
EXHIBIT I

DELIVERABLE DOCUMENTATION
LIGO BEAM TUBE MODULES

A. The deliverable documentation under this contract is summarizedrn 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 the frequency of issue.

Documentation shall be delivered as ear$ as available but no later than ttre date specified in

the CDRL. The Data Requirement 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 del.iverable nondesign

documentation (i.e., all documents except drawings and specifications) the following

minimum information:

Contract No. PC181520
LIC|o-C95108G0C8

December l, 19D5

. DocumentTitle

. Contractor's Name

' Contract Number
. Document Number (Institute and/or contractor assigned)

' Approval Signatures - Contractor and Institute
. program Identification - LIGO

' Date of Issue
. DRD Number
. CDRLLine Item Number

' APPmval Status

C. The approval code on the CDRL is defined as follows:

A = Requires Institute's aPProval

X = Institute approval not required

D. The following requirements apply to all data submitted for Institute's approval:

The Contractor shall submit the draft version on or before the date indicated.

If the draft is acceptable, the Contractor will be notified in writing (fDM) by the LIGO

Contract Technical Manager. The Contractor shall then arrange for signatues and

deliverfinal copies as indicated in the CDRL.

If the draft requires significant Contractor modifications before approval will be granted,

the following stePs shall be taken:

1.

2.

3.

exh-1
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Contract No. PC181520

LIGO-C95IO8GOGB
December l' 1995

the cognizant Parties anda. The required modifications will be discussed between

documentedbY TDM.

b. The Contractor shall submit a revised draft for approval'

c. If ore revised draft is approved, the contractor will be notified by TDM' The

Contractor shall then affange for signatures and deliver final copies as indicated in

the CDRL.

Tfre requirements and approvals for revisions shall be the sane as forthe original submittal

unless otherwise sPecified.

4. All documentation is to be delivercd to the Document control center (DCC) in care of

Ms. Linda Turner, IJGO project, Mail Stop sl-33,Cahfomia Institute of Technology'

391 So. Holliston Avs., Pasadena, cA 91 125. \\eDocumentcontrol Center shall be

the point of official receipt for all documentation'

i
i exh-l
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Contract No. PCl8l520

"Tjft"T?b?

Data Requirrement Description (DRD)

ProjectManagementPlan, DRD No' 01

Purpose: To provide ttre basis for detailed scheduling, wotk progress reporting, and tracking of

termination liability, for Caltech approval'

heparation Instructions: prepare a Project Management Plan identifying the planned implemen-

tation of the effort in Article I, Statement of Work. The Plan shall serve as a baseline doc-

ument for project scheduling, for work progress monitoring and reporting and for tracking

the termination liability. The Plan shall include:

A detailed, Integrated Schedule that shows all activities ttrat cover the total

contract work scope. Top level contract milestones shatl be identified and

shall include the milestones identified in Article 3, A as a minimum' All

activities and milestones shall show their relationships to each other' The

critical path for the contact schedule shall be identified.

Configuration Management Plan, including documentation contol' The plan

shall reflect the requirement for LIGO Project approval of all changes to

drawings, specifications, and procedures where applicable'

Quality Assurance Plan identifying whatfeatures and processes are critical'

and how consistent conformance with the identified critical features is

achieved. Identify project person responsible for QA and the specific QA

procedures to be followed.

A Resource Plan ttrat assigns material and labor resources against the Inte-

grated Schedule.

A Safety Plan identifying the policies and responsibility f9r the overall safety

of the projecr The pian shallshow how safety is maintained and include

specific safety manuals as applicable.

c.

d.

e.

DD-7



Contract No' rc181520

"ffiftxT?r,?

Data Requirement Description (DRD)

Projectlmplementation Plans, DRD No' 02

Purpose: To document and provide a basis for the implementation of the project' for Caltech

approval.
prteparation Instructions: preparc the following plans for implementation of the fabrication and

installation of the LIGO Beam Tube Modules:

a. Subcontracting plan: Develop make or buy decisions for dl items' and indicate

method(s) of subcontacting and subcontract management'

b. Fabrication plan: Develop and document how the fabrication of the beam tube

modules wilt ue accomplished, including the following items:

. Fabrication mobilization/demobilization

. Fabricationlocations

. Coil purchase and process sequence schedule, including coupon testing

. Spiral mill size, procotetoent, training, location and operation

. Material Handling: fragility, cleanliness

. QualiEcation of all fabrication equipment

. Preparation and assembly of tube sections

. I-eak testing

. Cleaning

' Shipping *d storage plans for tube sections

. Fabrication Readiness Review

c. Installation plan: Develop and document how ttre installation of the beam tube

modules *iU Ur accomplislied, including the following items:

. Qualification of all installation equipment

. Installation Readiness Reviews

. Installationmobilization/demobilization

. Installation sequencing and time phasing, including terminations (see DRD No'

03, a.) and baffles.

d. Acceptance Test and Outgassing Rate Measurements plan: In accordance with

LIGO-E950020, develol and document how the Acceptance Test and outgassing

rate measurements wil 6e performed, including the following items:

. Module Acceptance Test (air signature leak assay)

' Partial pressure measurements
. Leak localization (see LIGO-E950021)
. Repairtechniques

' PumP port harbware replacement and leak check

lo"
DD.8



Data Requirement Description (DRD)

Design, DRD No.03

hrfpose: To provide all necessary drawings, specifications, and procedures for the fabrication'

installation and testing of the ueanituue modules which were not included in Exhibit IrI

(Detailed Design), for Caltech approval'

prdparation Instructions: Deverop and document the design of the LIGo Beam Tube Modules in

the following ireas:

a. Design module terminations in accordance with LIGO-D950028, including interface

controldocumentsforgatevalveweldneckdetailsandanchorfoundation
requirements. This usk includes the design/specifyrng of temporary buildings to

protect valves and pumps from the elements, and revises the installation procedurcs to

include the terminations. Termination anchors shall be adjustable in position, with the

same adjustment range as the beam tube supports'

b.RevisemodulelengthinaccordancewithDrawingLIGGD950021,Rev.B.,LIGo

Contract No. rc181520
LIGO-C95108G00B

December I, 195

Arm Layouts.

c. ;'#* ili} port hardware in accordance with LIGo -Dgso1n 'including 
an interface

control document for pump connections'

d. Revise the spiral weld procedure to ensure adequate penetration; develop procedures to

effectivelY monitor weld qualitY'

e. Design fixtures and equipment fo.r cleaning beam tube sections in accordance with the

Beam Tube Module Detailed Design (Exhibit ltr)'

f. Generate a procedure for QA --oniioriog of the -!"* tube section cleanliness by

making FTIR measurements of the solverit rinse effluent' specrfy measurcmenB for

thefirsttentubesectionsandeverytenthtubesectionthercafter.
g. Design enclosures to protect Ae toUe sections adjacent to the anterooms of the field

clean room enclosures and weld enclosures' These are for the purpose of excluding

directsunlightandwind.blowndirtwhilehosingofftheslabandtheflrbeends.
h. Revise design of the vacuum box for leak checking module girttt T*s for more

efficient application. Sealing the vacuum box with "Duct seal" putty is acceptable as

long as the putty is not applied to any weld areu-tlt has not previously passed a leak

test. (Refer to l-iCO-OgSOOl9, LIGO:D950080, LIGO-D950081' LIGO-D950085' and

LIGO-D950086 in Master Document List, Detailed Design, LICO-C95996')

i. Generate a procedure and fixture design to install.lOoobaffle "A" units per Drawing

LIGO-D950094C and Caltech furnlneO location data. These will be spaced

irregularly, requiring individual measurement' The procedure will specify that baffles

are to be located to a tolerance of plus or minus lt2 nchmeasured from the clean room

end of the tube, except that baffles will not be located within six (6) inches of the girth

j.

k.

seams or in exPansion joints.

Generate a procedure for leak localization of a bearn tube module based on the

"-q"ipt"""r 
rho*n in LIGO-DI1D27 and the plan developed in DRD No' 02'd'

Generate a Beam Tube Module Acceptance Test p."rdo* for the air signature leak

test of a module using the plan developed in DRD No' 02' d'

DD-9

drd



Contract No- PC181520

"Tjffi"lTlb?

Design an altemative GPS alignment check procedure for use during installation and

observatory operation, which do6 not requfue holes in the enclosure cover segmen6'

The support slab outside of the enclosuie will be accepted as a reference surface'

Refer to LIGO-ES'OOZS and LIGO-E950074 in Master Document List' Detailed

Design, LIGO-C950496. The scope of the alternate design development will be as

described in volume I, section z.l.t.g of cBI's proposal dated July 28' 1995' except

that:

1.

2.
Alternate method#1 will notbe investigated'

Altemate methods requiring reference equipment will not be investigated'

Budgetary pricing tbr the difference in cost between the original method and for the

alternate methods investigated will be presented- 
. -If .- {ternate 

procedure is chosen'

firm pricing for the chosen alternate *iit U" provided and the contract will be revised

accordingly, if the alternate procedure is adopted'

I

ll
drd

i
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Contract No. PC181520

"TJftXTS?

Data Requirrement Description (DRD)
Project Stahs Review Data Package' DRD No. 04

Furpose: To periodically assess the progress and status of the projecr

Pleparation Instnrctions: The Data Packages to be provided in support of the project reviews

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, ths following:

a. All current technical contract activities.

Updated schedules including milestones and other events accomplished or
missed, re:lsons for delay and corrective measurcs taken. Total float against

top level conract milestones must be identified and reported as well as the

critical path forthe contract. Percentcomplete against all schedule activities
and milestones shall be shown.

Problem areas, including those concems requiring actions(s), decisions(s) or
assistance on the part of the LIGO Projecr

Action items closed during the review period, prcgress of open action itsms,
and identification of new action items.

Monthly progress reports showing Percentcomplete at one level below the

milesone payment level.

c.

d.

lon
DD-l1



Contract No. PC181520
uco-c95108G008

December l, 195

Data Requinement Description (DRD)

Design Review DataPackage' DRD No.05

Purpose: To present and substantiate design of items listed in DRD No.03'

heparation trnstnrctions: Prepare the following information:

2.

3.

1. Layouts, concepts and analysis which describe the designs utilized in DRD

No.03

Solutions and rationales for making the design decisions

Copies of view graphs to be pres€nted at the Design Review

drd

DD-I2



Contract No. PCl8l520

'T;ffi"lTSi,

Data Requirement Description (DRD)

Fabrication Readiness Review Data Package, DRD No. (b

Purpose: To demonstrate the readiness for starting fabrication.

preparation Instructions: Provide information describing the preparations !9r fabricating the

components for the Beam Tube Modules. Include a discussion of all problem areas (pasf

prcsent and potential) indicating actions taken and planned for mitigation.

1. Significant procurcments and contracts and their rationale

2. Coil processing and coupon outgassing results

3. Qualification of fixtures and equipment

4. Transportation/Storage of tube sections

5. Mobilization

drd

DD-13



Pprpose: To demonstrate readiness for starting field installation.

preparation Instructions: Provide information describing the preparations for installing the Beam

Tube Modules. Include a discussion of all problem areas (past, present and potential) indi-

cating actions taken and plans for mitigation.

Significant procurements and contracts

Qualification of fixtures and equipment

Staged start of installation

Mobilization

Contract No. PC181520
LIGO-C9510800G8

December I, 1995

Dab Requirement Description (DRD)

Installation Readiness Review Package, DRD No.07

1.

3.

4.

drd
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Contract No. PC181520

'T;!f,llii?b?

Data Requircmenb Description (DRD)

Mill Test Report, DRD No.08

purpose: To communicate the composition and mechanical properties of each heat of stainless

steel used for fabrication.

Preparation Instnrctions: Photocopy the supplying steel mill's report-

drd

DD-I5



Contract No. PCl81520

"T;lli,l,lTlb?

Data Requirements Description (DRD)

Coupon Screening Outgassing Test Data, DRD No. (D

Purpose: To communicate the hydrogen outgassing results of coupon screening tests.

preparation Instnrctions: Prepare form with test measurements and outgassing calculations.

dd
DD-16



Cootract No' PC181520

"Tirffi?g:

Data Requiremenb Description (DRD)

Tirbe Section Dimensionat TestData, DRD No' 10

hrrpose: To communicate dimensional test data from tube section measurements'

heparation Instnrctions: Prepare form with measurement data.

DD-I7



Contract No. PCl8l520
LICO-C95I08G0GB

December I, 1995

Data Requirements Description (DRD)
Expansion Joint lbst Data, DRD No' 11

To communicate expansion joint properties and data

heparation Instructions: Photocopy the expansion joint manufacturer's data shee8 for each unit.

DD.18



Contract No. PC181520
LICO-C95I08G0SB

December 1. 1995

Data Requiremenb Description (DRD)

Tbbe Section Leak TestData, DRD No' 12

PUrpose: To communicate leak test data from tube section measurcments'

Preparation Instnrctions: Prepare form with meilsurement data

DD.19



Contract No. PCl81520

"T;!f,l,f ilb?

Data Requirements Description (DRD)

lirbe Section Rirse FTIR Dat+DRD No' 13

hrpose: To communicate contamination levels in final rinse of beam tube cleaning, as a mea-

surement of cleaning Process controls.

preparation Instnrctions: photocopy the measurement laboratory's report and data plot for each

unit

llI drd

1
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Contract No. PCl8l520

"T;lli,l,lT?$B

Data Requirenrents Description (DRD)

Girft Joint Leak Test Dab, DRD No. 14

Purpose: To communicate girth joint leakage results'

preparation Instructions: Prepare form with mersurement data for each girttr seam made - both

fabrication and installation joints, including calibration data.

dd
DD.21



Contract No. rc181520

'Tir#T$?
Data Requinemen6 Description (DRD)

Module Alignment Data' DRD No' 15

PUrpose: To communicate alignment data from field measurements'

heparation Instnrctions: Prepare form with GPS measurement data for meiNurements at each

support.

DD-22



Contract No. PC181520

"Tir#T?b?

Data Requiremen6 Description (DRD)

ModulePumpdownPrressure/TimeDatarDRDNo'16

PUrpose: To communicate pumpdown performance foreach module'

heparation Instnrctions: Make electronic file copies of th9 spreadsheet time-pressure-t€mpera-

ture record of each module pumpdown, including the following:

Log data at a mardmum sampling period of 15 minutes'

Record apparatus stat€ vectors: valve positions, pump stat€s, LN2 trap states, etc'

Provide an "electronic notebook," or test log file of activities-

a.

b.

drd
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Data Requinenrenb Description (DRD)

Module Leak Test Data, DRD No. 17

Purpose: To communicate leakt€stdata foreach module'

Preparation Instnrctions: Provide test data as listed below.

a. RGA calibration with CO, CO2, CH4, Kr' Air

b. Absolute outgassing rates forH2, CO, CO2,CHa

c. Air signature leakage calculations resul6 using N2 and A by means of either th" X2

algorithm provided which measures 42 amtina2l gas model orthe Balzers QAM gas

analysis software if found appropriate

An "electronic notebooh" or test log fi.le, of activities

lrak localization data, if required, including: solution of simultaneous equations for

the leak positions and sizes,lnsffument offsets determined from valve closures, the

error matrix

The full history of leak measurements done by HMS including the exact location of

leaks found and the method of repair

d.

e.

iI ooo

i
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Data Requiremenb Description (DRD)

Completion Review Data Package, DRD No. 1E

purpose: To present all aspects of as-built design and associated fabrication, installation and test-

ing ofLrcO BeamTube Modules, and to provide a pennanent record of presented mate-

rial and subsequent closeout of resultant action items'

preparation trnstructions: The Data Package to be provided in support of the Completion Review

shall contain all data and information on all topics to be discussed and presented at the

Review and shall include, but notbe limited to, the following (foreach beam tube mod-

ule):

a. Test report documenting the results of screening and acceptance tests'

b. Tube alignment certification.

c. As-built drawings.

d. Status of cleutuP.

Disposition of property procured under the contract or made available as

Institute furnished ProPerty.

Remaining issues and open action items.

.

I

I drd
I
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Data Requiremenb Description (DRD)

Minutes, DRD No. 19

R'pose: To document proceedings of all formal krstitute/Contractor LIGO project meetings.

keparation Instnrctions: The Minutes shall document proceedings of all formal LIGO Project/

contractor project meetings. The Minutes shall include:

A summary of all business transactions betrveen the Contractor and the Insti-

nrte, including any alterations and/or clarifications to the Review Data Pack-

age generated during the Review.

Contactor action items and planned completion dat€s'

LIGO Project action items and planned completion dates'

b.

drd
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purpose: To track activity, and to recold significant events and problems encountered'

prieparation Instnrctions: The on-site Daily Log is not a deliverable item; however, it should be

made available to the Institute uporreq;esl The Log shall be kept in accordance with

established engineering/business practiie and should as a minimum contain the following:

Data Requinemenb Description (DRD)

On-Site DaitY Log, DRD No. 20

Identification of Contractor and subcontractors teams at the site.

Weather conditions, temperaturc, wind, rain, etc'

Brief description of work performed' site activities'

Heavy equipment utilized.

Any problems impacting work progress'

Foreseeable problems which may impact the progress of site activities'

a.

b.

c.

d.

e.

f.

drd
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Data Requircmenb Description (DRD)

Nonconformance RePor! DRD No' 21

Purpose: To communicate nonconformances'

Prreparation Instnrctions: Photocopy standad form(s)'

Contract No. PC181520

LIGO-C95lO8GOGB
December l, 1995
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