE PACI(AGE WAS DELIVERED, TIME OF DELIVERY. AND NAME
OF CONSIGNEE.

DHL WORLDWIDE: (USE ONLY lF REQUESTED BY CLIENT)

COST - MNGES BETWEEN HIGH TO MEDIUM DEPENDING ON
REQUESTED DELIVERY

DELIVERY. AS INDICATED IN SERVICE MANUAL.

3. t  f



CLIENT/T/EN DOR TRANSMITTAL
GUTOFF INFORMATION

IN ORDER TO PROCESS SAME DAYTRANSMIfiALS, DOCUMENT
CONTROL HAS THE FOLLOWING REQUIREMENTS:

RECEIVED IN DOCUMENT CONTROL
BEFORE 2:00PM
AFTER 2:OOPM

l,l,|LL SHIP
SAME DAY
NEXT DAY

TRANSMITTALS CONTAINING 30 OR MORE DMWINGS, THAT REQUIRE
REPRODUCTION COPIES, RECEMED AFTER 12:OO NOON MIGHT NOT
MAKE SAME DAY SHIPPING DUE TO PREP AND PROCESS T!ME.

REMEMBER: THE EARLIER IN THE DAY THE
DOCUMENT CONTROL DEPARTMENT RECEIVES
THE TRANSMITTAL CONTENTS THE BETTER

IF YOU ANTICIPATE A LARGE TMNSMITTAL, LET US KNOW AS SOON AS
POSSIBLE SO WE CAN ORGANIZE OUR WORK LOAD ACCORDINGLY.

THANK YOU FOR YOUR COOPERATION.

t ,S f



TRANSMITTAL INFORMATION SHEET

PROJECTMANAGER:

PROJECT NUMBER:

NAME OF CLIENT:
STREET ADDRESS:
CITY/STATEZIP:

ATTN:

PREFERRED SHIPPING METHOD:

NUMBER OF PRINTS REQUIRED: _ REGUT-AR PRTNTS
REPRODUCIBLES

OTHER EXTERNAL DISTRIB:

NAME: # coPlEs
# coPlES

ADDITIONAL INFORMATION:

€ * r



DISTRIBUTION FORM INSTRUCNONS

THE PURPOSE OF THE DISTRIBUTION FORM IS TO AID IN THE INTERNAL
AND EXTERNAL DISTRIBUTION OF DOCUMENTS FOR EACH PROJECT. (IT
CAN ALSO BE USED AS A CHECK LIST FOR THE INTERNAL REVIEW OF
DOCUMENTS BEFORE THEYARE OFFICIALLY RELEASED ON A DEO.)

THE DISTRIBUTION LIST IS CONVENIENTLY PHOTOCOPIED ON THE
REVERSE SIDE OF EACH DEO AND IS SPECIFIC TO EACH PROJECT.
AFTER FILLING OUT THE FRONT OF EACH DEO W}IEN RELEASING A
DOCUMENT. YOU WILL NEED TO CIRCLE THE APPROPRIATE QUANT]TIE€
FOR DISTRIBUTION ON THE BACK THIS WILL PROV]DE DOCUMENT
CONTROL WITH THE INFORMATION NEEDED TO DISTRIBUTE EACH DEO
CORRECTLY.

THE DOCUMENT CONTROL DEPARTMENT WLL lgl TRY TO "SECOND

GUESS" THE DISTRIBUTIONS YOU HAVE NOTED ON EAGH DEO;
THEREFORE, IT IS IMPORTANT THAT YOU FILL TH]S INFORMATION OUT
CORRECTLY.

IF, AT ANY TIME, YOU NEED TO MODIFY THE DISTRIBUTION LIST FOR
ANY GIVEN PROJECT. PLEASE INFORM THE DOCUMENT CONTROL
DEPART. MENT SO IT CAN BE CORRECTED PROMPTLY.

PLEASE FILL OUT THE FOLLOWING PAGE ACCORDING TO THE
INSTRUCTIONS PROVIDED.

6o(  1



DISTRIBUTION FOBil FOR:

PRqJEcrNAllE' (1)

PRGIECTI.IUiIBER: e)

IF COPIES OF THE ATTACHED DOCUMENTS ARE REOUIRED
PLEASE CIRCI.E THE OUANNTY III IHE APPROPRTATE
coLUMN. ,^r

cooE to, NONCODE

DEO# DWGSPECDEO RFO BOM RFC

I

(4)
I

PURCHASING, OUAUTY ASSURANCE, MATL
PROCUREMENT FO BE COMPLETED BY DOCUMENT
coNrRoL)

A BRADBROOK

D BILODEAU
(5)

I
B SCHRAMM

NorEs 
(6)

EXIERNAL DISTRO (4
TOTAL COPIES (8)

HOWTO FILL IN YOUR INIT1AL
DISTRIBUTION FORM

(1) nunenotEsrMME

(2) nun PRoJEcr NUMBER

(3) cxecxorr rs JoB rs'cooE'
OR'NON4ODE [e. PRESSUBE
vEssELs)

(4) nu rN HeuEs oF Psr srAFF
AND THE OUANTMES OF
@PIES THEY WLL BEOUIBE-
BE SURE TO THINKOF ALL
THE POSSIBIE DISTRO'S THIS
JOB WIII HAVE TO BE SURE
NO ONE WLL BE OMITTED.

(5) urverxrsAREABLANK
DOCUMENT CONTROL WLL FILL
]N THESE TOTALS AS EACH DEO
BEQUIRES.

(6) usr seecrn- rNsrRucnoNs
SUCH AS'DfiERNAL: I REPRO &
2 PRINTS'.

(7) nurrrrnre NUMBER oF coptEs
Tt|E CUSTOMER HAS REOUESTED
TO BE SENT TO THEM FOR INFO
AND/OR APPROVAL

(8) ntense r-eeve BorroM uNE
BI.ANK DOCUMEhN CONTROL
USESTHIS AREA FOR
PROCESSING YOUR RELEASES.

PLEASE FILL OUT DTSTRO FORM
PROVIDED ON THE NEXT PAGE
ACCORDING TO THE INSTRUC.
TIONS GIVEN ABOVE.

7 &  I



DtsTRtBtrnolt FoRtr FoF:

PROIECTI|AME:

PROIECT ]{UMBER:

IF COPIES OF THE ATTACHED DOCUMENTS ARE REOUIRED
PIEAT;E CIFCI.E THE OUANTTTY IN THE APPROPRIATE
COLUMN.

CODE NONCODE

DEO# DWGSPECDEO RFO BOMBFC

PURCHASING, QUAUW ASSURANCE, MATL
PROCUREMENT GO 8E COMPTETED BY DOCUMENT
coNTROL)

ABRADBR@K

D BILOOEAU

B SCHRAMM

NOTES
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PURPOSE

The purpose of this procedure is to daail the proc€ss of releasing/rwishg all
"controlled documents", including Specifications, Drawings, Bills of lvfaterial,
Standard Operating Procedures, Work Instructions, SCS Sales Orders, etc.

GENERAL

Engineering documents must be prepared, released and archived in an efrcient
manner to promote cost-effective project execution. This procedure details the
process for sign-ofr distribution and archiving of engineering doqrments.

The release of PSI "Controlled Documentd' is controlled via a DesignlEngineering
Order @EO). The DEO is used to record document information, document changes
from the last issue, routing for sign-ofi, internal and external distributio4 etc.

A white DEO is used for general releases and a diffferent blue DEO is used for
ASME code vessel releases.

This procedure is applicable to all PSI product lines except for NPS Products. NPS
is covered by its own procedures.

Glossan

BOM
DEO
RFC
EMS
CAD
scs

Bill of l,taterial
Desigr Engineering Order
Request for Change
PSI MateriaVFinarcial Management Computer System
Computer Aided Design
Standard Cryogenic Systems

3.0 RESPONSIBILITIES

Each product line manager is responsible for their product line complying with PSI
procedures.

The Document Control Department is responsible for issuing and archiving all
engineering documents.

The Vice President of Engineering is responsible for approving all revisions to this
procedure.

soP-006-012
Rev. 0



4,O PROCEDURE

Thc procedure for releasing engineering documents varies slightly depending on the
product line and equipment type. The following sections detail the diEerent
requirements.

General Document Release Procedurc

hmarer

For drawings, DEO is prepared by the responsible designer who developed
the drawing or revision. For specifcation and other documents, the DEO is
prepared by the responsible engineer who prepared the document or revised
it.

Once the DEO is prepared, the preparer shall have the Project Manager fill
in the sign-off routing (as required for each type of document) and hand-
carry the document/DEO to tle next reviewer.

Ifthe document does not order material or call for PSI fabricatioq entry into
the EMS is not required. The Project Manager should put N/A in the EMS
routing block.

Documents must be rwised and acted on as soon as possible. The
maximum delay in review time for a reviewer should be one day.

DEo/Document Sisn-off

Preliminary iszue revision (PI, P2, etc.) may be issued with only the project
managers' sigr-off (or their designee) on the DEO. The DEO number and
reason for issue should be filled in on all preliminary drawing releases.

Draft copies ofthe documents to be released should always be circulated to
the applicable project team members (including Manufacturing) prior to the
document sign-offto minimize delays in releasing the document.

The following signatures are mandatory on DEO's releasing forma.l
numbered issues (0, l, 2, etc.)

For the Standard Cryogenic Systems (SCS) product ling the mandatory
sign-offs for release are: The Preparer and the Engineering Supervisor.
ASME Code Vessel releases shall comply with paragraph 4.2.

4.1



For the CustomlHigh Vacuum product lines, the mandatory sigr.offs for
release are: The Prcparer, rhe Checker, Discipline Engineer of the type of
drawing or specification being issued, and the Project ldanager (or their
designee). ASME Code Vessel releases shall comply with paragraph 4.2.

A data entry sign-off is required to issue or revise a Bill of Lfderial (BOM).
The DEO is signed off after the BOM is entered and'linked" to the project
in the Paradox System. When a BOM is modified, an add/change/delete
report shall be attached to the DEO and distributed.

Note: A RFC cannot be used to issue or revise a BOM.

A data entry sign-off is mandatory for all documents and BOM issued for
PSI purchase or manufacture. The Project Manager shall note N/A in the
EMS routing block if data entry into EMS is not required.

Note: The actual transfer of BOM data from the Paradox System to EMS is
controlled by the Document Control Department. "System Nets"
(add/change,/delete information) are done twice daily and
downloaded to EMS.

For CAD drawings, all sign-offs for the current issue shall be manual
signatures or initials. The previous issue's sign-offs shall be elecronically
added to the document file during the revision process.

All documents and the DEO will continue to be signed off by all disciplines
which have contributed to or reviewed the document.

For samples of the new DEO forms, see Exhibit II (used mainly for new
releases) and Exhibit III (used mainly for releases of revised documents).
Continuation pages are also available from the Document Control
Department for each type DEO.

Ifthe document also has a customer number, both numbers should be shown
on the DEO so that the Document Control Department database can cross-
reference the drawing numbers.

This sign-off procedure is applicable to all current and new PSI projects.

SCS Sales Orden

SCS sales are issued via a DEO. See "Controlling SCS Sales Orders", WI-
010-003, for details.

soP-00G0r2
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DEO Numberins and Sticha�.r

For Custorn/Ifigh Vacuum projects, DEO's will be numbered cons€€utively
starting from 001 for each project. DEO number stickers are provided for
each projeci to avoid double numbering the DEO's.

For SCS projects, DEO's will continue to use the four-digt series. DEO
numbers will be assigned by the Document Control Department and logged
into the project book.

Projects that are in progress shall continue to use their onent system.

Document Dhtribution

The Project Manager is responsible for setting up the project document
distribution with the Document Control Department. A 'Trlew Project
Information/Data" package is available from the Document Control
Department for this purpose.

As each person reviews the document and sigrs off, they must also circle
their required number of copies on the form on the back of the DEO. The
Project Manager is responsible for document distribution to parties (Material
Control, etc.) that have not rwiewed the documents.

An add/changddelete report shall be distributed with the DEO when a BOM
is revised.

Electro nic D ocument Archiins

Note: This archiving procedure applies to all electronic doctments except
for i-D models.

Unless otherwise noted hereirq when an electronic document is ready for
issug the sigrred-off document and DEO form shall be delivered to the
Document Control Department. Ifthe documenl is not on the PSI networh
a floppy copy of the document shall also be provided with the sigrred-off
hardcopy. The Document Control Department will archive the document by
moving it from the In-progress ('IN') subdirectory to the Issued ('IS")
subdireclory. If the document is being transfened by floppy, a copy of the
document should also be temporarily stored in the preparer's computer in
case of loss or damage to the floppy. Once the preparer receives a copy of
the released DEO, the backup copy should be erased.

soP-006-012
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Ifthe document is available to the Document Control Department over the
network, the preparer will leave the document to be issued in the In-progress
('Iltl") subdirectory so that the Document Control Department can
electronically move the document into the ISSIJED suMirectory. A copy of
the issued document should also be temporarily stored in the preparer's
computer in case ofloss or damage to the file during archiving.

All subsequent revisions to doqrments shall be made using the Docrrment
Control Department copy ofthe file by copying the document from the'IS"
subdirectory into the "IN' subdirectory. All superseded doEuments will be
moved by the Document Control Department into the "SLl" subdireclory for
storage. The electronic file name of the old file will be modified to prevent
accidental usage ofthe superseded file (see SOP-006-003 for details).

This electronic document file archiving system will be used for all projects as
each document is released or revised.

A diagram ofthe Etectronic File Structure is attached to this memo (Exhibil
rV).

3-D Motlels

3-D models will be archived per WI-009-001.

Document anil Electronic File Numbeins

The PSI document and electronic file numbering system is generally based
on a project number based system. Occasionally, a product family
numbering system will be used for Custom Services/Iligh Vacuum projects
when generic components and sub-assemblies are used actoss a family of
products. See SOP-006-003 titled, "Department Procedure for Assigning
and Maintaining Engineering Document Numbers" for complete details.

SCS uses a separate system. For details, see "Document Numbering System
for SCS", A3545-2-001.

Material Disoosition

When previously purchased material is affected by a BOM change, material
disposition information shall be added to the DEO by the Project Manager
(or Engineering Supervisor).

soP-00G012
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Revisions to Docamenttlltle Blocks

Back-circles. Revision Marks

For specifications and other documents, all changes shall be detailed on the
DEO as well as noted with a rwision mark in the page margin.

For Custom ServiceVtlgh Vacuum projects, all drawing revisions (CAD
and manual drawings) shall be detailed on the DEO in addition to being
back-circled (with revision mark) on the drawing. Changes can also be
detailed by reference to an RFC. Large rwisions rnay be generally noted on
the DEO, but all drawing and BOM changes must be identified on the
documents or with an add/changetdelete report.

For SCS product line, back-circles are not required.

Title Blocks

For Custom Servicedtligh Vacuum projects, the DEO number and the
reason for issue (preliminary, for design, etc.) should always be shown in the
drawing revision block.

For SCS, t}e exact changes to the document should be filled in the revision
block (up to a maximum of two lines) along with the DEO number.

Reouest for Chanse (RFA

When a DEO issues a document incorporating chang€s requested by an
RFC, the RFC number shall be shown on the DEO.

ASME Code Vessel Procedure

The system for releasing documentation for ASME coded vessels must meet
the requirements of the ASME pressure vessel code. The procedure is fully
documented in the PSI Section VItr ASME Q.A. manual. This special
ASME code procedure covers only vessels that will be fabricated by PSI
under their ASME Section VItr stamp. All outside vendor purchases of
ASME vessels (or design only) shall use the nonnal DEO process.

Documents for PSI ASME code work use a difierent DEO form (color blue)
and a modified release procedure.

The ASME code document procedure follow Section 4.1 procedures with
the following exceptions:

soP-006-0r2
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l .

2.

DEO form is blue and has different sign-offs and disfibution.

All releases must be approved and signed off by Preparer, Desigr
Engineer, llanufacnuing Engineer, Quality Assurance (Q.A),
Project lvlanager (or Engineering Supervisor) and EMS Data Entry.

Distribution:

a) The bill of Material @OM) and the add, changg delete reports
are always iszued with the drawing.

b) Two (2) copies of the DEO are s€nt to the Material Control
Department. One (l) copy is signed and retumed to Document
control confirming its receipt by Material Control.

J .

5.0

6.0

FLOWCEART

See Exhibit I.

REFERENCES

WI-010-003 "Controlling SCS Sales Orders"

SOP-006-003 "Assigning Engineering Document Numbers"

43534-2-001 "Document Numbering System for SCS"

EXHIBITS

L "DEO Process Flow Chart"

IL Sample DEO - Initial Release

m. Sample DEO - Rwised Documents

IV. fuchivine Eleclronic File Structure
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ATTACHMENTIII

Engineeing Document Electronic File Stuaure

l- Primary Dircctories:

Custom Services Projects CCS")
Each custom proiect shall have a dedicated directorv named for its PSI
Projecl oumbrlr (6.9, "T1507?").

High Vacuum Projects ('HV")

Each bish vacuum shatl have a dedicated directorv named for its PSI
Project iumber (e.g "V59014").

NPS Projects ("NP")

Each NPS proiect shall have a dedicated directorv named for its PSI
Projea numbei (e.g "N005EI").

Standard Cryogenic Products ("SCS")
Each standard product shall have a dcdicated dir€ctorv named for its
model number ie.g 

'1a00"). Special drawings modifiid for a project
should be stored'unaer the jbb nrimber also.

Standards ('STD')

A directory named 'STANDARD' shall contain all engineering standard
documenti.

Proposals ('PRO)

A directorv named 'PROPOSAL" shall contain all orooosal documents
with subdiiectories for each product line and proposal nrimber.

General ('GEN)

A directory named'GENERAL" shall contain all general documents.

II. ISSUED / INPR.OGRESS ('IS'/'IN') Subdirecrories:

Each primary directory shall have two (2) subdirectories for issued documents
and ii-progrtss work' The "IS" subdirectory shall be 'Read Only" for all
network users cxcept tbe Document Control DepartmenL The in-progress
directory shall have bpen access for all network stations



EXHIB IT  TT

IlI. Disciplinesubdirectories:

The 'IS" 8nd 'rN" subdircctories shalr contain the foilowing subdirectories asneeded:
'0 for PFD's and p&lD's
:l: for eng,ineering lists . _
:? for enlineerin! specifications'3" for I/E drawrnes
:+' for mcchanicaf equipment drawings
:t: {or piping drawings
;?; i8l $?"T,c"l.liT,'jric drawinss
'8" for vendor drawinss 

-
9" for instrument loofi drawings

"SU" for superseded issues of categories 0.9.

superseded drawings wilr be periodica y moved to tapes to save room onthe network
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ATTACHMENT 2

DETAILED PROJECT SCHEDULE



PROTOTYPE BSC SCHEDULE

(Sorted by System / Activity ID)
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DETAILED PROJECT SCHEDULE

(Sorted by Syslem i Early Finish)
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rltle SPECIFICATION FOR PROJECT QUALITY ASSURANCE PLAN

I.O PURPOSE

The purpose of the QA Plan is to establish the quality requirements for the scope of work
intended. This plan contains the PSI quality standards that will be imposed on the LIGO
High Vacuum System.

2.0 GENERAL

The outlined plan will be imposed at PSI as well as all major component vendors.

3.0 RESPONSIBILITIES

The manager of Quality Assurance and the assigned Project Manager are responsible for
' the implementation of this plan.

4.0 PROCEDURE

4.1 Quality Review And Planning

4. LI Prior to fabrication the Quality Assurance Engineer will establish the hold/witness points
from the Customers specification; the PSI inspection points and the applicable PSI
procedures for the contract. From this information, the QAE will prepare a PSI Quality
Plan, for each chamber or assembly buih at PSI. The Quality Plan will define all of the
inspection steps that require witness and/or verification during the course of
manufacturing and assembly at PSI. Subcontractual work will be subject to the sarne
planning, by the subcontractor, at his plant with witnessed HOLD points and inspections
by PSI.

4.2 Receivinglnspection

4.2.1 All raw materials that are procured with Material Test Reports will be receipt inspected
prior to use.

4.2.2 Procured components and items will be inspected at the vendor's plant. If inspection is
not performed at the vendors plant, they will be receipt inspected upon arrival.

SPECIFICATION
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4.1 MaterialCertihcation

4.3.1 All vacuum chamber and flange materials will be procured with Material Test Reports.
Other nozzle, small parts, small flange nozzles and bolting materials will be procured' 
with a Certificate of Compliarrce. At receiving inspection, the materials will be verified
against the Purchase Order for quantity, material maikings and the Material Test Report
will be verified to the applicable ASME and/or ASTM material specification lor
compliance.

4.3.2 If primary vacuum boundary materials are purchased from foreign (outside of USA), PSI
will conduct independent lab analysis to veri$ material composition.

4.4 In-Processlnspection

4.4.1 QA/QC will veri$ material traceability tkoughout the manufacturing cycle. They will
monitor the quality of welding and the qualifications of personnel, verify the final
cleaning and veri$/witness the testing required by the customers specification.

4.5 Cleaning

4.5.1 All materials will be cleaned free of grease, oil, rust and foreign matter prior to welding.
After the welding and machinery operations, the assemblies will be cleaned to the
required level, for the intended service.

4.5.2 Final cleaning will be performed in accordance with the LIGO cleaning procedure.

4.6 Welding

4.6.1 All welding exposed to the vacuum will be performed by the PAW or the GTAW (TIG)
welding process, with a 100% Argon shield gas or plasma arc welding with l00o% Argon
shield gas. All open or closed root, butt welding will be purged with 100% Argon
(backing gas). Slip-on-flanges and lap joint designs that allow for fillet welds will not
require baking gas. All vacuum welding will performed utilizing ASME Section IX
qualified welding procedures and qualified welders.

4.6.2 Welding operations will be monitored on a daily basis by the QA/QC department for
compliance with the LIGO Project Procedures and the applicable codes.

4.7 Final Inspection

4.7.l Final inspection will be accomplished on all components prior to shipment. This
insnection will include but is not limited to the followins: serialization of comnonents-

z
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o
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4.8 
_ , 

Testing

4.8.1 . Vacuum components shall meet pumpdown and helium leak rates per the LIGO Project
Procedures.

4.8.2 Pumps and valves will be performance tested at the'vendor plant. These tests will be
witnessed by PSL

4.8.3 All testing will be performed in accordance with LIGO Project procedures. All shop
testing performed will be witnessed/verified by QA/QC.

4.8.4 Written test reports will be generated for all testing and will be included in the final
documentation package.

4.9 Documentation

4.9.1 Final documentation on this project will consist of signed off Qualig Plans, Material Test
Reports for vacuum chamber and flange materials, certificates of conformance of all
nozzle materials, small parts and bolting materials, final cleaning certificate, Helium leak
test reports, pumpdown test report and a Certificate of Conformance to the codes and
standards.

4.10 VendorSurveillance

4.10.1 Prior to fabrication, each vacuum vessel fabricator shall submit quality plans to PSI for
approval. PSI QA and engineering will set mandatory hold points and perform periodic
inspections at the vendor's plant. The vendor shall provide final documentation as
detailed in the procurement specification for all PSI fabricated components,
documentation shall be orovided as shown in Attachment I "Final Documentation
Summary".

4.10.2 For major purchased components, QA requirements are detailed in "QA Requirements
Summary" form attached to each procurement specification.

4.1I Engineering Plan Review

4 . I t . I QA will be part of the design review team as the design develops.

SPECIFICATION
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O.r? ProcurementSpecificationReview

4. 12. I QA will be part ofthe review team for all major component specifications.
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Attachmcnt I

v049-2-029

LIGO VACUUM EQUIPMENT

FINAL DOCUMENTATION SUMMARY

Component

Model No.:

Serial No-:

I . Quality Plan Doc. No.:

2, Material Test Reports:

Date:

Prepared By:

Rev.

Date

3. Certification of
Conformance:

4. Heat Treat Charts:

5. Final Cleaning
Certification:

6- BakeoutCertification:

7. Final Vacuum Leak
Reports:

8. Non-Conformance
Reports:

9. Certificate of
Conformance:

o

I

I seecrFrcAnolNotes:
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PROJECT SAFETY PLAN

I.O PURPOSE

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

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

2.0 scoPE

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

3.0 APPLICABLEDOCUMENTS

-fhe current revisions of the following documents dictate the requirements relative to the
implernentation of this plan.

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

b. 40 CFR Environment Protection Agency (EPA) Protection of Environment

c. 49 CFR Department of Transportation (DOT) Transportation

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

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

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

. g. Toxic Substances Control Act (TSCA).

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

1.0 PLAN MAINTENANCE

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

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

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

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

SAFETY OBJECTIVES

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

All work will be performed in the safest possible manner to reduce accidents
involving personal injury, environmental impact, and equipment, facility or
product damage.

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

c. The PSI Safety program has the active support of all PSI employees. All levels of
management will support the program and the concept of individual responsibility
for safe operations will be established and reinforced.

6 .1 z
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PROJECT SAFETY PLAN

6.2

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

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

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

To ensure site safety prognrms comply with PSI Safety Standards.

Organization

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

Responsibilities

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

a. Each PSI department has the responsibility for identi$ing potential hazardous
operations, facilities and equipment; for providing required documentation and
information incorporating safety requirements for continuing the safe conduct of
activities; and for developing procedures and controls necessary for the safe
processing of fabricated articles/items throughout all phases of manufacturing and
delivery of products.

6.3

o

rl
l- tu.b.r - 

---- 
Ititl9t-023

l A
nav.

o l -
rs.9et



[;
Tllle

PROJECT SAFETY PLAN

SupervisorVTeam Leaders are responsible for assuring safe workmanship
practices, including training, certification and qualification of personnel to
approved training requirements.

All involved personnel are responsible for reporting to any potential unsafe
condition throughout the performance of tbeir duties/responsibilities - to the
Safety Committee Chairman for resolution.

7.0 MAINTENANCE OF SAFETY CONTROLS

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

7 .2 Safety meetings will be held based on a "need to know" basis and as a minimum
quarterly.

SITE SAFETY PLAN

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

8.0
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INTRODUCTION

This manual provides a compreheasive description and
approach to PSI'S Safety Progran. The program has been
designed with one major goa.l; to ensuie that every
employee is provided thc opportunity to work in a facility
that does not endanger his health. The manual wi.ll be
updated from time to time to incorporate both new aqd
revised OSFIA and state regulations.

The safery and health rules documented in this manual are
intended to comply with OSTIA regulations for general
industry. Where a plant practice or rule cosllicis with
OSHA, the latter will domiuate.

The management of the compa-ny intends to comply with
both the spirit and letter of laws and regulations pertaining
to employee safety at the work place. TO THIS END ALL
EMPLOYEES ARE NOT ONLY URGED. BUT
REQUIRED TO BE FAMILIAR WITH THE
PROGRAMS OUTLINED IN T1{IS MANUAI, AND
BRING TO THE ATTENTION OF THE SAFETY
COMMITTEE OR THEIR SUPERVISOR AT.IY
INFORMATION REIATING TO CONDITIONS OR
SITUATIONS WHICH COULD RESULT IN SAFETY
T{AZARDS.

Remember that safety is a frrll-time job and your
participation in the program is essential.

All employees are expected to learn all the safety aspects of
their jobs ard cooperate $/ith both supervisiou atrd other
employees in complying with our safety rules.

All employees and temporary conlract p€rsontrel will be
provided with a copy of PSI's Safety Manual
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COMMON SENSE

The keynote to any Safety program is common sense.
Employees are required to know aod follow the uritte[
safety policies. However, where no hrm fast rule applies to
a given situation, it is expected that employecs will act
prudeotly and reasonably.

Persooal equipment must camply with all safety related
staodards.

The fact that a safety item may not be addressed in this
manual does not relieve eacb and every employee from
using commoo sense and enploying safe piaciices ard
procedurcs in the performance of his or her wort.

F9t :*lpl:, when carrying o. fuldting pipe or when using
grinders it is expected that €mployees will avai.l themselves
of safety gloves and other safety equipmeut provided by tbe
company.

THE PSI SAFETY COMMITTEE

The PSI Safety Committee as a-n advisory board, will
monitor all safety and occupational healtb-related subjectg
and will advise Management on netessaqr corrective aclion
to mairtain a satisfactory level of safety throughout the
comPany.

They will interpret governmental safety and health
regulatiox as they apply to PSI, and conduct general
inspections.

Tte Safety Committee consists of a Chairman, Secretary
and other concerued employees who, as a unit, represeni
manufacturing and office areas. From timc to tine, a
vacancy may occur on the Committee a:rd such a vacancv
will be announced by posting a notice on the bulletin board,



The remaining Committee membcrs will, at a scheduled
meeting atteoded by a.ll the remaining members, review the
list of interested applicants and vote to elect a ncw member
to fifl the vacancy.

The Company is a member of the Central Massachusetts
Cbapter of the National Safety Council and will cortinue ro
utilize the programs and benefrts of lhis organizatioo to its
fullest extetrt.

Duties and Responsibilities of the Chairman

1) Schedule and preside over committee meetings.

2) Appoint members to special projects and programs,
a'ud follow up on reports and r€commendations

3) Act as compaly liaison witb outside repres€ntatives,
such as State Inspectors, insurance investigators, arld
OSIIA Compliance Officers.

4) Coordinate the activitics ofthe Safety Committee.

5) Issue reports of unsafe or housekeeping conditions to
managemetrt.

6) Ma.ke available all committee minutes, inspection
reports, a.nd other docuneots relating to the safety
program to interested employees.

7) Consult with a.ud advise individuals or groups oo
safety matters, aad keep maragement i ormed on
basic safety principles and OSFIA regulations.



Dutles aod R€sponsibilialcs of thc Secrrtary:

1)

2)

Take and issue all mi$utes of the Safety Committee.

Act for the Chairman or as designated by the
Chairman as company liaison with outside
representatives, such as State Inspectors, insurance
lnvestigators, and OSIIA Compliance O(ficers.

Issue repotts to maragement of ulsafe or
housekeeping problems,

Maintain all committee minuteg inspection relnrts,
and other documents relating to the safety progam,

3)

4)

Duties of the Other Members arc as Fottoc6:

Conduct educational programs to employees on
safety including but not limited tq periodic safety
films.

Tralrsmit safe$ recommendations from other
employees and from departne managers and
supervisors to the Safety Committee.

Consider the merits of aI safery recommendations
and assist in their implementation.

Carry out special projects as assigned by the
Chairman.

Assist in geaeral safety inspections

2)

4)
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Th€ Goals of the Safety Committ€e arE:

f) To emure that PSI rnaintains a healrhy and safe
working environment for all employces.

Z) To rcport safety suggestions to managers or
appropriate supervisors.

3) To communicate aod train each employee on a.n
ongoing basis to do the job in the safest way.

TR,EATMENT AND REPORTING OF INJURIES

All injuries, no matter how minor, require treatmeDt to
prevent infectioo or to forestall complications.

Work related injuries/illness must be reoorted immediatelv
to the emolovee's suoervisor who will notify Health Services.
Tbe decision as to whether professiooal treatment is
required should be made by the Company Doctor,
Company Nurs€ or in their absence an employee who has
passed tbe Red Cross First Aid Course, if available. A list
of such employees will be maintained on the bulletin board.
When h doubt, the injured employee should be sent for
professional treatment.

A public or private anbulance service should be utilized in
all case.s which require emergency treatment and in which
there appears to be imminent danger to an employee's
healtb or well-being or where there is evidence of chest
pains, cardiac symptoms or respiratory distress.

Other than emergency situationg in cases where it becomes
necessa4r to &ansport a sick or injured person to a medical
facility for further treatment, a Company vehicle should be
utilized. If poesible, the drivcr should be accompanied by
another persoa-



An employee andr/or his supervisor must report the details
of any accident to the Personnel Department and/or Heahh
Services either in person or by phone. After receiving
professional treatment, the employee should discuss the
dctails of the accident, and the doctor's finding as to
whether the injury will result i! lo$ time from work with the
Pcrsonnel Departmeot. This information is required for
personal safety, work scheduling insurance and OS[{A
purposes. Employees and/or their supervisor are required
to promptly complete an acrident report on a form and in
the format required by the company. This form must be
signed and forwarded to tbc company nurse within two (2)
working days after the date of the accidenl.

All employees requiring professioual medica.l treatment due
to a work-related accident or illness may, at the sole
discretion of thc company, be seen by the Company Doctor,
regardless of whether they are under their own doctor's
cafe,

Employees injured on the job must submit a physician's
statement, noting the length of disability and the exPected
work date to the Personnel Department prior to returning
to work.

The injured employee should receive all follow-up
treatment from the attending pbysician unless
circumstances warant trsatment by another physiciao or
nearest hospital.

Following a work related injury, your doaor may allow you
to retun to work with restrictions. As soon as possible,
forward your M€dical Status Report or Doctor's note to
your supervisor in order to develop adjusted work duties.
You are trot allowed to resume workiag without a medical
status report.

Employees who do not return ta work on the day specified
in the physician's statemetrt may be scheduled for a follow-
up visit with the attendirg physician and/or the Company
Doctor to determinc any change in tho original
recommendation for a retum to work date.



All inrlustrial accidents involving personal injury aod illness
other rhan basic first aid, wi[ bJ iubjecr to i foirnul follo*-
up investigatioo conducted by thc employees' supervisor.
The complaed requesr will be forwarded to the pcrsonn€l
Dept. withh 3 working days. Discussion of rhe findines and
action to be taken to correct the problem and elimiiate a
similar accident in the future will be handled bv the Safetv
Committee .

SAFETY EMPHASIS AND TMINING

It is the htent of PSI to ensure that safety is of utmost
importarc€. To this eod no work shall be performed in the
manufacturing testing and facilities areas unless there are
at least two (2) people physically present in the building.

Each -supervisor is responsible to orientate new employees
on safe practices" procedures and the hazards of chernicals,
if any, in their work area. Further, each suprervisor is
responsible for the day-to-day safety of all personnel and
equipmeot and for the continued enforcemeot of all safetv
policies and practiccs. All visitors are the respolsibility of
the PSI hosr.

Periodic training sessions on equipment operatioo, test
procedures and safety are conducted by pSI supervisors and
occasionally by outside consultaots

Training will be implemented from time to time wbeu
results of shop inspectioos or other factors indicate a need
for such tlaini"&

Additional rahirg wil be offered periodically ro €nsure
that there are adequate persoonel traioed atrd certilied to
render Frst Aid and Emerg€ncy Treatment.

SAT'ETY EQUIPMENT

Employces working in manufacturing painting and tasting
areas where their jobs require special safety apparatus such
as facc shieldg gloveg ear protectors, respirators" tace
maskg etc. will be required to wear such items.



All major purchases of safety equipment will be made
through the Operations Manager or his desiglee.
Procurement of specialty safety items may be recommended
by the Safety Committec. The Operations Manager will
coordinate purchas€ requests to ensure that proP€r
equipment is being purchased and that unnecessary
duplication is avoided.

Firs aid kits atrd eyewash statioos will be placed in strategic
locations around the building. Employees are eocouraged
to use them as needed. Health Services and/or the Safety
Committee is respoosible for maintaining these kits and
replenishiug supplies, Please ale( the H€alth Servite or
Salety Committee if supplies are uceded in the kit in your
department or area.

SAFETY GI.ASSES PROGRAM

PSI supports the policy of providing proper ey€ protectior
to all employees who by the uature of their job or working
area require such protectioo- Individual supervisors have
the respoosibility of supporting and enforcing this policy for
their employees.

Certain areas of the facility have been specified as safety
glass areas, identified as such in writing or by posted sign".
All production areas are designated as safety glass areas.

AU employees will be provided with OSTIA approved
industrial typ€ safety glasses. The cost of these glasses,
i.ncluding prescription glasses, but excluding eye
exarninations, will bc borne by PSI. Thereafter, PSI will pay
for the full cost of replacement glasseg provided that
replacement is due to change of prescription" normal wear
or industrial damage. In other cases, such as loss of glasses
or non-industrial damagg the employee may be required to
replace the glasses at his expense. The Company reserves
the right to disapprove purchase of safety glasses if the
policy appears to be abused.
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Employees who do not oormally work in safety glass areas,
but who may periodically pass through these areas are also
required to wear e)€ protection. How6ver, temporary-type
visitor glasses may be worn in such cases. This also applies
to customers aod other visitors. lt is the duty of the hosting
PSI employee to provid€ glasses for visitors. These may be
obtahed at all designated enlrances to the shop production
afeas.

knses which become pitted or scratcbed lose their impacl
resistance ard thus diminish their effectiveness as
protectioo. In these instances, new safety g,lasses shall be
obtained from the tool room. Prescription replac€ment
lenseg however, can be obtained from the Companys
designated optician.

Aa employee requiring prescription lenses will be issued a
pair of prescription safety glasses through the designated
optician. Regular prescription glasses do not provido
adequate protection aod should not be worn in licu of safety
glassas. Employees should obtah a form from health
services which must be approved by their immediate
supervisor. This form, together with the employee's
prescriptioq will be forwarded to the designated optician.
Employees will be required to pick up their owu
prescription glasses.

A representative from the Compao/s desiglated optician
will visit PSI perlodically to adjust sa-fety glasses and advise
employees in their use.

N"ESPIRATORS

In order to control potential occupational diseases caused
by breatlring air contaminaied with harmful dustg fogs,
frrnreg mists" gases, smokeg sprays, or vaporg the
Compa.nys prinary objective shall be to preveot
atmocpheric contamination, in as far as feasible. This is
normally doue by accrpted engineerirg control measures
hclu'ling an enclmed painr spray booth, wall fans and air
scrubbers or filters.
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Io cases where the use of these controls are not feasible, it
is the Compan/s policy to require thc usc of respirators
which are suitable for the protectioo of the health of the
employec. In particular and with resp€ct to potential
airborne lead PSI requires the mandatory use of respirators
by all employees when painting or performing oPerations
iocident to paintin&

PSI Health Services will supervise its respirator progran
and perform, as required by OSIIA' qualitative or
quantitative ht tests at tbe time of idtial fitting and
periodically thereaft er.

At regular interva\ evaluations will be mnducted by the
Safety Committee to determiue the continued effeciiveoess
of tbe program and to assure that respirators are properly
selected use4 cleaned and maintained.

Written standard operating procedures goverdng the
selectioq use, training inspection and maintenance of
respirators are on lrle h the tool room and with the
Company Nursc.

SAFETY SHOE PROGRAM

PSI supports the policy of providing proper foot protection
iq order to protect its employees in the work place.

Employees in the maintenance, stockroom, shipping
production, and test areas or whoee duties require them to
work periodically in such areas, as well as all Field Service
Engineerg arc required to wear apProved protective
footwear. Newty-hired employees who are employed ia the
abovc areas should report to work with safety footwear.

Foot prote€tors are available in the Tool Room for visitors
use.

10
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Approrred. footwear normally follows the guidelines of being
boot-like in nature to cover the ankles, h-aving a reinforcej
steel toe, and having soles of a rubber baselncoprene or
gum), oot leather. The personnel Departmeni may advise
employees of other guidelines to be iolowed in selecting
safety footwcar.

Sa-fcty footwear may be ordered through pSI. However,
employees have the-option of purchasing their own safety
shoes from a store of thcir choice.

An employee who is required to wear safety footwear a.nd
wishes to purchase it on his owu should obtain approval
from his supcrvisor and submit the receipt io the
Acmunting Department for reimbursement.
Reimhursement/paymeot by the Company will be made
upoo presentation of proper receipts and is limited to the
cost of the shoes up to a maximum set by pSI. Tbe
Compa-ny reserves the right to disapprove purciase of safety
shoes if the policy appears to be abused.

HOUSEKEEPING

Employees are exp€cted to keep their work areas clean and
neat and void of safety hazards. This includes, but is not
Fi * .,O. disposing of trash in proper receptacleq
electrical wires ?"d cords pulled out of pithwaysn ieeping
desks and frle drawers closed when noi in use, teepini
items away from electrical space heaters, turning off iucf,
equipment when not in use, cleaning up liquid spills in ollice
areas and hallways, and returning tools and equipmeDt to
lbe proper storage area.

i *op-ya: cleanup is encouraged to be doqe on a weekly
brsis. Botb scheduled and unscheduled plant inspeaiors
are made by members of the Safety Committee from time
to time to eosure a safe working environmeot.

:t
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l l . DISCIPLTNE

A disciplinary program has been established to etrsure
compliance with PSI's Safety Program. An employee who
violatas safety rules will be given a writteu warning. This
form will be sent to the Personnel Managcr for trling A
progressive series of disciplinary measures may be
adninistcrcd up to and including terminatioo.
EMPLOYEES SHOULD BE AWARE TH,q.T IN
CERTAIN CIRCUMSTANCES, SUCH AS A SERIOUS
INFRACTION OF A SAFETY RULE, WARMNGS
MAY NOT FOIIOW A PROCRESSIVE SYSTEM AND
MAY RESULT TN SUSPENSION OR DISCFTARGE.

Iodividual supervisors are the primary individuals
responsible for the enforcemeot of Proper disciplinc and
compliance with all safety policies and regulations, however,
group leaderg managers and the safety committee arc also
responsible for enforcement of safety policies and
procedures.

FIRE I"ANES AND COMMON AISLEWAYS

Emplcyees should park only in prescribed parking lines in

the parking lot. All other areas are designed as lue and
emergency access lanes.

Employees should keep all common aisleways accessible
ald free from clutter and storage of material. Designatcd
aisleways will be propcrly marked.

FIRE EXTINGTJISHERI|

Fre oGinguishers bave been strategically placed throughout
the plant aad each location marked and ideutified. It is
imperative that all fue eringuishers be accqssible at all
times. If a hre e*irguisher is being blocked it should be
reported to any supervisor or safety committee oember.

13.
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All fire extinguishers throughout the plant are routioely
inspected on a monthly basis and serviced whel necessary
by PSI's maintenance personnel. The accessablity, proper
functioning of these extinguishers and keeping of necessary
records is the responsibility of the Maintenance
Departmeot.

STORAGO OF FI"A,MMABLES

In accordancc with OSHA regulations, all flammable and
cor.rbustible chemicals are stored by PSI in a s€parate
outside shed or approved storage cabiaets.

Certain small quantities of flammables and combustibles
may be kept in work areas wben actually being used
provided proper safety contain€rs are used and properly
labeled.

STORAGE OF GAS BOTTLES

All gas cylinders iue stored il a covered desiglated area
which is well protecte4 well ventilate4 dry and located no
less than 20 feet from highly combustible materiab sparks,
open flames and excessive heat.

Clinders connected for use must be lashed or chained to
preveot them from toppling over. When cylinders are not
coonected for use, valve protection caps must be in place.

Partially used ta-nks are to be propedy marked.

Inside storage of oxygen dinders must be separated from
stored fuel gas cylinders or combustible material by at least
20 feet or by a noncombustible barrier, said barrier to be at
least 5 feet hieh and have a fre resista.nce rating of one-half
hour.

Employees using gas bottles will be expected to return them
to the designated storage area, properly marked with a cap
a.nd chain properly secured to said bottles.

I

1 3



t7.

HAZARDOUS MATERTAL

lo cases. where employees may be potentially expoc€d to
chemicals sucb as leuid, vapors, dust, etc., whid may be
ou-rdo]I:.. to theL healtt, it is tbeir supcrvisor,s
responsibility to ensure that they are provided with
adlguale 

3nd groner ptorecrive equiim"ot -O rnut th"y ar"
noltlted ot such potenlial exposure.

The company supports curretrt regulations p€rtainiag to
hazardous and toxic chemicals uoa na" i-ple."ot& 

-.

compl.iance program to ensure all requiremeots are met.

PSI is considered to be a very small generator of hazardous
waste and maintains aa EpA identificarioo number of
MAD004378782.

A iazaldous waste technician is responsible to eosure that
collectiorq temporary storage and s*pment of this nateriJ
$ tn strict compliance with all resulatiotrs.

Jgecific 
programs are in place whicb comply fully with

Massachuserrs Regulation 310CM30, OS[L{ 29 CFR 1910.
resourse conservation recovery act a-od the federal landfrli
baa of Nov. 7, 1985.

[,ORKLIFTS

The operation of forklifts is restricted to those employees
who harae passed the forklift operator training course and

11: 
o:*_ been found 

_ q.ualfied by a certfied training
Estruclor to operate torklifts. Atry uaauthorized enplopi
operating a forklift will be iubject to discdffnat
actiotr.Forklift operators must obey all OSIIA .ufis ai
land.ards as specified in the Code Lf Federal Regutations
(Section 1910.178).

New employees will be instructed in the proprer usc of
forklifu and rested periodically Uy ""rtin.i t "l"iA
mstrudors.

. \

" )
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CRAI{ES AND LIFTING DEVICES

All cranes and associated lifting equipment (slingg chains,
etc.) shall be insp€cted every 6 months by a qualilied
hspector. A log shall be maintained and all equipment
have a tag attached showing date inspected and date due.

X.RAY

All x-rays at PSI are performed by properly expericnced and
certified personnel. Currently all x-rays are performed by
hdependent contractors at our facility.

It is the potcy of PSI to have all x-rays pnrformed after
normal working hours and after such work areas have been
roped off- Signs are plac€d at the entrarc€ to all allected
areas.

GENERAL WELDING SAFETY

Esseotially welding is not a hazardous ocrupation if proper
precautionary measures are always ob'served. This requires
continuous awareness of possibilities of danger and habitual
safety precaution by the welder. In addition" it requires that
the suFrvisor be alert, responsible and to"gh ia enforciag
safety regulatioDs. Tbe following safety precautions should
always be practiced wben welding and cuttiog:

Make sure your welding equipment is installed prop€rly and
grouoded and is in good condition.

Always wear protective clothing suitable for the wel.ling to
be done.

Always wcar proper eye protection, when welding; grinding
or cutting.

Keep your work area clean a.nd free of hazards. Make sure
that no llammable, volatile or explosive materials are in or
near the work area.

+ - -
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Handle all compressed gas cllinders with cxreme carc.
Keep caps on when not in use.

Make sure that compressed gas clliaders are secured to thc
wall or to other struclural supportg or the machitrc.

When compressed gas cylinders are empty, close the valvc
and mark tbe c/inder "EMPTY' and retutn empty to
appropriate area.

Do oot weld in a confined space without extra spccial
precautions.

Do not weld oo containers that have held mmbustibles
without taking e)dra special precautloos.

Do not weld on sealed containers or compartments without
providing vents aud taking special precautions.

Use mechanical exhaust at the point of welding when
appropriate, e.g., flux core, aluminum, brazing etc.

When it is neccssary to weld in a damp or wet arc4 w€ar
rubber boots and stand oo a dry insulated platform.

When the electrode holder is not in use, hang it on brackets
provided. Never let it touch a compressed gas cylinder.

Dispase of electrode stubc in proper container since stubc
on the floor are a safety hazard.

Shield others from the light rays produced by youl wel'ling
arc.

Do not weld near degreasing operatioos'

When workilg above ground make sure that scaffold
ladder or work surface is soli4 with appropriate safety
equipment in place.

When welding in high places without railings' use safety belt
or lifeline.

','.1
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Wbeo using water-cooled equipment, check for waa€r
leakage.

Before disconnecting the welding oachine, make sure the
main power disconnect on wal is turned off.

EMERGENCY PROCEDURES

A separate *titten contingency plan is on file ia the
Personnel Department and copies bave been forwarded to
all group managers- Tbis plan will be utilized to minimize
heatth hazards to employees or visitors from immilent or
poteotial danger associated with a fire, bomb threat,
chemical spill or other hazard. This will include a
procedure to evacuate the facility or affected area and
notification to tocal police, fue departmcnt, D.E.Q.E. aad
other regulatory authorilies.

Emergenq, exit routes are posted oo all bulletin boards"

Emergency phones for outgoing calls are maintained on
each floor. Refer to telephone list.

I! th€ event of a power failure, a Safety Committee
Representative or the Mai.otenance Department will bc
responsible to assess the damage and report tho same to the
President or person in charge at the time who will decide
the course of action to be implemeoted.

EMERGENCY COORDINATOR

The duties of the emergency coordinator or his designee
will hclude the following

Evaluate the natur€ of the emergenqr and notify
management.

Coordinate Gmergency response, both in-house and with
outside assistanc€.

Ensure evacuation procedures are carried out and that all
personnel are accounted for.

? l l
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ATTACHMENT 5

PROJECT MANAGEMENT PLAN

OUTSIDE CONSULTANTS

l � Steve Dangel
Dangel Robok and Machinery
Area: Machine Desigtt/Robots

Barry Newark
Consultant
Area: lltelding and Metallurgical Engineering

Prof. Dennis Manos
College of William and Mary
Area: Material Scientist and UIIV Design

Dr. Norman Peacock
Consultant
Area: Won O-Ring Design and UHV Design

Metrowest Endneering Inc.
Civil En gineeringlSurveying
Area: Laser Alignment8 umeykg


