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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 1SO-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 response to Contract PC175730 is subject 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:

Volumel  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) throughout 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 the 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 (Eng. 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 5/1/96) on the various aspects of the Vacuum
Equipment contract are detailed in Sections 9, 10, 12, 13 and 15.

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




3.0

3.1

RESPONSIBILITIES

The LIGO project organization is structured to ensure responsiveness to the
customer and schedule requirements of the contract.

To fulfill 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:

e Project Management

» Process Engineering

¢ Project Engineering

¢ Civil/Structural Engineering
+ Electrical and Instrumentation Engineering
¢ Design/Drafting

» Procurement/Expediting

e Manufacturing

¢ Construction

e Contract Administration

* Scheduling

¢ Document Control

s 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 matenal
expenditures and decisions and the negotiation of change orders, if required.
It also includes the commitment of PSI labor resources to perform to the
contract, and to resolve any situations that might arise during the course of a
project.

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.

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




Specific responsibilities of the Project Manager include:

o Direction and control of the project team
e Definition, planning, budgeting and assignment of work elements.

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

e Implementation of corrective action when potential problems arise.

e Interface with and commitment to the customer.

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

Various departments 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 prepares 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 the 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. All 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 the corresponding
parties of both PSI & LIGO to avoid misunderstanding due to the involvement
of third parties. This direct communications is encouraged. All matters will
be documented by conversation minutes by PSI and forwarded to the
customer.

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).

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./Procurement/Manufacturing/Construction staff for all key positions (see
3.3 LIGO Project organization). Additional staff will be assigned from the
Engineering/Administration/Manufacturing 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
Cost/Schedule Manager
Manufacturing Coordinator

Installation Manager

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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Project Team
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3.3 LIGO PROJECT ORCANIZATION CHART
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3.4 Safety Program

All members of the LIGO project team (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 of data in response to Contract PC175730 is subject to the restrictions on the title page.



4.0 CONTRACTUAL BASIS

4.1 Project Proposal

This project is based on PSI’s Phase “A” design (CDRL No. 1) developed
under contract PP161533.

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

The LIGO Vacuum Equipment System project will be executed per Fix Price
Contract PC175730 (enclosed). The contract has been updated as required by
change orders during The Final Design - Phase B.

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

This contract, entered into on
by and between the CALIFORNIA INSTITUTE OF TECHNOLOGY, ¢hereinafter called
“Institute™), a corporation organized and existing under the laws of the State of California. and
Process Systems International, Inc. (hereinafter called the “Contractor™), a corporation organized
and existing under the laws of the State of Massachusetts and constituting a subcontract under the
Cooperative Agreement No. PHY-9210(038. between the National Science Foundation and the
Institute;

WITNESSETH THAT:

The Contractor agrees to furnish and deliver the supplies and perform the services set forth
in this contract for the consideration stated herein.
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Article 1. Statement of Work

A.

The Contractor shall furnish all personnel, services, materials and facilities necessary for
completion of this Statement of Work and the Delivery and Performance Schedule included
below.

(1) Preliminary Design (updated): The Contractor shall revise {according 1o action iters
resulting from the PDR of Phase A) the preliminary design developed in Phase A and
submit to LIGO for approval before proceeding with the final design. 1In addition the
Conrractor shall revise and submit the Project Management Plan to LIGO for approval.

(2) Deliverables to the Beam Tube Contractor Final Design:  After approval of the
preliminary design the contractor shall perform the final design of the deliverables to the
Beam Tube Contractor.  After approval by LIGO of the deliverables to the Beam Tube
Contractor Final Design. the Contractor shall procure and deliver pump carts and gate
valves 10 the two LIGO sites according to Exhibit IIL

(3) Final Design: The Contractor shall perform a detailed final design in accordance with
the approved design above (1) which meets the requirements of the Specification for the
LIGO Vacuum Equipment (LIGO-E940002-02-V). The final design shall be submuitted to
LIGO for approval before procurement and fabrication is initiated. The contractor shall
fabricate, procure any necessary support equipment, and run preliminary tests on a
prototype chamber prior to the Final Design Review. Note that no documentaton 1s
required for the LA mid stations beyond the gate valve drawings (part of paragraph 2
above). The final design shall include. but not be limited to the following:

a. Final versions of the documentation developed in Phase A, paragraph 1. subject 10
the updates of paragraph A(1) above. Include all necessary details required for
procurement, fabrication. installation and testing of the Vacuum Equipment

b. All calculations and analyses required to confirm the structural integrity of the
vacuum shell and mechanical supports.

¢. All calculations and analyses reguired to confirm the performance of the pumping
system. Include all assumptions such as matenial outgassing rates.

d. All calculations and analyses performed to specify the bakeout system. Provide
details of necessary interlocks, power limits, temperature sensors/monitors. control
of heating rates and gradients, and overall power requirements.

e. All documents required to contro] material quality. surface treatments and cleaning
processes throughout the fabrication. assembly and installation phases.

f. Al docurnents required to fully identify and control the interfaces between the
Vacuum Equipment and the other facility and detector subsystems as listed 1n the
Specification for the LIGO Vacuum Equipment.
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2. Control Strategy. All documents required to fully define the hardware (VE
hardware only) and software to be used for the control and interlocking of the
Vacuum Equipment as required in the Specification for the LIGO Vacuum

Equipment.

h. Failure Modes and Effects Analysis.

1. Shock, Vibration, and Acoustic noise. The contractor’s proposal for mitigating
vibration, shock and acoustic noise shall be performed as stated in proposal number
LIGO-C950804-00-V (PSI-VEOO1AA1AQ].) 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 the LIGO Vacuum
Equipment.

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 series
of events resulting in death, injury, occupational illness, or damage 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 severity. MIL-STD-
882C section 4.5.1 and 4.5.2 are suggested as guides to performing these analysis.

k. Vacuum Equipment Maintenance Requirements.

1. Site Installation and Assembly Plan including schedules, special equipment
requirements. laydown areas and alignment tests.

m. Acceptance Test Plan.

(¢) Fabrication and Procurement: Afier LIGO approval of the final design
documentaton the Contractor shall begin fabrication and procurement of the Vacuum
Equipment in accordance with the approved Project Management Plan per paragraph
A(l)above. The prototype vessel fabrication and procurement shall begin prior to FDR
approval.

(5) Installation: After *joint occupancy for the Washington site has been accomplished
the Contractor shall begin installation of the Vacuum Equipment. The Contractor shall
begin installadon of the Vacuum Equipment at Louisiana after joint occupancy for this
site has been accomplished.

*Joint Occupancy is defined in Article 1. {m) of the General Provisions
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(6) Deliverable Hardware and Acceptance Testing: The equipment to be delivered and
tested is listed in Exhibit I'V, “Hardware Deliverables.” After installation has been
completed the Contractor shall conduct the acceptance tests of the Vacuum Equipment
according to the approved Acceptance Test Plan and the schedule in Artcle IL Delivery
and Performance Schedule, of this contract.

(7) Management: The Contractor shall implement the approved Project Management
Plan described in paragraph A(1) above. In addition the Contractor shall:

a. Provide technical and administrative management throughout the life of the contract.

b. Maintain informal technical liaison between the LIGO cognizant engineer(s) and the
Contractor’s equivaleni(s).

c. Accept and implement in-scope technical direction as provided via Technical
Directuon Memorandum (TDM). Such direction shall be accepted only from the
Contract Technical Manager by the contractor’s project manager.

d. Nodtfy the Contract Technical Manager at least 5 days prior to technical meetings
where major decisions may be made.

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

f. Arrange non-escort privileges for Government and LIGO representatives to all areas
of the Contractor’s and subcontractor’s facilities where the work is being performed
under this contract. 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 Article II. Delivery
and Performance Schedule and prepare and submit the documentation for these reviews
according to Exhibit II, Deliverable Documentation, LIGO Vacuum Equipment.

Updated Preliminary Design Review.

Beain Tube Deliverables - Final Design Review
Final Design Review.

Prototype vessel data review.

Installation Readiness Review.

Acceptance Test Review.

Monthly Progress Meeting.

R an op
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(9) Deliverable Documentation: The Contractor shall prepare and submit all plans and
documentation in accordance with Exhibit I1, “Deliverable Documentation, LIGO
Vacuum Equipment.” This Exhibit consists of the following:

a. Contract Data Requirements List (CDRL), listing and establishing delivery
requirements for documentation to be generated under this contract.

b. Data Requirements Description (DRD), describing the basic requirements for each
item of the CDRL.

(10) Deliverable Hardware: The Contractor shall deliver and test the Vacuum Equipment
in accordance with Exhibit If], Beamn Tube Deliverables and Exhibit IV, “Hardware
Deliverables.”

Provided by LIGO:
(1) Space for vacuurn equipment to be installed in the mechanical equipment rooms.
(2) Concrete pads outside each station rollup door for the purpose of unloading equipment.

(3) Electrical distribution panels where the contractor may obtain 480/208/120 volt
electrical power as required for the Vacuum Equipment task.

(4) Station floor concrete with a minimum 3000 psi strength rating throughout the LVEA
and VEA areas. Floors will be flat to +/- 1/4 inch.

(5) Site layout and floor plans according to the following preliminary interface drawings:
Comer Station: WA-SK-101: dated 7/7/95 100% concept submitial.
Mid and End Stations: WA-SK-300; dated 7/7/95 100% concept submittal.
The Louisiana site design will be similar and will allow use of common Vacuum
Equipment Designs.

Article I1. Delivery and Performance Schedule

Description On or Before
(1) Updated Preliminary Design (Phase B) One (1) month ARO

(2) Submit and Implement the Updated One (1) month ARO
Project Management Plan

(3) Deliverables 10 the Beam Tube As indicated in Exhibit IIL Deliverables
Contractor, Washingion to the Beam Tube Contractor
(4) Deliverables to the Beam Tube As indicated in Exhibit 1. Deliverables

Contractor, Louisiana to the Beam Tube Contractor




(5) Final Design
(6) Begin Fabrication and Procurement

(7) Begin Installation, Washington

(8) Begin Installation. Louisiana

(9) Complete Acceptance Testing,
WA

(10) Complete Acceptance Testing,
LA

(11) Deliverable Documentation

(12) Project Reviews

(13) Special Reviews:
» Updated Preliminary Design Review
* Deliverables to the Beamn Tube Final
Design Review
* Final Design Review
* Fina! Prototype Vessel Data Review
» Installation Readiness Review WA
* Installaoon Readiness Review LA
* Acceptance Test Review WA

* Acceptance Test Review LA

(14) Deliverable Hardware

Contract No. PC175730
LIGO-C950804-00-V

Seven (7) months ARO
Afier approval of final design

At *Joint Occupancy Date for WA,
Early Date 8/01/97, Late Date 9/01/97

At Joint Occupancy Date for LA,
Early Date 3/01/98, Late Date 4/01/98

Eight (8) months after Joint Occupancy
Date for WA

Eight (8) months after Joint Occupancy
Date for LA

As indicated in Exhibit IV, Deliverable
Documentation

Monthly except for special reviews
below

October 3, 1995

Two (2) months ARO

Eight (8) months ARO

Ten (10) months ARO

One month prior to Joint Occupancy WA
One month prior to Joint Occupancy LA
One month after completion of accep-
tance testing WA

One month after cornpletion of accep-
tance testing LA

As indicated in Exhibit IV, Hardware
Deliverables

*Joint Qccupancy is defined in Aniicle 1. (m) of the General Provisions



ARTICLE 111

Price And Payment

{Omitted)

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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IN WITNESS WHEREOF. the parties hereto have executed this

Contract as of the day and year first above written.

CALIFORNIA INSTITUTE OF TECHNOLOGY
& LY
By / N -

COUINY ]1IVID

r
et

PROCESS SYSTEMS TIWNTERNATIONAL

By Lt /1 RE

-

W, Kent Higgins
(Typed Name}

President

(Typed Name)

Instructions to Contractor:
Do not insert date on Preamble page.
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AKTICLE IV. SPECIAL PROVISIONS |

A Tthonuacmrwanantsthatithasbccndlﬂyanﬁmﬁzedtoopcmmauddo business in the
states of California, Washington and Louisiana_ that it will obtain at no cost to the Instimte
all necessary licenses and permits required in connection with the contract; and thar it will
fuily comply with aﬂlaws,dccrct,laborstandzrdsandmgulaﬁonsofmchsta!ﬁsduﬁngthc
performance of this contract.

B. The Contractor agrees d:a:aﬂin.ﬁ:maﬁonrcleasedbyﬂlchnuzcmrforpnbﬁdty or
promotional purposes which is directly related to the contract work will be submitted to the
Institate for review of wechnical accaracy prior to issnance,

C. The Contactor shall provide the Institute copics, for information purposes, of any
: notification of inveption and/or request for imtangible property rights resulting from this
contract. The same mformation will be provided for all subcantractors. -

D. Iis a.gmedthatasacondiﬁonof—thcawardofthiscontract,tthwcmmcmandmcIDsﬁmtc
shallhavctbcﬁghtwusc,duplimicanddisdosc.andhavcothcrsdoso.thctcchnicaldan
contained in the proposal npon which this contract is based, subject to the restriction set

| forth in the PSI proposal dated June 19, 1995.
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ARTICLE V. ESCALATION

A. The following items onder this Contract shall be subject to economic escalation:

1. On-site craft labor rates
2. 9% mickel content steel, and 304L stainless steel,

B.  On-site craft labor rates shall be for the following crafts:

1. Sheet meral worker
2. Millwright

3. Electician

4. Laborer

Baseline labar rates shall be those in effect in Jone 1995 for those crafts under the LIGO
Pm_]ectlaborAgreunmforHanfurd,WA,andﬁmDms -Bacon-Act Wage Detcomination
for Livingsron, LA.

The Contractor shall present a proposal for escalation of the above items to Caltech at the
time such escalation is incurred: The proposal shall inclede the baseline costs proposed in
the PSI proposal dated June 19, 1995, evidence of the escalated costs to be incummed
(tavoices, negotiated labor rates, etc.); and the delta to the contract. Upon conclusion of
fact-finding and negotiations, the Contract amowat will be adjusted accondingly by the
msnanceofaSupplementalAgm:mmrtoﬂ:eConuchPmﬁtwﬂInotbc applied to the
&sczlatedamom

9%mckc1mnmn:swe1,and3041.mm1mmelshau be escalated as follows:

Nickel s
Escalation will be based on 25% of Milestone #17/Dewars, WA and Milestone #17/Dewars,
LA as sct forth in Article IIT, Price and Payment.
Escalauon basis: Increases in Burcan of Labor Swaristics Producer Price Indices Table 5
#3356-1. iy
Base: Average price ApyMay/Jun 1995
Escalate to: Awverage price three momhs pﬁor to vessels being available for shipment.

3041, Stainfess Steel E
Escalation will be based on 100% ofMiIestonc #12 Receipt as sct forth in Article I,

Price and Payment. '
Escalation basis: Imcreases in Burean of Labor Statistics Producer Price Indices Table 5
#3312-45314.

Base: Average price AprMay/Tun 1995
Escalate to: Average price two months prior to achieving the milestone.
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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.LM.
notices and are included in the Final Design Report:

No. 03 Corner Station Pipe Bridge
04 Failsafe Roughing Pump Gate Valve
07 304L Machined Gate Valve Weld Stubs
11 WA Corner Station Spool Change
12 Freon Cooling Systems - BTD
13 Revise BSC Floor
15 8 in. Ion Pump Port
16 1 Piece To 2 Piece Spools
17 Pump Cart Modification
18  Annulus Pump Pumping Speed
19 30 in. Mode Cleaner Tube Changes

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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CHANGE ORDER No. 1
o
Contract No. PC175730 (LIGO-C950804-01-V)
Ligo Vacunm Equipment Design, Fabdcation, Installation, And Test
(Phase B)
November 1, 1995

Pursnant to Article 4 of the General Provisions, Changes, the subject contract is hereby modified
as fallows:

L.

2.

_Delete Article I, Payment, in its entirety, and replace with amtached new Article 1T, Paymeat

Delete Article IV, Special Provisions, in its entirety, and replace with attached mew Article [V,
Special Provisions.

Delete Anticle V, Escalation, in its entirety, and replace with attached new Article V,

Delete the following General Provision articles, and replace with attached new articles:
a. Amiclel - Definitions :
b. Article2 - Oxder of Precedence
c.“Article 10 - Metrdc System
d. Asticle 12 - Liahility and Indemmification/ Land Holders
c. Am:clc32(d)-1ndcmmﬁca.uon
Aaticle : -Aocl:ptancc : :
IEA0() and () - Warramty . o

b Article 42(b)2- Suspension of Work

i Axticle 43(c)- Termipation for Conveticnce

i Knicle 44(d)- Defanlt

Dcl:tcPachonofExhib:tIV Ha&m&hvmblmmmcnnmtyandmplamwnhncw
Pachon. : :

Laser Interferometer Gravitational Wave Obsavatory
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PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.; 3
WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:

Design, fabricate, and install the pipe bridge at the WA

REV. 0 12/05/95 P.F. Hendry and LA corner stations.
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: LIGO-C950732-00-V

TIM.No.2 (PSIref# V049-LP-5)
CHANGE ORDER SCOPE:

Design, fabricate, and install the pipe bridge at the WA and LA corner stations for use by PSI only.
The structure is to be supported only from the LVEA floor, and clearance underneath will be a
minimum of 9 feet.

Please refer to the preliminary sketch attached to this change order.

NOTES:
This change has no overall schedule impact site mechanical completion dates. This pipe bridge will
need to be installed very early in the construction program for each site.

Proposed payment terms are net 30 days from the PSI invoice date, which will be transmitted upon
installation of the bridge in the Washington corner station (50%) and instsllation of the bridge in
the Louisiana corner station (50%).

TOTAL PRICE: $49,950.00
Pricing valid for 30 days from submittal date.

SUBMITTED BY: M % DATE: . /. /, o

CUSTOMER APPROVAL: DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 4

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:
Add fail safe gate valves to the main rough pump inlet
(roots pumps - four locations)
REV. 0 12/11/95 P.F. Hendry
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: LIGO-C950732-00-V
i TIM.No.2 (PSIref# V049-LP-5)
CHANGE ORDER SCOPE:

Add a 6 inch air operated, fail safe, high vacuum gate valves to the inlet (chamber side) main
roughing pump inlet (roots pumps - four locations). The valve will be suitable for 170 degrees C at
10E-6 mbar of vacuum.

NOTES:
This change has no overall schedule impact on the required at site dates for the main roughing
pumps. Minor rework will be required to the roughing pump specifications and P&ID’s.

Proposed payment terms are net 30 days from the PSI invoice date, which will be transmitted upon
shipment of the pump skids for the Washington Beam Tube contractor (50%) and Louisiana Beam
Tube contractor (50%).

TOTAL PRICE: $16,280.00
Pricing valid for 30 days from submittal date.

SUBMITTED BY:. - A DATE: ‘
[4 L4

CUSTOMER APPROVAL: 7/ DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER [NO.. 7 ]
WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:

Change buttweld end connections on large gate valves

REV. 0 12/04/95 P.F. Hendry to 304L machined weld stubs
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: T.D.M. No. 5, Dated 11/30/95, [tem 4

V049-TN-13 | Dated 11/29/95
CHANGE ORDER SCOPE:

Change the buttweld ends of the large gate valves to special 304L machined weld stubs (low sulphur
.01 to .02%) and machined per LIGO fax V049-LP-011.

Revise valve specification and purchase order

Additional quality assurance scope of work

NOTES:

This change has no overall schedule impact on the required at site dates for the large gate valves
providing the decision is made by December 15, 1995, because it impacts the design of the valve
body by the vendor. Minor rework will be required to the valve specifications and purchase order.

Proposed payment terms are net 30 days from the PSI invoice date, which will be transmitted upon
delivery of the gate valves at site,

TOTAL PRICE: $17,953.00 N
Pricing valid until  7/%¥/9¢

SUBMITTED BY: M '3 DATE:  ,2/y/35

CUSTOMER APPROVAL: DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER | NO.: 11
WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF_ 1
REV. DATE BY TITLE:

Washington Corner Station Beam Manifold Spoo!

REV. 0 1/18/96 P.F. Hendry Changes
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: T.LM. No. 10, Dated 12/21/95

LIGO Doc. No. LIGO-C951471-00-V PSI No. V049-LP-23
CHANGE ORDER SCOPE:

In the Washington corner station only:
Delete: 2 A-8 spools, 6 B-1 spools, and 6 BE-1 spools
Add: 2 BE-S spools in their place
Additional anchors, supports, and shipping costs
Engineering and design rework to existing drawings and designs

NOTES:

A decision is required by January 26, 1996 in order to avoid delays in the completion of the final
design effort. No overall schedule impact is anticipated. Design of the equipment arrangements for
the WA corner station is currently underway, and this section of the beam manifold is being heid
pending approval of this change order.

Proposed payment terms are net credit to LIGO by PSI on the invoice for Payment Milestone 17A,
Major Vessel Delivery for the Washington Corner Station.

TOTAL PRICE: 1$200,577.00)CREDIT TO LIGO
Pricinf valid for 30 days from above issned date.

CUSTOMER APPROVAL: DATE:

CUSTOMER CHANGE

ORDER NO:

COMMENTS:




o

PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 12
WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:
Supply 4 freon cooling systems for the Beam Tube
REV. 0 2/28/96 P.F. Hendry Deliverable Turbomolecular Pumps and 2 freon

cooling systems for the BTD Main Roughing Pumps

PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: T.L.M. No. 13, Dated 2/2/96

LIGO Doc. No. LIGO-C960203-00-V
CHANGE ORDER SCOPE:

Supply six (6) freon cooling systems for the Beam Tube Deliverables in Washington, as follows:
- Four (4) units for the Turbomolecular Pump Carts

- Two (2) units for the Main Roughing Pump Carts

- Supply a 40 foot hose and fittings for each cooling system to connect to the respective cart
Engineering and quality assurance required to specify, bid, evaluate, purchase, review vendor
drawings, and inspect the six cooling systems.

NOTES:
A decision is required within 30 days of the date of this change order in order to deliver the
equipment when required by the Beam Tube Contractor.

Assumptions:

1. No vibration analysis will be required by Cambridge Acoustical Associates.

2. PSI scope of work is equipment supply only, with installation by the Beam Tube Contractor.
3. This new scope is excluded from the final design scope of work.

Proposed payment terms are the 50% of the value of the change order be added to the invoice for
Payment Milestone 15A, Main Roughing Pumps Sets At Site, WA; and 50% added to Payment
Milestone 15C, Turbo Molecular Pump Sets At Site, WA.

TOTAL PRICE: $61,036.00
Pricing valid for 30 days from above issued date.

SUBMITTED BY; % W DATE: % %é

CUSTOMER APPROVAL: . DATE

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 13
WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:

Revise the internal floor of the BSC to support a 500
REV. 0 2/14/96 P.F. Hendry kilogram load
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: T.LM. No. 1, Dated October 19, 1995
CHANGE ORDER SCOPE:

Revise the internal BSC removable maintenance floor design from the standard engineering
practice of support for a 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 removable floors made out of 5/8” thick aluminum ( 4 to WA & 3 to LA)

- Provide removable support beams for each BSC capable of supporting the 500 Kg load

- Engineering and design costs for the revised floor design

This change order represents only the net additional cost for the revised floor costs as LIGO is
receiving full credit for the original scope of supply.

NOTES:
A decision is required by March 6, 1996 in order to avoid delays in the completion of the final
design effort. No overall schedule impact is anticipated.

Proposed payment terms are the total value of this change order added to Payment Milestone 17A,
Major Vessel Delivery, Corner Station, WA,

TOTAL PRICE: $11,748.00
Pricing valid for 30 days from above issued date.

| SUBMITTED BY: Z DATE: o% 7/? .
DATE:

CUSTOMER APPROVAL: 7

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO,: 15

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1l OF 1
REV. DATE BY TITLE:
Add an 8-inch port to the Main Ion Pumps

REV. 0 1/24/96 P.F. Hendry
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: Verbal request for future laser detector requirements
CHANGE ORDER SCOPE:

Add an 8-inch port to each of 18 Main Jon Pumps and blind it off with a conflat flange.
Related engineering and design impact.
Leak check new ports in the field.

NOTES:

A decision is required by February 1, 1996 in order to avoid delays in the receipt of vendor
information required for the completion of the final design effort, and delays in receiving a main ion
pump need for the prototype testing program. No overall schedule impact is anticipated.

Proposed payment terms are 2/3 of total value added to Payment Milestone 20, Begin Installation,
Washington, and 1/3 added to Payment Milestone 21, Begin Installation, Louisiana.

TOTAL PRICE: $9,854.00
Pricing valid for 30 days from above issued date.

SUBMITTED BY: 7/% M DATE: %? J/ﬁé

CUSTOMER APPROVAL: /7 DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 16

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:
Changes to the configuration of a quantity of 3 BE-3
REV. 0 2/28/96 P.F. Hendry spools from 1 piece to 2 piece spool
REV. | 3/14/96 P.F. Hendry

Rev. | generated due to TIM 19, dated 3/12/96, which

reduced the scope of work for PSI from Rev. 0

PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049

CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730

CUSTOMER
REFERENCE: Minutes of meeting V049-MM-8, Item 20, Dated 2/14/96
Transmitted on V049-PL-097, Dated 2/23/96

CHANGE ORDER SCOPE:

Revise a limited oumber removable BE-3 spools as detailed below:

Spool BE-3:

Change a quantity of 3 (2 WA, 1 LA) 60 in. spools from a 1 piece spool with 1 set of flanges and 1
expansion joint to a 2 piece 60 in. spool with 2 sets of flanges and 1 expansiou joint. The new spools
will be installed in WA at WBSC2 and WBSC4, and in LA at LBSC2. New spool designation is BE-
3A.

Other Impacts: Engineering/design rework, bakeout blanket mods, installation & testing.

Assumptions:
1. Spools will be assembled in PSI’s shop and shipped as one piece.

2. No additional costs for shipping/test covers are included.
3. Spools will be installed as one piece and will not be disassembled prior to installation.

NOTES:

A decision is required by March 21, 1996 in order to avoid delays in the completion of the final
design effort. No overall schedule impact is anticipated.

PLEASE NOTE THIS CHANGE ORDER ONLY REPRESENTS ADDITIONAL COSTS ONLY.
Proposed payment terms are 2/3 of total value added to Payment Milestone 20, Begin Installation,
Washington, and 1/3 added to Payment Milestone 21, Begin Installation, Louisiana.

TOTAL PRICE: $107,250.00
Pricing valid for 30 days.from above issued date.

SUBMITTED BY: cy ~ —~ W ,,,,, .- DATE: W’é

CUSTOMER APPROVAL: < ' DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 17

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1

REV. DATE BY TITLE:
Vacuum Pump Can Modifications

REV. 0 3/1/96 P.F. Hendry

_PROJECT :  LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049

CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730

CUSTOMER
REFERENCE: Minutes of meeting V049-MM-8, Items 4 & 7, Dated 2/14/96
Transmitted on V049-PL-097, Dated 2/23/96

CHANGE ORDER SCOPE:

1. Lower the cart (qty of 10) for the Turbo Molecular Pumps by a minimum of 7/8 inch.
ENGINEERING AND FABRICATION OF THIS CHANGE ARE BEING PROVIDED TO LIGO
AT NO COST.

2. Change the Main Roughing Pump Carts (qty of 4) as follows:

- Lower the blower portion of the roughing cart by approximately 3 feet

- Design the cart to facilitate movement with a pallet jack

Provide 10 feet of interconnecting flex vacuum hose

Provide 15 feet of interconnecting power and control cabling

Provide 10 feet of interconnecting water hoses between the 2 carts

- No interconnecting provisions are being made between the 2 carts for instrument air and purge
gas

- Provide an installation sketch (by PSI)

- Installation for Beam Tube use is by the Beam Tube Contractor

3. Provide a pallet jack for use during construction, which is to be retained by LIGO.

NOTES:
A decision is required by March 8, 1996 in order to support the delivery schedule of the main
roughing pumps to the Beam Tube Contractor.

Proposed payment terms are 50% of total value added to Payment Milestone 15A, BTD Main
Roughing Pumps At WA Site; and 50% added to Payment Milestone 1SB, BTD Main Roughing
Pumps At LA Site.

L]

TOTAL PRICE: $39,316 .00
Pricing valid for 30 days from above issued date.

SUBMITTEDBY:_, 7~ /] >, ot DATE: 3 foc

CUSTOMER APPROVAL: .~ DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 18

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:
Reduce the annulus pump speed requirement from
REV. 0 3/1/96 P.F. Hendry 0.3 liters per second to 0.2 liters per second in order

to minimize overall project cost.

PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER
REFERENCE: Minutes of meeting V049-MM-8, Item 21, Dated 2/14/96

Transmitted on V049-PL-097, Dated 2/23/96
CHANGE ORDER SCOPE:

By reducing the annulus pump speed requirement from 0.3 liters per second to 0.2 liters per second,
PSI is able to offer LIGO a credit for the savings in flange cost due to overal reductions in flange
forging thickness’.

Additional engineering and design costs are offset by other savings in annulus piping material
changes due to small diameter reductions.

NOTES:
A decision is required by March 8, 1996 in order to support the final design schedule.

Proposed payment terms are 50% of total value credited to Payment Milestone 17A, Major Vessel
Delivery, Washington Corner Station, and 50% credited to Payment Milestone 17B, Major Vessel
Delivery, Louisiana Corner Station.

TOTAL PRICE: ($40,687.00) CREDIT TO LIGO
Pricing valid for 30 days from above issued date.

SUBMITTED BY: >y A /% ’7//{'// DATE: % %{

CUSTOMER APPROVAL: 4 DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




PROCESS SYSTEMS INTERNATIONAL CHANGE ORDER NO.: 19

WESTBOROUGH, MASSACHUSETTS REQUEST PAGE1 OF 1
REV. DATE BY TITLE:
30-Inch Mode Cleaner Tube Changes
REV. 0 3/21/96 P.F. Hendry
PROJECT: LIGO VACUUM EQUIPMENT SYSTEM PROJECT NO.: V59049
CUSTOMER: CALIFORNIA INSTITUTE OF TECH. CONTRACT NO: PC175730
CUSTOMER

REFERENCE: Minutes of meeting V049-MM-9, Item 23, Dated 3/14/96
Transmitted on V049-PL-123, Dated 3/18/96

CHANGE ORDER SCOPE:

Revise the Mode Cleaner Tube Spools (B-2/3/5 & A-5) as follows:

- Delete 12 sets of 30 inch flanges and machining associated with these flanges
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 arrangement drawings of the corner stations

Revise the affected equipment detail drawings for the Mode Cleaner Tube spools

- Engineering and design of the new supports for the Mode Cleaner Tube

This impacts 4 Mode Cleaner Tubes in WA (8 A-5 spools) and 2 in LA (4 A-5 spooks)
Implementing this change yields the following benefits:

- Further reduce vibration reaching the HAM by adding a bellows on the vertex end of the mode
cleaner tube between the turbo pump nozzle and the HAM

- Reduce o-ring offgassing by eliminating 12 o-rings

]

NOTES:

A decision is required by March 26, 1996 in order to support the final design schedule.

Proposed payment terms are 67% of total value credited to Payment Milestone 17A, Major Vessel
Delivery, Washington Corner Station, and 33% credited to Payment Milestone 17B, Major Vessel
Delivery, Louisiana Corner Station.

TOTAL PRICE: (535,298.00) CREDIT TO LIGO
Pricing valid for 30 days from above issued date.

SUBMITTED BY: W DATE: 3 A? ,/ %

CUSTOMER APPROVAL: ¢/ DATE:

CUSTOMER CHANGE
ORDER NO:

COMMENTS:




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 of precedence:

1.

2
3.
4

The Contract (Including 8.0.W.)
Specification No. LIGO E9400020-02-V
General Provisions

PSI Proposal of June 19, 1995

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



Contract No PC175730
LIGO-E940002-02-V

EXHIBIT 1

VACUUM EQUIPMENT SPECIFICATION
L1GO-E940002-02-V



LIGO-E940002-02-V

Revision 2.
. . . August 31, 1995
Vacuum Equipment Specification

i 1.0 SCOPE

' This specification defines the technical requirements for the design, procurement, delivery,
qualification. installation, and acceptance testing of the LIGO (Laser Interferometer
Gravitational-Wave Observatory) vacuum equipment. The LIGO includes two installations at
widely separated sites. near Hanford, WA and Livingston, LA. Each installation includes laser
interferometers in an L shape with 4-kin long arms, a vacoum system for the sensitive
interferometer components and optical beams, and other support facilities. The vacuum
equipment consists of interconnected vacuum vessels. pumping systems, valves and a
monitoring and control system for each site. The vacuum equipment will be Jocated in
structures called stations, located at the corners, mid points, and ends of the L-shaped patnern.
See Figure 1.

The vacuum tube joining the vacuum equipment in the stations is provided under separate
contract. and is described by LIGO 1100004, Beamn Tubes Specification. Cleaning. alignment
and leak checking are critical processes. Vacuum levels during operation may range from a
nominal 107 torr at the chambers to 10" torr in the beamrube.

2.0 APPLICABLE DOCUMENTS

If more than one document applies 10 a technical requirement. the more stringent standard shall
have precedence. Requirements set forth in this specification shall have final precedence.

2.1 Industry Documents

2.1.1 American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code
Pressure Vessels, Section VIII, Division L

Welding and Brazing Qualifications, Secton IX.

2.1.2 American Society for Testing and Materials
ASTM E498 Standard Test Methods for Leaks Using the Mass Spectrometer Leak
Detector.

2.1.3 Handbook of Acoustical Measurements and Noise Control
Chapter 43, Noise Criteria for Heating. Venulating. and Air Conditioning Systems.

2.1.4 International Standards Organization
1S0O Standard 2861 Flange standards.

2.1.5 American Society of Civil Engineers
Minimum Design Loads for Buildings and Other Structures. ASCE 788.

, 2.1.6 Expansion Joint Manufacturer’s Association (EJMA)
; Standards of Expansion Joint Manufacturer's Association.




LIGO-E940002-02-V
Revision 2.
August 31, 1995

2.1.7 National Fire Protection Association (NFPA) Standards
No. 70-National Electrical Code.

2.2 Government Standards
Building and safety codes: local, state, and federal, including OSHA.
Federal Standard 209 for clean rooms.

2.3 LIGO Documents

2.3.1 LIGO Drawings
LIGO Drawing 1101100, Vacuurn Equipment, Corner Station, Washington Site,
Phase A. attached.
LIGO Drawing 1101101. Vacuum Eguipment, Cormer Staton. Louisiana Site,
Phase A. attached.
LIGO Drawing 1101102, Vacuum Equipment End Stations, Phase A. attached.
LIGO Drawing 1101103, Vacuure Equipment, Mid Stations, Washington Site.
Phase A. attached.
LIGO Drawing 1101009. Beam Splitter Chamber (BSC).
LIGO Drawing 1101010, Horizontal Access Module (HAM).
LIGO Drawing 1101051, Attachment Brackets.

2.3.2 LIGO Specifications
LIGO 1100004, Bearn Tubes Specificanon.

2.4 Interface Control Documents

2.4.1 Provided by LIGO
LIGO document TBD, LIGO Interferometer to the Vacuum Equipment.

LIGO document TBD. Vacuum Equipment 1o the Beam Tube.

2.4.2 Provided by the Vacuum Equipment Contractor
Contractor document TBD, Vacuum Equipment to the Buildings and Unlies.

Contractor document TBD, Vacuum Equipment to the LIGO CDS.



LIGO-ES40002-02-V
Revision 2.
August 31, 1995

3.0 SYSTEM DESCRIPTION

The LIGO vacuum system is divided into two parts: the beam tube modules and the vacuum
equipment. The beam tube modules are two kilometers long and are addressed in a separate
contract. The vacuum equipment is housed in buildings located at the intersection (comner) and
ends of the bearn tube modules. These buildings are the corner station, mid stations, and end
statons. The vacuum equipment consists of the following subsystems:

Vacuurn enclosure subsystem
Pumping subsystem

Valve subsystem

Vent and purge subsystem
Bakeout subsystem

Monitor and control subsystem

Together these subsystems, along with the beam tube modules, make up the vacuum system.
The Washington site schematic is shown in Figure 2 and the Louisiana site schematic 1s shown
in Figure 3. A descripuon of the vacuun equipment according to station is given below.

3.1 Corner Station Washington Site

The vacuum enclosure for the comner station of the Washington Site is shown in Figure 4 and is
divided into four vacuum sections as shown in Figure 2. The Vertex Section includes three beam
splitter chambers (BSC), six horizontal access modules (HAM), and the two 76 cm diameter
mode cleaner tubes. Two 122 cm gate valves isolate this section from the Bearn Manifold
Sections. All gate valves at the 80K pump locations shall provide 112 cm of clear aperture. Each
Beam Manifold Section includes one BSC, a section of 183 cm diameter beamn manifold. and
one 80K purnp. The beam manifolds provide for the addition of more chambers in future
expansions. The Diagonal Section includes one BSC chamber, six HAM chambers, and two 122
cm gate valves. All major optical components are housed in the two chamber types (BSC.
HAM). Removal of access covers from the chambers will allow for servicing the optical
components during normal operations; the seals on these covers shall be designed as double O-
rings with a pumped annulus for economical reuse during operations. A clean air vent and purge
system shall be provided to break vacuum and maintain cleanliness of the optical components
whenever a chamber is open.

The comer station pumping system shall include two 80K purnps (liquid nitrogen. conrtinuous
flow, or refrigerated) near the beam tube interfaces, and rain ion pumps as shown in Figure 2.
Ion pumps shall also be used to pump the annuli of double O-ring seals except as noted herein.
Rough pumping from atmosphere shall be done with portable and stationary pump stauons.

3.2 Corner Station Louisiana Site

The vacuum equipment for the corner station at the Louisiana site is similar to that at the
Washington site, except that only one of the BSC/HAM groupings shall be installed. See
Figures 3 and 5 for details.
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3.3 End Stations Both Sites

The vacuum equipment for the end stations is shown in Figure 6. Vacuum enclosures shall
include one BSC. The pumping system shall include one 80K pump with 112cm isolation
valves, and ion pumps for both the enclosure and the annuli. Rough pumping from aumosphere
shall be done with portable and stationary turbo molecular pump stations.

3.4 Migd Station Washington Site

The vacuum equipment for the mid stations is shown in Figure 7. The pumping sysiem shall
include two 80K pumps with 112 ¢m isolation valves, and jon pumps for both the enclosure and
the annuli. Rough purnping from atmosphere shall be done with portable and stationary turbo
molecular pump stations.

3.5 Midpoint Pumping Station Louisiana Site
No equipment or utilities are to be installed here. One electrically operated 122 cm diameter
gate valve shall be supplied for others to install. Refer to Figure 7.

4.0 SYSTEM REQUIREMENTS

4.1 Leak Rate

All leaks greater than 1 x 10" torr liters/sec of heliurn shall be repaired according to LIGO
approved procedures. Leak checking procedures shall conform to ASTM E498 Standard Test
Methods for Leaks Using the Mass Spectrometer Leak Detector.

4.2 Pump Down Time

Each vacuum section (an isolatable volume) of each corner station, without interferometer
components. shall pump down from atmosphere to 1 x 10 -6 torr in less than 24 hours. Of this
time, acoustic noise and vibration may exceed the limits described below in Section 4.6 for no
mnore than the initial 4 hours. Turbo pumps are exempt from the acoustic noise criteria at all
times. In the case of the vertex and offset vacuum sections, two purmp stations may be connecied
at once. Otherwise, only a single pump stadon shall be connected at one tume.
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4.3 Ultimate Pressures

Each vacuum section shall attain a total pressure of 2 x 1078 torr, measured wnh an RGA at an
ion pump pumpout port. after 100 hours of pumping. If the hydrogen content of the steel
prevents the attainment of this value, then the total pressure of all gases, other than H, and H,0.
shall not exceed 6 x 107 torr. The partial pressure goals below will be adjusted, as mutually
agreed upon by LIGO and the contractor, so that they are consistent with the prototype chamber
results and the design margins required for reliable implementation, but in any case not less than

Table 1: Partial Pressures Goals

(Gas Species Partial Pressure - torr
r TH,0 N 5x 107
H, 5x107
N, 5x 10710
co 5x 1010
CO;, 2x 1010
CH, 2x 1010
All Others 5x 1010

shown in Table 1.

This ultimate pressure test shall be performed after a 48 hour, 150 C bakeout and subsequent
cool-down period. The section under test shall be exposed to the operating 80K pumps. The
only other pumps allowed are the installed main ion purnps, the annulus ion pumps and the
pumps required for temporary pumping of the gate valve annuli.

4.4 System Control and Protection

Each vacuum section shall have sufficient instrumentation and hardware to allow safe and
reliable operation of valves, pumnps and gauges under all conditions. LIGO will supply process
control functions (hardware and software programming) needed for safe acceptance testing as
well as normal operatons.

4.5 Bakeout/Degassing Capability

A means shall be provided to heat all vacuem surfaces in a given section to any desired
temperature, ranging from ambient to 150 C, with a maximum variatdon of -20 C to + 20 C. No
vacuum seals shall be damaged by non-uniform temperatures or by overheating. Ramping of
temperatures shall be controllable. Power density shall be limited in order to provide fail safe
protection. The rate of temperature nise during warmup shall not exceed 1.8C/hour. Panticulate
generation or shedding caused by placement or removal of the insulation shall be minimized.
The surfaces may be blanketed or entire vacuum sections may be insulated by rigid or flexible
partitions.
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4.6 Special Environmental Requirements

The LIGO vacuum equipment and laser areas house instrurnentation which is potengally highly
sensitive to vibration and acoustic noise, shock-induced damage or misalignment,
electromagnetic interference, and contamination.

4.6.1 Shock
Valve actuation or other intermittent device operation shall induce no more than 0.01 g
peak-to-peak acceleration at any point within 1 meter of any HAM or BSC chamber.

462 Acoustic Noise

Acoustic noise from all simultaneously operating equipment in normal operation shall not
exceed NC-20 (Noise Criterion 20) at any location within LIGO vacuum equipment and
laser areas. Limited narrowband exemptions may be permitied subject to LIGO approval.
Rough pumping equipment, used intermittently to initate pumpdowns, may be exempted
for limited periods as provided in Section 4.2.

4.6.3 Vibration

The Vacuum Equipment shall be designed in such a way that vibration from all siroulta-
neously operating vacuum equipment, in the absence of vibration from other sources. shall
not induce motion of the walls of any vacuum chamber or of the facility floor within 1
meter of any chamber which exceeds the following spectral density limits (Table 2). Lim-
ited narrowband exemptions may be permitted subject to LIGO approval. Rough pumping
equipment. used intermittently to initiate pumpdowns, may be exempted for limited peri-
ods as provided in Section 4.2. Compliance with this specification may be demonstrated
by any combination of measurements and analysis, subject to LIGO approval.

Table 2: Maximum allowable spectral density of chamber or floor vibration induced
by operation of LIGO vacuum equipment.

Frequency Band (Hz) Vibration Limit (mf\’ Hz)
10 - 1000 3x 107 x (1 HZ/f)?
1000 - 10000 3x 1017

4.6.4 Electromagnetic Emissions
All electrical equipment shall meet commercial standards for EML

4.6.5 Particulates and other contaminants
No installed equipment shall emit or harbor particulates at a level inconsistent with main-
tenance of a clean environment conforming to Federal Standard 209 Class 50.000. Bake-
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out insulation may be exempted from this if it can be shown that reasonable cleaning
procedures and a reasonable time period will restore the environment

‘ 4.7 Interfaces
The following interfaces shall be provided for and fully documented:

* LIGO Interferometers to the vacuum equipment.*
¢ Vacuum equipment to the beam tube. **
*  Vacuum equipment to the buildings and utilies.***
* Vacuum equipment to process Control syster. ¥**
* ICD to be provided by LIGO.
** ICD to be provided by Beam Tube Installer.
*** JCDs to be provided by the Vacuumn Equipment Contractor.

4.8 Design Life

The contractor shall design the vacuum equipment for a minimum serviceable life of 20 years
assuming equipment is maintained and operated in accordance with vendors' recommendations.

4.9 Environmental

Under normal operations, the vacuuro equipment will be operated in a temperature and
humidity controlled environment. In case of power or control failure, and during the
construction phase, conditions will be dictated by diurnal and seasonal ranges. Exposure to
these conditions shall not damage the vacuum equipment provided that equipment is
maintained. stored and operated in accordance with vendors’ recommendations.

5.0 SUBSYSTEMS

5.1 Vacuum Enclosure Subsystem

The vacuum enclosure includes all components such as chambers, tubes, flanges. elbows. tees.
blank-offs. and other fittings, which form the barrier between atrnosphere and vacuum. These
components are required to be compatible with use at 1 x 10 ¥ torr. Specific requirements are
below.

5.1.1 Materials
All fabricated components exposed to vacuum shall be made from type 304L or 316L
stainless steel, using low carbon weld filler wire, or alurninum alloys where required.
Standard catalogue items of 304 or 316 stainless steel are acceptable if not available in
304L or 316L. Copper, aluminum, and prebaked Viton may be used for seals. Vacuum
feedthroughs may utilize UHV compatible glass or ceramic. All other materjals are sub-
i ject to LIGO approval. Copies of mill test reports of chamber. tube and flange materials
shall be furnished. Intemnal surface finish is subject to LIGO approval.
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5.12 Cleaning

All surfaces exposed to vacuum or purge gas shall be cleaned in accordance with proce-
dures approved by L1GO prior to fabrication and installation; surface recontamination
shall be prevented during all subsequent processes.

All items shall be wrapped or sealed after cleaning to maintain cleanliness through han-
dling, transportation, and storage. Care shall be taken to minimize exposure to corrosive
environments, such as those containing chlonde compounds. No visible contaminant
(viewed with the naked eye, under both natural and ultraviolet light) of any form shall be
left withun the vacuum enclosures or purge system piping when installed (for example:
water. dust. sand, hydrocarbon film, etc.).

513 Welding

All welding exposed to vacuurn shall be done by the tungsten-arc inert-gas (T1G) process.
Exceptions may be allowed subject to LIGO approval. Welding techniques shall deviate
from the ASME Code in accordance with the best ultra high vacuum practice 1o tliminate
any virtual Jeaks in the welds; ie., all vacuum welds shall be, wherever possible, internal
and continuous; all external welds added 1o these for structural purposes shall be intermit-
tent to ehiminate trapped volumes. Defective welds shall be repaired by removal to sound
metal and rewelding. All vacuum weld procedures shall include steps to avoid contamina-
tion of the heat affected zone with air, hydrogen. or water. This requires that inert purge
gas, such as argon, be used 1o flood the vacuum side of heated portons.

5.14 Alignment and Dimensions

All chambers shall be aligned to within 2mm of the design optical axis in both transverse
directions and to within 25mm of the design position in the axial direction. Unless noted
otherwise, dimensions of chambers (including interconnecting tubes) refer to nominal
internal dimensions. All other dimensions shall be +/- 3rnmn. +/- 1 degree, and +/- 3mm per
3 meter section of tube.

5.1.5 Mechanical Loads :

All vacuurmn coraponents shall be anchored to the floor or to each other so as to restrict all
motion to bellows units. The floor anchors shall be supplied and installed by the contrac-
tor. The design of the vacuum enclosure shal) allow for strains and stresses due to the fol-
Jowing: nommal cycling of the station HVAC (heating, ventiladng. and air condinoning)
system (expected to maintain ternperature within a range of +/- 2 C); variations in atmo-
spheric pressure; vacuum cycling of other sections of the vacuum enclosure; bakeout of
any vacuum section; failure or non-operation of the HVAC.

5.1.6 Design
Each vacuum clement with a diameter greater than 12 inches shall be designed according
to the latest edidon of ASME Boiler and Pressure Vessel Code. Section VI Division !
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and its subsequent addenda (except as noted in 5.1.3), even though vacoum chambers lic
outside of the scope of that document. Alternate design methods may be employed subject
to LIGO approval. Code certification and stamping are not required. All separable parts
shall be fully interchangeable between assemblies. Adequate clearance shall be provided
for assernbly of mating flanges, and for handles. External access shall be provided 1o all
vacuum searns for leak checking. All vacuurm elements heavier than 50 1bs shall have hift
lugs installed and each chamber assembly shall have an electrical ground connection
(removable for diagnostic purposes). Calculations shall be made to determine design fea-
tures. including the need for and the size of any reinforcements due to openings. Cham-
bers shall be designed to withstand the loadings exerted by all applicable loads in
accordance with the provisions of all applicable codes ang standards. All chamnbers shall
be designed to be free standing to allow blanked-off leak checking. To determine the prob-
ability of earthquakes and seismic coefficients in various areas of the United States, Stan-
dard ANSI A58.1 (ASCE Minimum Design Loads for Buildings and Other Stuructures)
shall be applied.

5.1.7 Chambers
All optics are housed in two types of chambers. These chambers contain the seismic isola-
tors and alignment mechanisms which suppon the optical elements. The two charabers are

designated BSC and HAM.

5.1.7.1 Beam Splitter Chamber (BSC)
The Beam Splitter Chamber (BSC) configuration is shown in Figure 8.

§.1.7.2 Horizontal Axis Module (HAM)

The Horizontal Axis Module (HAM) configuration is shown in Figure 9. One spare
HAM is required at the Washington site.

5.1.8 Attachment Brackets
Both chamber types shall have internal anachment brackets as shown in Figure 10. These
brackets will be used to suppon lightweight optical components.

5.19 Flanges and Ports

Dual O-ring flanges shall be designed for convenient, quick and easy disassembly and
assembly, consistent with reliable sealing. O-rings shall be vacuum guality Viton. free of
lubricant, and baked to remove contaminants. O-ring grooves shall retain the O-ring dur-
ing assembly/disassembly. Flange centering pins shall be tapered, rounded, and replace-
able; centering pins for flange sets in the vertical plane shall support the weight of the
mating cover. Except for the case of chamber to chamber connections, flange centening
pins shall be included in the chamber flange of flange sets in the vertical plane, and the
lower flange of flange sets in the horizontal plane. Port designs shall provide for maximurm
aperture and minimum neck length. Where applicable designs shall conform to 1SO Suan-
dard 2861.
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5.1.10 Access Connectors

The 152 ¢ diameter short tube sections located at BSC 2 and BSC 4 are defined as access
connectors, and shall be designed for convenient removal and installation. As a minimum
the total axial space required at these locations is 90 cm. The bellows portion shall be as
short as practical to allow additon of side access ports in the future. A stmilar access con-
nector is required at BSCs 7and 8.

5.1.11 Optical Baffies
All connecting tubes shall be designed to allow for installaton of optical baffles a1 a later
date. This requirement can be met by allowing access to all internal surfaces.

5.1.12 Annular Spaces

The annuli of each chamber shall be connected to a single fange. Pumping speed between
this flange and any point of the pumped annulus is to be greater than 0.3 liters/sec for air.
in molecular fow. Interconnecting tubing shall be ronted close to the chamber wall, with
all connections to be welded or CF flanges.

5.1.13 Fasteners

Flange fasteners shall be of high guality, appropriate for efficient assembly and disassem-
bly. All fasteners shall be plated or made of alloys which allow use without lubricants.
Floor anchors need not be plated. Where possible plate nuts shall be used.

5.1.14 Component Leak Rate

The contractor shall ensure that all leaks greater than 1 x 10°? torr liter/second of helium
on each chamber or tube section are repaired at the site of manufacture according to LIGO
approved procedures. Leak checking procedures shall conform to ASTM E498 Standard
Test Methods for Leaks Using the Mass Spectrometer Leak Detector.

5.1.15 Workmanship, Finish, and Appearance

The finished product shall be free of weld spatier, cutoff spatter, free iron, weld oxidaton
and defects. There shall be no grinding or abrasion of completed welds or internal vacuum
surfaces.

5.1.16 Marking

Each separable pan (except fasteners, seals, and interchangeable, standard blank flanges?
shall be permanently marked with a unique identfication number in a Jocanon readily
viewed.

5.2 Pumping Subsystem

Vacuum pumps include portable roughing pumps, stationary backing pumps, annulus purnps.
main ion pummps. and 80K pumps. The roughing pumps are used to pump the systems down
from atmosphere to 10" 1orr. The ion pumnps, and 80K pumps are used for vibration-free
pumping during normal operation.

10
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The main pumping phases include:

¢ Initial Pumpdown (from 760 torr to less than 1 torr): Roots roughing pump sets are
to be used. Smaller volumes may only require roughing with the murbo baciing
pumps. The duration of this phase is limited to 4 hours per vacuum section for all
sections in the corner stations. See Section 4.2.

+ Intermediate Pumpdown (from 1 torr 10 less than 10 6 torr): Turbo molecular
pump sets are to be used. The duration of this phase is expected to be of order 24
hours. Low noise and vibration are required.

* Final Pumpdown and normal operation (below 10 torr): No mechanical pumps
may be used. Jon pumps and crvogenic pumps are to provide continuous pumping
without vibraton.

5.2.1 Roughing Pumps

The roughing pumnps shall consist of two types of portable pump stations and stationary
backing pumps, the main roughing pump set and the turbo molecular purp sets. The main
roughing pump set shall be used for pumping from atmosphere to less than 1 torr while the
turbo molecular pump set shall be used for pumping from 1 torr to less than 10 torr. The
main roughing pump sets are exempt from the vibration and acoustic noise limits. The
turbo molecular pump sets, however, shall be designed to operate for extended penods of
time without coptributing to vibration and noise levels beyond those described in Section
4.6. The design of the roughing pumps shall preclude contaminating the bearn twbes and
chambers during the life of the equipment. even with equipment failures and operator mis-
takes.

5.2.1.1 Main Roughing Pump Sets

Each main roughing pump set shall consist of a roots blower backed by one or more
backing pumps. Four sets are required in total. The minimum pumping speed at 1 torr
at the pump inlet shall be 500 CFM and at 0.1 torr, 1000 CFM. There shall be no oil in
the pumnping path. The pump set shall be self contained so that under power failure or
purnp failure, interlocks shall prevent the pumped chambers from being vented. The
pummp set shall bc capable of roughing volumes as large as the 2 km beam tube module
(volume 2000 m?) without overheating. Provisions for connection to the control sys-
tem shall be provided. Provision for sealed connection to a ducted facility exhaust sys-
tem shall be provided. There shall be vacuum gauges Jocated at each pump inlet (both
the roots pump and the backing pump) and there shall be auxiliary valved (manval)
ports 1o allow connection of a leak detector. All unused connections shall be fined with
blankoff flanges.

52.1.2 Turbo Molecular Pump Sets

Each turbo molecular pump set shall consist of a wide range magnetically levitated
turbo molecular pump backed by an oil free pump (diaphragm, piston, or scroll pump.
Ten sets are required in total. The rmmmum pumnping speed at the roughing port shall
be 1400 liters/sec for nitrogen at 10°3 torr. Throughput at a backing pressure of 1 torr
shall be at least 5 torr liters/second. The pump set shall be capablc of purmping large

11
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volumes (2000 m3) without overheating. The pump set shall be self contained so that
under power failure or pump failure. interlocks shall prevent the pumped chambers
from being vented or exposed to pump lubricants. Provisions for connection to the
control system shall be provided. There shall be vacuum gauges Jocated at each pump
inet (both the mrbo pump and the backing pump) and there shall be auxiliary valved
(manual) ports to allow connection of a leak detector or auxiliary backing turbo. All
unused connections shall be firied with blankoff flanges.

522 Main Ion Pumps

The main ion pumps, positioned as shown in Figures 2 and 3, have nominal pumping
speeds of 2500 liter/sec minimum for nitrogen. Each main ion pump shall have a manual
isolation valve as well as a manual pump out valve. The minimum life of the pumps shall
be 40,000 hours or more at an operating pressure of 10  torr. Noble gas diode-type ion
pumps shall be used. If required for starting purposes, or to avoid the use of custom power
supplies. multiple power supplies and feedthroughs may be employed to operate each
pump. The ion pump design shall allow starting at pressures of 1 x 10 *> torr. However, the
power supplies need only be capable of providing starting current for 1 x 10 © 1om. Ion
pump power supplies shall be mountable in standard 19 inch racks. All ion pump power
supplies shall have remote control capability with both current and voltage signals
remotely readable.

5.2.3 80K Pumps

There are two types of 80K pumps: long and short. The long 80K pumps shall have a
cylindrical cold surface 3.7 m long and the short 80K pumps shall have a cold surface 1.2
m long. All other features of the 80K pumps shall be identical. The pumping surface shall
be coaxial with the beam tube axis, and provide a clear aperture of at least 1.30 m, warm
or cold. The aperture at the pump flanges and necks shall be that of the adjacen: gate
valves. The 80K pumps may be of the liquid nitrogen, continuous flow, or refrigerated
design. In any case the vibration requirements of section 4.6 shall be met.

Certain parts of the 80K pumps may have large thermal gradients which may give rise to
local, intermittent release of gas. The design shall preclude the sudden and direct release
of this gas into the optical path. Each 80K pump shall have a removable beam tube section
at one end to allow insertion of optics components. The minimum length required for this
section is 60 cm.

52.4 Annulus Pumps

Auxiliary turbo molecular pump sets (auxiliary turbo carts) shall be provided for roughing
of the annular spaces. Ten pump sets are required. The purnp sets shall be self contained so
that under power failure or pump failure, interlocks shall prevent the purnped volumes
from being vented. Provisions for connection 1o the control system shall be provided.
These pump sets shall use an oil free backing pump to minimize the risk of contamination
of the annuli. Each chamber shall have a 200V/s (maximum) ion pump to maintain the
annular vacuum. The jon pump shall be isolatable from the annuli with a hand valve.
Noble gas diode pumps shall be used. The minimum annulus ion purnp used anywhere

12




- —

LIGO-E940002-02-V
Revision 2.
August 31, 1895

shall be at least 201/s. All ion pump power supplies shall have remote control capability
with a remotely readable current signal.

§3 Valve Subsystem

5§31 Gate Valves

All gate valves shall be stainless steel with metal sealed flanges or weld fittings where
appropriate, and metal bellows stem feedthroughs. O-ring seals are allowed on the beam
line Ranges. Only non-contaminating and non-migratory lubrication shall be used on the
internal mechanisms. Valve body and flange leakage shall be measured o be less than 107
10 1orr liter/sec of helium before installation. 112 cm and larger gate valves shall have dou-
ble viton gate seals. Annular spaces between gate valve seals shall be isolatable. This
space shall be provided with a blanked-off port. All gate seals shall be leak free to a level
of 102 torr liter/sec of heliurm. Valves of the same size and type shall be identical t min-
imize the number of required spare parts. All valves shall be rated for 10000 cycles before
service is required. All valves, regardless of operation {electric, pneusmatic, or manual),
shall be protected from accidental operation. Such protection may be provided by mechan-
ical, electrical, or procedural means. In instances where accidental venting is possible.,
redundant means shall be employed.

532 Small Valves

Small valves (less than 15cm aperture), such as right angle manual valves. shall be all
metal and bakeable to 150C. Exceptions are those valves which are used on the o-ring
annuli and those which are mounted on the portable pump stations. These may be viton
sealed. All metal sealed valves shall be rated for 10000 cycles before service is required.

5.4 Vent and Purge Subsystem

Components inside each of the chambers shall be protected against particulate and hydrocarbon
contamination at all times: when chambers are open, while venting 1o air, during opening and
closing. and when closed, including pumpdown. This protection against particulates shall be
equivalent to exposure within a Fed. Std. 209 Class 100 clean room. The vacuum enclosure area
of each station will be constructed with materials consistent with a Fed. Std. 209 Class 50.000
clean room. Vent and purge systems shall be provided with valved and pressure limited. Class
100 air with a water vapor dew point of less than -60 degrees Celsius. The vent and purge
system shall not introduce hydrocarbons into the purge air stream. There shall be one 200 CFM
system available in the comner stations and 50 CFM systems elsewhere. No systems are required
at the LA mid stations The air compressors shall be mounted in the designated mechanical room
areas. The purge system shall allow for the connection of air shower manifolds in the chambers.
used to distribute purge gas over the optical components inside the chambers. Addinonally.
portable soft-wall cleanrooms shall be provided to allow coverage of open chamber ports. The
cleanrooms shall be designed per Federal sid. 209 (Methods at rest approach). Air flow shall be
designed to optimize particulate removal. Unidirectional air flow is not required. A total of 13
portable units are required (8 for the Washington site).
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5.5 Bakeout Subsystem

Insulation and heating equipment shall be modular so as to allow efficient removal and
placement. There need only be enough equipment to bake the largest contiguous vacuum
section at one time; however, the equipment shall be capable of baking any of the vacuum
sections. Bakeout controls shall be sufficient to ensure that the performance requirements are
met

5.6 Monitor and Control Subsystem

Vacuum monitoring and control equipment includes Pirani ganges, ion gauges (cold cathode).
process controllers for the large valves, and process controllers for the 80K pumps. Gauge tubes
shall be mounted on 2 3/4 inch metal seal CF flanges at the locations shown in Figures 2 and 3.
There shall be two auxiliary ports (one 2 3/4 and one 4 1/2 inch CF) complete with all metal
valves and blankoffs for each BSC chamber. The 4 1/2 inch CF port is reserved for RGA
sensors (1o be provided by LIGO). There shall be sufficient controls logic (including hardware
and software} 1o safely operate and commission each vacuum section. Site wide functions such
as data logging and control room operations will be provided by the LIGO control system. The
interfaces to this system shall consist of discrete digital and analog signals. Signa] types, cabling
and connectors are subject to LIGO approval. The suggested signal levels are Listed below:

Analog Input 0 1o 10 VDC, input impedance greater than } Kohm.

Analog Input 4-20 mA, input impedance 600 chms nominal.

Analog Output 0to 10 VDC, ourput current drive 10 mA minimum.

Analog Output 4-20 mA, voltage compliance 15 VDC maximum.

Discrete Input 24 VDC, input impedance greater than 1 Kohm. or contact closure
with contacts rated at 24VDC, S00mA.

Discrete Qutput 24 VDC, 100 mA maximum.

Discrete Contact Output 24 VDC, 1 A maximum.

RTD Temperature Measurernent 1SO 385 curve platinum RTDs, 100 or 1 Kohm.
Thermocouple Measurement Types B.R, S8, E. T.1LK

» » L ] - »

» [ ] - L]

Input is defined as an input to LIGO controls from the Vacuum Equipment. Qutput is defined as
output from LIGO controls to the Vacuum Equipment. All Vacuum Equipment electronics shall
be supplied complete with standard 19 racks, however, vacuum gages are allowed to be of the
“smart gage” type and do not require rack mounting.

§.6.1 Vacuum Gauges

Vacuum instrumentation shall be provided for pressures from atmospheric down t0 1x10°°
torr (N5 equivalent). Each chamber and beam tube section which can be isolated shall
have installed one Pirani gange, and one cold cathode gauge. Vacuum gages may be self
contained *smart gage” type. Connectors for all vacuum gauvges shall have locking. posi-
tive contact to the mating vacuum feedthrough, properly shield the high voltage and signal
connectors, and provide proper strain relief.

j4
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5.6.1.1 Pirani Gavges

Pirani gauges shall operate from atmosphere to 10 “torr. The controller shall have at
least one setable process control contact or setpoint if commercially available. The
gauges shall be installed on CF flanges and be bakeable to 200 degrees Celsius.

5.6.12 Cold Cathode Gauges
Cold cathode gauges shall operate from 103 torr to 1x10-9 torr. The controller shall

have at least one setable process control contact or setpoint if commercially available.
The gauges shall be instalied on CF flanges and be bakeable to 250 degrees Celsius.

6.0 QUALITY ASSURANCE

6.1 Test Plans

Detailed plans including descriptions of the test equipment and procedures for the qualificaton,
screening. and acceptance tests shall be approved by LIGO prior to use. Of particular interest
are the qualification requirements for large gate valves.

6.1.1 Contro! of Contamination
Detailed plans to ensure control of cleanliness shall be approved by LIGO.

6.1.2 Component Acceptance Tests

6.12.1 Chamber and Tube Leak Tests

The contractor shall document helium leak rates on each vacuum chamber or tube sec-
tion as part of the fabrication process. No vacuurn chamber or fabricated tube secuon
shal] be field installed without first dernonstrating acceptable leakage.

6.1.2.2 Pumps

Each electrically powered vacuum pump shall be tested (or certified) for speed. ulu-
mate pressure, leakage. noise and vibration. and operation of protective features.
before shipment from the manufacturer.

6.1.2.3 Valve Tests

Each vacuuro valve shall be tested for leakage prior to shipment from the manufac-
turer. For dual gate seals, each seal shall be individually tested. As well. each vacuum
valve (including each individual gate seal) shall be wested for leakage after installaton
on the LIGO vacuoum systern. Operation of each valve shall also be demonstrated.

6.1.3 System Acceptance Tests
6.13.1 Leakage

All vacuum leaks greater than the limit set by the system requirements section shall be
measured. repaired and documented.
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6.13.2 Pumpdown

Pumpdown from atmosphere 10 ultimate pressure (100 hours pumping) shall be per-
formed on all vacuum sections and documented.

6.13.3 Noise and Vibration

Acoustic noise shall be measured and documented at the vacuum chamber walls with
vacuum equipment operating in each of the 3 modes described in Section 5.2. Addi-
tionally, background levels shall be measured and documented as well. Vibration lev-
els at the floor near the chambers shall be measured and documented, both with and
without simultaneous operation of all of the vacuum equipment. All tests shall be con-
ducted per the statement of work

6.1.3.4 Purge System
A test shall be developed to ensure the cleanliness of the purge air supply systern.

6.1.3.5 Control and Monitoring

Operation of each vacuum gauge shall be demonstrated after installation. Operation of
each vacuum pump and each valve shall be derponstrated after installation. Operation.
termperature uniformity, and temperature stability of the bakeout system shall be dem-
onstrated.
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Contract No. PC175730
LIGO-C950804 -00- V()

DELIVERABLE DOCUMENTATION

A. The deliverable documnentation of this contract is summarized in the following Contract Data
Requirements List (CDRL), which identifies the items to be delivered and when delivery is
required, the quantity and type of each item, and frequency of issue. Documentation shall be
delivered as early as available but no later than the date specified in the CDRL. The Data
Reguirement Description (DRD) forms referenced in the CDRL describe the specific
requirements for the item(s) to be delivered.

B. The Contractor shall display on the cover or title page of all deliverable non-design
documnentation (i.e., all documents except drawings and specifications) the following
minimum informaton:

Docurnent Tide

Contract Number

Document Number (Institute and/or Contractor assigned)
Program Identficaton

Date of Issue

CDRL Line Item Number

Approval Starus

C. The approval code on the CDRL is defined as follows:
A= Submined for LIGO’s approval.
X=LIGO approval not required.

D. The following applies to all data submitted for approval:
1. The Contractor shall submit the approval draft on or before the date indicated.

2. If the draft is approved, the Contractor will be notified in writing by the LIGO Contract
Technical Manager. The Contractor shall then prepare and deliver final copies as
indicated in the CDRL.

3. If the submitted approval draft requires significant Contractor modifications before
approval will be granted, the following steps shall be taken:

« The required modifications will be wansmirted or discussed between the cognizant
parties.

e The Contractor shal] submit an updated draft, containing the required modificatons.

s If the updated draft is approved, the Contractor will be notified in writing by the L1IGO

Contract Technical Manager. The Contractor shall then prepare and deliver final copies as
indicated in the CDRL.

Page 1




Coarract No. PC175730
LIGO-C950804-00- V()

The approval requirements for revisions shall be the same as applied to the original data
item submittal unless otherwise specificd.

. All documentation is to be delivered to the Document Control Center (DCC) in care of
MS. Linda Tumer, LIGO Project, Mail Stop 51-33, California Institute of Technology.
391 South Holliston Ave. Pasadena CA 91125. The Document Control Center will be the
point of official receipt and distribution.
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Contract No, PC175730
LIGO-C950804-00- V(1

Table 1: CONTRACT DATA REQUIREMENTS LIST

CDRL Title or Description of Data Apprnval Frc(!ucncy of Date Due To #' Remarks
# Code issue User Copies
! Phase B Update of Preliminary PDR - Preliminary
Design Design Review
ARC - After receipt of
Draft X Once 3 days priorto | 4 comments
DR
Final A Once 30 days ARC 4
2 Project Management Plan
Draft X Once 3 days priorto | 4
PDR
Final A Once 30 days ARC 4
3l Final Design
Draft X Once 10 days priorto | 4
FDR
Final A Once 30 days ARC 4
4 Preliminary Desipn Review Data | X Once 3 days priorto | 4 Presentation material
Package PDR
5 Final Design Review Data Pack- X Once 10 days priorto | 4 Presentation material
age FDR
6 Acceptance Test Report A Twice TBD 4 One per site.
7 Acceptance Test Review Data X Once 10 days priorto | 4 Presentation material
Packape AR
Page 3

NOTER: Fach issuc (subminal) shall contain nne camera-remly copy.




Table 1: CONTRACT DATA REQUIREMENTS LIST

Contract No. PC175730
LIGO-C950R04-00- V(I

NOTE: Each issue (submittal} shall contain one camera-ready copy.

CDRL Title or Description of Data Approval l'req‘ucncy of Date Due To #. Remarks
# Code issue User Copies
#l:: —
8 Minutes Once for 7 days after 4
each meeting | meeting
9 Status Report Monthly I5 days after ]
meeting
10 Deliverables to the Beam Tube
Final Design @Data Pack-
age ?
Draft Once 10 days priorto | 4
Deliverables to
the Beam Tube
FDR
Final Once 30 days after 4
FDR
11 Prototype Vessel Data Review Once 30 days after 4
completion of
prototype vessel
tests
Page 4




Conact No. PC175730
LIGO-C950804 -00- V(]

Data Requirement Description (DRD)
for CDRL No. 1: Updated Preliminary Design

Purpose:
To document the design of the LIGO overall vacoum systern and to substantiate that the design
meets the requirements.

Preparation Instructions:

Assemble a package of plans. drawings. specifications procedures, calculations etc. which
describe the overall vacuum system design. This data package shall include as a minimum the
items described in Article 1. Statement of Work, Delivery or Performance Schedule. Additional
information which may be required to fully describe and assess, the adequacy of the system
design shall also be included in this data package.
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Contract No. PC175730
LIGO-C950804 -00- V0]

Data Requirement Description (DRD)
for CDRL No. 2: Project Management Plan

Purpose:
To provide the basic operating plan for the project which allows for detailed scheduling, work

progress reporting. and tracking of termination liability.
Preparation Instructions:

Update and revise the Project Managernent Plan generated for CDRL No. 02 of Phase A as
described in Article 1. Statement of Work.
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Contract No. PC175730
LIGO-C950804 -00- V()

Data Requirement Description (DRD)
for CDRL No. 03: Final Design

Purpose:

To define and document the vacuum equipment design.
Preparation Instructions:

Prepare a stand alone document, consisting of drawings, specifications. plans, procedures, etc.. as
described in Article I, Statement of Work.
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Cootract No. PC175730
LIGO-C950804 -00- V(]

Data Requirement Description (DRD)
for CDRL No. 04: Preliminary Design Review Data Package

Purpose:

To present and substantate the preliminary design for the vacuum equipment.

Preparation Instructions:

The Data Package to be provided in support of the Preliminary Design Review shall contain all
presentation matenial as well as backup data and information on all topics to be discussed at the
review.

Page &




Contract No. PC175730
LIGO-C350804 -00- V()

Data Requirement Description (DRD)
for CDRL No. 05: Final Design Review Data Package

Purpose:

To present and substantiate the final design for the vacuum equipment

Preparation Instructions:
Thbe Data Package 10 be provided in support of the Final Design Review shall contain all data and

information on all topics to be discussed and presented at the Review.




Conwact No. PC175730
LIGO-C950804-00- V(|

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

Purpose:

To document the acceptance test process and results.
Preparaton Instructons:

Substantuate thart the vacuum equipment complies with the Design documented in CDRL No. 03
and the requirements in Article 1. Staiement of Work.
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Purpose:

Copmact No. PC175730
LIGO-C950804-00- V(]

Data Requirement Description (DRD)
for CDRL No. 07: Acceptance Test Review Data Package

To present all aspects of as built design and associated fabrication, installation and acceptance
testing of the vacuum equipment, and to provide a permanent record of presented material and
subsequent closeout of resultant action items.

Preparation Instructions:

The Data Package to be provided in support of the Acceptance Test Review shall contain all data
and information on all topics to be discussed and presented at the Review and shall include, but
not be lirnited 10, the following for each LIGO site:

Test report excerpts documenting the results of the acceptance tests, in accordance
with CDRL No. 06, Acceptance Test Report.

Performance verification.

As-built drawings.

Disposition of property procured under the contract or made available as Government
furnished property.

Remaining issues and open acthon items.
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Conwoact No. PC175730
* LIGO-C950804-00- V]

Data Requirement Description (DRD)
for CDRL No. 08: Minutes

Purpose:

To document proceedings of all formal Institute/Contractor LIGO project meetings.

Preparation Instructions:
The Minutes shall document proceedings of all formal Insdwte/Contractor project meetings. The
Minuwes shall include:

* A summary of all business transactions between the Contractor and the Insatute.
including any alterations and/or clarifications to the Review Data Package generated
durnng the Review.

» Conmactor action items and planned coropletion dates.

* [Institute acton iterns and planned completion dates.
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Conpact No. PC175730
LIGO-C950804-00- V()]

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

Purpose:
To assess project progress and status.
Preparation Instructions:

The Data Packages to be provided in support of the monthly progress meeting shall contain all
data and information on all topics to be discussed and presented at a review. and shall include. but
not be limited to. the following:

* Allcurrent technical contract actvites, and percent complete at the WBS elemen:
level.

* Updated schedules including milestones and other events accomplished or missed.
reasons for delay and corrective measures taken.

* Problem areas. including those concerns requiring action(s), decision(s) or assistance
on the pan of the Insttute.

* Acton iterns closed during the review period. progress of open action items. and iden-
tificadon of new action items.

* Response to technical direction received.
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Couotract No. PC175730
LIGO-C950804-00- V(]

Data Requirement Description (DRD)
for CDRL No. 10: Deliverables to the Beam Tube Final Design

Purpose:

To define and document the deliverables to the Beam Tube Contractor.
Preparation Instructions:

Prepare a stand alone document, consisting of drawings, specifications, plans, procedures. eic., as
described in Article I, Statement of Work.
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Contract No. PC175730
LIGO-C950804 -00- VO

Data Requirement Description (DRD)
for CDRL No. 11: Prototype Vessel Data Review

Purpose:

To document the test results of the prototype vessel.
Preparation Instructions:

Prepare a stand alone document, consisting of test results as described in Article I, Statement of
Work.

Page 15
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Copoact No. PC175730
LIGO-C950804-00- V(2

EXHIBIT I
DELIVERABLES FOR THE BEAM TUBE CONTRACTOR

A. The Deliverables consist of pumnp carts and gate valves which are required for the beam tube
pump down (a separate contract). These components are defined in Exhibit I Vacuum
Equipment Specification. There are three types of pump carts and one type of gate valve.
The required equipment is listed below:

WASHINGTON SITE - Required date: 6/19/96

LOUISIANA SITE - Required date: 8/10/97

Quantty Quantity

Item Hanford Louisiana

1. Main Roughing Pump (per Exhibit I. paragraph 2 2
52.1.1)

2. Turbo Molecular Pump Set (per Exhibit I. 4 4
paragraph 5.2.1.2)

3. Auxiliary Turbo Cart (per Exhibit L paragraph 2 2
5.2.5)

4. 112 cm Gate Valve (per Exhibit L paragraph 3 4
53.1)

3. 122 cm Gate Valve (per Exhibit L paragraph 0 2
53.1)

NOTE: Quanuties above are those required for the beam tube pump down only and may not
be the same as the total quandty called for in Exhibit I Vacuum Equipment
Specificaton.
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Coptract No PC175730¢
LIGO-C950804-00- V()3

EXHIBIT IV
HARDWARE DELIVERABLES

A. The Hardware Deliverables consist of all the Vacuum Equipment to be instalied and tested at

the two LIGO sites. This equipment is defined in Exhibit I, Vacuum Equipment
Specification. Each vacuum section shall be delivered, installed, and acceptance tested*,
complete with all chambers, pumps. valves, supports, fittings and gauges. The equipment is
listed below, and the acceptance dates are as stated in Artcle II.

*Accepiance dates will be determined jointly by LIGO, the A-E Contractor and the Vacuurn
Equipment Contractor

WASHINGTON SITE - Exhibit I. Figures 4. 6. 7.

Iem Quangty
1. Comer Station Ventex Section 1
2. Comer Station Diagonal Section 1
3. Cormer Stadon Beam Manifolds 2
4. Site Purge/Vent system 1
5. Site Bakeout system (this system will also be used in Louisiana) 1
6. Site Pump Carts : 1 set
7. Left Ao Mid Station 1
8. Right Arm Mid Station 1
9. Left Arm End station 1
10. Right Arm End Station 1
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Contract No. PC175730
LIGO-C9508064-00- V03

LOUISIANA SITE - Exhibit I, Figures 5, 6, 7.

Item Quantiry
1. Comer Station Vertex Section 1
2. Comer Station Beam Manifolds 2
3. Site Purge/Ven1 system 1
4. Site Bakeout system (the Washingion bakeout system will be (o]
shipped 1o Louisiana)
5. Site Pump Carts 1set
6. Left Amm End station 1
7. Right Arm End Station 1

Page 2 of 2




5.3 Design Input Review

Prior to contract acceptance, a detailed review is held internally 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 understood and contractually consistent
between all documents. All discrepancies will be resolved before contract
acceptance.

This meeting is attended by the Project Manager, the Director of Contracts
and Senior Project Team Staff.

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



6.0

6.1

6.1.1

6.1.2

6.1.3

DESIGN OUTPUT

Project Execution Summary

The LIGO Project will be executed as shown on Chart 6.1 “Project Execution
Summary™.

Because of the technical challenges and fast track nature of the engineering
phase of this project, 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, vibration/shock
design and very large ultra 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 significant contribution 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 remediation for approval by
LIGO (NOTE: 1st order remediation is included in the lump sum price). See
Volume I, Section 4 for more details of the vibration/noise/shock program.

FIRST ARTICLE FABRICATION

Also, as part of the Phase B Engineering Phase, PSI will fabricate a 1st article
vessel (BSC or HAM) to validate proposed 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 purchase 304L S.S. (plate, flanges and
heads) in mill runs to reduce project costs. Due to the future demand for 8.S.,
this purchase will have to be made before the final design approval to
maintain the schedule.
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6.14

6.1.5

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 13). These complicated vessels will require
sophisticated fabrication and stress relief techniques to successfully fabricate
the units. PSI will draw on its history of cost effective innovation to design
internal/external 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 turned over to LIGO in phases.

See Volume IV for additional installation/commissioning information.

Use or disclosure of data in response to Contract PC175730 is subject to the restrictions on the title page.
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6.3

6.4

6.5

Documentation Deliveries

Vacuum equipment deliverables are detailed in Volumes 1 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.
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1.0

7.1

7.2

7.3

PROJECT ADMINISTRATION/TECHNICAL COORDINATION

Progress Report

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

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

All PSI/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

Correspondence (Letter of Fax): V049-LP-
from LIGO to PSI

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

All PSI/LIGO correspondence shall be sent and received through the PSI
project secretary.

Project Document Control

All project documents (specification, drawings, procedures, 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 Department (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.
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7.4

7.5

7.6

All engineering document submittals from LIGO will be logged in by the
project secretary and copies internally 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

Project labor and costs will be monitored and recorded by means of a Project
Chart of Accounts. The breakdown will be based on the Project Work
Breakdown Structure (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-off the 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.
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7.7 Project Reviews

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

During the project review, each phase of the project is scrutinized in an effort
to understand project status, identify area of risk requiring further 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.
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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 attended 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 Management
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8.0

8.1

8.2

8.3

8.4

‘85

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 Drawings/Facilities
LIGO is responsible for providing building drawings for all site facilities for
the Hanford, WA and Livingston, LA site to PSI in a timely manner.

LIGO is also responsible for providing site buildings, utilities, control 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. Internal
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-V01”. (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™.
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9.0

9.1

9.2

9.2.1

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
departments.

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
verify completeness and adequacy with respect to contract and design input
requirements.

PSI will conduct system design reviews at strategic 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 design, 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 the attached SureTrack Critical Path Schedule (See Exhibit IT).
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S

The goals of the final design phase are as follows:

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

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

» Qualify equipment suppliers tentatively selected in Phase A.

¢ 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.

o Perform failure mode analysis.

Specifications have been generated by the engineering disciplines for unique
major purchased parts 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 (DEQ).

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 then released on a DEO.

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

i
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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 Department 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 attached 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 design. The
design engineer and the reviewer sign the front 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 engineering/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, 10 in. vessel testing and Viton o-ring bakeout testing.

VIBRATION/NOISE/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
study the source levels from vacuum system equipment. They will then make
recommendations for remediation of Vacuum System/Vibration/Noise/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
data, it is impossible to predict resultant vibration/noise/shock levels. The
lack of current LIGO building/foundation information also contributes to the
current uncertainty.
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9.2.3

9.24

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
governing 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 support 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).

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




9.2.5

9.2.6

9.3

9.3.1

9.3.2

SHOP CLEANING/TESTING

During the Phase B Engineering Program shop cleaning and testing
procedures have been finalized. Information from the 10 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 the proposed cleaning procedure.

INSTALLATION/COMMISSIONING

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

Project Control Plan

PLANNING/SCHEDULING

Project plans and schedules are developed by the cost/schedule 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 monthly 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
MIS/MRP 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
procedure.

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




9.34

9.3.5

9.4

9.5

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 evaluated
with the aid of the SureTrack scheduling % complete data.

TECHNICAL PERFORMANCE MEASUREMENTS

Technical performance shall be measured during the engineering/design
portion of Phase ‘B’ by the following means:

¢ PSI internal design review
¢ PSI/LIGO design reviews
o First article fabrication and testing

e Vibration/Noise/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 design 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 Programs

Applicable PSI standards and guidelines to be used on the LIGO project are
detailed in Attachment I.
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9.6

9.7

9.8

9.9

Engineering QC Program

PSI engineering managers and Q.A. engineers audit PSI projects periodically
to verify 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 ).

Engineering/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 drawings are
issued.
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10.0

10.1

10.2

10.3

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 attended 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 structural design, electrical
instrumentation and controls. PSI will notify LIGO engineering
representatives of all reviews well in advance, enabling their participation.
Preliminary failure mode and hazards analysis will be conducted during
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 of the 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.

Comparative 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 10 in. vessel program and the first article testing will be
extrapolated to predicted full system performance.

Qutside 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 Inch Vessel/Viton Testing Status

A 10 in. vessel program was included as part of the Final Design Phase. This
program we conducted to verify plasma welding, o-ring design, cleaning
procedures and cleanroom operation. Various 10 inch vessels were fabricated,
heat treated, cleaned; baked and pumped to ultimate vacuum levels.

Viton bakeout testing was also conducted as part of the 10 inch vessel
program. This testing was designed to verify the proper heat/time cycle to
condition the viton o-rings for UHV service.

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

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

10.6 Prototype BSC Program Status

As part of the 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

11.2

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 Structure”.

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 department for
acceptance.

Once accepted, the Change of Scope shall be implemented by the project
manager via the normal design change control procedure {See Section 11.2).
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12.0

12.1

12.2

12.3

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
Assurance Department 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 and change order are routed to the
Inspection and Quality Assurance Departments. 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 structured 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 department or to subvendors.
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124 Vendor Drawing Control

Vendor drawings will be controlled per PSI procedure SOP-006-011 (also see
Section 9.8).

12.5 Transportation Coordination

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

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:

Bakeout Blankets (1)
Cleanroom Air Supply system
Ion Pumps

6, 10 and 14 Inch Gate Valves
Prototype BSC

Water Chillers

Vessel Heads

Vessel Flanges

Vessel Plate
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13.0 FABRICATION

13.1 Fabrication Plan

The L1IGO Vacuum Equipment System will be fabricated per FDR Volume I}
“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 HAM vessels.
This will allow PSI to concentrate on the UHV cleaning and testing and the
various small spools and cryopumps.

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




14.0

-14.1

14.2

14.3

14.4

PROJECT QUALITY ASSURANCE PROGRAM

Q.A. Organization

The quality assurance 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 administrative 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.A. Plan
The LIGO Q.A. plan is detailed in V049-2-029. (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/Qualification Pregram

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

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




15.0 INSTALLATION

15.1 Installation Plan
The LIGO Vacuum Equipment system will be installed per FDR Volume IV
“Installation”.

15.2 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 August/September of
1996. The LA site installation is planned to start in March of 1998. PSI will
be bidding the installation work for LA in mid 1997.

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




16.0 PRE-OPERATIONAL TESTING

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

Pre-operational testing will be performed as detailed in FDR Volume IV
“Installation”.

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



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”.

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



18.0 PROJECT TURNOVER

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

Vacuum Equipment turnover to LIGO will be accomplished in phases as
detailed in FDR Volume IV “Installation”.

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




19.0

19.1

19.2

19.3

PROJECT CLOSEOUT

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 electronic files (Autocad
drawings) to LIGO.

PSI Documentation Archiving

After the project is complete and the systems accepted, 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.

Final Project Report

The project manager shall prepare an internal final project closeout report per
PSI standard procedure.

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




Applicable Company/Department Procedures, Guidelines and
Computer Program Listing

SOP-006-001 Requests For Change

SOP-006-002 Drawing Tree/BOM Structure
SOP-006-011 “Document Control Department”
SOP-006-012 “Release of Controlled Documents™

Detailed Project Schedule

Work Breakdown Structure

Project Q.A. Plan V049-2-029

Project Safety Plan V049-2-023

Qutside Consultants
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1.0 PURPOSE

The purpose of this procedure is to define the method for fprocessing a Request for
Change (RFC) Notice and to identify the responsibilities of the persons or functions
involved.

20 GENERAL

Due consideration to all change requests and proper closure thereof are essential
routines to optimize product quality and costs as well as to empower all persons
associated with that part, process or procedure to contribute to its improvement.

This procedure defines a flexible means of obtaining data necessary to evaluate
change requests and implement revisions in an orgamzed and timely fashion while
allowing tracking of the process. :

The RFC process is required for all drawings and documents that have been released
on a Design Engineering Order (DEO) for "design", “"fabrication’, "construction” or
“"equipment purchase". The only exception to this is that a Project/Program Manager
(PM) may revise and release the drawing or document directly from engineering
design input thereby niﬁating 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.

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

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

RFC numbers for custom projects will start with 001 for each project. RFC numbers
for the standard product group will use the 7014-XXXX series.

Please note that while the following generally defines changes to Engineering
documents, this procedure may be applied to procedures outside the normal realm of
Engineering.

Definitions

2.1 Request for Change Form (RFC) is that document that formally

proposes a change and allows for analysis of related cost, effectivity
and schedule impact.

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

2.3 Design Engineering Order (DEQ) is the procedure by which drawings

and specifications are formally entered into a documentation package.

Page 3
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24

Document Control Department (DCD) refers to the PSI department

that issues and stores engineering/design documents

3.0 RESPONSIBILITY

31

32

33

Any person recognizing a defect in a drawing or document is
responsible for initiating a Request for Change.

Responsibility for various steps of the process shifts during the RFC
review cycle. All people in the review cycle are re;ponsible for timely
review and forwarding of the RFC. For urgent RFC's the initiator or
a person designated by the project manager shall walk the RFC
through the review cycle.

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

40 PROCEDURE

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

4.1

4,2

4.3

The Initiator supplies information in Areas 1 and 2. This information
should be as complete as possible and may be provided in cooperation
with a supervisor, manufacturing engineer or other appropriate
pcrsox:j. Marked prints or hand sketches may be added to the RFC as
needed.

Upon completing a review with the manufacturing department
supervisor, lead engineer or designer, the initiator, or supervisor,
forwards the RFC to DCD. At this point, the initiator's responsibility
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 "C")/database and retains a file copy of the RFC.

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

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

43.1 If the decision is not to proceed, 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.
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44

4.5

4.6

432

If the decision is 1%_@_@1, the PM may add sheet 2 of
the RFC (Exhibit "B") and assigns distribution to those
Disciplines that are impacted by the change {(Area "5") for
comments and requested data.

"Urgent" written in Area "6" requests immediate attention
by those parties commenting. Urgent RFC's shall be
walked through the review cycle.

Under normal conditions, the RFC will be processed by
each party within 24 hours of receipt and forwarded
through the 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) will sign off on the 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.

44.1

44.2

If the RFC is not approved, the PM states the reason and
returns the RFC form to DCD.

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

If the RFC is approved, the PM determines the disposition
in Area "4" and returns the RFC to DCD for distribution
and filing.

DCD updates the RFC Log/Databases and hand-writes on the
original drawings as follows: "An Approved RFC (# ) is

pending"”.
4.5.1

452

The DCD distributes copies of the approved RFC to
concerned parties. This constitutes authorization for the
shop and vendors to deviate from current specification or
drawing configuration. A RFC issued for immediate
action shall be updated by the design group and issued via
the DEO procedure.

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

Upon issue of the drawing or document, DCD notes the DEO number
in the RFC log and notifies the initiator of the action.
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50 FLOW CHART

RFC Procedure Flow Chart dated 5/22/93 is attached.

6.0 REFERENCES

- None.

7.0 EXHIBITS
A. RFC Form, Sheet 1
B. RFC Form, Sheet 2
C. RFC Log, Blank
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1.0 PURPOSE

The lﬂ-f)ose of this procedure is to define a uniform method of developing a drawing
treeﬁ:' of material structure to be used on PSI projects.

20 GENERAL

The drawing tree establishes a bill of material structure for a project and must be
created at the beginning of the project. The structure of the tree should define the
separation of tEe jo% into major components for PSI engineering/degli_ﬁ
manufacturing (by packing lists for shipping), purchasing and field installation. Thi
procedure is to %e used to organize the project components into a structure of
drawings and bills of material which will be entered into PSI's EMS (MRP II)
Computer System. For "engineering onh}‘v" type projects, formal drawing trees are only
required when directed by the Project Manager.

The structure should satisfy the needs for design sequence, drawing numbers, bills of
material, material control, manufacturing planning, scheduling, fabrication, shipping,
field installation, commissioning, and startup. All data in the tree should be complete
enough to satisfy the needs of every internal customer in the company. One of the
most important uses of the structure is for proper project planning and should include
all items to be scheduled by manufacturing or purchasing.

2.1 Effective Management Systems (EMS) - PSI's MRP II software system
which contains numerous application packages which manage the bill
of material, inventory, planning, purchasing, manufacturing, etc.

22 Bill of Material EBg )M) - PSI's system of defining, listing, and
controlling the product structure of ]}i)narts which are entered into EMS.
The bills must be maintained on-line in the computer to allow all
users to share the same bill.

3.0 SP IBILITIE

3.1 The Project Manager is responsible for convening a meeting with
engineering, design, manufacturing, engineering, and material control,
for the purpose of organizing the drawing tree. The drawing tree is a
living document and can be added to during the project. It is critical
that the trunk and major branches are defined properly at the
beginning of the project and are not changed.

3.2 The Mechanical Design Department will be responsible for
maintaining a master copy of the drawing tree, and updating it as
required by the J)roject manager. A formal internal issue should be
made using the design engineering order (DEO) process.

40 PROCEDURE

The customers purchase order and the project scope report creates a demand to
produce a product in the EMS system (entered by the manufacturing-scheduling
department). The project manager mustB(grovide the planned ship date to
manufacturing. The product drawm%l tree/BOM structure is developed from the
scope of supply for each project. It should be noted here that the tree structure is
project/product dependent.

Page 3
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4.1

4.2

43

4.4

Drawing Tree Meeting

The project manager is to convene a meeting during the early phase
of the project execution and establish the separation of upggz level
assemblies, and subassemblies to be manufactured or purchased by
PS, i.e. skid 100, skid 200, spare parts, field parts, etc. The drawi
numbering system and chart of accounts for eac
engineering/design/drafting discipline can be established to coincide
with the component numbering, i.e. skid 100, skid 200, spare parts,
field parts, etc. This should be done for each skid or unique assembly
manufactured or aimrchased by PSI. The drawing tree structure and
the bill of material structure are to be identical structures.

A key item to keep in mind, is to plan and design the structure by the
way the end products are built (and shipped) and not how they are
designed and drafted.

Document/Drawing Numbering Procedure

Drawing trees should be numbered in the "O" document class code
system.

See PSI Procedure for Assigning and Maintaini
Engineering/Design Document Numbers - SOP-006-003.

Parent - Component Relationship See Exhibit "A"
The tree is developed from the top down.

The parent and component relationship needs to be identified in the
tree. A parent can be an assembly (fimshed product), subassembly or
any other created/fabricated/produced or manufactured product. A
parent item is always made up of one or more component 1tems.

Pre-Purchased Items - Major purchased components items with long
delivery or special materials

There are two (2) methods of gettinf parts on order which can be
used by the project manager. Before deciding what method should be
used, discuss the types of materials with manufacturing.

The items can be purchased as either advanced ordered parts and not
directly linked to the project in EMS, or they can be linked to a
project via a BOM structure entered into EMS.

44.1 Advance Ordered Items Linked-to a Project Bill of
Material

For special items unique to one project, the preferred
method is to link ordered parts to a job. This method
requires a BOM structure entered into EMS and
developed down to the level where the equipment or
components are identified as parts. The basic drawing
tree, as developed for the project, will provide the
structure of parent/component relationships for this
purpose. This method will establish the project and part

REV. 0
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4.5

44.1.1

NOTE:

4.4.2

Level Q

demands in EMS for MRP purposes. They must also be
defined in the item master database. They are to be given
a custom part number (either job number and P&ID tag
number or special "M" or "E" number).

Advance Ordered Items on a Temporary BOM

Advance ordered parts can be put on a temporary BOM
which can easily be unlinked (not deleted) from the parent
when the pre-ordered parts are re-assigned to real detail
drawing M's. This method will reduce the work
required to unlink the parts from the advance BOM and
re-assign them to the real BOM's. When this procedure is
used, the temporary BOM No. should be shown on the
drawing tree. Use Job No. and Bulk 1, or Bulk 2, etc,, if
more than one temporary BOM is needed.

For additional information on using this method and when
the re-linking process should take:&Gce, see PSI procedure
for loading bills of material, SOP-006-007.

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

Advance Ordered Items Not Linked to a Project in EMS

Normaléy common items or special materials which could
be used on more than one project are purchased to
inventory. All items to be pre-purchased from a purchase
requisition (without a DEO) or a specification need to
have an item master created for the parts in EMS before
the request goes to purchasing to buy. Purchasing buys the
}i_el:rts and updates EMS when the parts are purchased.

ese items will show as extra items in EMS until the
demand is entered in a BOM. Pre-purchased items are
initially entered in EMS at $0.0 cost. They are to be given
a 8CS (6 dlgl%standard part number or a custom part
number. N : When pre-purchased parts are entered
on a drawing BOM use exactly the same characters as used
in the original EMS entry (if the exact part number is not
used, extra parts will be ordered).

The top level parent item for each job is the project number. It will
always be a quantity of one. When this number 15 called up in EMS
the complete listing of groups of packing lists, assemblies and their
subassemblies, linked to the parent can be obtained from EMS. The
computer can output the drawing tree in indented form.

REV.0
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4.6

4.7

48

4.9

4.5.1 Other Items Sent to Client or Site

Pacldngmlists or shipping orders for other equipment, parts,
etc., which are purchased from vendors and shipped
directly to the client, are also shown in a separate branch
of the tree. When these items are shown, wfﬂ rovide a
means for planning when the transmittals will be made.
These items link to the Level 0 parent.

Level 1 - Packing Lists - Required for each unigue skid or major

assembly shipped as a unit
4.6.1 Items Manufactured by PSI

The packing list is the parent item for each major
Product/assembly (i.e. skid) manufactured by PSI and
includes all items shipped loose from PSI to the client.
This list should include installation interface drawings,
valves, valve actuators (if removed for shipping), piﬁ»ing,
mounting hardware, etc. (All items to be shipped with the

system)
4.6.2 Skid Numbering/Drawing Numbering

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

For custom projects, normally each major skid assembly
will be given a 100 series name and the drawing package
for the skid will have the same 100 series number.
Included in the last three (3) sequential numbers. For
example: The packing list for skid 100 = PT077-1-100.
The general assembly drawing for skid 100 = T077-5-100.

12 - Gener. mbly Drawi

This is the general assembly drawing which is the parent of all the
subassembly drawings for a final product or skid.

Level 3 - Discipline Assemblies

This is the top assembly drawing of each design discipline, ie.
electrical, mechanical/J)ipin structural, etc. The drawing number
normally indicates the discipline and skid number.

Level 4 - Component Items or - mblies of Level 3 Assemblies

These items can also be used to %roup various sub-assemblies into one
shop work order. For example: Al the piping isometric piping
drawings used on a skid are linked to an imaginary item called the
piping spool assembly.

The use of additional BOM levels to aid manufacturing in the
reduction of work orders should be determined during the
development of the drawing tree.

REV.0
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4.10

4,11

4,12

4.13

4.14

4.15

Additional levels may be used, if required.

Parts shall be defined and numbered &er PSI procedure for
numbering parts SOP-740-006 (formerly S-100/5-200).

Drawings Used as Parts

All drawinfs in the project are considered parts or assemblies of parts
and loaded into EMS with the drawing number as the part number.

The assembg drawing should be the last item in each BOM so that it
is issued to the shop with the BOM kit. The revision number should
also be shown.

NOTE: It is extremely important that all parts are entered into
EMS via a BOM which links to a drawing. This includes all nuts and
bolts, paint, insulation, etc. All parts are to be linked to the drawing
which is used to install the parts in an assembly. For additional
information and examples, see PSI Part Numbering Procedure SOP-
006-006 (formerly STD. $-200).

Specifications Used as Parts

Specifications are only listed in the drawing tree as parts when the

specification number is the part number being purchased (no tag

numbers). When items have tag numbers (example: T077-FT101), the
tag number becomes the part number and the specification number is
shown in the part description for reference.

f ing's Influence in the Tr. L
Manufacturing should identify the following during the tree
dﬁvelopment and continue to review the structure during the design
phase:
A} All components which will not be manufactured 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 and how that may affect the tree structure.

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

Number of I evels

The structure should contain as few levels as possible.

REV. 0
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4,16  Parts Manufactured Quiside PSI
Parts that are to be manufactured outside PSI are to be detailed on
separate drawings. This will help avoid any misunderstanding by the
vendor or PSI manufacturing. Parts manufactured outside PSI do not
need detailed BOM.
4.17  Drawing Title Blocks
The drawing tree should show the appropriate format to be used
consistently on all the drawings used on the project. On custom
projects the title will normally be shown as follows:
Drawing Name
Skid Designation or Unit Name
Client/Project Name
Site or Client Location
4,18 Drawin ference Docum ion
The following items should be shown in the reference documentation
branch of the drawing tree:
P&ID's
Shop Job Book
Engineering Lists (valve, instrument line)
419  Project Document List
A complete project document list of all issued documents is available
from the Document Control Department. Only manufacturing or
procurement documents are shown in a project drawing tree.
FLOW CHART: (see next page)
REFERENCES:

Procedure for Numbering Parts SOP-006-006 (formerly S-100/S-200).
Procedure for Loading Bills of Material SOP-006-007 (formerly STD. $-200).

Procedure for Assigning Engineering/Design Document Numbers SOP-006-

003.
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1.0 PURPOSE

The purpose of this procedure is to establish 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 Product 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 Instructions (WI), Work Standards (STD),
tandard Drawings, etc.)

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

4.0 PROCEDURE
4.1 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, ihe DCD shall perform
the following:

A) Update the Document Control Data Base (DOCMAN) file
B) Copy and distribute according o 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 WI-006-001)

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

C) Enter the RFC information in DOCMAN (the Document
Management Program) with the description "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) Forward 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

}gglgat)mg the RFC's final disposition (exception - DEQ'd
'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-006-001 for complete details on issuing RFC's,

REV. 1
SOP-006-011



(3)

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 accumulated changes shall be applied to the
document by the Engineering/Design group and released via

a DEO. RFC's can be "held for accumulation” and applied to the
document at the end of the job as the Project Manager deems
appropriate.

4.2 CLIENT DOCUMENTS
4.2.1 CLIENT SUBMITTALS

All Client submittals received in DCD will be given a document
number in the "8" {(or Vendor discipline) category unless otherwise
directed by the PM. Client documents received in DCD will be
logged in DOCMAN, copies forwarded according to the PM's
direction, 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 Wi-006-002)

B) Complete the necessary shipping forms

C) Package the documents

D) Mait 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.

logged in DOCMAN and the Review, Approval, and Status stamps
applied (see ILL.1). These documents will be forwarded to the PM

who will Ic:ircuiatea them through the appropriate disciplines for review and
approval.

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

4.3.2 VENDOR TRANSMITTALS

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

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 WI-006-002)

C) Complete the necessary shipping forms

D) Package the documents

E) Mail the documents according to the PM's instructions

F) File the original in the appropriate DCD Job File.

G) Retain a copy of the transmittal cover sheet in the Job Log
Book for reference

4.4 HISTORICAL DATA

When a PSI Project, with the exception of Standard Cryogenic Systems
(SCS), begins, the DCD forwards a New Project Information Package (see
ILL.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) An explanation of the primary functions of the DCD

B) Information Checklist

C) Mail service summary

D) DCD transmittal information and cut-off times

E) Transmittal information sheet (to be completed by the PM)
F) Distribution form (to be completed by the PM)

REV. 1
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4.4 HISTORICAL DATA CONT.

The Standard Cryogenic Systems (SCS) group differs from the Custom Project
%roup in that the DCD perpetually maintains the SCS drawings, drawing Log

ooks, and related files. These products are standard equipment and sold as
such with only minor modifications as specified by any given Customer. Special
system configurations are documented using the standard SCS document
numbering system.

4.4.1 CUSTOM PROJECT JOB LOG BOOKS AND FILES

The Custom Project 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
WI-006-002)

C) DEO Log

D) PSI transmittal cover sheets to Client

E) Client transmittal cover sheets to PSI

F) PSI transmittal cover sheets to Vendors

G) Vendor transmittal cover sheets to PSI

Project Job Books are not to be removed from the Document Control Department.

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

A) Master copies of the Project's forms

B) Blank DEQ forms for releases

C) Released DEOs

D) Approved RFCs

E) Bills of Material (BOMs)

F) Specifications

G) All "A" size (8 1/2" X 11") drawings and documents
"~ H) Vendor related data

A separate flat file located in the DCD reproduction room will be abeled
with the Custom Project Job number where all current B, C, D, and E size
drawings will be held (see SOP-006-008 for archiving of previous
revisions).

The PM notifies the DCD when a Project has been completed. At that
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4.4.1 CUSTOM PROJECT JOB LOG BOOKS AND FILES CONT.

time all Job drawings, Job Log Books, and Job Files are transferred to the
DCD locked storage area for archiving (see SOP-006-008).

4.4.2 STANDARD CRYQGENIC SYSTEMS DRAWING LOGS AND FILES

The SCS Drawing/Document Log Books contain only log sheets.
These log sheets are organized in a specific four-digit base number
system (see SOP-006-003 and 3545-2-001). Several base number
logs can be contained in one Log Book; however, they must be
separated by clearly marked tabs for easy reference. A separate
DEO Log Book is maintained for all SCS releases.

4.4.2 SCS DRAWING LOGS AND FILES CONT.

The SCS Files are arranged in the same four-digit base number
system with separate files for all SCS DEOs and RFCs. #SCS DEOs
and 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 DCD reproduction room will be
labeled by base number where all current B, C, D, and E size
drawings will be held (see SOP-006-008 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-digit numeric
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4.5.1 SOP LOG BOOK CONT.

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

A) SOP = Standard Operating Procedures
B) Wi = Work Instructions
C) STD = Standard Drawings and Guidelines

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

4.5.2 FILING AND STORAGE

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 [LL.3)
B) SOP Cover Sheets
1) Company Procedures
2) Department Procedures
C) Folders containing the original document. Folders are arranged
by Department and document category (see Section 4.5.1)

4.5.3 DISTRIBUTION

The distribution of any Procedure or Standards document is determined
by the Department Manager or Vice President of the department where
the procedure is generated. Those personnel who are holders of SOP
Binders for their department or group will receive copies of all released
Procedures automatically. These persons are "flagged" on the SOP
distribution list by an asterisk (see ILL.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

'REV. 1
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4.6 OTHER DOCUMENT CONTROL FUNCTIONS CONT.

D) Maintenance of Engineering Data Library

E; Archiving of documents (see SOP-006-008)

F) Generate reports from DCD data base (i.e Job Drawing
LLogs and RFC Aging report - see WI-006-002)

5.0 FLOWCHARTS

None

6.0 REFERENCES

None

7.0 EXHIBITS

ILL.1 Review, Approval, and Status Stamps
ILL.2 New Project iInformation Package
ILL.3 SOP Distribution List
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NEW PROJECT INFORMATION/DATA PACKAGE

PROJECT MANAGER:
CONGRATULATIONS ON YOUR NEW PROJECT!

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

-

THE FOLLOWING PAGES REQUEST THE NECESSARY INFORMATION TO
SET UP THESE RESOURCES. THE NEXT PAGE AFTER THIS COVER
SHEET CONTAINS A CHECK LIST FOR YOUR CONVENIENCE. WHEN YOU
HAVE COMPLETED THIS PACKAGE, PLEASE RETURN IT'S ENTIRE
CONTENTS TO DOCUMENT CONTROL.

NOTE: IF DOCUMENT CONTROL DOESN'T RECEIVE THIS
INFORMATION IN TIME FOR THE FIRST DOCUMENT
RELEASES, PROCESSING MAY BE DELAYEDI

[F YOU HAVE ANY QUESTIONS REGARDING THIS PACKAGE OR THE
FORMS CONTAINED IN THESE PAGES, PLEASE DON'T HESITATE TG ASK.

SINCERELY,

THE DOCUMENT CONTROL DEPARTMENT

ITu .2 Pags [ £ 9

20 Watkup Drive * Westborough, Massachusetts 01581-5003 + 508/366-9111 « FAX 508/670-5930



NEW PROJECT INFO PACKAGE

CONTENTS
CHECK
OFF
WHEN
DONE
1) MAIL SERVICE SUMMARY (FOR YOUR REFERENCE)
2) TRANSMITTAL CUT-OFF TIMES (FOR YOUR REFERENCE)
3) TRANSMITTAL INFORMATION SHEET (PLEASE FILL IN
APPROPRIATE INFO)
4) BLANK DISTRIBUTION FORM WITH INSTRUCTIONS ’
(PLEASE FILL IN APPROPRIATE INFQ)
5) SPECIAL INSTRUCTIONS AND REQUIREMENTS OF
PROJECT (LIST BELOW)
INFORMATION COMPLETED BY DATE
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MAIL SERVICE SUMMARY

EXPRESS MAIL: (DOMESTIC)

COST - MOST ECONOMICAL OF ALL METHODS AVAILABLE
DELIVERY - GUARANTEED TWO DAYS

FEDERAL EXPRESS: (DOMESTIC & INTERNATIONAL)

COST - RANGES BETWEEN HIGH TO ECONOMICAL DEPENDING ON
REQUESTED DELIVERY
DELIVERY - PRIORITY OVERNIGHT: 10:30AM NEXT DAY
STANDARD OVERNIGHT: 3:00PM NEXT DAY
ECONOMY TWO-DAY: 4:30PM 2ND DAY
SATURDAY DELIVERY:  1:30PM SATURDAY

SPECIAL REQUIREMENTS: - ALL PACKAGES MUST HAVE A STREET
ADDRESS. NO P.O. BOXES ARE ACCEPTED!

NOTE: FEDERAL EXPRESS PROVIDES AN EXCELLENT PACKAGE TRACKING SYSTEM
'g;AgOFLRSCIJgL%EES DATE THE PACKAGE WAS DELIVERED, TIME OF DELIVERY, AND NAME

DHL WORLDWIDE: (USE ONLY IF REQUESTED BY CLIENT)

COST - RANGES BETWEEN HIGH TO MEDIUM DEPENDING ON
REQUESTED DELIVERY
DELIVERY - AS INDICATED IN SERVICE MANUAL.

3419




CLIENTNVENDOR TRANSMITTAL
CUT-OFF INFORMATION

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

RECEIVED IN DOCUMENT CONTROL WILL SHIP
BEFORE  2:00PM SAME DAY

AFTER 2:00PM NEXT DAY

TRANSMITTALS CONTAINING 30 OR MORE DRAWINGS, THAT REQUIRE
REPRODUCTION COPIES, RECEIVED AFTER 12:00 NOON MIGHT NOT
MAKE SAME DAY SHIPPING DUE TO PREP AND PROCESS TIME.

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

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

THANK YOU FOR YOUR COOPERATION.
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TRANSMITTAL INFORMATION SHEET

PROJECT MANAGER:

PROJECT NUMBER:

NAME OF CLIENT:

STREET ADDRESS:

CITY/STATE/ZIP:

ATTN:

PREFERRED SHIPPING METHOD:

NUMBER OF PRINTS REQUIRED: REGULAR PRINTS
| REPRODUCIBLES
OTHER EXTERNAL DISTRIB:
NAME; #COPIES ____
NAME: #COPIES ____
NAME: #COPIES ____

ADDITIONAL INFORMATION:




DISTRIBUTION FORM INSTRUCTIONS

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 THEY ARE OFFICIALLY RELEASED ON A DEO.)

THE DISTRIBUTION LIST IS CONVENIENTLY PHOTOCOPIED ON THE
REVERSE SIDE OF EACH DEO AND 1S SPECIFIC TO EACH PROJECT.
AFTER FILLING OUT THE FRONT OF EACH DEQ WHEN RELEASING A
DOCUMENT, YOU WILL NEED TO CIRCLE THE APPROPRIATE QUANTITIES
FOR DISTRIBUTION ON THE BACK. THIS WILL PROVIDE DOCUMENT
CONTROL WITH THE INFORMATION NEEDED TO DISTRIBUTE EACH DEO
CORRECTLY.

THE DOCUMENT CONTROL DEPARTMENT WILL NOT TRY TO "SECOND
GUESS" THE DISTRIBUTIONS YOU HAVE NOTED ON EACH DEO;
THEREFORE, IT IS IMPORTANT THAT YOU FILL THIS 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.
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DISTRIBUTION FORM FOR:
' HOW TO FILL IN YOUR INITIAL
PROJECT NAME: (1) DISTRIBUTION FORM

@)

IF COPIES OF THE ATTACHED DOCUMENTS ARE REQUIRED
PLEASE CIRCLE THE QUANTITY IN THE APPROPRIATE

COLUMN.
__cooe (3 _ nowncooe

DEO # pwd spec [oeo |rra |Bom| RFC (3) CHECK OFF IS JOB IS *CODE"
— OR "NON-CODE" (Le. PRESSURE

VESSELS)

PROJECT NUMBER:
(1) FILLIN PROJECT NAME

(2) FILLIN PROJECT NUMBER

(4) AILL IN NAMES OF PSI STAFF
AND THE QUANTITIES OF
COPIES THEY WILL REQUIRE.
BE SURE TO THINK OF ALL,
THE POSSIBLE DISTRO'S THIS
JOB WILL HAVE TO BE SURE

() NO ONE WILL BE OMITTED.

(5) LEAVE THIS AREA BLANK.
DOCUMENT CONTROL WILL FILL
IN THESE TOTALS AS EACH DEO
REQUIRES.

(6) UST SPECIAL INSTRUCTIONS
SUCH AS "EXTERNAL: 1 REPRO &
2 PRINTS".

(7) FILLIN THE NUMBER OF COPIES

PURCHASING, QUALITY ASSURANCE, MAT'L THE CUSTOMER HAS REQUESTED

PROCUREMENT (TO BE COMPLETED BY DOCUMENT TO BE SENT TO THEM FOR INFO
CONTROL) AND/OR APPROVAL.

A BRADBROOK

(8) PLEASE LEAVE BOTTOM UNE
D BILODEAU BLANK. DOCUMENT CONTROL
(5) USES THIS AREA FOR
B SCHRAMM PROCESSING YOUR RELEASES.

NOTE
s (6) PLEASE FILL OUT DISTRO FORM
| PROVIDED ON THE NEXT PAGE
ACCORDING TO THE INSTRUC-
- TIONS GIVEN ABOVE.

EXTERNAL DISTRO
TOTAL COPIES (8) 7 4€ 9




DISTRIBUTION FORM FOR:
PROJECT NAME:

PROJECT NUMBER:

IF COPIES OF THE ATTACHED DOCUMENTS ARE REQUIRED
PLEASE CIRCLE THE QUANTITY IN THE APPROPRIATE
COLUMN.

___CODE ____NONCODE

DEO # DWdSPEC DEO |RFQ BOMl RFC

PURCHASING, QUALITY ASSURANCE, MAT'L
PROCUREMENT (TO BE COMPLETED BY DOCUMENT
CONTROL)

A BRADBROOK

D BILODEAU

B SCHRAMM

NOTES

EXTERNAL DISTRO

TOTAL COPIES

L9



COMPANY PROCEDURE DISTRIBUTION LIST

GENERAL
* TOM ANKERMANN
* RICH BAGLEY
* BETH BARKLEY
DON BENERE
RON BENTO
TED BITOMSKI
* CHRIS CONNOR
DEBBIE COX
TED DESIRAKIAN
* DICK DERY
* DOUG DUCOTE
BOB ERIKSSON
MIKE FREEMAN
* KENT HIGGINS
KRIS HILLENBURG
* MAURICE KING
NORM MackAY
MIKE MAGLIO
JOE McNAMARA
* BOB MOSELEY
BILL MURPHY
JOHN O'BRIEN
HERB PETERS
ELAINE PIGNATARO
BOB POWELL
TOM STARR
* PETER VanDUYNE

* KEN WEISMANTEL
B WOJNAROWSKI

PROC/PROJ ENG
* PAUL DOHERTY

LYNDA ENGSTROM

DICK ERIKSSON
BRETT FORLANO
JIM FRASER
JOHN FUCCI
M HENNESSEY
* DICK HOPEWELL
TED KOBEL
* D McWILLIAMS
AL MEISINGER
DAVE MOORE
STU MOTEW
MUSTAFIZ RAHMAN
KRIS ROBERTS
BILL ROCHELLE
L SYLVESTRE
ROBERTO THAN
STEVE TOTH
HANK VALCOUR
I/E ENG
FADI BARK
DICK BRAZER
STEVE CHIAVAROLI
RALPH GESE

MAX KOZYRCZAK
DAN PARENTI
GEORGE ROGERS
PETE SCHMIDT
LYNEL TRAVESI
CIVIL/STRUCT
JOHN ALMONTE
* FRED CORDELLA

LE DESIGN
GLENN DAVIDSON
* ALAN GAGNON
BRUCE ROTH
RUSS WOOLEY
SHARON WILCOX
WELLS WHOOTEN
KARL YAO

MECH DESIGN

HARRY BASELICE
BILL BATES
BOB BATTISTA
MARK BROSS

* LEON COOK

* DICK CURTIS
LAURIE DAYTON
JOE GRANT
EDLAWS
ROCKY MAZO
LEO MITCHELL

4/95

GARY OWENS
RON PETERSON
KAARLO RINTARA
CONNIE SALVUCCI
PAUL VAUGHN
GARY WESLEY
QA
* A BRADBROOK
PAUL CLARKE
GENE SENECAL
STEVE SOKEL
NPS
LARRY BAILEY
ALAN HENRIKSON
LISA SIMARD
* JACK WALLER
PURCH/MAT'L
DIANE BILODEAU
PHIL FERLAND
BARRY SCHRAMM
DICK WEDGE
BOB VARIEUR
SHOP
M BROUWERS
GENE GAGNE
JOHN GESSNER
RON SULLIVAN

*=  INDICATES HOLDER OF PROCEDURE BINDER FOR GROUP OR AREA. PLEASE SEND COPY
OF EVERY RELEASE THREE HOLE PUNCHED FOR BOOK.
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1.0

2.0

3.0

PURPOSE

The purpose of this procedure is to detail the process of releasing/revising all
“controlled documents”, including Specifications, Drawings, Bills of Material,
Standard Operating Procedures, Work Instructions, SCS Sales Orders, etc.

GENERAL

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

The release of PSI “Controlled Documents” is controlled via a Design/Engineering
Order (DEQ). The DEO is used to record document information, document changes
from the last issue, routing for sign-off, internal and external distribution, etc.

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

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

Glossary
BOM Bill of Material
DEO Design Engineering Order
RFC Request for Change
EMS PSI Material/Financial Management Computer System
CAD Computer Aided Design
SCS Standard Cryogenic Systems
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.

3 SOP-006-012
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4.0

PROCEDURE

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

requirements.
4.1 General Document Release Procedure

Preparer

For drawings, DEQ is prepared by the responsible designer who developed
the drawing or revision. For specification 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 the next reviewer.

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

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

DEO/Document Sign-off

Preliminary issue revision (P1, P2, etc.) may be issued with only the project
managers’ sign-off (or their designee) on the DEQ. The DEO number and
reason for issue should be filled in on all preliminary drawing releases.

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

The following signatures are mandatory on DEQ’s releasing formal
numbered issues (0, 1, 2, etc.)

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

4 SOP-006-012
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For the Custom/High Vacuum product lines, the mandatory sign-offs for
release are: The Preparer, the Checker, Discipline Engineer of the type of
drawing or specification being issued, and the Project Manager (or their
designee). ASME Code Vesse! releases shall comply with paragraph 4.2,

A data entry sign-off is required to issue or revise a Bill of Material (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 electronically
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 TII (used mainly for releases of revised documents).
Continuation pages are also available from the Document Control
Department for each type DEQO.

If the document also has a customer number, both numbers should be shown
on the DEQ 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 Orders

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

5 SOP-006-012
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DEQ Numbering and Stickers

For Custom/High Vacuum projects, DEQ’s will be numbered consecutively
starting from 001 for each project. DEO number stickers are provided for
each project to avoid double numbering the DEO’s.

For SCS projects, DEQ’s will continue to use the four-digit 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 current system.

Document Distribution

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

As each person reviews the document and signs 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 reviewed the documents.

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

Electronic Document Archiving

Note: This archiving procedure applies to all electronic documents except
Jor 3-D models.

Unless otherwise noted herein, when an electronic document is ready for
issue, the signed-off document and DEO form shall be delivered to the
Document Control Department. If the document is not on the PSI network,
a floppy copy of the document shall also be provided with the signed-off
hardcopy. The Document Control Department will archive the document by
moving it from the In-progress (“IN™) subdirectory to the Issued (“IS™)
subdirectory. If the document is being transferred 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 DEOQ, the backup copy should be erased.

6 SOP-006-012
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If the document is available to the Document Control Department over the
network, the preparer will leave the document to be issued in the In-progress
(“IN”) subdirectory so that the Document Control Department can
electronically move the document into the ISSUED subdirectory. A copy of
the issued document should also be temporarily stored in the preparer’s
computer in case of loss or damage to the file during archiving.

All subsequent revisions to documents shall be made using the Document
Control Department copy of the file by copying the document from the “IS”
subdirectory into the “IN” subdirectory. All superseded documents will be
moved by the Document Control Department into the “SU” subdirectory for
storage. The electronic file name of the old file will be modified to prevent
accidental usage of the 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 of the Electronic File Structure is attached to this memo (Exhibit
V).

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

Document and Electronic File Numbering

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/High Vacuum projects
when generic components and sub-assemblies are used across 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 Disposition

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).

7 SOP-006-012
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4.2

Revisions to Document/Title Blocks

Back-circles, Revision Marks

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

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

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

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

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

Request for Change (RFC)

When a DEO issues a document incorporating changes requested by an
RFC, the RFC number shall be shown on the DEQ.

ASME Code Vessel Procedure

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

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

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

8 SOP-006-012
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S.0

6.0

7.0

1. DEO form is blue and has different sign-offs and distribution.

2. All releases must be approved and signed off by Preparer, Design
Engineer, Manufacturing Engineer, Quality Assurance (Q.A.),
Project Manager (or Engineering Supervisor) and EMS Data Entry.

3. Distribution:

a) The bill of Material (BOM) and the add, change, delete reports
are always issued with the drawing.

b) Two (2) copies of the DEQ are sent to the Material Control
Department. One (1) copy is signed and retumed to Document
control confirming its receipt by Material Control.

FLOWCHART
See Exhibit 1.
REFERENCES
WI-010-003 “Controlling SCS Sales Orders”
SOP-006-003 “Assigning Engineering Document Numbers”
A3534-2-001 “Document Numbering System for SCS”
EXHIBITS

I.  “DEO Process Flow Chart”

II.  Sample DEO - Initial Release
III.  Sample DEO - Revised Documents

IV.  Archiving Electronic File Structure
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DOCUMENTATION DEVELOPED
OR REVISED AND CHECKED,
READY FOR SIGNOFF
(DWGS, SPECS, BOMS, ETC)

y
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ExmriT IC

DESIGN ENGINEERING ORDER

DEO NO.

JOB NO.: ELEC. FILES DIRECTORY
CUENT NAME: DWG:
PROJECT NAME: SPEC:
LOCATION: OTHER:
DOC. NO. ~{REV.| DESCRIPTION {FILEA\DATEATIME\BYTES ARCH.
RFC NO.
DETAILED DESCRIPTION
MATERIAL DEPOSITION: ACTION BY:
DISTRIBUTION - |ROUTING SIGN-OFF DATE:
EXTERNAL INTERNAL Prepared By:
SUBMIT TO CLIENT FOR: |CHECK ONE: App’d DESIGN
App'd I/E
Approval Quotation App’'d ELEC
P.0, Change App'd CIV/STR
info Only Hesubmit to Vendor App'd PROJECT
Purchase App'd PROCESS
Review/Comment Mat'l Procurement App’d QA
Fabrication |App’d EMS
Distribution information App'd MFG
App'd DISCIP MGR
App'd PROJECT MGR
PROCESS SYSTEMS INTERNATIONAL WESTBOROUGH, MA SHEET 1 OF




ASME CODE VESSEL ~"*'7 -
DES!GN ENGINEERING ORDER DEO NO.
JOB NO.: ELEC. FILES DIRECTORY
CLIENT NAME: DWG:
PROJECT NAME: SPEC:
LOCATION.: OTHER:
DOC. NO. REV.| DESCRIPTION FILE\DATEATIME\BYTES ARCH.
RFC NO.
DETAILED DESCRIPTION
MATERIAL DEPOSITION: ACTION BY:
DISTRIBUTION ROUTING SIGN - OFF DATE:
EXTERNAL INTERNAL Prepared By:
SUBMIT TO CLIENT FOR; |CHECK ONE: i
App'd DESIGN ENG.:
Approval Quotation
P.C. Change App'd QA.:
Info Only _Resubmit to Vendor
Purchase App'd EMS:
Review/Comment Mat'i Procurement
Fabrication App'd MFG ENG:
Distribution Information
App'd PROJ. MGR.:
PROCESS SYSTEMS INTERNATIONAL WESTBOROUGH, MA SHEET 1 OF




DISTRIBUTION SLIP FOR:
LYONDELL PETROCHEMICAL CO.
© M27004

IF COPY OF THIS DRAWING OR SPEC IS REQUIRED PLEASE
CIRCLE THE QUANTITY IN THE APPROPRIATE COLUMN.

DEO #

DWG SPEC | DEO

RFQ| BOM|RFC

H PETERS (DEO ONLY)

AMEISINGER

J.FRASER

B.FORLANO

P SCHMIDT

W.FOX

F.BARK

F.CORDELLA

L.COOK (STICK FILE)

D PARENTI

AND PURCHASING,

THE FOLLOWING IS QUALITY ASSURANCE,MANFACTUR.

D.BILODEAU | B.SCHRAMM
QUOTATION () + (1) )
PER VEN
P.0.CHANGE (4) CONTROL | (0)
RESUBMIT TO VEN. (4) CONTROL | (0)
PURCHASE (4) CONTROL | ()
MAT'L PROCUR. ) 0
FABRICATION (2) CONTROL | (3) CONT.
| INFORMATION (2) CONTROL | (o)
i External 2 1t o [o |o
i (RNELSON)
! NOTES

TOTAL COPIES

EXHEIT
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ExHrIT I

DESIGN ENGINEERING ORDER . DEO NO.
JOB NO.: ELEC. FILES DIRECTORY
CLIENT NAME: DWG:
PROJECT NAME: SPEC:
LOCATION; OTHER:
DOC. NO. REV.| DESCRIPTION _ FILEADATEATIME\BYTES ARCH.
RFC NO. DETAILED DESCRIPTION
DOC. NO, REV.| DESCRIPTION R FILEADATE\TIME\BYTES ARCH.
RFC NO. DETAILED DESCRIPTION
MATERIAL DEFPOSITION: ACTION BY:
DISTRIBUTION ROUTING SIGN-OFF DATE:
EXTERNAL INTERNAL ' Prepared By:
SUBMIT TO CLIENT FOR; |CHECK ONE: App'd DESIGN
App'd JE
Approval Quotation App'd ELEC
. P.0O. Change App'd CIV/STR
Info Only Resubmit to Vendor App'd PROJECT
Purchase App'd PROCESS
Review/Comment Mat'l Procurement App'd QA
Fabrication App'd EMS
Distribution Information App'd MFG
App'd DISCIP MGR
App'd PROJECT MGR

PROCESS SYSTEMS INTERNATIONAL WESTBOROUGH, MA SHEET 1 OF




EXHIBIT IZ.

ATTACHMENT III

Engineering Document Electronic File Structure

1 Pri Di -

a. Custom Services Projects ("CS")

Each custom project shall have a dedicated directory named for its PSI
Project aumber (e.g. "T15077").

b. High Vacuum Projects ("HV")

Each high vacuum shall have a dedicated directory named for its PSl
Project number (e.g. "V59014").

¢.  NPS Projects ("NP")

Each NPS project shall have a dedicated directory named for its PSI
Project number (e.g. "N00O581").

d.  Standard Cryogenic Products ("SCS")
Each standard product shall have a dedicated directory named for its
model number (e.g. "1400"). Special drawings modified for a project
should be stored under the job number also.

e.  Standards ("STD")
A directory named "STANDARD" shall contain all engineering standard
documents.

f. Proposals ("PRO")
A directory named "PROPOSAL" shall contain all ‘)roposal documents
with subdirectories for each product line and proposal number.

g General ("GEN")
A directory named "GENERAL" shall contain all general documents.

P L} L -I - 'r

Each primary directory shall have two (2) subdirectories for issued documents
and in-progress work. The "IS" subdirectory shall be "Read Only" for all
network users except the Document Control Department. The in-progress
directory shall have open access for all network stations.



ExHIBIT ITL

IIl.  Discipline Subdirectories:

The "IS" and "IN" subdirectories shall contain the following subdirectories as
needed:;

"0" for PFD’s and P&ID's

1" for engineering lists

"2"  for engineering specifications

"3"  for I/E drawings ]

"4"  for mechanical/equipment drawings
"3"  for piping drawings

"6"  for piping isometric drawings

7" for structural drawings

"8"  for vendor drawings

"9"  for instrument loop drawings

"SU" for superseded issues of categories 0-9.

Superseded drawings will be periodically moved to tapes to save room on
the network.



PRIMARY DIRECTORIES
v

CP (CUSTOM)
SP (STANDARD)
HV (HI-VAC)

NP (NPS)

STD (STANDARDS)
PRO (PROPOSALS)
GEN (GENERAL)

EXAMPLES:

\CP\TOB4\IN\3\T0843015.DWG
\NP\NOSB 1\IS\4\N05814002\400252.0WG
\SP\8015\SU\7\80157102.A2

ELECTRONIC FILE STRUCTURE

MODIFIED JOB
OR BASE NUMBER

R

(SINGLE SHEET DRAWING)

JOB DIRECTORY STATUS DIRECTORY DISCIPLINE DIRECTORY DWG DIRECTORY
IN 0 DWG
(INPROGRESS) 1 DWG
e 2 . DWG
3 DWG
U L DWG
_*—-—-—......6
I
8
... 9
S o_ DWG
(lSSUED) ___’___1 DWG
2 DWG
3 OwWG
4 DWG
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ATTACHMENT 2

DETAILED PROJECT SCHEDULE



PROTOTYPE BSC SCHEDULE

(Sorted by System / Activity ID)



MILE - Contractual Schedule Milestones - Acticle [

43 Final Prototype Vessel Design Review : ‘ S13AUGo6
SAME - Comman Engineering f Design Activities

107 Issue QA Plan for Vessels i 10 02JANSE A | 18MARSS A
WACE - Vacuum £nvelope

202 Design BSC Vessels : 45 13SEP95 A (05DECY95 A
203 'Design BSGC chamber fab fixtures 15| 26FEBY6 A | 15MARI6 A
214 Prepare a vessel fabrication spemf catlon k ' 201300CT95 A | 15DECES5 A
215 Prepare a final cleaning procedure C T T T 10] 16APRYE A | 29AFRY6 A
260 10" Benchscale Vessel Program T T 116 7| 04DECY5 A | 17TMAYSE |
262 CO #13 - BSC internal floor Ioadlng reqmréments | 20[190CT95 A |0BMARSS A| ‘
273 Design short 80K cryopump vessel T 7T T 50[13N0VEs A | 26APRI6 A ‘
274  Design short 80K cryopump yshroud | BO[01NOVS5 A |26APRI6 A |
'727”9”7”7 Conduct a plasma welding |nvestlgéif6n77 7 10/130CT95A |3 OCTVQSNA'J B
280 Procure a plasma welding machine A 201?01'\1'0"\!95!\ 15DEC95 A
281 Qualtfy Welding Procedure for Plasma Weidmg I 10102JANSE A 22FEBYG A
284 ~ Procure cleaning equipment "~ ' 20 24JANS6 A 16FEBSG A | 1000 -
285 Conduct materials testing program '1'0“01APR96A 12APRYB A | 1008
280 7 Short BOK Cryopump - Procure shroud mat1 (1) | 10 01MAY96 ‘14MAYS6 = 0"
290  Short BOK Cryopump - Fab shroud for prototype | 30 15MAY96 iZﬁJUNQG SRR
291 " Order Prototype BSC Flange Forgings 5/06DECY5 A | 13DECY5 A
292 Fab and deliver Prototype BSC flange forgings | 53| 14DEC95 A [13MARSEA|
2937 Order Prototype BSC shell, head, & nozzle matl | 5|06DEC95 A | 14DEG95 A
294 Fab&del Protolype BSC head, shel, nozzle rnall T50/15DECO5 A [1ZMARSB A
205 Fabricate Prototype BSC Vessel 38*0IMAY96 [24JUNSE |
296 Test program for Profotype vesse! o 33+ 27JUNS6  [13AUGHE |
297 " Fabricate chamber fabfitures | 15.0BAPRSSA |10MAY3S | .
208 ' Order mat't for test/ship covers for prototype 40 15DECS5A  13MAR96 A| 100
205A Proto!ype BSC Fab - Rollweld sheli (outside) 4|01MAY96 |06MAY9S |
2958  Prototype BSC Fab - Weld on heads (outsude) 4:13MAY96 |16MAY9E
295C " Prototype BSC Fab - Cutiweld nozzle necks 5|17MAY96 23MAYSE | 0.
295D Prototype BSC Fab - Machine flanges/blinds (ouf) | 5/24MAY96 |31MAYSE | 0 .
295E  Protolype BSC Fab - Stress relieve (outside) 1 5[24MAY96 [31MAYSE | :
205F  Prototype BSC Fab - Square off nozzles (outside) | 2|03JUNSE  |04JUNGE | '
295G Prototype BSC Fab - Weld on flanges T 4i05JUNSE  10JUNSS
295H "Prototype BSC Fab - Install welded attachments ] ~ 3{11JUNS6 | 13JUN96 ‘
i & Loy sartpnin B p'm;esgs' ' - LDala dale DIMAY9S J Date B Re&i&ibn' i Checked = Approved -
oy b ystems International, Inc. ‘_ S | 02MAY95 ' FinalDesignPkg ~ 'PFH  REB
P - =me5:;m : " Run date D2MAY_96_ ;
.- Burnmary har LIGO Vacuum System Project ;
SI : ::g;'s;nm-nl . Eianeorul g;ostlztryr"pe Related Acﬁvmes 7 ' N n
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2951

295K

2050

296A
206B
206C
2960
295E""*
296F

206G
206H

|nte.ma'l ﬂoor“suppt

Protdtybé BSC Fab - Install
"Prototype BSC Fab - Ciean chamber lb_spec
Start prototype testing program

" Prolotype Test - Rough leak check

B Prototype Test - Bakeout

‘Prototype BSC Fab - Install annulus tubing & pmp . )

“14JUN96

1 14JUNDG
3[17JUN96  19JUNSE
T3[20JUN96  [24JUN9E |
'2|27JUN96 | 28JUNJE |
4/01JULSE  [05JULYE |
7.08JULSE  |16JULSE |

Prototype Test - - Perform dlmensmnal check

' 'Prototype Test - Final leak check

17JUL96
4 18JUL

Prototype Test - Ullimate pressure retest

Prototype Test - Install cn,ropump shroud

1| 02ALUGO6

" Prototype Test - Vibration/boiloff test

PUMP - Pumping System

311
312

3

330

333
"
335
78
CTRL -

522

H3T
316

329

Main Turbo Pumgps - Issue specification

"Main Turbo Pumps - Finalize bid & purchase (10)
" Main Turbo Pumps Recieve/review v/idwgs

" Main Turbo Pumps - Fab/detiver to Westboro (2)
“All lon Pumps - Issue spemf cation
~Main lon Pumps - Bid and purchase (18)
‘Main lon Pumps - Recievefreview vidwgs

_Main lon Pumps - Fab/deliver to Westboro (1)
~ Annuli lon Pumps Bid & purchase (43Ig E 325m) B

" Annuli lon Pumps Receive and review vfdwgs

"~ Annuli lon Pumps - Fab/deliver toWestboro @

10:160CT95 A

" 45]/0BNOVI5 A

;
4
7241086 ]
4
4

[17IUL9E
i23JuLes
01AUGYE

08ALUGY6 |

07AUGOE

13AUGEeS

270CTO5 A
12DECY95 A |

oo ocooocooaoo

=&

1001,

100 .

13DEC95 A 13FEBQGA .
0/ 14FEBY6 A | 31MAY96

100

' 706NOV95A 17NOVEE A T
SONOVES A 23FEBOGA |
"40!23FEBY A | 30APRIGA |

Prototype BSC Test lon Pumps - Fab & deliver (2}
Instrumentasion and Controis

_Residual Gas Analyzer - Prepare speciﬂcation
Resndual Gas Analyzer - Bid & purchase (2)

BAKE -

706
709

M7

AL
T
712

Restdual Gas Analyzer Receive & review v/idwgs

; “RGA's - Fabldeliver to Westbero/Prototype (2)

Bakeout Subsystem

Bakeout Blankets - Fab/deliver to Weslboro (6)
_Bakeout System Controls - Issue specs

" Bakeout System Controls - Bid and purchase

" Bakeout System Controis - Receive/review vldwgs

"“Design bakeout cari(s) - Preliminary design

"Bakeout System Controls - Fab/deliver to PSI -

| 43{01MAY96 01JUL96
T 4 20NOVOS A 22FEBSSA | 100
40|23FEBYS A [30APRSGA | 100
0 Wi “TgloTMAYEE [10MAYes | o)
50| 22FEB96 A [03MAY96 94|
10:01DEC95 A | 07DECI5 A -
"'30{11DEC95 A |23FEB96 A -
10|26FEBY6 A |26FEB96 A |
20|27FEBY6 A | 2BFEB96 A |
20'22MAY96 “19JUN96
j 10/22JANDO A |25/ANS5 A |
| Z0[0IFEBSGA [26FEBS6A |
| o 12FEB96 A | 13FEBS6 A
% __ 0 14FEB96 A | 29FEBI6 ﬂ, ;
| 5/24JANS5 A | 13MARD6 A

100
100}
100[ 4

o0
100 1’1
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Program PLC bak ystem
'Bakeout Carls - Bid & award assembly of carts
“Bakeout Carts - Assemble 1sl cart

"Prototype Bakeout Blankets - 'I'ssuéispécfif‘ cation
Prototype Bakeout Blankets - Bid & purchase (g)
Pmtotype Bakeout Blankets - Recewelrvw vldwgs
" Final design of bakeout carts
" Bakeout Carts - Test 1st bakecut cant

15 | 14MARSE A | 03APRI6 A
21 iDBJANYS A 22JAN96 A

15522MAR96A 21MAYO6
"""15 14MAR96 A 26MARI6 A |

40 “mAFiRgh A |2BMAYO5
31:04APR96 A 17MAY96 g

20! | 23JAND6 A 21 MAR96 A {' o

]

!
. I -
20|20MAY95 | 25JUNS6 ;

TR ewysiatoont | | Data date ~ D1MAY96 T T Date
V-E:g i pont Process Systems International, Inc. : o o e UZMAYQE
B Progress bar 1 ﬁﬂﬁ date 02MAYS6T 00 T ¢
. st bt . VTS o

Surerary bar LIGO Vacuum Syslem Project
A Fmgress pory L Fnﬁer Prototype Related Activities |
- ical pod : .
Layout ~  Syslem ;
B Summary poim \ |
& St miestone poirt Prototype Schedule 3A0M3A | ‘ © Primavera Sysiems, Inc. |
B Finish milestone point ) ) =S . - i

_Revision ~~ ~ I 'Checked ~ Approved

" Final Design Pkg - 'PFH  TREB




DETAILED PROJECT SCHEDULE

(Sorted by System / Activity ID)



Slart mitastone paint
Fiush milestone pomi

At 1907
PR ERRERBRENA
MILE - Contractual Schedule Milestones - Acticle i . |
30 Compiete Updated Preliminary Design (Phase B) 0 27SEP95 A ‘ : |
Kyl Submit & Implement Updated Proj Mgmt Plan a 27SEP35 A 100 @ _
32 ‘Deliverables to the Beam Tube Contractor - WA o, 19AUGY6 . 0 *
33 "Deliverables to the Beam Tube Comtractor - LA o 21JULST7 0 +
34 ‘Complete Final Design 0 "0BMAY96 0 F
35 "Begin fabrication and procurement 0 18JUNSS 0 @
36 "Begin installation - Washington Site 0 04AUGS7 0 °
kY4 ‘Begin Installation - Louisiana Site 0 03MAR98 i 0
38 ‘Complete Acceptance Testing - Washington Site 0 ‘31MARSS o -
38 ‘Complete Acceptance Testing - Louisiana Site o ‘02NOV9S 0. *
40 "Updated Preliminary Design Review 1.030CTI5 A ?0300T95 A 100, W '
a1 ‘Deliverables to the Beam Tube Finat Design Rvw 0 "O7NOVE5 A . 100 ¢
42 "Final Design Review 0 22MAYS6 ’ 0 *
43 "Final Prototype Vessel Design Review o 13AUGYE o *
44 Installation Readiness Review - Washington o 01JULET7 0. -
45 "Installation Readiness Review - Louisiana 0 '02FEBS8 0 o
46 "Acceptance Test Review - Washington o _29APRY8 0 .
47 Acceptance Test Review - Louisiana 0 '01IDEC8 0 .
SAME - Common Engineering / Design Activites S o
1 Phase B Award 0 12SEP95 A 1009
2 "Submit Ph B Updated PDR for approval (CDRL 01) o | 27SEP95 A . 100, &
3 "Approval of Updated PDR (CDRL 01) by LIGO 0. “1ONOVE5 A . 100 @
4 :Submit Proj Mgmt Plan for Approval (CDRL 02) 0 E27$EP95 A 1001 &
5 ‘Approval of Proj Mgmt Plan by LIGO (CDRL 02) L ~ {0BDEC95 A, 10 e AN
6 Submit Final Design for Approval (CDRL 03) 0 106MAY96 0. IR S
7 "Approval of Final Design by LIGO (CDRL 03) o {17JUN9B o *
8 'Full Release for Fabrication and Procurement o $17JUN98 o &
000 ‘Contract Award 1 125EP95 A 12SEP95A 100¥%
100 "Phase B Update of PDR & Proj Mgmt Plan 1.12SEP95 A 2TSEPS5A | 1004V - -
101 'P&ID's - Initial Issue 10 13SEP95A 22SEP95A 100
102 'P&ID's - Issue for Design B 30 160CT95 A 03JANIS A - 100 /W
103 "PAID's - Issue As-Built ' 15/01SEP98* 225EP98 o N
104 'PFD's - Issue for Design 10 O1FEBI6 A 03JANGZE A | 100 VA
105 Receive LIGO comments on updated prelim design 10 030CT95 A 10NOVI5 A - 100 /= :
106 'Finat issue of Ph B update of prelim design pkg 30 13NOV95 A DIDEC95A 100 1 A7 : _
"4, Eary start paint Dala date 01MAYS6 Date Revision Checked Approved
f_i::: :;ir‘“ posnt Process Systems International, Inc. ‘ 03IMAYO6 Final Design Pkg PFH REB
P . Frogress bar Rundate O3MAY96
S O vy ar LIGO Vacuum System Project :
A Progress pont Filter All Activities
I g Suneey it Project Schedule  Layout System
L

1Aof18A - © Primavera Systems, Inc. -




issve QA Plan for Vessels " 10i02JANS6A 1BMARDGBA! 100
"Prep shock, vibration, & noise madel (CAA) © 90°300CT95 A 26APRYG A | 100
'Develop power calculations/requirements 10: 12FEB96 A D1MARY6 A 100
"Failure mode and effect analysis " 9 02APR36A 26APRIGA 100
'Hazard analysis | 20°04MARY6 A O1APRYGA . 100
‘Prepare an instaliation spec and procedures : 1'5' HAPRS5 A *30A’PR96 A 100
'Prepare commissioning and testing plans ‘ 20 22JANSE A 29APR96 A 100 ‘ ‘ [
‘Prepare packing lists ' 10‘ 120UL96  250UL96 . 0 a
"Prep Vacuum Eqt Maintenance Requirements  15/01MAY96 [ 21MAY96 0: LA
"CAA finalize model & design requirements " 10 17JULSE  130JULSE 0 Y A
"Preparation of a drawing iree - 15" 01MAR96 A 14MARSE A~ 100" Y
" Bldg/utility interface definitions (PSI to LIGO) 20 01FEB96 A EZQFEBQG A 100; Y
Washington Cormer Station Overall Design 177 *.040CT95 A 1 18JUNSB 9@
WACS - LVEA equipment arrangement dwgs 102 040CTY5 A - 23FEB96 A 100; /T
'WACS - Anchor bolt design 10 01MAYS6 14MAYS6 o: ' v :
7WACS - Piping general arrangement design _ o 40_26FEBQGA :ZGAPRQG A ‘ 1DDi f.‘i’ .
WACS - Piping isometrics & cut sheets 30 07MAYZ6 18JUN96 0: .
'WACS - Pump support design ' " 10 O5FEB96 A ! 13FEBQE A 100° N
"WACS - Pipe & misc structural supports ' 2 2DAPRO6 A | 30AF‘R96 A 100 W
'WACS - Cable tray layout & power plan " 30 OSFEBYS A | 18MARSE A 100, /W&
'_WAcs - Instr/controls plan 5‘09APR96 A 524APR96 A | 100" N
WACS - Instrielect details ' 4 17APR95 A 24APR96 A 100 oy
" 'WACS - Interface wiring design ' 15 DIMARGE A 13MARIE A 100 o R
'WACS - lon pump controller cabinet layout ' 10 25MARYSA 24APROGA 100 . i W 1
'WACS - Instrielect cable schedules 5 DIMAY96 OTMAY9S 0 . & [
~"" 7" Washington Mid-Station Overall Design ~ 192*.040CT95A 10JUL9E 75—
" 'WAMS Right - LVEA equipment arrangement dwgs 102 040CT95 A O9FEBYE A LT 100 jwe— |
" WAMS - Anchor bolt design ' " 10.01MAY96 14MAY9E 0 A
'WAMS Right - Piping general arrangement dwgs T 40:22JAN96 A 12APROE A : 100 /-i ‘
"WAMS Right - Piping isometrics & cut sheets . 30.07TMAY95  18JUNDG 5 0o -V
"WAMS - Cable tray layoul & power plan _30 05FEBY6 A L18MAR96A 100 = WY
WAMS - Instr_!controls plan _ 5 09APRY6 A |24APR96 A 100; o \I
WAMS - Instr/elect details 4 17APR96 A | 24APR96 A 100 A
'WAMS - interface wiring design " 11 DIMAR96 A’ 13MAR9E A 100; A
'WAMS - lon pump controller cabinet layout | 10 25MAR96 A 24APROGA 100 1w T T Tt
'WAMS - Instrfelect cable schedules ~ 30IMAY96 O3MAY®S . 0 ;lk _
"7, Eady stan poin " Datadate  O01IMAY96 : Date ' Revision Checked Approved
-::::::;5“ point Process Systems International, inc. T 03MAYOE Final Design Pkg PFH " REB
P W Frogress bar Run date  03MAY96 ‘
S —grir:‘r:la‘::bnr LIGO Vacuum System Project - . L
[ : & e
Y Snmisiona point Project Schedule 2A0f1BA é Primaver: Systems, Inc,
Y Finish milesione point




At Description . - ' 19951 o
S e e T TR TR IREEARRRERER
143 Washingten End Station Overall Design 197 * D4OCTI5 A . 17JULIE 73 U———“———“\?
144 WAES Right - LVEA equipment arrangement dwgs 81 040CT95 A - 10JAN9S A 100 /— e C o
145 "WAES - Anchor bolt design " 10 DIMAY9S  14MAYSE 0. Y ' ‘
146 'WAES Right - Piping general arrangement dwgs 30 11JANSS A 12APRY6 A 100 - /N
147 "WAES Right - Piping isometrics & cut sheets " 30°07TMAY36  1BJUN9E 0 [
148 ‘'WAES - Cable tray layout & power plan 30 O5FEB96 A 1BMARSB A 100 T/
149 'WAES - Instr/conlrols plan " 5 09APR96 A 24APROG A 100 : A
150 'WAES - Instr/elect details "~ 4.17APR95 A 24APR96 A 100 _ Py
151 'WAES - Interface wiring design " 11:01MAR96 A 13MAR9B A - 100 Y
152 'WAES - lon pump controller cabinet layout 10 25MAR96 A 24APR9G A 100 b\
153 'WAES - Instr/elect cable schedules " 3.01MAY96 O03MAY96 0 (
164 Louisiana Comer Station Overall Design 27 1BJUN96  25JUL96 0 T
165 LACS - LVEA equipment arrangement dwgs . 7.18JUNSE .26JUNSE 0 &
156 'LACS - Anchor bott design { 8'05JULSE -16JULIE 0 A
167 "LACS - Piping general arrangement design " 505JUL96  11JULYE 0 i
158 "LACS - Piping isometrics T 10 12JUL96 25JUL96 0 .
159 "LACS - Cable tray layout & powar plan ' 5 18JUN96  24JUN9B 0 N
160 "LACS - Instricontrols plan 7 1BJUNYS | 26JUNYG 0 a4
161 'LACS - Instrfelect details | 5'27JUN96  ;03JULSE 0 A
162 'LACS - Interface wiring design ' " 505JULS6 :11JULZG 0 N
163 "LACS - lon pump controller cabinet iayout " 4.05JULSE  10JUL96 ) i .
164 'LACS - Instrelect cable schedules © 412JUL96  17JULE 0 N
165 Louisiana End Station Overall Design | 27 18JUN®S  125JUL96 0 | e
166 LAES Right - LVEA equipment arrangement dwgs j 3 18JUNSE  20JUMSE G N
167 "LAES - Anchor bolt design " 3i28JUNS6 | 02JUL96 0, | N
168 LAES Right - Piping general arrangement dwgs 7 3i03JUL96  0BJUL9E 0, i |-
169 LAES Right - Piping isometrics & cul sheets © 5112JUL96  18JULYE . 0l ; ] .
170 iLAES-CabIe tray layout & power plan _ . ' 1 ‘”"'3-';18JUN96' "":720JUN967 ! 01‘ . : ! }’\ o
171 .LAES-Instn‘oonlrols plan _ | 3%1BJUN96 EZOJUNQB i 0. ; jf\(" b
172 'LAES - Instrielect details _ | 3]21JUNS6 | 25JUN9E ! 0 - A
173 LAES - interface wiring design 3 26JUN96 i28JUN96 : 0 : Y
174 "LAES - Jon pump controller cabinet layout | 2/26JUN9 !LZTJUNBS 0 Ko
175 LAES - |nstrfelect cable schedules o 2101JUL96 iO2JUL96 ; 0 Al ' B
180 Procure piping materials ¢ B0 26JUL96  040CT96 0 s - Y
181 'Prepare cui sheets from piping isometrics " 20 16AUGY9S  13SEP9S 0 B, YA
182 Fabideliver WA pipe spools | 80070CT96 31JANO7 | 0 [
¢, Eady stad point . Data date GIMAY96 : Date : Revision " Checked ~ Approved
-::: finish poim Process Systems International, Inc. | 03MAY96 _ Final Design Pkg ' PFH REB
P N Frogress bar i Rundate 03MAY986 . i
S -EL"JJ'a'ﬁLa, LIGO Vacuum System Project ] L ‘
| ;
o Ston mbesions point Project Schedule 3A0f1BA | éF‘rirnavera Systems, Inc. : '
&  Finish milesione point ‘




" Fabideliver LA pipe spools T g0 070CTes 31JANGT ‘
184 'Update the 3D model ' 10' 25MAROS A OSAPRYG A 100 DA
185 'C.0. #5 - Add cw supply to roots & turbo pumps ' 20 240CT95A 12JANSE A 100 -y
186 CO #11 - WACS beam manifold spool changes ' 25 21DEC95 A 26JANG6 A | 100, RY;
188 'CO #14 - LVEA changes to mid/end mech rooms. 1 09JANGG A O2FEBIG A 100 A Y
190 'CO #16 - BSC removable spools due to space limit - 15 16JANSE A . 14MARSE A " 1001 -
192 'CO #18 - Reduce annulus pumping speed © 15 14FEB96 A :06MARZS A 100! Y
194 CO #19 - 30" Mode Cleaner Tube Changes " 15 14MAR96 A 01APR96 A w00, oA i
196 ‘Conduct final design review with LIGO . 2 22MAY96* (23MAY96 0. e
197 'Prepare & Issue Final Design Package Draft 15 10APRY6 A (06MAY96 73! -,
198 'Receive LIGO Approval of Final Design Package T 417JUNGS  1TJUNGE 0 -
199 ‘Final Issue of Final Design Package 5 26JULY6  O1AUGYS o .
105A 'LIGO approval of the Project Mgmt Plan 15 D30CT95A :06DECO5 A - 100 /W7 o
118A 'PSl to receive revised WA bldg dwgs for comments 1 22APROB A '22APRO6 A 100. N
118B 'PSl to receive LA bldg dwgs for comments © 1 17JUNS6 * 17JUNSE 0. bl
120D 'WACS - Equipment detail dwgs " 40 26FEBY6 A 19APRUS A 100° -/,
1330 ‘WAMS Right - Equipment detail dwgs ' 4D 12FEB96 A [ 12APRO6 A | 100, -
133DL  WAMS Left - Equipment detail dwgs 3 16APR95A 18APRI6A 100° '
133L 'WAMS Left - LVEA equipment arrangement dwg 2 16APRYBA | 17APRYS A 100 S B
1350 WAMS Left - Piping general arrangement dwgs ; 5 18APRO6 A | 24APRIB A | 1000 .Y :
136L 'WAMS Left - Piping isometrics & cut sheets " 15.19JUNS6 | 10JUL9E . TR Y

144D WAES Right - Equipment detail dwgs © 77T 27°11JANSS A [12APRY6 A | 1000 . ey ‘
144Dl WAES Left - Equipment detail dwgs l 3‘15APR96A'1BAPR96A‘ 100; L (N v
1440 'WAES Left - LVEA equipment arrangement dwg L 2 16APRIS A | 17APR96A‘ 100: ' s IR f
146L WAES Left - Piping general arrangement dwgs 5 16APRSG A . 22APR96A 100: O
1471 'WAES Left - Piping isometrics & cut shests | 20;13JUN9E | 17JUL96 of ~
155D LACS - Equipment datail dwgs 5:27JUNSS  {03JULYS Ol : a
166D LAES Right - Equipment detail dwgs 3 25JUN96' 12?JUN96 0, e
1660L LAES Left - Equipment detail dwgs ' 3! 28JUN96 \02JUL96' ) 01 : RO " S
166L 'LAES Left - LVEA equipment arrangement dwgs 2.21JUN96 | 24JUNG6 O |, 11 i,
" 'LAES LeR - Piping general arrangement dwgs | 3.00JUL9G  111JULYE o1 a
'LAES Left - Piping isometrics & cut sheets 77 Bl1oauLes | 254UL96 0o a ‘
Begin Vessel Fabrication - Washington @, 18JUN3B o ] # .
1 Begin Vessel Fabrication - Lovisiana . 0|06FEBS7 ' 0 . : ®
] Order First Article Material 0 14DEC95A 100 R 4 1
o Eany siar pae ) o ~ Datadate O1MAYS6 | Date Revision " Checked  Approved -
.’-s::i g';'j" painl Process Systems International, Inc. : | 03MAY96 | Final Design Pkg PFH REB
P M Progress bar Run date  03MAY96 ; .
- Crica bar . I
~ Summary bar LIGO Vacuum System Project ) o |
S I N ZE'E:.‘;’?&'“ 'f:te;m gll :t\g::mes
S St mimstonn pumt Project Schedule 4A0f18A ©yPrimaver': Systems, Inc. '
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. Complete Prolotype Vessel Tesls- ORI SO SOt SRS S

1687

1998

LEET

Design HAM Vessels 96 13SEPS5 A {04APRI6 A | 100 f—u
'Design BSC Vessels 45 13SEP95 A |O5DEC95 A 100, e, | - T
'Design BSC chamber fab fixtures 15 26FEB96 A 15MARSE A’ 100 L%
'Design long BOK cryopump vessels 30 13NOVI5 A 30APRY6 A - 100 _[
Design adapters and spool pieces 121" 11JANSG A D2JuLse - 64 B e
'WACS - Prepare skid/pre-assy details " 20.01MAY96 D1MAY96 100 r'
'WAMS - Prepare skid/pre-assy details " 10:01MAYS6 | 14MAYS6 o N
'WAES - Prepare skid/pre-assy details " 10'01MAY98  14MAY96 e A
'LACS - Prepare skid/pre-assy details ©15'12JUL96  D1AUGYE 0 ‘ F 9
'LAES - Prepare skid/pre-assy details © 10.09JULS6  22JULSE 0 N |
'Prepare a vessel fabrication specification | 20.300CT95A 15DEC95A, 100 /w&/ |
‘Prepare a final cleaning procedure B 10 16APROBA 20APRIGA 100 A \
lDeveIop a leak test procedure ‘ 20: 19FEBY6 A :ZQAPRQG_A _ 100_ o f-i’ ‘
Develop a bakeout procedure 15 01APR96 A 22APRO6 A 100 ‘ X
'Develop welding procedures " f0i15JANOG A 22FEBSB A 100 s Y
'Design and specify test/shipping covers ‘ 25'01 DEGS5 A 322APR96 A 100 | /——
'Bellows expansian joints - Prepare Purchase Spec 10 Q1FEB96 A DQFEBQG A 100 A
'Bellows expansion joints - Bid/Purchase 69 items ' 20'12FEB96 A 10MAY96 60 ‘
"Bellows expansion joints - receivefreview v/dwgs - 25, 23APRY6 A ‘07JUN96 ‘ 24
Bellows expansion joints - Fab & ship 68 items " B0 10JUNYS ‘103SEP96 0
"Order mat'l & fab test/shipping covers ' ' 80: 18JUN96 | D9OCT96 ‘ 0
'5S Vessel Mat'l - Bid & purchase total quantity 20 31JANDG A 03MAY96 : 85
'SS Vessel Mat! - Fab & deliver 1st shipment 40 06MAYO6 28JUNSG | 3
'Vessel Heads - Bid & purchase total quantity 30!05APR96 A | 17MAY96 | LTARE
'Flange Forgings - Bid & purchase total quantity | 25 05APR9G A 10MAY96 68
'TFIange Forgings - Fab & deliver 1st shipment '”502 13MAY96 E23JUL96 0\ _
Release vessel material for shipment ; 3 18JUNSE 1 20JUN9E 0
Vessel Heads - Fab & deliver 1st shipment " 60 20MAYS6 [ 13AUGS 0l
'BSC's - Fab and test WA vessels (10) 1218* 14AUGSE [ 24JUND7 0i
'BSC's - Fab and test LA vessels (5) 158 * OBFEB97  18SEP97 0
'HAM's - Fab and test WA vessels (12) |232°18JUNSE | 16MAYS7 | 0:
'HAM's - Fab and test LA vessels () 127 % 13FEBY7  12AUGY7 | 0
‘WA Beam Tube Manifolds / Spools / Adapters -Fab = 170 24JULS6  26MARS7 | 0 |
‘WA BTM/Spools/Adapters - Clean/test/prep to ship 170 21AUG96  23APR97 ‘ 0. .
"Long 80K Cryopumps - Fab & test WA pumps (2} 125* 14AUGY6  12FEB97 0: ;

¢, Eary start paint  Datadate O1MAY96 Date Revision Checked Approved
/ E::,Y Friah pownt Process Systems International, Inc. . D3MAYO6 " Final Design Pkg " PFH ' REB
W Progress bar Run date  D3MAY96 ' ' ' '
- Critical bar .
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Finish milesione point X

lLong 80K Cryopumps Fab & test LA pumps (2) . 05+ 15MAY87  20SEP97 0 G TITTTIIT E I E L
“Short BOK Cryopumps - Fab & test WA pumps (6) 175 22NOVIE  01AUGYT 0 G B
"Short 80K Cryopumps - Fab & test LA pumps (2) | 70*T14JULST  1200CT97 0 T
'LA Beam Tube Manifolds / Spools / Adapters - Fab 100 27MAR9S7 | 15AUGST 0 SRR,/
"LA BTM/Spools/Adapters - Cleanftest/prep to ship 100 0BMAY97 i 20SEPS7 o .o
O #6& - Additional bracing on BSC chamber 15 21NOV95 A 21DECO5 A 1000 /&
"GO #10 -Increase pumping surface clear aperature 9 12DECE5 A :21DE095 A 100, A . f
'10" Benchscale Vessel Program 116 * D4DECO5 A | 17MAY96 ' 89; T j
'CO #13 - BSC internal floor loading requirements | 20 190CT95 A |06MARYE A 100 /N— ‘ : ‘
1t Article HAM - Procure fab materials 50 0SAPROS A [17JUNSE 34 - :
“1st Article HAM - Bid & award fabrication 30 DSAPRIB A | 17MAY96 T : .
__ :'Des|gn long 80K eryopump shroud _ 20 27NOVES5 A ;zsAPRQﬁs A 100 —i Co
7 Design short 80K cryopump vessel 501 13NOVE5 A ;26APR96 A . 1005 /_I’
Design short 80K cryopump shroud 60 DINOVIS A | 26APRI6 A 100 ",
"Conduct a plasma welding investigation 10 130CT95 A 310CT95 A 100 A
Procure a plasma welding machine 20 20NOV95 A - 15DECO5 A 100 /%
‘Qualify Welding Procedure for Plasma Welding 10 02JAN96 A 22FEBI6 A 100° -
"Procure cleaning equipment 20 24JANS6 A 16FEBY6 A 100 A Y,
"Conduct materials testing program 10 01APRSE A 1 12APRI6 A 100 &l
Conduct a viton investigation 15 22APROE A | 17TMAYS6 13 A Y2
“Short 80K Cryopump - Procure shroud mat {1) 10, 01MAYI6 :14MAY96 0 : : L :
Short 80K Cryopump - Fab shroud for prototype 30__'1 15MAY96 | 26JUNOE of ‘ .
Order Prototype BSC Flange Forgings 5| 0BDECE5 A | {13DECS5 A 100, &)
"Fab and deliver Prototype BSC flange forgings 53 14DEC95 A | 13MAR9E A 1 100: . Vi o
‘Order Prototype BSC shell, head, & nozzle mat'l 5 OEDEC95 A ‘MDECQS A \ 100i A ' -
jFab & del Prototype BSC head, shell, nozzle matl | 50 15DEC95 A - 12MARS6 A‘ 1005 - a_% S
‘Fabrjcate Prototype BSC Vg.ssel i 38 727(7)1MAY96 7:724JUN96 L O L : .
_Tesl program for F'rulotype vessel ‘ 33 *EZ?JU‘NQG _ {13AUGBG L 0 o : M
‘Fabricate chamber fab fixtures o 15 08APR96 A 10MAYSG ‘ 47; Y | P
Order mat" for test/ship covers for prototype 40:15DECT5 A - 13MAR96 A | 100, | /e o
:Receip_l_of 143 of SS vessel material °i l05JUL96 i oi . ? 0 o
‘Receipt of 2{3 ,Of, S8 yessel material Of }OTNOVQS 1 0 : ¢
Receipt of All 55 vessel material o 10FEBY7 4 0 i *
.Complete fab on 1_!3 of WA vessels 0: ;08JAN97 | 0‘ ' L J
Complete fab on 2/3 of WA vessels 0 '30APRY7 . 0 ) »
‘Comp1ete fab of all WA vessels 0 %26JUN97 0‘ L 3
‘ :::: ::.':hp::.':.t Process S . Data date Q1MAY96 _ Date o R_evision _ Checked _ Approved
SR oty bor ystems International, inc. _ 03MAY96 Final Design Pkg PFH REB
P W P rogress bar Rundate 03MAY98 ‘ ' '
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14B ‘Complete fab on 2/3 of LA vessels ' ‘ Oi | 22SEPY7 0: : e *
14C Complete fab of all LA vessels 0; 15SEP97 0 ‘ +*
260A 10" Benchscale Vesse! - System Engineering 20/04DEC95 A OBJANSS A 100 . MW/
2608 10" Benchscale Vessel - Procure materials ~ 3009JAN9SA O1MARIG A 100 /w7
260C 10" Benchscale Vessel - Fabricate vessel ~ 10:11MAR9S A 22MAR9G A 100 A
260D 10" Benchscale Vesse! - Conduct test program  34/01APR9GA 17MAYDS 62! 1 : *
260E 10" Benchscale Vessel - Order matifab new sectn ~ 15i25MARGS A 30APR96 A | 100, ! s VI
2954 Prototype BSC Fab - Roll/iweld shell (outside)  4.01MAYS6 0BMAYSG - 0 .
205B  Prototype BSC Fab - Weld on heads (outside) " 4113MAY96  16MAY96 0 : -
295C "Prototype BSC Fab - Cut/weld nozzle necks T8 1TMAYSS  23MAYDE | 0 ' : o
295D Prototype BSC Fab - Machine fianges/linds (outy 5 24MAY96 | 31MAYS6 0 "
295& ‘Prototype BSC Fab - Stress refieve {outside) 5 24MAY96 331MAY95 0 ary :
295F 'Prototype BSC Fab - Square off nozzles (outside) 2 03JUNSE  04JUNSS o &
205G  Prototype BSC Fab - Weld on flanges 4 05JUNS6  : 10JUNS6 o Y
295H  Prototype BSC Fab - Instalf welded attachments 3 11JUN9E 13JUN9G o ™Y
2051 Prototype BSC Fab - Install internal fioor suppt 1 14JUN96 - 14JUNDB 0 a
295) Prototype BSC Fab - Instali annulus tubing & pmp 3 17JUNDB 19JUNS9S 0: -
295K Prototype BSC Fab - Clean chamber to spes 3 20JUN9E  24JUN96 0 -
206A :Start prototype tesling program 2:'27JUN96 l 28JUN95 0 &
2968 Prototype Test - Rough leak check 4 D1JULSE ' 05JULSE 0 ik
296C Prototype Test - Bakeout 7 0BJULDS ' 1BJUL9G 0 -
296D "Prototype Test - Perform dimensional check © 117JULSE  [17JUL9E 0, -
296E  Prototype Test - Final leak check © 418JUL9G  |23JULSG 0: Y
296F "Prototype Test - Ultimate pressure test © O 7'24JUL9E  01AUGEE 0 ; N Y
296G "Prototype Test - Install cryopump shroud " 4 028UGY95 i 07AUGYE 0: . : Y
296H  Prototype Test - Vibration/bailoff test 7 4.0BAUGYS 13AUGY6 0 -
9C 'Place PO for S$ vessel material (main release) B}  03MAY96 0 _ ®
LBSCOIF LBSC1 - Outside fabrication ssibeFEBw " |23APRY7 ' ol : -
LBSCOIT LBSC1 - Final fab/clean/test/prep for ship 55 24APR97 (11JULS7 | 0, i /YR,
LBSCO2F "LBSCZ - Outside fabrication ' - 55 12MARS7 [28MAYS7 o 7 o
LBSCO02T LBSC2 - Final fab/cleanftest/prep for ship - 55:29MAY97 | 14AUGH7 0i SN,
LBSCO3F LBSC3 - Outside fabrication '  5524FEB97  OOMAY97 0: [
LBSCO3T LBSC3 - Final fab/cleanitest/prep for ship . 55.12MAY87 | 20JUL87 0 , . %
LBSCO4F LBSC4 - Qutside fabrication " 55/15APRO7 |01JULe7 0 B
LBSCO4T LBSC4 - Final fab/cleanftest/prep for ship | 55.02JUL97  18SEPY7 R Bl
¢, Earysiad point ' " Datadate 01MAY96 Date Revision - Checked Approved
-::::::'rs" point Process Systems International, Inc. . 03MAY 96 Final Design Pkg " PFH REB
P WY Frogress bar Run date 03IMAY96 ; ‘
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LBSCO5F LBSCS - Outside fabrication 55 28MARS7 M13JUNS7 0 Nl /Y-
LBSCO5T LBSCS - Final fab/clean/test/prep for ship 55 16JUNS7  |02SEPG7 oi | | Y
LCPIF  LCP1 - Fabricate long BOK cryopump 50 15MAY97 }25JUL97 0 ‘ ! Y
LCPIT ‘LCP1 - Final clean/test/prep to ship long pump 25_28JUL97 ‘329AUGQT Oj I | ; ! ! /\/
LCP2F LCP2 - Fabricate long BOK cryopump 50I13JUN97 _22AUGQ? ; 0 D | ‘J L
LCP2T LCP2 - Final clean/testprep ta ship iong pump 26:25AUGS7 1 29SEP97 ! 0, f L Y
LCP3F  LCP3 - Fabricate short 80K cryopump 50:14JULS7 ' 22SEPS7 0 /7
LCP3T  LCP3 - Final cleanftest/prep to ship short pump 25/235EP97  270CT97 0 L Vo
LCP4F  LCP4 - Fabricate short 80K cryopump 25 11AUG97  15SEP97 0 h Y
LCP4T 'LCP4 - Final cIeanﬁesUprepto ship short pump ZSEISSEPBT ?ZDOCTQT i D: ' /‘/ ; r
LHAMO1F 'LHAM1 - Outside fabrication T 45.13FEBY7 ' 16APR97 | 0 I ¥ :
LHAMO1T "LHAM1 - Final fab/cieanitest/prep for ship 3217APR97  02JUN97 - 0 -/
LHAMO2F LHAM2 - Outside fabrication 45|27FEBS7  30APR97 0 /-7
LHAMO2T 'LHAM2 - Final fablclean/test/prep forshlp 32/01MAYO7 18JUN97 0 - . Vi
LHAMO3F LHAM3 - Outside fabrication ' 45113MARS7 ' 14MAYDT 0 ! s VAN
LHAMOST LHAMS - Final fab/cleanftest/prep for ship 32/ 15MAY97 | 30JUNS7 0 ; - Vi
LHAMO4F LHAMA4 - Outside fabrication 45 24APR97  26JUNS7 0 j i ¥
LHAMO4T LHAM4 - Final fablcleanttestiprep for ship 32 27JUNS7  12AUGY7 0 : ps - %
LHAMOSF LHAMS - Outside fabrication " 45i10APRA7  12JUNG7 0 : .Y
LHAMOST LHAMS - Final fab/cleanitest/prep for ship 32'13JUNS7  29JUL97 0 | - V8
LHAMOGF LHAMS - Outside fabrication 45 Z7MARGT  29MAY97 0 ! Y
LHAMOBT LHAMS - Final fab/cleanitest/prep for ship 32/30MAYS7 15JUL97 0 i Y
WBscmF'WBsm Outside fabrication 55 040CT98 24DECS6 0 o
WBSCO1T WBSCT - Fmalfablcleanltesllprep for ship 55 26DEC96  13MARS7 0 -
'WBSCO2F WBSC2 - Outside fabrication - 55 0BNOVOE  29JANST 0! v
WBSC02T WBSC2 - Final fablcleanltestlprep forshlp 55 30JANG7 E16APR97 0I /NBES,
WBSCO3F WBSC3 - Outside fabrication o 55 230CT96 | 13JANG7 | 0, N/
WBSCO3T WBSC3 - Final fab/cleanttestiprep for ship 55 14JANS7  |31MARS7 0! . h
WBSCO4F ‘WBSC4 - Outside fabrication 55 14AUG6 |310CT96 o ] e—
WBSC04T WBSC4 - Final fab/cleanftestiprep for ship 55.01NOV96 '22JAN97 0 3 DR, VAN
WBSCO5F WBSCS - Outside fabrication 55 03JANG7 | 20MAR97 0, N,/
WBSGCOST WBSCS - Final fab/clean/test/prep for ship 55:21MARS7 | 06JUNS7 0 . /R
WBSCOBF WBSCH - Outside fabrication 55:26NOVO6 ' 14FEBOT7 0 Y
WBSCO6T WBSCE - Final fabiclean/test/prep for ship 55 17FEBST  02MAY97 0 N
WBSCO7F WBSC7 - Outside fabrication 55 30AUG96  18NOVI6 0 g
WBSCO07T WBSC7 - Final fabiclean/test/prep for ship 55 19NOV9S  07FEBS7 D /Nl
v Earystartpoim Datadate 01MAY9E Date ‘ Revision " Checked Approved
&mmnmr Process Systems Intermnationai, Inc. ' ' " O3MAY9S " Final Design Pkg o " PFH "REB
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"y l _Description | 998 | TTTTigg8 1999"
Tl ' R AL L A AL ELRELLERLEEEEL
WBSCO0BF WBSCS - Qutside fabrication 55/18SEPY6  OBDECY9S 0 P,
WBSCO08T WBSCS - Final fabiclean/test/prep for ship 55 09DEC96 '25FEB97 0: 1 . Y,
WBSCO09F WBSCS - Outside fabrication ' 55'21JANS7  :07APR97 0, Y
WBSC09T WBSCS9 - Final fab/clean/test/prep for ship 55 OBAPRO7  24JUNS? 0 S el
WBSC10F 'WBSC10 - Oulside fabrication " 55 16DEC96 | D4MARST Qi s Vi
WBSC10T WBSC10 - Final fab/clean/test/prep for ship 55 0SMAR97 | 20MAY97 0 : Y
WCPIF  WCP1 - Fabricate long 80k cryopump 50!14AUGSS  [240CT96 0! ; - A -
WCPIT  'WCP1 - Final cleanftest/prep for ship long pump 25/250CT96 |020EC96 | 0 s %
WCP2F  WCP2 - Fabricate long 80K cryopump 50|250CT96 [0BJANSGT | 0 ' o—
WCP2T  WCP2 - Final cleanftest/prep to ship long pump "25|0gJANG7 < 12FEB97 | 0 - %
WCP3F  WCP3F - Fabricate short 80K cryopump 50/22NOV96  |OSFEB97 o amm,
WCP3T  WCP3 - Final clean/test/prep to ship short pump 25.06FEBS7  12MARS7 o Y
WCP4F  WCP4 - Fabricate short 80K cryopurmp "50:24DECS5  O5MAR97 | o Y
WCP4T  WCP4 - Final clean/test/prep to ship short pump '25/06MARS7 . 09APR97 o ‘ Y
WCPSF  WCPS - Fabricate short 80K cryopump 50 20FEB97  30APR97 0 onn
WCP5T  WCP5 - Final clean/test/prep to ship short pump 25101MAY97  05JUNS7 ! 0 Y
WCPBF  WCP6 - Fabricate shon 80K cryopump 50 20MAR97 -29MAYS7 0 sV,
WCP6T ~~ WCP6 - Final clean/test/prep to ship short pump . 25 30MAY97  03JULS? 0 s Vi
WCP7F  WCP?7 - Fabricate short 80K cryopump ' 50,23JANG7 ,02APR97 VRS B Y
WCP7T  WCP?7 - Final clean/testprep to ship short pump 25'03APRO7  [07MAY97 0: . . ¥
WCPBF  WCPS - Fabricate short BOK cryopump 50 17APRO7 ' 26JUN9S7 o A - ¥
WCPST  WCPS - Final cleanftest/prep to ship short pump 25 27JUNS7  101AUGE7 0 A Y
WHAMOTF WHAM1 - Outside fabrication © | 45.18JUNS6 '20AUGHE 0 -
WHAMO1T WHAMO1 - Final fabicleanitestiprep for ship 32121AUGS5  040CT9E o Y. Y
WHAMOZF WHAM2 - Quiside fabrication 45.15NOVE6  '22JANOT 0 - e Y
WHAMO2T WHAM?2 - Final fab/clean/test/prep for ship 32/234AN97 O7TMARS7 o Y
WHAMO3F WHAM3 - Qutside fabrication o 45/03DEC96 OSFEB97 0 s VO
WHAMO3T WHAMS3 - Final fab/cleanftestiprep for ship 32/06FEBY7  21MAR9T7 0 &7
WHAMO4F WHAM4 - Outside fabrication 45 16JANS7  19MAR97 0 Y
WHAMO4T WHAM4 - Final fab/clean/test/prep for ship 32 20MAR97 [02MAYS7 | 0 i ¥
WHAMO5F WHAMS - Outside fabrication 45 02JANS7  05MARS7 0 fa V¢
WHAMOST WHAMS - Final fab/cleanftest/prep for ship 32 0BMARS7 | 18APR97 0 A Y
WHAMOSF WHAMS - Qutside fabrication 45 17DEC96  19FEB97 0 B
WHAMOST WHAMG - Final fab/cleanftestiprep for ship 32'20FEBY7 | 04APRS7 o ., %
WHAMO7F WHAM?7 - Outside fabrication a 45 030CT96 (09DEC96 0 Y
WHAMO7T WHAM? - Final fab/clean/testprep for ship 32 10DECS6 ' 24JANI7 o SR
"4 Eaystadpoint ! Data daie O1MAY96 ‘ Date Revision Checked Approved
i&ui;"‘,.‘,“f“”"“‘ Process Systemns Internationat, Inc. : " D3MAYOE "FinalDesignPkg ~—~~ 'PFH = ' REB ‘
P NN Progress bar " Rundate 03MAY96 : P ‘
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PLMP - Pumping System

312
213
314
315
36
318
319
320
321
322
323
325

326

Perform vacuum/backfili calculations
Develop line list and fine sizing

" Develop piping specifications

'Prepare special material specifications
“Main Roughing Pump - Issue specification

i "Mair:luRoughing Pumps - Finalize bid & purchase {4
"Main Roughing Pumps - Receivefreview v/idwgs

'Main Roughing Pumps - Fabldeliver to WA BTC (2)

* "Main Roughing Pumps - Fab/deliver to LA BTC (2)
"Main Turbo Pumps - Issue specification
* Main Turbo Pumps - Finalize bid & purchase (10)
'Main Turbo Pumps - Recieve/review v/idwgs
"Main Turbo Pumps - Fab/deliver to WA BTC (4)
" Main Turbo Pumps - Fab/deliver to LA BTG (4)
"Main Turbo Pumps - Fab/deliver to Westbaro (2)
" Aux Turbo Pumps - Issue specifications
“Aux Turbo Pumps - Finalize bid & purc'hase (10
‘Aux Turbo Pumps - Receivelreview vidwgs '
"Aux Turbo Pumps - Fabideliver to WA BTC (2)
"Aux Turbo Pumps - Fab/deliver to LA BTC (2)
“Aux Turbo Pumps - Fab/deliver to Westboro (2)
" Aux Turbo Pumps - Fab/deliver to WA site (3)

10/230CT85 A 03NOVE5 A |
30 06DECS5 A 03JANGS A
13'27NOVO5 A 22JANGE A :
20:0BJANDS A “26APRIG A |
10:160CT95 A 270CT95A |
15!06NOV95 A 12DEC95 A |
30/ 13DECY5 A 02MAY95
75'03MAYS6  19AUGESE
311 03MAYS6  15JULG7
10 160CT95 A 270CT95 A -
15 0BNOVS5 A 12DECO5 A |
30 13DEC95 A 13FEBS6 A
95 14FEB96 A '19AUGY
330 14FEB96 A 21JULO7
40 14FEB96 A | 31IMAY96
5 160CT95 A ' 270CT95 A
15/ DBNOVI5 A 12DECI5 A

30 13DEC95 A '13FEB96 A |

110" 14FEB96 A 14AUGSE
330 14FEB9Y6 A ' 21JUL97
40! 14FEBY6 A '31MAYSE
340°'14FEB96 A D4AUGI7
465 14FEB96 A 30JANSS

At ' Description |G Coreent . 1998 1595
WHAMOBF WHAMBS - Outside fabrication 45.180CT96 |23DECY6 0!
WHAMOBT WHAMS - Final fab/clean/test/prep for ship 32 24DEC96 |OTFEBO7 | o
WHAMO9F - WHAMS - Outside fabrication 45 0INOVGS 0BJANS7 o
WHAMOST WHAMI - Final fab/cleanftest/prep for ship 32 09JANST :21 FEBO? o
WHAM10F WHAM10 - Outside fabrication 45,19SEP96 |21NOVIE 0
WHAM10T WHAM10 - Final fab/clean/test/prep for ship 32'22NOV96 ' 10JANS7 ! 0
WHAM11F WHAM11 - Qutside fabrication 45!05SEP96  |0O7TNOVSE 0 -
WHAM11T ‘'WHAM?11 - Final fab/cleanftest/prep for ship 32! 0BNOVYE .26DEC98 : 0
WHAM12F WHAM12 - Qutside fabrication 45'21AUGO6  1240CT96 0
WHAM12T WHAM?12 - Final fab/clean/test/prep for ship 32'250CT9% 11DEC96 | 0
WHAM13F WHAM13 - Outside fabrication 45:30JAN97  02APRS7 | 0
WHAM13T WHAM13 - Final fab/clean/test/prep for ship 32 03APR97  16MAY97 o

" Aux Turbo Pumps - Fabideliver ta LA site (1)

Data date D1MAYY6 Revision

* Final Design Pkg_
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~ 03MAY98E
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B A;St | T 097 11998 _1_99"9‘%
Cogmge aEl T : dbebd pb bbd Lt R BRIV EL B B 3
327 All lon Pumps - lssue specification 20:06NOWVEE A )

328 Main lon Pumps - Bid and purchase (18)  7.20NOVS5 A 22FEBIG A . 100
329 :Main lon Pumps - Recievefreview vidwgs 40? 23FEB96 A | 30APR96 A | 100_‘ '
330 Main lon Pumps - Fab/deliver to Westboro (1) © 43:01MAYSE | D1JULSE 0
331 "Main lon Pumps - Fabideliver to WA site {12) | 318:01MAYS6 |DTAUGYIT | o
332 "Main lon Pumps - Fab/deliver to LA site (5) " 445 01MAY96  30JAN9S ' L]
333 'Annulilon Pumps - Bid & purchase {43lg & 32sm) ' 4'20NOVS5A|22FEBSSA | 100!
334 "Annuli lon Pumps - Receive and review v/dwags i 40|23FEB96 A 30APROEA 100 . 0
335 "Annuli lan Pumps - Fabrdeliver to Westboro (2) ' B 01MAY95 |10MAY9S 0 ;
338  Annulilon Pumps - Fabideliver to WA site (48) | 318/01MAY96 [01AUGS? . 0
337  Annulilon Pumps - Fab/deliver to LA site {25) . 444/01MAYSE | 30JAN9B 0
338 Gather urbomolecular pump vibration data (CAA)  20103JUN96 128JUNSE 0!
333 Gather Main lon Pmp controls vibration data (CAA ~ © 10°02JUL96  [16JULSE ]
340 'Design main turbo pump cart vib dampeners " 15:01JULDE  22JUL9E 0
341 Design Mainfon Pumpsuppots | 20 26FEBY A '01MARS6 A’ 100,
342  Perform cryopump process calculations 7 10'020CT95A '130CT95 A 100] /
343 "LN2 System - Perform detail design ! 25 22JANSG A 'O2FEBYS A | 100/
344 "LN2 System Components - Issue specifications . 10°05FEB96 A 29FEBR96 A ' 100
345  LN2 System Components - Bid and purchase ! 60 01MARDB A 19JUNSS 42|
346 LN2 System Components - Rec/rvw vidwgs ' 40 20JUN9S 15AUGH 0
347  LN2 System Components - Fabideliver to WA site ' 231 16AUGSE  16JULST 0.
348 LN2 System Components - Fab/deliver to LA site ' 357 16AUGYIE  14JAN9B o!
350  LN2 Dewars - Prepare specification "~ 5 0IMAR96 A 13MARS6 A 100
351 LN2 Dewars - Bid and purchase (12) . 40 14MARSS A'17JUNSE 68.
352  LN2 Dewars - Receive & review vendor drawings " 4071BJUNSS  13AUG9E 0
353 "LN2 Dewars - Fab/deliver to WA site (8) | 233.14AUGY9S 16JULST | 0:
354 LN2 Dewars - Fabideliverto LAsite (4) 359 14AUGH6 14JANSS 0
355  WJLines - Prepare specification ) ~ 10'01APRS6 A |26APR9G A . 100]
356  'WJLines - Assemble isos, bid, and purchase | 20/18JUNSE  16JUL9E | 0.
357 Wl Lines - Receive and review vendor drawings . 30°17JULSE  I27AUGSE | 0
358 VA Lines - Fabideliver WA site lines (8 sets) | 223 28AUGY9 16JULIT | 0
359 'VJ Lines - Fab/deliver LA site lines (4 sets) | 349,28AUGO6  14JAN9S | 0 Co
362  C.0.#3-Designfablinstall CS pipe bridge  20°240CT95 A 26JANSS A | C100°
364 C.0. #8 - Foundation design for LN2 dewars 11 30NOVO5 A 16JANSE A 100 i /WS
366 "~ CO#12 - Add freon cooling sys to BTD pump carts 25'05DEC35 A D6MARIE A | 100 ,{._f
368  CO#15- Add 8" port to main ion pumps (future)  5.23JANSS A 02FEBY6 A - 100 - A
"¢ Eary stan point ) . Data date D1MAY96 Date Revision Checked Approved
@‘E::;::irsnpow Process Systems lnternational, Inc. " O3MAYS6 . Final Desigq Pkg ’ . PFH . REB ’
P R Progress bar . Rundate 03MAYS6
S -— g:‘mrmr : LIGO Vacuum System Project . o ‘
I : z:gicr;smim : ‘ E:leol'm g" 3:’::0‘[“85 L
O Siun missions poit Project Schedute 11406184 éPrimawraySyslems, Inc. °
4 Finish mitestons poinl . ; |




“Early

Parcent |- 5 -
Description : 1995 1998 1999
R e A Flish. |cometerT ot RN EREENANEARS
370 CO#17 - Vacuum pump cart modifications 15,14FEBY5G A | OBMARDIE A 100
378 Prototype BSC Test lon Pumps - Fab & deliver (2) 50!22FERSE A 03MAYSE 94 ,
380 :Freon Cooling Systems - Bid & purchase (6) 1 iU?MARQG A ;25MAR96 A; 100f A
381 Freon Cooling Systems - Receive & review vidwgs 20101APRY98 A 14MAY95 50 . A
382 ‘Freon Cooling Systems - Fab/deliver to WA (6] 54| 15MAY96  '31JUL96 o i e
398 'Prepliss draft Beam Tube deliverable pkg to LIGO 3'270CT95 A 270CTI5A 100 iy N R
399 'Review Beam Tube Deliverable documents with LIGO 1 07NOVS5 A | 07NOVOS5 A - 190 ‘' x L
400 Issue final Beam Tube deliverable pkg to LIGO 20 0IDEC95 A | 16JANIG A 100 ; s YRS :
154 ‘WA BTC Main Roughing Pumps At Site 0 19AUGY6 0] e
158 LA BTC Main Roughing Pumps At Site 0 15JUL97 ol A .
15C ‘WA BTC Turbo Molecular Pumps At Site o | 19AUGE6 o . o
150 LA BTC Turbo Molecular Pumps At Site 0 :21JULe7 g b - L 2
15€ 'WA BTC Auxiliary Turbo Caris At Sile 0 - 14AUGI6 0 i
15F LA BTC Auxiliary Turbo Pumps At Site 0 21JUL97 ol ®
17F ‘WA LN2 Dewars Delivery At Site 0 L 16JUL97 0! @
176 'LA LN2 Dewars Delivery At Site 0 114JAN9B 0: ]
330T  Main lon Pumps - Performance test for 1st pump 2 13JUN% TMJUNQG 0 ' ‘ N
9A "Place PO for Turbomolecutar Pumps 0 12DEC95 A | 100 @
SE ‘Place PO for lon Pumps 0 "22FEBSS A 100 j @
9F "Place PO for Roughing Pumps 0 '12DEC95 A | 100 o
9H ‘Place PO for LN2 Dewars 0 17JUNSG o e
Gather large gate valve shock data (CAA) 1 20MAY96 * 20MAYS6 I f
402 ‘Large Gale Valves - Issue specification 8 160CT95 A 270CTI5A 100 /7 .
403 ‘Large Gate Valves - Finalize bid & purchase (32) 20-06NOV95 A 3ONOVOSA: 100 A
404 ‘Large Gate Valves - Receive & review vidwgs 30{01DECY5 A 10MAY96 73—
405 ‘Large Gate Valves - Fab/deliver to WA BTG (8) 59:21MAY96  13AUGYS 0. o
408 ‘Large Gale Valves - Fab/deliver to LA BTC (6) 285 21MAY96  07JUL97 0 S
407 ‘Large Gate Valves - Fabideliver to WA site {12) 300 21MAYSE - 28JUL97 0 S
408 ‘Large Gale Valves - Fabideliver to LA site (6) 426, 21MAY96  26JANGS 0 i -
409 '6/10/14" Gate Valves - Issue specification 8'250CT95 A 03NOVS5 A 100 A ‘
410 ' 8/10/14" Gale Valves - Final bid & purchase (37) 20 06NOVI5 A O7TMAR3G A 100 /VEm—
411 '6/10/14" Gale Valves - Receive & review vidwgs 30/08MARS6 A 17MAY96 57 h
412 '6/10/14" Gale Valves - Fabideliver to Wbro (5) 25 20MAY95  24JUNGYG 0
413 '6/10/14" Gate Valvas - Fab/deliver WA site (27) 305 20MAY96  0D1AUGS7 0
414 '6/10/14" Gate Valves - Fab/deliver LA site (18) 431 20MAY96 30JANIB 0
Early starl point Data date 01MAY96 Date Revision Checked Approved
mg::: 2‘;’" pont Process Systems Internalional, Inc. . L G3MAYSE " Final Design Pkg "PFH REB ‘
P M) Progress bor Rundale  O3MAYS6 f : SRat : :
I Critical bar .
—— Summary bar LIGO Vacuum System Project ) o
SI ms:m.m . Filter All Activilies
Summary point Layout System

O

Start milesiane point
Finish mitesione poinl

LA 21 2 d

Project Schedule

12A0f18A
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l 6 Description Finieh  |Comatete| 165 T fees T Tese
. T T T R e AR P NEREENDNERARY AR AN
415 Control Valves - Issue specifications ; 8/01MARSE A “12MARIE A | 100:
416 "Control Vaives - Bid & purchase | 40/ 13MAROS A 17JUNDE 63 o ' ' ‘
417 "Control Valves - Receive & review vendor dwgs ' 40 1BJUN96 13AUGHE 0
418 “Control Valves - Fab/deliver to WA site | 225 14AUGES  |03JULSY 0
419 Control Valves - Fab/deliver to LA site 350 14AUGSE |31DECS7 o
421 "Relief Valves - Issue specification " 501MAY9S 07MAY98 ¢ /
422 "Relief Valves - Bid & purchase | 4D 1BJUNSE [ 13AUGY6 0
423 'Relief Valves - Receive & review vendor dwgs " 40 14AUGHS ' 090CTUS 0!
424 'Relief Valves - Fabldeliver to WA site . 185 100CT96  |03JULY7 0 .
425 Relief Valves - Fab/deliver to LA site - | 300 100CT96  16DECO7 0 . ,
427 “Small Valves - Issug specifications 30 12FEB96 A EOBMARQBA. 100] Y o
428 Small Valves - Bid and purchase 50 11MARSE A (1JUL9E 80! | ¥4 3
429  Small Valves - Receive & review vendor dwgs 40:02JUL95  |27AUGS6 0 ! : ! Y
430 Small Valves - Fab/deliver to WA site 180, 28AUGI6 . 14MAYS7 o s
431 Small Valves - Fab/deliver to LA site | 300 28AUGO6  |03NOVOT 0 :
433 ‘Design suppors for gate valves | 20:26FEBYS A 25APRIB A 100: Y
434 "Large Gate Valves - Fab prototype large valve | 25/12MAR9B A 15MAYSE a8 ' ;4 '
435 ‘Large Gate Valves - Cycle/shock test prototype © 3.16MAY96 [20MAYSE 0 A
450 '€.0. #1 - Change Iy gate valve actuation ' | 20/240CT95 A 21DEC5 A t00' v/
452 7 777C.0. #2 -Change LA midpoint valves from 48 to 44 20.240CT95A ' 21DEC95 A | 100 =/
454  C.Q. #4 - Add fail safe gates to roughing pumps © 20/240CT95 A "26JANIG A 100 - Y.
456 'C.O. #7 - 304L weld stubs for lg gate valves ~ 1;30NOV95 A 21DEC95 A 100 A
458 'C.0. No. 9 - Change all Ig gates to 48" electric ~ 10{12DECS5 A 21DEC95 A 100 W
156 WABTC Large Gate Valves At Site S 0f T M13AUGYE 0 c .
154 :LA BTC Large Gate Valves At Site } 0§ o7uLe7 0 %
98 Place PO for Beam Tube Large Gate Valves ‘ 0 ,3ONOVAS A 100 L ] _ : _
9D 'Release for Remaining Large Gate Valves (Main) oo 17JUNSE o e o T
CTRL - Instrumentation and Cantrols e
Vacuum Gauges/Tees - Issue specification 5'22JANSE A [01FEBS6 A 0 _
" 7 Vacuum Gauges/Tees - Bid & purchase (43) 40 02FEB96 A | 17JUNSS 88, | /—
503 ‘Vacuum Gauges/Tees- Receive/ review vendor dwgs ~ 3018JUNSS  (30JUL96 0 . L
504 Vacuum Gauges - Fab/deliver to WA site (28) 243.31JULSS  16JUL97 0. o
505  Vacuum Gauges - Fab/detiver to LA site (15) | 370i31JULSE | 15JANSS 0 '
506  Misc Instrumentation - issue specifications 3'24APR96 A 30APRYE A - 100 s :
507  Misc Instrumentation - Bid & purchase 50 18JUN96 '27AUGYS | 0 R
508 "Misc Instrumentation - Receive & review vidwgs " 30/2BAUGYS 0YOCTYE o .. ey
’ B Eany stat i Frocess S o ~Datadate " 01MAYS6 Date o Revision " Checked  Approved
406 o o ystems Intemationa, Inc. . 03MAY96 Final Design Pkg PFH REB
P I Frogress bar ‘ Rundate  03MAYD6 ‘ ‘ ’ ‘ C
S "_"EL"..'i";.”JL., ; LIGO Vacuum System Project , ) . L
[ i&Es [, e
. ;mzsmelpuw Project Schedule 13A0f18A | éPrimaveraySyslems, Inc. |
) & Finish milestane point i ;




Description %ﬂ? Early 1‘”995 | “igo6 1087 [ 1998 KLECE
509 Misc instrumentation - Fab/deliver to WA site 193 1DOCT96 I16JUL97 | 0 : - NRRRACREENNIR00, / :
510 ‘Misc Instrumentation - Fab/deliver to LA site 319 100CT96  14JAN9S | 0 : | SRR, /
511 "Develop logic lists 5'20APR96 A :03MAY96 | 40 - o ‘
512 Estabiish control interface definitions 5 12FEB96 A 29FEBY6 A | 100 A
513 'I/E Cabinets - Determine size reqmts ' 10:29JAN96 A 14FEB95 A | 100 N
515 “ton Pump Controller Cabinets - Size and specify 20 26FEB96 A 24APROB A | 100 . Y&
519 ;CabmetsIRacks Bid and purchase 4_0} 1BJUNS6 i13AUGQS f o" o | L /vaa7 | il
520 Cabinets/Racks - Fab/deliver to WA site 242114AUGO5 294UL97 R Lo
521 'Cabinets/Racks - Fab/deliver to LA site ' 36814AUGHE 27JANSS 0 SR oo ety
522 'Residual Gas Analyzer - Prepare specification 10:01DECS5 A O7TDEC95 A | 1000 A ‘ S
523 'Residual Gas Analyzer - Bid & purchase (2) 30:11DECO5 A 23FEBSG A | 1000 /e
524 Residual Gas Analyzer - Receive & review vidwgs  10i26FEBIS A 26FEBY6 A | 00 0 A
'RGA's - Fab/deliver to Westboro/Prototype (2) 20/ 27FEB96 A | 28FEBSG A | 100 | R “
"LIGO Test Eqt & Cleanroom Training 40 18MARYS A 13MAY9E L -
Air Supply Skids - Issue specification 12 02JAN96 A ' 10JANSB A ' &N
602  Air Supply Skids - Bid and purchase (8) 30I12JANGS A 22MAR96A 100 ¥
603 Air Supply Skids - Receive & review vendordwgs | 50. 25MARS6 A 04JUNG6 52 .
604 Air Supply Skids - Fab/deliver to Westboro (2) | 90'05JUN96 . 100CT96 0
605 ' inr Supply Skids - Fab/deliver to WA site (5) }""294'05JUN96 §01AU697 ‘ 0. -
606 Air Supply Skids - Fab/deliver to LA site (1) | 420 05JUN96 | 30JAN9S o
608  Portable Cleanrooms - Issue specification | 18 D2JANSB A |10JANSS A 100! A
603  Portable Cleanrooms - Bid and purchase ' 20 12JAN9E A '1OMAYSS | 60
610 "Portable Cleanrooms - Receive & review vidwgs 20 13MAYS6 10JUNSE 0l
611 "Portabte Cleanroom - Fab/deliver to Westboro (2) 50 11JUN96 '20AUG96 0
612 'Portable Cleanrooms - Fab/deliver 1o Wstboro (2) 50 11JUNS6 '20AUG96 0
613 ~ Portable Cleanrooms - Fab/deliver to WA site (6) ' 290 11JUN96 .01AUGS7 O
614 "Portable Cleanraoms - Fab/deliver to LA site (4) 416 11JUN96  i30JAN9E o
"Place PO for Clean Rooms 0 10MAY98 0
Delivery of Bakeout Systam to WA Site D H18JULS7 i ¢
701  Prepare a bakeout system schematic 15 12FEBY6 A 13MARIE A 100" W
702 Perform bakeout system calculations 30 19FEB9S A | 13MARIEA 100 A %S
703 'Bakeout Blankets - Issue specification 20 26FEBY6 A ;30APR96 A ' 100 /-
704  Bakeout Blankets - Bid and purchase system 30 18JUNS6  '30JUuLos 0 -V
705 " Bakeout Blankets - Receive & review vendor dwgs 30 31JuLgs  {11SEPIE | i Y
E::::‘,,",:,.";':“ orosess S _ ' Data date O1MAY96 : ‘Date o R_evision o 7 Checked Approved
§oK Early bar ystems International, Inc. : ' 03MAY96 Final Design Pkg PFH REB
P R Progress bar ‘Rundate  03MAY96 - BT -
R Crilical bar . ——— e
—— Summary bar LIGO Vacuum System Project ] )
S - Filter Al Activities
Layout System

A  Progress point
& Crilical point
@ Summary point
L
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- _Description 7 1997 [ 1998 99y
A L R 5 debolat B iE;Li i LEiL,‘l LLri 1! l ll I l [l ja
706 Bakeout Blankets - Fabideliver to Westboro (6) 20 22MAY9E | TR
707 "Bakeout Blankets - Fab/deliver to Westboro (20) 40 12SEP96 | 07NOV96 of /R /
708 'Bakeout Blankets - Fab/deliver to WA site (30) 213 12SEP96 | 16JULST 0; : T RSEISRER /
709 'Bakeout System Controls - Issue specs 10 22JANSE A 29JAN96 A 100’ ¥ I
710 ‘Bakeout System Controls - Bid and purchase 20 DIFEBYG A i 26FEBY6 A 100! . V;
. ‘Bakeout System Controis - Receivefteview vidwgs 10 12FEB96 A | 13FEB96 A 100 "
712 'Bakeout System Controls - Fab/deliver to PSI 20 14FEBY6 A |29FEB96 A 100", N
717 'Design bakeout cart(s) - Preliminary design | 5.24JAN96 A [ 13MAR9G A 100 Y
718 'Program PLC's for bakeout system 4D:D1APRYS A '28MAYOE 53 " -
719 "Bakeout Carts - Bid & award assembly of carts 15 14MAR96 A '03APRIS A 100 LY
720 "Bakeout Carts - Assemble 1st cart 31 D4APRIS A [ 17MAYSE 58 O
721 Prototype Bakeout Blankets - Issue specification 21.08JAN9Y6 A | 22JANOE A | 100 YR
722 " Protolype Bakeout Blankets - Bid & purchase (6) ' 20{23JAN96 A 21MARIE A | 100} ; v
723 B :Prbtotype Bakeout Blankets - Receive/rvw vldwgs 15 ' 22MARSE A ‘ 21MAY96 0 ! ‘ F
726 Final design of bakeout carts 15 14MARS6 A 26MARSE A 100 N
727 "Program PC's for Bakeout System 70 01IMARIE A 28MAYS9S 73 R
730 "Bakeout Carts - Test 1st bakeout cart 20:29MAYS6  25JUN96 0, |-
731 "Bakeout Carts - Procure materials for 5 carts 20/26JUN9E  24JUL9E 0 |
732 ‘Bakeout Carts - Assemble 5 carts ' 60:25JUL96 ' 1BOCT96 0 : i Vo
733 " Bakeout Carts - Test 5 carls 60'210CT96 '16JANST 0 N . -V
gl "Place PO for Bakeout System/Blankets o 01JUL9E o ] oe o
[T I ! T
Begin Installation At Washington Site 0] 04AUGH7 : 0| *
21 "Begin Installation At Louisiana Site 0!/03MAR9E | 0
22 Mechanical Completion At Washington Site o " 31DECeT t 0
23 'Mechanical Completion At Louisiana Site o 'D3AUG98 o *
798 'Bid & award Washington installation subcontract 40 02AUGSS '27SEP9E 0: /Ny
799 WA Site - Instaliation subcontraclor mobilize 15 02JULS7 | 23JULS7 o T LY
801  ‘Conduct installation readiness review - WA site 1 01UL97 * "B1JUL97 Q Ead
802 Verify interfaces & as-built site conditions -WA 20°02JULS7  30JULST7 0 W
803 ‘Joint occupancy of WA site 1.01AUGS7 * 01AUGS7 0 n
804 'WA Site - Receive/store/set eqt in all stations 85/04AUGO7  02DECY7 | 0 R,/
810 'WACSinstallaton = " 65 04AUG7 0INOVE7 | 0 L
811 'WACS - Offload, clean, & position all components ~ 15'04AUGY7  22AUGY7 ! o nY
812 'WACS - Install vertex components 20025AUGS7  22SEP97 0 W
814 WACS - Install right beam manifold components 10'23SEP97  060CT97 | 0 Y
"z Eary start poin ' Datadate 01MAY35 Date " Revision " Checked  Approved
nm E:ww :r::':h ot Process Systems International, Inc. " D3IMAYSSE " Final Design Pkg " PFH REB ’
P [ Progress bar Rur date  D3MAY96 ' ‘ '
. S Crica) bar :
" — Summary bar LIGO Vacuum System Project o o
S Progress pamt ~ Filter All Activities
::",,'f:,',‘:';im ! Layout System




Stan milestone pont
Finish milestone poim

| Org|  Early | Percent H'ges : 1997 7498 _
S -~ | e b BB LR EREEL LEL BV I T LB
WACS - Install diagonat components 10:070CT97 | 200CT97 | 0 N
"WACS - Install left bearmn manifold components 10:210CT97  |03NOVY? | 0 ' ! A ‘
'WACS - Install mechancia! room eqgt/piping/wiring 20 04AUGB7 |29AUGH7 0 1 i V4
'WACS - LN2 supply systams instailation 20°'02SEPY7 | 29SEP97 ' 0. ‘ W
'WA Arm 1 (left} - Install mid/end station eqt ' 20*'04NOVS7  |02DECH7 | D . gRy
Left WAMS - Offload, clean, position components . 3.04NOV97 | DENOVOT - 0 N
"Left WAMS - Install components 17 , O07NOVS7 | 02ZDECYT ' 0! . ¥
“Left WAMS - Instail mechanical room eqtiwiring 20!04NOVG7 |D2DECH7 0 - ba ¥
"Left WAMS - LN2 supply systems installation 20/04NOV97  [02DECY7 . 0 i v
"Left WAES - Offload, clean, position components 3:04NOVO7 ;DGNOVQ?' ' b e
‘Left WAES - Install components 17l07NOVS7  '02DECS7 ] 0 . w7
* Left WAES - Install mechanical room eqt/wiring 20104NOVS7 ?02DE097 : 0 . Y
‘Left WAES - LN2 supply system installation 20/04NOVS7  02DECY? ! 0 A %)
" "WA Arm 2 (right) - Instail mid/end station eqt " 20+I03DEC97 31DEC97 00 ! e
'Right WAMS - Offload, clean, position components  3.03DECYS7  05DECY7 0 b
'Right WAMS - Install components ' - 17°08DECS7 31DEC97 0 A Y
" Right WAMS - Install mechanical room eqtfwiring ! 20°03DECS7 31DEC97 0 o h v
" Right WAMS - LN2 supply systems installation | 20'03DECS7  31DEC97 ! 0 . N Y
'Right WAES - Offioad, clean, position companents ' 3 03DECS7 . 05DECY7? | 0 : N
:Right WAES - Install components _ 17 08DECS7 531 DECS7 1 oi ‘ f N
Right WAES - Instail mechanical room eqt/wiring . 20:03DEC®7  31DEC97 | 0 : v
'Right WAES - LN2 supply system installation . 20'03DECS7 31DECO? Tol : i Y
~ Bid & award Louisiana installation subcontract ' 40 04NOV97  31DECY7 0 - : h Y
LA Site - Installation subcontractor mebilize ~ © 15.03FEB98  23FEBY8 0 ; Y
" Conduct installation readiness review - LA site " 1.02FEB98* 02FEB98 o ; rY
“Verify interfaces & as-built sile conditions -LA ' 19:03FEB98 27FEB98 ' 0. i -
"Joint occupancy of LA site 1/02MAR98 '02MAR9S o . Yy a
LA Site - Receive/store/set eqt in all stations 105/03MAR98 ' 20JULB8 0 i RO,/
LACSinstallation ' 85/03MAR9S | 30JUN9B | o Sm—
LA Arm 3 (left) - Install end station eqt 23°01JUL98 D3AUGHS | 0. s Y
LA Arm 4 (right) - Instali end station eqt | 20°04AUGHE  31AUGES o i Y
" WA Corner Station Major Vessel Delivery ' o ;[15MAY97 0 ‘r @ S
" LA Corner Station Major Vessel Delivery B X '29SEP97 0 *
‘WA End Station Major Vessel Delivery 0 '01AUGET7 o ¢
"LA End Station Major Vessel Delivery 0 1270CT97 0 *»
‘WA Mid Station Major Vesse! Delivery 0 -03JULS7 0 L 4
4 Eady start point ! Data date  O1MAY98 Date : Revision Checked Approved
o oty e ot Process Syslems Internationa, Inc. | | 03IMAYS6 " Final Design Pky " PFH " REB '
AN Progress ber " Rundate 03MAY96 ! ‘ D ) ’ i
S !';Tm;ar LIGO Vacuum System Project ‘ . . } : o
I : :;:gm:smim ‘ Etlter g gli Activities ’
. i Project Schedule oy ysiem
L ]

16A0f18A | © Primavera Syslems, In¢.

1




Slart milgstone point
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17A0f18A

© Primavera Systems, In¢. *

"*“ |7 T Description orig| Eany | Eany | porcont - 1997 i 1999°
*© 1 | | | Pur | Sart | Finish  [Complets HEANRRANNERNSa ! T
0 ang A a8 g g : : :
25 Complete WA Acceptance Test Review Package 0 |2BAPROE | 0 - ' [
26 ‘Complete LA Acceptance Test Review 0 '30NOVIS | 0 . .
910 'WACS - Test/commission station 1105*102SEP97  |29JAND8 0 g
911 'WACS - Complete station commissioning 101 16JAN98 | 29JAN9B 0 : Yy
912 'WACS - Test/commission vertex section 20_2SSEP97 1200CT97 0 b Vi
914 WACS - Test/commission right beam manifold 2012100797 {17NOVET 0 . W
916 'WACS - Test/commission diagonal section 20°18NOVS7 | 16DECY7 0 Y
917 'WAcs - Test/commission left beam manifold 20 17DEC97 :15JANSS Q- . v,
918 'WACS - Test/commission mechanical room equnpment 15 02SEP97 |22SEP97 Q. LY
919 'WACS - Test/commission LN2 supply systems 15 30SEP97 | 200CTO7 0 7
920 WAAm 1 (left) - Testicommission midiend sta’s ' 40*03DEC97 | 29JAN9S of -
922 Left WAMS - Testicommission station components - 30 17DECY7 |29JAN98 | 0 h Y
924 Left WAMS - Test/commission mechanical room eqt 10/03DECE7 ~ 16DECS7 | 0. 3 v
925 ‘Left WAMS - Test'commission LN2 supply systems  ©  10103DECS7  16DECS7 . 0 &
927 'Left WAES - Test/commission station components ~ © 30 17DEC97  29JANSS 0 - ] b Y]
928  Left WAES - Test/commission mechanical roomeqt 10 03DECS7  16DECS7 0 i &
929 "Left WAES - Test/commission LN2 supply system 10/03DECS7  16DEC97 . 0 : AN
930 WA Arm 2 (right) - Testicommission mid/end sta'’s | 43*/30JAN98  '31MAR9S 0 oy
932 'Right WAMS - Tast/commissien stalion components 30:13FEB9S | 26MARGE | o s
934 Right WAMS - Test/commission mechanical roomeqt ~ 10!30JAN98  12FEB98 | 0 N
935  Right WAMS - Test/commission LN2 supply systems  10.02JAN9E ' 15JAN9S | 0 A
937 ' nght WAES - Test/commission station components ) _33 13FEB98 ';31MAR93 703 Y
938 "Right WAES - Test/commission mechanical room eql 10|30JAN98 |12FEB98 ol AY
939  Right WAES - Testicommlssmn LNZ supply system  10i02JAN98 ' 15JAN9E | 0! : Ja¥s
940 ‘Complete acceptanca testing - WA site "0 [31MARSS | 0 : : *
945 Pre_pare'"adceptanoe test report for WA site ' 20'01APR98 '2BAPROS | 0 s Y
946 Conduct acceptance review meeting - WA site 1]29APR98 1 20APRO8 | 0 : b
960 'LACS - Test/commission station 64/01JULSS  |30SEP9S | 0 ! Y
970 LA Am 3 (left) - Test/commission end station 22'01SEP98  010CTe8 0 - : o
972 LA Amn 4 {right) - Test/commission end station 22/020CT98 02NOVOS | o P
980  Complete acceptance testing - LA site 0i " 102NOVes o .
985 "Prepare accaptance test report for LA site 19 03NOV9B  30NOVES | 0 -
986 " Conduct acceptance review meeting - LA site 1.01DEC98 | 01DEC98 0 . 'Y
24A  Start Acceptance Testing At Washington Site 0.028EP97 | 0, . *
24B Start Acceptance Testing At Louisiana Site 0 014ULS8 ! 0 ¢
Eatystanpoint | . Datadate 01MAYS6 Date Revision " Checked ~ Approved
m:::: Knish i f Process Systems International, Inc. B ' 03MAY96 " Final Design Pkg ’7 PFH REB )
P W Frogress bar I . Rundate  03MAY96 v ' S
S -g:.mhr i LIGO Vacuum System Project .
& Progress poim ' . Filter All Activities
I § g:'u"'ﬁli’p:;"’"“ Project Schedule , Layout System
L ]




S i Orig | . Early . Earl Percent i p Sa
Description [ Dur. . Start . | Finish |Complete, 232 1998 1999
Complete Acceptance Test - WA Corner Station 0 . 28JANDB 0 [
Complete Acceptance Test - LA Corner Station 0 ‘30SEPS8 Q: o ‘ : »
Complete Acceptance Test - WA Mid Stations 0] '26MARS8 0 o o ‘ ®
Complete Acceptance Test - WA End Stations 0 31MAR98 a : : *
Complete Accepiance Tesl - LA End Stations 0 "02ZNOV9B 0 *
¢, Ealy stad pot ’ . ~ Datadate (MMAY06 ' Date ' Revision Checked Approved
mg:m:f" paint ‘ Process Systems International, inc. : " D3IMAY96 " Final Design Pkg " PFH " REB '
P S Progress bar . - Rundate 03MAY96 : ' oo ' ’
- [ Criical bar i
 —— Summary bar ‘ LIGO Vacuum System Project P o
I 4 Z:ui;ssm . Filter All Activities
F poim i :
. i Layout System
] S . : ' .
o Stan muasiane poim Project Schedule 1BAOF1BA | © Primavera Systems, Inc.
K Finls_r_l milesione paint . | :




DETAILED PROJECT SCHEDULE

(Sorted by System / Early Finish)




Complete | ===,

Complete Updated Preliminary Design (Phase B) 0 "27SEPO5 A | . :
31 " Submit & Implement Updated Proj Mgmt Plan o | 27SEP5 A | 100 €
40 ‘Updated Preliminary Design Review ~ 1]|030CT95 A '030CT95 A | 1000 7 o
41 Deliverables to the Beam Tube Final Design Rvw oo lOTNOVIS A’ 100 & !
34 “Compiete Final Desugn ' {‘ 0 .06MAY96 ' 0. - .
42 'Final Design Review | 0 22MAY96 | 0 -
35 'Begin fabrication and procurement {7 o1eduNgs | o * |
43 'Final Prototype Vessel Design Review 0 -~ 113AUGYS 0 ; e '
32 'Deliverables to the Beam Tube Contractor - WA o 19AUGY6 0l 5 e
44 ‘Installation Readiness Review - Washington o 01JUL97 o ' ¢
33 Deliverables to the Beam Tube Contractor - LA 0  '21JuLe7 0. *
36  Begin Installation - Washington Site 0/04AUGE? | ' o .
45 "Installation Readiness Review - Louisiana o ‘Q2FEB98 0 +
37 Begin Installation - Louisiana Site ‘0 03MARSS | ' 0 *
38 Complete Acceptance Testing - Washington Site X ' {31MAR98 o *
46 ‘Acceptance Test Review - Washington S © |29APR38 | o .
39 Complete Acceplance Testing - Louisiana Site Pooo ‘ozNOVEE 0! ;. | \ *
47 ‘Acceptance Test Review - Louisiana ‘ 0 ‘01DEC98 0 5 L 4
Phase B Award i [12SEP5 A 1009 . | |
000  Contract Award ‘ | 1 12SEP95A [12SEP9SA . 100%
161 "P&ID's - Initial Issue o ' " 10 13SEP95 A {225EPS5 A 100 /v
2 ‘Submit Ph B Updated PDR for approval (CORLO1} @ 0 © 27SEP95 A 100 &
4 " submit Proj Mgmt Plan for Approval (CORL 02) 7 0' (27SEPR5A 100 ¢
100 " Phase B Update of PDR & Proj Mgmt Plan 1 1 12SEP95 A 27SEPS5 A 0N
3 Approval of Updated PDR {CDRL 01) by LIGO 0 | 10NOVIS A 100 ' ¢
105 Receive LIGO comments on updaled prelim design 10 030CT95 A  10NOVI5 A 100, W/ .
106 Finalissue of PhBupdate of prefim designpkg 30 13NOVO5 A DIDEC95 A 000 A7
5 Approval of ProjMgmt Plan by LIGO (CDRL02) ' 0' "0GDEC95A | 100, & 0
105A  LIGO approval of the Project Mgmt Plan | 15'030CT95A OBDEC95A|  100; /e’
102 PA&ID's - Issue for Design 30 160CTYS5 A O3JANSG A | T 1000 -
104  'PFD's - Issue for Design " 10°01FEB96 A 03JANSBA 100 7S
144  'WAES Right - LVEA equiprment arrangement dwgs 81 040CTS5 A 10JANSG A 100. /W—/
185 C.0. #5 - Add cw supply 1o roots & turbo pumps 20'240CT95 A 12JANDSE A 100} .« /—_—7
186 'CO#11 - WACS beam manifold spool changes 25:21DEC95 A 26JANIE A ' 1000 /W
::g :::hp:::t Lo Process S ‘ Data date 01MAY96 : Date o R_evision - " Checked Approved
NosE Eotty bar ystems International, Inc. : U3MAY96 | Final Design Pkg pFH REB
P = 1 Rundale  03MAY96 ‘; S
S —— Summary bar LIGO Vacuumn System Project . . '
Progress poinl | Filter All Activities I
I Crtcal painl _Layout  Early finish sont |

Early Finish

Start milestone paint

&

&

7] Summary poinl

L

* Finish milestene pont

1AQf18A

© Primavera Systems, inc.




Activity | o . 1Ong| Early

Percent
G

Dur | . Sta i lete | [ 19799
CO #14 - LVEA changes lo mid/end mech rooms 1/09JAN9G A 02FEB96 A | 100
'WAMS Right - LVEA equipment arrangement dwgs 102 04OCTS5 A OOFEBOG A | 100" /w— :
"WACS - Pumnp support design | 10 O5FEB96 A [13FEB9G A | 100 N
WACS - LVEA equipment arrangement dwgs ' 102 040CT95 A | 23FEBIB A | 100 /W—
Bldg/utility interface definitions (PS| to LIGO) 20 O1FEB96 A | 29FEB96 A | 100 © A/
'Develop power caleulations/requirements " 10'12FEB9G A 01TMARYG A | 1000 | A/
'CO #18 - Reduce annulus pumping speed ' 15'14FEB9G A '06MARGEA'  TT100' | 1 v
'WACS - Interface wiring design 15 0IMARSS A’ 13MARSE A | 00 | A
WAMES - interface wiring design 11 01MARSS A | 13MARS6 A ! 100 ¢ ¢ )
'WAES - Interface wiring design 11 DIMARY6 A 13MARSS A 1000
"Preparation of a drawing tree 15 01MARSE A 14MAR96 A 100, - A
'CO #16 - BSC removable spools due to space limit 15 16JANI6 A 14MARI6 A 100, /W
“Issue QA Plan for Vessels ' - 10i02JANG6 A  18MAR9B A 1000 . /v
"WAGS - Cabie tray layoul & power plan 30:05FEBYS A ' 18BMAR9B A 1000 i/
"WAMS - Cable tray layout & power plan 30 O5FEBYG A 1BMAROS A 100 Y
"WAES - Cable tray layout & power plan 30 05FEBY6 A 18MAR9S Ai 100 . Y
Hazard analysis ¢ 20 04MAR96 A D1APRY6 A - 100 i ¥a
"CO #19 - 30" Mode Cleaner Tube Changes © 15 14MAR96 A DIAPRIE A 100 .Y
‘Update the 3D model ' 10 25MAR96 A 05APR96 A 100 LN
'WAMS Right - Piping general arrangement dwgs " 40°22JAN9B A 12APRI6 A - 100 Y
""WAES Right - Piping general arrangement dwgs 30'11JANS6 A |12APRIE A - 100, . /9.7
'WAMS Right - Equipment detail dwgs 40 12FEB96 A '12APR9G A 100 Y
* WAES Right - Equipment detail dwgs 27 11JANSG A 12APRIEA 100 0 /W
" "'WAMS Left - LVEA equipment arrangement dwg ' 2 1BAPRS6 A 17APRIGA 100
'WAES Left - LVEA equipment arrangement dwg 2 16APRI5 A 17APRI6A 100 - b
'WAMS Left - Equipment detail dwgs ' 3 16APRI6 A - 18APRIG A 100, © - 7\
WAES Left - Equipment detail dwgs 3/ 16APR96 A ' 1BAPRI6 A . 00 0 i
'WACS - Equipment detail dwgs " 40!26FEB96 A 19APROG A | 100 -
"PSI to receive revised WA bidg dwgs for comments | 1:22APRG6A 22APR9SA |  100: - . Yi .
'WAES Left - Piping general arrangement dwgs | 5/16APR95 A |22APRUS A | 100 ,’\1 ‘
WACS - Instr/controls plan 5. 09APRO6 A | 24APRS6 A | 100 Ay,
'WACS - Instrielect details 4 17APR96 A | 24APRIE A ' 100 :/__\:
"WACS - lon pump controller cabinet layout 10 25MARJ6 A 24APR96 A 100~ i W
"WAMS - Instricontrols plan ' ' 5 09APR9B A '24APRIGA 100 ;’}} _
'WAMS - Instrielect delails 4.17APRY6 A | 24APR9B A 100 ’\: '
WAMS - lon pump controlier cabinet layout 10:25MAR96 A 24APRYB A 100 x!r;
"4 Earystarpant ! Datadate D1MAYSY6 : Date Revision ' Checked Approved
m:::::;fh point Process Systems International, Inc. : ' DIMAYOE " Final Design Pkg _' " PFH REB ’
- Prouress bar | Rundate 03MAY96 ' ! '
S Critical Dar i i E : : s e e
: Sumamary bar . LIGO vacuum System Project s e
I i Cacavon | E:te(:ut Elellr?c i’::li!slisson
v mavatan i Early Finish ZAOf1BA éPrimavera Syy'stems, ne.
#  Finish miesione point i ;

o



Descrlption %ﬂ? ggg .
149 WAES . instricontcols plan 5 09APRI6 A 24APRI6 A | 100 CUAL
150 WAES - Instr/elect details 4 17APROB A i24APRIB A : 1000 «i s
152 "WAES - [on pump controller cabinel layout 10 25MARS6 A | 24APRO6 A 10, . /w0
135L  WAMS Left - Piping general arrangement dwgs 5/1BAPRIE A | 24APRIE A | 100 r\% E
108 "Prep shock, vibration, & noise model (CAA) 901 300CT95 A | 26APRS6 A | 1001/ VSE—
110 'Failure mode and effect analysis 9'02APR96 A | 26APRY6 A | 100] - ,\%
122 :WACS - Piping general arrangement design 40:26_FEB96 A | 26APRZ6 A j 100‘; ! /‘If ‘
_i13 o Prepare commissioning and testing plans 20322JAN96A |29APR96A ‘ 100: . — ( -
112 Prepare an installation spec and procedures 15 01APRS6 A | 30APRS6 A 1\ 106 A
125 'WACS - Pipe 8 misc slructural supports 2 29APRO6 A | 30APRY6 A J' 100
142 'WAMS - Instrjelact cable schedules 3 01MAYS6 IUSMAYQB o
153 WAES - Instrfelect cable schedules 3.01IMAY96 ' 03MAY96 ! 0
6 " "Submit Final Design for Approval (CDRL 03) 0 " DBMAY96 o
197 Prepare & Issue Final Design Package Draft 15 10APRY5 A | 06MAY96 73
131 'WACS - Instr/elect cable schedules '5 DIMAY96 [ O7MAYDE | 0 Iy
121 'WACS - Anchor bolt design 10 DIMAY96  14MAYS5 0 e
134 "WAMS - Anchor bolt design 10 0IMAY96  14MAY96 o . %
145 'WAES - Anchor bolt design 10 DIMAY96  14MAYDE 0 gy
15 "Prep Vacuum Eqt Maintenance Requurements ' " 156 01MAY96 . 21MAYD6 [ 'l )\/
196 Conduct final design review with LIGO 2'22MAY96 * ' 23MAYD6 0 A
7 " Approval of Final Design by LIGO (CDRL 03) 0 '17JUNYS o’ '
8 " Full Retease for Fabrication and Procurement 0 "17JUN96 0 tl e
198 Receiva LIGO Approval of Final Design Package 1.17JUNS6  117JUNSS 0 A
1188 PSl to receive LA bldg dwgs for comments 1'17JUNZE * ' 17JUN96 0: I A
119 ‘Washington Corner Station Overall Design T 177*{040CT95 A 18JUNSS B H——% _
123~ WACS - Piping isometrics & cut sheets " 30.07MAY96  18JUN9E 0; o i
136 'WAMS Right - Piping isometrics & cut sheets 30 07MAY96  18JUNGE 0o o ;
147 'WAES Right - Piping isometrics & cut sheets 30,07TMAY9E  1BJUN96 | 0: Y
166 '"'"""LAES Right - LVEA equipment arrangement dwgs 311BJUN96  20JUNSS | 0 | A
170 'LAES - Cable tray layout & power plan ' 3 18JUNS6  20JUNSE 0; N
171 LAES - Instr/controls plan 3 18JUNOS | 20JUNDE 0] N
150 LACS - Cable tray layout & power pian 5'1BJUNS6  [24JUNSE 0 - N
1661 "LAES Left - LVEA equipment arrangement dwgs 2 21JUND6E §24JUN96 l 0 Y
172 'LAES - Instr/elect details 3 21JUN9B  '25JUNSE 0l B
185  LACS - LVEA equipment arrangsment dwgs 7 18JUNSE  ‘26JUNSS o A
160 LACS - Instricontrols plan 7 18JUN96 | 26JUNY6 0
- ", Earty stad point . Datadate 01MAYI6 ‘ Date Revision’ " Checked = Approved
m:;"‘" Ir:'rs" paint Process Systems Intemational, Inc. 03IMAY96 " Final Design Pkg PFH REE
P W Frogress bar Rundate 03MAYSQ8
N Crlical bar .
—— Sunmary bar LIGO Vacuum System Project . o
Sy ;&= T, e
N St pos Early Finish 3A0f18A | 'éprimavera S!;stems, Ing, -
#  Finish misstona point : :




Star milesione poiat
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Activity Descflptlon : .c:j;‘;,?;‘t‘a 1598 NEER

o vdkme ; : i : s LEELF TR ERELTLL

174 LAES Ion pump controher cabmel Iayout 2 26JUN96 i27JUN9G 0

1660 LAES Right - Equipment detail dwgs ' 3 25JUN96  {Z27JUNDE o

173 "LAES - Interface wiring design I 3'26JUN96  :2BJUNSE 0

167 'LAES - Anchor bolt design 1 3 28JLINGE 02JULS6 0

175 'LAES - Instrielect cable schedules | 2 01JULSE  02JULS6 0

166DL  LAES Left Equipment detail dwgs } 3:28JUNDB }02JUL96 0

161 LACS - Instr/elect details T BI27JUNSE  |03JULYE () _

155D  LACS - Equipment detail dwgs ' 5i27JUN9S  |03JUL9S 0 S

168 'LAES Right - Piping general arrangement dwgs 3103JULSE | 0BJULYE 0

132 Wasmngton Mid-Station Qverall Design o192 {040CT95 A | 10JUL96 75

163 LACS - lon pump controller cabinet layout ' ] 4|05JUL96 l1oJuLes 0

136L  WAMS Left - Piping isometrics & cut sheets . 15/19JUNSE [100uL9e 0

157 'LACS - Piping general arangemant design C508JULSE 111JUL96 0

162 LACS - Interface wiring design 5 05JULSE | 11JUL96 0

168L LAES Left - Piping generat arrangement dwgs 3,08JUL%6  11JUL9 0

156  LACS - Anchor bolt design 8:05JUL9E  16JUL9S 0

143 Washmgton End Station Overall Design 197 *1040CTO5 A ' 17JUL96 73

164 'LACS - Instrelect cable schedules T 41200k 1TIULGS 0

14'7i;'""" WAES Left - Piping isometrics & cut sheets © 20{19JUNS6  '17JUL96 0

169 LAES Right - Piping isometrics & cut sheets T 5.12JuLes  118JUL9S 0

114 Prepare packing lists - 10112JUL86  1250UL96 0

154 Lomsuana Comer Station Overali Design h © 7 27*18JUNSS  |25JULD6 | 0

158  LACS - Piping isomelrics T o10i129uL9s 25JULes 0:

165 Louisiana End Station Overali Design 27*18JUNSE  25JUL96 | 0i

169L "LAES Left - Piping isometrics & cut sheels 5 19JUL96  25JUL%E o

116 CAAfinalize model & design requirements LO1017JULSE  30JUL9E 0i

199 Final Issue of Final Design Package 1 526JUL96  01AUGSS 0!

181 Prepare cut sheets from piping isomatrics | 20'16AUGYS  13SEP96 o

180 "Procure piping materials | 50/26JUL96  040CT96 | o

182 Fabldeliver WA pipe spoois 80 070CT96  :31JANG7 0

183 Fabldeliver LA pipe spools 80 07OCT96 | 31JANGT 0l

103 "P&ID's - Issue As-Built 15 O1SEP98 * '225EP98 ol :

VACE - Vacuum Envelope P e e

279 Conduct a plasma weldmg investigation I 10 130CT95 A [ 310CT95 A | 100

202  Design BSC Vessels ' 45 135EP95 A (05DECS5 A 100 /

291 ‘Order Prototype BSC Flange Forgings "5 0GDEC95 A [ 13DECS5 A 100' ! 2

Earty start point o Data dale 01MAY96 Dale ‘ Revision Checked Approved
um?:"p“‘“ Process Systems International, Inc. B _  03MAY95 " Final Design Pkg " PFH " REB
P M Progross bar Rundate 03MAY96 ‘ : S :
W Criical bar i - - —mem
Pt LIGO Vacuum System Project o e . _
SI : zrr:&r;sso ?:1-\: : Ellter , .éll ?c::vn_uis . )

S S e Early Finish : Layou arly finish sa
&




| 'Ea{*yh-.' Parcent i~yuax

. Description : 988" . 1897 1858 1999
BT O e s | kol BE) EERRRREE TSN SN EER
Qider First Article Material : ‘14DEC95 A . 100
'Order Prototype BSC shell, head, & nozzle mat'l ' 5 DBDEC95A  14DEC95 A’ 100
‘Prepare a vessel fabrication specification " 20 300CT95A 15DECO5 A 100
'Procure a plasma welding machine | 20°20NOVE5 A 15DEC95 A 100
'CO # 6 - Additional bracing on BSC chamber 15 2INOVI5 A 21DECI5 A 100
'CO #10 -Increase pumping surface clear aperature 9 12DEC95 A [21DEC95 A 100
'10" Benchscale Vessel - System Engineering | 20 DADEC95 A [08JANDE A | 100
‘Bellows expansion joints - Prepare Purchase Spec 10 O1FEBY6 A 09FEBS6A | 100 !
"Procure claaning equipment | 20 24JAN9E A 16FEBIBA | 100
‘Develop welding procedures | 1D 15JAN9E A {22FEBIS A 100
"Qualify Welding Procedure for Plasma Welding " 10 D2JANSE A [22FEBYS A 100 . .
"10" Benchscale Vessel - Procure materials 3D DYJANSS A '0TMARIG A 100 ; e/
"CO #13 - BSC internal floor loading requirements " 207190CT95 A - 06MARSE A~ 100 /ye—;
'Fab & dei Prototype BSC head, shell, nozzle matl 50 15DEC95A;12MARIBA 100 : /emm/
"Fab and deliver Prototype BSC flange forgings 53 14DEC95A 13MARIE A 100 /-
""Order mat'l for test/ship covers for prototype ' 40 15DEC95 A 13MARIE A 100 @ /-
‘Design BSC chamber fab fixtures o 15 26FEB96 A 15MAR96 A 100 |
10" Benchscale Vessel - Fabricate vessel 10 11MARDE A 22MARSE A 100 N
‘Design HAM Vessels | 96 13SEP95A O04APR9GA 100 W/
‘Conduct materials testing program " 10'01APR96 A 124PRE6 A 100 . . A
'Develop a bakeout procedure ' 15:01APRY96 A [22APR96 A 100 AL
"Design and specify test/shipping covers 25 DIDEC95 A 22APRUG A 100 | "/
" Design long 80K cryopump shroud ' ' 20;27NOV95 A 26APR96 A 100
Design short 80K cryopump vessel 50 13N0OVE5 A | 26APRI6 A 100
'Design short 80K cryopump shroud " BOIDINOVES A 26APRIG A 100
""Prepare a final cleaning procedure 10/ 16APR96 A 29APRYG A | 100
" Develop a leak test procedure " 20 19FEB95 A Z9APRIG A 100! '
' :Design long 80K cryopump vessels h 30: 13NOVIS5 A 3DAPRIE A 100; ,_{ '
10" Benchscale Vessel - Order matl/fab new sectn 15 25MARS6 A J0APR96 A 100; .
"WACS - Prepare skid/pre-assy details | 20,01MAY96  0IMAY36 100’
'S5 Vessel Mat'| - Bid & purchase lotal quantity ' 20 31JAN9G A O3MAY96 85’
"Place PO for SS vessel material {main release) ool ‘03MAY96 - 0.
"Prototype BSC Fab - Roiliweld shell (outside) . 4 01MAY36 'OBMAY96 | o
‘Bellows expansion joints - Bid/Purchase &9 items 20 12FEBYG A 10MAY9S 60
"Flange Forgings - Bid & purchase total quantity . 25 0SAPR96 A 10MAY96 681 .
‘Fabricate chamber fab fixtures ' 15 DBAPRO6 A ‘1OMAY96 47"
£, Eansiangon B Process § _ | Datadate 0D1MAY96 { Date o Revision ' ~ Checked Approved
S Eary nor ystems Internalional, Inc. ‘ | 03MAY96 _ Final Design Pkg " PFH REB
I Progress bar - Rundate 03MAY96
e SL";;?nL?L., : LIGO Vacuum System Project o o
I A cuam ' E:te::ut 2:: C::Iigel"lsson
. o Stan massione pon Early Finish 5ADMBA @y’Primavera S!;slems, Inc.
. » Finish miteslone point ) .




- Description

'WAMS - Prepare skidlpre'-assy 'délailxs ‘

"WAES - Prepare skid/pre-assy details
Short 80K Cryopump - Procure shroud mat'l (1)
'Prototype BSC Fab - Weld on heads (outside)
‘Vessel Heads - Bid & purchase total quantity

"10" Benchscale Vessel Program

“1st Article HAM - Bid & award fabrication

‘Conduct a viton investigation

10" Benchscale Vessel - Conduct test program
"Prolotype BSC Fab - Cut/weld nozzle necks

'Prototype BSC Fab - Machine flanges/blinds (Dut) o

“Prototype BSC Fab - Stress relieve (outside)
'Prototype BSC Fab - Square off nozzles (outside)
"Bellows expansion jomts recewe(rewew w’dwgs
"Prototype BSC Fab - Weld on flanges
'Prototype BSC Fab - Install welded attachments
"Prototype BSC Fab - Install internal fioor suppl
“ist Article HAM - Procure fab materials
'Begin Vessel Fabrication - Washington
"Prototype BSC Fab - Install annulus tubing & pmp
"Release vessel material far shtpment
“Fabricate Prototype BSC Vessel

'Prototype BSC Fab - Clean chamber to spec
" "Short 80K Cryopump Fab shroud for prototype
'S Vessel Mat! - Fab & deliver 1st shipment
‘Start prototype tesllng program

"DeSign adapters and spool pieces
"Receipt of 1/3 of S5 vessel material

" Prototype Test - Rough ieak check

' Prototype Test - Bakeout

"Prototype Test - Pedorm dimensional check
"LAES - Prepare skid/pre-assy datails

'Ftange Forgings - Fab & deliver 1st shipment

"Prototype Test - Final laak check

'LACS - Prepare skid/pre-assy details

' Prototype Test - Ultimate pressure test

Percent - —

N g

b

y.3

LIS

~

plrre

10°01MAY96  14MAY96 0
10:01MAYSE  14MAY96 0
10°01MAYSE  14MAY96 0 .
4'13MAY9E 16MAY96 0o Hy
30 05APR96 A 17MAY96 | 57 £ '
116 *'04DEC5 A 17MAY96 8 G
' 30/05APR96 A 17TMAYSE | 57 : ‘
15122APRI6 A 17MAYSS 13
34 01APR96 A 17MAYSS ' 62"
'5.17MAY98  23MAY95 0
5/24MAY96 31MAY9S | 0:
5:24MAY96  31MAY96 o!
2/03JUNSE  04JUNSE | oo
25!23APR96 A 07JUNI6 | 24!
4105JUNS6 ' 10JUNSE |
311JUNSE  13JUuNes . O
1.14JUNSE  14JUNSE ! 0
50:05APR9E A 17JUNSE 34
0I18JUNSE 0
3U17JUNSS  19JUN9S | o
3,18JUN9E  20JUNS6 ' 0
38 " 0IMAY9E  24JUN9B 0}
3120JUNSE  24JUN9S 0
30'15MAY96  26JUNS6 0;
40 06MAY96  2BJUN96 3!
2,27JUNS6  28JUNSS | 0
121 *11JANS6 A 02JUL96 | 64’
0 05JUL9E o
4:01JUL96  05JUL96 o
7.08JUL96  16JUL9B 0:
1.17JUL9E  17JUL96 0
10/09JUL96 - 22JUL96 0
50 13MAYSE  23JUL96 0
4. 1BJUL9E  '23JULSE o .
15 12JUL96  |D1AUGY6 0l
7124JUL96  01AUGYS 0
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Starl milestong paint
Finish miestone poin

| Qrg| Eary. | Beryo.) Percent Iyggs ~TTTRE7 1508 1998
A PR A TR b WP : SER bbb R LB T PEEELERETIA D
Prototype Test - Install cryopump shroud 4 02AUGS6 | 07AUGSH6 : ot i
19 "Complete Prototype Vessel Tests o | 13AUGS ' 0
243 ‘Vessel Heads - Fab & deliver 1st shipment B0:20MAY96  13AUGHE | 0
296 ‘Test program for Prototype vessel | 33%27JUNSE  13AUGYS 0
296H "Prototype Test - Vibration/boiloff test 4:08AUGYS }13AUGQG ! 0.
WHAMO1 WHAM1 - Outside fabrication 45'18JUNSE ' 20AUGYE | 0
227 "Bellows expansion joints - Fab & ship 69 items 60! 10JUNSS 03SEPS6 ! 0’ :
WHAMO1 WHAMO1 - Final fab/clean/test/prep for ship 32{21AUGS6 040CT96 0,
229 Order mat| & fab test/shipping covers 80{18JUNIS  090CT96 | 0. j
WCP1F  WCP1 - Fabricate long B0k cryopump " 50/14AUG9E  |240CT96 | 0! i
WHAM12 ‘WHAM12 - Outside fabrication ' | 45|21AUG96  |240CT96 o' f
WBSC04 WBSC4 - Outside fabrication 55|14AUGO6 310CT96 0.
12B Receipt of 2/3 of S5 vessel material 00 o7NOVEB 0
WHAM11 WHAM11 - Qutside fabrication 45:055EP96  OTNOV96 0
WBSC0? WBSC? - Qutside fabrication 55,30AUGOS | 18NOVIS 0 f
WHAMI0 WHAM10 - Outside fabrication 45 19SEPS6 ' 21NOVSG 0 :
WCP1T 'WCP1 - Final cleanftest/prep for ship long pump 25:250CT96 [ 02DECY6 0 !
WBSC08 WBSCB - Outside fabrication I | 65 18SEP96  06DEC96 o
WHAMO7 'WHAM? - Outside fabrication | 45'030CT96  09DECY6 0
WHAM12 WHAM12 - Final fab/clean/test/prep for ship | 32'250CT96  11DECS6E 0
WHAMDS WHAMS - Outside fabrication o | 45 180CT96 23DEC96 0,
WBSC01 WBSC1 - Outside fabrication ' '55.040CT96 .24DECI6 0 .
WHAM11 WHAM11 - Final fab/clean/test/prep for ship ' 32 08NOVS6 26DECY6 0
13A  Complete fab on 1/3 of WA vessels i 0. ‘08JANST o -
WCP2F  WCP2 - Fabricate long 80K cryopump 50 250CT96  0BJANSTY 0
WHAMOS ‘WHAMS - Outside fabrication 45 D1INOVO6 08JANG7 0 . L
WHAMI0 WHAM1D - Final fab/cleanitest/prep for ship 3222NOVI6  10JANS7 0 s - ¥
WBSC03 WBSC3 - Outside fabrication 55 230CT96 | 13JAND7 0 )
WBSC04 WBSC4 - Final fab/cleanitest/prep for ship 56.01NOVI6 | 22JAN9T7 0 -
WHAMO2 WHAM2 - Outside fabrication 45,15NOV96 22JANST 0 . Y
WHAMO7 WHAM?Y - Final fab/clean/test/prep for ship 32110DECY6  '24JAN9T oj s Y
WBSC02 WBSC2 - Outside fabrication 55:08NOVOE  28JANG7 0 A
WCP3F 'WCP3F - Fabricate short 80K cryopump 50 22NOV96 ' O5FEBQY ai : —
WHAMO3 WHAM3 - Outside fabrication 45 03DECY6 OSFEBY7 ol /-
11 ' Begin Vessel Fabrication - Louisiana 0'06FEB97 0l *
WBSCO07 WBSC? - Final fab/cleanttest/prep for ship 55 19NOV95E  O7FEBS7 | 0i B Vau
: ::::?::np:;:‘ e - N . . Data date 01MAY96 : Date o Revision_ o ;_Checked ' Approved .
§aO Eary bar ystems International, inc. ; _ | 03MAY96 Final Design Pkg PFH REB
P I Progrss bar | Rundate  03MAY96 ! ' CTme T '
I Crilical b . . | - i S
—— Summary bar LIGO Vacuum System Project P . o i
SI : g,r:uic,;smim ‘ Eallerl éll ll\c}lw_tucre‘s .
? Summary poim Early Finish ; Layou arly finish sort |
L

7Aof18A | © Primavera Systems, Inc.




Acu-.#ny !

-  Percent —,

Slan milesione point

Descriptlon %ﬁ? A 1997 L 1999
: L d s . T TERLE R AT e L LT TR LR
WHAMOG WHAMB Flnalfablcleanllasllprepfor shlp 32 24DE096 07FEB9? | 0! P VAR
12C Receipt of All SS vessel material 0 10FEBY7 0
250 Long 80K Cryopumps - Fab & test WA pumps (2) 125 * 14AUGY6 12FEB97 i D‘ :
WCP2T WCP2 - Final clean/test/prep to ship long pump 25 D9JANST [ 12FEBST 3 0
WBSC06 WBSCS - Outside fabrication 55 26NOV96 . 14FEB97 0
WHAMOG WHAMS - Outside fabrication 45 17DEC96 | 19FEBS7 0
WHAMO9 WHAMS - Final fab/cleanitest/prep for ship 32:09JANG7 | 21FEB97 0
WBSC08 WBSCS - Final fab/cleanftest/prep for ship 55/09DEC96 | 25FEB97 0
WBSC10 WBSC10 - Outside fabrication 55, 16DEC96 | 04MAR97 0
WCP4F  WCP4 - Fabricate short 80K cryopump 50! 24DECY6 ' O5MAR97 0
WHAMOS 'WHAMS - Outside fabrication 451 D2JANGT 305MAR97 o]
WHAMO2 WHAM2 - Final fab/clean/test/prep for ship 321 23JANS7 XO?MARQ? 0. ; :
WCP3T WCP3 - Final clean/tesi/prep to sh:pshort pump 25@06FEBQT 12MAR97 0 : !
WBSC01 WBSCH - Final fabicleanitest/prep for ship '55:26DEC96  13MAR97 0 !
WHAMO4 WHAM4 - Outside fabrication 45 16JAN97 | 19MAR97 0. .
WBSCO5 WBSCS - Outside fabrication 55:03JANS7 'Z0MAR97 0
WHAMO3 'WHAM3 - Final fabicleanftest/prep for ship 32106FEBY7 Z1MARQT 0
248 WA Beam Tube Manifolds / Spools / Adapters - Fab 170/24JULSE ' 26MARS7 0
WBSC03 WBSC3 - Final fabiclean/test/prep for ship 551 14JANG7 31MAR97 0!
WCP7F  WCP7 - Fabricate short 80K cryopump 50i23JANO7 G2APRY7 o
WHAM13 'WHAM13 - Outside fabrication 45/30JANS7  0ZAPRY7 o
WHAMOB 'WHAMSG - Final fab/cleanftest/prep for ship '32120FEB97  04APRY7 | 0.
WBSCO09 WBSCS - Outside fabrication 55{21JAN97  07APR97 | 0 _
WCP4T WCP4 - Final clean/test/prep to ship short pump 25 06MARS7  D9APR97 D
LHAMO1 {HAM1 - Qutside fabrication 45/13FEBY7  16APRY7 0: k
WRSC02 'wa's'dz Final fab/cleanftest/prep far ship 55/30JAN97  {16APR97 0
WHAMDE "WHAMS - Final fab/cleanttest/prep far ship 32706MAR97 '|18APR97 ‘ i}
249 WA BTM/Spools/Adapters - Cleanltest!prep to shlp 170’ 21AUGSS :23APR97 a 0:
LBSCOIF LBSC1 - Outside fabrication ’ 55 06FEBY7 | 23APRY7 0!
138 Complete fab on 2/3 of WA vessels 0 | 30APRO7 0 -
LHAMO2 LHAMZ - Qutside fabrication 45.27FEB97 |30APR97 0 .
WCPSF  WCPS - Fabricate short 80K cryopump 50 20FEBY7 | 30APRY7 0
WBSC06 WBSCS - Final fab/clean/test/prep for ship 551 17FEB97  02MAYS7 0
WHAMO4 WHAM4 - Final fabicleanitest/prep for ship 32/ 20MARS7  02MAY97 0
WCP7T WCP7 - Final cleanftest/prep to ship short pump 25 03APR97  O7TMAY97 | 0:
LBSCO3F LBSC3 - Outside fabrication 55 24FER97  09MAY97 | 0
" Eady stan point " Datadate 01MAY96 i Date " Revision Checked = Approved
.’..;E:::g':fhmw Process Systems International, inc. ! 03MAY96 " Final Design Pkg ” " PFH REB
P A Frogress bar . Rundate 03MAY96 ; ' '
N Crilical bas ; — e —
—— Summary bor LIGO Vacuum System Project . L
SI : zmraels:o?;m :FI“EF 2" Ac?v[tlz;s
? Summary point Early Finish Layout arly finish sort
*

Finish milestons point
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Percent |-
Complete.

1907

Tog0

" Description T ' _ 1908 ,

PO R RO T o L T TP TR L TR R T T
LHAMO3 LHAM3 - Outside fabrication . 45/13MARS7 | 14MAY97 0, /YR
246 "HAM's - Fab and test WA vessels {12) "232*118JUNSE | 16MAYS7 | 0 "
WHAM13 WHAM13 - Final fabiclean/test/prep for ship " 32/03APRO7  16MAY97 ! o B, Y,
WBSC10 WBSC10 - Final fab/clean/test/prep for ship 55,05MARS7  20MAYS7 | 0 Wa VI
LBSCO2F LBSC2 - Cutside fabrication 55! 12MAR97  28MAYQ7 0 .-V,
LHAMOG LHAMS - Qutside fabrication 45'27MAR97  29MAY97 0 Y%
WCP6F  WCP6 - Fabricate short 80K cryopump 501 20MARO7  20MAYQ7 | o' -
LHAMO1 LHAM? - Final fab/cleanitest/prep for ship . 32{17APR97  02JUN9O7 0 LY '
WCPST  WCPS - Final cleanftest/prep to ship short pump 25/01MAYS7 | 05JUNS7 | o . VAR -
WBSC05 WBSCS - Final fabiclean/test/prep for ship 55/21MAR97 0BJUNS7 | 0 Y
LHAMOS LHAMS - Outside fabrication | 45/10APR97 12JUN97 | 0 B Y
LBSCO5F LBSCS - Qutside fabrication ’ | 55/28MARS7 !13JUNg? o /R /
LHAMO2 LHAM2 - Final fab/clean/test/prep for ship 32/ 01MAYS7 | 16JUNS7 0 .Y
244 'BSC's - Fab and test WA vessels {10} 218 114AUG96 ' 24JUN97 0! G
WBSC09 WBSCS - Final fab/clean/test/prep for ship ' 55/0BAPR97 !24JUNG7 0 SR
13C 'Complete fab of all WA vessels 0 [280uNs7 - 0 °
LHAMO4 LHAM4 - Outside fabrication | 45 24APR97 26JUNS7 0 . IR
WCP8F  WCPS - Fabricate short 80K cryopump i 50 17APR97 |26JUNS7 0 Y
LHAMO3  LHAM3 - Final fabiclean/testiprap for ship  32/15MAYS7  |30JUN97 0! . v
LBSCO4F 'LBSC4 - Outside fabrication | 55/15APR7 |01JULG7 0! o ¥4
WCPET  WCP6 - Final clean/test/prep to ship shot pump 1 25 30MAYS7 §03JUL97' 0 . Y
LBSCO1TVLBSC1 - Final fab/clean/test/prep for ship | 55‘ 24APRY97 }11JUL97 0 : /VSh /
LHAMOG6 LHAMS - Final fab/clean/test/prep for ship | 32 30MAYQ7 | 15JUL97 0 -
LCPIF ~ LCP1 - Fabricate long 80K cryopump 50, 15MAYS7 |25JUL97 | 0 ) v
LBSCO3T LBSCS3 - Final fab/clean/test/prep for ship 55{12MAY97  [280U197 | 0 Y
LHAMOS 'LHAMS - Final fab/cleanftestprep for ship 32 13JUNS7  29JULS7 0. SRR Y
252" 'Short 80K Cryopumps - Fab & test WA pumps (6) "175+122NOV9E  01AUGH7 0 %
WCPBT WCPS - Final clean/test/prep to ship shortpump . 25:27JUN97  01AUGY7 | 0; o h Y
247  HAM's - Fab and test LA vessels (8) o 127 *'13FER97  12AUGST 0 g
LHAMO4 LHAMA - Final fab/clean/test/prep for ship © 32/27JUNS7  12AUGST 0 BV
LBSCO2T LBSC2 - Final fab/cleanttest/prep for ship 55.20MAYS7  14AUG97 0 Y/
254 LA Beam Tube Manifolds / Spools / Adapters - Fab 100 27MARS7 15AUG97 0 VRN
14A Complete fab on 1/3 of LA vessels 0 . 22AUGO7 o @
LCP2F  LCP2 - Fabricate long 80K cryopump 50 13JUN97  22AUGH7 0 BV
LCPIT  LCP1 - Final clean/test/prep to ship long pump 25 28JULY7 ! 29AUGOT 0 hY
LBSCOST LBSCS - Final fab/cleanftest/prep for ship 55; 16JUN97 ' 02SEPS7 : 0 N,

s Eamystapoimt " Data date  DIMAY96 Revision ' Checked ~ Approved

a00d ::"Vw:{_“:"m“ Process Syslems International, Inc. ' " 03MAY96 " Final Design Pkg PFH " REB

P W Progress bar " Rundate D3MAY96 : ‘ T ’ ’
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Starl milesione point
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Perceht
plate

7 1068 {899
F o s RENERARNRNENN NN i
14C Compilete fab of all LA vessels 15SEPS7 0
LCPAF LCP4 - Fabricate short 80K cryopump | 25:11AUG97 15SEP97 0
245 'BSC's - Fab and test LA vessels (5) 158+ |06FEBS7  18SEPS7 | o .
LBSCO4T LBSC4 - Final fab/cleanitestiprep for ship 55 02JUL97 | 1BSEP9T I 0: :
148 Complete fab on 2/3 of LA vessels o) |225EPO7 | 0.
LCP3F  LCP3 - Fabricate short BOK cryopump ‘ 50! 14JULS7 22SEP97 | o .
%1 'Lohg'sox Cryopumps - Fab & test LA pumps (2) 95 | 16MAY97 | 20SEPG7 | 0!
255 LA BTM!SpooIsIAdapters Cleanftest/prep to ship 100 |0BMAYS7 . 29SEP97 | ol :
LCP2T  LCP2 - Final clean!tesvprep to ship Iong purnp 25 | 25AUGY7 | 29SEPYT 0!
263 'Short 80K Cryopumps - Fab & test LA pummps (2) 70 */14JUL97  '200CT97 | 0:
LCPAT  LCP4 - Final clean/test/prep to ship short pump  25/16SEP97  200CT97 ! 0
LCP3T  LCP3 - Final clean/test/prep to ship short pump  25'23SEP97  270CT97 0
PUMP - Pumping System
342 Perform cryopump process calculations 10{020CT85 A 130CTE5 A . 100: A
306 7 "Main Roughing Pump - Issue specrfcatlon _ ) _ 10; 160CT95 A 1270CT95 A i 100; \/ .
31 "Main Turbo Pumps - Issue specification 10[160CTS5 A 270CTS95 A : 1000 &
318 "Aux Turbo Pumps - Issue specifications ' 5/160CT95 A 270CTI5A | 1005 o
308 Prepliss draft Beam Tube deliverable pkg to LlGO 3{270CTY5 A 27OCTI5 A | 100" (A -
301 Perform vacuum/backfill calculations ' 10]|230CT95A O03NOVESA' 100! ‘A7
304 "Review Beam Tube Deliverable documents w;th LIGO " 1]07NOV95 A O7TNOVOS A ' 100. ¢+ A .
327 All lon Pumps - Issue specification 20/06NOV9IS A 17NOVI5 A | 1000 A&
307  "Main Roughing Pumps - Finalize bid & purchase (4  15!06NOV95 A 12DEC95 A’ 100! W/
312 'Main Turbo Pumps - Finalize bid & purchase (10) : 15’ 06NOVOS A 12DECY5 A 100, /w7 _
319 Aux Turbo Pumps - Finalize bid & purchase (10) © 15:06NOV95 A 12DEC95 A 1000 W
94 " 'Place PO for Turbomolecular Pumps Lol " 12DECOS A’ 1000 e :
9F  Place PO for Roughing Pumps o 0“ " 12DEC95AT 1000 - &
3027 Develop line listand line sizing "' 30 0BDECO5 A | 03JANGS A | 1000 © X7
364 '"""c’o #8 - Foundation design for LIN2 dewars R L 30N0V95AE1BJAN96A [ T T, ¥
400 issue final Beam Tube deliverable pkg to LIGO " 20'01DECS5 A | 16JANG6 A | 100! - Vi
303  Develop piping specifications T 13 27NOVO5 A 1 22JANIS A 100 . /B
362 .0, #3 - Designffablinstall CS pipe bricige 20 240CT95 A |26JANGG A 100 /W7
343 'LN2 System - Perform delait design 25 22JANS6 A [02FEBS6 A 100 Py
368 'CO #15 - Add B" port to main ion pumps (future) . 5 23JANYG A |02FEBY6 A 100 Y
313 Main Turbo Pumps - Recieve/review v/dwgs 30 13DEC95 A 13FEBUB A 100 B Y
320 Aux Turbo Pumps - Receivefreview v/dwgs ‘ 30' 13DEC95 A 13FEB96 A 100 . W/
328 "Main lon Pumps - Bid and purchase {18) 7:20NOVI5 A 22FEBIB A . 100 . /WEER/
"¢, Eay start point ] ' ~Datadate 01MAY96 Z Date Revision ~~ Checked Approved
lﬂﬂﬁ E:z :::"‘ paint ; Pracegs Systems International, Inc. . '. 03MAYO9E " Final Desigh_ Pkg T F'FH REB
P _— Prugvss-s bar Run date D3MAYIE ;
- il 0o : ) . ‘ e,
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333

. Anﬁﬁll Ioﬁ -Pl.J.m.ps - Bid & purchasé .('4.319 & 525 )

- Early Percent g
Finish | Complete |-

. 1098

FEBdE A

EANDERNANERES

'20NOVI5 100
9E Place PO for lon Pumps ' '22FEBUE A 100, -
344 'LN2 System Components - Issue specifications 10 OSFEBOE A ' 29FEBI6 A 100
341 ‘Design Main lon Pump supports 20/ 26FEB96 A '01MARSE A 100
366 " CO #12 - Add freon cooling sys to BTD pump carts 25 0SDEC95 A OSMARSS A 100
370 'CO #17 - Vacuum pump cart modifications 15 14FEBY6 A | 06MARS6 A 100 -
350 "LN2 Dewars - Prepare specification 5 01MARS6 A 13MAR6 A 100
380 'Freon Cooling Systems - Bid & purchase (6) " 1 07MARS6 A '25MARI6 A 100 .
305 "Prepare special material specifications 20 0BJAN9S A '26APRYG A 100
355 VJLines - Prepare specification 10 01APRZ6 A 26APR9S A 100
329 "Main lon Pumps - Recieve/review v/dwgs 40 23FEBY6 A '30APROBA 100 .
334 Annuli ion Pumps - Receive and review vidwgs 40°23FEBYS A '30APRY6 A 100
308 " Main Roughing Pumps - Receive/review vidwgs 30 13DEC95 A 02MAY96 X
378 'Prolotype BSC Test lon Pumps - Fab & deliver {2) 50 22FEBYG A 03MAYSE 94
335  Annuli lon Pumps - Fab/deliver to Westboro (2} B:01IMAYS6 | 10MAYS6 | 0
a1 "Freon Cooling Systems - Receive & review vidwgs 20 01APRIG A 14MAY96 50
316 Main Turbo Pumps - Fab/deliver to Westbore (2) 40/ 14FEB96 A 31MAY35 | 45 1
323 "Aux Turbo Pumps - Fabideliver to Westboro (2} 40, 14FEBI6 A ‘_31 MAY96 | 45, -~
3307 Main lon Pumps - Performance test for 1st pump 2I13JUNGE  14JUNSS ! : W
351 LN2 Dewars - Bid and purchase (12} " 40 14MAR96 A 17JUNSE 68 Y
9H "Place PO for LN2 Dewars e {17JUN96 0! e
345 LN2 System Components - Bid and purchase 60 01MAR96 Ai 19JUNOE 42 |/
338 Gather turbomolecular pump vibration data (CAA)  © 20 03JUN96 | 28JUN96 0 2RV
330 Main lon Pumps - Fab/deliver to Westboro (1) 43 01MAY36 '01JULSSE 0 | f—
339 Gather Main jon Pmp contvols vibration data (CAA 10.02JULSE  1BJULYS 0. N
356 VJLines - Assemble isos, bid, and purchase 20 18JUN96  116JUL96 0 Y
340  Design main turbo pump cart vib dampeners 15 D1JULSE  122JUL96 0 F 3
382 Freon Cooling Systems - Fab/deliver to WA (6) 54.15MAY96 '31JUL96 0 C lwea,
352 LN2 Dewars - Receive & review vendor drawings 40'18JUNSE  13AUGYE | 0 Vi
321 "Aux Turbo Pumps - Fab/deliver to WA BTC (2) 110 14FEB96 A 14AUGO6 ' 33 m
15€ WA BTC Auxifiary Turbo Carts At Site o’ 14AUGIE L *
346 'LN2 System Components - Rec/ivw vidwgs 40120JUNS6  15AUGY6 o L - VA
300  Main Roughing Pumps - Fabideiiver to WA BTC (2) 75 03MAY96  19AUGY6 14 ; o
314  Main Turbo Pumps - Fabldeliver to WA BTC (4) 95 14FEB9S A ' 19AUGYS 22 w _ -
15A WA BTC Main Roughing Pumps At Site 0 19ALGo6 (Y
15C WA BTC Turbo Molecular Pumps Al Site 0 L 19AUG96 [ *
"4, Eany stan point | Daladate O1MAY96 ‘ Date Revision " Checked Approved
E:::g:'f"""” Process Systems International, Inc. j " 03MAY9E " Final Design Pkg "PFH  ~ REB ’
P I Progross bar ' Rundate  03MAY96 i : T ' T
S Critical bar i e
S —— Summary bar LIGO Vacuum System Project L o _
Progress pont Fitter All Activities
I Cruical poirk Layout Early finish sort
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Summary pgint . e
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%ﬂ‘e‘ S s

357 VJ Lines - Raceaive and review vendor ;:Irawings 5 301 17JUL96 27AUG9S ol
310 Main Roughing Pumps - Fab/deliver o LABTC (2)  ° 311/03MAY96 | 15JULS7 3
158 LA BTC Main Roughing Pumps At Site o 115JULS7 0
347 N2 System Components - Fab/deliver to WA site 231 16AUGY6 ' 16JULS7 0 .
353 'LNZ Dewars - Fabideliver to WA site (8) | 233 14AUGSE ' 16JULST7 0
358 VJ Lines - Fab/deliver WA site lines (8 sets) | 223.28AUGYS ' 16JULS7 o
17F ‘WA LN2 Dewars Delivery At Site 0 © o 18JuLe? o
315 "Main Turba Pumps - Fab/deliver to LA BTC (4) . 330 14FEB96 A ’21JUL97 6
322 "Aux Turbo Pumps - Fab/deliver to LA BTC (2) - 330 14FEBY6 A 21JULe7 6 |
150 LA BTC Turbo Molecutar Pumps At Site o0 “21uLe7 0 !
15F LA BTC Auxiliary Turbe Pumps At Site 0 121JUL97 D
331 Main lon Pumps - Fab/deliver to WA site (12) 318 DIMAY96  01AUGY7 0
336 "Annuli lon Pumps - Fabideliver to WA site (48) | 318 0IMAY96  01AUGY7 0 |
325 T Aux Turbo Pumps - Fab/deliver to WA site (3) ' 340 14FEB96 A '04AUGY? 6,
348 LN2 System Components - Fab/deliver to LA site " 357 16AUGSE ' 14JAN9S 0
354 'LN2 Dewars - Fab/deliver to LA site (4) 359 14AUGHE |14JANGS 0
359 VJ Lines - Fab/deliver LA site lines (4 sets) | 340 28AUGS6 | 14JANSS o '
17G LA LN2 Dewars Delivery At Site 0 T 1adaNoee 0
326 Aux Turbo Pumps - Fab/deliver to LA site (1} " 465 14FEB9Y5 A | 30JANSB 5
332 Main lon Pumps - Fab/deliver to LA site {5) ' 445 DIMAY96 30JANSB 0
337 “Annuli lon Pumps - Fab/deliver to LA site {25) 444 DIMAY95  30JANGS o

100,

Large Gate Valves - Issue specaflcatlon 8/160CT95 A 27OCTIS A | AV :

408 '6/10/14" Gate Vaives - Issue specification T " alos0cTo5 A 03NOVES AL 1000 A

403 Large Gate Valves - Finalize bid & purchase (32) ~ 2006NOV95 A 30NOVS5 A! 100! A

98 Place PO for Beam Tube Large Gate Valves S0l 30NOVI5 A 100, @

450 C.0. #1 - Change lg gate valve actuation . 20°240CT85A Z1DEC95A 100f om0

452 C.O.#2-Change LA midpoint valves from 481044 20 240CT95A 21DEC95A 100 .-

456  C.O. #7 - 304L weld stubs for ig gate valves ©© 1'30NOV95 A | 21DEC95A 1000 N

458  C.0.No.9-Changeall lggates to 48" electric 10! 12DEC95A :21DECI5A - 100, &

454 'C.0. #4 - Add fail safe gates to roughing pumps ' 20'240CT95A '28JANSGA | 100 /WA

410 '6/10/14" Gate Valves - Final bid & purchase (37) - 20'06NOVS5A 07MARSGA! 100 /,wemmm, |

427  Small Valves - Issue specifications " 30 12FEBS6 A '0BMARS6E A | w00 ' oAyl

415 ‘Control Valves - Issue specifications " B OIMARS6 A 12MARJE A 00 ¢ A

433 'Design supports for gate valves 20 26FEBY5 A |25APR36 A 100 © /e

421 Relief Valves - Issue specification  5:01MAY96 . 07MAY9E 0 A
s esngsenpom U " Datadale O0OtMAYO6 Date ‘ Revision ' Checked Approved
“’mg::::f" point Process Systems Internationas, inc. : i " 03MAYSE " Final Design Pkg " PFH ' REB

P I Progeess bar ' Run dale DSMAYQG ' ‘ ) T Trmeom
MR Critical bar , . . .
— Summary bar : LIGO Vacuum System Project . o
Sy i e -
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404
434
411
40
435

428
405
417
422
oG -
429
423
430
418
424
406
15H
407
413
431
425
419
408
414

Large Gate Valves Reoewe & rewew w‘dwgs ‘

Large Gate Valves - Fab prototype large valve

'6/10/14" Gate Valves - Receive & review vidwgs
‘Gather large gale valve shock data (CAA)

'Large Gate Valves - Cycle/shock test prototype
‘Cantrol Valves - Bid & purchase

'Releass for Remaining Large Gate Valves {Main)
'6/10/14* Gate Valves - Fab/deliver to Wbro (5)
'Small Vaives - Bid and purchase
'Large”Gale'Valves' Fab/deliver to WA BTG (8)

Control Valves - Receive & review vendor dwgs
"Relief Valves - Bid & purchase
‘WA BTC Large Gate Valves At Site

"Smali Valves - Receive & review vendor dwgs
‘Relief Valves - Receive & review vendor dwgs
'Small Valves - Fabideliver to WA site

"Control Valves - Fab/deliver to WA site

"Relief Valves - Fab/deliver lo WA site

‘Large Gale Valves - Fab/deliver to LA BTC (6)
LA BTC Large Gate Valves At Site

"Large Gate Valves - Fabideliver to WA site (12)

" 6/10/14" Gate Valves - Fab/detiver WA sne (27)
“Small Valves - Fab/deliver 1o LA site

" Relief Valves - Fab/deliver to LA site

" Control Valves - Fab/deliver to LA site

‘Large Gate Valves - Fab/deliver to LA site (6)
'6/10/14" Gate Valves - Fab/deliver LA site (18)

CTRL - Instrurnentation and Cantrols

Residual Gas Analyzer - Prepare specification

1996 1999

3/16MAY9E . 20MAY96
40 13MAR95 A 17JUN6
ol © 17JUNgB
25 20MAY96 | 24JUNS6
50 11MARYS A | 01JULYS :
59 21MAY96 | 13AUGE6 0
401BJUNSS 13AUGYE o ‘
40 18JUNSS 13AUGES | o ‘;
o |13AUGE6 0
4002JUL96  |27AUGY6 0 .
40/14AUGSE | 090CT96 0
180 28AUGI6 14MAYS7 0 '
| 225 14AUGSE ' 03JULS7 0
7185 100CT96 ' 03JULY7 0
285 21MAY96  07JUL97 0 .
0 | 07JULS7 0. |
T 300 21MAY96 1 28JULS7 0 . 1
305:20MAY96 | 01AUGS7 0 ‘;
300, 28AUGY6  03NOVO7 0
300/100CT96 ' 16DECS7 0
350/ 14AUG96 ' 31DECS7 | o i
426'21MAY96  26JAN9E | 0! !
431 20MAY96  30JANGS of

10 01DECS5 A 07DECI5 A ; 00 KL
5 22JAN9E A |D1FEBQEA 1000 4V

30/01DECS5 A 10MAYS6
25' 12MAR96 A | 15MAY96
30 0BMARY5 A | 1 7MAY96
1/20MAY96 * | 20MAY96

501 ~ Vacuum Gauges/Tees - Issue spemﬁcatlon ;
513 /E Cabinets - Determine size reqmts 10/ 29JANSE A  14FEBYE A | i 100 AV
523  Residual Gas Analyzer - Bid & purchase (2) 30' 11DEC95 A - 23FEBI6 A | 100! | /W
524  Residual Gas Analyzer - Receive & review v/dwgs 10 26FEBYS A 1 26FEBYE A | 100 SR
525 'RGA's - Fabrdeliver to Westboro/Prototype (2) 20 27FEBYS A '28FEBY6 A 100 ° N
612 Establish control interface definitions 5 12FEB965 A '29FEB96 A 100 N
515 “ton Pump Controller Cabinets - Size and specify 20 26FEB9S A 24APRY6 A 100 /-I
'/, Eany slan point ' Datadale O0IMAYSS Date Revision Checked Approved '
o Eany fnish point Process Systems Infernationat, Inc. ‘ " 0IMAYSE ' Final Design Pkg pFH REB
B¢ Early bar . . - . A S .
P - glp_was:aum Run date D3MAYIE
ritical bar s ——ne-
-— Snn:':ary bar LIGO Vacuum System Project . .
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Activity
)

Qrlg

Early

Parcent

{596

1999

506
511
589
502
503
519
507
508
504
509
520
510
505
521

601
608
§02
609

3G
603

610

VENT - Vent and Purge Subsystem

Air Supply Skids - Issue spacification

" "Portable Cleanrooms - Issue specification
"Air Supply Skids - Bid and purchase (8)
‘Portabie Cleanrooms - Bid and purchase
‘Place PO for Ciean Rooms

" Air Supply Skids - Receive & review vendor dwgs
"Portable Cleanrooms - Receive & review vidwgs
"Portable Cleanroom - Fab/deliver to Westboro (2)

" Pontable Cleanrooms - Fab/daliver 1o Wstbora (2)
"Air Supply Skids - Fab/deliver to Westhoro (2)
"Air Supply Skids - Fab/deliver to WA site (5)
"Portable Cleanrooms - Fabideliver to WA site (6)
“Air Supply Skids - Fab/deliver to LA site (1)
‘Porable Cleanraams - Fab/deliver 1o LA site (4)

121 02JANSE A
18/02JANDE A |
30 12JANSG A
20, 12JANSE A |

0‘
50 25MAROG A

20 13MAY96
50 11JUN9G
50 11JUNSE
90 05JUNS6

294 05JUNDE

290 11JUNS6

4201 05JUNS5

416 11JUNSE

T10JANS A
"10JANZE A |
22MAR96 A

 1OMAY96
E10MAY96
D4JUNS6
" 10JUNS6
‘20AUGY6
20AUGHS
1100CT96

L 01AUGYT

01AUGH7
'30JANDS
'30JANDS

100
100
100

o o
Mo e

N - - -

- Bescription j i 19497 1958
d e e D e o 5““ g FERRITEL TEEEL R L R EEL L L R L P I R R AT
Misc Instrumentation - Issue specifications 5124APRO6 A 30APROG A ! fool T
‘Develop logic lists 5'20APR96 A 03MAY96 | 40;
LIGO Test Eqt & Cieanrcom Training 40 18MAR96 A 13IMAYS96 | 78. : :
‘Vacuum Gauges/Tees - Bid & purchase (43) 401 02FEROB A 17JUNG : 88 /
Vacuum Gauges/Tees- Receive/ review vendor dwgs 30 18JUNSE  30JUL9E | o
"Cabinets/Racks - Bid and purchase 40 18JUNSE 13AUGYS ; 0
Misc Instrumentation - Bid & purchase 50'18JUNS6  127AUGSE o
"Mis¢ instrumentation - Receive & review v/dwgs 30°28AUGYE 0DIOCTI6 0.
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845 LA Site - Installation subcontractor mobilize i 15 03FEB98 23FEB9S o

852 Verify interfaces & as-built site conditions -LA 19 DIFEBYS | 27FEB9S 0

853  Joint occupancy of LA site " 1.02MARSE 02MAR9S | 0

21 'Begin Installation At Louisiana Site " 0 03MAR9S | 0

860 'LACS instaflation o " 8503MAR98 30JUNSS 0

854 LA Site - Receive/store/set eqt in all stations © 105'03MARYS  29JULO8 0

23 "Mechanical Completion At Louisiana Site 0 03AUGHS 0

870 "LA Arm 3 (left) - install end station eqt " 23/01JUL98  D3AUGES 0

872 "LA Arm 4 (right) - Install end station eqt | 20 04AUGIS  31AUGOS o
£ E::: s Process _ . Data date  01MAY96 Date o Revision o ~ Checked Approved
Soc Barty oar ‘ ystems International, Inc. Q3MAYSE Finat Design Pkg PFH REB

P . Frogress bar , " Rundate 03MAY95 ' ' o '
MR Critical bar . . : . . . [
—— Summary bar ! LIGO Vacuum System Project . :
S Progress point Fiiter All Activities

&

I A Citcat point E " Layout Early finish sort
@  Sunmary point ini : 3
5 Stan missione pomt Early Finish 16A0f184A  © Primavera Systems, Inc.
¢ ‘

Finish milestone point




T R O e -
| - | 1: Ll BEEL
a 0 Q q ana A epla & g
24A Stan Acceptance Testing At Washington Site : 0|D28EP97 ¢ o *
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912 'WACS - Test/commission vertex section " 20/23SEP97 ' 200CT97 ‘[ 0 o Y
918 'WACS - Test/commission LN2 supply systems ~ 15/30SEPS7 200CT97 0 1A Y
914 'WACS - Test/commission right beam manifold ~ 20,210CT87 17NOVO7 0 b VAN
916 "WACS - Test/commission diagonal section | 20l18NOver  16DECO? 0 f o ¥4
924 ‘Left WAMS - Testcommission mechanical roomeqt ~ 10i03DEC87 16DEC97 o AR
925 ‘Left WAMS - Test/commission LN2 supply systems ! 10?03DECQ7 " 16DECY7 - o N
928 ‘Left WAES - Test/commission mechanical roomeqt  ~ 10/03DECS7 16DEC97 o N
920~ Left WAES - Testcommission LN2 supply system 10,03DECS7 |16DEC97 | o N
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1.0

2.0

3.0

4.0

4.1

42

421

422

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.

GENERAL

The outlined plan will be imposed at PSI as well as all major component vendors.

RESPONSIBILITIES

The manager of Quality Assurance and the assigned Project Manager are responsible for

- the implementation of this plan.

PROCEDURE
Quality Review And Planning

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 built at PSI. The Quality Plan will define all of the
inspection steps that require witness and/or wverification during the course of
manufacturing and assembly at PSI. Subcontractual work will be subject to the same
planning, by the subcontractor, at his plant with witnessed HOLD points and inspections
by PSI.

Receiving Inspection

All raw materials that are procured with Material Test Reports will be receipt inspected
prior to use.

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 arrtval.
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4.3

431

432

44

441

4.5

451

4.6

4.6.1

462

4.7

4.7.1

452

Material Certification

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 Compliance. At receiving inspection, ihe materials will be verified

against the Purchase Order for quantity, material markings and the Material Test Report
will be verified to the applicable ASME and/or ASTM material specification for
compliance.

[f primary vacuum boundary materials are purchased from foreign (outside of USA), PSI
will conduct independent lab analysis to verify material composition.

In-Process Inspection

QA/QC will verify material traceability throughout the manufacturing cycle. They will
monitor the quality of welding and the qualifications of personnel, verify the final
cleaning and verify/witness the testing required by the customers specification.

Cleaning

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.

Final cleaning will be performed in accordance with the LIGO cleaning procedure.
Welding

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 100% 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.

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.

Final Inspection

Final inspection will be accomplished on all combonents prior to shipment. This
inspection will include but is not limited to the following: serialization of components,
final cleaning, final acceptance testing and packaging for shipment.
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4.8

4.8.1
482
483
484

49

491

4.10

4.10.1

4.10.2

4.11

Testing

. Vacuum components shall meet pumpdown and helium leak rates per the LIGO Project

Procedures.

Pumps and valves will be performance tested at the vendor plant. These tests will be
witnessed by PSI.

All testing will be performed in accordance with LIGO Project procedures. All shop
testing performed will be witnessed/verified by QA/QC.

Written test reports will be generated for all testing and will be included in the final
documentation package.

Documentation

Final documentation on this project will consist of signed off Quality 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.

Vendor Surveillance

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 provided as shown in Attachment 1 “Final Documentation
Summary”.

For major purchased components, QA requirements are detailed in “QA Requirements
Summary” form attached to each procurement specification.

Engineering Plan Review

4.11.1 QA will be part of the design review team as the design develops.
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4.12  Procurement Specification Review

4.12.1 QA will be part of the review team for all major component specifications.
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2.0

3.0

1.0

PURPOSE

This plan defines and establishes the safety requirements for the LIGO Project vacuum
equipment supply and installation. The program requirements include safety
management systems as well as safety engineering controls necessary to ensure the
identification and resolution of all 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 nisk of personnel, facilities, and
hardware/equipment, etc.

SCOPE

. The requirements as stated herein, will apply to all PSI facilities and construction sites.

APPLICABLE DOCUMENTS
The current revisions of the following documents dictate the requirements relative to the
implementation 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
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, Government 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

40 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 all employees. Program objectives
are the prevention of injury, an the 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. [t is our belief that 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 rutes 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 1.)

6.0 SAFETY OBJECTIVES

6.1  To carry out the PSI safety policy, the following objectives have been identified relative g
to the Safety Program. g
a. 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 functions, and other provisions to meet
regulatory agency requirements. (See PSI Safety Manual.) )
1]
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.
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6.2

6.3

d. 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.

e. The value of personnel training and certification as an accident preventive
measure will be emphasized. Employees will be trained to be familiar with the
systems, equipment and facilities which are required for the safe performance of
their assigned tasks.

f. The Safety Program will be responsible for all safety related contractual

directions.
g. To ensure site safety programs comply with PSI Safety Standards.
Organization

To accomplish the safety objectives relative to this program, a Safety Committee has
been established at PSI. The Safety Committee has been designated and charged with the
responsibility of coordinating the safety program to meet company and contractual safety
requirements. The committee reports to the President of PSI. There are 12 to 14 people
on the safety committee representing each PSI department 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 identifying 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. :

faquny

A9y

SPECIFICATION

A

Number V049-2-023 |Rev.

11/88

Page 5 o




e

{
T PROJECT SAFETY PLAN
b. Supervisors/Team Leaders are responsible for assuring safe workmanship
practices, including training, certification and qualification of personnel to
approved training requirements.
c. All involved personnel are responsible for reporting to any potential unsafe
condition throughout the performance of their 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.
8.0 SITE SAFETY PLAN

Weekly safety meetings are mandatory on all PSI jobsites, and are administered by the
PSI site manager. PSI subcontractors will be required to maintain a formal safety
program. Site specific safety plans will be developed inconjunction with the selected PSI
installation contractor. This will result in a cohesive document that has been proved to be

" successful in application. It also results in more familiarity by the people performing and

supervising the work.
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INTRODUCTION

This manual provides a compreheasive description and
approach to PSI's Safety Program. The Program has been
designed with one major goal; to ensure that every
employee is provided the opportunity to work in a facility
that does not endanger his health. The manual will be
updated from time to time to incorporate both new and
revised OSHA and state regulations.

The safety and health rules documented in this manual are
intended to comply with OSHA regulations for general
industry. Where a plant practice or rule coaflicts with
OSHA, the latter will dominate.

The management of the company 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 THIS MANUAL, AND
BRING TO THE ATTENTION OF THE SAFETY
COMMITTEE OR THEIR SUPERVISOR ANY
INFORMATION RELATING TO CONDITIONS OR
SITUATIONS WHICH COULD RESULT IN SAFETY
HAZARDS.

Remember that safety is a full-time job and your
participation in the program is essential.

All employees are expected to learn all the safety aspects of
their jobs and cooperate with both supervision and other
employees in complying with our safety rules.

All employees and temporary contract personnel will be
provided with a copy of PSI's Safety Manual.



-

2@ NS kW e

BEBRRBERSEBELBES

TABLE QF CONTENTS

Introduction

Common Sense

The PSI Safety Committee
Treatment and Reporting of Injuries
Safety Emphasis and Training
Safety Equipment

Safety Glasses Program
Respirators

Safety Shoe Program
Housekeeping

Discipline

Fire Lanes and Common Aisleways
Fire Extinguishers

Storage of Flammables
Storage of Gas Bottles
Hazardous Material

Forldifts

Cranes and Lifting Devices
X-Ray

General Welding Safety
Emergency Procedures
Emergency Coordinator

Mllegal Drugs, Narcotics and Alcohol
Environment, Health and Safety Policy
Safety Manual Modifications




COMMON SENSE

The keynote to any Safety Program is common sense.
Employees are required to know and follow the written
safety policies. However, where no firm fast rule applies to
a given siluation, it is expected that employees will act
prudently and reasonably.

Personal equipment must comply with all safety related
standards.

The fact that a safety item may not be addressed in this
manual does not relieve cach and every employee from
using common sense and employing safe practices and
procedures in the performance of his or her work.

For cxample, when carrying or handling pipe or when using
grinders it is expected that employces will avail themselves
of safety gloves and other safety equipment provided by the
company.

THE PSI SAFETY COMMITTEE

The PSP Safety Committee as an advisory board, will
monitor all safety and occupational health-related subjects,
and will advise Management on necessary corrective action
to maintain a satisfactory level of safety throughout the
company.

They will interpret governmental safety and health
regulations as they apply to PSI, and conduct general
inspections.

The Safety Committee consists of a Chairman, Secretary
and other concerned employees who, as a unit, represent
manufacturing and office areas. From time to time, a
vacancy may occur on the Committee and such a vacancy
will be announced by posting a notice on the bulletin board.



The remaining Committee members will, at a schedulcd
meeting attended by all the remaining members, review the
fist of interested applicants and vote to elect a new member
to fill the vacancy.

The Company is a member of the Central Massachusetts
Chapter of the National Safety Couaci! and will conlinue to
utilize the programs and benefits of this organization to its
fullest extent.

Duties and Responsibilities of the Chairman

1)

2)

3)

4

5)

6)

7)

Schedule and preside over committce meetings.

Appoint members to special projects and programs,
and follow up on reports and recommendations.

Act as company liaison with outside representatives,
such as State Inspectors, insurance investigators, and
OSHA Compliance Officers.

Coordinate the activities of the Safety Committee.

Issue reports of unsafe or housekeeping conditions to
management.

Make available all committee minutes, inspection
reports, and other documents relating to the safety
program to interested employees.

Consult with and advise individuals or groups on
safety matters, and keep management informed on
basic safety principles and OSHA regulations.
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Duties and Responsibilities of the Secretary:

1)
2)

3)

4

Take and issue all minutes 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
investigators, and OSHA Compliance Officers.

Issue reports to management of unsafe or
housekeeping problems.

Maintain all committee minutes, inspection reports,
and other documents relating to the safety program.

Duties of the Other Members are as Follows:

1)

2)

3)

4

5)

Conduct educational programs to employees on
safety including, but not limited to, periodic safety
films.

Transmit safety recommendations from other
employees and from department managers and

supervisors to the Safety Committee.

Consider the merits of all safety recommendations
and assist in their implementation.

Carry out special projects as assigned by the
Chairman.

Assist in general safety inspections,
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The Goals of the Safety Committee are:

1) To ensure that PSI maintains a healthy and safe
working environment for all employees.

2y  To rcport safety suggestions to managers or
appropriate supervisors.

3) To communicate and train cach employee on an
ongoing basis to do the job in the safest way.

TREATMENT AND REPORTING OF INJURIES

All injuries, no matter how minor, require treatment to
prevent infection or to forestall complications.

Work related injuries/illness must be reported immediatel
Lo the employee's supervisor who will notify Health Services.
The decision as to whether professional treatment is
required should be made by the Company Doctor,
Company Nurse or in their absence an employee who has
passed the Red Cross First Aid Course, if available. A list
of such employees will be maintained on the bulletin board,
When in doubt, the injured employee should be sent for
professional treatment.

A public or private ambulance service should be utilized in
all cases which require emergency treatment and in which
there appears to be imminent danger to an employee's
health or well-being or where there is evidence of chest
pains, cardiac symptoms or respiratory distress.

Other than emergency situations, in cases where it becomes
necessary to transport a sick or injured person to a medical
facility for further treatment, a Company vehicle should be
utilized. If possible, the driver should be accompanied by
another person.

.
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An employee and/or his supervisor must report the details
of any accident to the Personnel Department and /or Health
Services cither in person or by phone. After receiving
professional treatment, the employee should discuss the
details of the accident, and the doctor's findings as to
whether the injury will result in lost time from work with the
Personnel Department. This information is required for
personal safety, work scheduling, insurance and OSHA
purposes. Employees and/or their supervisor are required
to promptly complete an accident report on a form and in
the format required by the company. This form must be
signed and forwarded to the company nurse within two (2)
working days after the date of the accident.

All employees requiring professional medical treatment due
to a work-related accident or illness may, at the sole
discretion of the company, be seen by the Company Doctor,
regardless of whether they are under their own doctor's
care.

Employces 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
trcatment from the attending physician  unless
circumstances warrant treatment by another physician or
nearest hospital.

Following a work related injury, your doctor may allow you
to return to work with restrictions. As soon as possible,
forward your Medical Status Report or Doclor's note to
your supervisor in order to develop adjusted work duties.
You are not allowed to resume working without a medical
status report.

Employees who do not return to work on the day specified
in the physician's statement may be scheduled for a follow-
up visit with the attending physician and/or the Company
Doctor to determine any change in the original
recommendation for a return to work date.

6
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All industrial accidents involving personal injury and illness
other than basic first aid, will be subject to a formal follow-
up investigation conducted by the employees' supervisor.
The completed request will be forwarded to the Personnel
Dept. within 3 working days. Discussion of the findings and
action to be taken to correct the problem and eliminate a
similar accident in the future will be handled by the Safety
Committee.

SAFETY EMPHASIS AND TRAINING

It is the intent of PSI to ensure that safety is of utmost
importance. To this end, no work shalt 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 chemicals,
if any, in their work area. Further, each supervisor is
responsible for the day-to-day safety of all personnel and
equipment and for the continued enforcement of all safety
policies and practices. All visitors are the responsibility of
the PSI host,

Periodic training sessions on equipment operation, test
procedures and safety are conducted by PSI supervisors and
occasionally by outside consultants

Training will be implemented from time to time when
results of shop inspections or other factors indicate a need

for such training,

Additional training will be offered periodically to ensure
that there are adequate personnel trained and certified to
render First Aid and Emergency Treatment.

SAFETY EQUIPMENT
Employees working in manufacturing, painting and testing
areas where their jobs require special safety apparatus such

as face shields, gloves, ear protectors, respirators, face
masks, etc. will be required to wear such items.

7
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All major purchases of safety equipment will be made
through the Operations Manager or his designee.
Procurement of specialty safety items may be recommended
by the Safety Committee. The Operations Manager will
coordinate purchase requests to ensure that proper
equipment is being purchased and that unnecessary
duplication is avoided.

First aid kits and eyewash stations will be placed in strategic
locations around the building. Employees are encouraged
to use them as needed. Health Services and/or the Safety
Committee is responsible for maintaining these kits and
replenishing supplies. Please alert the Health Service or
Safety Committee if supplies arc needed in the kit in your
department or area.

SAFETY GLASSES PROGRAM

PSI supports the policy of providing proper eye protection
to all employees who by the nature of their job or working
area require such protection. [Individual supervisors have
the responsibility 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 signs.
All production areas are designated as safety glass areas.

All employees will be provided with OSHA approved
industrial type safety glasses. The cost of these glasses,
including prescription glasses, but excluding eye
examinations, will be borne by PSI. Thereafter, PSI will pay
for the full cost of replaccment glasses, 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 damage, 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.



Employees who do not normally work in safety glass areas,
but who may periodically pass through these arcas are also
required to wear eye prolection. However, temporary-type
visitor glasses may be worn in such cases. This also applies
to customers and other visitors. It is the duty of the hosting
PSI employee to provide glasses for visitors. These may be
obtained at all designated entrances to the shop production
areas.

Lenses which become pitted or scratched lose their impact
resistance and thus diminish their effectiveness as
protection. In these instances, new safety glasses shall be
obtained from the tool room. Prescription replacement
lenses, however, can be obtained from the Company's
designated optician.

An employee requiring prescription lenses will be issued a
pair of prescription safety glasses through the designated
optician. Regular prescription glasses do not provide
adequate protection and should not be worn in lieu of safety
glasses. Employees should obtain a form from health
services which must be approved by their immediate
supervisor. This form, together with the employee's
prescription, will be forwarded to the designated optician.
Employees will be required to pick up their own
prescription glasses.

A representative from the Company's designated optician
will visit PSI periodically to adjust safety glasses and advise
employees in their use.

RESPIRATORS

In order to control potential occupational discases caused
by breathing air contaminated with harmful dusts, fogs,
fumes, mists, pgases, smokes, sprays, or vapors, the
Company's primary objective shall be to prevent
atmospheric contamination, in as far as feasible. This is
normally done by accepted engineering control measures
including an enclosed paint spray booth, wall fans and air
scrubbers or filters.
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In cases where the use of these controls are not feasible, it
is the Company's policy to require the use of respirators
which are suitable for the protection of the health of the
employee. In particular and with respect to potential
airborne lead, PSI requires the mandatory use of respirators
by all employees when painting or performing operations
incident to painting.

PSI Health Services will supervise its respirator program
and perform, as required by OSHA, qualitative or
quantitative fit tests at the time of initial fitting and
periodically thereafter.

At regular intervals, evaluations will be conducted by the
Safety Committee to determine the continued effectiveness
of the program and to assure that respirators are properly
selected, used, cleaned and maintained.

Written standard operating procedures governing the
sclection, use, training, inspection and maintenance of
tespirators are on file in the tool room and with the
Company Nurse.

SAFETY SHOE PROGRAM

PSI supports the policy of providing proper foot protection
in order to protect its employees in the work place.

Employees in the maintenance, stockroom, shipping,
production, and test areas or whose duties require them to
work periodically in such areas, as well as all Field Service
Engineers, are required to wear approved protective
footwear. Newly-hired employees who are employed in the
above areas should report to work with safety footwear.

Foot protectors are available in the Tool Room for visitors
use.
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10.

Approved footwear normally follows the guidelines of being
boot-like in nature to cover the ankles, having a reinforced
steel toe, and having soles of a rubber base (ncoprene or
gum), not leather. The Personncl Department may advise
employees of other guidelines to be followed in selecting
safety footwear,

Safety footwear may be ordered through PSI. However,
employces have the option of purchasing their own safety
shoes from a store of their choice.

An employee who is required to wear safety footwear and
wishes to purchase it on his own should obtain approval
from his supervisor and submit the receipt to the
Accounting Department for reimbursement.
Reimbursement /payment by the Company will be made
upon presentation of proper receipts and is limited to the
cost of the shoes up to a maximum set by PSI. The
Company reserves the right to disapprove purchase of safety
shoes if the policy appears to be abused.

HOUSEKEEPING

Employees are expected to keep their work areas clean and
neat and void of safety hazards. This includes, but is not
limited to, disposing of trash in proper receptacles,
electrical wires and cords pulled out of pathways, keeping
desks and file drawers closed when not in use, keeping
items away from electrical space heaters, turning off such
equipment when not in use, cleaning up liquid spills in office
areas and hallways, and returning tools and equipment to
the proper storage areca.

A shop-wide cleanup is encouraged to be done on a weekly
basis. Both scheduled and unscheduled plant inspections
are made by members of the Safety Committee from time
to time to ensure a safe working environment.

11
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11.

12.

13.

DISCIPLINE

A disciplinary program has been established to enmsure
compliance with PSI's Safety Program. An employece who
violates safety rules will be given a written warning. This
form will be sent to the Personnel Manager for filing. A
progressive series of disciplinary measures may be
administered up to and including termination.
EMPLOYEES SHOULD BE AWARE THAT IN
CERTAIN CIRCUMSTANCES, SUCH AS A SERIOUS
INFRACTION OF A SAFETY RULE, WARNINGS
MAY NOT FOLLOW A PROGRESSIVE SYSTEM AND
MAY RESULT IN SUSPENSION OR DISCHARGE.

Individual supervisors are the primary individuals
responsible for the enforcement of proper discipline and
compliance with all safety policies and regulations, however,
group leaders, managers and the safety committee are also
responsible for enforcement of safety policies and
procedures.

FIRE LANES AND COMMON AISLEWAYS

Employees should park only in prescribed parking lines in
the parking lot. All other areas are designed as fire and
emergency access lanes.

Employees should keep all common aisleways accessible
and free from clutter and storage of material. Designated
aisleways will be properly marked.

FIRE EXTINGUISHERS

Fire extinguishers bave been strategically placed throughout
the plant and each location marked and identified. It is
imperative that all fire extinguishers be accessible at all
times. If a fire extinguisher is being blocked, it should be
reported to any supervisor or safety commitiee member.

12
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15.

All fire extinguishers throughout the plant are routinely
inspected on a monthly basis and serviced when necessary
by PSI's maintenance personnel. The accessablity, proper
functioning of these extinguishers and keeping of necessary
records 15 the responsibility of the Maintenance
Department.

STORAGE OF FLAMMABLES

In accordance with OSHA regulations, all flammable and
combustible chemicals are stored by PSI in a separate
cutside shed or approved storage cabinets.

Certain small quantities of flammables and combustibles
may be kept in work areas when actuwally being used
provided proper safety containers are used and properly
labeled.

STORAGE OF GAS BOTTLES

All gas cylinders are stored in a covered designated area
which is well protected, well ventilated, dry and Jocated no
less than 20 feet from highly combustible materials, sparks,
open flames and excessive heat.

Cylinders connected for use must be lashed or chained to
prevent them from toppling over. When cylinders are not
connected for use, valve protection caps must be in place.

Partially used tanks are to be properly marked.

Inside storage of oxygen cylinders 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 high and have a fire resistance 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
and chain properly secured to said bottles,
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17.

HAZARDOUS MATERIAL

In cases where employees may be potentially exposed to
chemicals such as liquid, vapors, dust, etc., which may be
hazardous to their health, it is their supervisor's
responsibility to ensure that they are provided with
adequate and proper protective equipment and that they are
notified of such potential exposure.

The company supports current regulations pertaining to
hazardous and toxic chemicals and has implemented a
compliance program to ensure all requirements are met.

PSLis considered to be a very small generator of hazardous
waste and maintains an EPA identification number of

MAD0G4378782,

A bazardous waste technician is responsible to ensure that
collections, temporary storage and shipment of this material
is in strict compliance with all regulations.

Specific programs are in place which comply fully with
Massachusetts Regulation 310CM30, OSHA 29 CFR 1910,
resourse conservation recovery act and the federal landfill
ban of Nov. 7, 1986.

FORKLIFTS

The operation of forklifts is restricted to those employees
who have passed the forklift operator training course and
who have been found qualified by a certified training
instructor to operate forklifts. Any unauthorized employee
operating a forklift will be subject to disciplinary
action.Forklift operators must obey all OSHA rules and
standards as specified in the Code of Federal Regulations
(Section 1910.178).

New employees will be instructed in the proper use of
forklifts and tested periodically by certified training
instructors,

)
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18.

19.

20.

CRANES AND LIFTING DEVICES

All cranes and associated lifting equipment (slings, chains,
etc.) shall be inspected every 6 months by a qualificd
inspector. A log shall be maintained and all equipment
have a tag attached showing date inspected and date due.

X-RAY

Ali x-rays at PSI are performed by properly experienced and
certified personnel. Currently all x-rays are performed by
independent contractors at our facility.

it is the policy of PSI to have all x-rays performed after
normal working hours and after such work areas have been
roped off. Signs are placed at the entrance to all affected
areas.

GENERAL WELDING SAFETY

Essentially welding is not a hazardous occupation if proper
precautionary measures are always observed. This requires
continuous awareness of possibilities of danger and habitual
safety precaution by the welder. In addition, it requires that
the supervisor be alert, responsible and tough in enforcing
safety regulations. The following safety precautions should
always be practiced when welding and cutting:

Make sure your welding equipment is installed properly and
grounded and is in good condition.

Always wear protective clothing suitable for the welding to
be done.

Always wear proper cye protection, when welding, grinding
or cutting.

Keep your work arca clean and free of hazards. Make sure

that no flammable, volatile or explosive materials are in or
near the work area.

15
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Handle all compressed gas cylinders with extreme care.
Keep caps on when not in use.

Make sure that compressed gas cylinders are secured to the
wall or to other structural supports, or the machine.

When compressed gas cylinders are empty, close the valve
and mark the cylinder "EMPTY" and return empty to
appropriate area.

Do not weld in a confined space without extra special
precautions.

Do not weld oo containers that have held combustibles
without taking extra special precautions,

Do not weld on sealed containers or compartments without
providing vents and taking special precautions.

Use mechanical exhaust at the point of welding when
appropniate, e.g., flux core, aluminum, brazing, etc.

When it is necessary to weld in a damp or wet arca, wear
rubber boots and stand on 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.

Dispose of electrode stubs in proper container since stubs
on the floor are a safety hazard.

Shield others from the light rays produced by your welding
arc.

Do not weld near degreasing operations.

When working above ground make sure that scaffold,
ladder or work surface is solid, with appropriate safety
equipment in place.

When welding in high places without railings, use safety belt
or lifeline.

16
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21,

When using water-cooled equipment, check for water
leakage.

Before disconnecting the welding machine, make sure the
main power disconnect on wall is turned off.

EMERGENCY PROCEDURES

A separate written contingency plan is on file in the
Personnel Department and copies have been forwarded to
all group managers. This plan will be utilized to minimize
health hazards to employees or visitors from immineat or
potential 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 local police, fire department, D.EQ.E. and
other regulatory authorities.

Emergency exit routes arc posted oo all bulletin boards.

Emergency phones for outgoing calls are maintained on
each floor. Refer to telephone list.

In the event of a power failure, a Safety Committee
Representative or the Maintenance Department will be
responsible to assess the damage and report the same to the
President or person in charge at the time who will decide
the course of action to be implemented.

EMERGENCY COORDINATOR

The duties of the emergency coordinator or his designee
wilt include the following:

Evaluate the nature of the emergency and notify
management.

Coordinate emergency response, both in-house and with
outside assistance.

Ensure evacuation procedures are carried out and that all
personnel are accounted for.
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PROJECT MANAGEMENT PLAN
OUTSIDE CONSULTANTS

Steve Dangel
Dangel Robots and Machinery
Area: Machine Design/Robots

Barry Newark
Consultant
Area: Welding and Metallurgical Engineering

Prof. Dennis Manos
College of William and Mary
Area: Material Scientist and UHV Design

Dr. Norman Peacock
Consultant
Area: Viton O-Ring Design and UHV Design

Metrowest Engineering Inc.
Civil Engineering/Surveying
Area: Laser Alignment/Surveying



