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GENERAL RPQUIRBMBNTS

Cleadiness

Vacuum Surfaces
. Contaminant materials of any form to be removed by procedures approved by

Caltech
. Recontamination to be prevented in all subsequent operations
. Beam Tube Module components to be wrapped/sealed after cleaning until

installation

External Surfaces
. Contaminant materials which may induce corrosion to be removed by procedures

approved by Caltech
r Recontamination to be prevented in all subsequent operations
. Beam Tube Module components to be protected from external environment

throughout operating life



GENERAL REQUIREMENTS

LeAk Rate

o Furnish Beam Tube Modules with helium leak rate not exceeding
1 x tO-to atm ccls



GENERAT REQUIRPMENTS

Outgassing Performance

. All material exposed to vacuum to be produced and fabricated in accordance with
LIGO "Process Specification for Low Hydrogen, Type 304L Stainless Steel
Vacuum Products"

. Test coupons of material produced for the Beam Tube Modules and supply
Caltech with data for determination of material acceptability



GENERAI/ REQUIREMENTS

. Furnish at installation a 1.0?m minimum clear aperture between reference
monuments spaced @ 250m intervals

. Provide convenient means of adjusting tubes to original installation alignment
after subsequent foundation movement



GEhIERAL REQT IIREMENTS

Structural,/ Mechanical / Thermal

. Full vacuum design per ASME Pressure Vessel Code

. Design loads and combinations per ASCE 7-88

. Design of expansion joints for cyclic loading in accordance with EJMA

. Thermal loads for daily and seasonal variations

. Thermal loads for 20 bakeouts at 140'C (284'C)



GEhIERAL REOUIREMEryrS

Site Specific Requirements

Sitel-HanfordrWA
. 70 mph basic wind speed (approx.37#ltt)
. Zone I seismic (V = 0.0525W, approx. 5#1ft)
o 10 psf ground snow load (approx.2ffilft)

Site 2 -Livingston, LA
. 100 mph basic wind speed (approx.76#1ft)
. Zane 0 seismic (V = 0.0525W min., approx. S#ltt)
. No applicable snow load

Both Sites
. Sustain potentially corrosive environment w/o jeopardizing structural integrity or

operational requirements



BEAM TTIBS SECTION LENGTH

ReqUirements

. Tube length must not be difficult to fabricate

. Beam Tube Sections must not be difficult to handle

. Beam Tube Sections must satisfy design code requirements for applicable loads
and load combinations



BEAM TT]BE SECTION LPNGTH

Critigal Parqmeters

Beam Tube Section length must be compatible with design of support for transfer
of loads at ends
Beam Tube Section length rnust not impose dimensional tolerance requirements
which are difficult to meet
Beam Tube Section length must allow constructability



BEAM TUBE SECTION LENGTII

Design Options

. Investigated structural compliance with design code for Beam Tube Section
lengths ranging from 12.2m (40') to 24.4m (80')

. Assuming a simple vertical support without moment resistance for longitudinal
loads:
- All lengths considered comply with ASME for effects of tube bending stresses
- Midspan deflections range from -1132" to *112"
- Required expansion joint shear capacity ranges from -4000# to -7000#
- All lengths considered would require stiffener rings at support location

(somewhat larger than typical stiffener ring size)
- Lowest acceptable spring rate is - n ,AAA#fin @ 80' span
- Beginning at 80' span, required supported width of tube to control local

stresses increases signifi cantly



BEAM TUBE DIAMETER

Require(nents

. Provide 1.07m clear aperture

. Establish tube center externally for operational alignment

. Identify and quantify all tolerances and displacements which influence
determination of tube diameter

. Base tube diameter on economically achieved tolerances and accurately predicted
displacements



BEAM TTIBE DIAMETBR

Critical Parameters

. Tube diameter tolerance

. Tube roundness tolerance

. Tube straightness tolerance

. Accuracy of establishing tubg center

. Alignment accuracy: Surveying and adustment

. Deflection of beam tube span

. Lateral offset and rotation of expansion joint

. Baffle radial projection as installed



BEAM TUBE DIAMETER VARIABLES

Required Tube Diameter
Nominal Tube Diameter

Cost to increase the Dia ($2.001#)=
Equivalent Manhours (@$40/Hn1 =

Mhrs per tube section=
Vo inctease in surface area=

48.02
48.00

48.48
49.50

$7o,lo1
t7s3
2.26
L.04

49.26
49.25

$175,253
4381
5.65
2.ffi

50.01
50.00

$280,404
7010
9.03
4.17

$0
0

0.00
0.00

TOLERANCE / ACCURACY
ITEM

LEVEL ACHIEVED
A B C D

Surveying tolerance 0.125 0.125 0.188 0313
Centering tolerance 0.063 0.063 0.094 0.125
Tube diameter tolerance 0.032 0.063 0.094 0.125
Tube roundness tolerance 0.032 0.063 0.094 0.L25
BafrIe projection tolerance 0.063 0.141 0.25 0.281
Tube staightness tolerance 0.032 0.125 0.25 037s
Tube adiustment accuracy 0.032 0.032 0.032 0.032
Tube displacement 0.188 0.188 0.L88 0.188

Direct summation of tolerances
Baffle radial projection

Aperture radius

0.567 0.8 1.19 l.5g
2362 2362 2362 2362

21.079 21.079 21.079 21.079



Bange Considered

48" I.D. minimum
50" I.D. maximum

Refine estimates on various tolerances
Evaluate stiffened tube behavior for deflections
Determine achievable tolerances on baffles
Define expansion joint design properties and determine effect on displacements

a

a

a

a

a

o



EXPANSION .IOINTS

Requirements

Axial extension/compression for
- 20 bakeouts @ 140"C (284"ry
- Daily and seasonal temperature variations
Facilitate installation alignment
Facilitate alignment adjustments during operation
Axial spring rate not to exceed allowable limit for compression on tube
Shear capacity if support on one side only
Bellows thickness to:

Ensure durability w/o damage
- Ensure adequate torsional capacity

Eliminate Caltech's need to cool during bakeout
Helium leak rate not to exceed 1 x 10-tl atm ccls
Material produced and fabricated in accordance with LIGO specification
Attachment of bellows on inside of tube

a

a

a



TYPICAL EXPANSION JOINT CONFIGURATION

BELLOWS

WELD END

INS
DIA

CONTI NUOUS
CIRCUMFERENTIAL
WELD

BELLOWS
TANGENT



EXPANSTON.IOINTS

Critical ParameterF

. Bellows thickness, convolution depth and pitch all determine structural
performance of expansion joint

o Weld details to be TIG welded wlo filler wire from inside:
Longirudinal seam in weld ends

- Longitudinal seam in bellows
- Circumferential weld of bellows to weld ends

. Material supply to be for two thicknesses:
- Weld ends to be sttme as tube wall (0.1254")
- Bellows to be thinner material (possibly 0.0359" min.)



EXPANSION JOINT MANUFACTURERS' CAPABILITIES

ALLWELDS
w/o WIRE?

LEAKTEST SENS
TO 1x10E-11?

ELIMINATE
CS CONTAM?

SUPPORT
1 SIDE ONLY?

PROPOSED
DESIGN

MTCROFLEX YES NO (1x10E-s) NO, PASSIVATE NOT RECOMM
w/o GUIDING

0.049" 3 coNs, 2.25" HT

AMERICAN
BOA

YES YES YES POSSIBLY ].020" 3 coNs, 1.25'HT
3.125" 4 coNs,2.5" HT

PATHWAY YES NO (1xl0E-s) NO, PASSIVATE YES 0.125" 6 coNs,2" HT

SENIOR
FLEXONICS

NOT RECOMM
@ BELLOWS ATT

YES NO, PASSIVATE POSSIBLY 0.0359",3 coNs,2'HT

HYSPAN 0.025",5 coNs, 1.5" HT



EXPANSION.IOINTS

Design Options

. Weld ends can be short (-4") or long (up to 3 or 4')

. Weld ends can be equal or unequal lengths

. Bellows can be as thin as 0.020", BS thick as 0. t25"
o Bellows can be attached in several ways



POSSIBLE BELLOWS ATTACHMENT METHODS

COMMENTS

Difficult to weld without wire
Ability to achieve req'd leak rate is questionable

Could weld without wire
Expensive to machine groove,

limited thickness with which to work

Weld wire not required
Weld end must be formed with lip
Internal projection must not restrict aperture

No welding except longitudunal seam
Fabrication is primarily forming
Much higher axial spring rate results in:

High end loads @ interface
High loads 0n supports due to variation in spring rates



EXPANSTON .IOINTS

Costs

. Present cost information based on precontract request from 9192

. Requests for quotation to be made 1216193

. Cost will be dependent on particular requirements imposed



o

a

a

a

EXBANSION.IOINTS

CBI investigating all necessary requirements
Expansion joint design is normally left to the discretion of manufacturer
CBI-to determine a range of acceptable designs based on EJMA
CBI to update and issue original purchase specification to include these
requirements
Selection of expansion joint design will be made based on quotation and ability
of manufacturer to meet requirements



BEAM TUBE ST]PPORTS

Reqqirements

. Support all applicable loads and loading conditions

. Maintain tube center line elevation at 1.07m above foundation

. Adjustment capability:
- *7 .5 cm vertical

f,7 .5 cm transverse horizontal
. Thermal isolation to limit local fube wall temperature drop to 10"C (18"F)
. Allow thermal movement of tube w/o occuffence of stick-slip
o Maximize avwlable clearance between top of tube and enclosure
. Minifirrze torque induced to bellows from differential settlement of slab
. Provide alignment targets at or near support



BEAM TT]BE SUPPORTS

Critical Parameters

Simple fabrication and means of attachment
Ease of adjustments for alignment throughout operation
Convenient interface to foundation
Method of restraining tube therrnal movement during construction before module
is closed

a

a

a

o



SUPPORT DESIGN APPROACHES
TUBE END LOAD

COMMENTS

Expansion joint does not carry shear load
Differential settlement would impose greater load due to

high lateral spring rate
Differential settlement would induce torsion directly to bellows
Alignment adjustments become complicated
Redundant support must be flexible; cannot be a guide

ONE SIDE ONLY:

Expansion joint must carry shear load
Expansion joint must be designed for concurrent

axial and lateral displacements
Differential settlement distributes most of torsion to rube

instead of bellows

BOTH SIDES:



SUPPORT DESIGN APPROACHES
TRANSVERSE LOAD

COMMENTS
FOR AT.IY TYPE SUPPORT:

Lateral loads are due to wind or seismic
Vertical dead loads help reduce uplift
Minimum of 2 anchorage points required



SUPPORT DESIGN APPROACHES
LONGITT]DINAL LOAD

COMMENTS

Nominal longitudinal load due to seismic
Critical longinrdinal load is due to thermal variation
throughout consffuction until module is completed

Thermal load is dependent on:
- Axial spring rate
- Beam Tube Section length
- Temperature change from fabrication temp

After consffuction, thermal load is transmitted directly through
Beam Tube Sections wlo appreciably load imposed on supports

P = k a L d T

k = axial spring rate
a = coefficient of thermal expansion
L = Beam Tube Section fabrication length
dT = temperature change from fabrication

DURING CONSTRUCTION:

P  s k  k  k  k
-+fr"-j-^/v-'tryryvffi

|  -L l -r  1r l -p
MoDuLE l l frypl I <-

END k____t

P must be resisted near last support placed
to maintain proper station

AFTER CONSTRUCTION:

MODIJLE
END

P is transmitted directly through tubes

MODULE
END



MOMENT RESISTING:

SUPPORT DESIGN APPROACHES
LONGITUDINAL LOAD

COMMENTS

Requires 2 additional anchorage points
Would secure end of tube as construction progresses

Does not require additional anchorage
Must restrain end of tube by temporary means

until module is completed
After construction, support must be flexible to allow

nominal movement (w/o slippage of attachment to tube)

LONGITUDINALLY FLEXIBLE:



BEAM TUBE SUPPORTS

Design Optiqns

o Thermal isolation
- Insulation must be load bearing
- Insulation must sustain wet conditions
- Insulation must possess satisfactory thermal conductivity
- Insulation must be obtainable in required thickness and shape

. Insulation must be placed in appropriate location, ideally minimizing or
eliminating direct contact of support metal to tube metal

o Foamglas
- CBI uses foamglas in cryogenic applications with sustained load bearing and

wet condition requirements
- Could be produced in quantity to required thickness and shape
- Other suitable materials have not been identified



BOLTED COLLAR WITH

,n--'- 
FOAMGLAs lNsuLATPn 

\

LOW FRICTION
SLIDE BEARINGS

t  7.5 cm€

t7.5 cm $
STIFFENERS

AXIAL ELEVATION SIDE ELEVATION

SUPPORT CONC



BEAM TUBE SUPPORTS

Selpcted Configuration

. Bolted collar
- Easily installed
- Does not require precise matching to element already attached to tube
- Can be unbolted for entire module immediately after construction to eliminate

any residual longitudinal load imposed on supports
. Foamglas wrapping tube directly eliminates metal to metal contact
. Transverse horizontal adjustment by studs in slotted holes
. Low friction bearing pads allow easy horizontal movement
r Vertical adjustment by nuts on anchor bolts
o Horizontal and vertical adjustment performed separately
. Pair of stiffeners is required at support to control local stresses in tube wall due to

vertical loads alone
. Galvanizellpainted carbon steel components



BEAM TT]BB SUPPORTS

Follow Up Activities

. Perform finite element analysis to determine required insulation thickness

. Refine design of support concept



BAFFLES

Rqquirements

o Quantity as necessary to satisfy minimum spacing of LIGO Beam Tube Module
Configuration

. Helical shape with 30cm pitch and depth

. 6.0cm radial projection

. 35" slope from inside of tube wall

. Projected edge to be serrated up to 0.35cm depth and pitch

. Projected edge to slope toward center of each module

. Material produced and fabricated in accordance with LIGO specification
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BAFFLES

Critical Parampters

. Installation to require no welding or fastening to tube wall

. Baffles to be sprung into place and held securely by friction

. Means of applying tool or device to constrain when installing

. Cleanliness requirernents for vacuum surfaces apply also to baffles

. Can be any thickness up to 0.1300"

. For best control of materials, use same material as produced for either the tube
wall (0.1250") or the thinner bellows

. Manufacturers have a preference to use the thicker material

. Economically achieved tolerances will be used to determine final tube diameter



t o
BAFT'LES

Design Options

. Unequal leg angle section with legs @ 35" and 55"

. Single ribbon screw flight

. Manufacturers determine and demonstrate their best fabrication method to satisfy
requirements economically

. Caltech to select degree of serration based on manufacturer's relative costs



BEAM TUBE STTFFENBRS

Requirements-

o Cross-sectional area and moment of inertia to satisfy ASME requirements
. Spacing not to exceed ASME requirements
. Stiffener design directly dependent on tube wall design thickness
. Tube wall material purchased as 0.1250" to half mill tolerance (+0.005") will:

- Satisfy ASME for design on basis of 0.1250" thickness
- Ensure compliance with LIGO specification for thickness not exceeding

0. t300"
. Corrosion protection as applicable
. 20,000 to 25,000 total quantity, depending on spacing
o Stiffener attachment per ASME



I -

BBAM TUBE STIFFBNBRS
I

ASME ATTACHMBNT REQUIRBMENTS

l in.min.

_!*..*.
Continuous ful l

penetration weld



BEAM TUBB STIFFENERS

Requirements (Cont'd)

a

O

Splice of stiffener ends/segments to:
- Maintain moment of inertia of section
- Transfer compressive load carried by ring
Stiffener material can be carbon steel or stainless steel
Material selection affects stiffener size requirements to some degree



BEAMIUBB STITFENERS

Critical Parameters

. Efficient use of material
- Thickness and depth selection
- Fabrication method

. Simplicity of fabrication and installation



BBAM TUBB STIFFENERS

Design OptionS

. 304 stainless steel

. 304L stainless steel (same as tube wall)

. Other more expensive stainless materials which do not return benefit to degree of
added cost

o 4.36 carbon steel

. External pressure design rules
- ASME Pressure Vessel Code
- Alternate rules of ASME Code Case N-284
- Alternate Rules of API Bulletin 2U

. Stiffener attachment weld requirernents
- ASME Section VIII, Division I
- Alternate rules which satisfy strength requirements
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BBAM TUBE STIFFENERS

Preliminary Design

. Based on:
- 48" I.D. tube
- 0.1250" wall thickness
- 3O4L stiffener material
- Attachment weld satisfying ASME strength requirements

. Stiffener size: 3116" x l-314"
' Spacing: 2'1 .7" maximum
. Attachment weld: llS" continuous fillet, nearly 360' around, one side only
. Basis of prequalification investigations
. Design is somewhat affected by increase in tube diameter

. LJse of carbon steel would:
- Require expensive painting operations
- Require compatible weld material, more difficult weld
- Require sealing of unwelded crevices to inhibit corrosion

. LJse of 304 stainless would:
- Require next available bar width (2")
- Increase material weight by l4%o
- Save only 47o inbase material grade costs



PUMP PORTS

Requirements

. Zlcmnominal diameter

. Conflat flanges

. 150# vertical dead load at face imposed by attached valve
o J per module @ -250m spacing
. Tube wall reinforcement as required by ASME



PTJMP PORTS

Critical Parameters

. Flange size and bolting compatible with mating flange

. Neck material produced and fabricated in accordance with LIGO specification

. Weld details which eliminate potential for creation of a virtual leak

. Fabrication and attachment of neck to flange



1/4 THICK PAD PLATE
15'O.D., 13" 1.D.304L MATERIAL

10'O.D. x 1/8" THICK
NOZZLE, 3O4L MATERIAL

11,f

1/4' TRIM
RADIUS CORNERS

12" NOMINAL O.D.
CONFLAT FTANGE
3O4L MATERIAL

118 v 3-6

25 cm NOMINAL DIAMETER PUMP PORT



MODULE GENERAL PLAN

Proposed Layout

. All Beam Tube Sections at both sites of uniform length (20.23m)

. Single make up section to account for difference in module length of 2 sites

. Pump ports equally spaced @ -243m (every lzthBeam Tube Section)

. Majority of baffles to be placed near end of Beam Tube Section:
- Eliminates effect of tube deflection
- Provides direct control of clear aperture by support adjustments
- Assures roundness of if stiffener rings are specifically required at supports
- Facilitates installation w/o requiring access far inside tube

. Beam Tube Sections which require more baffles at closer spacing:
- Represent small percentage of Beam Tube Sections
- Define required tube diameter
- Can incorporate most dimensionally correct tube produced

. Totals required for 8 modules at 2 sites:
- 784 expansion joints
- 77 6 supports
- 928 baffles
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COIL STEEL

REOTIIREMENTS:

a. Material meets or exceeds Caltech's specification 110fiD7, Type 3{XL Stainless Steel
Vacuum Products, dated April 5, 1993 and is approved by Caltech.

o Thickness of 0.130" or less
o Air Bake material at 440o C +/- 8o C for 36 hours
o Material samples taken after air bake to confirm acceptable outgassing levels.
o Materials shall not be used for fabrication until its acceptabili$ is assured.

b. Material meets the requirements of ASME Section VIII, Div. I pressure vessel code.

c. The material surface linish shall be no smoother than 2.5 microns rms roughness. Hot
Rolled' Annealed' and Pickled (IIRAP) 304L stainless steel is acceptable. Any
alternate finish is subject to Caltech's approval.

d. Maintain material traceabilty.

e. Produce, air bake, and test approximately 3J00,|XX)# of 304L coil material to meet the
project schedule.



CRITICAL PARAMBTERS

a. Develop coil steel production and air bake processes that assures compliance with all
the LIGO requirements:

. Produce the coil steel to a thickness and thickness tolerance that satisfies both
vacuum and structural design requirements.

. Produce the coil material with a surface finish no smoother than 2.5 microns.

. Control the coil steel air bake process to produce acceptable hydrogen content.

b. Develop a coil steel material manufacturing and air bake process that will produce
coil steel to meet the LIGO schedule requirements.

c. Develop a coil steel production and air bake process that is economical.
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SPIRAL WELDED T ACTURING

REQUIREMENTS
a. Process identification for industry requirements and special LIGO requirements
b. Production capacity and capability

Schedule, cleanliness, weld expertise, dimensional capability.
c. Quality assurance and control, process inspection and control.
d. Tube section costs, accountability, and financial stability.

CRITICAL PARAMETERS
a. Forming process, weld fit-up, contamination, mill environment
b. Dimensional tolerances, end circumference, sizing and facing
c. Weld quality, weld speed, leak tightness, inspection, and repair
d. Tube inspection at the mill, visual inspection and in-line weld technique evaluation
e. Documentation, material and tube traceability, weld records
f. Limited and effective tube handling and transportation, manufacturer location
g. Quality assurance and process control

FABRICATION PROCES S DEVELOPMENT
a. Pipe industry characteristics, typical product lines, capabilities, and financial condition
b. Pipe mill characteristics and costs
c. Tube mill plant tours

Naylor Tube, Chicago, Illinois
Northwest Pipe, Portland, Oregon
Roscoe Moss, Los Angeles, California
Tubetec, Sanford, Florida

d. Potentially qualified suppliers: Northwest Pipe and Tubetec



SPIRAL WELDET) CTURIN

NORTHWEST PIPE AND TUBETEC COMPARISON
a. Geographical Location

NWP is located in Portland Oregon near the Hanford site
Tubetec is located in Sanford, Florida, the nearest supplier to the Livingston site.

b. Clear truck route: Both facilities are located amenable to interstate and state highway
systems. No obstacles to over length shipments.

c. Competitive pricing: The two suppliers will bid on the tubes, with supply for one
and/or both sites and the qualification test. The use of one supplier for the qualification
test should not preclude use of the other for the option.

d. Initial set up
NWP must convert existing large diameter carbon steel mill to stainless steel production
Tubetec can produce thin wall, large diameter tubes with current equipment

e. Special equipment requirements
None for tube manufacturing for either supplier
Special on line weld evaluation equipment must be developed.

f. Production capacity
NWP projects 2 tubes per shift, Tubetec projects t ll2 tubes per shift

g. Transportation: freight truck shipment, 4 tubes @ 65' to the trailer for both manufacturers
h. Experience in tube size range

NWP's tubes in this diameter range are typically much thicker, pervious 3/16" minimum
Tubetec typically manufactures stainless steel tube in this diameter and thickness



SPIRAL WELDED TUth MANUFACTURING

i. Equipment capability
NWP can utili ze 36" to 60' coil, Tubetec is presently limited to 16", but evaluatin g 20"

&24"
j. Welding process

Both NWP and Tubetec prefer 2-pass TIG, autogenous inside, with filler outside
k. Tolerances: Should not be a problem with either supplier, straightness and circumference

control are within the equipment capability, both are very operator dependent.
l. Forming process

NWP uses a traditional pinch roll forming process. The mill to be used for LIGO can
accept 48" wide coil and has a large drive capacity for relatively thick plate.

Tubetec uses 16" wide coil and relatively thin sheet which eliminates the need for large
drives and allows the tube to be "free formed" off the coil.

m. Cleanliness
NWP produces primarily carbon steel pipe and their 48" mill must be modified for

stainless steel. Carbon steel contamination will be difficult to prevent.
Tubetec is a stainless steel manufacturer and can readily limit contamination

n. Schedule
Both manufactures can meet the production schedule requirements

o. Inspection: procedures will be developed for inspection in supplier's facility addressing
dimensional control, visual weld inspection and potential in line weld inspection.

p. Financial stability
D & B rates NWP as "fair" (One lien outstanding). NWP currently for sale
D & B rates Tubetec as "strong"



SPIRAL WELDED

q. Documentation: Each tube to be uniquely identified including material traceabilily by both
suppliers

PROCESS AND MANUFACTURER PRE QUALIFICATION
a. Unique requirements of LIGO project require pre qualification prior to qualification test.
b.20' section of 48" diameter tube to be made by Tubetec and NWP
c. CBI to evaluate tube sections: Visual inspection, dimensional inspection, weld sectioning,

portions leak tested.

CURRENT AND FUTURE ACTIVITIES
a.20' section received form Tubetec and under evaluation at CBI's Houston weld laboratory.
b. NWP tube section should be delivered to CBI sometime in December.
c. Evaluations of pre qualification sections will be used to develop fabrication, welding,

dimensional, and inspection requirements for the tube manufacturers.
d. Tube section specification will be prepared for the Final Design Report



Circumferertuf Buft Weld

Caltech Requirements

. All welds exposed to a vacuum must be done by the GTAW
process

. A11 welds must be full penetration

. All vacuum welds shall be, wherever possible, internal and
continuous

. Filler wire shall not be used on welds exposed to vacuum



Circumferertuf Butt Weld

Key Parameters

. Tube is in fixed (5G) position - welding apparatus must rotate around 360o
circumference

. Limited access in and under tube (approx. 18" between tube and foundation,
48" diameter tube approx. 66' long)

. High quality welds required

. Repeatability - 784 total joints to weld (392 at each location)

2



Circumferertur Buft Weld

Equipment Selection

Dimetrics Gold Track II

. Automatic - Reduces chances of operator variation and error

. Programmable to provide repeatability

. Easy to program and control - Reduces training time

. Produces high quality welds

. Capable of meeting all contract requirements

3



Circumferert"t Butt WeId

Autogenous Welding

Advantages

. Obtains good weld appearance on inside of tube

Disadvantages

. Will not provide a full thickness weld due to weld shrinkage and gaps

. Root gap must be held at zero with no tolerance permitted for wide gaps to
attain a near full thickness weld

4



Circumferetil"t Butt Wetd

Welding Procedure Development

. Determine optimum procedure regarding the addition of filler metal

. Determine best shielding gas and purge gas

. Determine joint configuration and tolerances for gap variation and
misalignment

. Optimize welding parameters including amperage, voltage and travel speed

5



Circumferertuf Butt WeId

Recommended Welding Procedure

. Dimetrics Gold Track II

. Autogenous root pass with filler metal on second pass - all passes welded from
outside

. Shielding gas to be 60Vo Argon - 407o Helium

. Purge gas to be l00%o Argon

. Vertical welds may be welded uphill or downhill

The above procedure meets the contract specifications by providing

. Full thickness weld joint

. GTAW welding process with no filler metal exposed to vacuum

6



Circumfere#uf Butt Weld

Fit-Up Equipment

. Deerman Rim Clamp

. Very large and hard to attach

. One time fit-up sequence

. Conforms shape of one tube to the other which minimizes miss-match

. Deerman Chain Clamp

. Light weight and easy to attach

. Requires several fit-up sequences

. CBI Equipment

. Currently developing equipment to utilize both types of clamping operations



Stiffener Cost Analysis

Repair Costs

Continuous Stitch
# Starts/Stops 461000 1^17341200
(Assume SVo repair rate to starts/stops at L5 min/repair)
Repair Costs 201125 7581713

Equipment Costs

Manufacturer Description Cost
CBI Stitch Welding 245,296
CBI Stitch Weldine (without torch shiftine) 230,193

Ransome Stitch Weldine (without torch shifting) 244,155
CBI Continuous Weldine l9l,66l



Cost of Equipment
Cost of Repairs
Cost of Filler Metal

Total Cost

Stiffener Cost Analysis

Continuous Stitch
$191,661 $245,296
$20,125 $758'713
$121,716 $60,858

$333'502 $1,064,867

By Cost Comparison, Welding One Side Continuous
Would be more Bconomical



Vacuum Port Welding

Requirements
. A11 welds exposed to a vacuum must be done by the GTAW

process

. All welds must be full penetration

. All vacuum welds shall be, wherever possible, internal and
continuous

. All external welds added to these for structural purposes
shall be intermittent to eliminate trapped volumes

. Filler wire shall not be used on welds exposed to vacuum



Vacuum Port Welding

Key Parameters

. Support tube to minimtze distortion due to weld shrinkage

. High quality weld

. Limited access to inside of tube

. Limited access to outside of flange neck

. Limited number of vacuum ports per site (approx. 28)

2



Vacuum Port Welding

Weldins Drocedures

. Continuous fillet weld on inside of tube with intermittent fillet welds on
outside of tube

Must be welded from inside of tube, limited space

. Full penetration weld from outside of tube

. Can be welded from the outside

. Excessive heat input due to fulI penetration

These welding procedures are still under development

3



Spiral Weld Procedure

Caltech Requirements

. All welds exposed to a vacuum shall be done by the GTAW process

. All welds must be full penetration

. All vacuum welds shall be, wherever possible, internal and continuous

. All external welds added to these for structural pulposes shall be intermittent to
eliminate trapped volumes

. Filler wire shall not be used on welds exposed to a vacuum



Spiral Weld Procedure

Key Parameters

. Mill capabilities

. Ability of the mills to adapt to our needs

. Fast welding rate to be economical

. High quality welds

. Repeatable (approx. 16 km of tube)

2



Spiral Weld Procedure

Autogenous Welding

Advantases-

. Obtains good weld appearance on inside of tube

Disadvantages

. Will not provide a full thickness weld due to weld shrinkage
and gaps

. Root gap must be held at zero with no tolerance permitted
for wide gaps to attain a near full thickness weld

3



Spiral Weld Procedure

Mill Recommended Procedure

. Two pass procedure

. First pass autogenous on inside

. Second pass hot/cold wire on the outside
Shielding gas 60Vo argon - 40Vo helium

. On-line inspection to assure full fusion



Spiral WeId Procedure

Follow-Up Activities

. Obtain samples from possible tube vendors

. Dimensional tolerances of sample tubes

. Leak testing of sample tubes

. Cross-sectional analysis of tube spiral welds

. Welding procedure verification for circumferential welds and stiffener
attachment

5



Stiffener Attachment Welds

Caltech Requirements

. Inside of tube must be shielded with an inert purge gas

. All external welds added for structural purposes shall be
intermittent to eliminate trapped volumes



Stiffener Attachment Welds

Key Parameters

. Should be welded downflat

. High deposition rate

. Repeatable (23000 total, 11500 per site)

. Low heat input to minirfize oxidation, distortion and burn
throughs

. Minimal clean-up time

2



Stiffener Attachment Welds

Process Selection - GMAW

. Short circuit

. Low heat input to minirrlze oxidation

. Weld spatter that requires post cleaning

. Low tolerance for torch positioning

. Fluxed Cored

. Higher heat input yet purge yielded little oxidation

. Very clean as-welded appearance

. Forgiving in torch position

3



Stiffener Attachment Welds

.Ioint and Weld Details

. Full penetration groove weld

. Requires excessive heat input which causes distortion

. Will not obtain a full penetration weld

. Continuous fillet weld on one side

More filler metal required resulting in higher cost

. Intermittent fillet welds on both sides

. Requires less filler metal

. More starts/stops which are potential weld repairs
Expensive operating equipment



Stiffener Attachment Welds

Recommended Welding Procedure

. Fluxed Cored welding process

. Shielding gas 7 5Vo Argon - 25Vo Carbon dioxide

. Purge gas lO0Vo Nitrogen

. Travel speed 16 inches per minute

. Continuous fillet weld on one side only

The nitrogen purge provides inert gas shielding to reduce oxidation
A continuous fillet weld on one side will not trap any virtual leaks

5



SUBASS TRUCTI

a. Dimensional inspection and documentation.
b. Stiffener, expansion joint, and pump port attachment to weld procedure including purge.
c. Subassembly leak testing to specified leak rate sensitivity and repair if required.
d. Cleaning to final procedure to remove visible traces of contamination.
e. Sealing and transportation of subassemblies to field for installation.

CRITICAL PARAMETERS
a. Effective and economical attachment of the stiffeners with specified weld procedure.
b. Effective and efficient expansion joint attachment with specified weld procedure.
c. Effective and efficient detection and location of leaks at specified sensitivity.
d. Facility location to limit handling and transportation costs of tube subassemblies.
e. Automated execution of the cleaning procedure in a clean environment.
f. Sealing and effective prevention of contamination.
g. Production rate and process integration and control.



ONSTRUCTION

SUBASSEMBLY FABRICATION SEQIJENCE
a. A general process flow diagram has been developed and work will be by specific procedure
b. The general sequence of work is as follows:

1. Receive & inspect materials 2. Fit stiffeners to tube
3. Weld stiffeners to tube 4. Inspect and measure
5. Fit and weld pump ports 6. Inspect and measure
7. Fit and weld expansion joint 8. Inspect and measure
8. I-eak test subassembly & repair if req'd 10. Clean subassembly

c. Special equipment is required for the following:
Stiffener fit up and purge Stiffener welding

stiffened tube

to center
and seal

Expansion joint fit up & welding
Irak testing and location

Pump port installation
Cleaning automation

SUBASSEMBLY FABRICATION LOCATION OPTIONS
a. Tube mill fabricators location

Advantages: Enables leak detection just after tube fabrication.
Limits tube transpiration and handling.

Disadvantages: Tube manufacturers do not have capabilities beyond tube fabrication
Attachment of stiffeners may restrict shipping to one tube per truck

b. Fabrication facility in vicinity of the tube manufacturer.
c. Current CBI fabricating facility.
d. Fabrication facility in the vicinity of the LIGO sites
e. Fabrication at the LIGO sites.



-

SUBASS EMBLYTO NST RUCTION

ADVANTAGES AND DISADVANTAGES OF LOCATION OPTIONS
a. Tube fabricators do not have the abilities or facilities to meet LIGO requirements
b. Fabrication near the tube fabricator makes cleanliness maintenance difficult and may

restrict shipping to one tube per truck but may be feasible.
c. Existing CBI shops are oriented toward thick carbon steel plate fabrication. Dedicated

floor space for this special work and cleanliness would be problematic.
d. Leasing of fabrication facilities near the site will limit the contamination problems

associated with off site fabrication and cleaning, would limit site activity, and may not
be cost prohibitive.

e. Site fabrication is presently the preferred location due to:
Project dedicated resources Cost control
Better management control Better process control
Use of highly skilled personnel Standard CBI approach
Minimizes handling costs and risks Facilitates cleaning maintenance
Standard CBI approach

CURRENT ACTIVITIES AND PROPOSED COURSE OF ACTION
a. Finalize process development and control requirements
b. Develop layout of optimum subassembly fabrication facility.
c. Assess feasibility and costs of site fabrication facility
d. Assess feasibility, availability, and costs of fabrication facility nea.r each site.



REQUIRBMENTS
a. Subassembly transportation to field placement location.
b. Cleanliness maintenance.
c. Subassembly placement
d. Initial alignment and fit up to module in progress
e. Attach permanent support and adjust leveling mechanism
f. Weld circumferential seam
g. Remove fit up and purge equipment
h. Clean weld and inspect tube for cleanliness during tube exit
i. Seal tube end and prepiue for next section

CRITICAL PARAMETERS
a. Maintain cleanliness and integrity of tube subassemblies.
b. Efficient and effective of circumferential weld
c. Detect and locate any leaks in circumferential weld to required sensitivity and repair
d. Controlled and limited personnel access to prevent contamination ensure worker safety
e. Final inspection to ensure that tube access is no longer required
f. Maintain clean environment in module under construction to ensure cleanliness
g. Develop fabrication and installation procedures for two sites
h. Develop plans and procedures for testin g & acceptance
i. Provide a clean site at completion



SPECIAL BQUIPMENT: Special erection equipment is required for:
Portable Clean Room
Portable l-eak Test Room

Portable Welding Room
Special Fit Up Device & Weld Equipment

Positive Air Flow System For In-Place Tubes

ERECTION PLAN: The general process flow diagram reflects the activities. Detail procedures
control the work. The general sequencing of the work is:

1. Transport Tubes
3. Purge
5. Vacuum l-eak Test

2.
4.
6.

Fit Tubes Together
Weld
Clean & Seal

7. Align Tube
Clean room and weld room and testing room are moved as required to accomplish work and

protect the tube interior.
Detailed process flow has been made indicating each step of fabrication.
Processes are automated to produce predictable quality work and to minimize labor

dependence.
At site simple hauling trailers will be used
Work flow: Detailed process flow has been made indicating each step of erection.
Work covers: Shelters must be provided for clean room access, welding, and leak testing
Buildings: All temporary buildings will be removed, consideration will be given to

leaving structures useful to project. unusable slabs will be removed.



REQTNREMENTS
a. Project coordination and control
b. Subcontractor coordination and control
c. Personnel safety
d. Site and component security
e. Environmental preservation
f. Personnel management

CRITICAL PARAMETBRS
a. Accident prevention
b. Productivity and cost control
c. Schedule maintenance
d. Defined responsibilities and accountability
e. Partnering



CTIONPLANS

GENERAL CONSTRUCTION PLAN CONTENTS
Mobilization
Subcontracting Plan
Contract Administration
Transport
Quality Plan
Environmental Plan
Demobilization

CONTRACT ADMINISTRATION
Project Procedures
lnsurance
Accounting
EEO Program
Labor Policy
Changes
Local Permitting

Procurement
Project Organization
Fabrication Plan
Erection Plan
Safety Plan
Schedule & Costing
Commis sioning/Acceptance

Site Security
Documentation
Substance Abuse Program
Minority Subcontracts Plan
Patents/[nventionslRi ghts
Certifications
Termination/Li ability



I
GENERAL CONTRUCTION PLANS

PROCUREMENT PLAI!
Contact/?.O. Provisions Notification, Approvals
Authorization Special Equipment
Expediting Pricing & Analysis
Value Engineering Use Of Govemment Facilities
Traffrc Of Goods Supplier Corrective Action
Damaged Supplies Stop Work Orders
Federal Regulations Gov't. Fumished Equipment
Release Of Lien Certifications Of Materials
Termination/Liability

STJBCONTRACTING PLAN
Subcontract Provisions
Major Subcontract Areas
Federal Notifi cation Requirements
Minority/Small Business Subcontracting
Local Subcontracting

qUALITYPLAN
Plan Model: As Per ISO 90@ (Also Known As ANSVASQC Q91-1987), But Without

Certification. This Incorporates ASME Code Requirements Needed By Contract .



-
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GENERAL CONTRUCTION PLANS

MANUAL ADDRBSSES FOLLOWING:
Management Responsibility
Contract Review
Document Control
Purchaser Supplied Products
Process Control
lnspection, Measuring, And Test Equipment
Control Of Non conforming Product
Handling, Storage, Packaging, And Delivery
Quality Records
Training

SAFETY PLAN

Quality System
Design Control
Purchasing
Product Identification & Traceability
Inspection & Testing
Inspection & Test Status
Corrective Actions
Statistical Techniques
Internal Quality Audits
Servicing

Program Developed Based On CBI Standard Accident Prevention Program And Associated
General Contractors Safety Program. Covers All Trades

Confined Working Space Requirements Are In Safety Program

Draft Manual Completed, Final Manual Being Tailored For LIGO Application



I
GENERAL CONTRUCTION PLANS

EIWIROI\MENTAL PLAN

General Conditions Written And Included In This Submittal

Plan Addresses:
Site Documentation
Hazardous Materials
S tatellocal Requirements
Sanitation
Communication
Chemical Hygiene
Site Clean Up

SCHEDULE & COST CONTROL

CPM Software: Using PCAMindows Driven Program,
"Open Plan" If Required

Reporting And Formats To Be Established:
Update Timing
Submittal Control
Short Term Scheduling
Dual Site Coordination

Storm Water Permits
Regulatory Inspections
Outfall Discharges
Training
Spill Prevention
Fuel Handling

"Texim" Which Can Convert To Database

Progress Reporting
Schedule Meetings
Payment Evaluation
Detail Level Of WBS



GENERAL UCTIO

ORGAI\IZATION
Team to be located in Houston with site assignments dictated by developing work scope.
Organrzation chart shows relationships with CBI resources.

SITB LOCATION
It is anticipated that there will be adequate time for the team and equipment to move from

Hanford, to Livingston, no overlap or duplication is anticipated.

DEMOBILIZATION

Equipment: Following Completion, All Equipment Will Be Removed Form The Sites

Buildings: All Temporary Buildings Will Be Removed, Consideration Will Be Given To
Leaving Structures Useful To Project. Unusable Slabs Will Be Removed.

Personnel: Necessary Supervisory Personnel Will Remain On Site Until Demobilization Effort Is
Acceptable To Caltech.



REOUIREMENTS:

a. Align the beam tube to ensure that no part of the beam tube will intrude into the 1.07
meter minimum clear aperture.

b. During the construction process align each beam tube section to a level of accuracy
that permits final alignment within the construction adjustment allowance for the
supports.

c. Final align the beam tube module after construction to the final alignment that
ensures the beam tube (including the baffles) will not intrude into the 1.07 meter clear
aperture. This alignment uses only the adjustment allowance allotted for construction.

d. Prepare and install a system for operational alignment of the beam tube. This system
will provide the means to periodically monitor and adjust the alignment of the beam
tube. The system will provide a support adjustment range af +l- 7.5 cm in both the
vertical and horizontal directions.

e. Provide the most accurate and reasonably priced alignment system that minimizes the
beam tube diameter.



ALIGNMENT

CRITICAL PARAMETERS:

a. Establishment of the LA7 meter clear aperture between the monuments spaced at 250
meters provided by Caltech.

b. Determination of the beam tube centerline at the baflte locations using an external
alignment measuring system.

c. Confirm by calculation and/or measurement the critical dimensions of beam tube
parts that cannot be checked during the final alignment of the beam tube.

d. Develop the most cost effective method to accomptish the initial and operational
alignments that meet the specified requirements.



ALIGNMENT
CURRENT ACTIVITIES:

a. Developing two alignment systems applicable for use on LIGO
. A system that uses optical tooling equipment and techniques.
. A system that uses 3-D surveying equipment and techniques.

b. Comparing the accuracyr equipment costs and operating costs for the two alignment
systems.

FUTURE COURSE OF ACTION:

a. select the system that is best for the LrGo project.

b. Prepare the final procedures for alignment during construction, final alignment after
construction, and periodic operational alignment.

c. Develop the special equipment needed for the atignment.

d. Prepare a plan to demonstrate the alignment procedures during the qualification test
if required

d. Perform the alignment demonstration during the qualification test.



1. REQUIREMBNTS
a. No visible contaminant material of any form
b. Cleaned in accordance with the Caltech specified cleaning process

Solvent wipe, 2Vo Oeilnte hot water wash and rinse, repeat
c. Maintain cleanliness during installation and construction

2. CRITICAL PARAMETERS
a. Effective execution and control of the cleaning process
b. Safe handling and disposal of cleaning solvents and liquids
c. Automated process execution with limited spot and hand cleaning to minimize cost

(Strictly controlled and limited entry and controlled environment)
d. Limit contamination after "final" cleaning to limit rework and degrade cleanliness
e. Effective final inspection

3. CLEANING PROCEDURE OPTIONS
a. Caltech specified cleaning procedure:

Effective procedure with known characteristics
Potentially dangerous Oakite 33
Disposal may be costly

b. CBI cleaning procedures
Successfully used on high vacuum facilities
Known effective in cleaning and iron freeing
Unknown effects on hydrogen outgassing characteristics



4. CLEANING PROCEDURE DEVELOPMENT
a. Caltech specified cleaning process:

Develop procedure for execution of the specified cleaning process
Determine costs of handling and disposing or of neutralizing Oakite 33

b. Develop an alternate cleaning procedure based on CBI's past experience
Determine an alternate cleaning procedure based on CBI's experience
Determine the effectiveness and outgassing characteristics of alternate procedure
Elevated temperature to truly steam clean opposed to the 60 degree C specified
Determine the costs of executing the alternate process
See alternate cleaning procedure CLALT

5. OVERALL CLBANING PLAN:
a. Cleaning procedure "LIGOCP"Brief description of procedure and additional

requlrements

6. PURCHASBD ITEMS:
a. Baffles final cleaned by fabricator in controlled environment, bagged and sealed for

shipment
b. Preliminary cleaning and protection of tube and expansion joint by the manufacturer



7. TT]BES PRECLBAN AT SITE:
a. Initial black light inspection per procedure VTl
b. Alcohol solvent wipe down to remove hydrocarbons per procedure CL1N
c. Stiffener attachment, bellows attachment, and leak test on precleaned sections

8. TUBE ASSEMBLY CLEANING:
a. Steam jet cleaning with Oakite 33
b. De ionized hot water rinse
c. Recycle cleaner with neutralizers for spent fluids. per procedure CL1N if contamination

can be eliminated
d. Seal tubes after cleaning in a security controlled clean room area

9. CLEANING MAINTENANCE:
a. Positive filtered air flow & pressure in installed tubes per procedure BDFI
b. Filtered air to have humidity and cleanliness controls
c. Traveling clean room per procedure CRITSM



LEAK TESTING

1. REQTTIREMBNTS
a. Helium leak rate of each module not to exceed I x 10-10 atm cc/s
b. Vacuum level during operation nominally 10-9 to 10-10.
c. Each beam tube section leak tested and documented prior to field installation.
d. Beam tube module leak procedure required.

2. CRITICAL PARAMETERS
a. Component leak rate sensitivity to ensure total module leak rate
b. Effective and efficient methods of detecting and locating leaks
c. Locate leaks prior to module completion through component and local leak test

methods
d. Leak detection integrated into the construction process to maintain production
e. Non contaminating leak test procedures



3. COMPONENT LBAK TEST PROCBDURES
a. Expansion joint to be tested by manufacturer by CBI approved procedure
b. Tube section with expansion joint leak tested per CBI procedure HMSTIN

Hood chamber for leak detection.
Separate leak location if required per Time of Flight method

c. Circumferential field seams leak tested locally per CBI procedure HMST2N
Inside helium purge with outside curved vacuum box and seal

d. Equipment selected to test to I x L0-11 oR'12
e. Equipment perfrmance to be demonstrated by supplier

4. MODULB TESTING:
a. All tubes must have successfully passed component test and closing seam test
b. Caltech bake out complete. Utilizes Caltech furnished pumping system, per

procedure HSTM3N if required



COUPON'?'' SYSTEM

Requirements

. Provide coupon test facility to test hydrogen outgassing rates of all material
to be supplied for the beam tube modules and for the Qualification Test
beam tube.

. Test the material for the beam tube modules and for the Qualification Test
beam tube.

. Supply Caltech with outgassing data for determination of material
acceptability

Critical issues

. Maximize the surface a.rea ratio between the coupons and the test apparatus.

. Minimize the test apparatus hydrogen outgassing rate.

. Minimize false hydrogen outgassing rate from water vapor and
hydrocarbons.



COUPON'T'' SYSTEM

Selected Confieuration

. Same size chamber and coupons as Caltech for data compatibility and error
reduction.

. Chamber baked to reduce outgassing.

. IJse wide range turbomolecular pumps for UHV pumping.

. Cold trapped RGA for elimination of false H2 outgassing data.

. Bake all piping and equipment to component temperature limitations.

. IJse "no frills" chamber to minimi ze outgassing, and leakage possibitities.

. Provide pumping systems with automatic valving to minimize possibilities of
contamination.

. Minimize system surface area by close-coupling equipment.
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J
PRELIMINARY COUPON OUTGASSING TEST

PROCEDURE

l. Clean and assemble all components.

2. Leak check the system.

3. Insulate the system.

4. Evacuate the vessel and all ancillary systems

5. Bake out the system for a minimum of one week at 300'C ( the turbomolecular pumps
will be baked at only 120'C due to equipment temperature limitations).

6. Cool to ambient temperature.

7. Leakcheck flanges to confirm leak tightness after bake-out.

8. Fill the RGA cold trap.

9. Activate the RGA and record the hydrogen outgassing rate.

10. Repeat steps 5 through 9 until the hydrogen outgassing rate stabilizes.



PRELIMINARY COUT* OUTGASSING TEST
PROCEDURE

1 l. Calibrate the system using the calibrated leaks after each outgassing measurement.

12. Repressurize the chamber with nitrogen.

13. Clean the coupons with the approved cleaning procedure, stamp the coil
identification into one of the coupons, record the I.D. and load into the vessel.

14. Bake the vessel at 250C for 24 hours. The 24 hour timing starts after the coupons
are all up to 25A"C.

15. Cool to ambient temperature. Possible backfill with helium or nitrogen to enhance
the cooling and reduce waiting perion for cooling.

16. Evacuate the chamber if backfilled. Record the outgassing rate.

17 . Repressurize the vessel with nitrogen and remove the coupons. Package the
coupons and store until after beam tube module acceptance.

18. Evacuate the vessel and bake for 24 hours at250.C.

19. Cool to ambient temperature.

20. Fill the RGA cold trap



I *RELTMTNAR' coud0* ourcAssrNc rEsT
PROCEDURE

21. Record the hydrogen outgassing rate for the empty system.

22. Calibrate the RGA

23. Average the outgassing rates for the empty system taken prior to the coupon test
and after the coupon test. Subtract the average empty system background outgassing
rate from the coupon test outgassing rate.



OUALIFICATION TE$T OUTGASSING TEST
SYSTEMS

Requirements

. Test the Qualification Test beam tube for hydrogen and water vapor outgassing rates.

. Provide a systern to Measure the above outgassing rates.

. The desired material outgassing rates are I X 10-13 T L/sec cm2 forhydrogen and I
X 10-16 T L/sec cm2 for water vapor after a 30 day bake at 140oC.

. Net water vapor pumping speed must be less than 600 L/Sec in order to simulate the
ratio of surface area to pump speed which will be available on the beam tube
modules.

Critical Issues

. Background outgassing rate for water vapor are critical due to the extremely low
outgassing rate.

. High quality RGA is required to provide maximum measurement sensitivity.

. Minimize contamination from hydrocarbons and water vapor



OUALIFICATION TESb OUTGASSING TEST
SYSTEMS

Selected Configuration

. Pay specific attention to the system to reduce surface areas and minimizewaterand
hydrocarbon contamination.

. Cold trap the RGA to eliminate false hydrogen rates due to ionization.

. cold trap the pumping system to prevent contamination. Ensure that the net water
pumping speed is less than 600 L/Sec.

Bake out the entire system to reduce water and hydrocarbons.

Select dry calibrated leaks to prevent water contamination.

Use an auxiliary pumping system for independent bake out of the RGA or calibrated
leak system.

Use wide range turbomolecular pumps to increase hydrogen compression ratio.

Use two turbomolecular pumps in series for increased hydrogen pumping speed
where wide range pumps are not provided.
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P & I SYMBOLS PRELIMINARY EQUI PMENT SIZING

@I.D CAIHODE VACT'UM GAGE

PIRANI VACUUM GAGE

MANUALVALVE

ETECTROPNEUMATEC VALVE

TMP.l

ruP-2
TMP€

TMP{

TMP6

RP.T

RP-2

RP€

RP{

lNT-I

lNT-2

l-f'lT€

1m0IJs

601Js

dilJs

60 ka

d)rJtt

60 cF[l

I CFM
I CFil
I CF[l

8'TRAP

21t?'TA P

2I/|PTRAP

TYIO WAY SOt-Ef.tOtD VALVE

R)t,R WAY gOTENOID VAL\G WNH PNEUMATIC sI'PPLY

TU,o WAY SOLETTOID VALVE wlTH PNzuMATIC SUPPLY

TEMPERAruRE@�TTF(L
LINE DESIGNATION

2u2-V9.21-1tP,

HEATTRACED PIPII.IG
UNE
stzE

UNE
MATL
SPEC

UNE
No.
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THK

P&I DIAGRAM
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u@ PnqEgr
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l. Clean and assemble all components.

2. Leak check the system.

3. Insulate the system.

4. Evacuate all ancillary systems

5. Bake out the analysis and pumping systems for a minimum of one week at 300"C ( the
turbomolecular pumps will be baked at only l20C due to equipment temperature limitations).

Cool to ambient temperature and record the temperature.

Measure and record the water outgassing rate.

Fill the RGA cold trap.

6.

7.

8.



O

9. Measure and record the hydrogen outgassing rate.

10. Repeat steps 5 through 8 until the hydrogen and water outgassing rates stabilizes. The
hydrogen partial pressure should be less than lx l0-11 torr and the water paftialpressure should
be less than I x I 0't4 torr.

I 1. Calibrate the system using the calibrated leaks after each outgassing measurement.

12. Evacuate the beam tube.

13. Bake the beam tube for 30 days at 140'C. The analysis and pumping systems will also be
baked during the 30 day period.

14. Cool to ambient temperature and record the temperature.

15. Record the hydrogen and water outgassing rates as discussed above.

16. Isolate the beam tube from the analysis and pumping systems and bake the systems for 24
hours at250C. The RGA will always be heated prior to heating the cold trap in order to prevent
condensation of contaminants on the RGA.



PRELI GAS G T

17 . Allow the RGA to return to ambient temperature and check the closed system outgassing rates
for hydrogen and water vapor as discussed above.

18. Calibrate the RGA

19. Subtract the final recorded system background outgassing rates from the recorded beam tube
outgassing rates.



VIII. DESIGN QUALIFICATION TEST

A. REQUIREMENTS

I.. DEMONSTRATE FT]LL CONFORMANCE OF LIGO BEAM TUBE
MODULE DETAILED DESIGN WITH REQUIRED PERFORMANCE
PARAMETERS AND CONSTRAINTS.

2. IDENTIFY FEATURES THAT CAN BE DEMONSTRATED THROUGH
ANALYSIS AND THOSE THAT MUST BE VERIFIED THROUGH
TESTING.

3. ATILIZE A PHYSICAL CONFIGURATION WHICH PERMITS
TESTINGOF FTTLL SCALE LIGO BEAM TUBE COMPONENTS AND
VALIDATES TIIE PLANNED FABRICATION, FIELD INSTALLATION,
AND TESTING TECHNIQUES.

4. ACCOMPLISH QUALIFICATION TEST IN ACCORDANCE WITH AN
APPROYED/DOCUMENTED DESIGN QUALIFICATION TEST PLAN
AND PROCEDURES.



vru. DESIGN QUALIFICATION IEST

A. REQUIREMENTS

I.. DEMONSTRATE FT]LL CONFORMANCE OF LIGO BEAM TUBE
MODULE DETAILED DESIGN WITH REQUIRED PERFORMANCE
PARAMETERS AND CONSTRAINTS.

2. IDENTIFY FEATURES THAT CAN BE DEMONSTRATED THROUGH
ANALYSIS AND THOSE THAT MUST BE VERIFIED THROUGH
TESTING.

3. ATILTZB A PITYSICAL CONFIGURATION WHICH PERMITS TESTING
OF FI]LL SCALE LIGO BEAM TUBE COMPONENTS AND VALIDATES
THE PLANNED FABRICATION, FIELD INSTALLATION, AND TBSTING
TECHNIQTIES.

4, ACCOMPLISH QUALIFICATION TEST IN ACCORDANCE WITH AN
APPROVED/DOCUMENTED DESIGN QUALIFICATION TBST PLAN
AND PROCEDURES.



B. CRITICAL PARAMETERS

1. COI\FIGURATION

A. OVERALL BEAM TI]BE MODULE CONFIGURATION . EXPANSION
JOINT AND STIPPORT LOCATION

B. BEAM TUBE SECTION LENGTH
C. BEAM TUBE DIAMETER
I). BEAM TUBE STIFFENING
E. EXPANSION JOINT CONFIGURATION
F. BEAM TT]BE SUPPORTS INCLTJDING ADJUSTABILITY
G. BAFFLES
H. PT]MP PORTS

2. DIMENSIONAL VERIFICATION/ALIGNMENT

A. BEAM TT]BE DIMENSIONAL REQUIREMENTS
B. STIFFENED BEAM TUBE DIMENSIONAL REQUIREMENTS
C. EXPANSION JOINT WITH STUB ENDS DIMENSIONAL

REQUIREMENTS
D. BAFFLEDIMENSIONAL REQUIREMENTS
E. SI]PPORT DIMENSIONAL REQUIREMENTS
F. BEAM TUBE SECTION ALIGNMENT
G. BEAM TUBE MODT]LB ALIGNMENT BETWEEN 250 M MONUMENTS
H. BEAM TUBE REALIGNMENT



3. WELD PROCEDURES AND APPARATUS

A. STIFFEI\ER FIT.T]P AI\D LAP WBLD
B. STIFFEI\ER TO TUBE WELD

(1) STRUCTURALADEQUACY
(2) TUBE SHAPE

C. EXPANSION JOINT TO TUBE CIRCUMFERENTIAL WELD
D. BEAM TUBE SECTION TO BEAM TUBE SECTION WELD

CIRCUMFERENTIAL WELD
(1) LEAK TrGHT
(2) STRUCTURAL
(3) STTAPE

E. PT'MP PORT WELD
(1) LEAK TrGHT
(2) STRUCTURAL

F. PT]MP PORT FLANGE AND/OR COVER WELD
(r) LEAK TIGHT
@ STRUCTURAL



4. CLEANING PROCEDURES AND EXECUTION

HIGH VACWM LAB AND EQT]IPMENT CLEANING AND
MAINTENANCE
BEAM TUBE SECTION CLEAITTNG PRIOR TO LEAK TEST
BEAM TUBE SECTION CLEAMNG AFTER LEAK TEST
CLEAMNG OF CIRCUMFERENTIAL BEAM TUBE SECTION TO
BEAM TUBE SECTION WELD

E. CLEANLINESS MAINTENANCE OF BEAM TUBE DURING
INSTALLATION AND TESTING

5. STRUCTURAL DEMONSTRATION

A.

B.
C.
D.

A.

B.

C.

D.

STRUCTURAL CAPACITY OF STIFFENED BEAM TUBE UNDER
VACUT]M CONDITIONS
EXPANSION JOINT BEHAVIOR UNDER VACUUM CONDITIONS AND
BAKEOUT CONDITIONS
SUPPORT LOADS OF STIFFENED BEAM TUBE AND EXPANSION
JOINT
SUPPORT ADJUSTABILITY



6. LEAKRATE

HELIUM LEAK RATE < lOXlO-ll ATM CC/S INTO BEAM TUBE.
NECESSARY CRITERIA

- BEAM TUBE SECTIONS AND QT MODULE = 0 LEAK RATE.

7. OUTGAS RATE

A. COUPON OUTGASSING RATES (BOTH ENDS OF COIL)

TTYDROGEN < txlo-l3 
ton'liler

)
s .cm-

WATBR < 1x10-16 
torr'liler

s . cm-

B. INSTALLED BEAM TT]BE OUTGASSING RATES

TTYDROGEN < lxlo-l3 
ton'liler

)s ' cm-

WATER < 1x10-16 
ton'liler

)
s . cm-



c. QT LOCATTON OPTIONS

1. TT]BE OUTSIDE WITH PIPING TO INDOOR VACWIWOUTGASSING
SYSTEM.

2. INDOOR TTJBE END CONNECTION TO VACUUIWOUTGASSING SYSTEM
WITH BALANCE OF BEAM TT]BE OUTSIDE.

o. ADVANTAGES
(1) TUBE rS EXPOSED TO CURRENT EI{'VTRONMENT
@ ouTsrDE TUBE SECTTON CONSTRUCTTON ALIGNMENT IS

REPRODUCED

b. DISADVANTAGES
(1) LONGER RUN FROM PUMPrNG/OUTGASSING SYSTEM TO BEAM

TT]BE
(2) possrBll,rTy oF CONTAMTNATTON FROM OUTSIDE TO INSIDE
(3) CONCRETE SLAB MIGHT HAVE TO BE REPRODUCED
(4) possIBLE DAMAGE TO BEAM TUBE SECTIONS, IF FABRICATED

INSTDE (AS rN OPTTON), WIrEN MOVED OUTSIDE
(5) ROLLING RAIL WELDING, LEAK TESTING, AND CLEANING

EQUTPMENT/OPERATTON ROOMS FOR OPTION WrLL NOT BE
REPRODUCED FOR THE QT TEST. SO IF BEAM TT]BE IS
OUTSIDE, WELDING, LEAK TESTING AND CLEANING WOULD
BE IN MORE ADVERSE CONDITIONS IN QT (NOT
REPRESENTATIVE OF OPTION) AND RESULTS MAY NOT BE
ACCEPTABLE.



(O BEAM TTTBE OUTGASSING, BAKE OUT, AND POST BAKEOUT
OUTGASSING ARE BEING PERFORMED FOR THE QT. IF T[]BE
IS BTIILT OUTSIDE IT WOT]LD EITHER HAVE TO BE MOVED
INSIDE FOR INST]LATION, BAKEOUT, AND OUTGASSING; OR A
SPECIAL COVER BUILT. BOTH OF THESE OPTIONS INDUCE
T]NREPRESENTATIVE HA ZARDS.

c. COSTS

PERFORMING TrrE QT OUTDOORS WOULD BE VERY COSTLY
BOTH IMTIALLY FOR SETT]P, HANDLING, AND OPERATION AND,
IF DETRIMENTAL CONDITIONS OCCURRED, COULD INVOLVE
REWORK COSTS.

d. RISKS

THE RISKS IN PERFORMING THE QT TEST OUTDOORS ARE THAT
MORE I]NREPRESENTATIVE OPERATIONS OCCUR AND THE
ABILITY TO MEET ACCEPTANCE REQUIREMENTS COULD BE
SERIOUSLY JEOPARDIZED.



3. INDOOR (BASEMENT OF RESEARCH AND DEVELOPMENT CENTER)
BEAM TI]BE WITH VACWIWOUTGASSING SYSTEM IN HIGH VACUUM
LAB (INCLI]DES A SEPARATE OUTDOOR ALIGNMENT
QUALTFTCATTON FOR LONG DTSTANCE - 2s0 M)

a. ADVANTAGES

(1) GOOD CONTROL OF VACUUn4/OUTGASSTNG SYSTEM
INTERFACE WITH BEAM TT]BE

@ BETTER SIMT]LATION OF REALIGNMENT PROCEDURE AND
TECHNIQT]ES

(3) PROVTDES THE KIND OF ENVTRONMENT FOR WELDTNG, LEAK
CHECKING, AI\D CLEANING THAT WILL BE PRODUCED BY
ROLLING RAIL EQUIPMENT/OPERATION ROOMS IN THE
OPTION. THEREFORE THE QUALITY OF THESE OPERATIONS
WILL MOST CLOSELY REPRESENT THOSE OF THE LIGO BEAM
TUBE MODULE.

(4) ALLOWS BAKEOUT AND OUTGASSTNG TO BE PERFORMED
WITH TIIE T[]BE IN ITS INSTALLED LOCATION AND WITH A
REPRESENTATIVE OPTION ENVIRONMENT

(5) STILL PROVIDES A LONG DISTANCB ALIGNMENT
QUALIFICATION

(6) THE BASEMENT OF THE R&D CENTER PROVTDES SUPPORT
FOR THE BEAM TT]BE WHICH IS ESSENTIALLY EQUIVALENT
TO OPTION CONCRETE SLAB.



b. DISADVANTAGES

(1) QT BEAM TUBE NOT AVATLABLE FOR OUTSTDE SHORT
DISTANCE CONSTRUCTION ALIGNMENT CHBCKS

(2) TUBE NOT SUBJECTED TO AN OUTDOOR ENVTRONMENT
wlrrcH MAY (OR rVIAY NOT) BE REPRESENTATTVE OF AN
OPTION OUTDOOR EIWIRONMENT.

c. COSTS

THE APPARENT IMTIAL COSTS OF DOING THE QT II\DOORS SEEM
TO BE MUCH LOWER THAN THE OUTDOORS OPTIONS. THERE
ARE ALSO VERY FEW POTENTIAL REWORK COSTS.

d. RISKS

THE RISKS OF DOING THE QT INDOORS IS REFLECTED IN THE
SHORT LIST OF DISADVANTAGES. THE BENEFITS, ESPECIALLY
ACCURATE AND QUALITY REPRESENTATION OF THE OPTION,
FAR OUTWEIGH THE RISKS ESPECIALLY WHEN SUCH A HIGH
LEVEL OF VACTIT]M IS REQTIIRED FOR THE BEAM TUBE MODULE.



D. ITEMS DEMONSTRATED BY TEST

I.. STRUCTURAL AND MECHANICAL PERFORMANCE OF THE BEAM
TUBE CONFIGURATION

2, COIL I,IANUFACTURE AI\D TRACEABILITY
3. COUPON OUTGAS TEST PROCEDURE AND EQUIPMENT
4. BEAM TIIBB MANT]FACTURING PROCESS AND WELDING

PROCEDURE
5. EXPANSION JOINT DESIGN AI\D MANUFACTURING PROCESS.
6. DIMENSIONAL VERIFICATION AND INSPECTION PROCEDURES
7. STIFFENERMAhIT]FACTURINGPROCBSS
8. BAFFLE CONFIGURATION AND MAI\TIFACTURING PROCESS
9. STIFFEI\ER ATTACHMENT PROCESS AND EQUIPMENT
10. CIRCT]MFERENTIAL SEAM PREPARATION AND FIT t]P PROCESS

AND EQUPMENT
Ll. CIRCUMFERENTIAL WELD PROCESS AI\D EQUIPMENT
12. BEAM TUBE SECTION LEAK TEST PROCEDURE
13. CIRCT]MFERENTIAL SEAM LEAK TEST PROCEDURE AND

EQTIIPMENT
14. CLEANING PROCEDURE
I.5. QUALIFICATION TEST OUTGAS CHARACTERISTICS
16. ALIGNMENT VERIFICATION AND PROCEDURES



E. ITEMS DBMONSTRATED BY ANALYSIS

I. TIIERMAL PERFORMANCE OF BEAM TUBE SUPPORTS
2. STRUCTURAL AND MECHAMCAL PERFORMANCE OF BEAM TUBE

CONFIGURATION UNDER ENVIRONMENTAL LOADS
3. ALL BEAM TUBE HANDLING AND TRANSPORTATION
4. CLEAN ROOM ENCLOSURE ENVIRONMENT AND EFFECTIVENESS
5. AUTOIVIATED CLEAMNG EQUIPMENT PERFORMANCE
6, BEAM TTIBE SECTION LEAK TEST CASK EQUIPMBNT

PERFORMANCE



F. PRELIMINARY QT PLAN

I.. COT]PON TESTING
o. PREPARE AND INSTALL COUPON OUTGAS SYSTEM INCLT]DING

LEAK CHECK, BAKEOUT AI\D CALIBRATION
b. CLEAN COT]PONS PER PROCEDURE
c. BAKE COLIPONS AND VESSEL TO 250oC, IIIEN COOL
d. RECORD OUTGAS RATE
€. REMOYE COITPONS, EVACUATE, BAKE, AI\D COOL VESSEL
f. RECORD OUTGASSING RATE
g. OUTGASSING RATE = COUPON OUTGASSING RAIE - SYSTEM

BACKGROT'ND OUTGASSING RATB



2. FABRICATE BEAM TUBE SECTIONS
o. FIT-UP AI\D WELD STIFFENERS ONE AT A TIME TO BEAM TI]BE

sEcTroNS usrNc cBr PROCEDURE WpS 308LT-1 (STTFFENER FrT-
UP WILL SIMTILATE CONSTRUCTION PLAN STIFFENER FIT.UP)

b. PERFORM DIMENSIONAL INSPECTION PER CBI PROCEDURE (SEE
SECTTON 3)

G. WELD EXPANSION JOINT TO BEAM TUBE TO CREATE A BEAM
TUBE SECTION PER CBI WELD PROCEDURE WPS AUTOG/ER 3O8L

d. WELD QT END COVER TO BEAM TUBB SECTION PER CBI WELD
PROCEDURE (TO BE DEVELOPED)

G. WELD VACUUM PUMP PORT TO BEAM TUBE SECTION PER CBI
WELD PROCEDURE (TO BE DEVELOPED)

f. LEAK TEST BEAM TT]BE SECTION PER CBI PROCEDURE HMST1N -
MODIFIED TO USE A BAG FOR THE HOOD INSTEAD OF AN
ENCLOSURE AS SHOWN IN HMST1N

g. CLEAN BEAM TUBE SECTION PER CBI PROCEDURE QT CLN.BT
h. PLACE TEMPORARY ''CLEAN'' COVER ON OPEN END OF FIRST

BEAM TUBE SECTION

(BATFLE INSTALLATION SEQUENCE HAS NOT YET BEEN DECIDED
UPOf.{)



3. DIMENSIONAL TESTINGIINSPECTION

B. BEAM TIIBES
(1) SIZE
a\ STRATGHTI\ESS
(3) THTCKNESS
(4) SPTRAL WELD PEAKING AI\D OFFSET
(s) LENGTH
(6) SQUARENESS OF ENDS
A FLATNESS OF ENDS

b. STIFFEI\ED BEAM TT]BE
(1) ROTTNDI\ESS
@ srRArGHTr{ESS
(3) LENGTH
(4) SQUARENESS OF ENDS
(s) FLATNESS OF ENDS



c. EXPANSION JOINTS

(1) ROI]NDhIESS
@ srzE
(3) LENGTH
(4) SQUAREIYESS OF ENDS
(s) FLATNESS OF ENDS

BEAM TUBE SECTIONS
(1) STRATGHTNESS
@ SQUARENESS OF ENDS
(3) SAG



4. BEAM TUBB SECTION INSTALLATION
8. INSTALL FIRST BEAM TUBE SECTION ON END RESTRAINT AND

SI]PPORT 1
b. ALIGN THrS SECTION PER CBr PROCEDURE (SEE SECTTON s)
c. BRING IN SECOND BEAM TUBE SECTION
d. WELD CIRCT]MFERENTIAL BEAM TT]BE SECTION TO BEAM TT]BE

SECTION PER CBI WELD PROCEDURE WPS AUTOG/ER3O8I
€. LEAK TEST CIRCT]MFERENTIAL SEAM PER CBI PROCEDURE

HMST2N
f. CLEAN CIRCT]MFERENTIAL SEAM PER CBI PROCEDURE QT CLN.

BT
g. WELD QT BEAM TIIBE MODULE END EXPANSION JOINT. LEAK

TBST AND CLEAN PER E. AND f.
h. WELD IN CLOSURE END TO SEAL OFF QT BEAM TUBE MODULE IN

ACCORDANCE WITH CBI WELD PROCEDURE (TO BE DEVELOPED)
WHICH WILL INCLT]DE A BACK PURGE.



5. ALIGNMENTDEMONSTRATION

A. OUTDOOR LONG DISTANCE +250 M DEMONSTRATION

(1) CONSTRUCTTON ALTGNMENT
. ESTABLISH SEMI.PERMANENT MONUMENTS AT 250 M SPACING
. SET INTERMEDIATE LOCATION ON LINE OF SIGHT BETWEEN

MOI\T]MENTS
. TRANSFER LINE DEFII\ED BY 2 MONT]MENTS TO A PARALLEL LINE

DEFINED BY TARGETS PLACED AT APPROXIMATELY 66' SPACING
(REPRESENTS BEAM TUBE SUPPORT SPACING)

. RECORD READINGS AND ACCURACIES

(2) FINAL ALIGNMENT Ah[D REALIGNMENT
(a) SET TEMPORARY 250 M MONT MENTS UNDER COVER

. sET IIp ON MONUMENT (M1) AND SrGHT TO SECOND
MONIIMENT (M2) 250 M AWAY. THEN SrGHT ON AND SET
TEMPORARY LOCATION TO REPRESENT MONUMENT (TMl)
INSIDE OF COVER.

. MOVE INSTRT]MENT TO SIGHT ON BOTH TMl AND MI. THIS
WILL ESTABLISH Y DIMENSION.

. REPEAT ABOVE STEPS TO SET POSITION TM2.



(b) ESTABLTSH TIIBE LOCATTON TO PROVIDE CLEAR APBRTURE
. FOR 3-D COORDINATE SYSTEM . SIGHT TMl AND TM2 FROM

BETWEEN TIIEM AND INSIDE COYER. ADJUST TTTBES TO BRING
TARGETS INTO CALCULATED LINE TO ACHIEVE CLBAR
APERTURE.

B. CONSTRUCTION ALIGNMENT

(1) ESTABLISH TEMPORARY MONUMENTS IN BASEMENT AT - 150FT.

(2) PERFORM CONSTRUCTION ALIGNMENT AS IN A(1) ABOVE

C. FINAL ALIGNMENT

PERFORM FINAL ALIGNMENT AS IN AQ) ABOVE

D. REALIGI{MENT

PERFORM FINAL ALIGNMENT AS IN AQ) ABOVE



6. QT BEAM TUBE MODULE OUTGAS TESTING
r. PREPARE AI\D INSTALL THE BEAM TUBE VACUUI\{/OUTGAS

SYSTEM
b. LEAK TEST THE VACWM SYSTEM
C. INSULATE, EVACUATE, AI\D BAKE OUT THE VACUUM SYSTEM
d. MEASURE AI\D RECORD WATER AND HYDROGEN OUTGASSING

RATES
REQUTREMENTS: TTYDROGEN PARTIAL PRESSURE < tX1.0-11 ronn

WATER PARTIAL PRESSURE < 1X10.14 TORR
G. EVACUATE AND BAKE OUT THE A BEAM TUBE MODULE.

BAKEOUT SIIALL BE IN ACCORDANCE WITH PROCEDURE BO.QT.
f. COOL AND RECORD T{YDROGEN AND WATER OUTGAS RATES
g. ISOLATE, BAKE, THEN COOL THE RGA
h. MEASURE AI{D RECORD HYDROGEN AND WATER OUTGAS RATES
i. OUTGASSING RATE (OR) = QT BEAM TUBE MODULE OR - SYSTEM

BACKGROUND OR



7. BAKEOUT - CBI PROCEDURE BO-QT

OCCURS AFTER QT BEAM TUBE MODULE IS ASSEMBLED, LEAK
CHECKED, CLEAI\ED, AND AN INITIAL PRE.BAKEOUT
MEASUREMENT OF AMBIENT TEMPERATURE OUTGAS RATE

8. WRAP THE BEAM TT]BE WITH RESISTANCE I{EATING CABLE IN A
IIELICAL PATTERhI. EACH BEAM TT]BE SBCTION WILL HAVE A
SEPARATE CIRCUIT AND THE BELLOWS CONVOLUTIONS WILL
HAVE NO HBATER CABLE DIRECTLY APPLIED.

b. INSTALL THERMOCOUPLES AT CRITICAL LOCATIONS
c. INSULATE THE BEAM TUBE WITH 4" OF KNAIIF DUCT WRAP OR

EQUAL
d. EVACUATE THE BEAM TT]BE TO 10.5 TORR
€. OVER 24 HOURS, RAISE BEAM TUBE TEMPERATURE TO 140"C
f. HOLD THE BEAM TT]BE AT 14OOC FOR 30 DAYS WHILE T]PHOLDING

TIIE VACUUM AND RECORDING TEMPERATURES AND
OUTGASSING RATES

g. AFTER THE 30 DAYS, TURN OFF HEATERS AND ALLOW TUBE TO
RETURN TO AMBIENT TEMPERATURE.



8. ACCEPTANCE TESTING/FINAL LEAK TEST

AFTER QT BEAM TT]BE MODULE IIAS BEEN BUILT, LEAK TESTED,
CLEANBD, BAKED OUT AI\D OUTGAS RATES MEASURED, IT WILL BE
LEAK TESTED.

EVACUATE THE QT BEAM TUBE MODULE
BAG THE QT BEAM TUBE MODT]LE
EVACUATE THE BAG AND BACKFTLL WITH HELIUM
MOIYITOR TIIE LEAK TBSTING EQUIPMENT FOR HELIUM LEAKS
INTO THE QT BEAM TUBE MODULE
ACCEPTABLE HELIIIM LEAK RATE = 0 (< 10X10'11 LT'ttt Cc/s)

9. REALIGNMENT

AFTER FINAL LEAK CHECKING OF QT BEAM TUBE MODULE,
ALIGNMENT WILL BE CHECKED. THE TUBE WILL BE REALIGNED TO
THE POSITION PROVIDING THE INITIAL CLEAR APERTURE. THIS
WILL BE ACCOMPLISHED BY REESTABLISHING TT]BE TARGET
POSITIONS RELATIVE TO TEMPORARY BENCHMARKS PROVED ON
SLAB. THESE BENCHIVIARKS REPRESENT A LINE PARALLEL TO THE
CLEAR APERTURE AXIS. TUBE ST]PPORTS WILL BE ADJUSTED TO
BRING FIXED TARGETS INTO POSITION.

8.

b.
G.

d.
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L.I.G.O. PROJECT
wBS 100

DESIGN CONFIGURATION

WBS #121 Preliminary Design of the Beam Tube Stiffeners

Several stiffener size possibilities have been identified. The current intent is to use a
3116" thick bar or plate, projected at a depth of approximately l-314" from the tube wall.
The spacing would be at approximately 2'7", but will depend on the final beam tube
section length selected. This stiffener size and spacing are in accordance with ASME for
a 0.125" thick tube with a 48" inside diameter. This is based on an inside tube diameter
of 48". Selection of a somewhat different final tube diameter may influence the stiffener
design. A determination of whether or not specific advantages can be taken by
application of alternate external pressure design rules will be made after all other aspects
of the beam tube section design have been established.

The attachment of the stiffeners to the tube wall will be a 1/8" continuous fillet one side,
either with or without a nominal amount of intermittent fillet on the opposing side. This
would satisfy ASME for suength considerations, but not for the minimum attachment
weld requirements of paragraph UG-30. Since the LIGO modules are not to be code
stamped and there is adequate justification (both structurally and economically) to take
exception, CBI is to proceeding with this approach.

The stiffeners themselves will be 304L stainless steel. Corrosion of the tubes in what
might be considered to be a marine environment (Livingston, LA) will be in the form of
scattered superficial rust patches which would have no effect on the mechanical
properties of the stainless steel and they could be easily removed. Therefore, since there
will be no need to paint the exterior of the tube walls, the expense of only painting
carbon steel stiffeners would not be justified in order to reduce material costs. Also, any
unsealed crevices at a carbon steel stiffener to tube wall attachment would be subject to
certain corrosion, regardless of painting or other precautions taken to inhibit it.
Furthermore, the elevated temperature during bakeout could be detrimental to a painted
surface.

CBI has reviewed the proposed insulation material for the bakeout. CBI has determined
that the Knauf Duct Wrap can be purchased to the ASTM C795 Standard (or comparable
military specifications) to ensure that an acceptable level of water-leachable chloride is
not exceeded. CBI recommends that this requirement be specified by Caltech for the
purchase of the insulation material.

WBS #122 Preliminary Design of the Beam Tube Section Length

The overall cost of the beam tube modules is naturally reduced by increasing the length
of the beam tube sections. The savings are realized through a reduction in the number of
times each activity must be executed as well as a reduction in the total number of
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supports and expansion joints.

There are structural, mechanical and practical limits to the beam tube section length. The
beam tube section length is limited by the increasing difficulty and costs of handling
increasingly long sections. Four 65'tube sections can be shipped on a 60'trailer with a 5'
over hang without escorts. Loads over 65' are prohibitively costly due to escort
requirements. Site handling of long sections is also difficult but 65' is judged to be
feasible. Sections placed in the field are limited to 65' plus the length of the expansion
joint attached to the tube section at site. Expansion joint manufacturers are generally
limited by equipment requirements to expansion joint lengths of 6' to 8'. Thus, tube
sections with expansion joints are limited to approximately 72'.

A number of expansion joint and support configurations were considered. The desire to
limit the number of supports and the restrictions on sliding suppolts favors the use of one
support per tube section. The primary function of the expansion joints is to
accommodate thermal elongation of the tube sections. Relatively short expansion joints
are capable of carrying significant shear loads without the need for longitudinal guides to
ensure axial movement. Expansion joint manufacturers have been consulted to confirm
the ability of the expansion joints to carry shear and perform successfully with a 70 '

unsupported tube length. Longer unsupported lengths require increasingly thicker and
longer bellows which are increasingly difficult and costly to fabricate. Circumferential
seams without expansion joints were considered but the combined sections became
unacceptably long based on the limits imposed by the expansion joints.

Although the tube dimensional tolerances increase with tube length, the placement of one
baffle per section at or near the tube support prevents the tube tolerance and deflection
from infringing on the clear aperhrre. Placement of the baffles at the end of the section s
near the supports eliminates the increase in diameter due to tube tolerances and
deflections. A module layout has been developed which is based on 20.23 meter beam
tube sections including the expansion joint. Compliance with the applicable design codes
has been verified for the prescribed loads and loading conditions based on this length.

WBS #123 Preliminary Design of the Baffle Configuration

A single ribbon flighting is being pursued as the most suitable and economical baffle
configuration. CBI's intent is that the majority of the baffles be placed at a spacing
which coincides with the beam tube section length (f20m). The baffles would be placed
in the immediate vicinity of a support and in a section of the tube where the diameter is
well controlled. This approach would essentially eliminate concerns of the effects of
tube roundness, straightness, and deflection on the clear aperture for those baffles
positioned in this manner. The placement of tht majority of the baffles might be in a
long weld end of the expansion joints. This would be required especially if the ends of
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the spiral tube will be belled to achieve uniformity.

CBI intends to use the same material purchased for either the tubes or the bellows also
for the baffles. This will limit and better control the materials incorporated into the beam
tube modules. The bellows material will be approximately 20 gauge which is 0.0359"
and the tube wall is a nominal 0.125'. Baffles fabricated from the thinner bellows
material will be easier to form and install and may allow serrations to be stamped.
However, thinner baffles would be more susceptible to damage and may not fit as tightly
against the tube wall. Thicker baffles will less likely be damaged and are more likely
have a more uniform shape and fit, but may be more difficult to fabricate, serrate and
install.

Potential baffle fabricators have been contacted to determine what fabrication methods
are best and what baffle thickness is expected. A working purchase specification has
been developed for this purpose. A single ribbon flighting is being pursued as the most
suitable configuration. Fabrication of baffles without the serrations as well as varying
degrees of serration are being investigated. A final tube diameter determination will be
based on economically achievable tolerances on the baffle aperture.

Baffles placed at those locations which require a closer spacing (6m) will receive more
careful attention. Although the tube diameter will already be selected based on these
more critical locations, attaining the required clear aperture can be assured by selective
placement of the spiral tube produced (i.e., the best tube produced in terms of roundness
and straightness can be used in these regions).

WBS #124 Preliminar.v Design of the Expansion Joints

CBI has been in contact with a number of potential expansion joint suppliers to
determine what their capabilities and limitations iue, as well as convey what the LIGO
needs are. In general, the two welding ends of the expansion joints can be made to any
specified lengths, equal or unequal. The overall length of the expansion joint could
therefore accommodate any reasonable difference in the actual shipped length of a spiral
tube and the final desired beam tube section length. Also, the weld ends of the expansion
joints can typically be produced to tighter tolerances than the spiral tube.

The longitudinal butt seam in the thinner bellows and the longitudinal butt seams in the
two welding ends can be made in a single pass, without filler metal. However, most
expansion joint fabricators would have difficulty making the circumferential weld of the
bellows to the welding ends without using filler wire. Some have said that it can be
done, but it would be more costly and thinning is likely to be a problem. A number of
questions regarding the requirements for the expansion joints are included in the
following as concerns requiring input from the Institute.
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The required design loadings for the expansion joints have been determined. Indications
are that the necessary capacity can be attained. Actual deflections will depend on the
final expansion joint design and spring constants, but the flexibility of the expansion
joints will allow only a minimal relative offset across the bellows as they carry the
required shear load.

A possible expansion joint configuration which was initially entertained but has since
been discarded is one which would eliminate the need for welding ends by field attaching
the bellows directly to the ends of the spiral tube sections. Even though this has potential
to eliminate a large number of circumferential butt joints, the attachment of the thinner
bellows material is best performed by an expansion joint manufacturer in a shop
environment. The option contractor would not be expected to have capabilities in this
area, and the type of fit up to the tube end required for a successful weld would not
realistically be attained.

A possible solution to the problem of welding the bellows to the expansion joint weld
ends would be the bakeout of the filler wire, or even a bakeout of the entire expansion
joint after assembly. CBI would like Caltech to respond to this idea.

CBI has recognized that some expansion joint manufacturers regularly use a thin back-up
strip electric resistance welded to the end of the bellows in order to facilitate the welding
of the bellows to the expansion joint weld ends. CBI would like Caltech to consider
whether or not this practice is objectionable to them so that any specific requirements in
this regard can be written into the purchase specification.

In conjunction with the proposed acceptance of alternate weld procedures for the spiral
and circumferential butt joints in the beam tube itself, CBI would like the same matter to
be addressed for the longitudinal seams in the expansion joint welding ends. (Even
though the diameter and relatively short length afford ready access to the inside surface,
welding from the outside would be preferred by the expansion joint manufacturers. In
addition, use of filler wire would make the production easier.)

CBI would like to specify a minimum thickness in the expansion joint purchase
specification such that the bellows would not require cooling during the bakeouts. For a
given number of convolutions, a greater torsional capacity exists as the bellows thickness
is increased. For this reason also CBI would like to specify a minimum thickness. CBI
proposes an even gauge thickness of 0.0359" (20 gauge sheet) and would like Caltech to
confirm that this is suitable for the bakeout without requiring cooling.

Completely eliminating the possibility of iron contamination throughout fabrication may
not be achievable by all manufacturers. CBI would like to know if a passivation (not a
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pickling) process using nitric acid or a suitable organic acid to free iron particles from the
stainless steel surfaces of the expansion joints *ould be acceptable to Caltech. Detection
of iron contamination could be done either by visual inspection 24 hours after a clean
water washdown, or by means of a more sensitive ferroxyl test. Specific requirements
addressing inspection for and removal of iron contamination can be written into the
purchase specification. CBI intends to issue the updated purchase specification for
quotation around 1216/93.

CBI will design beam tube supports for one side of the expansion joint only. This will
require that the dead load, snow load, wind loads and seismic loads be transmitted in
shear across the expansion joint bellows. Support of the beam tube sections from both
ends is not a valid option, since differential settlement of the slab could impose across the
bellows a load much greater in magnitude than would otherwise be expected.

All applicable loads which must be transferred into the slab by the supports have been
identified and their magnitudes determined. The magnitude of the axial-thrust upon the
supports due to temperature variations during construction of the beam tube modules has
been approximated. The magnitude of this axial thrust cannot be precisely determined
since it is dependent upon both the actual expansion joint spring conrtant (which has not
yet been determined) and the temperature differential during construction (which cannot
be accurately predicted). The beam tube supports will not be loaded with the end
pressure thrust load.

Initially, the conceptual designs of the beam tube supports were based upon the
assumption that both the beam tube and its supports would resist a moment caused by a
longitudinal load (due either to seismic load or thermal effects) acting along the axis of
the beam tube. Subsequent investigations of these conceptual designi revealed that the
wall of the beam tube, when subjected to the expected moment, would be stressed well
above the allowable stress permitted by ASME. The concept of a moment resisting
support system has thus been abandoned. In its place, the axially flexible support
concept shown in Figure I has been developed and found to be superior to the moment
resisting support concept in both function and cost. This support system consists of the
following components:

o Bolted Collar
o Saddle Assembly
o Low Friction Slide Bearings
o Leveling Plate
o Leveling Bolts
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A circumferential two piece bolted collar is used in conjunction with a load bearing
insulating material (such as FOAMGLAS cellular glass insulation manufactured by
Pittsburgh Corning Corporation) between the collar and the beam tube which eliminates
heat transfer resulting from direct steel-to-steel contact during bakeout. The collar bolts
are tightened sufficiently so as to develop adequate friction between the tube, insulation
and collar to eliminate slippage and the associated vibrations. The primary advantage to
the use of a two piece bolted collar support is that after the construction of each module
is completed, all the collars could be loosened and retightened under a uniform
temperature to permit an equalization of the effect of varying expansion joint spring rate.
This operation would ensure that longitudinal loads on the supports throughout the
operation of the LIGO would be effectively eliminated.

Welded to the bolted collar is a support saddle assembly consisting of a saddle web plate
and a saddle base plate. The saddle web plate is flexible enough in the longitudinal
direction to permit nominal axial translation of the beam tube and bolted collar without
inducing a detrimental resisting moment in the beam tube. The saddle base plate, welded
to the web plate, is fabricated with a total of four slotted holes in the transverse direction,
which allow for the required +l-7.5 centimeter transverse alignment of the beam tube
assembly.

One low friction slide bearing assembly (such as the Fabreeka Slide Bearing
manufactured by Fabreeka Products Company) is provided between the saddle base plate
and the leveling plate. This slide bearing assembly consists of an upper unit and a lower
unit. The upper bearing unit consists of a 20 gage stainless steel sliding surface, highly
polished, mechanically bonded to a carbon steel plate which is welded to the bottom of
the saddle base plate. The lower bearing unit consists of a polytetrafluorethylene (PTFE)
self-lubricating element bonded to a carbon steel plate which is welded to the top of the
leveling plate. The resulting coefficient of static friction between the stainless steel sheet
and the PTFE element is approximately 0.05 at 7000 kPa compressive stress, and
decreases with higher stresses. The low friction slide bearing assembly would provide a
means by which the transverse alignment of the saddle assembly and the beam tube could
be accomplished smoothly with relatively little effort.

A leveling plate is used to support the saddle assembly. Supported at three locations
above the top of the slab by the leveling bolts, the elevation of this plate could be
adjusted in order to provide the required +l- 7.5 centimeter vertical alignment of the
beam tube assembly. The leveling plate would be restrained from horizontal movement
by the leveling bolts. A stiffener welded to the underside of the leveling plate may be
necessary depending upon the final thickness of the leveling plate. Four threaded rods
welded to the top of the leveling plate and passing through the slotted holes in the saddle
base plate would act to guide the saddle during transverse alignment. Once transverse
alignment of the saddle is accomplished, hex nuts on these threaded rods would be
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tightened to prevent further transverse movement of the saddle. Additionally, the four
threaded rods would provide the means by which transverse wind and seismic loads are
transferred into the leveling plate and subsequently to the concrete slab.

Three leveling bolts would be installed by drilling into the concrete slab. The necessary
bond between the bolts and the slab would be provided either through epoxy grouting or
mechanical anchorage of the bolts. Heavy hex nuts threaded onto the bolts would
provide support of the leveling plate and the means by which vertical alignment of the
beam tube assembly is accomplished. The leveling rods would be sized to accommodate
the expected vertical operating loads, as well as the additional vertical loads, shear loads
and bending moments that the bolts would be subjected to due to transverse wind and
seismic loads.

WBS 170 Components Procurement

CBI will procure the coil steel, spiral welded tube sections, expansion joints, baffles and
stiffeners for the beam tube module qualification test. Supports will likely be fabricated
by CBI although some adjustrnent mechanism may also be procured. CBI is preparing
technical procurement specifications for all beam tube modules not fabricated by CBI.
All beam tube module component requests for quotation will include CBI's technical and
commercial requirements which incorporate CBI, Caltech, and code requirements. A
draft of CBI's commercial requirement package is contained at the end of this section.

WBS 180 Detailed Drawings

A General Module Configuration drawing has been prepared which shows the proposed
beam tube section lengths and layout at the Hanford and Livingston sites. The
configurations are based on the use of 20.23 meter sections at both sites. Baffles in the
interior of the tube lengths are located at the supports to eliminate the dimensional
variations due to tube tolerances and deflections. Tube sections placed in the areas of 6
meter baffle spacing will be screened to ensure the use tight tolerance tube sections.
Module construction will tentatively begin at the mid station for all modules. A make up
section will accommodate the varying module length at the two sites. Based on the
present configuration, the eight modules will be composed of 784 expansion joints, 776
tube section and supports, and 928 baffles. Expansion joints will be located at the beam
tube interface to minimize the forces imposed the chambers through the beam tubes.
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TUBE LENGTH COST SUMMARY

Cost Summary - Tube Length

$7,500,000

$7,000,000

$6,500,000

$6,000,000

$5,500,000

$5,000,000

40' 55'

Tube Length in Feet

65'�

--=-{- Split Suppliers

--D- TubeTech

-------{- Northwest Pipe

NOTES:
1) Loads in excess of 65' require an escort which significantly increases the cost of shipping.
2) The costs shown do not include the cost of the coil steel or the cost of the fabricated tube sections.

40' 50' 55'� 60' 65'
Split Suppliers

TubeTech
Northwest Pioe

$6,820,769
$7,228,221
$7,048,989

$6,003,920
$6,362,478
$6,263,295

$6,003,998
$6,476,984
$6,281,895

$5,990,572
$6,542,119
$6,272,729

$5,525,606
$6,041,161
$5,798,393

Page 1
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t,GO COSTSUMMARY. TUBE LENGTH IMPACT
KHF 11/10/193 PER EXP. BELLOW

COST PER TRUCKLOAD NSTUD.
:r)sT

$1,687.€

SANFORD FL. TO LMINGSTON. LA. MILEAGE= t57 # TUBES
t AVG. COS] r REO'D

'ER EXT.COST
N ( ' I F I I N F I co.'A' co.'B' co.'c' AVERAGE COST/MILE

40 $915.30 3886.9s s90't.13 s1.37 485 121 $1@.261 486 s1.640.186
50 $915.30 $886.9s $901.13 s1.37 427 't0 s96.150 42E s1.443.769
55 s1.290.OO $1.152.65 $1.221.3s $1.86 423 10€ $129,238 424 s1 ,431.E65
60 s't.520.00 $1.349-7s $1,365.(n 51.411.58 s2.15 420 105 $148.334 421 s't.421.945
65 s1.175.m s1.349.75 $1.569.00 $1,3Af.58 $2.06 368 97 $132,36s 389 $1.312,824

3ANFORD FL. TO HANFORIWA. MILEAGE= 2E95 PER IRT

LENGTH IN FT. co.'A' co.'B' co.'c' AVERAGE COST/T\'ILE
NSTL'O
:osT $1.538.10

40 $3.735.00 $3.908.25 $3,821.63 $1.32 4E5 121 5463.372 466 $1.495,fft4
50 $3.735.OO $3.906.25 33.821.63 sl.32 427 107 s407,767 424 s1.315.999
55 $5.711.00 $4.447.75 $5.079.38 51.75 423 106 $537.490 424 51.305.14E
60 s6.295.00 s5.466.25 $6,M7.00 $5,936.08 $2.05 420 105 5623,763 421 $1,296,106
65 $5.s71.00 $5.466.25 $6.950.@ $5.995.75 s2.o7 388 s7 s581.588 389 s1.196.642

PORTLAND OR. TO HANFORD WA. MILEAGE= 227 PER U8E INST

LENGTH IN FT. co.'A" co.'B' co.'c' AVERAGE COST/MILE
NSTL'D
:osT

$1,434.15

& $650.00 s272.40 $1161.20 $2.03 rA5 121 $55,921 445 $ l ,JVJ ,Wr
50 $650.00 $272.40 $461.20 $2.03 427 107 s49.2't0 428 s't.227.61
55 9790.00 $429.15 s609.58 52.@ 423 1o€ $64.504 424 $1.216.944
60 s790.00 s497.25 $775.(n s6€7.42 $3.03 420 105 s72.2% 421 $1.208.513
55 $650.0O $497.25 $895.00 s660.75 53.00 3EE 97 $66.033 3E9 $1,115.771

rcRTLAND OR. TO LIVINGTTON LA. MILEAGE=2420 PER EAK TEST

LENGTH IN FT. co.'A' co.'B' co.'c' AVERAGE COST/MILE
NSTL'O
i.IST

$2,187.62

40 s2,662.70 $2.904.00 $2.783.35 $ 1 . 1 5 rA5 121 $337.461 z166 s2.'126.371
50 $3.760.00 s2.904.00 $3,332.00 $1.38 427 107 $3ss.s24 428 s1.871.732
55 94.07E.00 $3.617.00 s3.847.50 $1.59 423 106 $407.135 424 $1.E56.299
60 s4.205.00 $3.gEO.00 $4.105.00 $4,096.67 $1.69 420 105 3430_491 421 s1.E43.438
65 $3.E29.44 a4-t21-trJ $4.176.E1 $1.73 3EE 97 $2|()5,151 349

rOTAL COST€PLIT SUPPLIE 40' 50' 55' 60' 65'
SANFORDAMNGSTON $109.261 $96.1s0 $129.238 $1.|8,334 s132.355
PORTLANDHANFORO s55.921 t,19.210 $64.5(X s72.25 366.033

FREIGHT 515s.1E2 $125,360 5193.743 s220.570 $19E.397
BELLOWS $1.640.'t 86 $1.,f43.769 $1.431.865 s1.421.945 31.312.824
SUPPORTS $1..195,034 $1.315.999 $1.305.148 $1.296.106$1.196.642
TUBE INSTAI s1.393.997i't,227,61 $1,216,944 $1,208,513$1,115,771
LEAK TEST s2.126.371 ''�t.871.732 $1.856.299 3't.843.438s1.701.972

SOST SUMMARIES s6, ,769 s6.003.920 t5.003.998 s5.990.572t5.525.606

rOTAL COST- TUBETECH
SANFORD/I-MNGSTON $109,261 s95.150 t129.23E $1€.334 $132,365
SANFORD/}IANFORD s&.372 s407.767 s537.490 E623.7E3 s561.58E

IT 557 $503,917 $666,729 i772_117 $713,9s2
3ELLOWS $1 166 $1.443.769 s1.43t.865$1.421.945 s1.312.E24
3UPPORTS s1.495.034 31.315.$9 $1,305,11|8$1.296,106 31.196.642
TUBE INSTAI $1.393.997 91.227.61 s1.215.944$1.208.513 $1.115.771
LEAK TEST s2.126.371 s1.471.732 $1.855.299 sl,4t,/136 j1.7(J1.972

COST SUMMARIES s7.228.22136.362.117836.t176.984 36.542.119 96.0.01.161

rOTAL COST - NORTWEST PIPE nata: ftlbrnd matenal &
]ORTI.AND/HAT FORD s55.921 549.210 $44.504 sr2.zfi 566.033 mfo cost not included
,ORTI.AND/ LMNSTON s337..|81 $355.524 $.f07.135 s€o.491 3,O5.151

FREIGHT 5393.402 8404.7v s471.W sfi2.727 s471.1U
BELLOWS $1,&f0,186 $1,44:!,769 s1,431,86501,421.945 t1,312,824
SUPPORTS 51.495.034 s1.315.999$1,305,148 $1,296,106 31.196.642
TUBE INSTA] $1.393.997 t1.227.061 s1.216.944sl.208.513 t1.115.771
LEAK TEST s2.126.371s1 .871.732 s1.856.299 $1.E43.438 31.701 .972

COST SUMMA s s5-263.295 s6-281_895 s6-272_729 g5-798.393
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I I

INTRODUCTION

GENERAL

This booklet contains the purchase order and subcontract
provisions appl icable to al l  CBI purchases of goods and/or
services for t t r is project.  In addit ion to these provisions'
each purchase order or subcontract will include a specific
set of  specif icat ions and requirenents as needed to ful ly
def ine the goods and/or services being purchased.

BTIY AMERICA

A11 goods suppl ied for this contract must be of domest ic
or igin as def ined by FAR 52.225'5.

III DOCI]MENT ORDER OF PRECEDENCE

In the event there are any conflicting provisions or
requirenents in the conponent Parts of the purchase order
subcontract, the attached docurnents shall take precedence
the following priority order:

1. Revisions to purchase order or subcontract

Purchase order or subcontract

Purchase Order Conditions (on back of order forn)

4. Sect ion E - General  Condit ions

5. Specifications and Drawings attached to individual
purchase order or subcontract

INTERpRETATION/APPLICABILITY OF THE PROVISIONS IN TIIIS LOOKLET:

1. When interpreting the General Conditions, and General
Provisions you should assume that you are the lowest
tier supplier or subcontractor mentioned regardless of

the language used to define the specJ-fic parties.
Sinilarly, CBI Technical Services Company, is the ne:<t

tier subcontractor above You.

2. Many of the clauses included in this booklet are
appllcable only if your order and/or subcontract
includes ocecution of work on the job sites at
Hanford, I{ashington and Livingston, Louisiana. As

a supplier of goods and/or services to CBI for this
project, it is your resPonsibility to understand which

clauses do or do not apply to your scoPe of work'

3. Many of the artlcles in the General Provl-sions contains

substance which is appllcable regardless of the noct

tier. Those articles are so stated and speclal attention

should be given to their contents'

or
in

2 .

3 .

IV



SELLER'S CERTIFICATION

Prior to the issuance of any purchase order or subcontract '
CBI MUST have on file the following form, cornpleted and signed
by an authorized representat ive of the proposed sel ler:

1.  Form GE 670 (3 pages) ent i t led "Equal Emplolrment Cert i f icate
of Compliance"

VI SIEMITTALS

Each purchase order or subcontract
Register which will l ist all documents
or subcontractor. Invoice palment will
requirements or the subnit tal  register

wilL include a Submittal
requi red f rom the suppl ier

be delayed unt i l  a l l
have been met.



I
EOUAL EMPTOYMENT CERTIFICATE OF COMPLIANCE

Durrng lhe performance of any purchase order to whrch thrs agreement is applicable, the supptier agrees as lollows:

A EOUAL €MPTOYMENT OPPIORTUNIW - IXECUTIVE ORDER 11246, AS AMENDEO

I The supplier will nol discriminate against any emgloyee or applicant for employment because of race, color, religion, sor, age. or na-
t.onal otigin. The supplier will take affrrmative action to ensure that applicants are employed, and that employees are treated du,ing
employment, without regard to their .ace. color, religion, sex, age, or national origin. Such action shall include, but not be limired to
the lollowing: employmenl, upgrading, demotion, or transfer; iec?uilmonl or fecruilment advenising; layoff or termination; rates of
pay or other forms of compensation; and selection for training, including apprenticeship. The supplier Egrees to post in conspicuous
places. available to smployees and applicants for employment. notices setting forth the provisions of this nondiscrimination clause.

2 The supplier will. in all solicitations or advenisments for employees placed by or on behalf of thc supplier, state that all qualified ap-
plicants will receive consideration for employment without regard to race, color, religion, ser, age, or nilional origin.

3 The supplier will send to each labor union or representative of workers with which he has a collective bargaining agreemenl or other
conttect or understanding, a notice. to be pfovided by the agency contracting oflicer, advising th€ l"ebor union or workers'represen-
tative of the supplier's commitments under Section 2O2 of €xecutive Order I 1246 of September 24, 1965, and shall post copies ot
the notice in conspicuous places available to employees and applicants for employment.

4 The supplier will comply with all provisions of Executive Order t 1 246 o{ September 24, 1965, and of the rules, regulations, and rele-
vant orders of the Secretary of Labor.

5 The supplier will furnish all info,mation and repons required by Executive Order I1246 ol September 24, 1965, and by the rules,
tegulations, and orde,s ol the Secretary of Labor, o. pu.suanl the,eto. and will permit access to his books, records, and accounts by
the contractrng agency and th€ Secretary of Labor fo. purposss of invesligation to ascertain compliance with such rules, rcAulations.
and orders.

6 In the event of the supplier's noncompliance with the nondiscrimination clauses of this contrect or with any such rules. regularions.
or orders, any purchase order to whach this ag.eement is applicable, may be canceled. terminated or suspended in wholc or in pen
and the supplicr may bc declafed ineligible for lunher Governmsnt contracts in accordance with proccduros aulhori:ed in Erecutive
Ordor 11246 of Septembcr 24, 1965, rnd such olher sonctions may bc imposod and remedies invoked as provided in Executivc
Ordcr | 1246 of September 24, 1965, or by rule, regulation, or order of th€ Secretary of Labor, or as otherwise provided by law.

7 Thc supplie, witl includo the provisions ol paragragh ll I through {71 in cvery subcontraci or purchase ordct unl€ss sxompted by rulce .
regulations, or orders ol the Secretary ol Labor issucd pursuant to 3ection 2O4 of Executive Order I I 246 ol Scptember 24, t 965, so
that such provisions will bc bincling upon erch subconl.actor or vendor. The supplier will rakc such rction with resp€ct to anv sub-
conlracl or purchase ofder as the contrrctang agency may difect as e mean3 of cnforcing such provisions including sanctions for non-
compliance. Provided, however, that in rh€ event the supplier becomes involved in, or is threatened wilh, litigation with a subcon-
traclor or vendor as r result of such direction by rhe contracting agency, the supplier may request the Unitrd Statcs to cnter into such
litigarion to protect the interests of rhe Unired States.

3 STAT{DARD FORM 'OO.IEEO.TI

Supplier certities to the liting of annual compliancc.?pons on stEndsid Form IOO (EEO-llin comgliancc with Sccrion 6G1.7 of Rules
end Regulations, Olfice ol Federal Contract Compliancc {EEOI Deparrment ot Labor, unless exempt under Seclion @-1.5. .nd to the .c-
quirement of a similar cenitication from cach of its nonexempt suppliers.

C AFFIRMANVE ACTIOil PNOGRAM

Sugplier certifies to thc maintenancc ol written and signed affirmative lction plan as specified in Sub-pan C-Ancillarv Maners; Scction
6O- I .4O ol Rules and Regulations. Officc of Federal Contract Compliancc IEEOI Depanment of Labor, lor cach of its csteblishments. and
certities turthcr the requirement of e similar certificarion from cach of its nonexempr suppliers.

O '{OI{SEGREGATED FACIUTI€S

Supglier certilies that he do€s oot mainr.in or provide for his employees any segragated f.cilfties el rny ol his ostablishm€nc, .nd thlt
hc doe3 nol pc.mit his employces to pcrform thrir scwicr3 at any location, under hb control. vihere scarcaalcd tlcilitie! r.c maintaincd.
Supplicr canities tunhc. thlt hr will not meintlin or provide for his emptoyees rny 3cgrogotod tlcilatiri at lny of hir cstcblislvncnE, cnd
that h€ will not pormh hi! €mployeer to pcrlorm thoir 3crvices rt any locltion, undcr hir control. where scgrcgarcd tEcilatios etc mlintain-
crl. Supplicr egr€rs lhrt ! broech of this ccrliliclrion b ! violation of thc Equal Opponunitv clausr in thi! tgrromont. Ar ucsd in thb cor-
tilicrtion. tho tarm "iegrcgatod lscilities," mcans 8ny wsiting rooms. work eroas, rcrt roornt and w.3h roolns, r!8trutlnts and othrr
crting arcas. tamc clockt, locker roomc and othcr rtoragc or drassing ar!!!, gtrking lots, drinking fountains, ractrttaon or cntcnranmant
.G... trln3ponltbn, .nd houdng f.cilitaca grovidcd for cmployces which rrc rcarcgrtcd bv axplicir dirlsriy! or lrc in fact scAregated
on thc b.sis of rlcc, color, rcligbn or nltionll origin. bccruec of habh. locel custom, or othorwi3q, Supplicr turlhor lgrocs thlt lercapt
wherc hc ha. obtainod idsntical c.rtiticltions lrom proposed lubcontractoru for rpecific tim. pcriod3l ht wall obtain idsnticrl ccrtitic+
tions lrom proposed subcontrEctoc prior to thG award of r subconlractl exceedlng | 1O.0OO which erc not cxemgt fionr thc provisions
ot thc Equel Opponunity clausc; that hc will rctrin tuch cenifications in his files; cnd thrt he will forwud thc tollowing notice to guch
proposcd subcontractors lexcept wherc thc proposed subcontractors havs cubmittcd identical ccrtificationg for spccific tima p€riodsl:

'IOTICE TO PROSPECTT\'€ SUECOf{TRACTORS OF REOUIREiIE]IT FOR CERTIFICATIOI{S OF T{OT{SEGREGATED FAC|L|n8S

A ccrtificate of Nonsegrcaated F.cilitios must bc aubmined prior to thc award ol r rubcontruct cxceeding I lO,0O0 which it not Gxcmpt
frorn thc provisions of the Equrl Opportunity clruso. The ccniticltion may be submansd cithcr for crch subcontt.ct o. tor eS subcon-
tractr during e pcrio<l li.c., quanerly, remiannually. or annuallyl.

Ptn!.d i! USI G€ 6tO lPte. I ol 3) nCV MAi 86



E IIINORITY BUSI'{ESS ENTERPRISE-EXECUTIVE ORO€R I I625

tt is the policy of the Govcrnment that manority business enterprises shall have lhe marimum practicablc opponunity to plnicipata in tho
pcrformance of Governrncnl conlracts.

Thc supplier agrees to usc his bcst efforls to carry out this policy In the awa.d of his subconlracts to tho lullesl extenl consistent with
the etficient performance of the contract. As used in thc contract. the te.m "Minority Eusiness Enterprise" means ! businoss, et lersl
5O percent of which is owned by minority group members o., in the case of publicly owned businesscs, at least 5l percent of the stock
is owned by minority group members. For the purposes ol this definition, manotaty group membcrs are Negroes, Spanish'speaking
American persons, American-Orientals, American-lndtans, American Eskimos, and American Aleuts. The supplier may rely on writt€n
rep.esentations by subcontracto.s regarding their status ss minority business enterprises in lieu of en independent investigalion.

F MINORIW BUSINESS EI{TERPRISES SUSCONTRACTING PROGRAM

The supplier agrees to comply with the Minority Business Enterprises Subcontracting ftogrem clause as set tot-th in 4l CFR
l-131O-2lbl which is inco?porated in this cerriticate by relerence.

G EXECUTIVE ORDER l1TOI.EMPLOYMENT OF VETERAI{S

As provided by 4 t CFR 50-250, the supplier agrees thst all suitable employmenl openings which erist .t the timo of tho erecution ot this
cont,act and those which occur during the performance of this contract, including those not generated bY thi3 contract and including
those occrrring at an establishment of the contractor otho. than the one wherein the conltact i3 b€ang pcrformed but cxcluding thosc of
independentty operated co.porate atfiliates, shall, to the maximum extent feasibb, be offered for listing al an approprialo local office ol
thc state employment service system wherein lhe opening occurs and to provide such periodic repons to such local office regarding
smployment openings and hires as may be required; provided. thot this provision shall not apply to openings which the supplier proposes

to fill from within the organiuation or are filled pursuant to a cuslomary and traditionat employer-unaon hiring attangement 8nd that thc
listing of employment op€nings shall involve onlv the normal obligations which attach to the placing of lob orders.

H EXCUTIVE ORDER tTTsS.EMPLOYMET{T OF HANDICAPP€D PERSOilS

Thc supplier cenifies that, in employing persons to carry out conttacls entered into with the company, it will tske aflirmirive action to
employ and advance in employment qualified handicapped individuals, defined es "any individual who has a phYsical ot mental disrbility
which for such individual constitutes or results in a subslantial handicap to employment".

I womEtr owNED BUSINESS COI{CERI{S-EXECUTIVE ORDER r2r38

(al tt is rhe polacl' of thc Unitod States Govcrnment thet women-owned businesscs shall havc thc meximum pracriceble oppor'
runity to garticipate in the perlormance of conlracts awarded by any Federal agency.

lbl The Conrractor agrae! to usc his best cffons to carry out rhis polacv in ths rward ol subconlracts to thc tullast oxtsnt con'
sistent with th€ ctticiont performance of this contract. As used in this conttscl. | "wolnan'ownsd busines3" concarn
means a bu3iness thst is at l€lst 5l % owned by e woman or women who glso control rnd opcrato h. "Con$ol" in thas con'
tert means axercising the power to mak€ policy docisions. "Operate" in this contcrt mcans being rctively involvod an th?
d6y-to-day managemenl. "Womod" mosn all womon business owners.

woMEt{ owf{ED BustrEss cotcESNs suBcottrnAcnilG PRoGRAm

The supplier ag.ecs to comply with thc Women Owned Business Concerns Subcontracting Prog'tm clluso !s lct forth in Er'
ccurivc Or<ler .|2138 tFR VOL 45. NO.92, Fridav May 9, 19801 which is incotporEted in this conificsto by tctotsnc..

sMALt EUSTNESS AflO SMAtt OISAOVAI{TAGED EUSltrCSS COI{CERI{S

uTtrrzATtoN oF sMAtt EustilEss cor{cERils AnD sMAtL BUSII{ESS CONCERIIS OWITED At{D COI{TROLIED 8Y SOCIAI-
tY ArrD ECOilOmrCAttY OTSADVAI{TAGED lt{DlVlOUAtS.

lsl lt is the policV of fhe United Stares that rmall busincss conccrn3 and Smrll busincss concotns owned end conttollgd bV
socially economically disadvantaged individuals thall hevs th. mlramum ptrcticablc opportunitY to panicipalc in thc pcr'

formance of contracts lct by any Federal rgcncv.

lbl The cont.actor h€r€by 8g,oes to carry out this policy in lhc awarding ol rubcontrlcts to lha fullest extent consislcnt with
rhe sfficbnt performanc- of this contrect. The conlrlctor lunhsr agrcos to coopctltG in lny atudic! or turvoy3 rs mey bc
conductcd bv rhe Small Businggg Administration or thr contracting tgotrcy which mty bc nccsscltY to dgtctminc thc cr'
tcnt of thc contractor's cmrpliance with this clrusa.

lcl t t I Ac us.d in thb contr.ct, thc tr?m "rmall busincs conccm" rhrll mcrn a ttnsll bu3itr€$ !t definod pur3ulnt to arction
3 of thc Small Busincss Ad and relov.nt regulationc promulgatcd prr'3ulnt thrrcto.

t2l The tcm "smcll bugincss concorn owncd end controllcd bV soclalh cconomically disadvantagcd individualr" lhlll
marn ! irnlll busino3s conccm -

lil which is .t laail 5l pcr ccntum owncd by onc or mor! rocialh and economicclly disldvlntagsd individuals; or in thc
carc ol any publicly owncd bucinecs. rt least 5l per centum of tho $ock of which ir owncd by onc or morr locially
lnd r€ononrically disEdvtnttgsd individuals; md

liil whosc managem€nt rnd drily businass oper.tion! erc controllcd bv onc or morc of ruch individurll

The contrrctor thell presunrc that rocielly lnd cconomicrlly diradvantagcd individuals includc Black Amoricrnc,
Hispeftc Americanl. lriativc Amoricanr, Asian-Pacific Americrns. errd othor minotitict, or lny other indivllurl tound to
bo dassdvant.gcrl by thc Small Businesc AdminLtretion pu?surnt lo scction 8 lal of thc Smcll &Jtinccl Aa.

ldt Contracto6 .cting in good lcifh mey rcly on wrinrn rcprcacntrtions by thcir rubcontracton rcaerding thci. !t!tlr3, !t a
rmall busincss colccrn or r smlll businecs conccrn owncd srrd controllad by tocillly and cconomically diradvrntegcd in-
dividu.ls.

hrnrd n USA GC C7O lP|e|. 2 of 3l REv MAn tC



I m

SMALT BUSNESS Af{O SMALL OISADVANTAGED SUSIilESS SUSCOT{TRACTITIG PTA'{

The supplier agrees to compty with the Small Business and Small Disadvantaged Eusincss Subcontracting Pbn Clause as $t fonh
in Public Law 95-507, Section 211 which is incorporated in rhis cenificate by referencc.

LABOR SURPLUS AREA CONCERT{S - 4I CFR 1.I.805.3hI

lThe following clause is applicabte i, this conrract exceeds 91O,OOO.l

lal lt is the policy of the Government to award contrlcts to labo. surplus area concorn3 thst sg.eo to p€rform 3ubstsntirlly in
labor surplus area, where this can be done consistent with the efficient performance of th€ contract and at priccs no higher
than Ite obtainable alsewherc. The Contractor sgrees to use his best effons to place his subcontructs in Eccordsncc with
this policv.

lbl In complying rvith parEgraph (al of this clause and vyith peragraph (bl of the clause ol this contrEct entitled "Utilization of
Small Eusiness Concerns," the Contractor in placing his 3ubcontracls shall observe th€ follorving ord€r of preference: lll
Small business concorns that are labor surplus area concerns, (21 other small business concernE, and (31 other lsbor surplus
area concerns.

lcl (ll Th€ term "labor surplus area" means a geographical area identilied bv the Depanment of LEbor as an aroa of concgn-
trated unemployment or underemployment or an area of labor surplus.

l2l The term "labor surplus area concern" means a concern that rogethet with its first-tier subcontractors will perform
substantially in labor surglus areas.

l3l The term "perform substantially in a labor surplus areo" means that the cosls incurrcd on accounl of manufacturing.
production, or appropriate services in labor surplus areas exceed 50 pefcent ol the contract price.

LABOR SURPIUS AREA SUBCOTITRACTITIG PBOGRAM

The supplicr agrees ro comply with ths Labor Surplus Area Subcontracting Program Clause as s€t fonh in 4l CFR l - l .805-3 lbl,
which is incorporated in this cenificate by rcferencc.

CTEAil AIR A'IO WATER

Applicablc only il thc contr€ct cxcceds 3too,OOO in lny onc yc!r.

Thc supplier eg?ees to comply with the roquirements of section I 14 ot th6 Clean Air Act lnd scction 3O8 of th€ Fedsral Wrtcr
Pollution Control Act and th€ Cloan Air and Water contnct clause published in tll CFR 1-1.2302-2, which is incorporatcd in thir
ceniticetc by reference.

SUPPLIER/COI{TRACTOR CLASSIFICATIOI{ - Ch.ck rppropdatc bloctlrl

Smell Business Concern

Minority Eusiness Enterprise

Women-Owned Business Conccrn

Small Busincsr Concsrn Owned rnd Controlled By Socially and Economically Disadvantagcd lndividurlr.

Labor Surplus Area Concsrn

This cenificarc shell bc cffcctivc for onc lll ycer from thc detc atatcd b€low.

{PIGasG typc Company nemel Drtc

Sagnlturc of Authorizcd Represcntativc

tl

o

tr
tr
tr
tr
tr

Thle of Aurhorizcd Rcprcscntctivc

PLEASE RETURN COMPLETEO FORM TO:
SHIG KOGA
PI'RCIIASING DEPARTMENT
C8I TECIINICAL SERVICES
1501 N. DIVISION STREET
PLAINFIELD, ILLINOIS 60544-8929 ce cro tp.e. 3or 3r R€v MAa !!hnr.dnUSA
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1.0 PURPOSE

This plan describes the procurement procedures and documentation to be used by CBI in the
execution of the LIGO Beam Tube Module Design and Qualification Test.

2.O scoPE

This plan covers the procurement of all materials and equipment required to develop the beam
tube module detailed design and required to execute the qualification test.

3.0 CI-ASSIFICATION OF PROCUREMENT ITEMS

The material and equipment procured for the LIGO Beam Tube Module Design and Qualificatlon
Test will be classified according to its use.

3.1 Beam Tube Module Components

All items which physically represent components ls the beam tube modules are classified
as'Module Components'. Module components are conskJered to be contract material
even though CBI retains ownership of all module components in the design and
qualiflcation test. Module components are subject to all ASME code and CBI procurement
and material controls and procedures for contract material. The following items are
module components:

o Spiralwelded beam tube sections
o Beam tube stiffeners
o Beam tube expansion joints
o Beam tube supports and adiustment mechanisms
o Beamtubebaffles
o 10'diameter pumping port
o Welding material

3.2 Demonstration Components

All items used In the development of the procedures for the design and qualification test
and for the option which may be representative of option activities are classified as
demonstration components. ltems should be conskJered to be demonstration
components as long as they potentially represent option activities or configurations. The
demonstration components indude, but are not neoessarily limited to the following items:

o Alignment equlpment
o Welding equipment and PrototYPe
o Cleaning equlpment
o Leak testing equipment
o Outgas testing equipment
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4.0

3.3 QualilicationTegtConstructionEquipment

All items used in the execution of the design and qualification which are not representative
of the option are considered to be QT Construction Equipment. The QT construction
components inchde the following ltems:

o Bake out equipment
o Temporary supports
o Thrust Uocks or end suppolts
o Qualification test pumping equipment

PROCUREMENT DOCUMENTATION

4.1 Module Components

Module components will be procured and kJentified in accordance with CBI's practice for
ASME Section Vlll Division 1 structures. CBI's practice for these structures is described in
CB!'s ASME QCS Manual.

4.1.1 Module component items and seMces shall be purchased in accordance
with written requisitions.

4.1.2 To assure item and service conformances, the following steps shall be
lmplemented:

A. Purchase orders shallcontain alltechnicaland QA information needed to
satisfy the LlGo Beam Tube Module Design and Qualification Test
contract. The Project Servlces Department shall prepare a UGO Prolect
Procurement specification which contains all uco pass through
requirements. The responsible design groups shall prepare Technical
Specifications for all purchased module components which comf,etely
descrlbe the physical, rnaterlal, inspection and documentation
requirements. The Procurement Specification and the Technical
Speclfication shall accompany all requests for quoAtion and purchase

orders.

B. Purchased items shall be inspected at the source or upon receipt for
Uentity, compliance with the P.O. and shipping damages.

C. The result of the receMng inspection shall be documented on a ReceMng
Inspectlon RePort, RlR.

D. Accompanying documentation shall be reviewed by the Purchasing
Manager or the Qualification Test Manager for completeness, correctness
and compliance with the requirements of the P.O.

E. The user of the seMce is responslHe for verifying its complhnce with the
P.O.
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4.2 Demongtration Componente and Construction Equipment

Demonstration components and construction equipment will be procured by Houston
Corporate Wdding and Plainfield Research & Development in accordance with the
attached'Procurement Procedure' for the respective departments.

5.0 PRODUCT IDENTIFICATION AND TRACEABILIW

Product identification and traceability shall be maintained for all Module Components fabricated by
CBI or supplied by others.

5.1 CBI Fabricated Module Components

CBI fabricated module components are those components manufactured in CBI shops.

5.1.1 Engineedng-Assigned shall prepare contract drawings, procurement
specifications ard bill sheets which Uentify the material ard items required. The
bill sheets shall indicate the material Hentification (lD) requked for each item. This
lD will Indicate the traceabllity required for the ltem.

S.1.2 The Superintendent shall identify all materhl and ltems with a contract
number and plece mark and, when required, wlth a serial number which can be
related to a mlll ma*ing so that traceability can be maintained throughout the
fabrication ard Installation processes. ldentification shall be made in the form of a
rnark, tabel or hardstamp. The marking or labeling shall be legiHe, duraHe and in
accordance with any application procedures or instructions. CBI Standards shall
be followed for rnaterial identification coding systems.

S.1.3 The Superintendent shall prepare a 'Dally Fabrication or Stores Release
Repoft' (DFR). The DFR ldentiftes the material anC provides a tie between the GBI
piece mark and serial number and supplier heat and lot number. The completed
DFR ls used for mater'nlverificatlon.

Vendor Supplied Module Components

5.2.1 Materhl supplied by vendors shall be inspected upon receipt for proper

klentification, shipping damage and any special contract requirements.

5.2.2 Any products that are lost, damaged, rendered unusable, received without
proper documentration or inadequte Hentification shall be documented and
immediately reported to the vendorfor dlsposition.

5.2.3 When the verdor supdies material, the vendor ldentificatlon system may
be used. Altenntely, the CBI identificatlon system may be used.

5.2
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PROCUREMENT PROCEDURES

6.1 Module Components

6.1.1 Only module components for the qualification test are within the scope of
this plan. Purchasing documents prepared by Engineering and Proiect Services
shall be assembled and issued to potential suppliers by the Project Services
department. Project Services shall receive all quotations and proposals.
Proposats shall be reviewed by all relevant departments and by the Engineering
Project Manager.

6.1.2 After review and approval of the Engineering Project Manager, the Proiect
SeMces department shall issue written requisitions or purchase orders to the
selected supplier. To assure item and service conformance, purchase orders,
including any referenced attached procurement specification, shall contain all the
technical and QA infonnation needed to satisty the requirements of the contract.

6.1.3 The Engineering Project Manager shall obtain Caltech's review and
comments prior to issuing any module component purchase order.

6.2 Demomtration Equipment and Congtruction Equipment

6.2.1 Purchasing documents shall be prepared and issued by the responsible
department in accordance with the attached procurement procedures. Proposals
shall be received by the issuing department and reviewed by all relevant
departments and bythe Engineering Proiect Manager.

6.2.2 After review and approval of the Engineering Prolect Manager, the issuing
department shall issue a written requlsition or purchase order to the selected
supplier. TO assure item and serviCe conformance, purchase Orders, including
any referenced attached procurement specification, shall contain allthe technical
and QA Infonnation needed to satisfy the requirements of the contract.

6.2.3 The Engineedng Project Manager shall obtaln Galtechs revlew and
comments priorto issuing major equipment purchase orders.

Verlfication of ltems and Services

6.3.1 Purctnsed items shall be Inspected at the source or upon receipt for

Hentity, complhnce with the P.O. and shipping damage.

6.3.1.1 The result of recelving inspection shall be documented on a
ReceMng Inspection Report (RlR) for all module components.

6.3.1.2 Accompanying documentation (CMTR, COC, etc.) shall be
reviewed by the Purchaslng Manager or Welding ard QC Manager for

completeness, Correctness and compllance with the requirements in the
P.O.



PROCUREMENT PLAN
FOR

UGO BEAM TUBE MODULES
DESIGN & OUAUFICATION TEST

PAGE 5
REV: DRAFT

DATE: 10/22/93

7,O

6.3.2 The user of the service is responsible for verifying its conformance with
the P.O.

6.3.3 Beam tube module sections sfrall be inspected at the point of fabrication
priorto releasing sections for shipment.

CALTECH NONFEANON

Module Components

7.1.1 Copies of all RFP's for module components shall be sent to Caltech when
issued to potential vendors.

7.1.2 Galtech shall be notified of all visits to vendors or potential vendors of
LIGO module components.

7.1.3 In addition to those requirements contained in Contract No. C146, CBI
shall notify Caltech of any module component vendor selection prior to issuing the
P.O. to enable Caltech to review and comment.

7.1.4 Galtech or their representatives shall have non-escort privileges to all
areas of CBI's or CBI's subcontracto/s facilities where work in being performed
under the Beam Tube Module contract. All purchase orders shall include
notiticatlon to vendors and subcontractors to this effect.

Demonstration Gomponents

7.2.1 In addition to those requirements contained in Contract No. C146, GBI
shall notify Caltech of the purchase of any potential demonstration component
when the component is purchased.

Congtruc{ion Eq uipment

7.3.1 No special notification is required for construction equipment.
Notification shall be in accordance with Contract No. C1zl6.

7.1

7.2

7.3
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GENERAL CONDITIONS

ARTICLE 1

DRAWINGS AND SPECIFICATIONS

All Work shall be performed in accordance with the Drawings and Specifications

and all other requirements of this subcontract. contractor may reiect any work which is

determined by contractor to be not in accordance with the Drawings and Specifications.

Thevar iouspar tso f th isSubcont rac tare in tendedtobecomp|ementary toeach

other, but should any discrepancy appear, or any misunderstanding arisE as to the import

of anFhing contained therein, the resolution shall be per mutual agreement of contractor and

Subcontractor. The correction of any errors or omissions of the Drawings and Specifications

may be made by contractor when such correction is necessary to bring out clearly the

intention which is indicated by a reasonable interpretation ol the Drawings and specifications

as a whole.

Additional drawings and explanations to exhibit or illustrate details maY be provided by

contractoq, and if consistent with the Drawings and specifications, they shall be binding

upon Subcontractor. ;

!
Omissions from the Drawings or Specifications ot other Subcontract Documents

of details of Work which are manifestly necessaty to carrY out the intent of the Drawings

and Specifications, or which ars customarily performed, shall not relieve the subcontractor

from performing such omitted details or work, but they shatl be performed as if fully

correctly set forth and described in the Drawings and specilications'

Matters shown either on the or.*ning, or in the Specifications $rall be performed

and furnished as if shown in both except when expressry excepted either on the Drawings

or in the specifications. rn a[ cases, rigured dimensions shail be taken in preference to scale

measurement, and detailed drawings consistent with general drawings shalt be taken in

preference to general drawings of the same part of the Work'

GCI



sEcTroN lll

In case of a discrepancy or difference between any figures, Drawings or

Specifications, the matter shall be immediately submitted in writ ing to Contractor, whose

decision shall be final and conclusive, and without whose decision said discrepancy or

dif ference shall not be adiusted by Subcontractor, save only at Subcontractor's own risk and

expense. The foregoing remedies shall not preclude Subcontractor's right for additibnal

compensation and a change in the schedule, if appropriate.

Neither contractor nor Engineer assume responsibility for bidding errors or

omissions caused by failure of Subcontractor or any Sub-subcontractors to inspect and

familiarize themselves with the complete set of Drawings, Specifications and other

documents relating to this Subcontract which are available for inspection.

Subcontractor shall keep one (l l record copy of all Specifications, Drawings and

other drawings at the Jobsite in good order and annotated (as'built drawingsl to show all

changes made during construction. These shall be available to Contractor and shall be

delivered to Contractor upon cornpletion of the Work'

All Drawings, Specifications, technical data and other information furnished to

Subcontractor by Contractor in connection with this Subcontract are and shall remain the

property of Contractor, and may not be copied Ot otherwise reproduced by Subcontractor

or used in any way, except in connection with the work performed under this Subcontract,

or disclosed by subcontractor to third parties or used in any rnanner detrimental to the

interests of owner or contractor. They shatl not be used by subcontractor on anothet

proiect, and shall be returned to Contractot on iequest upon completion of the Work'

Subcontractor agrees to insert in any Sub-subcontract a restriction on the use of

such information, data, Drawings and specification similar to that set forth in the '''bove

paragraPh.

GCz
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ARTICLE 3

INSPECTIONS AND TESTS

S u b c o n t r a c t o r s h a | | , U p o n d e m a n d , f u r n i s h C o n t r a c t o r w i t h a | i s t o f a | l

Subcontractor's vendors and Sub'subcontractors'

Subcontractor shall furnish to contractor status of materials data to ensure the

availability of the necessary equipment required by contractor or other contractors for their

erection/installation at the time and location required.

Subcontractor shall provide, to contractor, inspection repons, drawing subrnittals

and status schedules, and production schedules, as required by this Subcontract, which

accuratery depicts the progress and status of the work and the key equipment delivery

dates.

SubcontraCtor shall, in a timely manner, furnish sampleS of materials' mockups'

certificates, grints of the Subcontractor's shop drawings, erectiol drawings, schedules'

reports, affidavits and any other written or physical data ttttt ttV be neiessary' in the

opinion of Contractor. for proper prosecution of the Work'

Subcontractor shall perform ail applicable quality control activities, sxcspt those to

b e p r o v i d e d b y C o n t r a c t o r , a w a y f r o m a n d a t t h e J o b s i t e , i n c | u d i n g r a d i o g r a p h y .

subcontracto, shal also provide all equipment as required to perform such quality control

activities. whera required in the speciar conditions, subcontractor shall provide' for

Contractor,s roview and approval, a ouality Control Plan pertaining'to work under the

Subcontract.

cc3



SECTION III

Unless otherwise specified, all materials and equipment permanently incorporated {^

in the Work shall be new, and both workmanship and rnaterials shall be of highest quality.

Subcontractor shall, i f required by Contractor, furnish satisfactory evidence as to source of

sr :cply and qual i ty of  mater ia l  and equipment.

All materials and equipment furnished for permanent incorporation in the Work shall

be subject to shop and field inspection and testing in accordance with standards specified

by the Drawings and specifications. In addition to inspection and testing which rnay be

specified as part of the work, contractor reserves the right to arrange for such testing and

inspection of materials and equipment as it may deem necessary. Any inspection and

testing shall not relieve subcontractor of his responsibil i ty for furnishing materials and

equipment complying with the Specifications. The cost of inspection and testing not

specified wiil be borne by contractor in the event that the matetials or equipment tested

prove satisfactory. lf , however, the inspection and testing prove that materials or equipment

are not in accordance with the Specifications, the cost of the inspection and testing shall

be borne by Subcontractor.

Contractor,s inspector(sl shall be advised per submittal tequirements as to the

schedule for inspections and testing at Subcontractor's shops, and every effort shall be

made to provide contractor or its representative the opportunity to witness this work during

regular working hours. :

I

contractor,s and/or owner's inspection of the work or their failure to inspect shall

in no way relieve. subcontractor of its obligation to fulfill the requirements of this

subcontract and shall not be constrped as acceptance by Contractor of the work or any part

thereof .

Subcontractor shall provide, 'for tho use

inspector(sl, all protective clothing and apparatus to

Subcontractor's shoPs.

of Contractor's and/or Owner's

witness inspections and testing at

GC4
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Priot to any'inspection and testing, Subcontractor shall furnish Contractor a
fabrication, inspection and testing schedule for all items to b€ fabricated. Further,

Subcontractor shall, within forty-five (451 days after completion of all tests or as otherwise

specified in this Subcontract, provide Contractor a complete set of allrequired inspection and

test records. Subcontractor shall have and implement surveillance and inspection programs

for all major equipment, which shall also include its subcontractor supplied maior equipment.

Subcontractor shall, prior to start of fabrication. provide Contractor with a copy of such

program and Contractor shall have the right to audit such programs.

Contractor andlor Owner, or their designees, shall at all reasonable.times have

access to the Work. Without relieving Subcontractor of any tesponsibility hereunder.

Contractor reserves the right to perform such sxaminations, inspections and tests of

equipment, material and workmanship as it may desire to assure itself that the Work meets

all specified requirements.

Subcontractor and all of its Sub-subcontractors shall permit unrestricted access to

Contractor, andlor Owner or their designees for the purpose of conducting such

examinations, inspections and tests at all reasonable times and places where the Work is in

process, shall provide sufficient, safe and proper facilities such as ladders, scaffolds.

openings, and drop lights required for such access, and shall make available any and all

data which is relevant to the performance of the Work.
:

I
Subcontractor shall also give the SecretarY of Labor'r or his/trer authorized

representative, a right to entry to any site of Subcontractor's operations for the purpose of

inspecting, investigating, or carrying out any of the Secretary's duties, including those duties

under the Occupational Safety and Health Act of 1970, as amended (OSHAI.

lf this Subcontract, laws, ordinances, rules, regulations or orders of any public

authority having iurisdiction require any Work to specifically be inspected, testod or approved

by someone other than Subcontractor, Subcontractor shall give Contractot timely notice of

readiness therefor. Subcontractor shall lurnish Contractor the required certificatas of

inspection, testing or approval. All tests, insgections and/or approvals shall be arranged

and/or performed by Subcontractor, unless otherwise specified in this Subcontract' in

o

e
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accordance with the methods prescribed or such bther applicable methods as may be

required by this Subcontract, laws, ordinances, rules, regulations or orders of any public

authority having lurisdiction. lf any Work by Subcontractor to be inspected, tested or

approved is covered up prior to being inspected by Subcontractor and without written

approvals of consent of Contractor, Subcontractor must, if directed by Contractor, uncover

for observation at Subcontractor's expense. The cost of all inspections, tests and approval

required under this Article, other than those arranged for or performed by Contractor shall

be borne by Subcontractor unless otherwise provided in this Subcontract.

observations, inspections, tests or approvats by persons other than contractor shall

not relieve Subcontractor from its obligations to perform the Work in accordance with the

requirements of this Subcontract.

lf any Work has been covered which Contractor has not specifically requested to

observe prior to its being covered, or if Contractor considers it necessary or advisable that

covered work be inspected or tested by others, subcontractor, at contractor's request, shall

uncover, expose or otherwise make available such Work for observation, inspection or

testing. lf it is found that such Work is defective or does not meet the requirements of this

Subcontract, Subcontractor shall bear all expenses of uncovering, exposure, observation,

inspection, testing and recOvering of such Work. lf, however, SuCh Work is fOund not to

be defective and meets the requirements ol this Subcontract, Subcontractor shall be allowed

an increase in the Subcontract price or entension of the Subiontract Time directly

attributable to Such unCovering, exposure, ObServatiOn, inSpeCtiOn,ltesting and recOvering'

Nothing contained in the above paragraphs shall in anY way void, restrict or limit

the right of Contractor to later conduct such performancs tests as it may dssira' or void'

restrict or limit Contractor's rights under this Subcontract'

cc6
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ARTICLE 4

REVIEW OF SUECONTRACTOR'S DRAWINGS. OATA AND WORK

Subcontractor shall furnish to Contractor such preliminary and finaldesign drawings

(if applicable), detail drawings and technicaldata including allreference drawings.and related

technical inforrnation and documents required for layout, installation, start-up, operation, bnd

maintenance of equipment as are called for in this Subcontract. Subcontractor shall, as

mutually agreed, also furnish reproducible drawings of equipment as delivered which contain

equipment manufacturing tolerance, inspection and test requirements and submit general

arrangement and equipment component drawings containing sufficient information and

details to permit lield construction to be carried out and to be monitored by Contractor.

Review by Contractor of any drawings, data and Work provided by Subcontractor

shall be only for the purpose of ascertaining general conformity with the Drawings and

specifications and for confirmation of physical interface of the items shown with related

work or systems. The review by Contractor of any drawings, data and Work does not

include review of the efficiency, adequacy or safety of Subcontractor's methods of

construction or the means adopted by Subcontractor to perform his WOrk' nor does it

include a review of any detailed design or specifications prepared by Subcontractor for use

in the Work.

Contractor,s review or comment upon drawings, data andlwork of Subcontractor

shall not relieve Subcontractor from the entire responsibilitY for the correctness and

suitability of subcontractor,S work.or for any other obligation of subcontractor hereunder'

While Subcontractor agrees to follow any and all comments made by Contractor on

Subcontractor's drawings, data and WOrk inSofar aS Such Comments are acceptable to

subcontractor, this shall not relieve or release subcontractot ftom such entire responsibility

unless otherwise agreed to in writing'

Any drawings or other data required by the Specifications or otherwise to be

furnished by subcontractor for review by contractor shall be submined in the quantitY and

format specified.

Unless otherwise agreed to in writing, all drawings prepared by Subcontractor and

submitted by him to Contractof in connection with Subcontractor'S installation or erection

activities pursuant to this Subcontract shalt become the property of con$actor'

Subcontractor shall not place his proprietarY stamP on anY such drawings'o,
cc7
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l n t h e e v e n t o f f a i | u r e o f S u b c o n t r a c t o r t o p e r f o r m t h e W o r k r e q u i r e d o f i t o r t o

c o m p l y w i t h t h e n o t i c e s p r o v i d e d f o r i n t h i s S u b c o n t r a c t , o r i n t h e e v e n t t h a t a p e t i t i o n

under any of the provisions of the bankruptcy laws of the united States of America or anv

State or other iurisdiction, is filed by or against subcontractor or in the event that provisions

of any said bankruptcY laws are invoked by or against subcontractor' or in the event

subcontractor admits in writ ing its inabil ity to pay its debts or makes an assignment {or the

benefit of creditors, or in the event subcontractor is adiudicated as bankrupt or insolvent'

or a receiver, trustee or riquidator is appointed for any of its properties, or its properties pass

into the hands of any legal representative' then contractor' upon seven (71 days written

notice to subcontractor. sha, have the right to any one or any combination of the fotowing

remedies:  ,
I

l . S u p p | y s u c h n u m b e r o | m e n a n d q u a n t i t y o f m a t e r i a | , e q u i p m e n t , e t c . , a s

Contractordeemsadvisabteinandaboutthecomp|et ionofsuchWork,and

c h a r g e t h e c o s t t h e r e o f , t o g e t h e r w i t h a | l o t h e r r e a s o n a b | e e x p e n s e s , t o

Subcontractor;

2.TerminatethisSubcontractandaftersuchterminat iontore|etsuchWorkand

supp|ythesamethroughitsownlorcesorthroughotlFf.srrbcontractorsor

a n y o t h e r m e a n s . | n c a s e o | s u c h t e r m i n a t i o n o | t h e . e m p | o y m e n t o f

Subcont'sctor,subcontractorsha||notbeentit|edtoreceiveanyfurther

paymentunderthisSubcontractunti|thesaidWorkshal|bewhot|y|inished.

a twh ich t ime, i | theunpa idba |anceo| theamount tobepa id t r rder th is

subcontractshal|exceedtheexpenseincurredbYContractorinfinishingthe

saidWork,suchexcesssha||bepaidbyContractortosubcont'actor;buti|

suchexpansesha||exceedsuchunpaidba|arrca,th€nsubcontracto.sha||pay

the diftersnco to contractor. i.ih. oxgenss incurred by contractor shall

includethacostoffurnishingmateda|sardoffinishingthgWork,a|soany

damage irrcurred through ths default of Subcontractor:o
cc8
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lf Contractor is of the opinion that Subcontractor is not performing anY part

of the Subcontract Work properly, Contractor may terminate the right of

Subcontractor to proceed with any separate parts of the Wotk without

terminating the entire Subcontract. Contractor may exetcise such right upon

giving seven (7) days written notice to Subcontractor, whereupon Contractor

may, after the said seven (71 days, take whatever steps it may deem

necessary to perlorm those parts of the Work so terminated, and Contractor

shall charge the cost thereof, together with all reasonable expenses, to

Subcontractor; and

lf this Subcontract is terminated by Contractor pursuant to the provisions

hereof. all materials at the site shalt belong to Contractor and all plant, tools,

and equipment of Subcontractor shall temain uOpn the premises, and

Contractor shall have the right to use the sarnA without expense to

Contractor, but after the Proiect Work has been fully completed and accepted

by Owner, Subcontractor may remove such of the plant, tools and equipment

as still remain.

lf any of the events listed in this Article occurs and a legal representative of

Subcontractor is appointed by any court. whether such representative be a trustee, teceiver,

assignee for the benefit of creditors. debtor in possession, or whaiever-the designation may

be, the said legal representative shall have no rights whatsoever to assume the performance

of this Subcontract unless Contractor agrees to the same in writing, and in the absence of

such writing, the legal representative shall have no rights with respect to this Subcontract

whatsoever.

subcontractorsha||maintainappropriatebooksandrecordswith'especttowages,

salaries, reimbursable costs, charges. lees and expenses related to the work compensated

3 .

4 .

o;

, ARTICTE 20

SUBCONTRACTOR'S RECORDS
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for on a reimbursable cost basis, and such records shall be supported by payrolls, invoices.

vouchers, correspondence and other documents evidencing in ptoper detail the nature and

propriety of charges. All checks, payrolls, invoices and other dgcuments pertaining in whole

or in part to Work compensated for a reimbursabte cost basis shall be clearly identif ied.

readily accessible and, to the e!.tent feasible, kept separate and apart from all other

documents related to the Work. Subcontractor shall provide to Contractor free access to

such books and records during reasonable business hours and the right to examine and audit

the same and to make or have made copies of transcripts therefrom as necessary to allow

inspection of all data, documents, proceedings and activities relating to the Work performed

under this Subcontract on a cost reimbursable basis. subcontractor agrees to maintain such

books and records for a period of two (21 years from the date of comilletion of the Work and

to make such records available to Contractor or its designated agent,iduring normal business

hours within the two (21 year period. Subcontractor shall likewise specifically require all

Sub-subcontractors to conform to the requirements of this Article.

ARTICLE 47

ANTI.DISCRIMINATION

Subcontractor, in performing the Work required by this Subcontract, shall not

discriminate against any employee or applicant for employment because of race, creed, color,

age or national origin. Subcontractor shall actively pursue a policy of nondiscrimination in

accordance with any directives of Owner. Subcontractor shall also execute the Equal

Employment Opportunity Obligations and Certifications anached hereto and made I part

hereof .

Subcontractor shall insert the provisions of the above paragraph in all of its

Sub-subcontracts and purchase orders.

Subcontractor shall conform with, and shall require all Sub-subcontractors to

conform with, the applicable requirements of alt Federal, State and local laws, ordinatrces,

rules and regulations relating to Equal Employment Opportunity, including but not limited to

the requirements of the Equal Employment Opportunity clause in S6ction 2O2, Paragraphs

I through 7 ol Executive Order 71246, as amended, Section 503 of the Rshabilitation Act,

38 USC 2012, and appticable portions of Executive Orders 11701 ad 11758. The

implementing Rules and Regulations of the Office of Federal Contracts Compliarrs are

incorporated herein by this reterence.

i

o
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ARTICLE 6

OUALITY PROGRAM. INSPECTI.ON. AND TESTING

Subcontractor shall establish and maintain a quality program, in accordance with the

Subcontract Documents, throughout the life of this Subcontract. Subcontractor's quality

program, as wellas those of its Sub-subcontractors, shallbe planned, executed, and documented

with written policies, procedures, and instructions. and shall be submitted to Contractor for

review and approval by Contractor and Owner in accordance with'the Subcontract Document

requirements. Any necessary modifications in the quality program shall be made by

Subcontractor as may be required to conform to all requirements of the Subcontract Documents.

The interpretation of such requirements shall be the responsibility of the Contractor.

Subcontractors shall submit to Contractor in writing, for review by Contractor. any intended

change in Subcontractor's quality program prior to its implementation. Subcontractor will not be

permitted to start work until the subcontractor's quality program has been approved by

Contractor and Owner.

Subcontractor shall assign an individual or individuals whose sole responsibility shall

be for the field quality program under the terms ol this Subcontract. This assignment shall begin

with the start of Work and duties shall include supplying Contractor with applicable specification

compliance submittals prior to starting any particular phase of the Work requiring such' This

individual shall rneet with proiect personnel on a bi-weekty basis (minimuml to discuss quality

related issues.

Subcontractor,s quality program will be subiect to evaluation and audit by Owner or

Contractor at any time during the life of this Subcontract.

Throughout execution of the Work. Subcontractor shallconduct in'pocess inspection

of its work to assure compliance with its quality program and the terms and conditions of this

Subcontract.

subcontractor, as a minimum, shall audit the implementation of the following quality

program elements on a six month cycle. Reports documenting these audits shall be submitted

to Contractor upon completion of the inspections' i
I
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' Drawing and specification control

' Examination and insPection

- Nonconformance

- Welding control

- Nondestructive examination

- Calibration of Subcontracior's test equipment

Record retention and conttol

- Material control including lormal storage program

Maintenance Procedures

Safety training

Subcontractorsha| |providetotheContractorIorapprova|aninspect ionschedu|ethat

identifies those inspections pranned for the fotowing week as wet as a proposed inspection plan

for the fo*owing two weeks. The Subcontractor sha* also provide to the contractor an

inspection summary teport for the preceding week' identifying:

. InsPections Performed

Nonconformances identified and resolution status l '

Nonconformance tlends

subcontractor sha, provide personnerto perform inspection activities to include both

supervision and inspection in the appropriate disciprines (Erectricar, civil, Mechanical' Piping' etc')

as required.

subcontractor sha, perform at shop and fietd tests required by the subcontract

Documents for equipment furnished by the Subcontractor'

Subcontracto' sha|| perform a|| nece:.ary inspection and testing, in accordance with

the Subcontract Documents. shourd it become evident to the contractor that the quality of the

work performed is not in accordance with the Subcontract Documents' Subcontractor shall

provide any documentation or perform any inspection and testing to assute contractor and owner

that the quarity of the instatation is in accordance with the subcontract Documents'

3

Subcontractorsha||a|soveri |ythatsuchfina| inspectioniandtest ingasmaybe

necessary to demonstrate and verify freedom from damage' crbantiness' comPleteness'

identification and proper freedom to operate have been made on material' strtrtures and

(
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equipment installed hereunder, in accordance with applicabte Codes, and Subconttact Documents'

Incomprete or improper items shail be reiected, pending correction. completion and reinspection

to make rcadY for final acceptance by Owner'

Subcontractor,s Work shatl be in accordance with the Subcontract Documents and

subcontractor shail be riabre for correction of a[ nonconformancds at no cost to owner or

contractor. However, at the option of the contractor and when there is no construction schedule

delay, Subcontractor may request, in writing, that Cont?actor and Owner evaluate possible

acceptance of subcontractor,s nonconformance condition, if it appears to be an acceptable

arternative. Any cost incurred by contractor for performing such evaruation and testing, if

required, whether or not the finar evaruation resurts in acceptance of the change, will be for the

Subconttactor's account.

Subcontractor sha|l maintain records, as mentioned hereinbefore, that provide

obiective evidence of quality control of items and services supplied' These records shall be

subiect to audit at any time during normar working hours by contractor and owner and shall be

turned over to the contractor at the compretion of the work, or as otherwise mutually agreed

between Subcontractor and Contractor

Subcont rac tor ,soua | i t yProgram, tobe |urn ishedhereunder 'sha | |address ,asa

minimum, the following areas:

Authority and resPonsibilitY

Organization and PolicY

Drawings and specification control

Material and equiPment control

Examination and insPection

Nonconformances

Welding conttol

Nondestructive examination

Equipment, receiving. storage and protection i

Equipmentmaintenanceinc|udingdocumentationtolowner,swar'antyI
As-builts

Calibration of Subcontractor's te'sting equipment

purchasing, expediting. and Subcontractor's quality Program and shop tests

Training of Owner Personnel

C
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Subcontractor agrees to keep' and maintain separate informetion files for each

individual piece of equipment to be installed hereunder.

A check l ist shall be devetoped by subcontractor to cover i"s operations during the

unloading, handling, storage, and installation for each piece of maior ec.ripment and shall include

a sequential l isting of crit ical requirements, inspections and ch:cks as required by this

Subcontract. The check l ist shalt be derived from specific drawings, 'nstruction books, and other

information for and applicabte to the individual piece of equipmen:. Subcontractor's personnel

authorized to perform inspections and checks shall sign and data each check l ist item as it is

completed.

Subcontractor shall be responsible lor perfoiming :pecification tests required by the

Subcontract. Ail procedures and test data shatt be submine J to Contractor for review.

subcontractor,s quatity program personnel s'rall visit manufacturing facilities to

establish confidence that the requirements of the Subcontract for Subcontract'furnished

equipment are met. Subcontractor shall develop a quality program, inspection plan, available for

Contractor's review, which, as a minimum, shall incluce the following data:

A minimum list of equipment items to be inspected

Tests and inspections to be witnessed

Expected frequencYof manufacturing facilitY visits

Subcontract compliance shall be verified by implementing the following methods:

Reviewing alt Subcontract requirements ;

I
I

and procedrires are available at theDetermining that necessary drawings

manufacturing facilitY

observing the equipment during labrication to generally determine that the item

is being fabricated in accordarrce with the requirements of the subcontract

cc14
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Subcontractor shall report each surveillance visit to a manufacturing lacility in a report

which shail incrude a description of activities incruding nonconforrnances noted as well as any

other discrepant areas to be checked during future surveillance visits'

Subcontractor's quality program shall be audited by Subcontractor's personnel not

activery invorved irl the work on a semi-annuar basis. Audit reports shat be submitted to

contractor upon compretion of the audit. subcontractor's inspection staffing w*r be subiect to

approval bY Contractor'

t
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General Provisions

ARTICLE I - Dcfinitions
As uscd throughout rhis Contrace rhc following rcrms shall have rhe mcanings
sct fonh bclow:'

(a) The tcrms "C.attcch," "Institutc," 'Governmen3 prime Awatdcc," and'Granr@" mean rhc California Insriture of Technology.
O) Thc tcrm "NSF mcans thc National Sciencc Foundarion, also rhe Federat

sponsoring agency, urd thc Govcrnmcnl
(c) Thc tcrm "Granr and C-ontracts Officcr," mcans rhc authorizcd rcprescnarivc

of NSF cognizanr fs rhc LIGO Pr,ogram.
(d) The rcrm "DoE', mcans Depanmenr of Energy, also the Govcmmcnl
(e) Thc lctm "Contracq" means the subjcct agreement berwecn Caltech ud

Chicago Bridge & Iron Technical Scrvices Company for LIC0 Bcam Tubc
Modulcs.

(0 Thc tcrm "Contractor,- mcans Chicago Bridge & Ircn Tcchnicat Scwicts
Compury.

(9 ntc Erms "awatdcc and subawardec,' mcan Contractfi and tower dcred
subcontractors.

(h) Thc Grm "conu?ct amounf means thc Conuact pricc..
(l) nrc lcrm "pcrson" means ury individual, parmcnhip, corpcation, assciation,

institudon or othcr entity.
O The Erm "Coopcradvc Agrcemcnt" mcans thc contract bctwccn Calrcch and

NSF.
(k) Tttc ttrlDs 'subconurcf urd 'subawld' includc, bur are not limircd to

subcontractsi purchasc ordcrs urd changes and modifications to subcontracu
and prnchasc ordcn issued undcr rhis Conracr.

0) Thc lcm " Schcdub,'u uscd in rhis ContracL inclu&s Surcmenr of Wort,
md Detivcry q Performancc Schedule.

ARTICLE 2 - Ofur of heccdcnce
Thc dghg and obligadons of rhe panics ro rhis Contrae shall bc subln to
and govcrncd by tlrc Schcdulc, rhcsc Gencral hovisions, and rny proposats,
spccifications or othcr documcns or provisions which arc madc r pan of rhis
Conuaq by refcrence or othcrvisc. To the Gxrnt of ury inconsistcncy bcnyeen

t
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(i) thc Schedule and Gcnerd hovisions and (ii) any proposds, specifications.
or othcr dcumcnrs or provisions which arc madc a part of this Conuact by
rcference or otherwise, thc Schedulc and Gcncral Prrovisions shall conrol. To rhc
cxtent of uty inconsistency bctwccn (i) thc Schedule and (ii) Gcncrd Pr,ovisions,
thc Schedulc shall conuol. For thc purpose of this Articlc, Gcncral hovisions
includc Additional Gcncral hovisions.

ARTICLE 3 - Authoriry of C-ahcch's Rcprescnsrives
No request, nodce, authorization. direction or ordcr receivcd by rhe Contracrc
and issued cithcr pu$uant to a provision of this Contracl or o a provision of
any documcnt incorporatcd in this Conract by referencc, or otherwise, shalt
bc binding upon eithcr thc Contractor or Caltech unless issucd or radfied in
wridng by thc Manager of Caltech Purchasing Deparunent or her aurhorizcd
rcprcsenativc. Thc Conractq shall providc immcdiarc nodficadon o Catrech of
any unauthqrzed direction which would: (i) cfrcct a churge wirhin rhc mcaning
of "Changes" Articlc; (ii) incrcasc or dccreasc 0le Conract amount or imount
dlotad o this Contracq or (iii) otherwisc be thc basis fa asscnion of a claim by
the Contractc undcr any provision of the Conracr Thc documcnr &signadng
Cdtcch authorizcd rcprcscnutivcs and dcfining thc scope urd limiurions of rheir
respective authorizations is anachcd to thesc Gencrat hovisions"

ARTICLE 4 - C}anges

(a) Calrch may by wrincn Contract Unilatcral Modification, at any timc and
without notice ro thc surcties, if any, makc changes c issuc dirpctions within
thc gencral scope of this Contract rc4uiring additiond wo* or direcdng thc
omission of or variadon in work covcred by this Contract

O) If ury such churge causes ur increasc or dccrcasc in thc cost of, or thc
timc rcquired fc, pcrforming this Conracr, Caltcch shdl makc ur cquiuble
adjustment in (i) thc Oontract pricc, the timc of pcrformarre, or both; and
(ii) othcr aficcad crms of the Contract, and shdl modify thc Conraer
accordingly.

(c) Ttre Conracta must asscrt is right oan adjustmcnt undcr this Aniclc wirhin
30 den from the daa of receipt of thc Modification. However, Calrcch may,
u is discction, rcccive and act upon a chuge proposd submircd anyumc
bcforc thc final paymcnt un&r this Contract

Qi
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(d) Thc Contractor shdl, for each changc or serics of related chutges, mainain
scpante accounr, by job ordcr or other suiuble accounting proccdure, of
dl incurred scgregable, dircct costs of work, both chutged and not change4
dlocable to rhc churge. Thc Conracrcr shdl mainuin such accounu until thc
panies agrec to an cquiuble adjusrmcnt for thc changes ordcrcd by CalrccL

(e) Norhing in rhis Aniclc shall cxcusc thc Contractor from proceeding with tlr
Contracr as modified

ARTICLE 5 - Rcquired Notices

Unless orherwisc spccificd in this C,ontract, any noticc which thc Contractq is
requircd ro providc to Cdtcch under any provision of this Contract shdl bc
direcrcd o rhc Manager of Cdtech Purchasing Departmcnt, or her authorizcd
rcpresentative.

ARTICLE 6 - Subcontracts / Prior Review and Comment

Exctuding conEacrual ufimgemcns i&ndfied bclow, dt subcontracs issued unda
this Contrac involving subsunrivc effon. shall be subjec to prior rpview ard
comment by Calrech. For purposes of this Contracl a subcontract valucd in
exccss of $100,000 shall bc considcred subsantivc effon

(a) Subcontracts fgr commercially availablc supplics, maEtials, equiPment, a
support scrviccs.

(b) Subcontnacts bascd upor establiShd catdog or markcl prices as &fincd by
FAR 15.804-3(c).

(c) Subcontracts bascd upon prices sct by lav or regulation as dcfincd by FAR'
l5.t0l-3(d).

ARTICLE 7 - Competidon
All procrnemcnt transacdons undcr this Contract shdl bc conducred in a murncr
providing 16 thc maximum Gxtcnt practicd, open and frce compctition

Thc subsancc of rhir futicb shatt be includcd in dl subcontract! issttcd ttndcr
|trrris Onmct reguitlcsr of dcr.

GP.3
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ARflCLE t - Udlization of Small Busincss Concerns

It is thc policy of thc United States that smdl busincss concerns and small busi-
ness concerns owncd and conrollcd ty socidly and economicdly disadvurraged
individuals including womcn{wncd small busincsscs shall have thc maximum
practicablc opponunity to panicipate in prforming in contrac$ sponsored by ury
Fcdcral agcncy. It is funhcr thc policy of thc Unitcd States, that conuactors esab
lish procedures to ensure the timcly paymcnt of amouns punruant ro thc tcrms of
their subconracr with smdl busincsscs and smdl business conccrns owncd urd
conrollcd by socially and cconomically disadvannged individuals. The Conmc.
tor agrccs that in thc pcrformance of this Conract it shdl implement and suppon
this policy to the maximum practicablc cxtcnt.

Tlrc subsance of this Aniclc shdl bc includcd in all subconrac$ issrred un&r
this Contract excecding t10,000 regardlcsr of dcr.

ARTICLE 9 - Acknowledgmcnt of Support

The Conuactc shdl acknowlcdgc NSF support in ury publication of ury matcrid
bascd on or dcvclopd undcr this Contnct, in thc following tcrms:

'This matcrid is bascd upon work supported by the Nationd Sciencc Fourda-
don undcr the Coopcrative Agreemcm with thc California lnsdnrc of Tcch-
nologr, No. PHY-921003t. Any opinions, findings, ind corrclusions q
recommendations cxpresscd in this matcrial are thosc of the autho(s) and do
no nccessarily rcficct the view of thc Nationd Scicncc Foundadon.'

Thc subsance of thir Aniclc shdl bc imludcd in dt subcontradt issucd undcr
this Coouact regardcss of ticr.

ARilCLE l0 - Mcuic Sysrcm

All rcpcts and publications resutting hom this Conuact shatl usc mcric systcm of
weighr ud mcasures, unlcss its usc is impracticd or is likcly to causc significant
incfficicncies.

o
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Thc subsance of rhis futicl€ shdl bc includcd in dl subcontrrg issttcd un&r
this Contraq regardlcss of tics.

ARTICLE I I - Assignmcnt of Rights urd Delcgation of Dutics

(a) Thc Conracror may assign monies due or to bccome duc un&r this Contract,
subject to thc following conditions:

l. Any assignment, or subsequcnt reassignment, shdl cover dl amounS
payablc undcr rhis Conract and not paid as of (i) the effcctive date of
assignmcnr, or (ii) rhc date Caltcch rcceives wrincn notice of assignment,
whichever is later.

No assignment may be ma& to morc than one Patry.

Two copies of thc noticc of assignmcnt, siSned by thc assignc, shall bc
furnished to Caftcch.

4. No assignment may bc madc which includcs, cithcr spcificdly or by
implication, any &legation of Contractor's duty n prform thc wort
or provide rhe irems required by this Conuact without tlrc pior wrinen
conscnt of Caltcch in accordance with paragnph b, bclow.

(b) The C-onracror agrccs thu he will &lcgac no Pan of the dudes rcquired of
him by rhis Conrad wirhour the prior wrinen conscnt of Caltcch, povidcd
howcvcr, that nothing contained herein shdl be dccmed O prohibit thc
Contracta from placing subconuacs subjcct to any rcguircment hcrein fa
approvd of subconuacts.

ARTICLE 12 - Composition of Contractr
If rhc Contracror hcrcun&r is composcd of more thu one legd entity, cach such
cntity shall bc joinrty urd scvcrally liablc hcrcun&r.

ARTICLE 13 - Audit Righs
Thc Compuollcr Gencral of tlp Unitcd Stlatcs, NSF and Caltcch, urd any of thcir
duly authorizcd rcprcscnadvcs, shatl have acoess !o any bookq documcnB, Papcrs

o
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and records of the Contnctor which are direcdy pcrtincnt o rhc subjccr Conrro
fq the purposc of making audits, cxaminations, crccrpur urd transcripts. Thc
subject access to books, documents, papcrs and records shdl bc availablc until
threc (3) yean afier thc find payment undcr this Conracr

Thc subsurccof this Articlc shdl be includcd in dl rcgotiacd subconuacts issod
'undcr 

this Contract excecding t10,000 regardtcss of ticr.

ARTICLE 14 - Audit / Ncgoriations

If , pursuant to law, thc Contractq has bccn rcquired to submit cost or pricing dara
in connection with pricing this Conracl or any modifications of this Conracq rhc
authorizcd reprcscntatives of thc Governmcnt shall havc the right to cxamine ald
audit dl books, records, documcns and othcr dau of thc Conuactc (including
computations and projections) related to ncgotiating, pricing, or pcrforming rhc
Contract or Contract modificadon, in ordcr to cvduarc thc accuracy, complctcncss
and cuncncy of rhe submitad cost or pricing dan

' 
Thc subsarcc of this Artictc shall bc inctudcd in all rrcgotiatcd subconracrs issuod
undcr this Conuact excccdint t100.0fl1 rcaardlcsr of dct

ARTICLE 15 - Authorization and Conscnt / Govcrnment Patenr

The Govcrnmcnt authorizcs and conscn$ o dl usc and manufacturp of any
Government owncd invcntions and licensing rights in the performance of Orc
Contnct or any subcontract issued undcr this Contract regardlcss of dcr.

Thc subsancc of this Articlc shdl bc ircludcd in dl rubconracs issued undcr
.this Conms ercccding $25,0m, regadlcss of ticr.

ARTICLE 16 - Rights o lnvcntions urd Marcrids

Mancn rcgarding rights to invcntions and matcrials Scncratcd undcr this Contraa
arc subln o thc NSF Grant policy, containcd in thc NSF Grant Policy Manud.
Scction 750, Inungible koperty, a copy of which sccdon is anached o thcsc
Gcncral Rrovisioos.
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Thc subsnnce of this fuiiclc shdl bc incltr&d in dl subconuacu issucd unda
this Conuact fc expcrimenul, &velopnrntd, or rescarch worlg regardles il
ticr.

ARTICLE l7 - Rights in Dau

(a) Definitions

l. "Data," means rccordcd informadon, regardlcss of form or thc media
on which it may bc recordcd The tcrm docs not include informadon
incidenal to Conrao adminisration, such as financial, adminisuadvc,
cost or pricing, or manaScment information.

2. "Form, fit, and function data," means daa related to itcms, componcnts, (tr
pmcesscs rhar arc sufficient to cnable physicd urd funcriond intcrchange-
ability, as well as daa idcntifying soulcc, sizc, configuration, madng, and
anachmcnt ch aracteris tic s, func tiond characrristic s, od performarre re-
quircmenr

3. 'Limitcd rights," means thc righs of thc Govcrnment (a in supporr or
funhcrance of its Govcrnmcnt contract obligations, Caltech), in limircd
righs data

4. 'Limited righs data,' maans data that embody tndc sccreu or at? com-
mercial or financid and confidcntid or privilcgo4 to thc errcnd that such
daa pcruins to itcms, componcnB, or processcs dcvelopcd at privarc ex'
pGrsc, including mina modifications thcreof.

5. '"Tcchnical data," mcans dau which is of a scicntific or tcchnicd naruG.

6. 'Unlimitcd rights," mcans thc right of thc Govcmment c in suppon
and furtlrcrancc of its Govcrnment obligadons. Caltech, 3o usc, disclosc,
reproducc, prcparc &rivative wotts. disriburc copics to thc public, and
pcrform publicly urd display publicly in a manner urd fc any PurPosc,
and to have or permit othen o do so.

Q ,

GP.?



t
Cmtrrt No. Ct16

for LIGO Bcam llbc Mortutcr

(b) Allaation of Riqh$

l. Exccpt as providcd in paragnph (c) of rhis futiclc regarding copyrighr,
thc Govcrnmcnt and in suppon and furthcrance of its Govcmment contract
obligadons, C.altcch, shdl havc unlimired righrs in:

A. Dan first produccd in rhc pcrformancc of rhis Contracr;

B. Form, fiq and function dan dclivercd undcr rhis Conracq

C. Dau delivcrcd undcr this Contract that constitute manuals or instnr.
tional and raining matcrial for insulladon, opcration, or routinc main-
tcnancc urd repair of itcms, componcns, or proccsscs &livercd or
furnishcd fc usc undcr this Contrac$ and

D. All other data dclivercd undcr this C.ontract unlcss pmvidcd otltonyisc
in this Contract

The Conractor shdl havc the right to:

A. Usc, rclcasc to others, reproduce, distribute, or publish ury dau first
produccd or qpccificdly uscd by the Contractc in the performance
of this Conmcq unless providcd otherwisc in paragraph (d) of this
Aniclc;

B. hotcct from unauthotiztA disclosure ud usc thosc dau which are
limitcd righs dau to thc extcnt providcd in thir C.ontracq

C Substurtiac usc of. add or corect limitcd righq rpstrictcd righs, u
copynght noticcs and to ukc other appropriaa acdon, in accordanac
with paragraphs (c) and (0 of this Aniclc; rnd

D. Bublish claim to copyright subsisting in dau fint produced in thc
performarc of this Contract to the ercnt povidcd in Articlc 16,
Rights o lnvendons and Materids utd subparagnph (cXl) bclow.

t
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(c) Coowisht

l. Daa fint produced in thc pcrformarrcc of this Conracr Whcn claim
to copyright is madc, the Contracrcr shdl affix ur acknowledgmcnt of
Governmcnt sponsorship as indicated in Aniclc 9, Acknowlcdgment of
Suppon. Thc Conuactor gntns to thc Govcmmcnt, urd in suppon and
funhcrance of its Govcrnmcnt contract obligation+ Caltcch, urd others
acdng on thcir behatf, a paid-up, noncxclusive. irrcvocablc woddwi&
liccnsc in such copyrighted daa to reproducc, prcparc derivadve wo*s.
distributc copies to thc public, urd pcrform publicly urd display publicly
by or on bchalf of thc. Governmens

2. Dau nor finr produced in the prformarrce of this Contracc Thc Contrac-
tor shall not, without prior urinen pcrmission of Caltech, incorporate in
dau dclivercd undcr this Contract any daa not first produccd in the pr-
fqrnance of this Contract, unlcss the Contractor i&ntifies such daa ad
grants ro thc Governmcnr, and in suppon and funhcrance of its Govcrn-
mcnt contract obligations, Caltcch, or acquires on their bchalf, a liccnsc
of thc sarne scope as sct fonh in subparagraph (cXl) above.

(d) Release. Publicadon ard Usc of Daa

l. Thc Contracta shdl have thc right to usc, releasc to others, rcproduca
distribuc, or publish ury data fim produced or spocificatly uscd by thc
Contracrc in the pcrformancc of this Contract, cxccpt to the cxtcnt srch
dan may bc subjcct ro rhc Fedcral cxport control or nationd sccuriry laurs
or reguladons, or unless othcrwisc providcd in this Conmcg

2. Thc Contncta agrccs thar to thc cxtent it rpceives or ir givcn .ccelt
to datr neoessary fc thc pcrformancc of this Conuact which connin
rcsuictivc martings, thc Conracta shdl trrat thc dau in eccotdancc' 
wi& such martings untcss othcrwisc spccifically auhorizcd in rriting by
Caltcch"

(e) Subconuactinr. Tlre Conuacrs has thc rcsponsibility o obnin from ir sub
conrracbrs all daa urd righs rhcrcin neoessary o fulfill thc Conuacta's obli-
gation o the Govcmmcnt and Caltcch undcr this Conracr. If e subconfirtoi
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refuses to accept tcrms affording thc Governmcnt or Caltech such rights, thc
Conractq shall promptly bring such rcfusd to thc anention of Calcch and
not procecd with subcontract award without furthcr authorization.

(0 Reladonship to Patents. Nothing conaincd in this Aniclc shall imply a licensc
to thc Govcrnmcnt or Qltech undcr ury patcnt or bc construed as affccting
thc scopc of any liccnsc or othcr right othcrwisc gnncd to the Governmcnt
or thc Instirute.

ARTICLE lt - Notice and Assisunce Rcgarding Patcnt and
Copyright Infrin gement

(a) Thc Contncror shall repon to Cdtech promptly, ud in reasonable wrincn
dcrail, cach noticc or claim of patent or copyright infringemcnt based on thc
pcrformarre of this Contract of which the Conractq has knowledge...

(b) In rhc cvenr of any claim or suit against rhc Govcmmcnt andor Cairech on
ircounr of any alleged parcnt or copyright infringemcnt arising out of thc
performance of rhis Contract or out of thc usc of uty supplies furnished a
wo* or scrvices pcrformcd undcr this Contract, thc Conuactc shall furnish o
Caltcch, whcn so rpqucstc4 all evidcnce urd information in posscssion of thc
Contractc pcraining to such suit or claim. Such evidcnce and information

,shdl bc furnishcd at rhc cxpcnsc of Calrcch exccpt whctt thc Conuactq has
agrecd to indcmnify Caltcch.

(c) Tfrc subsance of thir Articlc shdl bc irrcludcd in dl subocttraos issued undcr
rhis Conract fc supplio a scrrier (inctuding cqrsnrd,oo rnC irctrirSr-
enginccr subcoourcg rnd thosc fc matcrid, opplicq modeb,3arnpler,c
&sign or asting scrvies) cxcecding $l5,m rcgadlcsr of dcr.

ARTICLE 19 - Equal Ernploymcnt Opporruniry
By acccprarrce of this Contract, thc Conractc assurls Caltech that il will comply
with and implcment thc following Acts:

f
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(a) Title VI of the Civil Rights Act of 1964 (PL t8-352), thc rcgutadons issucd
pursuant ro rhis Acr by rhe NSF (45 CFR 6ll), and the Assumce of
Compliancc the C.ontnctor has filed with Calrech.

(b) Section 504 of the Rehabilintion Acr of 1973 (29 U.S.C. 794) and NSFr
implemcnting reguladons (45 CFR 605, as arncndcd at 55 Fcdcral Regisrer
52r42).

(c) Age Discriminarion Act of l9?5 as implementcd by the Depanmcnt of Heafth
and Humu Service regulations at 45 CFR 90 and thc rcgularions of NSF u
45 CFR 617.

(d) Victnam Era Vcterans Readjustmcnt Assistutce Act of 1972, as amended, urd

(c) Amcricans with Disabilities Act 42 U.S.C. Section l2l0l et. scq. .and alt
implemcnting reguladons.

Tte subsarre of this Aniclc shdl bc includcd in dl subcontracts issued un&r
this Conuact cxcecding Sl0,m rcgardlesr of dcr.

ARTICLE 20 - Notice of Labor Disputcs
Thc Contraoor shdl give prompt noticc o Calrcch of any scrud or porcndd labor
disputcs which delay or may dclay dmely pcrformance of this Conracs

ARTICLE 2l - bbor Reguladons
It is urticipatcd that from timc o timc this Conuact will involvc the cmploymcnr
of mechanics and laborers ud/or rcquirr construction, dtcration or repair effon
as dcfincd within thc scope of thc bclow AcB.

Davir Bacon Acq Contnct Wod( Houn and Safety Sundards
Act-4vertimc Compcnsadon, Apprcnticcs and Trainecs, Payrolls
rnd Basic Rccords, Compliance with Coplurd Rcgulations, Withhold-
ing of Fun&, Subconrrrs, Contracl Tcrmination'-Dcbarmcnq Buy
Amcrican Acr4nstnrction. and Dispuas Conccrning labor Sandards.

I '
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All Conracu in cxcess of S2J00 involving employment of mcchurics and laborcn
shdl includc a provision fa compliance with Scctions 103 and 107 of the Conuaa
Work Houn urd Safety Snndards Act (40 U.S.C. 327-3n, as supplemenred
by thc Departmcnt of Labor regulations (29 CFR, Put 5) and as indicarcd io
thc Additional General hovisions, Aniclc 2, Conuact Wort Houn urd Safety
Sundards Act - Overtimc Compcnsadon.

In dl construction efforts thc Contracta shdl comply with the requirements of
thcsc Acts and as indicarcd in thc Additiond General Provisions with thc exccption
of thc re4uiremcnt for submission of wcekly payroll records which is hcreby
waived- However, rhe Contracta shall bc obligarcd o provide such rccords when
and if requestcd by Caltcch.

Thc subsunce of rhis Anicle shall bc includcd in dl subcontrac$ issucd undcr thb
Contract in exccss of t2J0 involving cmploymcnt of mcchuricr rnd laborc.s and
in cxccsl of t}m fc consmrction, drcndon or rcpair thU rre within ttr scope
of thc abovc Acr, regardlcss of ticr.

ARTICLE 22 - Safcty utd Hedth
The Conracu shdl ukc dl reasonablc safery urd hcdth mcasurcs in prforming
un&r this Conuacq and shdl comply with dl applicable Fcdcral. sute ud locd
laws relating o safery and hedth in effcct on thc daa of this Contncl

ARTICLE 2l - Hazardous Materids
The Contracu shdl comply with all applicable Fedcral, Sutc, and locd lawr
codcs, ordinances, urd rcgulations (including thc obtaining of liccnscs and per-
mis) in conncction wirh hazardous marcrid. Neithcr thc re4uircmcnr of this
Aniclc nor any act or failun to act by tlrc Govcmmcnt a Caltech shdl rclicve
thc Conuacu of any rcsponsibility or liability fa thc safcty of Govcrnmcnq Cal'
tcch, Conuacr(r, (tr subcontractor personnel or proprty.

Thc Contracta sgt?cs to submit to Cdtech macrid safcry informadon and I
plan fr handling of any and dl hazardous materids dclivercd undcr this Conuaa
which will involvc cxposurt o hazardous marrids c icms conaining thesc
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materids. The handling including disposition of hazardous marerials shatl !g in
accordance wirh the plan urd as approvcd by Calrech.

"Hazardous material," as uscd in rhis Artictc, is as dcfined in Fe&nl Sundad
No. 313t, in cffccr on rhc darc of rhis Contracr

Thc Govcrnment's and Caltech's rights in data furnishcd undcr this Contracr wirh
resPcct to hazardous materid arc to usc, duplicarc, urd dirlosc any daa to which
this Article is applicable for the purposc of (i) apprising personnel of rhe hazards
to which thcy may bc cxpord in using, hudling, packaging, uansporting, c
disposing of hazardous material; (ii) obrain mcdicd Eealment for rhosc alfecrcd
by thc material; and (ii) have orhers usc, duplicarc, and disclosc rhc dara to rh
Government or C:ltech for rhcsc purposcs.

Thc subsunce of this Aniclc shall bc includcd dl in subcontrrcE issued.unda
this Conract involving hazardous matcrial rcgardlcss of ticr.

ARTICLE 24 - Drug Frec Workplacc
Thc Contractor agrcGs to inform dl Conractor and subcontracrors pennnncl, pric
to thcir first entrancc upon Caltech-conuollcd prcmiscs, of Calrcch's policics o
fully comply with the requiremcnrs of the Drug-Frcc Wortplace Ae urd rha
Contractc and subcontracbr pcrsonncl arc required to comply wirh Calrcch'r
policy of mainuining a drug-frce wo*placc in all Calrcch+onuolled premiscs.

ARTICLE 25 - Convict Labo,r
Thc Conuactc agpes not to cmploy any penson undcrgoing scntcnce of imprir
onmcnt in pcrforming this Conract cxcep. as povidcd by lt U.S.C. a0t2(cX2)
ud Exccutive Or&r 11755, Dccembcr 29, ln3.

Thc substurce of thir Anicb shdl bc includcd in dt subcontracts issucd undcr'$ir 
Coouaa regardlesr of dcr.

ARTICLE 26 - Buy American Act
Thc Buy Amcrican Acr (41 U.S.C. l0) povidcr that thc Governmcn3 givc
prcfcrencc to domcstic supplics and construction macridr. Accodingll, fu

a
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contncrc agrcer o dcliver only domcstic end prcducg rnd matc usc of.od,
domcstic consuucdnn materiat. as &fincd by rhc Buy Amaican Aa induffi
exccptions thcrcin urd in the event of consrucdon, as indicated in Additional
General hovisions, Anictc 10. Buy American Act - Construction Materiats, in
thc pcrformarrce of rhis Contracu

Thc subsarrce of this Aniclc shall bc includcd in rll subconbecg issued unda
this Conuas fc procuremcnt of significurt supplies and constnrction marcriair
subjca to rhe Buy Amcrican Acr regardlcss of ticr.

ARTICLE 27 - Prefcrcnce fa hivarely owned u.s.-Flag Air canien and
C;ommcrcial Vessels

Thc Conaaoc shall usc privarcly owned U.s. Air Carricrs end U.S.-frag eoo.
mercial vesscts and no olhcn, in rhe air arid/or ocean and rivcr ransponalion of
any peFonnel, supplics and materids, ro be furnished undcr rhis Contraci

. Thc subsarce of thir futiclc shatl bc inclrdcd in rtt subconncu issued un&r dris
C-ontnq involving subsantivc air and/or ocaan uaruponation cfron regardtess d

. ticr.

ARTICLE 2t - Anti-Kickback
The conracu shdl comply with rhe And-Kickback Acr of l9t6 (41 u.s.c
5l-5t) (thc Act).

The subsancc of this Arriclc shatl be inctudcd in rtl subcontrlcr3 issuod undcr
, this Contracr rtgardlcs of ricr.

ARTICLE n - Rcsuictions on Subcontracrcr Salcs
Except u povidcd bclow, thc Contractc shatl not cntcr inro ury agrccmcnr wirh
an acturl of prospcctivc subcontractor, nor othcrvisc acr in any manncr, which
has or may havc thc efrcct of restricdng satcs by such subcontracron direcrly
o cahch or thc Govsmmcnr of any irm or pnrc$ made c firnishcd by rhe
subcontracor undcr thir Contracr including rhc option.

I
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Thc prohibition abovc des not prcclu& the Conractr fiom asscning righrs rhar
are othcrwise aurhorizcd by law or regulation.

Thc subsancc of the Anicle shall bc inctudcd in all subcontracs issucd urdcr
this Conuact rcgardlcss of tier.

ARTICLE 30 - Cleur Air and Water

Thc Conractor shdl comply with atl applicablc srandards, ordcn or rcgutarions
issued punruanr ro rhe oeu Air Act of 1970 (42 u.s.c 1857 er scq.) and
thc Fedcral warer Pollution Control Acr (33 U.s.C. l25l er scg.) as amendcd
Violations shatl bc reported rc NSF and the Regional Officc of rhc Environmcnul
hotecdon Agency.

Thc subsancc of this Anicle shall bc includcd in any noncxcmpt subc.ohtru
ercccding tl00,0m regardless of rier, b

ARTICLE 3l - Prrohibition of Conuaac Usc of Privately Owned Aircrafi

Thc Gontraar, iE cmployecs. agcn6 urd subcontractors shall not usc privarety
omed (non commcrcial) aircraft in thc performarrc of this Contract wirhour hav-
ing in cffect Aircraft Liability lnsurance covcragc of nor lcss thur 35,000,000 fc
dl dcaths, injuries urd propcrty damagc arising from onc accidcnt or occurEnce.

l}c subsurcc of this Ardclc shall bc ircludcd in rny subconract isued unda
.this Gonuacr involving air uansponation ravcl regardlcss of dcr.

ARflCLE t2 - lnsumcc and lndcmnification

Ttp Conuactc shall tatc swh srcps es may bc dccmed ncccssaty to insurc or
Pn)tccs itsclf. its employccs and irs propcrty. Accordingly, thc Contractc shdl
pmvidc appropriaa insurancc coverage for dl supplics, cquipmcnt and prsonnel
involvcd with thc Conuact effort C:ltech shdl nor essume ury liability fr
accidcnrs, illncsscs, or claims arising out of any work supporad by rhis Conracq
or fc unauthorizcd usc of copyrighrcd marcridr adc patcnr$
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(a) Insurance. Thc Contractq shdl, at its own cxpcnsc, providc and mainAin

during thc cntirc pcrformancc pcriod of this Contract at lcast thc following
kinds and minimum amouns of insurucc:

l. Workcn' Compensation and Employcr's Liability Insurancc, as rc4uircd
by applicablc Fedcral and state worten' compensation and occupationd
diseasc satucs. lf occupational discascs arc not comPcnsablc undcr
thosc stautes, they shall bc covered undcr thc Employcr's Liability
scction of the insurancc policy, cxccpt whcn Contract opcrations arc so
commingled with rtr Contractq's commercial opcrations that this would
nor bc practical. Thc employer's Liability covcragc shall be no lcss than
$1,000,000 pcr accidcnq except in sutcs with exclusive or monopolistic
funds that do not pcrmit workcr's compcnsation to bc wrincn by privaa
carricrs. Howevcr, rhc Conractor in fulfillmcnt of its obligation oprovidc
Workcn' Compensation Insurancc may mainain a sclf-insurancc Progran
if rhc Contractq is qualificd Pursuant to sututory authority O do so.

2. Comp'rehcnsive Liability Insurancc, including automobilcs (ormc4 noo'
ovme4 or lcascd), completcd opcrations, producs, and contracual liabil-
ity, fa a combincd single limit of not lcss than $1,000,000 fa dl dcaths,
injurics, and propeny damagc arising frrom onc accidcnt gr occurrcnoc.

3. Contractc's Risk a Coursc of Consmrction "All Risks'covcrags, cr'
cluding earthquakc and floo4 covcring damagc to thc wort itsclf, inclu&
ing marcriats and supplics at the wort sitc, protccting thc intcresu of thc
Govcrnment, Caltcch, the Contractr, and subcontracton in I srfficicnt
amounr to pay in full cach loss cxclusivc of r dcductibb not o cxcccd
$100,0m. Dcdrctiblc is rhc financid responsibility of tlr Contractc.

O) Insurarrc Ccnificaas. Bcforc commCncing wort un&r Ois Conract' thc

Contracta shall finnish ccnificatcs of insuralrcc fa thc covcraggs rcquired
hcreun&r. Such certificarcs shall prcvide that any canccllation c matcrhl
change in rhc insurancc policics shall not bc cfioctivc (r) fc srrch pcriod rs
rhc laws of rhc Saa in which this Contrast is to be perfcrncd prescribc'
gr (ii) until 30 days aftcr rhc insurer or thc @ntractc givcs writan noticc
to Csltrch, whichcvcr psriod is longer. Also, such certificatcs shall O covct

I
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adjustmcnt shdl bc madc in thc Contract pnae or thc timc of completion,
and thc Conract shdl bc modifred in writing.

(c) tf this C.ontract is terminatcd fc dcfault, Caltcch may requirc thc Contractor to
transfcr and dcliver to Caltcch, as dircced by iq any (i) complead or partidly
complcted work not previously dclivercd to, and acccpted by Caltcch, utd (ii)
other propcrty, including contract rights, qpccificdly produccd c acquired
fc rhc tcrminatcd portion of this Contract Upon direction of Caltcch, the
C.onuacta shall dso protcct and prcrrvc propcrty in its posscssion in which
C-altcch has ur inrcresl

(d) Catrech shall pay rhc Contract pricc for complctcd work it has acccptcd" In
addition, Caltcch urd thc Contractc rlay agrcr, uPon amounts fa (i) panially

. complctcd wort, (ii) other propcrty dcscribcd abovc that Caltcch accepts, and
(iiD thc protcction and prcscrvation of thc proPcrty. Caltcch may withhoH
fr,om thesc smounts any sum C-altcch dctermines o bc neccssary to PDtcct
Caltcch against loss from outstanding licns a claims of famcr licn hol&rs.

(c) If, aftcr rcrmination, it is dctermincd thn thc Gontraac was nol in dcfault, c
rhat rhc dcfault was cxcusable, thc rights and obligadons of thc partics shdl
bc thc sarnc as if thc tcrmination had bccn issucd pursuant to thc Articlc 53,
Termination for Convenicnce.

(f) Thc righs alrd rcrnedier of Caltcch in this Aniclc ue in ddido b any othct
righrs and renrcdcs providcd by law or undcr this Conuact 

'rr

ARTICLE 49 - Rcscrvcd

ARTICLE 50 - Warranty

(a) In addition to any othcr warranties in this Conuact, the Conract(r warants,
cxocpt as providcd in paragnph O of this futiclc, that wort Pe,rftrrncd undcr
this Contraa confcms o rhe C-ontract rcquircmena and is fue of ury dcfcct
in cquipment, maarial, or dcsign finnishc4 or workmanship pcrformcd by tlrc
Conractc or ury subcontracta on supplier il any ticr. Thc wort as relatcd
ro rhe Dcsigr and Design Qualification Tcs is lirnitcd rtl thc &livcrablcs

o
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providcd and thc warranry responsibilities undcr thc contract would be limircd
to the corrcction of dcfccts in thosc &livcrablcs and not in any finishcd
product which may bc produccd from thc &livcrables.

O),Tlc wananty shall continrc for a pcriod of onc ycar from ttrc daa odnori
acccPtancc of thc wqk. If Catrcch akes posscssion of any part of rlrc ivo*
Dcforc final aciipifr&, this warranry shall continuc for a pcriod of,orrc;,er
from thc datc Caltcch takcs posscsskn

(c) Tttc Conractq shall remcdy at the Contractor's cxpcnsc any failurc to con-
form, or ury dcfecl which damagc is thc result of:

l. Thc Contractc's failurre to conform to Contract rcquiremcns; c
2. Any defcct of cquipment, matcrial, workmanship, or design finnishc4

(d) The Contractq shall rcstore any work.damaged in fulfilling tlrc arms ad
conditions of this Aniclc. The Contractc's waranty with rcspcct o wort
repaircd or rcplaced will run fa onc year from rhc daa of repair or replacc-
mcnL

(c) Caltcch shall notify thc Conractor, in writing within a reasonabtc tinrc aficr
thc discovery of any failure, dcfcct, or damage.

(0 If thc Contractor fails to remedy any failure, dcfcct, on damage wirhin r
reasonablc timc aftcr reccipt of notice, Caltcch shall have thc right to replacc,
rcpair, or othcrwisc rcmcdy thc failurc, dcfccq or damagc at tlrc Conractc'l
cxpcnse.

(g lVith rcspcc{ o all warrantics, cxprcss or implid frrom subconracton3, manu-
facturcn, or suppliers fa work pcrformcd and matcrids furnishcd undcr this
Gonuact, the Contraoor shdl:

t. Obain all warrurtics thu would bc givcn in normal commercid practicc;

(I,;
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2. Rcquire all warrurtics to bc cxccutd in writing, for thc bcncfit of Caltcch;

and

3. Enforcc all warrantics fa thc bcncfit of Caltcch, if direcad by Caltcch.

(h) In thc cvent thc Contractc's warranty undcr paragraph (b) of this futiclc has
cxpircd, Caltcch may bring suit at its cxpenr to cnforce a subcontractor's,
manufacturer's, or supplier's warranty.

(i) Unless a dcfcct is causcd by the negligencc of thc Contractq or subcontractc
or supplier at any tier, the Conuactor shdl no bc liable for thc rcpair of ury
dcfcca of matcrial or &sign furnishcd by Caltcch nor fa thc repair of any
damage that rcsults hom any dcfcct in Caltcch-furnished matcrid, dcsign, c
specification

(i) This warranty shdl not limit Caltech's rights undcr Article 46, Inspoction of
Constnrction, with rcspcct to latcnt dcfccts, gloss mistakes, or fraud.

(k) Dcfeca in dcsign, materid, or manufacture of cquipmcnt,'spccificd by Caltcch
shall not bc includcd in this waranty. In this cycnt, the Conractc shall
requirc any subconract(tr!, manufacturcrs, r supplicn thcrcd to exccutc
thcir warranties in writing direcdy o CaltccL

0s(l) Af hp&cd varmntles ol mcrclwilabillty td 'finess lu o nuAcgs,
pur?oe'arc crcluihdfmm ant ob6gatlon cpntdncd ln tHs Conaut.-

ARTICI-E 5i - Responsibility fc h,oducts

(a) fitlc o products furnished undcr this Conuact shall pass to Caltcch upon
fonnal acoeptanos by Caltcch, rcgardless of whcn or whcrc Caltcch takes
physical posscssion, unles thc Contract spccificdly providcs fa carlicr pas-
sage of titlc.

(b) Unless rhc Conuaa spccifically providcs othcrvisc, risk of loss or damage o
products shall remain with thc Conracta undl Conuact complction
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Paragaph O) above shall not apPly to producs that so fail o confrm o
Conract rcquircmen$ as to givc a right of rcjection. Thc risk of loss of
or damagc ro such nonconforming producs rcmains with thc Contracta until
curc or acccpuncc. Aftcr cure or acccPtancc, Paragnph (a) above shall apply.

Undcr paragraph O) above, the Conractq shall not bc liablc for loss of c
damage to products causcd by thc negligcncc of officcrs, agcnts' or cmployees
of Calrcch acting within thc scopc of thcir employmcnr

ARTICLE 52 - Suqpcnsion of Work

(a) Caltcch may, at any timc, by wrinen ordcr to rlre Confactc, requirc thc
Contracta to stoP all, or ily Part, of thc wort callcd fc by this Contract
fa a pcriod of 90 days afrcr the ordcr is dclivcrcd to thc Conractr, and
fc any ftnthcr perid to which thc panies may agpa The odcr shall bc
qpecifically idcntificd as a stop work ordcr issucd undcr this Articlc. Upott
rcccipt of thc otdcr, thc Conuactc shdl immcdiatcly comply with itl tcrms :
urd ake all reasonable stcps to minimizc thc incuncncc of costs dlaablc o
thc wort covcrcd by rlre ordcr during thc pcriod of worl stopPage. Within r
pcrid of 90 days aftcr a stop work ordcr is &livcrcd to thc Contractr, c
wiftin any cxrcnsion of rhat period o which thc panies shdl havc agrcc4

Caltcch shdl cithct:

l. Canccl tlrc stoP work orde6 or.

Z. Tcrminatc thc work covcrrd by such or&r cithcr fc convcnicne of

Caltcch or thc Governmcnl c, if appropriatc, fq &fault

(b) If a $op wort ordcr issucd undcr this Articlc is canccllcd c thc Perid
of the ordcr 69 any cxtcnsion thcrcof cxpircs, thc Contractc shdl rcsumc
worls Caltcch shall makc ur cquitable adjustmcnt in thc dclivcry schcdttlc,

rhc contract amount, ud in ury other provisions of the Contract tha may be

aficcr4 and $c Gontracr shall bc modific4 in *riting, accordingly, ift

(c)

(d)
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Thc stop wo* ordcr results in an increasc in thc dmc requircd fc, c in
thc Contractc's cost propcrly dlocablc to, thc pcrformancc of any part
of this Contracq and

Thc Conractc asserts a claim for thc adjustmcnt wihin 30 days aftcr the
cnd of the period of work sroppage; providc4 rhaq if Calrcch dcci&s the
facts justify thc action, ir may rcccive and act upon thc claim asscrrd u
any time bcfore final payment under this Contracr

(c) If a stop work ordcr is not cancellcd and the wort covercd by tlrc orrdcr is
tcrminated for the conveniencc of Caltech or thc Govcrnment, Calrcch shdl
allow rcasonablc coss resulting from the stop wort ordcr in aniving g rhe
tcrmination scnlemenl

(d) If a stop work ordcr is not cancellcd and thc wort covcred by rhc qdcr
is tcrminatcd fc dcfault, Caltcch shall allow, by cquirablc adjustmcnt c
otherwisc, rcasonablc costs lrsulting frrom the stop wort ordcr.

ARTICI-E 53 - Tcrmination fa Convcniencc

(a) Calrcch may terminatc pcrformarrc of wort undcr this Oonraa in wholc c
in part from timc to timc, if Cattcch dctcrmincs thu a crmination ir in tlre
intcrcst of Caltech or tlrc Govemmcnr{Fltcch shdl rcrminar by &livaing
!o thc Gontracta r Noticc of Tcrmination spccifying thc cxrcnt of tcrminuion
and thc cfrcctive datc.

(b) Aftcr reccipt of a Noticc of Termination, and exoep as dircctcd by Caltcch,
thc Conuacta shdl immediatcly p'rocccd with thc following obligatitns,
regardlcss of any &lay in dctermining c adjusting any amouns drc under
this Articlc:

l. Stop wort as sprificd in thc noticc.

L Place no fintbcr subconuacs fc marcrids, scryies, q facilitics, Gxoept
rs noccssary o complcc the continucd portion of thc Contnct

t .
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3. Tcrminarc dl subconracr to thc extent thcy rclar to rhc wort tcrminatod.

4. Assign to Caltech dl right, title, and intercst of thc Contractc undcr thc
subcontrass tcrminaro4 in which casc caltcch shall havc thc right o
scttlc or to pay any rcrmination settlement prcposd uising out of thoee
tcrminations.

5. With approvd or ratification to rhc cxrent required by Catrcch, scttle dl
outstanding liabilities urd tcrmination scttlcmcnt proposals arising fton
the termination of subcontracts.

Submit in a fcnr acceptable to Caltcch invcnrry schedulcs covering all
itcms of property not consumed in thc pcrformancc of this Conraa c
not prcviously dclivcrcd to Caltcch"

As dircctcd by Calrcch, transfcr ritlc o Calrcch and dclivcr !o Calrcch
(t) thc fabricatcd q unfab'ricatcd parc, work in Imrccss, complcad wort, :
supplies, and other matcrid produced or acquired for thc work tcrminato4
and (ii) thc complead a panially complcad plans, &awings, informatioo,
utd other propcrty that, if the Conuao had bccn complcrd, would bc
requircd to bc frnnished to Caltcclr"

Complea performance of thc wort not arminard.

Takc any action that may bc ncccssaly, c thu Caltcch may dirccg fc
thc potcction and prescwation of thc property relatcd to this Contracr
that is in thc posscssion of thc Conuacta and which Caltcch has a may
acquirc an intcrest

10. Usc its best cfrorts to scll, as direcrd q authorizcd by Caltcch, any p'nrp
crty of thc tlpes rcferrpd o in subparaSfaph (7) abovc. llrc Contractc
may acquire thc ptopcrty undcr the conditions prescribed by, and at pdel
approvcd by Caltcch. Thc procecds of any transfcr or disposition will bc

I

9.
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applicd to reducc any paymcnts to bc madc by Caltcch undcr this Con-
racl crcditcd to thc price or cost of thc worlq c paid as dirccrd by
CaItech.

(c) Afar termination, thc Contracta shdl submit a find tcrmination scnlcmcnt
proposal to C:ltcch in the fqnr and with thc cost tr pricing cenificadon
pescribcd by Caltcch. The Conuactor shall submit thc proposal promptly,
but not larcr than six months from thc cffcctive daa of tcrmination, unlcss
cxtcndcd in writing by Caltcch, upoo writtcn request of thc Contracta within
this six month pcrid Howevcr, if Caltcch dcrcrmincs that thc facts justiS
it, a tcrminadon scttlement pnoposd may bc reccivcd and acted on afrcr six
months or any cxtension. If the Contractor fails o submit thc proposd within
the time perid dlowc4 Caltcch may dercrminc unilarcrally, on thc basis of
information available, thc amount, if any, duc thc C,ooracta bccauscpf the
tcrmination and shdl pay the amount dcrcrmined.

(d) Sublrr to paragraph (c) abovc, lhc Con'ractc and Caltcch may agr?e upon 
:

thc wholc 6 uty part of the amount to bc paid bccausc of thc tcrmination.
The amount may includc a reasonablc dlowance fc profit on work done.
Howevcr, thc agrced amount, whethcr undcr this paragnph (O c paragnph
(c) below, cxclusivc of costs shown in subparagraph (cX3) bclow, mty ool
cxcccd tlrc otal Contract price as reduccd by G) thc amornt of paymcnts
prcviously nadc and (ii) the Conract pricc of wort not tcrminated. The
Conuaa shdl bc amendc4 and thc Conractc paid tlrc agccd tmunt
Paragraph (c) below shdl nor limit, rcsuicq or aficct thc amount that may bc
agecd upon to bc paid un&r this paragraph.

(e) If thc Conuactc ard Caltcch fail o agrrr on the whole amount to bc paid
bccausc of thc rcrmination of wort, Caltcch shatl pay thc Conracc thc
amountr dcarmincd by Cattcch as follows, but withqtt duplication of any
amounts agrccd on undcr paragraph (d) abovc:

l. The Conract pricc fc complcad prodrrcts or scrvies acccptcd by Caltcch
not prcviously paid fc.

2- Thc nul of:
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Thc costs incurrcd in thc pcrformance of thc wort tcrminatc4 in-
cluding initial costs and prcparatory expensc dlocable thcreo, but
cxcluding any costs auibutablc to products or scrviccs paid or to bc
paid undcr subparagraph (eXt) above;

Thc cost of scnling and paying tcrmination scttlemcnt proposds unda
terminatcd subcontracs rhat are properly chargcablc to thc tcrminatcd
portion of the Contract if not includcd in subdivision (A) abovc; ald

C. A sum, as profit on subdivision (A) abovc, dcrcrmined by Caltcch o
be tair and reasonablc: howevcr, if it appean that thc Gonuaaa
would havc sustaincd a loss on thc cntire Conract had it beco
complctd Caltcch shdl dlow no profit undcr this subdivision (9
and shall reducc thc scnlcmcnt to rcflcct thc indicatcd rar of loss.

Thc reasonablc costs of scttlement of thc wort tcrminato( including

A. Accounting, lcgal, clericd, and othcr cxpenses rcasonably noccssary
fa thc preparation of tcrmination scttlcmcnt proposals and suppo,rting
dats;

B. Thc tcrmination rnd scttlcmcnt of subconracts (cxcluding thc
amouns of such scnlemens); and

C. Stcage, ransponation, and othcr costs incunc4 reasonabty ncccssary
fa thc prcscrvation, protcction, or disposition of thc rcrminatio
invcntry.

(0 F.xccpt fa normal spoilage, and cxccpt to thc extcnt that Caltcch cxpressly
assumcd thc risk of loss, Catrcch shall cxcludc from thc amouns payabb
o thc Contracta undcr paragraph (c) abovc, thc fair value, as deunnincd
by Caltcch, of propcrty that is dssroyc4 losr, smtcn, c damaged so as b
bccome un&livcrablc to Gltcch.

A.

B.
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Thc cost principlcs urd proccdurcs of Part 3l of FAR in cfrcct on thc datc of
this Conuao, shdl govcrn all costs claimc( agrrrd to, or dctermincd undcr
this Aniclc.

In arriving at thc amount duc thc Conractq undcr this Aniclc, thcre shdl
be dcductcd:

l. All unliquidatcd paymcnts to thc Conracta undcr thc terminated portioo
of this Contracg

2. Any claim which Calrcch has against ttrc Conractc undcr this Conracq
and

3. Thc agrccd pricc fa, or thc procccds of sdc of, materids, supplics,
other things acquircd by thc Conraoa or sold undcr the provisions
this Articlc and not rpcovercd by or crcditcd o Caltcch.

If rhc rcrmination is paniat, the Contractor may file a proposat with Caltcch
fc an cquitablc adjusuncnt of thc price(s) of the continrrcd Ponion of th
Conracr. Caltcch shall makc any equiublc adjustment agrccd uPon. Any
proposal by thc Contraaa fm an equiublc adjustmcnt undcr this Aniclc shall
bc requestcd within 90 days from thc cfrcctivc datr of tcrmination unlcs
cxtcndcd in uniting by Caltcch.

l. Caltcch man un&r thc tcrms and conditions it prcscribcs, makc
payments against costs incurred by thc Contractc fq tbe tcrminated
portion of thc Contracq if Caltech bclievcs thc totd of thcsc Paymcnts
will not cxcccd thc amount to which thc C,onracta will bc cntitlcd.

2. If $c totd paymcns cxcecd thc amount finally dcarmincd to bc duc, thc
Gontracta shall rcpay thc cxccss o Gltoch upon &mand, togcthcr with
intcrcst compucd u thc ratc cstablishcd by thc Sccrcury of thc Tlcasury
undcr 50 U.S.C App. l2l5OX2). Intcrcst shdl bc computcd fc thc
pcrid from thc datc ttrc cxoess paymcnt is rcccivcd by tbc Contractc o
ttrc datc tlre crcess is repaid. Inrcrcst shdl nol be chargcd on any Cxccst
paymcnt due o a rpduction in thc Conuactc's Ermination scttlcmcnt

*(e)

o)

(r
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proposd becausc of rctcntion or other disposition of tcrmination invcntcy
until l0 days aftcr the date of thc rctcntion or disposition, or a latcr dac
&tcrmincd by Qltcch because of the circumsunce.

(k) Unless othcrwise providcd in this Contract or by saruc, thc Contractor shall
mainain all records and documents rclating to thc tcrminatcd portion of thir
Conuact fa 0ucc yean afrcr final scnlemenl This includcs all books and
other evidcnce bearing on the C-ontracta's costs and cxpenscs undcr this
Contrirct Thc Conractor shdl makc thcsc records and documens available
to Caltech and the Govcrnmcnt, at thc Contractr's office, at dl rcasonablc
timcs, withort any charge.

ARTICLE 54 - Default

(a) l. Caltcch may, subjcct to paragraphs (c) and (O bclow, by delivery'o thc
Contractc of a Notice of Dcfault, tcrminatc this Contract, in whole c
in p.rt, if thc Contracta:

A Fails to pcrform thc work undcr thc Contract within ths timc spocificd
in this Contract or any cxrcnsion;

B. hosecurcs thc worlq so as to cndangcr pcrformarcc of this Contract
[but scc subparagnph (aX2) bclowl; q

C Fails o pcrform any of the other provisions of this Conract [but scc
subparagnph (aX2) bclowf

2. Caltcch'r right o tcrminarc this Contract un&r subdivisions l(B) and
l(9 of this paragnph may bc cxerciscd if thc Conuactc das not cfrcct
thc curc within thc period spccified in the Noticc of Dcfaulr

O) If Caltcch tcrminatcs this Contraq in wholc or in part, it may acguire, uldcr
the tcrms and in thc manncr Qlrcch considcn appropriaa, wort similar to thc
wort tcrminatc4 urd thc Contraoa will be liable o Caltcch fc uty cxosss
costs fa thc similar wort However, thc Conuacta shall continrp thc wqt
not Erminarcd.

5
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(c) Exccpt fc dcfaults of subcontractons at ury tier, thc Conracta shdl not
bc liablc fa any cxcess costs if thc failure to pcrform thc Conract ariscs
from causcs beyond thc conrol and without the fault or rrcgligence of hc
Conracta. Examplcs of such causcs includc (i) acts of God or of thc public
encmy, (ii) acts of thc Government in cither is rcvcreip c contraconl
capaciry, (iii) fircs, (iv) f,oods, (v) epidcmics, (vi) quarantinc rcsriction*
(vii) strikcs, (viii) freight cmbargoes, and (ix) unusudly scycrc wcathcr. In
each insuncc thc failure to perform must bc bcyond thc conuol utd withott
thc fault or ncgligencc of thc Contractc.

(d) If rhc failurc to pcrform is causcd by thc default of a subconractors at uty ticr,
and if thc causc of thc dcfault is bcyond thc conuol of both thc Conuactor and
subcontractor, and without the fault or ncgligencc of cithcr, thc Conracu
shdl not !3 liablc fc ury cxcess costs fc failurc to perform, unless tbe
subcontractcd supplics c sewiccs wcr? obtainabb from othcr sourccs io
sufficicnt timc fa the Gontractor to meet thc rcquired dclivcry schcdule c
othcr performancc requircmcnts.

ARTICLE 55 - Allowablc Coss
Thc dlowability of costs and cost dlocation method for wort pcrformcd undcr
rhis Contract shall bc dcarmincd in accordancc with thc Fcdcrat Acquisitim
Rcgulations 31.2 (48 CRF 312).

ARTICLE 56 - Limitation of Funds
Thc panics conrcmplac thar Caltcch wilt incrcmentdly fund tlp Conract cfrm.
Tlrc ConUacta ag?cs to pcrform, or have performd tlrc wort sPccificd in thc
Contract up to thc point u which thc totd amount paid and payablc by Caltcch
un&r this Contrae approximarcs, but docs not cxcccd thc toal amount actudly
allotted by Cattcch o this C.ontract

(a) Caltcch shdl no bc obligaad to rcimbursc thc Conraar fc cosu incurod
in cxess of thc toal amount allotad o this Conuacq end the Conracrc
shall not bc obligaad to oontinrrc performarce undcr this Contraa (includint

a
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acrions undcr thc Tcrminadon clausc of this Contract) or n othcrwisc inctr
costs in excess of thc amount thcn allottcd to thc Conract

(b) Whcn and to the cxtent that the arnount allotad o this Contract is incrcasc4
any oosts thc C.onuacc incun bcfore thc increasc tha arc in cxccss of thc
amount prcviously allotad shdl be dlowablc to thc samc cxtent as if ittcurcd
aftcnyar4 unlcss Caltcch issucs a rcrmination or othcr noticc dirccting tbc
incrcasc solely to covcr rcrmination or othcr spccificd crpcnscs.

ARTICLE 57 - Paymens and Discouna

(a) Invoices shall bc submittcd in uiplicatc to thc anentiott of Caltcch and as
spccificd in rhc Contracl Any applicable state salcs or usc to(cs or F&ral
cxcisc taxcs shdl bc shown as a scparatc itcm.

O) Caltcch shall pay the Gonract(r, upon thc submission of PmPer invobcs a
vouchcn, rhc paymcnts stipulatcd in this Contraa fa complctcd wort lcst
any dcductions providcd in this Contract

(c) Paynrcns will be ma& within thc net perid of 30 days, measured from thc
datc of reccipt of rhc invoicc. Payment shdl be dccmed O havc bccn ma&
on thc darc thc chcck is mailcd.

(d) Paymcnt fc complcrd wort in accordance with this patagfaph will nu waivc
or othcrwise afrcct tlrc righl of Caltcch to inspcct such wort c o rclxt, c
revolce acccptancc of, nonconforming wort

(e) Unlcss orhcrwisc spocificd in this Conuacf unliquidatod paymcnt shall bc
madc upon acteptanoc fa thc solc purposc of partid Paymeil of thc rct
dclivcrcd q rcndcrpd in accordancc with thc payment schcdulc statcd in thc
Gonract Alt partid paymcnts shall bc considgred liquirhtcd with Caltccb'r
aacepance of rhc Final Dcsil Dcsign, and accepunce of thc U@ bcam tubc
modulcs in $e eycnt Conuact Option is cxerciscd.

t
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ARTICLE 5t - Fcdcral, Srarc, and local Taxcs
(a) Definitions

l. "Conract date," as uscd in this Article, mcans thc cfrcctivc datc of this
Contract or Modification.

2. "All applicablc Fcdcral, State, and locd taxes,'as uscd in rhis Article,
maans dl taxcs in cffcct on thc Contract datc, that ttre taxing authority is
imposing urd collccting on the transactions or property covcrcd by this
Conuact

3, "After-imposcd Fcderal tax," as uscd in this Articlc, means any ncw
or incrcascd Federal taxr or tax that was cxemprd or excludcd on thc
Conuaa date, but whosc cxemption was latcr revokcd c rduccd druing
thc Conrag period. It does not includc social socurity tar tr. othcr
cmployment taxcs.

4. 'Aftcr-rclicved Fe&ral tax,- as uscd in this Articlc, mcans any amount of
Fcdcml urx, cxccpt social sccurity or othcr cmployment taxcs, thu wouH
othcrwisc havc bccn payablc on the transactiom 6 propeny covercd by
this Conracq but which rhc Conuacra is not rcquired to pay c bcar, c
fa which thc Contractc obtains a rcfund or drawback

Unlcss othcrwisc providcd in thc Schcdulc, thc Conract pncc includes dl
applicablc Fdcral Stac, and locd uu(cs.

Thc Contract pricc shdl bc incrcascd by thc amount of any aficr-inposcd
Fedcral tax, providcd thc Contractc warants in writing thu no amount fc
such ncwly impoccd Fcdcral tax increasc was includcd in thc Contract prie,
as r contingprcy Bscrvc or othcrwisc.

Thc Contraa pricc shdl bc dccreascd by the amount of any rfar-relicvod
Rdcnl ur"

Thc Contract price shdl bc dccrcascd by ttrc amount of any Fcdml tax, cxoept
socid sccurity or ohcr cmploymcnt tax6, that the Contracta is rcquircd o

o)

(c)

(o

(e)
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pay or bcar, or dcs not obtain a refund ol through thc Conracta's faulL
ncgligencc, or failurc to follow instnrctions of C:ltcch.

No adjusrnent shdl bc madc in thc Contract price undcr this Article unlcs
thc amount of thc adjustment cxcccds $100.

Thc C.ontractq shall promptty noti$ C;altech on all mancn relating to any
Fcdcral cxcisc tax that rcarcnably may bc cxpcctcd to rcsult in cither aa
increasc or &creasc in thc ConUact pricc and shall takc appropriarc acdoo
as Caltech dirccs.

(h) Caltcch shall, wirhort liability, furnish cvidcncc appropriaa to csablisb
cxcmption hom ury Fedcral, Statc, or local nx when thc Confactc tlgucsts
such cvidcncc and a reasonablc basis cxists to sustain thc cxcmption

ARTIC'LE 59 - Spcc-iat Tmling - :
(a) Definition. 'Sp€cial tooling," as uscd in this Article, mcans jigs' dicr

fixtures, motds, pancms, taps, gaugcs, olhcr cquipment and manufacnring
aids, all oomponcnts of thcsc itcms, and replaccmcnt of thcsc ircms, lhal
are of such a spccializcd naturc tha without subsantid modification (r
altcration rlrcir usc is timircd !o thc dcvclopment or production of particulu
supplics or parts rhcrcof of performing particular scrviccs. It das not includc
matcriat, special rc* cquipmcnt, facilitics (except foundations and similu
improvcmcnB ncccssaDr fr instdling qpecial tooling), gcncral c spocid
machinc tools, or similar capinl ircms. Spccid tooling, fc thc purposc of
rhis Aniclc, docs nu inclu& ury irm acquired by tlrc Contractr bcfore thc
cffcctivc da6 of this Conracl or replaccmcnt of srrch ircms, whcthcr tr nd
alared c adaptcd fc use in pcrforming this Contracl or itcms spccifically
cxcludcd by thc Schcdulc of this Gonracr.

O) Usc of Soccial Totinq. Thc Conracta agrces io usc rhc spocial tooling only
in pcrforming rhis Contract or as otrcrwisc approvcd by Caltcclt"

(c) Initiat List of Seecial Ttnlinr. Thc Contractc shdl furnish Caltcch ur initid
lisr of alt spocial rooling rcquired or manufacturcd by thc Conracta fc

(0
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pcrforming this Contract Thc list shall specify the nomcnclaturc, tool numbcr,
rclated product part numbcr (c scrvicc pcrformed), and unit tr group clc
of the spccial tooling.

(d) Chanees in Desim. Changes in thc dcsign or specifications of thc cnd itcms
bcing produccd under this Conract may affect thc inarchangcability of end
iam parts. In such an cvcnt, unlcss othcrwisc agrecd to by Caltoch, thc
Contractc shall notify Caltech of any part not inrcrchangeablc with a new
or supcrscding part

(c) C-ontractor's Ofrcr o Retain Special Tinline. Thc Contracta may indicatc
a desire to rctain ccrtain itcms of spccid tooling at the timc it funishes r
list or notification punuant to paragraphs (c), (O, or O) of this Anicle. Tttc
Contracta shdl firrnish a wrinen ofrcr dcsignating thosc items that it wishes
o rctain by spccifically listing thc items or by listing the particular productr,
parts, or scrviccs fc which thc iams werp uscd or dcsigncd. Thc oficr shdl
be ma& on onc of the following bascs:

l. An amount shdl bc ofiered fq rctcntion of thc irms free of any Caltcch
intcrcst This amount should ordinarily not bc lcss than thc currsnt fair
value of thc itcms, considcring, amongother thinp, the valuc of thc itcms
o thc Contractc fc usc in future worlc

2. Retcntion may be requestcd fq a limitcd pcrid of timc urd under Erms as
may bc agrecd to by Caltcch and thc Contractor. This tcmporary rercntion
is subjccr to final disposition puntuant !o paragraph (i) of this futiclc.

(0 hopcrtv Oonuol Records Thc Contracta shall mainain adcquaa propcfiy
control records of all spccid tooling in aeordance with is normal indusuid
practicc. Thc rccords shdl bc made availablc fa Caltcch inqpoction at all
reasonable times. To thc cxtent practicabb, thc Contracr shdl identify dl
qpecial tooling subjcct to this Article with ur appropriar $amp, tag, s othcr
mart

(g) Maintcnancc. llrc Contractc shall take all reasonablc stsps neoessary b
mainain the idcntity and cxisting condition of usablc itcms of spocid tooling
ftom thc datc such itcms are no longcr nccdcd by thc Contracta until

{
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final disposition undcr paragraph (i) of this Article. Thcsc maintcnance
requiremcnr do not apply to thosc items dcsignatcd by Caltcch fa diqposd
as scrap or i&ntificd as of no funlrcr intcrcst to Caltcch undcr subparagraph
0(a) of this Aniclc. Thc Contractor is not required to kccp unnccdcd ircms
of spccial tooling in placc.

(h) Final List of Spccial Toolins. Whcn all or a substantid pan of thc work undcr
this Conuact is complctcd or terminatc4 thc Contractc shdl furnish Caltcch
a final list of qpccial tmling with thc samc information as required fa thc
initial list undcr paragraph (c) of this Articlc. Thc final list shall includc all
itcms no previously reportcd undcr paragraph (c). Special tmling that has
bccomc obsolcte as a rcsult of churgcs in dcsign or qpccification nced not bc
reportcd cxccpt as providcd fq in paragfaph (O.

(i) Disposition Instructions. C:ltcch shall providc thc Contracta with disposition
instnrtions fc specid tooling idcntificd in a list or noticc submitrcd undcr
paragfaphs (c), (d), or (h) of this Article. The instnrctions shdl bc p'tovidcd
within 90 days of reccipt of the list or noticc, unlcss tttc pcriod is cxtendcd
by munnl agrsemcnt. Calrcch may dircct disposidon by any of thc mcthodt
listcd in subparagraphs (l) through (4) of this pangraPh, c a combination of
such mcthods. Any failnrc of Qltcch to providc qpccific instnrctions within
thc 90day porid shall bc oonstrued as dirpction undcr subparagnPh (iX3).

l. &ltcch shall givc thc Conuactc a list spccifying thc products, Parts,
c scrviccs fc which Caltcch may rcquire qPccial tooting and requcs
thc Conracta !o transfcr tide to Caltcch (o thc cxtGnt not prcviously
transfcned undcr ury ohcr Articlc of this Contract) and &livcr as dircctcd
by Calrcch rll usablc ircms of spccial tooling that wcre dcsigncd fc c
uscd in thc production or pcrformarcc of such products, Pars, q scrvices
and rhu wcrc on hand when such production or pcrformarrc ccascd.

2. Caltcch may acccpt a rejcct any oficr ma& by thc Gontnctc undcr
paragfaph (c) of this Artictc to tctain ipms of qPocid ooling tr may
rcqucst furthcr ncgotiation of thc oficr. llrc Contracta 8gr"es to cntcr
into thc ncgotiations in good faidr. Thc nct procecds frosr Calrcch's

I
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acceptancc of thc Conractor's rctcntion ofrcr shdl cithcr bc dcducfd

from amouns due thc Conractc undcr this Conractor shall bc othcrwisc

paid as dircctcd by C-altcch.

Caltech may dircct thc Contractc to scll or disPosc of as scrap, fc thc

account of C,altcch, any spccial tmling rcportcd by tttc Gontracta undcr

this Articlc. Thc nct procccds of all sdcs shall eithcr be dcductcd from

amounts due thc C.ontractc undcr this Contraq or shdl bc othcrwisc

paid as dfuectcd by Cattech. To the cxtcnt that thc Contracta irrcun uty

iotts oc..tioncd by compliancc with such directions, for which it is n6r

otherwise compcnsated, thc Contraa pricc shall bc cquiubly adjustcd in

accordancc with thc Articlc 4, Changcs.

Cattcch may finnish the Contracta with a stacment disclaiming ftfihct

Caltcch intcrest or rights in any of the spccial tooling listcd.

(D Storaee a Shipmcnr Thc Conuactq shdl promptly transfcr o Caltcch title o :

thc qp.rtat rcoling spccificd by Calrcch urd arrangc fc cither thc shipmcnt c

thc sioragc of such tmling in accordancc with thc final disposition instnrdor

in subparagnph (rxl) of this Articlc. Tmling to bc shippcd shdl bc prcpefll

pacfaic4 i.ircA urd markcd in accorrdancc with the dircctions of CaltccL

Tooling shippcd or stored shall bc rccompanicd by opendon shccs or othcr

appropriatc data ncccssary to show the manufacnring opcrations or Foccssca
fc which rhc ircms were uscd or dcsigned To thc cxtcnt that thc Conuactc

incun costs for authorizcd storagc or shipmcnt undcr this paragfaPh rnd nA

orhcrwisc compcnsarcd fa, thc Contract pricc shall bc cquiubly adjustcd io

accordancc with futicle 4, Changcs.

(k) Subcontract Provision. In ordcr to pcrform this Contracl, lhc Conracta may

@luding purchasc ordcrs) involving thc usc d qpocid
-*fing. 

If 1113 full cosr of rooling is chargcd to thoec subcontracts, thc

Contracrc agrccs o includc in thc subcontracts apprqriaa provisions o

obrain Cattech rights conrparable to thc rights of Catpch un&r this futiclc-

Thc Contracr6 agrccs ro cxcrcisc such rights fc rhc bcncfit of Caltcch ad

as dirccrd by Caltcclu

a
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ARTICLE 60 - Spcc'ial Tcsr Equipmcnt

(a) "Specid tcst equipmcnt'as uscd in this Articlc, mcans cithcr singlc c mul-
tipurposc integratcd test units enginccrc4 dcsignc( fabricato4 or modificd
to accomplish qpecial pu{posc rcsting in pcrforming a contracr It consiss of
items or asscmblics of cquipmcnt, including sundard or gcncral purposc itcms
or componcnts, that arc interconncctcd urd intcrdcpendcnt so as to bccomc a
ncw functional cntity fc special tcsting purposcs. It docs not includc mare-
rial, specid tooling, facilitics (cxccpt foundations and similar impmvcments
ncccssary for installing spccial cquipmcnt), and plant cquipment itcms uscd
for gcncrd plant tcsting purposcs.

(b) The Conuacta may cithcr acquirc or fabricarc qpccial tcst equipmcnr al
Caltcch's cxpensc whcn the equipmcnt is not othcrwise itcmizcd in rhis
Contact and thc prior approvd of Caltcch has bccn obaincd. The Contracta
shdl providc Caltcch with a wrincn notice, il lcast 30 days in advance, of
thc Contractc's intcntion to acquire or fabricatc thc spccial tcst cquipmcnt
As a minimum, thc notice shdl also includc an cstimatcd aggrcgac ost of
all ircms and componcns of thc cquipmcnt thc individual cost of which is
lcss than $1,000, and the following information on cach itcm or componcnt
of cquipmcnt costing $1,000 or morc:

l. Thc end usc application and funcdon of cach proposcd qpecial tcst unit,
idcntirying spccid characteristics and thc reasons fa the classification of
thc rcg unit as spccial rcst cquipmenr

2. A complctc dcscription idcntirying thc itcms o bc acquired and thc itcms
to bc fabricatcd by thc Contraoc.

3. Thc cstimatcd cost of the itcm of special tcs cquipment or componcnl

4. A statcment that intra-plant scrccning of Conuactc and Govcrnmcnt-
owncd spocial tcst cquipmcnt end componcnc has bccn accomplishcd
and tha finG arc availablc for use in pcrforming this Conuact

Q,
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(c) Caltcctr may furnish any special test cquipmenr tr oomponen6 rathcr rhan

apProvc their acquisition or fabrication by rhc Conuactq. Such Catrcch-
furnishcd itcms shall bc subjcct to Articlc 4?, Caltcch-Furnished Roperty,
excePt that Caltcch shall not bc obligatcd to dclivcr such itcms any sooncr
than thc Conractor could havc acquired or fabricatcd rhcm aftcr eipiration
of the 30-day noticc pcrid in paragraph (b) of this futicle. Howevcr, untess
Caltech notifies thc Conractq of its dccision to furnish thc itcms within thc
30{ay notice Pcrio4 thc C.ontracttr may procccd to acquire or fabricarc thc
cquipmcnt ot components subjcct to any other appticabic provisions of this
Conracr

(d) If any enginccring change rcquires eithcr the acquisition or fabrication of
ncw spccial rcst equipment or substandal modification of existing spccial rcs
cquipmcnt, thc c-ontractq shalt compty with paragnph o) abovc. In rc
complying, tlrc Conractc shall identify thc changc ordcr which requircs rhc
proposcd acquisition, fabrication, or modification

(c) Thc substarrce of this Anicle shatt be includcd in alt subcontrafis issucd
undcr this contract that rcquire spocial tcst cquipncd c componcntr ro bc
aoquired or fabricatcd fa Calrcch, regardlcss of ticr. Thc names of nrch
subcontractors shall bc identificd to Caltcclr"
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FROGRAI.I E2O13A T IB},I RS./6OOO I REVISION 4 - DECEI'IBER t7, 1991
DESTGN OF CYLTNDRICAL SHELL SECTITTN FOR EXTERNAL FRESST.RE

*rt* *rt******lf ,( **rf *****t+ **
**T INPUT DATA ***
**lt*************f+*******

48,, LrGo BEAr.t ruErE 0.125', rHK 304L, srrFF !ilr-f/i-' I 4J:' sFcG

DESIGN CRITERIA

DESIGN PRESSURE (FOR

DESICN TET.IFERATURE

CORROSTON ALLOWANCE

CYLINDRICAL SHELL

INFO) P

TEI'IP

CA

SH}.IATL

1 4 . ? O

284.

.oooo

=  3 / 3 Q 4 L

= 4.OOOO

=IOOO.OOOO

= .125OO

= 195OO.

= 154OO.

PSI

DE6 F

r N .

F T .

/  A R B T T R A R T L Y  \
FT. l  t -AR6e-  E lou6,1  \

(l. frrvD MAl.s?cC.)
I N .

FSI

PSI

SHELL MATERIAL

INSIDE DIAI',IETER

TOTAL LENGTH

SHELL THICKNESS (I}.ICL CA)

SPECIFIED T.IIN. YIELD

ALL. STRESS AT DESIGN TEI.IF

ID

TL

THK

FY

ST

I SHELL STIFFENER

STIFFENER }.IATERIAL STI'IATL

NO. OF STIFFENER N

STIFFENER SIZE: trfEB DEFTH Hl

ttEB THK trl

FLG ITIDTH l.r2

FLG THK H2

SHI.IATL AND STI'IATL
INDTCATES T'IATERIAL FER
INDICATES },IATERIAL FER
INDICATES T,IATERIAL PER

INCLUDING END STIFFENERS

Fr6. 5-iUCS-28.2
FIG. 5-UHA-28.1
FIG. 5.UHA-29.3

OF THE CYLINDRICAL SHELL SECTION

3 / 304L

432

1.?500

.1875

.oooo

.oooo

(SEE NOTE B)

IN.

rN .

I N .

I N .

NOTE A : FOR
1
2
3

B : N O T

r.fADE BY : J au CHKD BY :
DArE t tolzslJl DArE:

Qte coNTRAcT
'11 oalJ SHEET I

No:  ?3  o47
oF 3{

CBI
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F.RO6RAM E2O13A T IBH RS./6OOO I REVISION 4 - DECEMAER 1? ' T99'

DESIGN OF CYLINDRICAL SHELL SECTION FOR EXTERNAL FRESSTJRE

*fct***ftf(**t(* * **** * **lt* * ** *

*** OUTPUT DATA ***
**rG*.xfcfc**t6f(*,****t(*1.*f(**r*

fiE FOLLOT.IING CALCULATICIN IS BASED ON CORRODED SHELL THICKNESS

CORRODED SHELL THICKNESS J =

VESSEL 0UTSIDE DIAMETER OD =

OD DIVTDED BY CORR. SHELL THK. CID/T =

NCI. OF SHELL SECTIONS NS =

LENGTH OF SHELL SECTION BTW STIFF [. =

L DMDED BY OD L/OD =

EFFECTIVE SHELL SECTION :
UTf DTH = 2.7o�14 IN.
THICKNESS = .1250 IN.

AVAILAFLE I (STIFF. RIN6) =
AVAILABLE I (RIN6-SHELL) =

.1250 rN.
49^35 rN.

386.OO
433
77 .7 t  rN .

.57
I.IODULUS OF ELASTICITY E * 267T3000. PSI
CYLINDER HAVING OD./T VALUE LARGER THAN OR EO. TO 10

fi = .OOO3O94 PER FItr. 5-UGO-28-O
S = 4255.0 FER FIG.  5-UHA-29-3

ALLOT,IABLE EXTERNAL FRESSURE FOR CYLINDRICAL SHELL FER UG-?8
F A  =  ( 4 . * B > / < 3 . * D 0 T )

=  ( 4 . *  4 ? 5 5 . O ) / < 3 . x  3 8 6 . O O )
=  1 4 . 7 0  F S I

AVAILAEILE STIFF. RING AND RING-SHELL SECTION F.ROPERTIES
STIFFENER SIZE :

t { E B :  1 . 7 5 O O " X  . 1 8 7 5 "
F L G :  . O O O O " X  . O O O O "
AREA: .3281 IN.**2

.1 1t r1.**4

.2  IN . * *4

REOUIRED STTFF. RING AND RING-SHELL SECTION FRTTFE RTIES FER
$ = .?5*(  (F*OD). / (  (THK-CA)+(AS. /L)  )  )

=  .?5x ( (  14 .? *  48 .?50 ) . / ( (  . 1250 -  .OOOO)+<  . s?B t /
= 3887.4 PSf

uG-29

? 7 . 7 L > r '

fl = .OOO283O FER FIG. 5-UHA-28.3

REOUIRED T'IOT.IENT OF INERTIA OF THE STIFFENING RING SECTION
RIS = (  (OD*rc?)*L*(  (THK-CA)+(AS. /L)  ) *A) . /14.

a  ( (  4g .? . r *? ) *  2? .7x (<  .1 -  .OO)+(  .3 /  27 .7>  ) * .OOO?83 ,O} /14 .
? IN.**4

RECIUIRED MOI{ENT OF INERTIA OF T}E COMBINED
Rrc = ( (CID*fGz)*Lx( (THK-CA)+(AS/Lr rxA> /LO.g

RING-SHELL SECTION

( (  48 .2 f3 *? ) *  27 .7x ( (  . 1 -  .OO)+(  .3 / 27 .7 > ) *. OOO283O)� / tO.?

NOT€: ONLY

.Z 11r;. *tt4

THE RIC REOTJIREI.IENT }TUST BE SATISFTED
--,

-
cBr

TOP TSYSINl

t fADE BY: JAn
DATE, tolzSlzl

CHKD BY Z QJW CCINTRACT NO: Q 3 OZJL

DATE ? L1oc"gj SHEET 7 OF
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L = 27.71

shell  t  = 0.125
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stiff As = 0.3281
A = 0.0002830

A  y  A y  l o  ! -
sheff 0.3375 0.0625 0.0211 0.0004 0'0721

stffi -.ll.328l 1.0000 0.3281 0.0837 0.0741
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LIGO . BEAM TUBE DESIGN Ligo.XLS R* o
p 9 l c t  1 4

- INPUT VARIABLES

Tube outside diameter, Do = 48.250 in
Beam Tube section length, L = 20.227 m = 66.362 tt

Tube thickness, t = 0.125 in
nsulation Density, Deni= 24 kg/m = 16.127 lbvft

stiffener thickness, ts = 0.1975 ln
Stiffener width, ws = 1.75 io

Stiffener spacing, l-s = 27.7 in
Mod. of Elast. @ ambient, Ea = 28,300 ksi Table TM-l @ 70

Mod. of Elast. @ 284 degrees, Eb = 27,100 ksi Table TM-1
Anchor bolt spacing, Abs = 48 in

C. l ine height of tube, H = 42.115 in
Suppofi Collar / Saddle width, b = 8.000 in

Coefficient of expansion, e= 9E-06 ir/ir/F Average from 70 to 300 degrees F

- ALLOWABLE STRESS PER ASME SECTION Vlil DIV 1 UG 23(b)

- Aflowable Stresses @ 284 Degrees F.

Yield Stress = 19,200 psi
Tensile Allowable, Sh = 13000 psi

Joint Etficiency, Et = 0.56
Compression Allowable

I = 
t *3ff: 

;l;l??il,ll?o r, interporate to 300 desrees F.
Where B = Fa = Fbx = Fby = Fbry

- Allowable Stresses @ Ambient (100 degrees F)

Yield Stress = 25,000 psi
Tensile Allowable, Sa = 16,300 psi
Compression Allowable

A = 0.000648 = 0.125 / (RoA)
B = 7800 psi per Figure HA 3, 100 degrees F.

Where B = Fa = Fbx = Fby - Fbry

- Allowable Stress Increase for Wnd and Seismic
Allowable increase for wind or seismic is 1.20

Table Yl
Table 1A

uG 23(b)

Table Yl
Table 1A
uG 23(b)
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LIGO - BEAM TUBE DESIGN
PRELIMINARY DESIGN. TRIAL 1

)FFlcE: NOE-C IEVISloN: REFERENCE NO.
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MADE BY

RJW
CHKD BY
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MADE BY CHKD BY
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LIGO. BEAM TUBE DESIGN Ugo.XLS Rev (
pej

. TUBE WEIGHT & PROPERTIES

Inside Diameter. Di = 48.00 in
Area, A = 18.899 irr'l? =Pl0' (Do^2' Dflz) | 4

Section Modulus, S = 226.8 in^3 = Pl()' (Do^4' DiV) I 32 | Do
Moment of inertia, l= 5471 in^4 = Pl() . (Don+ - Di\4) / 64

Radius of  gyrat ion,  rg= 17.015 in = ( l /A)^0.5

Number of stiffeners, Ns = 29 = Round(ULs.12)
True spacing = 27.460 in = U(Ns).12

Shefl weight per section = 431 1 lbs = 495 * N1U' L

Weight per stitfener = 14.765 155 = Pl() * ( (Do+2*wsY2-D{2)14 * Ts' 4gS I 12^3
Stiffener weight per section = 428.17 lbs = Weight ea' Ns

Estimated Baffle wt / section = 100 lbs

Total metalweight, DL = 4839 lbs, or 72.92 lbsiTt

Insulation weight per section = 1070 lbs = Deni' L

DL + Insulation = 5910 lbs, or 89.05 lbs,tt

SUBJECT

LIGO - BEAM TUBE DESIGN
PRELIMINARY DESIGN. TRIAL 1

cFFtCE: NOE-C REVISION: REFEBENCE NO.
930212
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LIGO - BEAM TUBE DESIGN Ugo.XLSRev C
P g 3

CALCULATE WIND LOAD PER ASCE 7-88 (Livingston, LA)

F  =  Q z ' G h ' C f ' A f Table 4
E q 3
Table 6
Table 5
Figure 1
Table 8
Table 12

Q z = 20.48 = 0.00256'lQ'( l 'V)^2
lQ = 0.80 , Assume exposure C

;  =  1 .00
V = 100 mph

1.32G h =
C f = 0.741 h /D= 0 .0832

A f =

F =
t r -
l -

6 = ( D o l 2 + H l l 1 2
D = L

D'/ Do = ws / Do = 0.03627
4.021 Sqft  l f t=Do 112

80.51 lbs / ft
5343 lbs / section

CALCULATE WIND LOAD PER ASCE 7-88 (Hanford' WA)

F  =  Q z ' G h ' C f ' A f
Qz = 10.0352 = 0.00256'lQ' ( l'v)^2

Table 4
E q 3
Table 6
Table 5
Figure 1
Table 8
Table 12

l(z =
l =

V =
1.32

0.80 , Assume exposure C
1.00

ZO mptr
G h =
c f - 0.741 h/D= 0.0832

6 = (Do l2 +Hlll2
D = L

D'/ Do = ws / Do = 0.03627
Af = 4.020833 Sqft / f t=Dol12

F = 39.45 lbs / ft
F = 2618 lbs I section
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LIGO - BEAM TUBE DESIGN Ugo.XLS Rw o
Pg 'l

- CALCULATE SEISMIC LOAD PER ASCE 7-88 (Livingston, LA)

V  =  Z '  l  ' K ' C ' S ' W  E q  7
z = 0.125 Table 21
l= 1.0 Table2?

K = 2.00 Structures other than buildings Table 23
C.S =- O.i+ Maximum Assumed Section 9'4.2

W = 89.05 lbs/ft = DL + Insulation

! = 0.0500W = 0.05W mimimum per 9.11.2
V = 4.45 Lbs/ft
V = 295.5 Lbs Per section

- CALCULATE SEISMIC LOAD PER ASCE 7-88 (Hanford, WA)

Y  = Z '  I ' K ' C  *  S ' W  E q  7
Z = 0.1875 Table 21
l= 1.0 Table?2

6 =-2.00 Structures other than buildings Table 23
C'S = 0r.14 Maximum assumed Section 9.4.2

W = 89.05 lbVft = DL + lnsulation

! = 0.0525W
V = 4.68 Lbs/ft
V = 310.2 Lbs Per section

- CALCULATE SNOW LOAD PEB ASCE 7-88 (Hanford, WA only)

f f  =  7 .56  =  0 .7 'Ce 'Ct '  |  '  Pg  Eq 5a
Qg = 0.9 Little shelter assumed Table 18
Ct = 1.2 Unheated Table 19

| =---JOategory 1 Table 20
eg =- t0 psf Figure 6

Ps = 4.914 = Cs' Pf
Cs = 0.65 Angle is 35 degrees, 90-(180'70')12, Figure 8b

Width = 45.340 in = Do * Sin 70 Per 7.4.3, slope > 70 no load

Snow Load per foot = 18.57 lbdft = Ps'Wdth
Snow load per section = 1232 lbs
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LIGO, BEAM TUBE DESIGN Ugo.XLSRev (

P g 5

. DETERMINE REACTIONS, STRESSES AND DEFLECTIONS FOR INDIVIDUAL LOAD CASES
Mx = Moment about the horizontal axis due to vertical loads.
My = Moment about the vertical axis due to horizontalloads.

- CASE 1: Dead Load Reaction, Stresses and Deflections
Ry = 4839 lb = (w lb/ft) . (L ft)
Mx = 40143 lb-ft = (w lbltt) ' (L ft)^2 / I , Assumes simple span
fbx = 2124 psi = Mx' 12 / S

Dettay(amb)= 0.206 in=5'  w'  LA4 |  384 I  Eal  l '  12^31 1000 (midspan)

- CASE 2: Dead Load plus Insulation Reaction, Stresses and Deflections
Ry = 5910 lb = (w lb/ft) . (L ft)
Mx = 49021 lb-ft = (w lb/ft)' (L ft)^2 / 8
f b x =  2 5 9 4 p s i = M x * 1 2 l S

D e l t a y ( 2 8 4 ) =  0 . 2 6 2  i n  = 5 *  w ' L  4  l 3 8 4 l E b l 1 . 1 2 ^ 3 /  1 0 0 0

- CASE 3: Snow Load Reaction, Stresses and Deflections (Hanford' WA)
Ry = 1232lb = (w lb/ft)' (L fl)
Mx = 10221 lb-ft = (w lffi)'(L ft)^z / I
fbx = 541 psi = Mx' 12 / S

Del tay(amb1= 0 .052 in  =5*  w 'LA4 lW4lEa l l '12^3 /  1000

- CASE 4: Wnd Load Reaction, Stresses and Deflections (Livingston, LA)
Rx = 5343 lb = (w lb/ft)' (L ft)
My = 4p'319 lb-ft = (w lbft) ' (L ft)^2 / I
hy = 2345 psi = Mx' 12 / S

Del tax(amb)= 0 .227 in  =5 'w 'LA4 lSUlEa l l *  12^3 /  1000

- CASE 5: Seismic Reaction, Stresses and Deflections (Hanford, WA)
Rx = 310 lb = (w lUft)' (L ft)
My = 2574lb-tt = (w lb/ft) ' (L ft)^2 / I
fby = 136 psi = Mx' 12 / S

Del tax  (2841= 0 .014 in  =5*  w 'LA4 l384 lEb/ l '12^3 /  1000

- CASE6: Vacuum
Bellows pressure ?rs? = 57.28 sq. in, positive il Bellotrtrs dia > Do

Axialforce, Pzp = 842 lbS = l4.ZBellows pressure area, pos.=tension

Axialstress due to vacuum, fav = 44.6 psi = Pzp / A, pos. = tenSion
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. LOAD COMBINATIONS FOR MAXIMUM REACTIONS, STRESS AND DEFLECTIONS

- Load Combinations @ 284 Degrees F.

COMBINATION 1 - DL + Insulation + Vacuum (Case 2 + 6)

Ry = 5910 lbs, totalsupport reaction
Rx = 0 lbs, totalsupport shear

Rmax per bolt = 2955 lbs = Ryl2 + Rx ' H / Abs
Rmin per bolt = 2955 lbs = Ryl? - Rx ' H / Abs

fav = 45 psi, pos = tension
fbx = 2594 psi
fbY = 0 Psi

De l tax  (284)=  0 .000 in=5 'w 'LA4 I (384 'E ' l )  (m idspan)
Delta y (284| = 0.262 in = 5'w' LA4 / (384' E' l) (midspan)

Max Delta = 0.262;n = ( Delta x^2 + Delta y ̂ 2 )^0.5

Assumed Bellows spring rate K = 3500 lbs/in
Estimated temperature range, Tch = 250 degrees Fahrenheit

Thermalgrowth ,  x=  1 .792 in  =e 'L*  12*Tch
Longitudinalforce, Pz = 6271 lbs = K'x

ta= -332 psi =Pzl A, Neg. =compression
Total axialstress, fat = '287 psi = fa + fav, Neg. = compression

fat, tension = 376 psi = abs(fa) +fav, (tension)

Pz' Max Delta = Md = 1644 in-lbs
f d =  7 . 2 p s i = M d / S

Combined stress; faVFa + fbxifFbx + fby/Fby +fdFbry <= 1'00
Where B=Fa=Fbx=Fby=Fbry= 5800 psitor compression from page 1
Tension Allowable = 7280 psi= Sh' Et, for tenslon from page 1

COMPRESSION TENSION
fat / Fa = 0.050 0.052

fbx / Fbx = 0.47 0.356
fby / Fby = 0.000 0.000
fd / Fbxv = 0.001 0.001

SUM = O.+gg < 1.00 0.409 < 1.00 Tube is adequate

Maximumfa (comp.) = 3181 psi = (B + fav-fbx - fby )/ ( 1 +A'Mot Delta/S) t
' from B >= ta - fav + fbx + fby + (fa * A' Ma( Delta/ S

Maximum Pz = 60,121 lbs, maximum longitudinal compressive force = fa * A

Maximum spring rate = 33,554 15571n = Pzlx
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COMBINATION 2 - DL + lnsulation + Seismic + Vacuum (Case 2+5+6)

Ry = 5910 lbs, total support reaction
Rx = 310 lbs, total support shear

Rmax per bolt = 3227 lbs =Ryl? + Rx' H / Abs
Rmin per bolt = 2683 lbs =Ryl2 - Rx t H / Abs

Rry = 5918 lbs = ( Rx,.2 + RY ̂2 )^0.5
fav = 45 psi, pos = tension
fbx = 2594 psi
fby - 136 psi

De l tax  (284)=  0 .262 in=5*w 'Ln4 l$84 *  E ' l )  (m idspan)
Defta y (2841= 0.014 in = 5'w' Ln4 / (384' E' l) (midspan)

Max Delta = 0.262 ;n = ( Delta x^2 + Delta y ̂ 2 )^0.5

Assumed Bellows spring rate K = 3500 lbMn
Estimated temperature range, Tch - 250 degrees Fahrenheit

Thermal BIoMh, x = 1.792 in = e '  L '  12'Tch
Longitudinal force, Pz = 6271 lbs = K'x

fa = -332 psi =Pz I A, Neg. - compression
Totalaxialstress, fat = '287 psi = fa + fav, Neg' = compression

fat, tenslon = 376 psi= abs(fa) +fav, (tension)

Pz' Max Delta = Md = 1O46 in-lbs
f d =  7 . 3 p s i = M d / S

Combined stress; taVFa+ fbx/Fbx + fby/Fby +fd/Fbry <= 1.00
Where B=Fa=Fbx=Fby=F6ry- 6960 psi = 1.2' B, for comp. from page 1
Tension Allowab6 = 8736 psi = 1.2' Sh ' Et for tension from page 1

COMPRESSION TENSION
fat / Fa = 0.041 0.0€

fbx / Fbx = 0.373 0.297
tby lFby = 0.020 0.016
fd / Fbxv = 0.001 0.001

SUM = 0.435 < 1.00 0.356 < 1.00 Tube is adequate

Manimum fa = 4183 psi = (B + fav' fbx - fby ) / ( 1 + A'Max Delta/S)
Maximum Pz = 79,054 tbs, maxlmum longitudlnalcompressive force = fa'A

Maximum sping rate = 4,121 15e/in = Pzlx
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- Load Combinations Ambient

COMBINATION 3 - DL w/o insulation + Wind (Case 1+4)

Ry = 4839 lbs, total support reaction
fv = 5343 lbs, total support shear

Bmax per bolt = 7107 lbs =Ryl2 + Rx' H / Abs
Rmin per bolt = -226816s = Ry/2 - Rx' H / Abs

Rry = 7209 lbs = ( Flx n2 + Ry ̂ 2 )^0.5
fav = 0 psi, (no vacuum)
fbx = 2124 psi
fbY = 2345 Psi

Delta x (amb.) = 0.206 in = 5 * w' LA4 / (384' E' l) (midspan)
Defta y (amb.) = 0.227 in = 5 * w' Ln4 / (384. E' l) (midspan)

Max Delta= 0.306 in - ( Delta x^2+ Deltay^2 ) 0.5

Assumed Bellows spring rate K = 3500 lbVin
Estimated temperature range, f6ft = 75 degrees Fahrenheit

Thermal glorvth, x = 0.538 in = e' L' 12'Tch
Longitudinalforce, Pz = 1881 lbs = K'x

f a =  1 0 0  p s i  = P z l A

Pz'Man Delta = Md = 576 in-lbs
fd = 2.5 psi - Md /'S

Combined stress; lalFa + fbx/Fbx + fby/Fby +fd/Fbry = 1.00
Where B=Fa=Fbx=Fby=F6ry- 9360 psi = 1.2' B from page 1
Tension Allowable = 10954 psi = 1.2'Sa' Et for tension from page 1

ta I  Fa= 0.011
fbx/Fbx= 0.27
fby/Fby= 0.251
fd /Fbry=g

SUM = 0.488 < 1.00, Tube is adequate
By inspection tension unity is less than compression unity.

Maximum fa = 4769 psi = (B - fbx - fby ) / ( 1 + A'Max Delta/S)
Mar<imum Pz = 90,131 lbs, mar<imum longitudinalcompressive force = fa'A

Maxlmum spring rate = 167,677 lbs/in = Pzlx
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COMBINATION 4 - DL Wo insulation + Snow (Case 1+3)

Ry = 6071 lbs, total support reaction
Rx = 0 lbs, total support shear

Rmax per bolt = 3036 lbs =Ryl? + Rx' H / Abs
Rmin per bolt = 3036 lbs = Ryl2 - Rx ' H / Abs

Rry = 6071 lbs - ( Rx n2 + RY ̂2 )^0.5
fav = 0 psi, (no vacuum)
fbx = 2665 psi
fbY = 0 Psi

D e l t a x  ( a m b . )  =  0  i n  = 5 ' w ' L ^ 4 / ( 3 8 4 ' E ' l )  ( m i d s p a n )
Delta y (amb.) = 0.258 in = 5' w' L 4 / (384' E' l) (midspan)

Max Delta = 0.258 ;n = ( Delta x ̂ 2 + Delta y "2 )"0.5

Assumed Bellows spring rate K = 3500 lbs/in
Estimated temperature range, Tch = 75 degrees Fahrenheit

Thermal growth, x = 0.538 in = e' L' 12'Tch
Longitudinalforce, Pz = 1881 lbs = K'x

fa = 100 psi -Pz I A

Pz * Mar< Delta = Md = 485 in-lbs
f d =  2 . 1  p s i = M d / S

Combined stress; lalFa + fbx/Fbx + fby/Fby +fd/Fbry = 1'00
Where B=Fa=Fbx=Fby=Fbry = 7800 psi= B from pa$ 1
Tension Allowabte = 9128 psi = Sa' Et for tension from page 1

l a l F a =  0 . 0 1 3
fbx/Fbx= 0.U2
fby/Fby= 0.000
ld/Fbry=.--o.oo9-

SUM = 0.355 < 1.00, Tube is adequate
By inspecUon tenslon unity is less than compression unity.

Maximum fa = 5027 psi = (B - fbx - fby ) / ( 1 + A'Max Delta/S)
Maximum Pz = 95,005 lbs, mar<imum longitudinalcompressive force = fa' A

Maximum spring rate = 176,745lbs/in = Plx
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. CHECK TUBE AT SUPPORT SADDLES

- Load Cor,nbinations @ 284 Degrees F.

- Maximum reactions

Combination 1, Ql = 5910 lbs = Ry, DL + lnsulation
Combination 2, Q2 = 5918 lbs = Rry, DL + Insulation + Seismic

Increase in allowable for W or S = 1.2
ts Q1 > Q2 I 1.2 ? yES, Use Ql Q21.2 = 4931 lbs

Q used = 5910 lbs

- Variables for Stress Equations per "Design of Plate Structures" Part Vl

t{2 = 1.171 Tabte l, 120 saddle angle w/ No ring stitfeners
K3 = 0.0528 Table 1,120 saddle angle w/ No ring stitfeners
K5 = 0.76 Table l, 120 saddle angle w/ No ring stiffeners

r = -  Z 4 1 ? f i n = D o / 2
R =  2 .010 f t  =  Do l2 l  12
[  = 0.125 in

L in these EQ's = 132.723 Ft = 2' L
! = I in, (input on page 1)
A =  O f t
H =  O f t

'Joint Etficiency @ saddle, Es = 0.56

- Tangential Shear Stress

3 2 =  2 2 9 5  p s i  = l ( 2 ' Q l r  l t .  ( L - 2 ' A ) / ( L + 4 ' H l 3 )

Allowable shear stress = 5824 psi = 0.8'Allowable tension Stress (Sh)' Es
S2 < Allowable shear stress, OK

- Ring Compression on Shellover Saddle

Stress due to vacuum, Sv = 2837 psi = 14.7'r ll
5 5 =  6 1 9 2  p s i = K 5 ' O / ( t t ( b + 1 . 5 6 ' ( r ' t ) ^ 0 . 5 ) ) + S v

Aflowable compression stress = 9600 psi = 112'Compresslon Yield Point
S5 < Allowable Ring ComPression, OK
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- Circumferential Stress at Horn of Saddle

L in these EQ's = 2'L = 132.723 ft > 8'R = 16.08 ft

53 = -33895 psi =' Q / (4't.(b+1.56.(r'tf9.5)' 3'K3'Q/(2't^2)' Sv

Allowable Stress = 10920 psi= 1.5'Allowable Tensile stress (Sh). Es
53 > Atlowable Horn Stress, NO GOOD, Ring Stitfeners Required

- Ring Stiffeners at Saddle RING STIFFENERS REQUIRED I
I

Ring Height, Hr = 3.250 in I
ning ttricfnlss, tr = 0.1875 in II

Participating shellwidth = 2.709 in = 1.56' (r't)^.S I
I

Ring Properties: I
I

b d a h AREA Y AY AY^2 lol
2.70s 0.125 0.000 0.125 0.3i19 0.063 0.02 0.0 0.001

t.tttt 

:rtt 

t.trt .

.0s 2.41
l

TOTAL DEPTH = 3.375 in
CENTROID (Y) =SUM(AY/SUM(AREA)= 1'147 in
C2=DEPTH-Y= 2 .228 in '

l(total)=[SUM(AY^2)+SUM(Io)]-(AREAXY]^2= 1.157 irvv
Sxl = l/Cl = 1.01 in.n3
Sx2 = ltC2 = 0.52 in.^3
Radius ol gyration (r) = (l/A)^1/2= 1'105 in'
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- Variables for Stress Equations per "Design of Plate Structures' Part Vl

K3 = 0.0132
K6 = O0SZZ
K/ = 0.263

g =  5  i n
r = 2 Number of stitfeners at each saddle

- Stress on Ring Due to Internal Pressure

Svr = 1013 psi - 14.7' r * Participating shell width / Total stiffeners area
| = 24.125 in

Shellwidth = 2.709 in
stitfener dr€& = 0.948 sq in

- Circumferential Stress at Horn of Saddle

53 = '9606 PSi  = -  Q/  (4 ' f (b  +  1 .56 ' ( f t f ' 9 .5 )  -  3 '  K3 '  A  I  (2 ' t ^2) 'Svr

Allowable Stress = 10920 psi= 1.5'Allowable Tensile stress (Sh)'Es
53 < Allowable Horn Stress, OK

- Combined Stress at each Stitfener

36 = -9091 psi = - K7 * Q / n / a - K6' Q' r / (n' | / C2) - Svr

Allowable Stress = 9600 psi = 0.5 ComPression Yield
SG < Allowable Stress, OK
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- Load Combinations @ Ambient

- Maximum reactions

Combination 3, Q3 = 7209 lbs = RXY, DL Mo Insulation + Wind
Combination 4, Q4 = 6071 lbs = RXY, DL Mo Insulation + Snow

Increase in allowable for W or S = 1.2
ls Q4 > Q3 / 1.2 ? YES, Use Q4 Q311.2 = 6007 lbs

Q used = 6071 lbs

- Tangential Shear Stress

5 2 =  2 3 5 8  p s i  = K 2 ' Q l r  l t ' ( L - z ' A ) / ( L + 4 ' H / 3 )

Allowable shear stress = 7302.4 psi - 0.8'Allowable tension Stress (Sa)' Es
52 < Allowable shear stress, OK

- Ring Compression on Shellover Saddle

S5= 3447 ps i=  K5 'O/ ( t ' (  b  +  1 .56 ' ( r .  t ln0 '5 ) )

Allowabte comp. stress = 12500 psi= 1/2' Compression Yield Point
SS < Aflowable Ring ComPression, OK

- Circumferential Stress at Horn of Saddle

L in these EQ's = 2*L= 132.723 ft > 8.R = 16.0833 Thus:

s3 = -31909 psi =- o/ (4't.(b + 1.56'�(r 't[0.5) - 3 * K3' O/(2't^2)

Allowable Stress = 13692 psi= 1.5'Allowable Tensile stress (Sa)' Es
s3 > Allowable Horn stress, No GooD, Ring stiffeners Required
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- Ring Stiffeners at Saddle RING STIFFENERS REQUIHED

- Variables for Stress Equations (input trom2M degrees F. Combinations)

Ring Height, Hr = 3.250 in
Ring Thickness, tr = 0.1875 in

$ = 0.52 in^3
K3 = 0.0132
KG = 0.05T1
KZ = 0.263

Q =  5  i n
fl = 2 Number of stifleners at each saddle

- CircumferentialStress at Horn of Saddle

53= -8828 ps i=-  Q/ (4 ' t ' (b+  1 .56 ' ( r ' t ) ^0 .5 )  -3 'K3 *  O/ (2 ' t ^2)

Allowable Stress = 13692 psl = 1.5 ' Allowable Tensile stress (Sa) . Es
33 < Allowable Horn Stress, OK

- Combined Stress at each Stiffener

5 6 =  - 8 2 9 9  P S i = -  K 7 *  O  l n l a -  K 6 ' Q *  r /  ( n ' l l C 2 l

Allowable Stress = 12500 Psi = 0.5 Compression Yield
SG < Allowable Stress, OK

SURJECT

LIGO. BEAM TUBE DESIGN
PRELIMINAHY DESIGN. TBIAL 1

)FFICE: NOE-C REVISION: REFERENGE NO.
930212

MADE BY
RJW

CHKD BY
grs

MADE BY CHKD BY
;n 73 oF

DATE
fit1493

DATE
t2nrov13

DATE DATE



REINFORCEMENT OF OPEilINGS
ASI|E SGctbn Vlll. Dhbbn ,Par. UG-36 thru UCr-tll2, -EXi.!lr9Z,.!,_!L_!:

d

E1
E2
H
h
R
Rn
Sv
Sn
Sp
t€
tn
I
P
w
P'
CA

diameter of openlng atter conosbn, UG€7(b)
1.0 br nozzle not bcated ln weH loint. UG40

Joint efliclency of rnzle neck = 1.0
prcduct head
intemal projoction al nozzle
Inskte shell radius afler conosion
inskJe nozzle radius after conosbn
allowable stress of vessel
allowable slress of nozzle neck
albwable stress ol relnforcing pad
thickness of reinlorcing pad
nozzle neck thickness after corrosbn
shell thickness lumbhed minus conosion albwance
design ptessure
product weight
design pressure + product head
shell corrosion allowance
neck cprrosion allowance
stress correctbn laclor
SnGv nozzle thru wall, 1.0 nozzle abutting wall[UG-41(
strength reduction lactor = Sr/Sv [UGa1(a)l

sA-240€041 O 2U

a

10 h .
1 . 0
1 . 0

0 fr.
0.25 ln.

2'l ln.
5 in.

130O0 psi
13000 psi
13000 psi

0.25 in.
0.125 in.

0.1250 in.
14,7 psig

0 lbdcu,ft.
14.7 psig

0 in.
0 in.

1.00
1 . 0
1 . 0

cn
F
trl
IQ

l{ozzb Mark
Vessel thbkness required after coroslon
at centerline of litling, UG-37(b)
Cylindrbal shell urder external pr€ssure
FROM CODE CALCULATIONS

tr= 0.1250 in.

kea of rsinforcement required, UG'37(c)
A = O.stdftr)F + 2(tnXtr)F(1''frl )l A = 0.625 eq.in,

t-intt of relnforcement parallelto shell' UG'40(b)
Ll=greaterotdsrL

L1 = Rn+tn+€ = 5.25 in.
L1 =d = 10 In.

liea avallable h ehell, UG40(d) larger ot'
l l  = d(E1 l  -  Ftr) '  2 tn(El t '  F trx l ' f r1)
l i  =2 t r+ tn ) (E t  t -F t r ) -2 tn tE l  t  -  F t tX l  - f r l )

A1 = 0.000 sq.in. A1 used = 0.000
A1 = 0.000 sq.in.

Meck thicknsss requlred outskle, UG'27(c)
Cvtindrbat shell under extemal prgssurs tm = 0.0250 in. See next sheet

Radial limit ouBile, UG40(c)
smaller of: Kl = 2.5 t ot !.9!4 +!9

Kl = 0.313 ln. Kl us€d= 0.3125
Kl = 0.563 In.

Area available in neck outsUe, UG40(d)
L) =2lK1lfir2)ftn-tm) M= 0.063 sq.in.

Radlal fimlt ineide, UG.fO(c)
K2 = smallet of 2.5(t). 2.5ftn) + te, or h

Ke=as(t); 0.313 In. h= 025
K2 = Z.S(tnlrte = 0.5625 In. K2 used = 0'25

fuea available in neck insUe, UG'{0(d)
Lc = 2 K2(tn'cn)ffa) A3 = 0.063 sq,in.

Area available in wsHg, UG40(d)
M = sum[(lo! size]^2 (Sil€v[
Si = smaller of Sn or SP

A4 = 0.000 sq.h.

kea requked h Pad
tn* tA-lA'l +A2+A3+A4)l(SvlSo) Am = 0.500 so.in.

O.D. Req'd ' AtP/le+d+(2 tn)
O.D.=< 2(L1] O.D. ReqU = 12.250 In.

PaO us€d 025'Thlch 1'wii€, 9P = 15' OUTER DTAMETER = 15 ln.
IHrcKNESS = 0.25 In
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I .rcRRt't Eloa?A srD 91o?- 3- 6 t rpl.t Rs/6ooo 1
vrsroN t4 -  04/??/93 ( t rRc-1o? REV HAR 79)
IESS INTENSITIES AT LCIADED ATTACH|'IENTS IN CYLINDERS AND SFHERES
: CE{I STANDARD 9107-3-6 FOR INSTRUCTIONS CIN USING THIS FROGRAI' I .

INF.UT
ATTCHI-{T5

1

K N
1 . O O

RO
5 ^ O O O

F,
I  1 5 4 .  O O

VESSEL
1=CYL

K B
1 . O O

T I
.ooo

VL
.oo

LOADING
-1=F IXED

Rt,1
!4 .  OOO

TF'
.o()0

VC
-J .50 .  OO

ANALYSIS
3D

T
. 1 2 5

t^J
.ooo

i'tC
-600.oo

S X ( A M )  S O ( A M )
1 4 J . 1 .  2 B ? ? .

sx ( Al,{) so ( AF{ )
1 4 1 1 .  3 8 2 ? .

sx(AM) s0(Al , l )
o .  o .

L0c
.5000

c
.oo

ML
.oo

MT
.oo

INITIAL STRESSE:S NF.XT TO ATTCHMNT
sx (Au )  s0 (AU)  sx ( cu )  so ( cu )

2LL7. 4234 .  : ] .1L7 .  4234 .

fN IT IAL STRESSHS AT LOCT.SGTRT(Rx- I ' )
sx(AU) so( AU )  sx(cu )  so (cu )

? 1 L 7 .  4 2 3 4 .  ? L t 7 .  4 ? 3 4 .

INITIAL STRESSES AT EDGE OF REINF
s x ( A U )  5 0 ( A U )  S X ( C U )  S O ( C U )

o . O . o . o .

INT
F.RESS

- 1 5 .

10" DIAT,IETER FUHF F'ORT
930?1?
ROUND ATTCH}{T TO.. DIA NOZZLE

RADIAL FUNNCHING SHEAR STRESSES
NEXT ].CI ATTCHI"INT AT LCIC*SNRT(R*T)

A T  A , B , C ,  A N D  D  A T  A , B , C ,  A N D  D
4 4 t . .  376 .

sx(cM) s0(cF, l )
L A L L .  ? 8 ? 2 ^

sx ( cl"l) sCI( ci"4 )
1 4 1 1 .  ? 8 2 2 .

s x ( c M )  s o ( c M )
o . o .

AT EDGE OF REINF
A T  A , B , C ,  A N D  D

o .

ON A CYLINDRICAL VESSEL



OUTPUT
BIJLAARD

NX./F.

COEFICIENTS
NEXT TO ATTCH}4NT

A & B  C A D
6.727  18 .389

.03?
1 6 . 3 6 0

.o?3
5 . 5 3 3

. o 1 4
18  ̂  384

.  o 1 3
5 .573

.054
1  I  . 680

. o l o

. o l 3 r

AT LOC*SART(R*T)
A & B
5 ^  1 5 1

. o25

c & D
1 6 . 1 8 1

. OO9xlFtx,/F'
uthlx,/1"'lc

HX/l4C
NX./l,lL
l,lx./l.,lL
NO./F'
mQ/F
NO./MC
l,tolMc
NO./M|_
tto/HL

* l'4X/F'

6 .72?
.o3?x

1 6 . 3 6 0
.o"o

4 . 6 2 6
. o 1 ?

1 6 . 1 8 1  5 . 1 5 1
.oo9 .o?sx

4 . 6 7 0 �
.  051

g . 8 3 3

.oo8

oF ?c &./oR t4o/P FRO|41C-1 INSTEAD OF TCFI1OM FI6 ?C-1 INSTEAD

iO.. DIAMETER F.UMF F'ORT
930212
ROUND ATTCHMT 10" DIA NOZZLE ON A CYLINDRICAL VESSEL

t



SURFACE STRESS TNTENSITIES NEXI TO ATICHI. INT (U: I ]UIS) ;  (L- ] .NS)
RO= 5 .OOO;

( A U )  ( A L )  ( E r U )  ( B L )  ( C U )  ( C L )  ( D U )
sx  -16840 .  1L663 .  -16840 .  11665 .  -10841 .  -1810 .  -146?6 .

s0  -12?33 .  - t 414 .  -13733 .  -1414 .  -13731 .  90 �66 .  -L9949 .

T A U  - 7 6 .  - 7 6 .  7 6 .  7 6 .  O .  O .  O .
s, r  1683?.  13040.  1683?.  13080.  13716.  10476.  19934.

SURFACE STRESS INTENSITIES AT LOC*SART(RXT) (U=OUTS);  (L=INS)
R 0 =  5 . 8 6 6 ;

( D L )
- 1 0 1 ? .
14?65.

o .
15?92^

( A U )
sx  -13??8 .
s0 -10355.
TAU -65.
s I  13?69 .

sx
so
TAU

( A L )  ( B U )  ( E { L )  ( C U )  ( C L )  ( D U )  ( D L )
9315 .  -1 .3? ' � 78 .  9315 .  -8830 .  -2343 .  -118?9 .  -1844 .

-?o94 .  -10355  .  -?O94 .  -10786  .  7 tA7 .  -15 '7?0 .  17444  '
- 6 5 .  6 5 .  6 5 .  O .  O .  O .  O .

1 r 4 1 0 .  1 3 3 6 5 .  1 1 4 1 0 .  1 0 7 7 J . .  9 5 3 1 .  1 5 7 5 5 .  1 3 ? 8 ? .

OUTF.UT INCLUDINE INITIAI. .  STRFJSSES
SURFACE STRESS INTENSITIE:S NEXT TO ATTCT{MNT (U=OUTS) ;  (L==INS)

R 0 =  5 . O O O ;
( A U )  ( A L )  ( E U )  ( E t L )  ( C U )  ( c L )  ( D U )  ( D L )

sx  -L47?3.  123?0.  -L47?"3 .  1?370 -  -A7?4.  -1105.  -12509.  -312-

so  -8499.  -4 .  -449?.  -4  .  -9497.  t .O476.  -15715.  15675.
T A U  - 7 6 .  - 7 6 ^  7 6 .  7 6 .  O .  O .  O .  o .

s I  1 4 ? 0 9 .  t ? 3 7 5 .  L 4 7 0 9 .  1 2 3 ? 5 .  9 4 8 ? .  1 1 5 8 1 .  1 5 7 0 0 .  1 5 9 8 7 .

SURFACE STRESS INTENSITIES AT LOCXSGIRT(RXT)  (U=OUTS) ;  (L= INs)

R 0 =  5 . 8 6 6 ;
( A U )  ( A L )  ( E { U )  ( B L )  ( C U )  ( C L )  ( D U )  ( D L )

- L L L 6 L .  1 0 0 2 0 .  - 1 1 1 6 1 .  1 0 0 ? O .  - 6 7 1 3 .  - 1 6 3 8 .  - ? 7 6 ? -  - 1 1 3 9 -

-61?1 .  *68 ,4 .  -6131 .  -6A4.  -655?.  A397.  -11536-  1?454-
- 6 5 .  - 6 5 .  6 5 .  6 5 .  O ^  O -  O -  O -

LLLA?  ̂  10?05.  t1  L4?.  10705.  669e � .  10236-  115?1 -  L39?2-o"'

IO" DIAMETER FUI'{P F'ORT
930212
ROUND ATTCHI.'IT 10" DIA NOZZLE

r o
ON A CYLINDRICAL VESSEL



CTRLINE STRESS INT'ENSITIES NEXT TO
R 0 =  5 . O O O ;

ATI'CHI"{NT ( M=CTRL )

( ct'l )
-63?6.
-?333.

o .
64t3.

sx
so
TAU

lsr
v

SX
so
TAU
s r

sx
srl
TAU

-.sI
v

( A H )
-?588.
-70�73.

-76.
7 1 5 5 .

(Bt' ' |)
-2588.
-7473.

7 6 .
7 1 5 5 .

CTRLINE STRESS INTENSITIES AT
R O =  3 . 8 6 6 ;

( Al..t )
- 1 9 8 1 .
-6?"4.

-65 .

6301 ^

SX
s0
TAU
S I

( Al.1)
- . 1 t 7 7 .
- 4 2 5 1 .

- 7 6 .

4407.

LCICxSCIRT(RnT)  ( t t=CTRL)

T}UTFUT INCLUDING INITIAL 5TRESSES
CTRLINE STRESS INTENSI.TIES NEXI'  TO
R 0 =  5 . O O O ;

( B M )
-570.

-3402.
65 .

3597.

( c M )
-4 t76 .

10?3.
o .

53?2.

( D H )
-78?1 .
-?842.

o .
78?6.

(D t { )
-686?.
-?163 .

o .
693?.

( D H )
- 6 4 1 0 .

- 2 0 .

o .
6843.

( Dl"l )
- 5 4 5 1 .

659.
o .

6?At .

( Bt't )
- 1 9 8 1 .
-63?4.

6 5 .
6 3 0 1 .

( Bl'l )
- L L 7 7 .
- 4 2 5 1 .

7 6 .
4 4 0 7 .

( c M )
-5587.
- L 1 9 9 .

o .
5�669.

ATTCHMNT (H=CTRL)

( cl,l)
- 4 9 1 5 .

4A?.
o .

5665.

CTRLINE STRESS INTENSITIES AT
RO= 3 .866 ;

(Ar,t)
-5?O.

-3402.
-63.

3597.

LOC*S0RT(RxT) (M=C' I 'RL)

IO" DIAI'IETER F'UHF F'ORT
930?1?
ROUND ATTCH}'IT IO" DIA NOZZLE

;avsrNl
II

ON A CYLINDRICAL VE$SEL

sxt ]1 ot



oGRAl, l  E10?7A STD 9107- 3- 6 t  rBf{  RS/600() I
vrsroN L4 - 04/2?/93 (tJRC-tO? REV l" lAR 7?)
RESS INTENSITIES AT LOADED ATTACHHENTS IN CYLINDERS AND SFHERES
E CBI STANDARD ?10?.3-6 FCIR INSTRUCTIONS CIN USING THIS PROGRAT{.

INF.UT
ATTCHI"ITS VESSEL LCIADING ANALYSIS

1 I=CYL - I=FIXED 3D

K N
1 . O O

RCI
5 .  O O O

F.
1  1 5 4 .  O O

KEI
1 . O O

T I
.ooo

vL.
. oo

RM
?4.OOO

TF
. ooo

vc
1 5 0 .  O O

T
. t ? 3

t^J
.ooo

l'1c
600.oo

LOC
.5000

c
.oo

INIT' IAL STITESSES NEXT TC] ATTCFIMNT'
$ X ( A U )  S O ( A U )  S X ( C U )  S O ( C U )  S X ( A H )

? L t 7 .  4 ? 3 4 ^  ? L L ? .  4 3 3 4 .  1 4 1 1 .

INITIAL STRESSES AT' LOC{.SORT(Rfi . ' I ' )
sx (Au) s0 (  AU ) 5X ( CU ) SO( CU ) SX ( Al ' l )

z l r ? .  4 ? 3 4 .  2 L t 7 .  4 2 3 4 .  1 4 1 1 ^

INITIAL STRESSES AT EDGE OF REINF
sx  (AU)  so (AU)  sx  ( cu )  $0 (cu )  sx (  AM)

o . o . o . o . o .

s0(Al" l )
2A??^

s0(Ai" l )
28"?.

so(Al" l )
o .

ML
.oo

HT
.oo

sx(cM )  s0(  cM )
LATL.  ?82?.

sx (ci,4 ) 50( cM )
1 4 1 1 .  2 A 2 ? .

sx(cl,r) so(ct '{)
o .  o .

AT EDGE OF REINF
A T  A , B , C ,  A N D  D

o .

I N T
F.RESS

- 1 5 .

RADIAL FUNNCHING SHEAR STRESSES
NEXT TO ATTCHI''INT AT LOCXStrRT(RXT)

A T  A , B , C ,  A N D  D  A T  A , B , C ,  A N D  D
4 4 1 . 376 .

10" DIAMETER F'UMF F'ORT
930�?L?
RCIUND ATTCHI.iT IO" DIA NOZZLE ON A CYLINDRICAL VESSEL

i l



OUTF,UT
ETIJLAARD COEFICIENTS

NEXT TO ATTCHI.INT
A & B  C & D

NX/F  6 .7?7  18 .348
]x/F' ^o3? .O13f(
uxz} ' tc 16.360

t4x/t1c . o?:l
NX /ML 5 .533
l.,tx./ML . o14
NO. /P  18 .388  6  ̂ 7?7
HA/F  ^O13  .O3?x
NO,/MC 5.573
tto./l.,tc . o54
NO./ t tL  l .1 .680
f"'10./ML . OIO

r( tlX/F' FRCll"i FIG ?C-'t INSTEAD

AT LOC*SGRT(R*T)
A & B  C & D
5 . 1 5 1  1 6 .  t g l

.o?5 .OO9*
1 6 . 3 6 0

^o?o
4  . 6 ? . 6

. o 1 ?
1 6 . 1 € } 1  5 .  1 5 1

.oo9  .o?5x
4 . 6 7 Q

^ o 5 1
9 . 8 3 ?

.oo8

oF ?c &/oR 14c�/P FROM 1C-1 TNSTEAD OF lC

IO., DIAI'{ETER F.UT'IF' F'CIRT
93021?
ROUND ATTCHMT 1O'' DIA NCIZZLE ON A CYLINDRICAL VESSEL

j o z t z -

sxttJ ot.__._-_ ilo ttoll



SURFACE STRESS INTENSITLES NEXT TO AI ICHi '1NT (U=OUIS) ;  (L= IN: ) )

R 0 =  5 . O O O ;
( A U )  ( A L )

sx  -16840 .  1 i665 .
so  -1?733 .  -1414 .

-  TAU 76 .  76^
lsr L6az7. 13oao.
-

(BU)  (  E {L )  (CU)  (CL)  (DU)
-16840 .  11665 .  -L462A.  - l o t? .  -10841-
-12?33 .  -1414 .  -19?49 .  14265-  -13731-

- 7 6 .  - 7 6 .  o .  o .  o -
168?7. 13080. 19934. 1528? - 137L6-

( D U )
-87;J4.
- 9 4 9 7 .

o .
944:2.

( D U )
-67 L3 .
-6552.

o .
6,694.

( D L }
- 1 8 1 0 .

9066.
o .

t 08?6 .

( D L )
-2343.

7147 .
o .

9 5 3 1 .

( D L . )
- t  1 0 5 .
LO476 .

o .
t  1 5 8 1  .

( D L )
-1638 .

9597.
o .

10236.

SURFACE STRESS INTENSITIES
R0= 5 .866 ;

AT LOC*SORT(Rx.T)  (U=OUTS) ;  (L=IN$)

( A U )  ( A l - )  ( B U )  ( B L )  ( C U )  ( c L )  ( D U )

sx -133?8.  9315.  -13??8 .  93t .5  -  -1  tA7? -  - t  844 .  -8830 '

so -10355. -:?O94. -10355 ^ -2094 - -t5?'?o - rt444 - -10786 '

T A U  6 5 .  6 5 .  - 6 5 .  - 6 5 -  O .  O '  O '

s r  1 3 3 6 5 .  1 1 4 1 0 .  1 3 ? 6 5 .  1 1 4 1 O .  1 5 ? 5 5 .  1 3 2 8 ? .  L O 7 7 L .

OU"rFUT INCLUDING INITIAL STRESSES
suRFACE STRESS INTr:NSI" I ' IES NEX"I '  TO ATTCHHNI '  (U=OUTS);  (L=INS)

R O -  5 . O O O ;
( A U )  ( A L )

sx  -147?3 .  123?O.
sc,l -8499 . '4.

T A U  7 6 .  7 6 .
sr  1470-9.  1?3?: t .

SURFACE STRESS IN'I 'ENSITIES
R 0 =  3 . 8 6 6 ;

AT LCIC{ .SORT(RXT)  {U=OUTS)  ;  (L= INS)

( B L f )  ( B L )  ( c u )  ( c L )
-L47?.3.  t .?3?o. -12509. -31?-
- s 4 ? ? .  - 4 .  - 7 3 7 L 3 -  1 5 6 7 5 -

- -?6 .  -16 .  o .  o -
L470V. L?375. 15700. L5?41 -

sx
s0
TAU

( A U )  ( A L )
- 1 1 1 6 1 .  1 0 0 ? 0 .

-61?1 .  -684 .
65 .  68 .

LIL47.  10705:

( E r L )  ( c u )  ( c L )
10020.  -9762.  -113?.

-684.  -11536.  12854-
-63 .  o .  o .

to?os.  11521.  1399?-

Brs

( EtU)
- t t  1 6 1  .

.6L?L.
-65 .

L tL47 .o"'

1O'' DIAHETER F'UHF F'CIRT
930?1?
ROUND ATTCHI,IT 10" DIA NCIZZLE ON A CYLINDRICAL VESSEL

' ; a l  e

ct{aRo8

? Soztz

ap,l43



CTRLINE STRESS TNTENSITTES
R O =  5 . O O O ;

( Al.l )
sx -2588.
so -?o73.
TAU 76.

is r  7155..-
-

CTRLINE STRESS INTENSITIES
R 0 =  5 . 8 6 6 ;

( A M )
- 1 9 8 1 .
- .6?24,

6 $ .
6 3 0 1 .

SX
so
TAU
S I

( A H )
* L 7 7 7 .
- 4 ? 5 1 .

7 6 .
4 4 0 ^ 7 .

CTRLTNE STRESS INTENSITIES
RO= 5 .E }66 ;

( Al',1)
-570.

-340?^
6 5 .

3597.

AT L0C*SGTRT(RftT) (M=CTRL)

ATT'CH|' INT (M=CIRL)

( Cl,l )
-7831.
-?843.

o .
7A96.

(Cl,t)
-6A6?.
-?163 .

o .
6932.

( c M )
-6410 .

-20.
o .

6845.

( c M )
-5451.

659.
o .

6?81 .

CIUTF'UT INCLUDING INITIAL STRESSES
CTRLINE S'TRESS INTENSITIES NEXI' TO ATTCHMNT (M=CTRL)
R 0 =  5 . O O O ;

SX
s0
TAU
S I

sx
so
TAU

NEXI' TO

( Bl.t )
-?588.
-7073.

-76 .
7 t 5 5 .

( Eri,l )
- 1 9 8 1 .
-6?34.

-65 .
6 3 0 1 .

( E { H )
- L L 7 7 ,
-4?5r . .

- -76.
44{J .7 .

( B M )
-470.

-3402.
-65 .

35?7.

(Dl.r)
-6326.
-3333.

o .
6 4 1 3 .

( D M )
-558?.
- t 7 ? ? .

o .
5 6 6 9 .

( D M )
- 4 ? L 5 .

4 8 9 .
o .

5665.

( D M )
-4L76 .

10?3 .
o .

532?.

AT LOCXSCIRT(RXT)  (M=CTRL)

l''

10" DIAHETER FUMF F'T}RT
"3021?
ROUND ATTCHMT

--sYSrNl
ON A CYLINDRICAL VESSEL

I Brs
i - - -  -
I  U A T E O A I E

l0Alo/'13

9  g a > I  z
a

10" DIA NOZZLE

Tape{4J
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FABRICATION

WBS #210 Steel Production Proces

CBI is developing the technical specification for the procurement 304L HRAP coil steel
for the LIGO beam tubes. Four suppliers of 304L HRAP coil steel material have been
identified and contacted:

o J&L Specialty Products Corp. can produce the coil steel weighing 25,000# in
widths up to 48" and have the "in house" capability to air bake the coil steel.

o Washington Steel presently can only produce the coil steel weighing 30,000#
in widths up to 24" and they also have the "in house" capability to air bake the
coil steel. Washington Steel is installing a new mill and will have the
capability of producing coil steel 60" wide in January of 1995. If 48" coil
steel is needed for the qualification test Washington Steel could have 48"
wide coil steel rolled by others.

o Armco Advanced Material Corp. can produce the coil steel weighing 40,000#
in widths up to 60" but they do not have the "in house" capability or
experience to air bake the coil steel.

o Allegheny Ludlum Steel has informed us that they do not produce 304L
HRAP coil steel in thicknesses less than 3/16", and therefore, cannot supply
the LIGO coil steel.

During December we plan to visit J&L, Washington Steel and Armco to see their
facilities and to discuss their coil steel production process and the coil steel air bake
process. The procurement technical specification will be finalized after these mill visits.

The LIGO Beam Tube Specification requires that all beam tube materials, that will be
exposed to the vacuum, meet the requirements of the Process Specification for Low
Hydrogen, Type 304L Stainless Steel Vacuum Products. This specification requires that
the materials be air baked to 440oC +/- 8oC for a minimum of 36 hours. The
specification also requires that "material samples from all air baked raw material be
tested to confirm acceptable outgassing levels for hydrogen" and that "No material shall
be used for fabrication until it is acceptability is assured."

Both J&L Specialty Products and Washington Steel have indicated that they can and are
willing air bake the coil steel. Armco has informed us that they do not have the
experience or capability to perform the air bake. However, Armco is the only supplier
that can produce the beam tube material in widths up to 60 inches. CBI is concerned as
to whether or not the steel suppliers have the needed experience and qualifications to
perform the air bake process as specified. The air baking temperatures must be tightly
controlled and monitored for a successful bake. We do not want this to be a learning
experience at added cost to the LIGO project. CBI has the "in house" experience and
capability needed to perform the air bakes if the steel suppliers do not do not. During the
month of December, we plan to visit the steel mills and discuss the air bake process.
After the mill visits we will recommend a course of action for the raw material air bake.



LIGO PROJECT
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The steel suppliers have informed us that the thickness variation in hot rolled material is
much harder to control than in cold rolled material. To date none of the suppliers have
confirmed that they can produce the beam tube material to thickness tolerances better
than the ASTM specified +/- 0.010". The current beam tube design is base on an
improved beam tube thickness tolerance of +/- 0.005". We will need to change the
design thickness if the steel suppliers cannot provide the improved +l- 0.005' thickness
tolerance.

Presently, the length of time from purchase order issue to receipt of the coil steel material
from the supplier is 8 to 10 weeks. As such, CBI's schedule is currently based on
purchase of the beam tube steel by mid January. This is prior to the Final Design
Review. Also, as discussed in the SRR meeting, for the qualification test CBI plans to
procure the material for the beam tubes and possibly the bellows directly from the steel
mill instead of having the beam tube and bellows suppliers purchase the material .
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WBS #220 Tube Manufacturing Process Study

Effective and economical manufacturing of the tube sections are essential to the
successful implementation of the LIGO project. Recognizing the critical importance of
the tube section manufacturing, CBI is identifying and developing the process
requirements, procedures, and controls to economically fabricate the tube sections. To
develop a knowledge o the tube manufacturing process and of the individual
manufactures, CBI contacted and subsequently visited tube manufactures. In general,
tube manufactures have a relatively niurow capability limited to typical pipe or tube
applications. Although varying degrees of weld expertise, none have a knowledge or
experience with the special welding, cleaning, and inspection requirements associated
with high vacuum facilities. After considering the possibility of CBI manufacturing the
tube sections, CBI is pursuing the development of the required expertise within tube
manufactures. The scope of work for the pipe manufactured will be limited to the
fabrication of the unstiffened tube sections only. This will include weld inspection and
end preparation, but the attachment of stiffeners, leak testing, cleaning and final
acceptance for installation will be executed by CBI.

CBI conducted plant tours of pipe manufacturers from October 13 to October 15. The
companies toured Tubetec in Sanford, Florida, Naylor Pipe in Chicago, and Northwest
Pipe in Portland, Oregon. CBI toured Roscoe Moss'facility in Los Angeles on August
26th. Of the companies toured to date, Northwest Pipe and Tubetec appear to be the
most viable manufacturers for the LIGO project.

The manufacturing process used by Northwest Pipe is typical of the large diameter spiral
welded pipe manufacturers. These mills typically manufacture large diameter carbon
steel pipe in thicknesses ranging from l/4" to 5/8" for 48" diameter pipe. Coil widths for
this application are generally 36" to 48". Considerable force is required to form the pipe
in the typical thickness range. As such the pipe mills are large units with large guides,
drive rollers, and forming rollers. Northwest Pipe's greatest advantage over other similar
manufacturers is their experience with stainless steel and the application of their pipe.
NWP serves the chemical and pulp and paper industries which requires corrosion
resistant higher quality pipe. Although not suitable for the LIGO project, NWP has a
stainless steel pipe mill which produces pipe up to 30" in diameter.

Tubetec routinely makes large diameter thin wall stainless steel pipe. The pipe mill used
by Tubetec is based on a free forming process. Although Tubetec has designed a mill
which uses 30" wide coil, their current mill uses 16" wide coil to produce 48" diameter
pipe. The use of relatively niurow coil combined with the thin wall allows the pipe to be
formed without significant force. This removes the need for a large mill with heavy
drive rollers and guides. The disadvantage of this process is the total length of spiral butt
weld is significantly increased.
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Due to the unique requirements of the LIGO project and the basic differences in the nvo
fabrication processes, CBI is pre qualifying the tube manufactures and their processes.
NWP and Tubetec will each produce a20' section of 48" diameter tube. The tube section
will be welded with the Caltech specified weld procedure and the procedure developed
by CBI. The unstiffened tube section will be shipped unstiffened to CBI and evaluated
for dimensional confonnance and weld quality. The sections will also be used by CBI to
develop circumferential and stiffener weld procedures and equipment. Tubetec has
completed the 20' section and it is currently being evaluated by CBI in our Houston weld
laboratory. NWP will likely manufacture their 20'pre qualification section in December.
No special precautions will be made to limit contamination of the pre qualification
sections.

Although there are a number of difficult aspects to the pipe manufacturing process, the
most difficult areas are the determination of the best weld process and the potential for
contamination. CBI has conducted an in-depth study of the weld process as reported
under WBS #270. The best weld process will be developed by CBI and incorporated into
the pipe fabrication process. The prevention of carbon steel contamination presents a
more imposing problems. It may not be feasible to completely prevent carbon steel
contamination. Even costly, extreme measures may not be able to prevent contamination
and maintain cleanliness. Tubetec is probably best suited to prevent contamination and
even they pickle their products as part of their standard operation. CBI is looking at
cleaning procedures to overcome the problems of contamination while recognizing the
danger of recharging the material hydrogen content.

WBS #230 Expansion Joint Manufacturing

Due to the integrated nature of the expansion joint manufacturing and design, expansion
joint manufacturing concerns are discussed in section WBS #I24.

WBS #240 Tube and Expansion Joint Interface

Expansion joints will be manufactured to tightly controlled circumferences with full
thickness weld ends. CBI will attach the expansion joints to the tube sections at or near
the sites. Expansion joints will be placed at both ends of both modules. All seams will
be welded including the final module closing seam which will be located at the corner
and end stations. Personnel and equipment entry and exit will be required through the
large valves.
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LIGO TUBE VENDOR SURVEY SUMMARY
KHF 10/19/93

I E M NORT}IWEST PIPE I U E E T E g
TUBE FORMING PROCESS PRD MACHINE - FORCE FORM WITH

ROLLERS & DIES
TUBETEC DESIGNED EQUIPMENT.

FREE FORM

LENGTH - 40 TO 65 FEET YES. BUT CURRENT RESIZING
EQUIPMENT LIMITS LENGTH TO 60

YES

OUT OF STRAIGHT TOLERANCE
OVER 10'LENGTF

< 118" < 1/6"

OUT OF STRAIGHT TOLERANCE AT
65'LENGTH

< 118" < 118;'

CIRCUMFERENCE TOLERANCE
WITHOUT RESIZING

PLUS 3/64" @ ENDS, PLUS ztl64" €
BARREL MINUS ZERO

PLUS 3/16"'@ENDS, PLUS
3/8"@BARREL MrNUS rS SAME

CIRCUMFERENCE TOLERANCE WITH
RESIZING

PLUS 1/64" @ ENDS, M|NUS ZERO.
MUST DEVELOP RESIZING EOUIP.

AS REOUIRED TO MATCH BELLOWS.
MUST DEVELOP RESIZING EOUIP.

END TOLERANCE PLUS OR MINUS 1/8'PLASMA
BURNED, FOR $15O,OOO INVESTMENT

CAN MACHINE SQUARE

LATHE CUT NORMAL TO AVERAGE
TUBE CENTERLINE

\4MIMUM HIGH/LOW ON WELD SEA]V NOT GIVEN 1EZ'

CIRCUMFERENCE MEASUREMENT EVERY 7 EVERY 3'
:DGES CLEANED PRIOR TO WELDING YES, BY STAINLESS POWER

FtRt ts l { tNG
YES, BY STAINLESS POWER

EIFll tSr.{rNG
WELD GAP VARIATION JAM TO 0.020" JAM TO 0.010'

PRODUCTION PER SHIFT 120. 100'
# SHIFTS PER DAY 2 2
ON SITE STORAGE NOT GIVEN 2WEEKS PRODUCTION

SET UP COSTS REOUIRED YES NO
CONTAMINATION SOURCES:

COIL HANDLING YES. BY CHAINS NO. COIL PROTECTED
TABLES & ROLLERS MUST REPLACE ROLLERS, GUIDES NO. USED FOR STAINLESS ONLY

WELDING EOUIPMENT NO, MUST MOVE EQUIPMENT FROM
SMALL SS MILL

NO

NDE EOUIPMENT NOT GIVEN NO
PERSONNEL YES. CARBON STEEL SHOP NO. STAINLESS SHOP

CUTTING EOUIPMENT YES, PLASMA BURNER NO
PIPE HANDLING EQUIP YES NO

END SIZING EQUIPMENT YES NOT KNOWN
ATMOSPHERE YES, AIR BORN CARBON

STEEUGRINDING DUST
YES, GRINDING DUST

END CAPPING FOR SHIPMENT PI.ASTIC COVERS CROSS TIMBER BRACING WITH
PI.ASTIC COVERS

SHIPPING SADDLE DESIGNS TIMBER STAINLESS. 120 DEGREE BOLTED
SUPPORT

LEAD TIME FOR MAKING PIPE 90 DAYS 1 DAY
TUBE RESIZING OVER WHAT LENGTF MAX6' AS NEEDED

STARTED SPIRAL PIPE PRODUCTION 1960 I-ATE 1960'S

OWNERSHIP PRESENTLY FOR SALE, LATEST BUY
EFFORT UNSUCCESSFUL

PRIVATE
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FACILITIES WW2 VINTAGE. VERY I.ARGE
CoMPLEX (300,000 sF), MoSTLY

CARBON STEELWORK

TILT.UP CONCRETE WALL SHOP(
65,000 sF), NEW SHOP UNDER

CONSTRUCTION

HANDLING EOUIP OVERHEAD CRANES, LIFT TRUCKS LIFT TRUCKS

PRODUCTION WORKERS 12(PIPE SHOP) 65
OA/OC PERSONNEL 1 2
LINE INSPECTORS 4 2
LAB TECHNICIANS 4 0
ANNUAL BUSINESS NOT GIVEN $8MM TO $gMM

LAB EOUIPMENT CALIBRATED YES NO LAB
CALIBRATION TRACEABLE T NIST YES N/A

HEAT TREATMENT FACILITIES 0 2
CLEANING/PICKLING PROCESS
(NTTRIC/HYDROFLUORtC ACID)

SUBCONTRACT. LIMIT TO 20'LENGTH
($1so,ooo PLUS $.1si# FoR LoNGER)

APPROVED BY FLORIDA EPA TO
PICKLE

CAN MEETASTM STDS YES YES
AA TRACEABILITY YES, APPLYING FOR ASME SECT XIII ,

Drv'r cERTrFtcATroN wrTHrN
NEXT 45 DAYS)

YES, STARTING ON ISO go(n
CERTIFICATION PROGRAM

OA/OC INSPECTION NOT GIVEN IN PROCESS INSPECTION
NDE PERSONNEL OUALIFIED TO ASNT SUBCONTRACTED

STRIP WIDTH NORMAL IS 36" TO 48" ON LARGE CS
MILL

NORMAL IS ,I6"', PRESENTLY
INVESTIGATING SPECIAL MANDREL

TO ALLOW 2G24'WIDE STRIP

WELDER QUALIFICATION ASME SECTION IX ASME SECTION IX
OA MANUAL OFFERED YES NO

WELD PROCEDURES GIVEN YES YES. GENERAL WRITE UP

GTA fiIG) WELDING STANDARD YES YES
IN PROCESS NDE NO, LOOKJNG AT EDDY CURRENT

AND RADIOSCOPY
NO, WILL DO WHAT CBI SPECIFIES

WELD SPEED N,PM 1 6 I P M
WELD SHIELD GAS 55ARGON lts HELIUM ARGON

BACK SIDE PURGE GAS 55 ARGON 45 HELIUM NITROGEN
AUTOGENOUS WELD]NSIDE PASS 70% o 7G150 AMPS 80% @ znAMPS

2 PASS WELD-INSIDE PASS 70% o 70-150 AMPS 80% a 140AMPS
2 PASS WELD-OUTSIDE PASS COLD WIRE TIG HOTWIRE TIG

HANFORD ONLY 388 388
LIVINGSTON ONLY 388 388
COMBINED SITES 776 776

AT 65' LONG 2 1 . 5

HANFORD ONLY 194 259
LIVINGSTON ONLY 194 259
COMBINED SITES 388 517

NUMBER OF SHIFTS PER DAY 2 2

HANFORD ONLY 97 1 n
LIVINGSTON ONLY 97 1 n
COMBINED SITES 194 259

HANFORO ONLY 19.4 6
LIVINGSTON ONLY 19.4 xt
COMBINED SITES 38.E 52

HANFORD ONLY 38.8 52
LIVINGSTON ONLY 38.8 52
COMBINED SITES n.6 103
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WBS #250 Baffle Fabrication Process

The baffles could be made by several possible methods. The baffles may be rolled from
a single strip of material. The rolling process could include a geared roller to either
impose a shallow serration on the inside edge, or to mesh with (and thereby protect) a
serration which has already been cut on the strip. Alternatively, a slit cone could be
made from two or three butt welded segments and then pulled into a spiral. If made from
a thin material (-20 gauge), the baffles could be stamped as an oversized ring with
serrations, coned in a die, and then slit and pulled into a spiral.

Sheet and light metal fabricators have been contacted to help develop the fabrication
options. A draft specification has been developed and issued to potential fabricators for
comments and budget pricing. A concern regarding the few baffles to be used for the
Qualification Test is that, for economic reasons, they may need to be produced in an
entirely different manner than those to be used for the actual construction of the LIGO
modules. This is especially true if any stamping type operations using specially made
dies are determined to be a necessary part of the fabrication process for uniform
production of a large quantity (900-1000). The Qualification Test baffles therefore may
not necessarily be an accurate representation of the Design.

CBI has issued a purchase order for a sample baffle from each of three potential
fabricators. CBI anticipates receipt of these baffles by the end of November. The
purpose is to better determine its configuration and fabrication possibilities, as well as fit
to the tube wall prior to the Qualification Test. This will also assist in evaluation of what
tolerances could be achieved on the aperture of the baffle when it is placed inside the
tube, and give an estimate of pricing for various degrees of serration.

WBS #260 Stiffener Fabrication Process Development

The fabrication method being pursued is that of rolling bars to produce single piece
stiffeners which conform to the outside of the tube. The two ends of each stiffener
would overlap for short length. This overlap would be placed at the location where the
stiffener ring crosses the spiral seam of the tube so that continuous fillet welding could
start just adjacent to the spiral seam at one end and proceed nearly 360" around without
any intemrption. CBI has issued a purchase order for a several stiffeners from each of
three potential fabricators. CBI anticipates receipt of these stiffeners to allow attachment
to a sample tube by the end of November. This exercise is being performed for
investigative and demonstration purposes.

A potential problem associated with rolling stiffeners from bar material is the occurrence
of waviness on the inside edge which would be fit to the tube wall and automatically
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welded. The automated weld process will require a reasonably straight stiffener to
provide a sound uniform fillet weld. The sample stiffeners described in the preceding
will be a good indication of what can be expected.

WBS #270 Beam Tube Welding Process Development

LIGO specifications #1100004 and #1100007 contain weld procedure requirements for
the beam tube modules. CBI has conducted an extensive test program to determine the
most suitable weld procedure for the LIGO beam tube modules. The weld report
contained in the 2nd Monthly Review Data Package is unchanged and included at the end
of this section. CBI will continue to develop the most suitable weld procedure
requirements in conjunction with tube and expansion joint manufactures.

WBS #280 Stiffener Weld Process Development

The attachment of the beam tube stiffeners represents a very significant cost of the beam
tube section fabrication. CBI has evaluated a number of stiffener attachment options by
welding stiffeners to flat plate specimens. The weld report contained in the 2nd Monthly
Review Data Package is unchanged and is included at the end of this section.

A number of options exist for the stiffener attachment weld detail. CBI is developing a
cost analysis to determine the most economic weld detail. Due to the large number of
stiffeners, the stiffener attachment weld must be automated to be economical.
Continuous and intermittent weld details are being evaluated based on the costs of the
equipment weld consumables, number of stops and starts, and weld effectiveness.
Equipment and procedures will e finalized through the attachment of stiffeners to the pre
qualification section being manufactured by the potential tube fabricators. A continuous
one sided fillet weld appears to be the most economical stiffener weld attachment detail

WBS #290 Circumferential Weld Process Development

CBI is pursuing welding the circumferential seams from the outside. Outside welding
will limit the safety and contamination concerns associated with internal weld procedures
and will lend itself to current automated pipe welding equipment. CBI has conducted a
flat plate study to determine the most suitable weld process for the circumferential seams.
The weld report from included in the 2nd Monthly Review Meeting is unchanged and
contained at the end of this section.

Automated weld equipment for the circumferential seams is being evaluated by welding
circumferential seams in sections cut from the 20'pre qualification tubes. The Dimetrics
Gold Track II equipment has been chosen for initial evaluation. Tube section fit up
devices will also be evaluated in the course of the weld development.
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BEAM TUBE WELD PROCESS DEVELOPMENT
WBS 270

A. BACKGROUND OF WELDING.

The welding procedure wil l be used to ioin A24o rp. 3o4L stainless steel,
3'17Smm in thickness. The procedure must be satisfactory in all positions
and require positive reinforcement on both surfaces. For tube manufacturing,
the weld may be deposited from either side due to the ease in cleaning
whereas the field circumferential joints must be wetded from the outside
only.

caltech has specified that ail welding be done autogenous. There is a
concern that by using fi l ler metal, hydrogen can be trapped in the wetd which
would increase the outgassing rate. An increase in the outgassing rate
would affect the level of the vacuum that can be achieved.

A.1 Description of Welding Development.

All welding development was done in the Houston weld Lab. The weld
process was an automated Gas Tungsten Arc (GTA) using a Dimetrics Gold
Track l l welding unit.

All welding was done on 3.175mm thick staintess steet (A240 Tp. 3O4L)
material ranging from 0.41m to O.61m in length. The joint detali varied in
gap yet all plate edges were square butt detail. All of the plates were
mounted on a purge box unit to ailow a complete back purge. An oxygen
analyzer was used and was consistently in the range of 0.1to 0.5% oxygen
in the purge.

B. ALTERNATIVE WELDING PROCEDURES.

The alternative welding procedures which were studied include:

Autogenous 1 pass welding
Fil ler metal 1 pass welding uti l izing ER3O8L
2 pass welding using 1st pass autogenous and 2nd pass
with filler metal.

Two different welding procedures were studied, one being the circumferential
butt weld and the other being the tube manufacturing spiral weld procedure.

1 )
2l

and 3)
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8.1 Alternative Welding Procedures for Spiral Weld Joint.

Two processes were examined to select the best procedure to develop. One
process being one pass autogenous using a copper backing bar and the
second process being a two pass welding procedure. This two pass welding
procedure would be an autogenous pass from side 1 and a pass with fi l ler
metal  on s ide 2.

8.1.1 Evaluat ion of  One Pass Autogenous Welding.

Two techniques were studied for this procedure. One being with a copper
back-up bar and one without. Both procedures were welding in the downflat
(1G) position using various gas mixtures.

8.1.1.1 Evaluat ion of  Copper Back-up Bar Welding. The copper back-up bar
allows for a heat sink and also allows the weld pool on the bottom side of
the weld to solidify. This allows for faster travel speeds and better control of
the weld appearance on the bottom side of the weld.

Several gas mixtures were used including:
Approx. Cost ($1/f t3)

o.06
0 . 1 3
o . 1  0
0 . 1  4
0.26

r 'lOOo/o Argon
. 75o/o Helium | 25o/o Argon
. 6O% Argon I 4Oo/o Helium
. 5Oo/o Argon I 5Oo/o Helium
. 55.5% Argon I 44.5o/o Helium

It was found that with increasing helium in the shielding gas, the faster the
travel speed of the weld. Helium has a characteristic hotter arc which gives
greater penetration which allows for faster travel speeds. After carefull
examination of alt the welding completed, a gas mixture of 600/o Argon /
4Oo/o Helium was chosen.

With all gases welding with optimum parameters, it was found that with
reinforcement on the bottom side, the top side was slightly under flush.
CB&l feels that in order to obtain a satisfactory weld, a two pass welding
procedure must be uti l ized.

8.1.1.2 Evaluation of No Back-up Bar. Without a back-up bar to allow the
heat to escape, a lower heat input must be used which decreases travel
speed. Very similar results were shown as with 8.1.1.1 above with the
exception of a much slower travel speed. Shield gases had the same effect
as with above. Due to the slower travels speeds, a welding procedure with a
copper back-up bar would be more desirable than a procedure without one.



However, the use of a copper back-up bar may not be practical for the spiral
weld tube manufacturers equipment.

8.1.2 Evaluat ion of  Two Side Welding.

Further evaluation wil l be performed on
qualif ied tube manufacturer.

8.1.3 Select ion of  Welding Procedure.

this process with the selected

Sefect ion of  welding procedure wi l l  be based on the resul t  of  B.1.1 and 8.1.2
above.

8.2 Alternative Welding Procedures for Circumferential Butt Weld.

Two processes were examined to select the best procedure to develop. One
being one pass with fi l ler metal and the second being first pass autogenous
and the second pass with fi l ler metal (ER308L). With the amount of joints to
be considered, there wil l be variations in the gap. CB&l feels that to control
this inherent problem can only be accomplished by uti l izing a two pass
procedure using fi l ler metal.

CB&l also feels that with the addition of f i l ler metal, hot cracking in the weld
metal and heat affected zone (HAZI can be minimized. Hot cracking results
from internal stress developed on cooling following solidification. By welding
a joint autogenously with even a slight gaP, s significantly large amount of
stress can be obtained due to shrinkage in the weld metal. By addition of
filler metal, the amount of stress can be reduced.

8.2.1 Evaluation of 1 Pass Welding with Fil ler Metal.

All welding was performed in the 3G (verticall position utilizing an automatic
Gas Tungsten Arc Welding procedure. A pulsed arc technique was used to
lower the net heat input put into weld. Several attempts were made using
ER3OBL fi l ler wire to obtain optimum results.

The weld bead contour on the back side of the weld *", "rr",ic and positive
reinforcement was not obtained. Also, a poor weld bead surface was found
on the front side.

8.2.2 Evaluation of 2 Pass Welding.

Again, all welding was done with the same set up as with the above
process. The first pass being autogenous and the second pass using fi l ler
metal.



The autogenous first pass was deposited with excellent bead contour on the
backside of the wetd with positive reinforcement. The front side however
was underfi l led requiring a second pass using fi l ler metal.

The second pass was welded using a synchronized pulse welded technique.
This technique uses a uphil l weave technique with a primary (higher) current
on the edges and a background (lower) current on the excursions. This again
allows for the higher heat input characteristics with a lower net heat input
put into the weld. This second pass gave excellent bead appearance on the
front side of the weld.

8.2.3 Selection of Welding Procedure.

By examining the welded samples, it was determined the best process was
by using a two pass procedure with an autogenous first pass with a second
pass with fi l ler metal. welding parameters for all welding done is
summarized in Appendix A.

C. EVALUATE CBI & CALTECH PROCESS.

This phase of the development included comparing the Caltech Process (1
pass autogenousl with the Alternative Processes.

C.1 Comparison of Spiral Welded Joint Procedures.

Continued devetopment is in pro"Jrr.

C.2 Comparison of Circumferential Butt Weld Procedures.

A comparison of 1 pass autogenous welding with a 2 pass procedure using
first pass autogenous and second pass with fi l ler metal was conducted. As
was stated in 8.2.1 and 8.2.2 it was found that with an autogenous weld, it
was very diff icult to obtain a full thickness joint. The fit of the joint plays a
large role in the procedure if no fi l ler metal is used. lf there is a slight gap,
even at O.O1O", in order to be at least f lush on the inside, the outside wil l be
under flush. In order to obtain a full thickness joint, the joint would require
"zero" gap along the length of weld. With the number of joints to be
encountered in the field, this task becomes impossible. The second solution
would be to apply force to the joint as it is welded to upset the weld and
obtain a full thickness joint. This process would be impractical in the field.

As stated in 8.2.2 an autogenous root pass yielded the better results on the
backside of the plates over a one pass weld using fi l ler metal. To obtain a
full thickness joint, and by having the highest quality weld both in strength



and appearance, a two pass welding procedure would be uti l ized using the
benefits of a first pass being autogenous and the second being with fi l ter
metal.

By uti l izing a two pass process, the first autogenous root pass can be
pushed, by changing welding parameters, through the joint to obtain the
desired reinforcement on the backside of the weld. This altows room for a
second pass to be welded giving adequate reinforcement on the frontside of
the weld. This second pass uti l izes a synchronized pulsed arc technique to
obtain an excellent appearance.

D. HYDROGEN CONTENT OF WELD METAL.

To determine the hydrogen content of the weld metal for outgassing
purposes wil l be done in two ways.
. Diffusable Hydrogen
o Tot?l Hydrogen

Three specimens were welded and are in the process of being examined.
One being a one pass autogenous weld, the second being a two pass weld
using autogenous and fi l ler metal (ER308L} and the third being a simulated
weld repair using manual GTA with 2.381mm dia ER3O8L fi l ler metal.

D.1 Diffusable Hydrogen.

Although no tests were done on3O8L, the ESAB Group had completed two
tests with Core-Bright 309L and the results were zero. Core-Bright 3O9L is a
self shielded flux-cored stainless wire. Hydrogen wil l not diffuse through an
austenitic microstructure. Therefore, the amount of diffusible hydrogen level
of any austenitic welding consumable can not be measured. Diffusable
hydrogen will be conducted in the Houston Weld Lab using a mercury
capture system.

D.2 Total Hydrogen.

Total hydrogen content wil l be conducted at Kawin Laboratories in Chicago.
The test method employed will be a Vacuum hot extraction method.

E. CHEMICAL COMPOSITION OF BASE MATERIALS.

The chemical compositions of the base materials and fi l ler metal used during
welding development are summarized in Appendix B. Trace elements, mainly
suffur, effect the welding characteristics. With sulfur levels above O.O2o/o,
better penetration and overall welding characteristics improve.



F. FERRITE ANALYSIS OF WELD METAL.

The ferrite was taken on three samples and are shown in Appendix C:
. One Pass with ER308L in the 3G {vertical) position.
. One Pass with no Fil ler Metal in the 3G position.
. Two Pass Procedure: Pass 1 Autogenous and Pass 2 with ER308L.

G. SUMMARY.

Welding with a single autogenous pass, a full thickness welded ioint can not
be achieved. CB&l feel that by allowing the use of f i l ler metal a higher
quality weld, both geometrically and visually, can be achieved. Util izing a
two pass welding procedure with first pass autogenous and second pass
with fi l ler metal, this quality can be achieved. Hydrogen tests are in process
and those tests wil l determine weather or not the addition of f i l ler metal wil l
affect the outgassing characteristics of the weld.



APPENDIX A

BEAM TUBE WELD DEVELOPMENT

Welding Operalor:

Descriplion:

Jack W. Baldwln Date: 9n1193

Development of beam tube welding prooess. 1 pass autogenous in 1G position with
copper becklng bar.
Various gases will be used along with type of backing
bar delail.

WO's H11182

Note 1 Note 3 Nole 3 Notes 3,4 Notes
& 6  & 6

Noto 1: Voltage increased to 10.7 near end of
weld pass.

Note 2: Backing balwilh 1.588mm radlus groove.
Note 3; Flat copper backlng bar.
Note 4: Gold Traclt iontrol unit malfunctioned. Travel speed was 23.62

crnlmin rather than 30.5.
Note 5: New conlroller for Gold Track used.
Note 6: 2.921mm thick Plate used.

7

Plale lD A1 A2 A3 A4 A5 A6 A7 A8 A9 4 1 0

Shlelding Gas 75He-25Ar 60Ar-{oHe 60Ar-40He 60Ar-40He 60Ar-4oHe 60Ar-40He 75He-254r 60Ar-40He 60Ar-{oHe 60Ar-40He

Flow Rate (chf) 40 40 40 45 45 45 45 45 45 45

Slail Delay (sec) 4 4 4 4 3 3 3 3 3 3

Downslope Time (sec) 5 5 5 5 5 5 5 5 5 5

Upslopo Time (sec) 2 2 2 2 2 2 2 2 2 2

YVeld Cunenl (amps) 175 175 175 165 200 200 200 200 200 220

\rc Volls 1 1 . 5 1 1 . 5 '10.5 10.5 10.5 I  U .5 1 1 . 5 10 .5 1 l t 1

Iravel Speed (cm/min) 30.5 30.5 30.s 30.5 30.5 30.5 30.5 23.6 30.5 30.5

{eat Input (KJrcm) 3.96 3.96 3.62 3.82 4.13 4.13 4.53 5.31 4.33 4.76



BEAM TUBE WELD DEVELOPMENT

Welding Operalor Jack W, Baldwin Dal€: 9121193

Descriplion: Development of beam tube welding prooess. 1 pass autogenous In lG position with
ggPPer backins !3[.
Various geses will be used along with type of backing
bar dolail.

WO's H11182

Note l: 0.5lmm gap with flat copper backlng bar.
Note 2: 0.25mm gap with grooved copper bar with 100% Nitrogen purge.
Note 3: Zero gap with flat copper backing bar.
Nole 4: 0.25mm gap with light flat copper

backing bar.'
Note 5: 0.38mm gap wilh tighl llal copper

bacllng bar.

I

Plal€ lD BI 82 B3 B4 B5
Shbldlng Gs! 50He-50Ar 50He-50Ar 50Ho-504r 50He-50Ar 50Ho-50Ar
rlow Rate (ch0 45 45 45 45 45
Stad Delay (sec) 4 4 4 4 4
Downslopo Timo (sec) 5 5 5 5 5

Jpslope Time (sec) 2 2 2 2 2

/Vsld Cunent (amps) 200 200 200 200 200

\rc Voltg 1 1 1 l 1 1 1 1 1' l
fravcl Spood (crnhin) 30.5 30.5 30.5 30.5 30.5

{€al Input (KJ/crn} 4.33 4.33 4,33 4.33 4.33



o
CIRCUMFERENTIAL BUTT WELD DEVELOPMENT

Welding Operalor Jack W. Baldwin Dale: 9/17193

Descriplion: Plalo material was A240-304. 3.175mm thick. All root oponings 0.25mm WO's: H11174
Aff pulse welding al50o/o. Tungsten dia 3.175mm H11 ' t75
Filler melal (ER308L) and uphill welding was with a tungsten angle of 8'.

Noto I Note 2 Note 3 Note 4
Nolo 1: Badground cunent increased ftom 70 lo 76 amps.
Note 2: Pdmary from 38.1 to 50.8 and background from 38'l lo 25.4 cm/min.
Note 3: Copper AW backing bar was used In centor of pass.
Note 4: Primary Voltage dropped from 9'5 to 9.0.
Note 5: Wre decrease to eliminate weld reinforcement. Both primary and background dropped.

Prlmary weld currenl decreased kom 100 to 95 amps.

)LATE NUMBER I I 2 3 4 5 6 7 7 I I
)ASS NUMBER I 2 1 1 1 1 I I 2 1

IGLDING DIRECTION 3G Up 3G Up 3G Up 3G Up 3G Up 3G Up 3G Up 3G Up 3G Up 3G Down 4G
'ULSE MODE (S or P) Pulse Sync. Pulse Pulse Pulse Pulse Pulse Pulse Sync. Pulse Pulse

MRE SIZE N/A 0.035 N/A 0.035 0.035 0.035 N/A N/A 0.035 N/A N/A

JPSLOPE TIME (SEC) 2 2 2 2 2 2 2 2 2 2 2

)OWNSLOPE TIME 5 5 5 5 5 5 5 5 5 5 5
'ULSE FREQUENCY 1.7 1 .7 1 .7 1 .7 1 .7 1 .7 1 .7 1 . 7 1 . 7 1 .7 1 .7

3AS FLOW (CFH) 40 40 40 40 40 40 40 40 40 40 40

'ACKING GAS FLOW 20 , 2 0 20 t 2 o 20 20 20 20 20 20 20

rMVEL START OEI-AY (SEC) 3 3 3 3 3 3 3 3 3 3 3
]RIMARY WELO CURRENT (AMPS) 1 1 0 100 120 120 120 120 120 120 95 1 1 0 120
DRIMARY ARC
/OLTS

9.5 I 9.5 9.5 9.5 I I I 9 I I

PRIi'ARY WIRE FEED N/A 76.2 N.A 76.2 76.2 76.2 N/A N/A 76.2 N/A N/A

BACKGROUND CURRENT (AMPS) 76 70 76 76 76 70 76 76 70 76 76

BACKGROUND VOLT I 9 I 9 I I 9 I I I 9

BACKGROUNO WIRE FEED (ctn/mln) N/A 50.8 N/A 25.4 25.4 25.4 N/A N/A 25.4 N/A N/A

rMvEL (rPM) (TORCH SPEEO) 9 .14 9 . 1 4 9 .14 9.14 9.14 9 . 1 4 9 . 1 4 9 , 1 4 9.14 9 . 1 4 9 . 1 4

rMVEL (IPM} (TRACK SPEED) 9 . 1 4 9 .14 9.14 9 .14 9.14 9 .14 9 .14 9 .14 9 .14 9.14 9 .14

CUT OWELL (PRllvlARY (SEC. x.1) 1 3 1 1 1 1 3 1 1

EXCURSION TIME 1 3 1 1 1 1 1 I 3 I 1

rN OVTELL (PRlttlARY) (SEc.x.1) 1 3 I 1 I 1 I 1 3 I I

l.lEAT INPUT (KJ/cm) 5.8 5.02 6 . 1 1 6 .11 6 .11 5.61 5.79 5.79 4.87 5.49 5.79

ENFRGY DENSIW 0.07 0.14 0.14 0 .13 0 .11



o
TT WELD

Welding Operator

Descriplion:

CIRCUMFERENTIAL BU DEVELOPMENT

Jack W. Baldwin

Plate material was A240-304L, 3.175mm. All rcot openings less than 0,254mm

All pulse welding was 50%. Tungsten dia was
3.175mm.
ett fitter nntat ER308L and uphill welding was down with a tungsten angle of 5 to 8'.

Dale: 10/18/93

Hr r243

)IATE ID 243A 2438 243C 243D 2438 243F

'ASS NUMBER 1 2 2 1 2 1 2 1 2 1 2

fLorHc DrREcnoN up Up Up Up up Up Up Up Up Up Up Up

EIDNGFOSITIOT 3G 3G 3G 3G 3G 3G 3G 4G Slope 3G 3G 3G 3G

'ULSE MODE (S of P) P s P s P S P s P s P s
,VIRE SIZE (mm) N/A 0.889 N/A 0.889 N/A 0.889 N/A 0.889 N/A 0.889 N/A 0.889

JPSLOPE TIME (SEC) 2 2 2 2 2 2 2 2 2 2 2 2

]oWNSIOPE TIME 5 5 5 5 5 5 5 5 5 5 5 5

CSCILI.ATION AMP 0.00 0 .18 0.00 \  U , I d 0.00 0 .18 0.00 0 .18 0.00 0.r8 0.00 0 .18

ryLSE FREOUENCY 3 3 3 3 3 3 3 3 3 3 3 3

w 50/50 50/50 50/50 50/50 60/40 60/40 60/40 60/40 60/40 60/40 60/40 60/40

iAs FLOW (CMH) 1.27 1.27 1.27 1.27 1.27 1.27. 1 .27 1 .27 1 .27 1 .27 1.27 1 . 2 7

tAmFLOw 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 o.71 0.71 0.71

TRAVEL START DELAY (SEC) 2 2 2 2 2 2 2 2 2 2 2 2

fr rtilnnv tivelD cURRENT (AMPS) 1 1 0 85 1 1 0 85 1 1 0 100 120 100 120 100 120 85

)RIMARYARC
"rot Ts

|  1 .0 10.4 1 . 0 10.4 10.0 10.4 10.0 8.8 10.0 10.4 10.0 9.4

frimYWREFEEil N/A 63.5 N/A 63.5 N/A 63.5 N/A 63.5 N/A 63.5 N/A 50.8

TACKGRoUND cURRENT tAMPs) 76 57 76 57 76 60 76 600 76 60 85 60

'ACKGROUND VOLT 1 1 . 0 9.4 1 1 . 0 9.4 10.0 9.4 10.0 8.8 10.0 9.4 10.0 9.4

SACR-ROUND wRE FEED (on/min) N/A 3E.1 N/A 38.1 N/A 38.1 N/A 38.1 N/A 38.1 N/A 33.0

fMC L (cmFMtfi oRcH sPEED) 12.7 10.7 12.7 10.7 12.7 10.7 12.7 10.2 12.7 10.7 12.7 ' t0.2

rMVEL(crnPM) rrRAcK SPEEO) 12.7 10.7 12.7 10.7 12.7 10.7 12.7 10.2 12.7 10.7 12,7 10.2

6UTDffiLL-(PRIMARY (sEc. x. 1 ) N/A 3 N/A 3 N/A 3 N/A 3 N/A 3 N/A 3

ffi N/A 3 N/A 3 N/A 3 N/A 3 N/A 3 N/A 3

Nffi Lt- (PRIMARY) (sEc.x. | ) N/A 3 N/A 3 N/A 3 N/A 3 N/A 3 N/A 3

'IEAT INPUT (KJ/cm) 4.83 4 .15 4.83 4 .15 4.39 4.68 4.63 1 8 . 1 9 4.63 4.68 4.84 4.02

ffi 0,04 0.04 0.04 0 . 1 6 0.04 0.04

1 0



Jack W. Baldwin

CIRCUMFERENTIAL BUTT WELD DEVELOPMENT

Weldlng Operator

Descdptlon:

Dale: 10/18/93

WO's: H11243

Note t

Note l: 0 response lo eliminate "ierkyil feel to torch'

Note 2: 42 pulse width

PI.ATE ID 243G 243H 2431 243J 243K 2431

PASS NUMBER 1 2 1 2 1 2 1 I I 2

IVELOING DIRECTION Up Up Up Up Up Up Up Up Up Up

ffir-oiNdposrlotl 4G Slope 4G Slope 4G Slopo 4G Slope 4G 4G 4G 4G 4G 4G

PULSE MODE (S or P) P s P s P s P P P s
/vrRE slzE N/A 0.03s N/A 0.035 N/A 0.035 0.035 0.035 N/A 0.035

uFSr-Ope nuE (sEc) 2 2 2 2 2 2 2 2 2 2

'OWNSLOPE TIME 5 5 5 5 5 5 5 5 5 5

)SCILTATION AMP 0.00 0.1E 0.00 0.18 0.00 0.1E 0.00 0.00 0.00 0 .18

'uISFFneoueNcv 3 3 3 3 3 2 I 3 3 3

tFretotxc oes 60/40 60/40 60/40 \ 60/40 60/40 60/40 60/40 60/40 60/40 60/40

3AS FLOW (CMH) 1.27 1.27 1.27 1.27 1.27 1.27 1 . 2 7 1.27 1.27 45

rneRrt|GGASruow 0.71 0.71 0.71 0.71 0.71 0.71 0.71 tJ.l o.71 25

TRAVEL START DEIAY (SEC) 2 2 2 2 2 z 2 2 2 2

pnimnv weuD CURRENT (AMPS) 120 85 165 85 120 85 125 170 120 85

PRII1LARY ARC
YOLTS

9.0 9.4 1 1 . 0 8.8 9.0 8.8 9.4 9.4 9.0 U,U ,

PntlttlnV-Wtne rEEO N/A 50.8 N/A 50.E N/A 50.8 55.9 55.9 N/A 50.8

ilffiCROUNOEURRENT (nuPs) 85 60 40 60 85 60 65 20 85 60

BACKGROUND VOLT 9.0 9.4 1 1 . 0 8.E 9.0 8.8 9.4 9.4 9.0 8.8

TACKGROUND WIRE FEED (ctn/mln) N/A 33.0 N/A 33.0 N/A 33.0 55.9 0 N/A 33.0

rnnvel (crWmin) OORCH SPEED) 12.7 10.2 12.7 10.2 12.7 10.2 10.2 't0.2 12.7 t0 .2

rRAVEL (sn/mln) FRACK SPEED) 12.7 10.2 12.7 10.2 12.7 10.2 10.2 10.2 12.7 10.2

rw oWeul (PRIMARY (sEc. x.1) N/A 3 N/A 3 N/A 3 N/A N/A N/A 3

:xEUNSONTiME N/A 3 N/A 3 N/A 3 N/A N/A N/A 3

TDWELL (PRIMARY} (SEC.X. 1 ) N/A 3 N/A 3 N/A 3 N/A N/A N/A 3

FIEAT INPUT (KJ/CM) 4.36 4.02 5.33 3.77 4.36 3.77 5.28 5.28 4.36 3.77

ilEFF6ENSIiY 0.09 0.09 0.09 0.09

Nole 2

1 1



APPENDIX B

CHEMICAL COMPOSITION OF MATERIALS

Chemical Analysis for Base Material:

Chemical Analysis for Fll ler Metal:

Element Type 3O4L
( 3 . 1 7 5 m m )

Type 3O4L
( 2 . 9 2 1 m m )

Type 304L
Northwest

Pipe

Type 3041
Roscoe
Moss

Type 3O4L
( 3 . 1 7 S m m )

Carbon o.048 o.o17 o.o23 o.025 o.o24
Manganese 1 . 7 0 1 . 5 4 1 . 5 5 1 . 5 6 1 . 7 9
Phosphorus o.025 o.o25 o.o24 o.029 o.o31

Sulf  ur < o.oo5 < o.oo5 o.oo9 o.005 o . 0 1 2
Sil icon o.42 o.52 0.48 o.51 o.41
Nickel 8.04 8 . 5 1 8.69 8.53 8.74

Chromium 18 .32 18 .34 18.24 1 8 . 3 9 18.42
Molvbdenum o.34 o.32 o.43 0.43 o.38

Copper 0.37 o.24 0.25 o.25 o.30

Element O.889mm dia ER3O8L 2.381mm dia ER3O8L

Carbon o.019 o.o21
Manganese 1 . 5 4 2.00
Phosphorus < 0.005 0.o34

Sulfur o.oo6 < o.oo5
Sil icon o.32 o.52
Nickel 9.80 10.s3

Chromium 20.62 20.80
Molvbdenum 0.05 o.03

Copper o.04 o.08



APPENDIX C

FERRITE ANALYSIS OF WELD METAL

Side 1 of Weld Metal:

Side 2 of Weld Metal:

Instrument 1 Pass Weld
with ER308L

1 Pass Weld
with no Filler Metal

2 Pass Weld with
autogenous and

ER308L
Severn Guage 3 . 5 < F N < 5 . O 3 . 5 < F N < 5 . O 3 . 5 < F N < 5 . 0
Ferrite Scope 6 . 6 6 . 8 6 .2
Magnaguage 8.O 8.0 9.0

Instrument 1 Pass Weld
with ER3O8L

1 Pass Weld
with no Filler Metal

2 Pass Weld with
autogenous and

ER3O8L
Severn Guage 3 . 5 < F N < 5 . O 3 . 5 < F N < 5 . O 3 . 5 < F N < 5 . O
Ferrite Scooe 7.6 6.9 5.8
Magnaguage 7 .8 8.O 6.O
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AUTOMATIC WELDING DEVELOPMENT .  STIFFENER
WBS 280

A.  BACKGROUND OF WELDING.

The beam tube modules wi l l  be 1.22m in diameter and 3.175mm thick spiral
welded tube. Stiffeners wil l be located approximately 0.66m apart with a
thickness of 4.763mm. This stiffener spacing wil l provide approximately
23,000 (1 1,500 each site) stiffeners that wil l be welded to the beam tube
modules. The stiffeners may be constructed of either carbon steel or of
stainless steel. The welding development was done with stainless steel
lA24O Tp 3O LI material.

A.1 Process Selection.

Due to the number of stiffener weld attachments, the process used to weld
them must have the fotlowing characteristics:
. Fast Travel Speeds
. Efficient
. Easy to Adapt to the Situation
. Ease in Operation for the Welding Operators
. Can be Used in the As-Welded Condition

Gas Metal Arc (GMA) welding was chosen as the welding process for this
application. The welding torch can be easily mounted with knobs to allow
the welding operator to adjust the position of the weld torch as the weld is
being deposited.

By having the tube sections horizontal resting on rolls, the sections can be
rotated allowing the welding to be done in the downflat {1F) position.
Platforms would be set up by which the welding operator would be able to
sit comfortably only having to make minor adjustments to the torch position
as the section is rotated. This would also allow several stations to be set up
and several stiffeners could be welding simultaneously.

A.1.1 Back Purge Select ion.

Due to the 3.175mm thickness, a back purge would be necessary on the
stiffener attachment weld. Welding of several stiffener attachments
simultaneously, it would require that the entire tube section be purged.
Because of the large volume needed to be purged, an effective purge gas
that is relatively economical should be selected. For the welding
development nitrogen was used for all back purge and satisfactory welding
was achieved.



4.2 Description of Welding Development.

welding was performed on flat 3.17smm thick stainless steel (4240 rp
3O4L) material. The stiffener was atso stainless steel being 4.763mm in
thickness and approximately 5.08cm in width. GMA welding was used by
mounting the torch on a track to obtain constant travel speeds. The set up
was equipped with knobs to control the position of the welding torch. The
same purge box that was used for wBS 270 was also used for this
development with an oxygen level in the purge of 0.1 to 0.5%.

B. SHORT CIRCUITING ARC (SHORT-ARC) WELDING DEVELOPMENT.

Due to the outgassing rates required for service it is very important not to
effect the inside of the tube. With high heat inputs, stainless steel wil l form
oxide layers which can effect the outgassing characteristics of the steel.
Also,  being only 3.175mm in th ickness, burn through must be el iminated.

For the above procedures, short-arc GMA welding was examined. Short-arc
welding uses low currents which result in low heat inputs. The electrode
touches (shorts) on the base material and then heats up and melts off. This
process is repeated many times a second.

8.1 Results of Short-Arc Welding.

Welding was accomplished using_O.762mm diameter ER3O8L. The weld
appearance was good and resulted in a 3.175mm fi l let. There was a
considerable amount of weld spatter which would require post cleaning to
remove by either brushing or grinding.

The variable to be concerned with is the ease in welder operation. For this
procedure, the welding torch must be positioned exactly. lf there was a
slight error in positioning, the fillet weld will not tie in to either the stiffener
or the tube. With this process, the welding operator would need to
constantly monitor and adjust the welding torch and there would have to be
a considerable amount of welded repairs (pick-ups) to made.

8.2 Back Purge.

The effects of the back purge was also demonstrated during the
development. Welded specimens were welded using a l OO% nitrogen purge
and without a purge all together.
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8.2.1 l OOo/o Nitrogen Purge.

With a 1OO% nitrogen purge,0.1 to O.5o/o oxygen, very l itt le oxidation
(discoloration) was noticed on the back side of the 3.17bmm thick material.

8.2.2 No Back Purge.

Welding without a back purge resulted in a large amount of oxidation, a blue
discoloration. lt is very important to obtain a quality back purge during
fabrication of these stiffener attachment welds. lt was shown that l OOo/o
nitrogen adequately performed this back purge.

C. FLUX-CORED ARC WELDING (FCAW) DEVELOPMENT.

Welding was accomplished with ER308LT-1 using 75o/oAr | 25o/oCO2
shielding gas. Wire diameter was 0.889mm in diameter. FCAW util izing
globular mode of metal transfer has the characteristics of ease in operation
and relatively clean as-welded appearance.

C.1 Results of Flux-Cored Arc Welding.

Welding was accomplished as was in 8.1 above at 40.6 to 45.7 cm per
minute (cm/minl. At 45.7 cm/min, weld appearance was good yet
positioning was unstable. By slowing the travel speed to 40.6 cm/min,
excellent weld appearance was obtained along with little adjustment from the
operator. The final weld could bg used in the as-welded condition with very
little cleaning or weld repairs needed.

The chemical composition of Shield-bright 308L, used for the FCAW process
are as follows:

Cr  =  14 to  18o/o
M n : 1 t o 3 o / o
F 1 1o/o
ZrO2 I 60/o

N i  =  2 t o 5 7 o
Fe = 18 to 25o/o
S i O 2  1 3 o / o

-  -  . , : - t 4 . .

Si = l to3o/o
Na (  1 .5o /o
TiO3 = 44 to 5O%

C.2 Back Purge.

The same back purge requirements as with B.2 above apply with FCAW.

D. WELDING PROCEDURE SELECTION.

By comparing the welded specimens, it is obvious that FCAW produced the
better appearance. Along with the weld appearance, little cleaning is
required with the FCAW as compared to the short-arc method. Also, FCAW



1 )
2l

and 3)

is many times easier for the welding operator than the short-arc procedure.
With all things considered, FCAW would be the most efficient and
economical procedure to use. A preliminary welding procedure (WPS) is
attached in Appendix B for FCAW.

E. JOINT DETAIL SELECTION.

Houston Engineering has suggested three types of joint details for the
stiffener weld attachment:

Continuous Fil let Welds
Intermittent Fil let Welds
Full Penetration Groove Weld

E.1 Continuous Fil let Welds.

With FCAW, a continuous fi l let weld would be easy to accomplish. lt was
noticed in the lab that there was only a slight t i l t in the stiffener of less than
2o on the welded plates. Engineering is in the process of determining the
amount of weld required on the second side if a continuous fi l let weld were
deposi ted on side 1.

E.2 Intermittent Fillet Welds.

lf the spacing between welds is short (on the order of 15 cm or lessl
continuous fillet should be consrtlered over intermittent welds. lf the space
is large, intermittent welds could be accomplished simply by a switch that
the welding operator would control. This could also be accomplished with a
programmable controller that would automatically turn the torch on and off.

E.3 Full Penetration Groove Weld.

The full penetration groove weld design required the stiffener to have a 45o
feather edge preparation. Several attempts were made in the lab to obtain a
full penetration weld. None of these attempts were successful. With
O.889mm diameter wire, only 1 13 of the ioint was fi l led leaving 2/3
incomplete penetration. With 1.143mm diameter wire, there was a slight
increase in penetration leaving at least 5Oo/o with incomplete penetration.
Also with the groove detail, the stiffener ti l ted from 8 to 1Oo.

E.4 Selection of Joint Detail.

Houston Welding feels that a square joint would yield the best result. lf the
weld spacing on intermittent welds could be large enough, intermittent



welding would be best. otherwise, a continuous fi l let weld woutd be
desirable.

F.  SUMMARY.

To weld the stiffener weld attachment, GMA welding process would produce
the desired weld most efficiently. FCAW would be easiest for the welding
operator and would be most economical. A square joint detail with fi l let
welds wil l be the most desirable.



APPENDIX A

STIFFENER TO TUBE WELD DEVELOPMENT

Waldlng Operalor:

Descdplion:

Otho M. Richardson Dale: 9122193

Development of sliffener to tube weld. 4.76mm Sliffener on
3.175mm lhlck plale.
FluxCored and Solid Wire lesled. 3.175mm fillet weld,

W/O's Hl l181

Nole I Nolo Note 7 Note 7

Note 1: Voltage Increased to 10.7 near end of
weld pars.

Note 2: Bacllng bar with l.588mm radius
groovr.

Note 3: Flat copper bacllng bar.
Note 4: No puqe

943.
Note 5: 100% Nitrogen purge gas.
Note 6: Tri-Mix - 90Ar-7.5He-

2.5CO2.
Note 7: Staggarweld 5.1 on 20.3

gn..

6

Plale lD A(1) A(2) B(1) B(2) c( l) c(2) D(l ) D(21 E ( 1 ) F(1) G ( 1 ) J(l  ) K(1)

Mre Typo ShieldBrightShieldBrightSolid Wire ShieldBrightShieldBrightShieldBrighlShieldBrightShieldBrightShieldBrightShieldBdght Solid Wire ShieldBilght Solid Wre

Wirc Diameter (an) 0.889 0..889 0.762 0.889 0.889 0.889 0.889 0.889 0.889 0.089 0.762 0.6E9 0.762

Mode ol Transfer Globular Globular Spray Globular Globular Globular Globular Globular Globular Globular Short Arc Globular Short Arc

Shleldlng Gar lSAi-25CO2 75Ar-25CO2 98Ar-202 75AI-25CQ2 75Ar-25QQ275AI-25CO2 75Ar-25CO275Ar-25CO275AI-25CO2 75Ar-25CO2 Tri-Mix 75Ai-25CO2 Tri-Mix
:low Rate (crnh) 1 . 1 3 1 . 1 3 t . l  J . 1 3 . l J I . I  J 1 . t 3 1 . 1 3 1 . r 3 1 . 1 3 1 . 1 3 1 . 1 3 . t 3
\rc Tlmo (mlnutss) 1 . 1 0 1 . 1 1 0.95 1.05 1 . 1 1 .45 1.4 1 . 4

-englh of Weld (cm) 45.7 45.7 0 45.7 45.7 45.7 45.7 45.7 61 .0 6 1 . 0 6 1 . 0

Mre Fccd (crn min) 43.9 43.9 0 43.9 45.7 45.7 45.7 45.7 45.7 45.7 0

Weld Curent (amps) t4 l r35 0 128 154 147 147 156 1 5 1 144 0 145

Arc Volt! 23.1 23.2 0 23.4 23.1 23.3 z3. l 23.1 23.1 23.3 0 23

lravel Speed (sn/min) 41.7 41,7 41.7 45.7 40.0 43.4 41.7 42.2 43.4 43.4 4U.b

{sal Inpul (KJrcm) 4.70 4.52 4.32 4.67 4.27 4.68 5.20 4.9E 4.62 0.00
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AUTOMATIC WELDING DEVELOPMENT .  CIRCUMFERENTIAL
WBS 290

A.  BACKGROUND OF WELDING.

Beam tube modules wil l be 1 .22m in diameter and 3.1 75mm in thickness.
The circumferential butt welds wil l have square butt joint detail with zero
gap. The maximum tolerable gap would be 0.51 mm. These weld joints wil l
be welded in the 5G (horizontal) position.

A.1 Welding Background.

with the tube in a fixed horizontal position, 5G, a welding concept must be
util ized to travel around the entire circumferential joint. There wil l atso be a
height l imitation on the bottom of the tube to the foundation. This height
wiff be where on the order of 45.72 cm. The weld unit must be able to
travel within this space limitation. Along with the height l imitation there wil l
be a stiffener approximately 33 cm from the weld seam on both sides.

4.2 Fit-Up Background.

The fit-up equipment must be l ight in weight to allow workers to set the
equipment in place easily. Due to the number of these joints, approximately
800 (40O each site), it must be relatively simple to attach and be able to fit
the joint quickly. With the fit-up equipment in place, it must allow room for
the fitter to tack the weld joint.

The root gap plays an important role in the welding of these seams. The gap
must be as near to zero as can be accomplished. A gap of more than 0.5
mm would require extra care in welding. The misalignment of the tubes also
is critical. The fit-up equipment must also be able to align the tube so that
there is l i tt le or no misalignment.

A.3 Purge Background.

The back purge affects the amount of oxidation on the inside of the tube.
The purge must have a level of less than O.5olo oxygen. This purge system
must be easily installed and easily removed with the least amount of volume
to save costs on purge gas.



B. TUBE.TUBE AUTO WELD CONCEPTS.

Due to the precision and the repeatabil ity required for these welds the
Dimetrics Gold rrack l l was chosen and used throughout the welding
development.

8.1 Dimetr ics Gold Track l l .

The Dimetrics Gold Track l l is a synergic power unit that can sample the arc
voltage and maintain and change the arc voltage during welding. All welding
parameters are controlled by a control unit that can be programmed to
accomplish a wide variety of welding procedures. A preliminary welding
procedure (WPS) is attached in Appendix A.

B.1 .1  Pu lsed Arc  Weld ing .

This unit has the capabil ity to weld uding a pulsed arc technique. The
advantage of pulsing current over continuous current is that you have a
higher current level to melt the base metal and/or f i l ler wire and a lower
current level to progress the torch movement and keep the weldment from
sagging, also to keep from using an excessive amount of heat input that
causes shrinkage.

8.1.2 Synchronized Pulsed Arc Welding.

This unit also has the capabil ity to weld using a synchronized pulsed arc
technique. Synchronized pulse enables the welding operator to continue
using pulsed current, but the pulsing is synchronized with the torch
oscil lation movement. This enables the operator to command the extra heat
where it is needed and reduces heat input where it is not required.

8.1 .3 Track Descr ipt ion. ,  _

The track for the Gold Track consists of two halves. The two halves are
placed around the tube and tightening them down is all that is needed. The
tracks can be purchased in different sizes measured in diameters. Due to the
stiffeners, a slightly larger track size can be used with extended legs so that
the track can set over the stiffener. The welding unit will travel on this track
and the stiffener will not present any interference to the welding unit. With
a larger track size the travel speed at the track would need to be increased to
obtain the same travel speed at the torch.



8.2 Repair Procedures.

Repairs that wil l be encountered inctude weld pick-ups and complete
penetration repairs of weld joints and base material. Weld pick-ups, mainly
undercut, can be welded with manual GTA welding with ER3O8L fi l ler metal.
Complete penetration repairs can be repaired using a copper backing device
and welded with GTA welding with ER3OBL fi l ler metat. A pretiminary
welding procedure {WPS) for tacking and repairs is attached in Appendix B.

8.2.1 Welding Procedures.

A jack type device with a copper bar on one end wii l be used to keep
dimensional tolerances. The device wil l be placed inside the tube with the
copper bar, with a radius to it, pressed against the repair area. The welder
wil l then fi l l  the repair area with ER308L and the copper device removed.

8.2.2 Tube Dimensional  Tolerance.

This repair device wil l keep the tube from distorting when the repair area is
welded. without this device, the tube wall can suck back due to weld
shrinkage.

C. TUBE.TUBE FIT-UP CONCEPTS.

Due to what was stated.in A.2 above, the Deerman Chain Clamp is a
candidate for fitting these circum,ferential butt welds. The Deerman Chain
clamp offers a method of achieving quick, easy and precise fit-ups. lt can
align and reform the tube for accurate welding. No lugs, hammers, or
wedges are required. Jackscrews placed on the chain exert pressure on high
points to eliminate "Hi-Lo" as the tubes are fit together.

Because of the tight tolerances on the weld joint, this fit-up equipment can
easily keep the joint within tolerance with a minimum amount of work.

D. TUBE-TUBE WELD GAS PURGE CONCEPTS.

D.1 Weld Shielding Gas.

The shielding gas used during welding wil l be 600/o Argon I 4Oo/o Helium.
See Report for WBS 27O tor development and selection of this gas. The
GTA process wil l apply the shielding gas at approximately 1.27 cubic meters
per hour.



D.2 Purge Gas.

The purge gas system is sti l l  under devetopment. lt wil l be accomplished
using purge dams on either side of the weid joint or by an internal purge
doughnut ' lOoo/o argon will be used for the purge and the oxygen level willbe below o.5o/o. Approximately o.28 to o.si rt in *itt be need to assure thisoxygen levef.

E. SELECTION OF TUBE.TUBE CONCEPTS.

E.1 Auto Weld Selection.

The Dimetrics Gold Track l l wil l be used for the circumferential welding. lt
wil l uti l ize a larger track size, approximately 1.37m in diameter to attow room
for the stiffener to tube locations.

E.2 Fit-Up Selection.

The fit-up equipment is sti l l  under devetopment and the selection wilt be
made upon completion of this development.

E.3 Gas Purge Selection.

Purging will be done using purge dams or internal doughnuts on either side of
the weld. The details of these purge dams are stiil under development.

F.  SUMMARY.

The Dimetrics Gotd Track ll will be used to wetd the circumferential weld
joints. All welded repairs wilt use a jack-stand on the inside of the tube with
a copper bar for backing to maintain tube dimensional toterances. purge
dams or internal doughnuts wil l be used on the inside of the tube to maintain
an adequate purge. Fit-up equipment is under devetopment for use in the fit-
up of the welded joint.
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I..O PRO.TECTORGANIZATION

1.1 GEI\ERAL

The management plan is a combination of the efforts of CBITS, CBI Na-Con, CB&I
Corporate Services (Constructiorl Welding, Testing), and CBI Services.

The project team is involved in the design and qualification test portion of the
contract, and are familiar with the project. As a result, the normal learning curve
for a construction team will be minimized.

The Project Team assigned for the Option wilt be responsible for providing the
Construction Plan and updating the budget estimate for the Option.

Key elements of the Option portion of the contract are:

. In-depth planning of all aspects of a design-build effort. Planning has already
commenced and will continue through the design and qualification testing.
Preparation will be made to move immediately into the construction Option of
the contract upon authorization by Caltech.

. Assignment of qualified personnel. Great emphasis has been placed on utilizing
people with the pre-requisite skill and experience.

. (Jse of proven management and scheduling techniques in order to accomplish
the most cost efficient program. Project procedures will be developed
addressing each area of concern from administration through construction.

. Pre-selection of major suppliers. The design and qualification testing program
will facilitate the planning and start up activities.

. Implementation of a detailed quality assurance approach designed to promote
quality work and products and thus prevent costly delays in the field. A positive
attitude towards the quality program is essential to the product and the schedule.
The QA program will be tailored to the needs of the vacuum tube work as well
as the system and general contracting portions of the overall LIGO Project.

. Establish positive and effective lines of communications. With the work split
between two sites and the support coming from distant CBI locations such as
Plainfield and Houston, good communications procedures will be essential.

Page 1
November 10. 1993

L.I. G. O. PROJECT
CONSTRUCTION PI-AN

wBS 300



. Adoption of aggressive Sma]l & Minority Business Plans and Subcontracting
Plans to encourage and optimize minority, small, and women owned businesses
throughout the program..

. The establishment of a joint Quality Improvement Team (OIT). Caltech's
knowledge of the process and requirements developed over the years can be
interfaced with CBI's innovative design and construction techniques to provide
the best facility for the minimum cost. This arrangement needs to be established
during the next month to insure that the Final Report and Construction Plan are
in line with expectations.

. Provide accurate pricing estimates reflecting the processes developed in thel
design phase of the contract and input from Caltech in both technical andl
construction areas. I

L2 Overall Project Team

The Project Team for the Option will be organized as shown on Figure. 1.0. The
team will be directed by the Project Manager who will report directly to the Senior
Vice-President and Divisional General Manager of CBI Na-Con in Houston (if the
Hanford site must be union manned, this will be to the CBI Services Fremont
Construction office). The Project Manager will have direct lines of authority over
all of CBI's subsidiaries and divisions participating in the project.

1.3 On Site Construction Organization

It appears at this time that the basic project management of the program will come
out of the Houston Office. CBI will develop the minimum on site staff required to
accomplish the option work. If CBI is successful in bidding and obtaining contracts
for the other phases of work on the LIGO Project, the location for certain site team
members will be adjusted according to need.

It is anticipated at this time that there will be adequate time for the on-site staff to
move as a team form the Hanford site to the Uvingston site. This will allow
continuity in the program.
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t.4 Responsibilities

Individual responsibilities of the Project Team will be developed and tailored
around the unique needs of the LIGO Project at a later date. An example of the
type of write up for responsibilities is given below for a few of the key team
members.

t,4.1 Project Manager

The Project Manager is responsible for determining Caltech's requirements and
coordinating the efforts of the Project Team and CBI's overall organrzation to see
that all contractual requirements are met. The Project Manager is an essential part
of the communication flow for a project and all communication with Caltech will be
through the Project Manager. The Projects Manager's duties include the following:

. Serve as the focal point for communication with Caltech on all operational,
technical, and commerCial items.

. Furnish Caltech with all hardware and documentation required by the contract.

. Develop a Partnering effort between Caltech and CBI's resources. This effort
will involve the development of a joint team to work together to unite the best
elements of Caltech, CBI and it's suppliers using open and effective
communications, responsiveness and mutual decision making to produce a
quality product in a timely, cost effective, and safe manner that meets or exceeds
the project requirements.

. I-ead the project in planning, otranitzirrg, executing, ild controlling the project
activities essential for timely and satisfactory completion of the project. These
include:

Providing effective communications channels and proper liaison
throughout CBI's organization.

Recognizing CBI's contractual obligations and ensuring that they are
properly defined within CBI's organization.

Providing design and engineering services.

Page 3
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Providing procurement, expediting, inspection services, and
transportation of equipment and project materials.

Providing complete scheduling and other required administrative
services.

. Providing reports to CBI management.

. Providing identification of changes to the contractual scope of work.

. Obtaining Caltech's agreement with the scope of any contractual changes.

. Providing Caltech with progress information in the form of bar charts and
CPM schedules, progress curves, etc. to present a complete, accurate and
updated view of project status.

1.42 Project Engineering Manager

The Project Engineering Manager is responsible for the execution of all engineering
work on the project and will coordinate the flow of information between various
engineering departments and Caltech. While functionally reporting to the Project
Manager, he has direct lines of authority over the assigned engineering departments
within CBI, he reports to CBITS Manager of Engineering on technical matters. His
duties and responsibilities include:

. In cooperation with the Project Manager, prepare and maintain and
engineering schedule that will assure completion of the entire project on time.

. Coordinate and direct all design and engineering efforts in CBI's engineering
or ganization including subcontract work.

. Inte{pretation of contract specifications.

. Technical input to purchase requisitions.

. Production of drawings, bill sheets, specifications, and related instructions and
documents.

Resolution of technical uncertainties.

Direction of any engineering consultants.

Page 4
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Review of all vendor quotes and determination of equipment suppliers for all
major equipment.

Review and monitoring of designs for compliance with specifications.

Development of performance test procedures.

Determination of inspection requirements.

Preparation of operation manuals.

Coordinate the preparation, review and distribution of drawings with Caltech
and any appropriate agencies.

Coordinate engineering efforts of the Project Teanq CBI engineering
departments, suppliers, and subcontractors to be sure all involved parties
understand the concept, specifications, and detail drawings.

Act as focal point for questions and comments from Caltech concerning CBI
drawings.

. Expedite the approval process to avoid schedule delays.

1.4.3 Project Construction Manageg

The project Construction Manager is responsible for the construction portion of the
project. His duties and responsibilities include the following:

o Serves as the focal point for all construction and site related matters.

o Assist the Project Manager in the detail planning and organizing of. the project
(especially in the areas related to construction) including resource planning and
mobilization.

Implement a site safety program.

Is responsible for construction at the job site.

Page 5
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o Continuous monitoring of the schedule, furnishing progress repofts, and
coordination of scheduling problems with Project Manager.

o Preparation for and supervision of mobilization and preparation of site facilities
prior to actual construction work.

Establishment of a scope of work for CBI field personnel.

Providing day to day coordination among CBI's field forces and those of CBI's
subcontractors and other Contractor's on site.

. Serving as the first level manager to whom the site superintendents report.

o Providing required manpower and tools to build the project in liaison with CBI's
construction office and warehouse.

. Coordinates the use of all CBI furnished construction equipment.

. Managing the CBI Safety Program.

2,0 COI\TR,ACT ADMINISTR.ATION

2.I GENERAL

CBI will develop specific plans and project procedures to address the contractl
requirements for contact administration, the following topics will be addressed: I

Project Procedures Manual
Site Security
2.3.1 Entrance/Egress/Badgrng
2.3.2 Fencing
2.3.3 Specific Secure Areas
Insurance
2.4.1 Workman's Compensation
2.4.2 Uability
2.4.3 Bonds
2.4.4 All Risk Insurance

2.5 Project Documentation
2.5.t Correspondence
2.5.2 Requests for Equitable Adjustment
2.5.3 Contract Specific Requirements

Page 6
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2.7

2.6

2.5.4 Technical Documents
2.5.6 O&MManuals
2.5.7 Reports
2.5.8 Daily Ings
Accounting/Audits /Invoi cing
2.6.L Records
2.6.2 Banking & Credit
2.6.3 Sales & Use Taxes
2.6.4 Invoice Approvals
2.6.5 Invoicing Procedures (DD250)
2.6.6 Payment Office

2.6.7 Audits
2.6.7.1External
2.6.7.2Internal

2.6.8 Change Justifications/Back Up
Substance Abuse Program
2.7.L Standard Operating Procedures
2.7.2 Forms
2.7.3 Screening/Testing
2.7.4 EmploymentRecords
2.7.5 StateRequirements
2.7.6 Drug Free Workforce Rule

2.8 EEO Program
2.8.1 Minority Participation
2.8.2 Female Participation
2.8.3 Recruitment Sources/Records/Notices

2.9 Minority Subcontracts Program
2.9.1 Minority Owned Business
2.9.2 Women Owned Business
2.9.3 Small Business & Small Disadvantaged Business
2.9.4 Iabor Surplus Area Concerns

2.t0 Labor Policy
2.10.1 Payroll
2.10.2 Davis-Bacon Act
2.10.3 Department of l"abor/Records

2.ll Patents / Inventions / Rights
2.12 Changes/Modifications
2.t3 Certifications

2.13.L Non-Segregated Facilities
2.13.2 Clean Air & Water
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2.L3.4 Anti-Kickback Compliance
2.13.5 Lobbyrng
2.L3.6 Debarment
2.L3.7 National Science Foundation Compliance
2.t3.8 Americans with Disabilities Act

2.14 Local Permitting
2.15 Termination/Liability

3.0 MOBILIZATION PI,AN

3.I. GEI\ERAL

CBI will mobilize at the Hanford, WA site with the necessary manpower and
equipment to successfully complete the installation of the beam tube modules
according to the project schedule. Office facilities for the on-site construction
organization will be provided during the initial phase of CBI's construction effort.
After completion of work at the Hanford site, the same effort will be instituted at
the Uvingston, I-a. site.

CBI is presently making complete site surveys. This should be completed within the
next two weeks. At that time, more information can be gathered regarding local
conditions, labor, permit requirements, local contractors, etc.

Manpower requirements will be developed with the estimate and schedule asf
processes and equipment become more fully defined. I

32 FABRICATIONFACILITY

The basic plan calls for a tube section fabrication facility will be erected first the
Hanford then at the Livingston sites near the corner station at each site. The shop
size will be determined by the final decision on the most cost effective tube module
lengths to use, the number of and size of the equipment, and the production rate.
Drawing ER 03, Rev. 1 illustrates a typical layout for 20 meter long tube assembly
modules with various stations for fit up, welding, leak testing and cleaning that wlll
be required at each site. The facility will be a prefabricated metal building with a
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concrete floor and could be retained as part of the permanent installation. There
will be monorails running the full length of the fabrication shop for handling the
tubes during fit up, welding, leak testing and cleaning.

Outside receiving and storage areas have yet to be defined.

The final sizing of the building cannot be completed until the equipment design has
been finalized and the duration's for each activity has been determined for material
flow. This should be determined in November. The size presently under
consideration is 50'bv 400'.

One alternative to erecting a fabrication building would be to locate an available
shop in the area for lease. The handling problems associated with the fabrication
are concerned with length and storage, not weight. CBI is presently working with
the local real estate or economic development boards in the nearby communities to
locate available facilities.

3.3 ERECTION EQUTPMENT

Because of the relatively light weight of the tube sections the primary lifting
equipment will be 15-18 ton hydraulic cranes. Nylon slings would be utilized.

The tubes will be transported from the shop to the final installation area on small
four wheel trailers.

Standard CBI construction equipment lists are presently being developed forl
welding and general construction efforts. I

3.4 SPECTAL EQUTPMENT / TOOLTNG

Because of the unique nature of this project much of the equipment that will be
used to fabricate, erect, test and clean the cylinder sections will be designed and
built specifically for each application.

3.4.1 FABRICATION

3.4.1.1 STIFFENER FIT IJP

The stiffener station will be designed around the concept of a single lapped
joint as suggested by Caltech. This provides for the stiffener to be expanded
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oversize like a spring, positioned along the tube, the expansion released, the
lapped connection can be utilized to pull the stiffener tight and in contact with
the tube's outside circumferential surface. The lapped joints can then be
welded together without welding to the tube wall proper.

This station will have four support saddles with round up clamps built in. Two
of these will located near the tube ends and two at the third points. The
unstiffened tube will be initially set and rounded up on the inner saddle rings.

Sketches are attached showing this set up..

3,4.12 STIFFENER WELDING

The stiffener weld stand will contain the welding and purging equipment to
weld the stiffeners to the cylinder sections. The weld station will have four
weld heads, each mounted to move independently along the tube. The tube
will be mounted on a head-stock, tail stock system to accurately drive and
control the rotation for welding. The drive system will have integral purge and
sealing systems for to protect the inside of the tube from oxidation during
stiffener welding. One central rubber tired roll support will be used as a steady
rest to minimize distortion from dead weight deflection of the tube.

Sketches for this equipment are included.

3.4.I..3 E)PANSION BELLOWS FITTING & WELDING

The third station in the fabrication shop will be set up for fitting and welding
the e4pansion joints to the tubes. This will consist of a stationary frame with
movable purge dam. The purge dam will be inserted into the tube for purging.
The welding process will rotate around the tube to expansion bellows joinr

CBI has used several types of rounding and fitting devices over the years forl
standard pipe joints in the field. Dearman Company, a division of Cogsdilll

Page 10
Nonember l0,l993



:3-
G

F
U

=
=

?
ti95Q

UGe
fr

>
!g

=

E
F

8
-E

B
-

u
1

F=
<

zEU

-oo

I-o6ze

?o=0

Eoo=U

X
'u

U
d

=
o

*
*

fr
L

-
O

o
6

=
o

F
o

o
4

<
=

-
-

-
<

.
^

u
=

6
i

=
<

u
*

 -fr
E

F
E

-
E

d
!

4

2
d

u
6

p
s

a
=

_
F

J
=

=
1

 
.

-
o

 
!r{ 

!H
-

t
t

l
-

-
o

l-J
I E

 I s
E

t
=

9
=

E
o

-
l

*
-

o
o

LT
J 

I
F

-
l

-
N

-
<

J' 
I

o-

fi4z=oo-
a

4o=o



UN. POVIGREO TAILSTOCK
WTH TO. O POWEREO

TINEAR MOVEMENT

LIGHTWEIGHT MANIPULATOR
WTH POV\IEREO CARRIAGE TO SUPPORT

TWO (2) S€AM TRACKERS ANO ONE DUAL WR€ FEEOER
wPlcAL FOUR ('l) PLACES

PURGEVENT /our i
t /
t /
\  l f t --,nl]_
-- J=1"

NITROGEN
PURGE GAS

IN

I
I

I

I

POVVEREO HEAOSTOCK
wrTH tc-oPo/vEREo
LINEAR MOVEMENT

ELEVATION

./
UN. POWERED ROLLS TO SUPPORT PIPE

V\'}IEN HEAOSTOCK ANO TAILSTOCK ARE NOT IN PTACE
wPrcALTl/lo (21 PIICES

PI.AN

NOTE: BOTH HEADSTOCKANDTAILSTOCK SHALL HAVE SEALING SURFACES
TO FACILITATE PURGING OF PIPE AND ROTARY ELECTRICAL CONNECTIONS FOR WELDING WORKPIECE LEADS^

LIGO
STIFFENER, WELDINC FTXTUNA

GENEMLCONCEPT



L.I. G. O. PROJECT
CONSTRUCTION PI-AN

wBS 300

Tool Products recently demonstrated the Dearman Chain Clamp. This
lightrveight device will provide the means for matching up the in and out
surfaces without regard for roundness. CBI is researching the use of the
Dearman Rim Clamp. This fixture rounds the tube but is not as easy to work
with in matching up local deviations. It also weighs 600 pounds. Efforts are
being made to obtain both devices in the 48" size to test in the Houston Iab.
Once the tests are complete, an evaluation of the specific equipment that will
best suit the needs of thin walled, large diameter tubing can be made. CBI is
also testing our own design ring.

3,4.1,4 VACIJIIM PORTS

There will be a location out to the side of bellows station for installation
vacuum ports in selected cylinder sections.

The equipment for this process is yet to be developed, but lies within CBI's
present expertise to devise. This will involve an internal f external box set up to
allow for stiffening, fitting and welding in an inert environment.

3.4.1.5 LEAK TESTING

The next station in the shop will be for leak testing the completed tube
sections. There will be three or four (the actual number will be dependent
upon the pump down rate achievable and the results of the qualification
testing) stands, each with its own vacuum test equipment, set up so that several
tube assemblies can be tested simultaneously. There will also be a leak repair
station located out to the side of the test stands.

The leak test stations are presently under design by CBI at Houston. Attached
are sketches indicating the present status of design. The hood test stand is
composed of a hinged cover and end seal assemblies with attached multiple
stage high speed pump system, gauging, analysis, leak testing, and calibration
equipment. The equipment will designed to accomplish the pressure level
required to achieve system sensitivity in two to four hours.

CBI procedures will list all of the equipment required for testing. Planning
Procedure LIGOTP provides a guide for the requirements. Procedure
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HMST1N addresses helium mass spectrometer hood testing of the beam tube
can sections.

All purchased equipment items shall be specified by CBI to be helium mass
spectrometer (HMS) leak tested using a technique and equipment that will
enable the manufacturer of that equipment to achieve a total leakage rate of
less than 2xlo�rz atm. cc/sec of helium. If the manufacturer cannot achieve or
meet this requirement, CBI will purchase the item contingent upon the item
meeting this requirement when HMS tested as part of the overall test set up.
This requirement is a concern to CBI because state of the art capability of
most manufacturers does not normally exist in this test sensitivity range. CBI
will continue to pursue and investigate all potential sources on a world wide
basis.

3,4.1,6 CLEANING EQUIPMENT (IN FABRICATION AREA)

CBI continues to investigate various design configurations of automaticl
rotating spray equipment. A photograph of a guided pipe spray cleaning headl
manufactured by Chemdet is included. I

The cleaning station will have to be a self contained system with provision for
capture and/or recirculation of the chemical cleaning agents. CBI has
solicited input from contractors and companies in the cleaning business for
suggestions in this area to assist in the design.

This will be production line cleaning as opposed to CBI's normal single vessel
or batch cleaning processes.

CBI will utilize it standard cleaning solution storage and pumping system. A
drawing is attached.

3.42 ERECTION

The special erection equipment that will be necessary to assemble the cylinder
sections into the beam tube module will be located on rails that will be
embedded in or surface mounted on the concrete slab underneath the full
length of the modules. There will be a clean room facility riding these rails
that will have a change room, transition room and work room with purge
equipment and baffle storage which will be positioned at the end of the
module as the cylinder sections are being added. There will also be a
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horseshoe shaped enclosure that will ride of the rails and provide protection
for the cylinder joints as they are being fit and welded. A similar enclosure will
be used for the vacuum test equipment that will be used to leak test these
searns after they are welded. Attached is a sketch illustrating this
arrangement.

The design continues on this equipment, pending input from outside suppliers. I

Caltech should note here that embedded or surface mounted rails are not inl
their present plans according to documents now at CBI, this needs to bel
addressed further. I

3.4.3 TESTING - FIELD WELD JOINTS

CBI will design and build the external test box evacuation enclosure, and the
internal combination purge gas dam/tracer gas test hood and associated
equipment to leak test the cylinder sections of the field welded seams joining
the tube assemblies together. This is normal CBI state of the art work.

3.4.4 CLEAI{ING.GENERAL

There is some discussion about the advantages and disadvantages of having the
tube supplier provide a pickled product to the site. The concern for oxidation,
welding discoloration (heat tint), hydrocarbon and iron 6e6amin&tion is great.
A possible bake out of the tube prior to assembly might solve the problems
addressed by Caltech regarding hydrogen that might be trapped or created
(would outgas during tube testing/operation) in the tubing material as a result
of pickling with dilute nitric and hydrofluoric acids. One potential tube vendor
pickles as a standard part of their process. The cleaner the tubes are at the
point of entry in the fabrication process, the easier the precleaning before leak
testing and final cleaning operations will be.

3.5 OVERALL SIIE COORDINATION

In order to maintain the schedule and adjust for any unexpected occurrences,
site coordination during the installation of the tube assemblies will be of utmost

importance. Responsibility for overall site coordination needs to be decided
early on.
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Construction power will be provided from the permanent power substation
located near the corner station at each site. Additionally construction power
will be provided at the end and mid point stations at Hanford and at the end
stations at Livingston. Portable generator units will be provided to supply
power along the length of the beam tube modules as they are being assembled.
Water will be provided at the corner station on each site. CBI will provide the
necessary power panels to pick up construction power at 440 volts.

3.5.2 ROAD ACCESS

Road access will be provided along the outside of the L shaped legs of the
beam tube modules for moving the tube modules, lifting equipment, etc. into
place. The welding.and power generation equipment will be trailer mounted
and will move along the inside of the legs as the assembly progresses.

3.5.3 SHARED HANDLING EQUIPMENT

To prevent crowding of the work area" before any equipment is brought onto
the site, an investigation will be made regarding the need for the equipment
and if there is already equipment on the site that can be shared.

3.5.4 OTIIER CONTRACTORS

CBI would prefer coordinate the work of atl contractors on the site to providel
for the efficient completion of the project. This must be addressed at a laterl
date I

PROCIJREMENT PI,AN

4.L General

CBI will develop a procurement plan to address the following items, concerns, and
requirements:

4.2 Programf P.O. Provisions
4.3 Major Suppliers

Page 14
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4.3.1 Tube Sections
4.3.2 Expansion Bellows
4.3.3 Stiffeners
4.3.4 Baffles

4.4 ConstructionEquipment/Facility
4.5 Requirements for Notifications, Consent, or Approvals
4.6 Authorization
4.7 Expediting
4.8 Pricing & Analysis Requirements
4.9 Value Engineering
4.10 Use of Government Facilities by Subcontractor
4.Ll Transportation Damage & l,oss Claims
4.L2 Supplier Corrective Action Requests
4.t3 Disposition of Rejected or Damages Incoming Supplies
4.14 Stop Work Order
4.15 FederalAcquisitionRegulations

4.L5.1 Contract Specific Pass Through Requirements
4.15.2 Law of the I-and Requirements

4.L6 Government Furnished Equipment/Inventory
4.17 Release of Lien
4.18 Certification of Compliance
4.19 Termination/Uability

5.0 STJBCONTRACTING PI"AN

CBI will develop a site and job specific plan for handling the subcontracting effort
required. It will address the following guidelines:

5.1 SubcontractProvisions
5.2 Major Subcontract Areas

4.2.L. Cleaning
4.2.2. Security

5.3 Federal Notification

6.0 FABRICATION PI,AN

6.L General
The process flow for fabrication will follow the logic indicated on the LIGO
Process Flowcharts presented at the last meeting and included here for

record
added to this write

purposes. As specific procedures are developed, they will be
up.
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62 Fabrication Sequences

6.2,1 Stiffener Fitting Station

The tube section is moved from outdoor storage to the Stiffener Fit up
Station utilizing the monorail system and placed on the inner fit up saddles.

One-half of the expanded one piece stiffeners will be placed around each end
of the tube with the middle third of the stiffeners bunched up just outside of
the inner fit up saddle rings. The tube is then supported on the outer fit up
saddle rings and the inner rings are removed so that the remaining stiffeners
can be slid into position. With the tube rounded up by all four support saddles,
the stiffeners are final positioned and the fit by removing the slack, pulling the
joint tight and welding the lap splice and a bead along the outer perimeter of
the lap. There is no welding to the tube at this station.

622 StiffenerWelding Station

The tube is moved via the monorail system to the Stiffener Welding Station
and loaded onto temporary saddles. The head stock and tail stock are
moved into positioq holding and sealing the tube ends. The interior is
purged with inert gas. Allowing5D%o of the time for set up and utilizing
four weld heads, a production rate of trro tubes per shift per station is
anticipated. After welding, the head and tail stocks are removed and a
visual inspection is performed to insure there has been no burn through.

62.3 Expansion Bellows Fitting &Welding Station

The tube will be moved via the monorail system to the next station and set
on the stationary frame support.

The circumferential joint fit up clamp is placed around the tube then the
expansion bellows is set into position utilizing the monorail.

The purge dam will be inserted into the tube, expanded around the weld
seam and the volume immediately behind the weld will be purged with an
inert gas mixture for welding.

The joint will be welded in accordance with the approved weld procedure
in a stationary position.

Page 16
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After welding and removal of the equipment, the joint will be given a visual
inspection.

While at this statiorl the interior of the tube will be black light inspected
and precleaned as required in accordance with approved procedures to
eliminate any hydrocarbon contamination.

62.4 Inak Testing Station

The tube assembly will be moved by monorail to one of the Irak Testing
Stations and place in the hood assembly. The vacuum testing will be
performed in accordance with the approved leak test procedure.

In the event the assembly fails the test, it will be removed to the side,
repaired, retested, and inspected.

An alternative that would permit the following cleaning operation to be
performed prior to leak testing is presently being explored. CBI will advise
on this later.

62.5 Cleaning Station

The tube assembly will be moved by monorail to the cleaning station and
placed into the cleaning canister. Cleaning will be done in accordance with
CBI Procedure CL1N, based on the recommended agent, Oakite 33. CBI has
recently been advised that a neutralizing agent is now available to render the
Oakite 33 environmentally harmless, this is being explored further.

CBI Procedure CI-ALT lists the additional agents and tests required to qualiff

an alternate agent. This is desirable, not only environmentally point, but also
from a personnel safety point. Cleaning agents to be reviewed include Simple

Green, Mirachem 500, Triton 100, OakiteDZl- Diversey Wyndotte Aerowash,

and Pierce RBS-35 Concentrate.

The tube assemblies will be sealed with plastic covers for interim storage
and transpolt to the erection area for installation in the module.

62.6 Baffles

There is some discussion at this time addressing the timing on installation
of the baffles. It may be possible to install the baffles after cleaning and

Page l7
November 10, 1993



7.0

L.I. G. O. PROJECT
CONSTRUCTION PI-AN

wBs 300

before capping the ends for storage andf or transport. This will not be
resolved until the various pieces of welding, fitting, and purging equipment
are resolved for the erection portion of the work.

TRANSPORT

General

Transport and coordination of the tubes from the vendors will be a very
demanding and delicate matter. CBI does not plan to have the vendor stock pile
more that a two or three week supply. CBI will provide for the same at the site.

Plans will be developed to address the following items:

7.2 Incoming
7.3 On Site

7.3.1 Equipment

8.0 ERECTION PI,AN

8.1 GENERAL

In order to best utilize the special equipment for the installation of the beam tube
modules, CBI will work two 40 hour shifts each week during the assembly of the
modules. There witt be two clean room setups so that two tube sections can be
installed simultaneouslv.

82 PLACEMENT

The tube assemblies sections will be cleaned and sealed before leaving the site
fabrication facility. They witl be kept clean during all subsequent operations in the
installation process. Sealed sections witl be hauled to the beam tube module on
trailers and supported between the rails very near its final position. The leading end
of the section wilt be supported on the permanent support and the trailing end will
be on a temporary support or supported by a clamping device on the previous
section. Handling will utilize a hydraulic crane and nylon slings with a spreader
device to spread the load. These must be adequate room along the access road to
manipulate the crane, the load, the portable power sources and the clean rooms.
There will be little room for other construction activities at this point.

Page 18
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te couet ouetl
the tubes. CBI's opiniorl at this time, is that it should be done as soon as possible tol
avoid exposure to any unexpected accidents and the elements. I

8.3 WEATIIER PROTECTION

After the cylinder section is in position the clean room will be rolled up to the
leading end and sealed to it. The horseshoe shaped enclosure will be rolled in
position over the trailing end of the section to be installed and sealed to both it and
the previously installed cylinder. After the cylinder section is sealed between the
clean room and the previously installed portion of the beam tube module, the
protective sealing covers that were installed in the fabrication facility will be
removed so that final alignment, fit up and welding of the new section can proceed.

8.4 CLEAN ROOM

The clean roor& as well as the two horse shoe shaped enclosures, (one for fitting
and welding and the other for leak testing) will be mounted on rails that are
embedded in the concrete slab beneath the beam tube module. The clean room will
be a movable enclosure with a change room, a transition room and a work room
with a sealable opening for the end of the cylinder section being installed. The work
room will contain the necessary equipment for purging the inside of the seam during
fitting and welding and the leak test equipment necessary for the inside of the seam.
It will also have a place for baffle storage, since the baffles will be installed after
leak testing of the closure seams between cylinder sections. The workroom will also
contain air quality monitoring equipment and communication equipment to the two
enclosures.

Procedures have been developed to address access control, final cleaning and
testing. The interior of the tubes will be classified as a confined space due to limited
exit and inert gas usage

There will be forced air system 
-x 

the beginning of the module. This will provide
filtered, dry air through the tube at all times and maintain a positive pressure to
prevent infiltration.

8.5 ALIGNMENT

The following is a summary of CBI concerns relating to the alignment. A fuIl report
will be prepared on this subject for the Option package.
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Chicago Bridge & Iron Company is experienced and equipped to perform the
alignment activities required to meet and exceed the requirements demanded in the
I-aser Interferometer Gravitational Observatory (LIGO) project for Caltech. CBI
has developed and performed alignment techniques for both private and
government projects that parallel the LIGO needs.

This project will require optical tooling procedures and equipment that use the
visual line-of-sight methods. Alignment lasers and related equipment will not be
accurate in this activity due to the distance of shot, closeness of equipment, and
exposure to atmospheric conditions. Light bends in relationship to these concems
and the laser beam will disperse at distance, be affected by the proximity and
temperature of the tube assemblies and effected by weather conditions. Visible
light is less altered by these same effects and optical tooling provides the ability the
quanti$' displacement, provides greater accuracy at these distances, and is extremely
versatile in the these conditions.

The LIGO Project requirements consist of the ability to install the tube assemblies
in a three dimensional envelope over a distance of 8 kilometers [4.9 miles] with a
90'turn in the center. This "L" shaped arrangement with legs reaching out at a 4 km
distance requires an instrument with an accuracy of a minimum one second of an
arc over each 250 meter section. Tube supports will be individually aligned at just

over L2 meter intervals [40 feet]. A reference monument will be placed at each250
meter interval and will serve as a datum for a smaller proposed "Alignment Block"
that serves as reference to each tube support.

The tube sections will be placed in two dimensional references of which "X" and "Y"

dimensions will be measured from the reference monuments and alignment blocks.
Both references can be determined by optical tooling, however the elevation ("Y")
reference may best be measured using a level indicator. This will provide an
accuracy of better than + 1 mm and will require little maintenance. The system can
be filled with light oil and use a heated recirculating system to equalize the
temperatures for accurate readings over the I km distances. Each tube support
would include a sightglass and reference point. Using a micrometer with a direct
measuring microscope, and accuracy of + 0.1 rrm can be obtained. If a tilting level
equipped with an optical micrometer is used, an accuracy of 0,025 mm can be
achieved. The "Y" dimensions will be calculated to correct for the effects of gravity.
This method of reference will decrease by half, the manhours required for
alignment inspections.

The "X" directions for the LIGO tube sections will be referenced from the
monuments and blocks using optical tooling equipment and procedures. The

Page2o
Nonembcr 10. 1993



L.I. G. O. PROJECT
CONSTRUCTION PI-AN

wBs 300

procedure of long angular positioning and short lateral adjustment is the proven
method for establishing long, accurate lines (within the accuracy required by LIGO).
These series of alignment set-ups, shots, field checks, and re-shots will provide an
accuracy that meet the + 2.5 cm positioning requirement for each 250 meter of
tubing.

CBI will begin by determining the effects of the LIGO equipment on close-in optical
line-of-sight procedures. The distance from the tube section to the reference
monument (& alignment blocks) must be determined through testing. This is done
by measuring the effect of a large obstruction near the projected line-of-sight (LOS).
The control instrument (a Paragon Jig Transit mounted with an optical micrometer
is suggested) is mounted and shoots over a distance to a scale for a displacement
reading. An obstruction, similar in size to a LIGO tube sectiorl is moved to within
one meter of the LOS. A displacement reading is taken by the control instrument
with additional data regarding air temperature, obstacle surface temperatures,
instrument stand temperature, humidity, barometric pressure, etc. and recoided for
data. The obstruction is moved a distance away for the LOS and another
displacement reading is taken. This is repeated at different intervals and
temperatures with data taken at each obstruction location. Once the obstruction no
longer effects the displacement readings, the distance will equal the minimum
required from the tube section to the monument/blocks. The additional data
regarding the effects of distance, direction and climatological conditions must be
considered for repeatability. This information will determine test times and
schedules for alignment activities for the LIGO project. Normally alignment
activities are best suited for early mornings from 2:00 to 6:00 a.m. when temperature
stabilization is best and local heating effects from sunlight is not factor. Additional
correction factors and instrument deviations are determined in these tests in
relation to operators and equipment condition.

The design for reference monuments and alignment blocks will be typical in regard
to previous CBI projects. These will be standardized to provide interchangeable
equipment; versatility for initial installation; and adjustable for periodic inspections.
Each monument detail must provide hard points for "X'and "Y" references that will
be used to position tube supports. An attachable means of adjustment and
measurement will be used for determining displacement between inspections in

order to monitor facility movement./ Incking bolts and possible dowel pinning of
slides also be necessary for future use and inspections.

After the alignment of monuments and blocls, the method of measurement for "X:

and "Y" dimensions from the references to the tube will be performed by means of
micrometers and optical tooling. The elevation ("Y") can be measured in the same

Page2l
November 10. 1993



L.I. G. O. PROJECT
CONSTRUCTION PI.AN

wBs 300

manner as a sightglass or a monument reference is used. The most accurate method
is a tilting level equipped with an optical micrometer. Measured to a reference
point on the tube outside diameter or a reference plate welded or attached to the
tube and projected beyond the insulatiorl the "Y" dimension may be measured
within the 0,025 mm range. The "X' dimension is measured from the reference
monument or alignment block by means of a "stick micrometer" from the reference
hard point to the tube outside diameter or a reference plate welded or attached to
the tube and projected beyond the insulation. This means of measurement will
provide arange of accuracy of 0.25 mm.

CBI has the equipment in-house and the experience needed to perform the
alignment of the LIGO project at both sites, simultaneously. The engineering and
manufacturing of alignment fixtures can be completed in short order and this
activity is within the realm of CBI's long tradition of performing and excelling in
special projects.

An alternate 3-D system is also being evaluated.

8.6 FIT & WELD PROCESS

When the alignment is complete, a purge collar will be installed on the inside of the
seam to be welded and the fitting and welding of the joint will be accomplished from
the outside using the tungsten inert gas process. When the welding is complete, the
purge collar will be removed from the inside of the seam and the necessary inside
leak test equipment will be installed. The leading end (clean room end) of the
beam tube module will then be resealed and the clean room and horseshoe shaped
enclosure with the welding equipment wilt be moved down the track to make way
for the next cylinder section to be installed.

8.7 IESTING AND INSPECTION

Once the horseshoe shaped welding enclosure is out of the way the leak testing
enclosure will be rolled into place in preparation for leak testing. After the next

cytinder section has been sealed between the clean room and the welding enclosure,
access to the inside of the tube is again possible and the inspection and leak testing

of the seam will be accomplished.

Procedure HMST2N deals with the helium mass spectrometer hood testing of the

closing weld joints between tube cans.

8.8 CLEAIVING
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After the leak testing is complete and the inside equipment has been moved to the
next seam to be tested, this cylinder section will be carefully inspected for
cleanliness, cleaned as necessary, and the baffle for this cylinder section will be
installed.

8.9 SEALING & SECTJRITY

There will be a moveable seal that will be installed at the leading edge of the section
after it is cleaned. This seal will progress down the tube as it is assembled and will
serve notice that the area behind it has been completed and cleaned. The seal will
be a donut shaped collar with a one way valve in it to allow clearl dry air to flow
from the air supply unit at the end station (starting point of beam tube module
assembly) toward the clean room. A positive pressure will always be maintained
inside the module with air flowing from the end completed toward the end being
worked.

CBI is presently developing the positive air flow system jointly with companies in
that specific business.

9.0 OUALITY PI"AN

Attached is a draft copy of the QA Manuals based on ANSI/ASQC Q91-1987 (ISO
9000). CBI has been using this quality system at overseas locations for several years.
Within the last year CBI developed a manual for use in the US but has not yet
implemented it for contracts in the US. This quality system manual addresses the 20
points of ANSI/ASQC Q91-1987 which are:

Management Responsibility
Quality System
Contract Review
Desigu Control
Document Control
Purchasing
Purchaser Supplied Product
Product Identification and Traceability
Process Control
Inspection & Testing
Inspectiorl Measuring, and Test Equipment
Inspection & Test Status
Control of Nonconforming Product
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14. Corrective Action
15. Handling, Storage, Packaging, and Delivery
16. Quality Records
17. Internal Quatity Audits
18. Training
19. Servicing
20. Statistical Techniques

This quality system manual is used for all classes of work performed by CBI including,
for example, welded components, electrical systems, mechanical work, concrete, etc. It
is CBI's intention to adapt this quality system manual into a contract specific manual for
the LIGO project. Some changes will be required to adapt the manual for the LIGO
project including orgamzational interfaces, and the applicable ASME Section VIII
Code requirements.

CBI's quatity system is a three tier system. The first tier consists of a documented
quality assurance manual (aeU). The QAM provides a description of the quality
management system in place which is used to administer the twenty points indicated
above. The QAM describes general policy but does not provide significant detail in the
operation of the quality system.

The second tier of the quality system consists of quality assruance procedures (QAP's)
which provide specific details on how the quality system is administered.
Responsibilities and documentation requirements are assigned in the QAP's. The

QAP's are related to the appropriate section of the QAM. For example QAP's for
Section t7 of. the QAM (which involves internal auditing) will be designated L7.1, L7.2,

etc.

The third tier of the quality system consists of specific procedures required for the
contract. These procedures are used to provide detailed work instructions necessary to
perform specific operations. Examples include welding procedures, examination
procedures, testing procedures, and contract record procedures. For the LIGO project,

these procedures would include those for Qualification Testing (Of1.

In addition to the three tiers noted above, CBI also has developed a substantial number

of standard procedures known as "Red Book" procedures. These procedures establish
methods for performing routine operations and are used by CBI organizations
throughout the world. When available, these procedures are referred to in the QAM or

QAP's as the method of control in place.
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CBI also uses specialized quality plans or checklists to sequence and control operations
for a contract or portions of the work.

1O.O SAFETY PI-A,N

1.0.I. SAFETY GEI{ERAL

CBI is vitally interested in the safety of its personnel. The loss that usually accompanies
injuries can be avoided by diligent safety efforts of supervision. Safety is a part of
everyone's job, and Production With Safety is the Company's philosophy. CBI operates
on the basis that accidents are preventable and believes that the direct control of
accidents must be carried out by field supervision. It is the responsibility of CBI, through
the safety department, to establish and maintain the overall company safety program.

Included is a draft of the overall Safety Manual for the LIGO Project.

10.2 SAFETY RESPONSIBILITIES

IO2.I SITE MANAGER RESPONSIBILITIES

The Hanford Site Manager and the Livingston Site Manager have the overall
responsibility for accident prevention at the respective sites. They monitor the
job site personnel, equipment and procedures being used to insure all
operations are carried out safely. They are responsible for establishing all
work methods and operational procedures. They provide the foreman with the
necessary equipment, procedures and instructions for each specific task.

IO 2.2 SITE SAFETY ST]PERVISOR RESPONSIBILITIES

Each site will have a Site Safety Supervisor whose responsibilities include:

a. Assisting the Site Manager in training of construction personnel in safe
work practices.

b. Reviewing the weekly safety questionnaire from each work area.
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c. Personal inspection and reporting of all accidents and incidents, with
evaluations and recommendations to the Site Manager, District Safety and
Corporate Safety on how to prevent such accidents or incidents in the future.

d. Preparation and submission of periodic reports on the status of safety on
the site to the Site Manage, District Safety and to Corporate Safety.

e. Visit all work areas on a regular basis. During the visit, audit the safety
performance and review any noted deficiencies with the foreman or area
supervisor.

f. Act as a consultant of safety matters for all project personnel.

g. Oversee the safety related activities of the subcontractors.

t0 2.3 DI STRTCT/CORPORATE SAFETY RESPONSIBILITTES

The responsibilities and duties of District and Corporate Safety include:

a. Formulating, administering and making necessary changes in the
Accident Prevention Program with the approval of management.

b. Preparation and submission of regular periodic reports on the status of
safety in the company.

c. Acting in an advisory capacity to management, supervision, purchasing
and engineering on all safety matters.

d. Investigation of all fatal or serious accidents. Investigation through the
Site Safety Supervisor of reports on all accidents or incidents and checking
corrective action taken to eliminate future occurrences.

e. Supervising the safety training of employees through the Site Safety
Supenrisor.

f. Making personal inspection with the Site Safety Supervisor for the
purpose of evaluation the on-site Accident Prevention Program.

g. Help initiate and supervise activities that stimulate and maintain the
interests of employees in safety.
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h. Maintains the Company's Safety Program up-to-date by being well
informed through outside professional contacts and involvement in
professional safety organizations such as the National Safety Council,
American Society of Safety Engineers and the Steel Plate Fabricators
Association.

10.3 SAFETY PROGRAM

CBI vrilt develop a Project Safety Program modeled after its standard Project

Accident Prevention Program and the Associated General Contractors Safety
Program. This will be developed and presented as a draft manual and will include

the following items:

L. I. G. O. SAFETY MANUAL

1.0 - Safety Policy Statement
2.0----- --------Safety Responsibilities
3.0--------- --SafetY Program
4.0--------- -- Motor Vehicles
5.0--------- Correcting Safety Violations
6.0--------' ------------Accident Reporting

Occupational Disease
Medical Facilities

Housekeeping and Sanitation
10.0 -----Personal Protective Clothing & Equipment

Material Handling and Storage
12.0 ------ ------------Control of Ionizing Radiation

7.0
8.0
9.0

13.0
14.0
15.0
16.0
L7.A
18.0
19.0

entilation
Lighting

Fire Prevention

20.0
2L.0
22.0
23.0

----Electrical Wiring and Apparatus
Hand and Power Tools

Equipment Maintenance
Ufting Equipment

----Conveyors and CablewaY
Sca^ffolds, Platforms, and I-adders

Abrasive Blasting & Painting
Earthmoving and Handling Equipment

Protection
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Excavations
Trenching & Shoring

Pipelines
Demolition
Pile Driving

30.0 ------- -Tunnels & Shafts
31.0 ------- -Boilers
32.0 ------- ---Unfired Pressure Vessels

25.0
26.4
27.0
28.0

35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0

33.0 -----------
34.0 -----------

Explosives
Welding and Cutting

--- Steel Erection
----- Concrete Construction

Floor and Wall Openings
- Road Buildings

--Quarries and Gravel Pits
Mobile Asphalt Plants
Railroad Construction

Marine Equipment
Subcontractors and Suppliers

Regulatory Compliance
--F{azar d Communication Program

-Inspection Check List
-------Blank Forms

1I..0 ENVIRONMENTALPI,AN

CBI has received Caltech's Environmental Assessment of the Hanford Site and is
presently reviewing it. CB&I Colporate has produced the General Conditions of
Environmental Plan to address the following issues:

11.1 Site Documentation/Contamination
lL.z StormwaterPermits
Ll.3 Hazardous Materials Handling

11.3.1 Storage
t1.3.2 Disposal
11.3.3 Manifest

Il.4 RegulatoryInspections
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11.5 hcal/StatePermits
11.6 Surface DrainagefOutfall Discharges
Ll.1 Sanitation
11.8 Training & Documentation
LL.g EmergencyCommunications
11.10 Spill Prevention

11.10.1 Contamination
1,1.10.2 Control
11.10.3 Records
11.10.4 Response Plan

11.11 Chemical Hygiene Plan
Ll.Lz Fuel Storage/Handling

r2.0. SCHEDULE & COST ENGINEERING

Y2.1 CPM Software

A preliminary schedule is attached to show the format of the TEXIM scheduling
software in the barchart mode. Caltech's schedule indicate starting erection of beam
assemblies only after all assemblies have been fabricated. CBI proposes that this be

reviewed to permit the immediate placing of assemblies after fabrication. Space is a
premium. The overall impact of tube delivery, fabrication and erection timing and

sequencing is presently being evaluated.

Development of reporting formats should be resolved prior to exercising the Option

portion of the contract. This witl result in a minimum number of reports that will be

useful to both organuations for control of the work. The following items should be

considered:

12.2
12.3

Update Timing
Progress Reporting
L2.3.1 Format
Submittal Control
Weekly Schedule Meetings
Short Term Schedules

12.4
12.5
12.6
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Earned Value/Progress Payment Evaluation
Dual Site Coordination

A preliminary construction WBS and network is being developed for the Option. This
WBS is based on the'LIGO Process Flow" document presented at the last meeting
combined with some of the detailed construction preparation activities required for
mobilization and preparation to begin work.

12.9 WORK BREAKDOWN STRUCTURE

A preliminary construction WBS and network is being developed for the Option. This

WBS is based on the'LIGO Process Flow" document presented at the last meeting

combined with some of the detailed construction preparation activities required for
mobilization and preparation to begin work.

The purpose of the WBS is to provide the means for controlling the Option Phase of

the L.I.G.O. Project. It is applicable to all tasks and all CBI departments involved with

the Option.

12.9.T WBS WORK LEVELS

T2.9.1.1 WBS LEVEL ONE

The Beam Tube Fabrication and Installation work is item 2.4 for the Hanford
site and 3.4 for the Livingston site. These are the first levels of the WBS.

12.9.1.2 WBS IT,VEL TWO

The second level of the WBS indicates the major task groupings:

Hanford site:

12.7
12.8

2.0.0
2.4.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.6

Mobilization & Special Equipment
Off Site Engr. & Procurement of tubes and material
Off Site Engr. & Procurement of stiffeners and material
Off Site Engr. & Procurement of expansion bellows
Off Site Engr. & Procurement of vacuum ports
Site Assembly of Beam Tube Module
Erection of Beam Tube Module
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3.0.0
3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6

13.0 DEMOBILIZATION

13.1 EQUIPMENT

Mobilization & Special Equipment
Off Site Engr. & Procurement of tubes and material
Off Site Engr. & Procurement of stiffeners and material
Off Site Engr. & Procurement of expansion bellows
Off Site Engr. & Procurement of vacuum ports
Site Assembly of Beam Tube Module
Erection of Beam Tube Module

12.9.1,.3 WBS LEVEL TI{REE

The third level of the WBS will identiff the components and tasks required under
each second level item. The third level is the summary schedule issued to report
progress and assemble costs. All man hours, expenses, and purchases shall identiS
the appropriate third level item number. The third level will be so defined as to
provide traceability to unique tube module units, this is shown as the ")ox" number
location in the example below.

An example of this level is as follows for the Hanford Tubes:

2.4.1.wr,.I Prep. of Engineering Material Specifications and Bill Sheets
2.4.Lw..2Order Material for Tubes
2.4.1.toor..3 Mill Roll Material
2.4.L;rpt.4 Mill Bake out of Material
2.4.1 wr,.S Specimen Outgas Testing
2.4.1w..6 Ship to Tube Fabricator
2.4.1mr..7 Fabrication of Tubes
2.4.1wt.8 Ship to Site

A full CPM plan is presently being developed along this line.

Upon the completion of CBI's work at the Hanford Site, all construction equipment
will be removed transported and reassembled at the Uvingston site. Following
completion of the work at Uvingston, all equipment will be removed.
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132 BTIILDINGS

All temporary construction buildings will be removed from the job sites when CBI's
work is complete. The tube fabrication buildings can be left as part of the
permanent installation if Caltech agrees. If not, the building will be removed and
the slab broken up and disposed of in accordance with the Environmental Plan.

1.3.3 PERSONNEL

CBI will maintain the necessary supervisory personnel at each job site until alt CBI
work has been completed and accepted by Caltech.

L4.0 COMMISSIONING ACTTVITIES/PLAN

Although not in our present scope, CBI is concerned about the commissioning of the
system. Without involvement it will be a source of problems is determining
responsibility for any problems that might arise. It is suggested that this issue remain

open for discussion pending development of the systems supplier and installer. Items to

be address in this area should include at least the following activities:

l4.l Precommisioning
14.2 Inspection & Sign Off
14.3 DocumentationPackages
14.4 System/LoopChecks
14.5 MechanicalAcceptance
14.6 OperationalChecks
t4.7 System Operations Acceptance
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1.0 SAFETY POLICY STATEMENT

CBI is vitally interested in the safety of its personnel. The loss that usually accompanies
injuries can be avoided by diligent safety efforts of supervision. Safety is a part of
everyone's job, and Production With Safetv is the Company's philosophy. CBI op.6t , on
the basis that accidents are preventable and believes that the direct control of accidents must
be carried out by field supervision. It is the responsibility of CBI, through the safery
department, to establish and maintain the overall company safety program.

2.0 SAFETY RESPONSIBILITIES

2.I SITE MANAGER

The Hanford Site Manager and the Livingston Site Manager have the overall
responsibility for accident prevention at the respective sites. They monitor the job site
personnel, equipment and procedures being used to insure all operations are carried out
safely. They are responsible for establishing all work methods and operational
procedures. They provide the foreman with the necessary equipment, procedures and
instructions for each specific task.

2.2 SITE SI,JPERVISOR

Each site will have a Site Safety Supervisor whose responsibilities include:

a. Assisting the Site Manager in training of constnrction personnel in safe work
practices.

b. Reviewing the weekly safety questionnaire from each work area.

c. Personal inspection and reporting of all accidents and incidents, with evaluations
and recommendations to the Site Manager, District Safety and Corporate Safety on how
to prevent zuch accidents or incidents in the future.

d. Preparation and zubmission of periodic reports on the status of safety on the site
to the Site Manage, District Safety and to Corporate Safety.

e. Visiting all work areas on a regular basis. During the visit, audit the safety
performance and review any noted deficiencies with the foreman or area zupervisor.
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f. Acting as a consultant of safety matters for all project personneL

g. overseeing the safety related activities of the subcontractors.

2.3 The responsibilities and duties of District and Corporate Safety include:

a. Formulating, administering and making necessary changesin the Accident
Prevention Program with the approval of management.

b. Preparation and submission of regular periodic reports on the status of safety in
the company.

c. Acting in an advisory capacity to management, supervision, purchasing and
engineering on all safety matters.

d. Investigation of all fatal or serious accidents. Investigation through the Site
Safety Supervisor of reports on all accidents or incidents and checking corrective action
taken to eliminate future occunences.

e. Supervising the safety training of employees through the Site Safety Supervisor.

f. Making personal inspection with the Site Safety Supervisor for the purpose of
evaluation the on-site Accident Prevention program.

g. Helping initiate and zupervise activities that stimulate and maintain the interests of
employees in safety.

h. Maintaining the Company's Safety Program up-to-date by being well informed
tbrough outside professional contacts and involvement in professional safety
organizations such as the National Safety Council, American Society of Safety
Engineers and the Steel Plate Fabricators Association.

3.0 SAFETY PROGRAM

3.1 GENERAL

The safety progftlm is formulated and carried out by the safety personnel with the
approval of management. The program includes:

a. Safety training and education for all site personnel.

Page2



CHICAGO BRIDGE & IRON COMPAI{Y
SAFETY MANUAL FOR

L.I.G.O. PROJECT

(ARTICLE fV, OPTION, CALTECH CONTRACT NO. C14O
Revision No.-Draft

b. Evaluation and selection of all safety equipment used on the construction sites.

c. Various safety programs for participation by construction employees with
recognition and reward for no lost time accidents over specified periods of time.

d. Company-Employee communication on safety through letters, pamphlets, posters
and a safety newsletter.

3.2 JOB SITE SAFETY PROGRAM

The supervisors are responsible for and completely in charge of safety on the job site
through accident prevention training.

a. New employees a given instructions in the following areas:

l. Location and availability of fust aid and medical facilities.

2. Method of reporting accidents of incidents.

3. Proper Site and Company safety rules.

4. Righa under the Occupational Safety and Health Act of L970, along with
notification that we will enforce the regulations along with Company safety nrles.

5. Rights concerning equal employment oppornrnity and the Americans with
Disabilities Act.

b. Each employee receives safety orientation 6sining and a copy of the booklet
entitled "Basic Safety Rules for Field Erection and Construction' as well as a Project
Information Parnphlet specific to the Hanford or Livingston job site. ffis 6aining
includes Hazardous Communication, Substance Abuse, Confined Space and CBI
Electrical Hazard Programs. The employee signs the training form as acknowledgment
of this instnrction.

c. Job site safety meetings are conducted every week. If special conditions require,
these meetings are held more often. All employees must attend these meetings. Some
subjects for these tool-box safety meetings are chosen from the "Job site Safety
Meeting Guides..

d. The Supervisor's Manual contains a section which outlines Company nrles and
practices.

Page 3



CHICAGO BRIDGE & IRON COMPAI{Y
SAF'ETY MANUAL FOR

L.I.G.O. PROJECT

(ARTICLE IV, OPTION, CALTECH CONTRACT NO. CL4A
Revision No.-Draft

e. Safety literature is sent to supervisors periodically to assist them in the safety
education of all employees.

t. Job site supervisors assist in monitoring job site safety. A safety questionnaire is
completed weekly, and is submitted to the District Safety Supervisor. The safety
questionnaire reports the current conditions found on the site.

g. Periodic job site visits are made by the District and Corporate Safety to ensure
that proper safety practices are being carried out.

4.0 MOTOR VEHICLES

4 . 1 All drivers will be required to demonstrate their driving abilify in the equipment they
will be operating under actual job conditions. Applicable DOT regulations will be
followed and commercial licenses will be obtained when required. Drivers will make
regular inspections of their vehicles. Inspections to include steering, brakes, mirrors,
lights, horn, tires and windshield wipers. Any special safety items, such as backup
alarms, will also be checked. AII defects will be reported so that necessary repairs can
be made.

No person shall be permitted to remain in or on a truck being loaded by excavating
equipment or crane unless the cab is adequately protected against impact. Material
being loaded should be within the safe weight limit for the tnrck being used and should
not project beyond the tnrck body when doing so presents a hazard. Loads projecting
over the end of the truck should be marked with a red flag and lighted at night. Inose
materials should be covered to prevent them from flying ou of the vehicle while
moving.

Trucks operating on public roads must comply with weight and size limitations of the
state. All drivers are required to stay within the posted speed limit and obey all traffic
laws. Off highway operation may require extra precautions to prevent shifting of the
load while crossing rough terrain. Tnrcks should be backed under ttre direction of a
signalperson if the operator caonot clearly see the area to the rear of the vehicle and
especially is the truck is not equipped with an automatic backup alarm. Windshields,
mirrors and lights whould be kept clean with unobstnrcted views.

4.2

4.3
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4.4 Construction roads will be maintained in safe operating condition at all times.
Whenever possible, haul roads will be designed to avoid sharp curves, sudden changes
in grade and railroad tracks. Truck traffic will be routed to avoid cross-traffic and
pedestrain crossings whenever possible. One-way traffic will be utilized as much as
possible.

4.5 Trucks used to transport workers will be provided with safe seating, safety belts, and
side and end protection. A convenient means of mounting and dismounting will be
provided. Workers will not be perrrined to get on or off a moving tnrck at any time.
Riders must ride in the spaces provided, no riding on running boards, fenders, bumpers
or on tops of cabs.

4.6 Brakes, steering gears, tires and all operating ports should be inspected regularly, The
driver must report any needed repairs so the the vehicles can be maintained in good
operating condition. Engines must be shut off while fueling and vehicles should not be
fueled from open cans. Dump-body equipped trucks must have a permanent, positive
means for locking the body in the raised position.

CORRECTING SAFETY VIOLATIONS

5.1 Safety violations discovered by anyone must be reported immediately and addressed by
the responsible supervisor.

5.2 Any individual repeatedly notified of the same safety violation shall be zubject to
suspension from the job site and/or termination of employment.

5.3 The Site Manager shall be the final authority over the enforcement of safety regulations
and any disciplinary measures to be taken.

ACCIDENT REPORTING6.0

6.1 All accidents are to be reported to the Site
necessary steps in investigating and taking
individual accident. The Supervisor will
Investigation Report.

Safety Supervisor. He will take the
corrective measures following each
complete the Supervisors Accident

6.2 Prompt reporting will be required for the following:

a. Disabling injuries

b. Permanentimpairments
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c . Deaths

d. Property damage accidents ($tOO or more)

e. Any injury to the general public

f. Any damage to private property

6-3 The Site Safety Supervisor will complete the Employer's First Report of Injury, or the
equivalent, on all injuries and illnesses referred to a physician.

7.0 OCCI,JPATIONAL DISEASES

7.1 GENERAL

Most occupational diseases do not develop from occasional exposure; they result from
long and continuous exposure to a slecific health hazard. Workers engaged in
occupations where health hazards may exist should be examined by appropriate medical
personnel when necessary and as regulatory requirements prescribe. Exposure to an
occupational disease is to be regared as seriously as other job hazards. Every wffort
will be made to control disease producing hazards. Close attention is given to OSHA
requirements governing worker exposure to toxic zubstances, especially where OSHA
has iszued a standard addressing a specific substance.

7.2 TO)rJiC SLTBSTAT,,{CES

a. Silica dust is found in many types of work including tunneling, sandblasting,
grinding, sand and gravel pit operations, brick and stone cuning and most concrete
work. Preventive measures include adequate ventilation, use of NIOSH/MSHA
approved respirators, use of vacuum system to collect the dust and use of water to keep
work areas wet.

b. Carbon monoxide, inert gases for purging and welding fumes wil most certainly
present asphyziatiou hazerds for both the Hanford and Livingston job sites. Preventive
measures include adequate ventilation and the use of approved respirators.
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c. lrad poisoning may be found ir nlumb h"sl
lead burning, sandpapering or sandblasting of paint, welding or painieo steel and
removal of old paint. The poison is taken into the body by intraling lead fumes of dust,
by swallowing tiny particles of lead or by absorbing- the leal through the skin.
Preventive measures include respiratory protection, .uoiO breathing nrires or dust,
proper clothing, not eating, storing food or using tobacco where lead exposure is
possible and practicing good personal hygiene. Anyone suspected of having contracted
lead poisoning should consult a physician immediately.

d. Certain chemicals found in cutting oils and emulsions and in lime and cement can
cause dry chapped'slirin which may become cracked and infected. Preventive measures
include avoiding exposure to these items, throughly washing exposed parts and use of
lanolin ointment to prevent dryness.

8.0 MEDICAL FACILITIES

8.1 Provisions will be made prior to the beginning of work at each site for Doctor, Hospital
and Ambulance service for any serious accident. Names, addresses and telephone
numbers of those providing these services will be posted at conspicuous places on tne
job site.

8.2 Trained, qualified first aid personnel will be present on each site during each shift.

8.3 Each work area is equipped with an approved first aid kit. The kit is inspected
periodically to enzure that the expended items are replaced.

9.0 HOUSEKEEPINC AND SAI{ITATION

1O.O PER^SONAL PROIECTT\IE CLOTHING AND SAFETY EQIIIPMENT

10.1 All employees and visitors are required to wear approved head protection in the work
areas during working hours.

l0-2 AII employees and visitors are required to wear an approved type of eye protection
while in the work areas during working hours. Non-prescription safety gl.srt .r"
available at no cost to employees. There is a slight fee for prescription safety glasses
ordered for Company employees.

10-3 Double eye protection is required for certain operations zuch as welding, burning and
grinding.
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10.4 Company employees must obtain approval from the Site Safety Supervisor to wear
contact lens on the job site during working hours.

10.5 Fall protection is required for employees working above/below ground when not
protected by an approved scaffold or staging.

10.6 Hearing protection is required when in an area where the noise level exceeds that
specified in the Hearing Conservation Program.

10.7 When condition require, approved respiratory equipment will be provided and
employees will be instnrcted in the proper use of the equipment in accordance with the
Respiratory Protection Program.

10.8 Confined Space Training will be provided to all employees who will be entering the
cylinder sections. The Confined Space Entry Procedure will be used to control the
work on the inside of the beam tube modules, clean room and the welding and leak
testing enclozures.

11.0 MATERIAL HANDLING AI.ID STORAGE

12.0 CONTROL OF IONIZING RADIATION

lz.t Daily x-ray and radiation exposure data will be maintained when radiography is being
performed at the site. Each radiographer is required to wear a film badge which
records radiation exposure.

I2.2 A dosimeter is to be worn by each radiographer. The dosimeter reading is to be
recorded on the job site log daily.

12.3 Survey meters will be used to verify and monitor the safe working areas during
radiation producing operations. The 2 MR line will be roped off and posted with
radiation warning signs and the area will be kept under surveillance at all times during
the expozure operation.

2.4 AnJy trained and qualified personnel are to perform radiography work.

12.5 The Site Safety Supervisor will complete the Radiography Internal Inspection Checklist
each month.
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13.0 VENTILATION

13.1 Adequate ventilation will be provided to those any area where needed to provide a safe
atmosphere. Ventilation units will be both portable and fixed so as to provide the
necessary flexibility as work areas are changed.

13.2 Oxygen analyzers, combustible gas meters and other monitoring devices will be used
to ensure that no person will be allowed to enter or work in an explosive of toxic
atmosphere.

14.0 LIGHTING

L4.l Lighting intensities will be maintained in accordance with Federal and State safew
requirements.

L4.2 Proper consideration will be given to the type, location and installation of all sources
of artificial lighting.

15.0 FIRE PREVENTION

15.1 Smoking is not permitted in areas where flammable and combustible materials are
stored or handled.

15.2 Portable storage taDt$ containing flarnmable liquids will be grounded (and bonded to
portable metal eontainers when filling).

15.3 Portable containers used for the transfer of flammable liquids shall be of approved type
with self-closing valves and flame arrestors.

15.4 The use of compressed gas cylinders pose a potential bazard and their use will be
governed by the following:

a. Cylinders will not be hoisted by means of magnets, slings or by the valve
protection cap.

b. Cylinder valves will be closed at all times when not in use.

c. When cylinders are designed to accept valve protection caps, they will be kept in
place, hand tight, except when the cylinders are connected for use.

d. Compressed gas cylinden will be secured in an upright position at all times.
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e. When in storage, oxygen and fuel gas cylinders will be separated from each other
by a minimum distance of 20 feet or provide a barrier equivalent to a four hour fire
wall (l/4" steel plate).

f. All compressed gas cylinders will be located so as to be protected from all
welding and burning operations.

g. Oxygen and fuel gas lines will be equipped with back flow prevention devices.

16.0 FIRE PROTECTION

16.1 Fully charged and operative
following guidelines:

fire extinguishers will be supplied according to the

a.

b.

Crane cabs: l-5bc rated extinguisher mounted in each.

Office and change shacks: 1-20bc rated extinguisher within 75 feet.

Generator and fuel storage: l-20bc rated extinguisher within 75 feet.

Motor driven weld units with fuel storage: 1-20bc rated extinguisher within 75

c.

d.
feet.

e. Compressor refueling: 1-20bc rated extinguisfus1\Mithin 75 feet.

f. In any area where work is being performed on all scaffold levels: 1-20bc rated
unit within 75 feet of worhnen.

NOTE: Areas of coverage in items b. thru e. can be overlapped.

16.2 Personnel will be familiar with five extinguisher locations and operation.

16.3 Extinguisher will be inspected monthly by the Site Safety Supervisor.

I7.O E,LB;CTRICAL WIRING AND APPARATUS

17.1 All electrical wiring will be done by qualified personnel.

17.2 Nl temporary electrical wiring will comply with the National Electric Code.
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All portable electrical equipment will be grounO.O-

All single phase low-voltage extension cords will be three wire conductor type.

All low-voltage hand held portable electrical equipment will be used in conjuncrion
with GFcI's. Equiplent connected by cord sets ih;t are nor protected by GFCI,s will
be inspected as part of the Assured Equipment Grounding conductor rrojram.

17.6 High voltage electrical wiring will be either supported above ground or buried.

l7 -7 Lighting systems will be continuousry maintained.

17.8 High voltage transformers will be protected from unauthorized access.

17.9 Tools insulated for the appropriate voltage will be used for the removal of fuses.

18.0 HAND TOOLS AND POWER TOOLS

18.1 Tools will be used only for the purpose for which they are designed.

18.2 Tools will be inspected frequently and maintained in good repair.

18-3 Atl grinding and brushing power tools are required to have approved guards.

18.4 All abrasive wheels will be inspected prior to use to assure they have not been damages
by improper handling or mounting, and will be operated *itttio the manufacturer's
rated speeds.

18.5 Excess flow valves will be used of air systems using hose larger than l/2" inside
diameter.

18.6 Hosed will be organized so as not to create a tripping hazard on ladders and scaffolds.

19.0 EQT,ITPMENT MAINIENAI{CE

2O.O LIFTING EQTIIPMENT

20.1 All rigging, hoisting or power equipment is inspected daily, prior to use, to aszure the
safety of the equipment and the employees.
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20.2 In addition to the daily inspections, *rin . og
each piece of lifting equipment.

2L.0

22.4

20.3 Equipment operators are instructed in our policies and rules
equipment maintenance. They are trained and certified for
equipment.

for operation and in
each type of lifting

20-4 The signal man will be specifically designated and instnrcted in the use of proper hand
signals.

20.5 A chart containing the proper hand signals will be maintained in a prominent location
on the job site. (A chart containing the proper hand signals is also contained in the
safety rules booklet which is issued to each employee.)

20.6 If any piece of mobilize equipment has obstructed vision to the rear, it will be
equipped with a back-up alarm system, or a signal person will be provided.

20.7 Equipment will be repaired in designated, safe locations.

20.8 The condition of all cables, slings, hooks and clamps will be inspected in accordance
with the Federal or State safety requirements.

20.9 Personnel are not permitted to walk or work underneath suspended loads.

20.10 No piece of equipment is to be operated closer than 15 feet to voltage lines of 220
volts or more.

COT{\IEYORS Ar{D CABLEWAYS

SCAFT'OLDS, PLAT!'ORMS AND LADDERS

22.1 Scaffolds, platforms and ladders will comply with Federal and State safety regulation.

22.2 Nl openings will be barricaded or fenced.

22.3 All nrbe and coupler scaffolding will be adequately braced and secured to prevent
excessive movement.

22.4 I^adders will be inspected before use and all ladders with broken of missing rungs,
defective side rails or other defects will be red-tagged and removed from use.
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23.0 ABRASTVE BLASTING AND PANTNG

23'I There are certain items pertinent to blasting and painting that are additional
requirements for the paint Foreman.

23.2 Sand and Shot Blasting

a. Respiratory Protection: All employees comply with the CBI Respiratory
Protection Program for Field paint Crews.

b. Equipmenr:

1. An automatic safety shut off control (deadman switch is a part of the
blasting hand control.

2. Standard safety couplings are used at all joints of hose, under air pressure,
or provisions are made to holds ends together.

3. The hose is kept running as straight as possible. Inng radius curves are
made around an object. Sharp curves cause extensive wear on the nrbe of the
hose.

c. Enclosed Blasting Areas: oxygen deficiency checls will be made periodically.

23.3 Painting

a. General: Painting equipment and procedures are carefully examined frequently to
assure potential hazards are eliminated. Items examined are rigging, scaffolding,
staging, ladders, ropes and cables. Of particular importance are vapor concentrations,
fire and explosion hazards, toxic materials and corrosive liErids.

b. Respiratory Protection: All employees comply with the CBI Respiratory program
for Field Paint Crews.

c. Rigging Practices: CBI Construction Manual #46 specifically relates rigging
details

d. Personal Hygiene: Protective skin cream is used to protect the worker and to aid
in clean up. Materials such a thinners and solvents can cause skin irritation and are not
used to clean the skin.
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Ventilation:

1' In enclosed spaces, the aunosphere is checked for oxygen deficiency andcombustible gas before starting work. Thereafter, when paintiig, a check is made
every two hours. Findings are recorded on the Painting Safery [uestionnaire.

2' Since safe limits for breathing vapors are below the minimum combustible
range, ventilation is used to prevent dangerous accumulations of vapors.

3' The Foreman utilizes the Company Standard of ventilation for procedures
and methods.

4' The Foreman maintains a list of threshold limit values for solvents aspublished by the American Conference of Government Industrial Hygienists. The
values are observed when working in confined spaces.

5. Painting will cease if at any time the combustible gas reading is l0% of the
lower explosive limit of the solvent vapor.

6. Air flow equipment, zuch as motors, fans, collectors and prpes are
grounded.

f. Preszure Equipment:

l. Relief valves are tested daily.

2. Remote contol deadman valves are used with pressure equipment.

3. Paint nozzle and tank are grounded.

4. Airless spray guns have a trigger guard, trigger lock, safety tip guard and
built-in fluid diftuser.

1. All materials are mixed in a well ventilated area away from any source of
ignition.

2. Manufacturer's instnrctions shall be followed.

g .
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h. Fire Prevention:

1. Signs are posted specifying no smoking, fires or open lights within 50 feet
of solvent handling areas.

2. No more than 25 gallons of flammable or combustible liquids are stored (in
an approved storage cabinet), in office, change or equipment shanties, or trailers.

3. Storage in excess of 25 gallons is in separate equipment shanties or trailers
used exclusively for storage.

4. Outside storage of paints, thinners, etc., are in containers not exceeding 60
gallons each and are placed in piles not to exceed 1,100 gallons per area. All
storage areas are at least 20 feet from any building of combustible structure.

5. A 20-B rated extinguisher or an equivalent of smaller extinguishers are
provided from 25 to 75 feet from the storage area.

i. Inspection: The Paint Foreman will inspect the job site no less that weekly and
complete the Painting Safety Questionnaire.

23.4 Emergency Egress

a. An attendant is present at all times outside where personnel are working in an
enclozure. The attendant may perforur other duties, such as filling sand blast pot and
mixing paint, but shall not leave the immediate area.

b. A signal system (rap, radio, alarm) will be established between painters/blasters
and the attendant.

c. The attendant has rescue equipment and a self-contained breathing apparatus. In
an emergency, the attendant summons aid prior to rescue.

23.5 Hazadous Waste Disposal

a. Each facility has on file with the state of its location and the Environmental
Protection Agency an approved Hazardous Waste Program that complies with the
Resource Conservation and Recovery Act.

b. Where hazardous wastes are Dot accepted by the customer/owner, the hazardous
wastes will be returned to the facility for disposal.
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24.0 EARTHMOVING AND HANDLING EQIIIPMENT

25.0 EXCAVATIONS

25.1 Prior to opening an excavation, provisions are to be made to accommodate
underground installations.

25.2 The walls and faces of all excavations, in which employees are exposed to danger from
moving ground, will be guarded by a shoring system, sloping of the ground or some
other equivalent means.

25.3 Excavations are to be inspected by a competent person after every rainstorm or other
hazard increasing occulrence, and the protection against slides and cave-ins shall be
increased if necessary.

25.4 The determination of the angle of repose and design of the supporting systems are
based on careful evaluation of weather conditions, soil consistency, and other
operatiotrs.

25.5 Piling, cribbing, shoring, etc., are designed by a qualified person and meet accepted
engineering requirements.

25.6 In excavations which employees may be required to enter, excavated or other material
shall be effectively stored and retained at least 2 feet or more from the edge of the
excavation unless other effective retaining devices are used.

25.7 Support systems are planned and designed by a qualified penon when excavation is in
excess of 20 feet in depth, adjacent to stnrctures or improvements, or subject to
vibration or ground water.

25.8 Materials used for sheeting, sheet piling, cribbing, bracing, shoring and underpiruring
will be in good serviceable condition.

25.9 Except in hard rock, excavations below the level of the base of footing of any
foundation sl rctaining wall is not pennitted unless the wall is underpined and all other
precautions are taken to assure the stability of the adjacent walls for the protection of
employees involved in excavation work.

25.10 Precautions are to be taken to assure sidewalls are supported if heavy eguipment is to
be located near the edge.
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25'll Where oxygen deficiency or gaseous conditions are possible, the atmosphere in an
excavation is to be tested. Where adverse atmospheric conditions *.y i. present,
emergency rescue equipment is provided.

26.0 TRENCHING AND SHORJNG

26.1 Shoring and/or bracing will be placed in every trench over 5 feet in depth regardless of
soil type, except solid rock, unless banks are sloped to the angle of repose in
accordance to soil types as based on recognized tables, e.g., OSHA regulations.-

26.2 Shoring and bracing are carried down the trench.

26-3 All excavated material will be placed a minimum of 2 feetback from the trench edge.

26.4 Adequate means of exit will be provided for every 25 feet of lateral travel in trenches
more than 4 feet in depth.

26-5 Where bracing of shoring trenches is not practical or economical due to unstable
ground, movable steel trench shields may be used.

27.0 PIPE,LINES

28.0 DEMOLITION

29.0 PILE DRTYING

3O.O TI.JNNELS AND SHAFTS

31.0 BOILERS

32.0 UNFIRED PRESSTJRE VESSELS

33.0 E)(PLOSTVES

34.0 IIELDING AT{D CIJTTING

35.0 STEEL ERECTION

36.0 CONCRETE CONSTRUCTION
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37.0

38.0

39.0

40.0

41.0

42.0MARINE EQIIIPMENT

42.1 Coast Guard approved life preservers shall be worn by personnel working on or over
water, when guard rail protection is not provided.

42.2 F.ing life buoys equipped with 90 feet of rope will be provided every 50 feet along the
waterfront.

43.0 STJBCONTRACTORS AND SI.]PPLIERS

43.1 All subcontractors performing work for CBI at the site will be required to abide by the
Accident Prevention Plan requirements. They will be expected to have written
qualified Accident Prevention Plans focusing on the specific work they execute.

43.2 Subcontractors must complete the CBI Subcontractors Safety and Health Qualification
form.

43.3 Suppliers who are delivering corutruction eEripment, tools, or other items will be
briefed on specific safety and access requirements appropriate for their incidental
delivery service.

44.0 RBGTJLATORY COMPLIANCE

CBI and its Subcontractors comply with Federal OSHA Regulations

45.0 HAZARD COMMI,JMCATION PROGRAM

45.1 The Site Safety Supervisor is responsible for the Hazardous Communication Program,
which is kept on the job site.

FLOOR AND WALL OPENINGS

ROAD BI.IILDING

QUARRIES AND GRAVEL PITS

MOBILE ASPHALT PLANTS

RAILROAD CONSTRUCTION
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45.2 ?ersonnel utr ft. 
iog

45 '3 Material safety sheets (tv1sDs) are maintained at the job site and are available forexamination from the Site Safety Supervisor.

45'4 secondary of transfer containers will be labeled it the container contents will not beutilized in one shift.

46.0 INSPECTION CI{ECK LIST

47.0 BLANK FORMS
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L.I.G.O. CONSTRUCTION
ENryIRONMENTAL PLAN

GpNpRAL CoNoITIoNS

Environmental

The contractor shall keep and maintain the project site clean and free of any environmental
hazards in accordance with federal, state, and local regulations. During all phases of construction,
including supervision of work and until final acceptance of the project, the contractor shall keep
the site of work and other areas by it in neat and clean condition and free from any accumulation
of rubbish and debris. The contractor shall dispose of all rubbish and waste materials of any
nature occurring at the work site and shall establish regular intervals of collection and disposal of
such materials and waste. The contractor shall also keep its access roads free from dirt, rubbish
and unnecessary obstructions resulting from its operations. Care shall be taken to prevent spillage
along roads during transport. Any such spillage shall be removed immediately and the area
cleaned.

Disposal of rubbish and surplus materials shall be off the site of construction" at the contractor's
expense, all in accordance with local codes and ordinances governing locations and methods of
disposal, and in conformance with all applicable safety laws. The contractor will be required to
have a waste minimization program outlining the procedures being implemented to reuse and
recycle materials so that reduction of waste generated can be achieved.

Portable chemical toilets shall be provided by the contractor whenever needed for the use of the
contractor's employees. These accommodations shall be maintained in neat and sanitary condition
and shall conform vnth29 CFR 1926.51.

The contractor shall establish a regular schedule for collection of all sanitary and organic waste.
All wastes and refuse from sanitary facilities provided by the contractor or organic waste materials
from any other source related to the contractor's operations shall be disposed of from the site in
accordance with all laws and regulations.



When disposing of hazardous waste the contractor is to reference the owner of the project as the
generator and use the owner's EPA I.D. number assigned to the facility.

The contractor shall mitigate the adverse environmental impacts associated with the work of the
contract. The contractor shall indemnify and hold harmless the owner from all fines and penalties
or damages for violation of any environmental mitigation measures or permit caused by the
contractor's failure to comply with environmental mitigation measures. The measures that the
contractor shall take to mitigate environmental impacts include, but are not limited to, the
following:

. Implement a fugitive dust and erosion control plan.

. Apply for a general construction stormwater permit and prepare a stormwater pollution
prevention plan.

o Protect sensitive habitats and species through the use of fencing to prohibit construction
personnel adjacent habitat areas and other such measures that may be called for by the
environmental assessment report for this project. At the completion of construction
activities, the contractor will be required to re-vegetate the disturbed areas to its original
condition with native plants.

. Comply with the following emission control measure to minimize construction activity
emissions:

- Reduce construction equipment emissions by shutting offall equipment not in use
- Tune and maintain construction equipment properly
- Use low sulfur fuel for construction equipment

. The contractor, a minimum of 30 days prior to begrnning work on each new major
activity, shall submit a written plan for approval to the engineer detailing how the
environmental impacts for the area will be mitigated. This plan shall include, at a
minimum:

- Anticipated site conditions
- Equipment to be utilized
- Means and methods of construction
- Impacts likely to occur
- Mitigation methods to be employed

Cleaning polutions brought on-site by contractors for construction/fabrication purposes are to be
disposed bf in a proper manner by the contractor. The contractors maintain a record of all
manifests evidencing proper disposal techniques.

The use of any chlorinated solvent at this job site is banned.

Where appropriate, electrical power to the site is to be provided so that the contractor can avoid
any unnecessary fuel handling.

Environmental friendly paint systems without the constituents of toluene, rylene, methyl ethyl
keytone and methyl isobuetyl keytone are to be selected to reduce toxic emissions during coating
operations.



During abrasive blasting operations, all expended blast grit is to be contained and removed from
the site by the contractor. Any costs for monitoring for Total Suspended Particulate (TSP) or
Particulate Matter under l0 microns (PMIO), if required by the state,'will be the responsibility of
the contractor.

Since this construction site will involve more than five acres of ground surface being disturbed,
the EPA requires that the owner or an authorized representative develop a stormwater pollution
prevention plan and secure a stormwater permit.

Prior to the discharge of any test water, a sample must be taken and analyzed by an analytical
laboratory to confirm the absence of any additives or contaminants: The contractor will be
responsible to secure the necessary permission prior to any discharge.

Where possible, the dry film process for developing x-rays is to be utilized so that generation of
hazardous wastes resulting from photographic fixer can be avoided.

In accordance with oil pollution prevention regulatiorL a Spill Prevention Control and Counter
measure plan must be established for the job site in the event that the above ground fuel storage
capacity exceeds 1,320 gallons total or exceeds 660 gallons in any single tank. One of the
primary provisions of the SPCC is the requirement for the development of a written plan in
accordance with 40 CFR I12.3. The plan must detail the equipment, manpower, procedures; and
provide adequate countermeasures to an oil spill.

All portable equipment is to be operated and serviced on an impervious surface. All fueling of
equipment is to be done on impervious surfaces and all fuels and lubricants are to be stored with
secondary containment for I l0% of the designed vessel storage capacity. All fuel areas are to be
locked when not in use.

All spills of hazardous substances at this jobsite in amounts greater than normal work quantities
shall be handled in accordance with 29 CFR 1910.120. The contractor is expected to have a spill
response plan, the necessary equipment and trained personnel.

In the event that any hazardous chemical or mixture present at the facility exceeds 10,000 pounds
or the threshold planning quantrty, as indicated in 40 CFR 355 appendix d the contractor is to
notify the owner of the facility so that this information can be submitted to the Local Emergency
Planning Committee, State Emergency Response Planning Commission" and Local Fire
Department.

The National Primary Drinking Water Standard for Lead is l5ug/L. A sample of water from each
on-site drinking water fountain is to be collected and analyzed for total lead. Any drinking
fountain containing greater that l5ug/L of lead should be disconnected or replaced.

No open burning will be permitted on-site.



At the completion of the job the owner will perform an environmental audit to document the site
condition at the date of completion. The contractor will be responsible for correcting deficiencies
that may have resulted from construction activities.
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SECTION 5



L.I.G.O. PROJECT
wBS 350

OI.]'TGAS TESTING

WBS 35I DEVELOP COUPON TEST CONCEPT

The testing of a small quantity of material to determine its outgassing characteristics can
result in errors in a number of ways. One of the possible errors is introduced into the
system if the outgassing rate of the empty system is not orders of magnitude less than the
material sample. It is impossible to develop a system where the area or outgassing rate
of the system is orders of magnitude less than the material sample. It is therefore
necessary to spend as much time as possible ensuring that the system will provide a
known outgassing rate time after time. It is also necessary to have a sample to system
area ratio which is as high as possible. The empty system outgassing rate can then be
subtracted from the total outgassing rate to determine the sample outgassing rate.

All refinements to a basic chamber such as internal cooling or heating coils,
thermocouples, feedthrus, etc. result in increased surface areas, increased empty system
outgassing rates and additional possibilities of leakage or permeation. The system must
therefore be kept as simple as possible.

The system must also be designed to be used with the selected outgassing test technique
(steady state or accumulation). Each technique has unique calibration and test
procedures. The accumulation technique allows the RGA to be much less sensitive but
results in a time delay which may be undesirable in order to limit the liability for
unacceptable material. It is currently assumed that the accumulation technique will be
utilized, due to hydrogen background levels.

Interactions between the system and the coupon hydrogen outgassing rate must also be
evaluated. The interactions include manufacture of hydrogen from heavier hydrogen
containing compounds including water and hydrocarbons. These interactions may come
from vacuum gages in the system or from the RGA itself. The system must, therefore be
capable of eliminating all of these erroneous hydrogen sources. This will be
accomplished by multiple bake-outs of the system, cleaning of the coupons, shutting off
the vacuum gages while measuring the outgassing rate and installation of an LN2 trap in
front of the RGA.



L.I.G.O. PROJECT
wBs 350

OUTGAS TESTING

WBS 352 SELECT COUPON OUTGAS TEST CONCEPT

The coupon testing will be conducted in a 6" diameter .083" thick stainless steel chamber 24"
long. One end will have a welded closure. The other end will allow ingress and egress for
samples through a conflat type port. The chamber will have only one vacuum connection to
minimize surface area. This will be isolated from the pumping system by a2Vz" diameter valve.
Connections will be made using a cross or tee to tie into the RGA and calibrated leak systems.

The coupons will be taken from each roll of steel from the entire width of the coil. The coupons
will be cut into 1" wide x 18" long strips. One of the coupons of each sample batch ( one batch
for CBI and two batches for Caltech) will be stamped with the coil identification numbers. The
proposed surface area of 50 coupons to vessel is 5 to l. 75 coupons will provide approximately
a 7.5 to 1 ratio.

The vessel will be externally heated to 250"C with circumferential band type heaters attached to
the shell. Water passages will also be attached to the shell to provide cool down after the bake
out.

Vacuum gaging for the coupon test system will utilize Cold Cathode high vacuum gages and
Pirani low vacuum gages to reduce hydrogen generation as much as possible. The gages will
always be shut down during outgassing testing.

The coupon test chamber will be wrapped in high temperature fiberglass insulation to minimize
the heat loss during testing.



L.I.G.O. PROJECT
wBs 350

OUTGAS TESTING

WBS 353 DESIGN COUPON TEST FACILITY

The coupon test system will utilize a surface area ratio of 5 to 7 between coupon surface
area and vessel surface area. The CBI coupon test chamber will use the same size
coupons as the Caltech system in order to provide compatibility of equipment and direct
data comparison.

The coupon test vessel is 6" in diameter and has external heating and cooling coils. The
vessel heating will be accomplished with three band type heaters bolted to the outside of
the vessel shell. Cooling is provided by cooling jackets which are located between the
heater bands. The vessel is as shown in figure'A'.

The testing systems are designed in accordance with the attached P & I diagrams. The
system provides an efficient pumping system which can accommodate a number of
identical coupon chambers for the option phase of the project. The system is also
provided with a high quality RGA and calibrated leak system. The entire system is
designed not only to operate the current coupon test system but to also handle the future
multiple coupon test systems for the option phase of the project.
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LIGO PROJECT
wBS 350

OUTGAS TESTING

WBS 354 PROCURE OUTGASSING TEST EOUIPMENT

CBI has stafred the component procurement process by supplying the major equipment
vendors with specifications and requests for quotation. RFQ's have been transmitted to
vendors of the turbo molecular pumps, roughing pumps, liquid nitrogen traps, ultra high
vacuum valves and calibrated leaks. Piping fittings, vacuum gages and other
instrumentation will be treated as commodity items and purchased on a requisition basis.

Major equipment for the coupon test systems has been purchased in order to meet the
schedule for coupon testing and the acceptance of the coil material for the beam tube
used in the qualification test.

Attached are the specifications for the equipment discussed above.



TAG NO.: TMP-I

Design Informetion

Nominal pump speed:

Gas to be pumped

Inlet / outlet flange qpe

Electrical supply available

Accersoricc Requircd

power supply / controller
inlet screen
bake - outjacket
air cooling kit
vent system
cables

1000 us

hydrogeq air

Conflat

r rov 60Ftz l0
46oV 60trz3b

Information Requircd in Quotrtion

Hydrogen compression ratio
Hydrogen pump speed
L.ubrication tlpo
Insallation orientation limitations
Ortline drawing of pump and accessories showing overall dimensions, connection locations and

sizes, and anchoring details
Elecrical consumption and zuppty details
Warranty statement
Delivery
Price

tu
TE
H w Made tsy

,-,f1'?-
Chkd 8y

2a^l
Contract NO

l3ctztz fo t -  t
tlr',.lqtQ/,Jr',Date / olu lcg



FORM GO 616
ITE TO FURNISHEBY

All ltcrnr ilroc.lld an! ro b' tcnt lo tht Purchrlng Oa9rrrmcnt lruln3 thctc int:nrlio'tl '

Finrl or rpg.*G{ c@;6 dua no lltcr thrn oac mck lltcr rhipmcnl unlcg

othCrwil nCg!rtrd.

NUMBER OF COPIES REOUIREO

FINAL COFES
rCR IPPROVAL

PRIOR TO

F  A E R I C A T I O N

INAL COPIE
R E O U I R E DD E S C R I P T I O N

3. ASME qg4-glctl"llottt

g, Standard Caratog Informat ion

Fp.t. Parc for srq:P a- Y--oP*

lO. SPan Prrtr Li11. Ptggl

13. lnt r t t l r t ion In3truct ionr

Ooc rddirionrl copY tach of thc inrtlltltbr' ecrrrin9 & malntcnrncl irulructionr 'nr to b'

ir*ludcd with th. rhipmcnt ol thc itcm'

VENDOR SHALL PUT EOUIPMENT TAG NUMBER ?t ON ALL DOCTMENTATION.

sEE }}+€ rf c*'Au&L sq€.-t Ftc*7)aN '

All ASME Dara Sheen & Prrthl Dao 9reeo to indicec:

Finrf owncrr -CB t Te cHtv t <'rL<- SEZvrcZ<

.  PLAtPFleu l ,  t t '



TURBg MOLECTTLAR pUMp SPECTTTCATTON
f\

l, TAG NO.: TMP-2. thm s
V

Design Information

No. of pumps required: 4

Cras to be pumped hydrogeq air

Nominal pump speed: 60 US
Note:A high hydrogen compression ratio is required for these pumps. The vendor shall select the

pump bas€d on the highest hydrogen compression ratio available.

Inlet flange 6pe Conflat

Electrical supply available I lOV 60112 l0
46oV 60HZ 30

Acceesories Requircd

power supply / controller
inlet screen
bake-out jacka Gequired on only three ofthe four turbo pumps)
air cooling kit
vent system
backing pump Oacking pumps arc required on only tluee of the four urbo pumps)
backing pump ochaust oil coalescer fihen(required on only thnee of the four turbo pumps)
cables

Information Reqnircd in Quotetion

Hydrogan compression ratio
Hydrogen pump spe€d
Lubrication type
Installation orientation limitations
Outline drawing of pump and accessories showing overall dime,lrsionl connection locations and

sizes, and anchoring daails
Electrical consumption and zuppb daails
Warranty statement
Detvery
Price



t

6 FORMGO 616
ITE TO BE ISHED 8Y  VEN

All ittttu indicrrcd rtt to b. r?nl to lh' Purchaing Dtt'runtnt lrulng thc+c inrtn'clionr'

Finrl or rgplovcd copier duc no ltttr thrn onc sccl rtr rhipmcnt' unlcs

otharwitr rripulrtcd.

NUMEER Of  COPIES REOU: IEO

F INAT  COPIESrqi EPPROVAL

PRIOR TO

F A E R T C A T I O N

F I N A L  C O P I E
R E O U I R E ODES 'R IPT ION

3. ASME Codc Cat:-lr:9q

a. ASME Dar. Shct,,:r

5. COC rnd CTR

6. Pcrformancr Corcr

8. Srandard Car.toi intormlioo

Prrn for S:n<rP & YnrQqgl{ion

10, SParc Ptrr Lirr' trrctd

t 2. OPcrrting Insrna:io'l

13. Intullrrion ;6r.41ignt

ll. Maintenancc lnr:J<r;on3

One rddirionel c4\ r-h ol thc iolrallrtion. opcnting & maintcnencc inrtruc-tioru tt lo b

lncludcd yyrth th? f ;9(ncnl of thr itam'

ON ALL DOCUMENTATION.
VENDOR SHATL PUT EOUIPMENT TAG NUMBER - ?t

SE€ })J€ T€ cftvtc*'L SQ€ct Ftchlat+t '

All ASME Dru Srcrs & Prrrbl Der Shccg to indicrr:

. Finrr ownerr - O8l TecHxt t <'rt<- Satacz<

, ,  P (S tPF leu l ,  l t '

c o 6 1 6  R € V  F e B 7 '



TILTRA HIGH VACUUM VALYE SPECIFICATTON

TAG NO.: HV-l thru HJ-13

Design Information

Valve size & operator type:
(sizes are nominal valve bore dimensions)
HV-l 8' electro-pnzumatic gate valve
HV-2 8n manual valve
HV-3,4&5 2ll2' electro-pneumaticgateor

angle valve
HV-6 thru l0 2 ll2'manual gate ot angle rialve
HV-ll thru 13 ln marualangleorgatevalve

Valve type: all metal seals, bakeable valves

Body material: type 3ML stainless steel

Minimum Pnzumatic supply pressure: 60 psig

Maximum leak rate: lxl0-10 atm. cc / s He

Flange qpe: Conflat

Information Required in Quotetion

Guaranteed maximum leak rate
Guaranteed no. of cycles for lesk tightness
Outline drawings showing overall dimensions, connection tlpes; locations and sizes; and valve

weight
Maximum bake-ont temperature
Seal types and materials
Bellows materials
Cost of heating jacket if available
Delivery
Price for each valve, and additional discount if all valves are purchased from tlre same vendor

T=ctLtL



FORM GO 616
TOBE RNISHE BYV E

All itemt indiciltd rn to bG lGnt lg rhr Purchoing Deprnrncnt lrruing thac inlt^rtio'||'

Finrl or apptcir?dcopi?r duc no lttlr thln onc u,lcL tf:rr rhigmcnt' unl!$

olhcrwirc ! t ipuhtcd.

NUMEER OF COPI€S REOUINEO

F6 APPffOVAL

P R I O R  T O

FABRICATION

INAL COPIE
FIEOUIR€D

3. ASME Codc Crs:

a. ASME Oerr Sh.!r!

5. COCrnd CTR

8. Standard Caralcg lntormer'ron

9. Sparc Prrr for S:"41q 3--Yn'OPd

10, SParc Prrn Lb! Pricld

t3. Inrralhtion 1*'--u31ion3

Onc rdditionrl cccY .*h ol thc insrtlrrion' opcrrting & mlintcn'^c! inrtrudiom rt to b'

inclu&d with thr rh;9.nrnrof lh! itdn'

VENDOR SHALL PUT EOUIPMENT TAG NUMBER ?t oN ALL DocuMENrATloN'

se e D+€ 7t c*vtc-'4< $P€ct Ft<'hlax)'

All ASME Dra Shcca & Prrrirl Den Shccs to indicrr:

. Finef owncr ' O8l Te cHtv t <'rt+ SA'qcz<

, ,  PtAt*' tFleu-4, l t-.



ROUGHTNG PUMP SPECIFICATION

TAG NO.: RP-l
Design Information

Nominal flow rate:

Gases to be pumped:

No. of stages:

Automatic back flow prevention valve required:

Electrical Suppty Available:

Maximum Blank-off Pressure:

Cooling media:

Accessories Rcguircd

exhaust coalescing oil filter
manual bdlast valve

Informetion Required in the Quotation

50 CFM

hydrogor, air

two

yes

I l0\'60Flz l0
460\'&rrz30

5Xlf3 ton

8ir

Pumprng speed curve
Outiine-<lrawing showing overall dimensions, connection sizes, types and locations,

urchoring details
Motor HP and electrical supply requirements
Hydrogen compression ratio (if available)
Warranty statement
Delivery
Price

rd4- Il  Jctzr  z
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I T
FORMGO 6t6

MS F ISHED BY

Atl ir€mr ind€rtcd.ra to ba rcnt to lhc Purch$lng Deparmcnt llruing thcrc lnrtruclionl'

Finrl or approrcd copi* duc no ltler than onc ueek rfter rhipmenl. unleo
otherwi:c trip{lrtad.

NUMBER OF COPIES REOUIRED

FINAL COPIESFOR APPfIOVAL

PRIOR TO

FABRICATION
F INAL  COPIE

R E O U I R E O
OESCRIPTION

a. ASME Dara Sheet:

5.  COC and CTR

8. Standard C:talog Inlormalion

9. Spare Parts lor Start-up & Yn. Operat

10. Spare Parr List, Priced

12. Operating lnstructiont

14. Maintenance Inrtructiona

Ooc addirional copy each of rhc iiltallatior. operating & maintenancc Inrtrusionl rrr to ba

irrcluded with rhc lhipment ot thc itrtn.

VENDOR SHALL PUT EOUIPMENTTAG NUMBER NI ON ALL DOCUMENTATION.

Se e hJ€ T€ ct1,vt c.-/* S PEct F t <-*il ax) .

All ASME Data Sheets & Partial Data Shcer to indic.c:

. Finaf owner * OB I Te cHlv t <-r+<- Sczvtcz<

, ,  P IStpF leu l^  lL .-T

G O 6 t 6  R E V  F E B  7 7



6

N

l) rnc No.: LNT-I rhru 4
w -

Desigu Infrormation

The trap is to be of an furti-Mgration design

Sizes (nominal bore):
LNT-I
LNT-2, 3 & 4

Flange tpes (vacuum connections):

Connection tpe (LN2 & vent):

Body material:

Orientation:

Vactrum seals:

Bakeout requirement (not while operating)

Morimum vacuum leak rate:

8'I. D. nominal
2ll2" I. D. nominal

Conflat

Vendor's standard

Stainless steel q'pe3M[,

Suitable for either horizontal or
vertical mounting if possible

Bakeable metal seals

3000 c

txl0'l I atm cc/s He

Inforuation Requircd in Quotetion

Cnraranteed conductances for hydrogen and air (molearlar flow regime)
Water pumping speed
Outline drawing showing overall dimensions, connection types and locations, weight
LN2 consumption rates Oased on view to ambient t€mperaftre surfaceg not diffi,rsion pump)
Wananty stat€ment
Delivery
Price for each unit

?30 z,-



FORM GO 6T6
ITEMS TO FURNISHEDY V E

Atl it.mt inda.tcd ara lo bG tlnl to tha PurchIing Dc;ernncot irrulng thac inrlrucriolu'

Finrl or tpprorcd c@ia duo no lrtcr thln onc uecl l':tr rhipmcnl. unlan

othcrwirc tripulrlcd.

NUMEER OF COPIES REOUTNEO

FINAL COPIESFG APPROVAL

PRIOR TO

FASBICATION

INAL CO,PIE
R E O U I R E ODESRIPTION

3. ASME Code Cr"-uf r'.ionl

a.  ASME Oata S'ucg

5. COCrnd CTR

8. Standard Catei:9 Informrtion

9. Spare Part f o' Strn'up & Yo. Operlrion

t0. Soara Parn Ls-- Prbcd

t3.  ln3r l l la t ion lF l : : tc ! ionl

Irl. Maintenanc! lEtru<lio|r!

Onc rdditionrt c:cv c*h of thc imtallrrior. o9cnting & mrinlcnrncr in3ttrrtiottt n to b

included ryith tt{ thigmcnt of thc ilcn.

VENDOR SH:LL PUT EOUIPMENTTAG NUMBER tI ON ALL DOCUMENTATION.

Se e )rJf fr c*vtc,-*-l- S9€ct F,<*l'rar\t '

All ASME Dr: Sl.eeo & Peniat Data Slrccr to indicrtc:

, n A,t TecHArtc/L+ SEzvrcJ<
Final Owncr f r/ y I

" PtAuorlet^0, tt-.

t l .  Opcr

REV FEB 77



o CA LIBRATEDJEAK SPECTFICATION

TAGNO.:@

Design Information

Leak Tag No. Gt! Ieak Ranee (TVS)
cl.-l r12 w
CL-z tn lo-8 to to-9
C1.3 He l0-9 to 10-10
cLA N2 l0-7 to l0-8

The leaks are to be dry. The water leak rate shall be less than I x 10-13 TUS.

The leaks shall be provided with conflat flanges.

Fill Valves shall be provided only if necessary for the vendors operations.

The leaks shall be free of hydrocarbon contamination.

The leaks shall be bakeable

Inforuration Requlrcd in the Quotation

Outline drawing
Connection sizes
Discussion of calibration standard used
Warranty st&tement
Delivery
Price for each unit
Allowable bake temperature

uJ *

Made Ey

t,t11c-
Chkd By

Zzr.
Contract No .
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All itemr indicated sre to be 3ent to the Purchasing Departmcnt lrsuing there inslructiont.

Final or approved copies due no leter than one vwek after rhipment. unlei3

otherwise stipulated.

NUMBER OF COPIES REOUIRED

FOR APPROVAL

PRIOR TO

FABRICATION R E O U I R E D

4. ASME Data Sheeg

5. COC and CTR

8. Standard Catalog lnformation

9.  Spare ParG for  Star t -up & Yn.Operat

10. Spare Parts Lisr. Priced

12. Operat ing Instruct ions

13. Instal lat ion Instruct ions

14. Maintenance Insl ruct iom

One additional copy each of the installation. operating & maintenance inslructions are to bc
included with rhe shigment of thr item'

VENDORSHALLPUTEOUIPMENTTAGNUMBER ?t ON ALL DOCUMENTATION.

St e hJ€ tf c tt'vt c--t+'t- g Pfcr F t <-*a: axt .

All ASME Data Sheets & Partlal Data Sheels to indicato:

Finalownerc OBI TecH

" ,  PLAr*tFleu/^ lL.
I

rrd gv I Contract No.' # 1 3 o z t ? _

VENDOR

G O 5 T 6  R E V  F E B 7 7



SECTION 6



LIGO PROJECT
wBS 360

LEAK TESTING

WBS #360 Leak Testing

To successfully and economically meet the LIGO system requirements. the entire beam
tube pressure boundary will be leak tested prior to completion of the beam tube modules.
The prior testing of the pressure boundary by component or local means will minimize
and hopefully eliminate the need to locate leaks after the module is completed. Although
a procedure to test the entire beam tube module is being developed, leak testing the entire
module to the specified leak rate will be a difficult and potentially costly task.

Expansion joints manufacturers will perform an initial leak test of the expansion joints A
prior shipment. After stiffener and expansion joint attachment, beam tube section will be {
leak tested by CBI. The leak test must be executed as soon as possible after tube
fabrication but must also be executed just prior to field placement to minimize
subsequent handling and associated risks. The section leak test will be incorporated into
the construction process and will likely be executed at or near site just prior to tube
section placement. The tube section leak test is described in the attached procedure
HMST1N entitled "Helium Mass Spectrometer Hood Test of Beam Tube Can Sections
For LIGO Project".

Circumferential seams made in the field will be locally tested by locally purging the
seam inside the tube and establishing a vacuum on the outside of the tube with a circular
vacuum enclosure. CBI has successfully used this technique to locally test penetrations
and portions of high vacuum chambers. External local testing limits the personnel and
equipment requirements inside the tube which provides a safe, effective and economical
local test. The local circumferential leak test is described in the attached procedure
HMST2N entitled "Helium Mass Spectrometer Hood Test of Closing Weld Joints
Between Cans For LIGO Project".

Leak detection on the beam tube module will consist of a series of tests to locate the
leak(s) in the most economical fashion possible. Ideally, module leak testing would not
be required due to the achievement of system pressure goals. Initiat attempts to locate
module leaks if required would rely on cold cathode gauges located at the pumping port
and a high speed data acquisition system. Testing would progress to incorporate helium
mass spectrometer and helium tracer gas applied at suspect locations. Helium hood
techniques would only be employed as a last resort. The module leak test procedure is
described in the attached procedure HMST3N entitled "Final Helium Mass Spectrometer
/ Performance Test of Beam Tube Modules".

The basic equipment, personnel, and documentation requirements for all leak testing are
described in the attached procedure LIGOTP entitled "Planned Approach to Leak Testing
For LIGO Project".

I



LIGO PROJECT
wBS 360

LEAK TESTING

The attached preliminary procedures represent CBI's current thoughts and are being
revised and updated. Future revisions will include paragraphs concerning qualification
tests for establishing the definition of qualified personnel. Additional paragraphs will
define "lint free" by federal clean room standards. Final versions of these procedures
will incorporate thoughts, ideas, and comments from group discussions.
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HELIUM MASS SPECTROMETER HOOD TEST OF PAGENO. 1 OF
BEAM TUBE CAN SECTTONS FOR LIGO PROJECT
CALTECH

1 0

1 . 0  S C O P E :

t - . 1 _

2 . 0

This procedure covers the helium mass
leak test of each completed beam tube

spectromeLer hood
can  sec t i on .
with the currentPerform this procedure in conjunc;!;\on

rev is ion of  Procedure LIGOTP.

L . 2 Per form the leak test ing out th is  procedure:

' 1 , . 2 . 1 , On a spiral welde
'can section aft.er

the s t i f feners assembly have been
welded to that s

L . Z . Z section has been
any weld repairs have

been madlto excess undercut, lack of
penet,t rlD_ a nholes in either the can
spiE the s t i f feners to  can welds.

L . 2  . 5 l iminary cleaning procedure has'actor i ly  
completed.

A11 purchased ef, ipment used in the performance of this
procEdure shall be specifieg"!o be helium mass :p?:if"*":::
i1 rng i  iea t  tes ted  Lo  2  x  10-12  a tm.  cc fsec .  o f  he l ium'  cBr
wil l  HMS leak test al l  purchase items during the init ial leak

test  o f  the end seal  assembl ies dur ing the in i t ia l  test  o f

those assembl ies.  Tf  a  manufacturer  on ly  has the capabi l i ty

t .o  HMS leak test  to  a }esser  test  sensi t iv i ty ,  then the

manufacturer must accept. the return of that i tem wit 'hout

charge i f  i t  should fa i l  th is  in i t ia l  leak test  by cBl  a t

th i s  sens i t i v i tY  l eve l .

After t.he b
v isual ly  in

cQA-33 l/9t
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TITLE HELIUM MASS SPECTROMETER HOOD TEST OF PAGENO. 2
BEAM TUBE CAN SECTIONS FOR LIGO PRO,JECT
CALTECH

oF 10

2 . L The hel ium mass spectrometers used to per form the leak
test ing out l ined in  th is  procedure shal l  be the Leybold
Model  UL400 wi th  the opt . ional  h igh seqqr i t iv i ty  o f  2  x
1 , 0 - L 2  a t m .  c c / s e c .  o f  

- h e t i u m  
( e  x  r o - 1 3  a t m .  l c l s e c .  o f

a i r )  or  inst rument  of  comparable capabi l i ty .

Hood test  enc losure s tands.  Each enclosure as shown in
the test  set . -up sketch shal l  consis t  o f  a  gasketed
support cradl-e and cover and shall  be able to struc-
tura l Iy  wi thstand being fu I1y evacuated.  Each test .
enc losure s tand shal - l  conta in the fo l lowing:

2 . 2 . j -  A  4 0  K F  ( r  t / Z " A )  l o n g  f l a n g e  i n s t a l l e d  i n  t h e
middle on the top of the cover with a valve and
piping to an exhaust hood for venting helium gas
from the hood.

2 . 2 . 2  A  4 l / 2 "  o r  6 " A  v a c u u m  d i a l  g a u g e  w i t h  a  I / 4 "
NPT connect ion threaded in to a \ /q"O NPT
coupl ing wel -ded in to the test  enc losure cover .

2 . 2

2 . 2 . 5 A 40  KF  ( r  t / z "Q)  l ong  f l ange  i ns ta l l ed  i n  t he
bottom port ion of the test enclosure to which is
connected a vacuum valve and a Leybold D90A
rotary van pump or unit of comparable capacity.
Use this pump for evacuating the test enclosure
to  abou t  L0  to r r  (29 .5 "  Hg)  be fo re  back f i I I i ng
the enclosure wi th  hel ium.

A  40  KF  ( r  t / z "A )  I ong  f l ange  i ns ta l l ed  i n  t he
bot tom por t ion of  the test  enc losure wi th  a
vacuum valve for backfi l l ing with helium into
that evacuated enclosure.

2.3 In  order  to  be able to  reasonably  iso late the }ocat ion
of an indicated leak or leaks by t ime of f l ight
measurement, at least one test enclosure stand at, each
jobs i te  shaLL cont ,a in  addi t ional  equipment .  The test
cover  of  th is  s tand shal l  conta in the fo l lowing:

S ix  (5 )  equa l l y  spaced  40  KF  ( r  L /2 "4 )  l ong
f langes a long the top for  connect ing s ix  (6)  HPS
cotd cathode gauge tubes.

Two HPS Model  937 cont , ro l lers  for  the s ix  (6)
co ld cathode gauges in  j - tem 2.3 .1- .

High speed data acquisit ion programmed monitor
for readout. of the cold cathode gauge analog
s i g n a l s  o f  i t e m  2 . 3  . 1 .

2 . 2 . 4

2 . 3 . t

2 . 3 . 2

2 . 3  . 3

cQA-35 l /91
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oF l-o

The unders ide por t ion of  th is  test  enc losure shal l
con ta in  a :

2.4 One end double seal  assembly inc ludes the fo l lowing test .
equipment as shown on the test set-up sketch and
descr ibed beIow.

2 . 3 . 4

2 . 3 . s

2 . 4 . L

2 . 4 . 2

Three inch G"A) valved nozzl-e to which is
connected a mechanical vacuum pump unit such as
a l-,eybold WAU500 roots booster backed by a D90A
rotary van pump or unit of comparable capacity.
The pump unit connection l ine shall  contain a
valved 40 mm ( : -  t /2"@) crossover  l ine to  a
turbomolecular pump forel ine.

250 K (Lo"A)  f langed por t  to  which is  mounted a
Balzer Model TPH 1-500 turbomolecular pump. The
40 KF ( l -  t /z 'A)  fore l ine to  th is  pump shal l  be
connected through the valved crossover to the
mechan ica f  vacuum pump l i s ted  i n  i t em 2 .3 .4 .

A s ix  inch (6 ' ' )  A va] -ved nozzLe to which is
connected a mechanical vacuum pump unit such as
a Leybold WAU1000 roots booster backed by a
DK2O0 rotary van pump or unit of comparable
capacity. The pump unit connection l ine shall
conta in a va lved L00 mm (4"4\  crossover  l ine to
a turbomolecular pump forel ine. It  sha1l also
conta in a tee wi th  a 40 KF ( r  1 /2"4)  long f lange
valved for connecting the helium mass
spectrometer .

A 500 K (20"A)  f langed por t  to  which is  mounted
a f langed 2O"A LN2 cold t rap backed by a Balzer
Model TPH 5000 turbomolecular pump. The l-00 K
Q"A) fore l ine to  th is  pump shal l  be connected
through the valved crossover l ine to the
mechanica l  vacuum pump uni t  in  i tem 2.4-1- .

A 40 KF ( f  t /z"A)  long f lange connect ion for  a
Residual Gas Analyzer (RGA) such as a Balzer
quadruple mass spectrometer Model QMG 421-C
Contro l  un i t  wi th  QME !25-2 (2A0 amu) e lec-
t ron ics and QMA125 analYzer .

2 . 4 . 3

cQA-35 1t9r
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2 . 4 . 4

2 . 4 . 5

2 . 4 . 6

2 . 4 . 7

A 40 KF ( f  t /Z"A)  long f lange connect ion for  an
ionization gauge tube connected to a control
un i t .  Examples are a Var ian Mul t i -Gauge,  an HPS
Model  937 or  equiva lent  un i t .

A  40  KF  ( r  t / 2 " )  l ong  f l ange  connec t i on  w i th  an
adapter for a thermal conductivity gauge tube
connected to  t ,he contro l  un i - t  l is ted in  i tem
2 . 4 . 4 .

A l -5  KF $/8"@) long f lange va lved connect ion
leading from the interspace between t,he end
assembly double seals to a mechanical vacuum
pump -

Leybold Trivac D4B or equivalent mechanical
vacuum pump fo r  i t em 2 .4 .5 .

2.5 Second end double seal  assembly inc ludes the fo l lowing
test equipment as shown on the test set-up sketch and
descr ibed be1ow.

2 .5 .L  Twen ty  i nch  (20 " )  Q  va l ved  nozz le  to  wh ich  i s
mounted a f langed housing containing an LN2
cryogenic panel with an LN2 inlet and an N2
o u t l e t .

2 .5 .2  1 -6  KF  $ /8 "4 )  l ong  f l ange  connec t i on  fo r  t he
system permeation helium standard Ieak.

2 .5 .3  l - 5  KF  $ /8 "A )  l ong  f l ange  va l ved  connec t i on
leadj-ng from the interspace between the end
assembly double seals to a mechanical vacuum
pump.

2.5.4 Leybold Tr ivac D4B or  equiva lent  mechanica l
vacuum PumP for i tem 2 -5.3 -

2.6 A11 vacuum valves 2x (50mm) A and smal ler  shaLl  be
bellows stem sealed and have KF style f lange
connections. Any such valves facing the evacuated space
o f  t he  can  sec t i on  sha l l  be  s ta in less  s tee l .

cQA-35 l /91
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2 .7  A11  va l ves  l a rge r  Lhan  2 "  (50mm)Z  sha l l  be  s ta in less
steel vacuum sl- ide valves with mult iple chevron style
s t e m  s e a l s .

J . U

2 .8  Me ta l -1 i c  r rOr t  r i ngs  on
o f  t he  can  sec t i on .
s e a l s .

PROCEDURE:

3 .1  Ins ta l l  t he  beam tube
stand.  Do not  c lose
t ime .  See  l eak  tes t

seals  fac ing the evacuated space
Elast ,ometer  r tor r  r inqs on a l l  o ther

can sect ion in  the test  enc losure
top cover of the enclosure at this
arrangiement sketch f or detai ls.

5 . 2 Engage the end double seal assemblies at each end of the
beam tube can section. Energize the Leybold Trivac D4B
or equival-ent mechanical pump at each end double seal
assembly. When the pump blank-off pressure reaches at
least  L0 mi l l i tor r ,  open the va lve to  the space between
the double seals .

With the Leybold wAU1000/DK200 or equivalent vacuum pump
unit operating and blanking at an adequate absolute
pressure in  the very low mi l l i tor r  range,  open the 6"Q
slide valve between the pump unit and the beam tube can
secLion and st,art evacuating the can section. AIso open
the 4"4 crossover l ine valve to the Balzer TPH 5000 or
equivalent turbomolecular pump and the LN2 cold trap in
front of that pump.

3 . 3

3.4 When the absolut .e  pressure in  the beam tube can sect ion
reaches approx imate ly  1-00 mi l l i tor r ,  energ ize the
t,urbomolecular pump and charge the cold trap with I-,N2.

3.5 When the absolute pressure reaches approximately 50
mi l l i tor r ,  c lose the 6"Q roughing l ine s l ide va lve and
then open the 20nA s l ide vaLve in  f ront  o f  the co ld
trap and turbomolecular PumP.

3.6 Open the 2O"Q s l ide va lve to  the LN2 cryogenic  panel
mounted to the end seal assembly on the opposite end of
the can section from the mechanical pump/turbomolecular
pump systems.

cQA-35 l /91
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3.7 Put .  the Leybol -d UL400 hel ium mass spectrometer  or
equivalent instrument into operation and calibrate (peak
tune) the instrument to ensure that i t  meets the
opt imum leak test ing sensi t iv i ty  requi rements.

3.8 When the absolute pressure in  t ,he can sect ion reaches
approx imate ly  2 x  l -0-5 tor r ,  open the va lve to  the
hel ium mass spectrometer  (HMS).  Whi le  moni tor ing the
HMS sensing element. absolute pressure and the can
sect ion absolute pressure,  s lowly c lose the va lve to  the
mechanical vacuum pump unit backing t,he 20"4 turbo-
molecular pump. with the HMS so1e1y backing the
turbomolecular pump, monitor the can section absolute
pressure to ensure that i t  continues to drop. Should
the can sect ion absolute pressure s tar t  to  increase,
indicating the throughput is too large for the HMS
effective pump speed, reverse the valve arrangement and
continue pumping the can section with the mechanical
vacuum pump unit backing the turbomol-ecular pump. When
the absolute pressure in the can section has reached a
lower 1evel, try again to so1e1y back the turbomolecular
pump with the HMS. when this is accomplished, proceed
t o  s t e P  3 .  L 0 .

3.9 Should the can sect ion absolute pressure fa i l  to  reach
2 x l-0-5 torr and leakage is suspected and the vacuum
leve1 is low enough to operate the RGA, open the valve
to that instrument and scan the nitrogen, argion and
oxygen AMUs.  I f  the Ievels  of  these three (3)  gases
indicate inleakage, helium tracer probe the end assembly
sea ls  fo r  1eaks .

3 .9 .1  I f  e i t he r  one  o r  bo th  o f  t hese  sea ls  i nd i ca te
in leakage,  iso late and vent  the test  system and
visual ly  inspect  the seal  or  seals  to  determine
the cause of  the leak or  leaks.  Replace,  repai r
or modj-fy t,he seal or seaLs as necessary and
repea t  s teps  3 .2  th rough  3 .9  as  necessa ry  un t i l
the HMS is solely backing the turbomolecular
pump.

cQA-35 Ugl
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9 .2  I f  ne i the r  o f  t he  end  sea ls  i nd i ca te  i n leakage ,
c lose the top cover  of  the test  enc losure.
Evacuate the enclosure to approximately 1-0 torr
(29 .5 "  Hg)  .  To  ve r i f y  t , he  ex i s tence  o f
in leakage,  vent  the enclosure wi th  hel ium to
atmospheric pressure by closing the valve to the
enclosure vacuum pump and opening the valve to
the helium gas supply.

9 .3  When leakage in  t .he can sect ion has been
ver i f ied,  evacuate the hel - ium f rom the test
enclosure and backf i l l  i t  w i th  a i r .  Then vent
the can sect ion.  Remove the leak ing can sect ion
from that test enclosure and place it  in the
test  enc losure equipped wi th  the mul t ip le  coLd
cathode gauge heads.

3 .9 .4  Evacua te  the  l eak ing  can  sec t i on  as  l ow  as
possib le  wi th in  a reasonable t ime.

3 .9 .5  Evacua te  tha t  t es t  enc losu re  to  an  abso lu te
pressure suf f ic ient ly  low to enable the s ix  (5)
HPS cold cathode gauge heads to become
operational. Connect the control unit outputs
to the high speed data acquisit ion system.

3.9.5 Vent  the evacuated leak ing can sect ion in  order
to init iate the inleakage which wiLl produce the
time of f l ight data that, wiLl reveal the
approximate lengthwise location of that
inleakage. This should enable pinpointing the
l-ocation of the source of that inleakage within
about  t5"  lengthwise on the can sect ion.

3.10 Af ter  the can sect ion absolute pressure has gone below
2 x l-0-5 torr and the HMS is sole1y backing the
turbomolecular pump and the can section absolute
pressure s tabi l izes or  reaches a very s low_ rate of
decrease,  ca l ibrate the test  syst 'em as fo l lows:

3.10.1-  Record the HMS background s ignal  in  d iv is ions.
A d iv is ion sha1l  be based on the smal lest
increment on the most sensit ive scale of the
leak ind icator  meter .

cQA-35 r/91
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3 . I0 .2  Wh i le  mon i to r i ng  w i th  a  s top  wa tch ,  open  the
valve to the helium permeation standard leak on
t.he seal end assembly opposit.e from the pump end
seal  assembly.  Record the e lapsed t ime to f i rs t
receive a s ignal  i f  the e lapsed t ime is  even
long enough to record. Then record the response
t ime and the s ignal  received in  d iv is ions.
Close the standard leak valve and record the
clean up t ime and the background signal aft,er i t
has  s tab i l i zed .

3.10.3 Subtract ,  the post  ca l ibrat ion background s ignal
f rom the s tandard leak s ignal .  Div ide the a i r
leakage rate of the standard leak by the net
leak indicator signal recej-ved in the test
system from that system standard to obtain the
test  system sensi t iv i ty .

3 .10 .4  The  tes t  sys tem sens i t i v i t y  mus t  enab le  an
operator to detect an air leak with a leakage
r i t e  o f  t  x  t o -12  a tm.  ce /sec .  o r  l a rge r .  I f
the test sensit ivity is inadequate, then the can
section must either be evacuated to a lower
absolute pressure that wil l  enable i t  to be
achieved and/or be al l-owed to accumuLate for a
suff icient length of t ime to achieve this
requi red test  sensi t iv i ty .  This  system
cal ibrat ion shal l  be repeated as necessary to
establ- ish the required absolute pressure and/or
the accumulation t ime needed to achieve this
speci f ied sYstem sensj - t iv iLY.

3.  l -1  Af ter  successfu l  complet ion of  the system cal ibrat ion in
step 3.10,  per form the hood test  o f  that  can sect ion as
fo l l -ows.

3 . l -1 . l -  Evacuate the test  enc losure to  approx imate ly
1 0  t o r r .

3 . I l - .2  Close the va lve to  test ,  enc l "osure vacuum pump.

3 . l - l - .3  Record the test  system background leak ind icator
s iqnal  in  d iv is ions.

cQA-35 v9r
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3 .  l - l - .4  Vent  the test .  enc losure to  atmospher ic  pressure
with helium gas by opening the valve to the
hel ium gas supply .

3 .11 .5  Wa i t  t he  e lapsed  t ime  es tab l i shed  du r ing  sys t .em
cal ibrat ion that  would be necessary to  detect  a
to ta l  l eakage  ra te  o f  L  x  10 -12  a tm.  cc / sec .  o r
Ia rge r .

3 .  t - t - .6  I f  the s ignal  received ind icates an unacceptable
tota l  leakage rate in  a can sect ion,  then that
leakage must be pinpointed either by repeat. ing
s t e p s  3 . 9 . 3  a n d  3 . 9 . 4  o r  b y  u s i n g  o t h e r  m o r e
conventional HMS leak location techniques.

3.L2 I f  the s ignal  received in  t ,he establ - ished e lapsed test
t ime ind icates an acceptable to ta l  leakage rate or  i f  no
s ignal  is  received in  the establ ished e lapsed test  t ime,
then the can sect ion hood test  is  complete.

3 .13  Ven t  w i th  -8OoF ( -52 'C )  dew po in t  d ry  a i r  and  he rme-
t ica l ly  seal  both ends of  the tube sect ion.

4.0 DOCUMENTATION

See procedure LIGOTP for documentation requirements.

cQA-35
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TrrrEi HELTUM MASS SPECTROMETER HOOD TEST OF
CLOSING WEI,D .JOINTS BETWEEN TUBE CANS FOR
LIGO PRO.JECT - CALTECH

PAGENO. 1 OF

Corp Corp BY DATE

A Ener Weld OA Const Mfg PREPARED CNS 11--3-93

on AUTHoRIzEDA -
FT REFERENCEDo tto*^*o *u. *o.

1 .  O  S C O P E :

1. l -  This  procedure covers t .he hel ium mass spectrometer  hood
test  o f  the c los ing weld jo in t  between each beam tube
can secc ion.  Per form th is  procedure in  accordance wi th
the current revision of procedure,, l [GoTP.

r . 2 Perform the leak test ing out l i this procedure
af ter  t .he c los ing weld jo in t l f , t tluo adj acent beam
tube can sections has been,fEt)lal l cted and any
weld repal-rs have been mqft [  corr t  excess undercut ,
racr of oenecracr-on arrcif f igS in that  we1d.

2 . 0

the leak
Alcate l

2 . L The heLium mass spec
t .est ing out l i
Model  ASM 51,
Veeco Model
sens i t i v i t
he l i um.

used to perform
re shall  be the

] UL400, Varian Model
rh l
I d

valent with an optimum
o f  1 0 - 1 1  a t m .  c - c / s e c .

9 5 0 ,
high
o f

beam
at the

2 . 2  A  c curved metal box with an inf latable
per imete and a 40 KF ( r  t /2"4)  long f lange for
connectiori the HMS. The box shall  be suf f icient, ly
i";t to co#r approximately 1900 of the ouLside
c i r iumference of  the c los ing weld jo in t  between
tube can sect ions.  See the test  set -up sketch
end of t,his Procedure.

2 .3  Ten  (10 )  f ee t  o f  f l ex ib le  s ta in less  s tee l  me ta l  hose
wi- th  1,6 KF (5/8 ' �a)  connectors on the ends for
connecLing the HMS to the metal vacuum box.

2.4 Combination weld purge dam/helium hood enclosure
consis t ing of  two in f la tab le rubber  seaLs in terconnected
wi th a meLal  bar  r ing conta in ing 16 KF (5/8"4)  va lved
connect ions.  One each for  in ject ing e i ther  argon or
helium gas and a third for evacuatj-ng the enclosure.
See the f igure at t 'he end of this procedure.
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2.5 Three vacuum valves wi th  l -5  KF $/8"4)  connectors
at tached to the met .a l -  bar  r ing.

2 .6  Th ree  l -5  KF  $ /B 'A )  hose  connec to rs ;  gas  hose  connec ted
to two of the valves and vacuum hose connected to t,he
th i rd  va lve.

2.7 Mechanical vacuum pump such as a l-,eybold Trivac D2B or
equiva lent .

2 .8  E igh t  (8 )  c lamp ing  r i ngs  fo r  16  KF  (5 /B"A)  f l anged
connectrors .

3 .0  PROCEDURE:

3.  l -  V isual ly  inspect  the outs ide of  the c los ing weld jo in t
between the beam tube can sections. Repair any excess
undercuL,  lack of  penetrat ion or  p inholes detected.
Remove any rougih areas adj acent to the weld in the
v ic in i ty  o f  where the meta l  box seals  wi l l  contact  the
outs ide sur face of  the tube in  order  to  ef fect  the
best  poss ib le  temPorarY sea1.

3.2 Insta l l  the channel  shaped curved meta l  box on a 1900
segment over the outside of the closing weld joint

beiween the beam tube can sect ions.

3 .3  P ressu r i ze  the  i n f l a tab le  pe r ime te r  sea l  on  the  box .

3.4 Cal ibrate (peak tune)  the HMS to obta in the opt imum test
sensit ivity for the model instrument being used. Record
the signal above the background signal in divisions.
Since Lhe volume of the metal vacuum box is insigni-
f icant ,  the test  sensi t iv i ty  for  th is  system is  the
helium leakage rate of the standard leak divided by this
net  s ignal  in  d iv is ions where a d iv is ion is  the smal lest
increment on the most sensit ive scale of the leak
indicator  meter .

3.5 Vent  the HMS mani fo ld  and connect  the f lex ib le  meLal l ic
hose to the curved metal box and HMS.
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3.6 Evacuate the curved meta l  box wi th  the HMS auxi lary
vacuum pump. Aft.er i t  has evacuated to approximately
1-00 mi l - l i tor r ,  throt t le  open the h igh vacuum system to
the metal box. Should the vacuum i-n the metal box
stabi l ize at  a  h igher  pressure ind icat , ing potent ia l  seal
leakage,  t racer  probe the per imeter  of  the seal  to
det ,ect ,  and p inpoint  the area of  leakage.  I f  seal
leakage is  detected and p inpointed,  temporar i ly  seal  i t
w i th  seal ing compound such as Apiezon Q or  e lect r ica l
Put tY.

3.7 Insta l l  the in ternal  he l ium hood enclosure i f  i t  is  not
already in place as a purge dam for the prior welding.

3.8 When the high vacuum absolute pressure meter of the HMS
has stabi l ized (bot , tomed),  evacuate the hel ium hood
enclosure to remove the argon present during welding.

3.9 Record the HMS background s ignal  in  d iv is ions.  A
division shal1 be based on the smaLlest increment on the
most  sensi t ive scale of  the leak ind icator  meter .

3.LO Backf i l l  the hood enclosure wi th  hel ium by opening the
regulated helium gas suPPlY-

3.1-1 Observe the HMS teak ind icator  meter  for  one (1)  minute.
If  there is no increase in the leak indicator signal,
the c los ing weld jo in t  leakage rate is  acceptabLe and
the test  is  complete.  I f  there is  an increase in  the
leak ind icator  s ignal ,  proceed to s tep 3.L2 Eo p inpoint
the location of the unacceptable leakage in this closing
w e l d  j o i n t .

3 .12 Iso late the HMS f rom the test  syst 'em and vent  the 1900
curved metal vacuum box. Replale the l-900 curved met'a]
vauum box with a curved metal vacuum box approximately
s i x  i nches  (5 " )  i n  l eng th .

3.1-3 Visual ly  inspect  the 1900 por t ion of  the weld jo in t  that
contains the unacceptable leakage. If  any area or areas
are observed that appear to contain potential l-eaks,
Ioca1ly  leak test  that  area or  areas f i rs t  '

3 .L4  P lace  the  s i x  i nch  (5 ' t )  l ong  box  ove r  t he  se lec ted  a rea
of  the c los ing weld jo in t , .  Connect  the f lex ib le
meta l l ic  hose to  the shor t  meta l  box '
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3 .1_5 Evacuate the short metaL box with t.he HMS auxilary
vacuum pump. After i t  has evacuaLed to approximately
100 mi l l i tor r ,  throt t le  open the h igh vacuum system to
the met,al box. Should the vacuum in Lhe metal box
st ,ab i l ize at  a  h igher  pressure ind icat . ing potent ia l  seal -
leakage,  Lracer  probe the per imeter  of  the seal  to
detect  and p inpoint  the area of  leakage.  I f  seal
leakage is  detected and p inpointed,  Lemporar i ly  seal  i t
w i t ,h  seal ing compound such 3s apiezon Q or  e lect r ica l

Pu t tY .

3.  t -G Observe the HMS leak ind icator  s ignal  in  d iv is ions as
the high vacuum absol-ut.e pressure meter stabil izes
(boLtoms) . I f  the indicator signal shows an increase
over the normal background, isolate the box. If  the
s ignal  decreases,  leakage is  ind icated in  the area being
tested.  I f  t .he ind icator  s ignal  shows no increase over
normal background and/or does not change when the box is
iso lated,  f lo  leakage is  ind icated in  that  area.

3.I7 When a leak is pinpointed, vent the vacuum box and vent
the helium hood enclosure.

3.  l_B Repai r  the p inpointed leak and retest  the ent i re
prev iousfy  Lested 1900 segment  of  the cLosing weld

lo in t .  When that  1900 segment  leak test  shows no
unacceptable leakage, the leak test of that port ion of
the c los ing weLd jo in t  is  complete.

3.19 Vent  the curved meta l l ic  vacuum box.  Center  and p lace
th is  box over  the outs ide of  the 1700 untested por t ion
of  the c los ing weld jo in t .  Replace the hel ium hood
enclosure on the ins ide of  th is  weld jo in t '

3  .20 Repeat  s teps 3 .3  through 3 .18 for  the remain ing 1-700
segment  of  the c los ing weld jo in t '

4.0 DOCUMENTATION:

See procedure LIGOTP for documentation requirements.
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l - . l -  Th is  procedure covers the f  ina l  he l ium mass
spectrometer/performance test of each of the beam
modules.  Use th is  procedure in  conjunct ion wi t ,h  t .he
current revision of procedure LIGOTP.

L.2 Per form the leak test ing out l ined in  th is  procedure on
the applicable beam tube module after :

i - .2 .1-  A11 beam tube can sect ions in  that  module have
been successfu l ly  HMS leak tested,  f ina l  c leaned
and erected.

L .2 .2  A11  c los ing  weLd  jo in t s  i n  t ha t  modu le  have  been
successfu l ly  HMS leak tested and locaI Iy
c leaned .

L.2.3 The permanent  vacuum pump system for  the
applicabLe beam tube module has been instal led.

2.0 LEAK TESTING EOUIPMENT TO BE USED IN THIS PROCEDURE:

2.L Leybold Model  UL400 hel ium mass spectrometer  leak
detector  wi th  the opt ional  h igh-s6nsi t iv i ty  o f  2  x  t0-12
a t m .  c c f s e c .  o f  h e l i u m  ( e  x  L O - r r  a t m .  c c / s e c .  o f  a i r )
or instrument of comparable capabil i ty.

2 .2 Permeat ion (quar tz)  he l ium standard leak wi th  a leakage
rate in  the iange of  1o-8 atm.  ccfsec.  or  smaI ler .

2 .3 F lex ib le  s ta in less s teel  hose for  connect ing the hel ium
mass spectrometer  to  the test  system.

2.4 CBI  suppl ied Balzer  Model  QMG 42L-C wi th  an amu mass
range of  1  -  51-2.

2.5 Ten (10)  CBI  suppl ied HPS cold cathode gauge heads.

2 .6  Four  (4 )  HPS Mode l  937  con t ro l l e rs .
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2 .7  CBI  supp l i ed  h igh  speed  da ta  acqu is i t i on  sys tem.

2.8 Cal tech suppl ied vacuum pump system consis t ing of
mechanical pumps, turbomolecular pumps and j-on pumps.

3 .0  PROCEDURE:

3.1-  Insta l l  the ten (10)  HPS cold cathode gauge heads at  the
LO"A par ts  equal ly  spaced a long the length of  the beam
tube module.  Connect  the h igh speed data acquis i t ion
syst.em to the HPS gauge control lers.

3.2 Visual ly  inspect  the length of  the beam tube module to
be  f i na l  t es ted .

3.3 Check of f  each i tem on the checkl is t  as i t  is  inspected
and found satisfactory during the walkdown.

3.4 Conduct a blank-off of the mechanical vacuum pump
system. When i t  is  sat is factory,  begin evacuat ing the
beam tube module.

3 .5 Start and cal- ibrate (peak tune) the helium mass
spec t romete r  (HMS) .

3.6 When the absolute pressure in the beam tube module
reaches approximately 1-00 mil l i torr, energize the module
turbomolecul-ar PumPs .

3.7 Shoul-d the absolute pressure in the beam tube module
stop decreasing before i t  reaches the level- of 100
m i l l i t o r r ,  r e p e a t  s t e p s  3 - 2  a n d  3 . 3 .

3 . 7 . 1  W h i l e  r e p e a t i n g  s t e p s  3 . 2  a n d  3 . 3 ,  t h r o t t l e  t h e
HMS into the roughing pump line behind the
booster  PumP.

3.7.2 I f  any obvious problem i tem is  d iscovered dur ing
the repeat walkdown checklist inspection, HMS
tracer  probe the i tem. I f  leakage is  ind icated,
isolat.e t,he HMS, vent the system, repair and/or
correct  the problem and star t  over  at  s tep 3.4 '
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3 .7  .3  I f  no  l eakage  a rea  i s  de tec ted ,  rev iew  a l l  can
sect ion f j -na l  test  repor ts / logs and a l l  c los ing
weld jo in t  t .est  repor ts / logs for  s tatements or
data that reveal-s potential leakage problem
areas prev ious ly  over looked.  L is t  a l l  potent ia l
problem areas revealed by these logs or  repor ts .

3 .7  .4  HMS t race r  p robe  l eak  tes t  a l l  a reas  o r  i t ems  on
th i s  1 i s t .  I f  l eakage  i s  i nd i ca ted ,  no te  the
area.  When a l l  areas are tested,  iso late the
HMS, vent the system, repair and/or correct the
p rob lem(s )  and  s ta r t  ove r  a t  s tep  3 .4 .

3 . 7 . 5  R e p e a t  a L I  s t , e p s  o f  i t e m  3 . 7  u n t i l  t h i s  p r o b l e m
is  reso l ved .

3.8 When the system absolute pressure reaches approximately
50 mi l - l i tor r ,  open the va lve (s)  between the
turbomolecular pump(s) and the beam tube module. At the
same t ime,  c lose the va lve(s)  in  the roughing l ine(s)
between the mechanica l  pump(s)  and the test  system.

3.9 When thq system absolute pressure reaches approx imate ly
l -  x  l -O-5 tor r ,  energ i ize the ion pumps.

3.10 Shou1d the absolute pressure in  the beam tube module
stop decreasing between 10-4 and l -0-5 tor r .

3 . l -0 .L Energ ize the HPS cold cathode gauge tube and the
high speed data acquisit ion system.

3.10.2 Iso late the beam tube module vacuum purnp system
while recording the absolute pressure cold
cathode gauge outPut readings.

3 .10 .3  A f te r  su f f i c i en t  da ta  has  been  reco rded ,  open
the valve (s) to the beam tube module pump
sys tem.

3.1-0.4 Analyze the pressure r ise data for  an ind icat ion
of  the approx imate locat ion(s)  o f  the leakage
crobl -em (s)  .

cQA-35 1tgr



DOC. ID HMST3N
REV. NO. 0
CoNTRACT 930212

TITLE FINAL HELIUM MASS SPECTROMETER/
PERFORMANCE TEST OF
BEAM TUBE MODULES - CALTECH

PAGENO. a

3 .10 .5  Th ro t t l e  t he  HMS in to  the  sys tem in  the  fo re l i ne
of the turbomolecular pump. Thrott le the valve
t,o the mechanical- pump backing the
turbomolecular pump as much as possible without
increasing the system absolute pressure.

3 . l -0  .5  Hood t .est  the area or  areas revealed in  s tep
3 . L 0 . 4 .  M a r k  a l l  a r e a  o r  a r e a s  o f  l e a k a g e
ind i ca t i ons .

3 . l -O .7 Iso late t .he HMS and pumps f rom the system, vent
the system and repair al l  leakage areas
ind i ca ted  and  s ta r t  ove r  a t  s tep  3 .4 .

3 . 1 0 . 8  R e p e a t  a l l  s t e p s  o f  i t e m  3 .  L 0  u n t i L  t h i s  p r o b l e m
is  resoLved .

3.11 Whi le  cont inu ing to  evacuate t 'he beam tube module,
monitor the system peak masses for nitrogen, argon and
oxygen with the RGA to observe if these amu mass
readings are indicating any gross leakage. For
informit ion, monitor the amu maSS numbers for moisture,
elements in the cleaning solvents and cleaning compounds
and hydrogen, etc.

3. l-2 As long as the system absolute pressure continues to go
down, continue to pump and monitor to determine if  the
amu mass peaks for nitrogen, argon and oxygen sti l l
ind icate 1 i t t .1e or  no s ign i f icant  leakage.

3.1-3 When the beam tube module reaches an absolute pressure
in the l -0-8 tor r  range,  i f  the RGA mass readouts for
oxygen, nitrogen and argon continue to indicate 1itt le
or-no detectable inleakage and the absolute pressure
continues to decrease, even at a very very slow rate,
the leakage rate of the module is satisfactory and the
module is readY for bake out.

3 .L4 I f  the beam t .ube module wi l l  not  readi ly  evacuate below
the L0-7 tor r  range because of  RGA ind icat ions of  h igh
outgass ing rates not  a t t r ibutable to  in leakage,  the
module wil l  also be considered ready for bake out.
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3.15 I f  a l l  procedure s teps have been per formed and the
system wi l l -  not  evacuate to  a suf f ic ient ly  l -ow absolute
pressure 1evel because of RGA high mass readouts
indicating inleakage, perform a HMS hood test of the
entire beam tube module in accordance with procedure
HMST4N.

4.0 DOCUMENTATION:

Document  in  accordance wi th  i tem 5.0 of  procedure LIGOTP.
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of  the c los ing
ube c sect raon an

sr_on of procedure number

ta l  leakage rate test o f
rdance with the current

r HMST3N.

STANDARD REV. NO'

1 . 0  S C O P E :

This planned approach to leak test ing covers

1 . 1 The helium mass spectrometer hood st ing of  each beam
tube can section in accordance he current revision
of procedure number HMSTIN.

r . z The hel ium
we ld  j o in t
accordance
HMST2N.

2 . 0 PERSONNEL:

Q u a l i f i e d  p e r perform and supervise al l- hel ium
mass spect
th is  n lann

esting conducted in accordance with'and 
al l  the leak testing procedures

referenced wi i s  p 1 a n .

3 . 0  R E F E R E N C E :

3.1 L992 ASME Boi ler  & Pressure Vessel  Code,  Sect ion V,
Ar t ic te  10,  wi th  1-992 Addenda as a guide.

3.2 ASTM Designat ion 8498 Test  Methods for  Leaks Using the
Mass Spectrometer Leak Detector or Residual Gas Analyzer
in  the Tracer  Probe Mode (as a guide) .

3.3 Cal i forn ia Inst i tu te of  Technology Technica l
speci f icat ion Number 1L00004 for  Beam Tube Modules.
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4.0 IEAT TESTING EOUIPMENT USED IN ALL LEAK TEST PROCEDURES:

4.L He1ium mass spectrometers (HMSs) wi th  a h igh vacuum
turbomolecular pump and internal auxil iary mechanical
vacuum pump. Inst.ruments must be capable of direct f low
operation and may have the opt. ion of indj-rect f low
operat ion.  Speci f ic  inst rument  modeLs and sensi t iv i ty
requirements wil l  be given in each of the applicable
leak  tes t  P rocedures .

4.2 permeat ion (quar tz)  he l iu{ r  s tandard leaks wi th  leakage
rates in  the range of  l -o-8 atm.  ccf  sec.  or  smal ler .

4 .3 Commerc ia l  grade hel ium suppl ied f rom on-s i te  s torage
t ra i l e r  o r  conLa ine r .

4 .4  Hel ium regiu la tors  .

4 .5  He l i um t race r  p robes  and  hoses .

4.6 L igu id n i t rogen suppl ied f rom an on-s i te  cryogenic
st,orage contrarner -

4.7 Cleaning sol-vents such as acetone and/or isopropyl
a1coho l .

4 .8  C lean  l i n t  f r ee  c lo ths  o r  paper  towe ls .

5.0 DOCUMENTATION:

5.  l -  On a checkl is t  o f  a l l  i tems to be leak tested for  a  beam
tube module, sign-off and date the entry for each item
af ter  the leak test  for  Lhat  i tem has been successfu l ly
complet .ed.

5.2 Maintain a log book for each beam tube module and make
encr ies of  a l l  note wor thy leak test ing events,  such as
leaks repaired., ds they occur during the leak testing of
each can sect ion and c los ing weld jo in ts  between can
sect ions of  that  module.

Prepare a
tes t  as  i t
importance
repor t .

br ie f  test  repor t  o f  the resul ts  of  each leak
is complet,ed with aII information of
to  the outcome of  the test  l is ted in  the

q ?
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ALIGI\IMENT PROCEDT]RE

WBS #380 Alignment Procedure

The accurate alignment of the beam tube module is required to ensure that the 1.07 meter
minimum clear aperture is maintained. During the construction process the beam tube
must be aligned to a level of accuracy that permits final alignment and provides +/- 7.5 cm
horizontal and vertical adjustment for later re-alignment. Immediately following the
construction process the beam tube module will be final aligned to provide the 1.07 meter
minimum clear aperture. Also, a system will be installed for the operational re-alignment
of the beam tube module.

Permanent monuments will be located at250 meter spacings along each arm of the beam
tube and approximately 15 meters from the beam tube centerline. The coordinates of
these monuments will be relative to the centerline of the beam tube. The monuments and
monument coordinates will be furnished by Caltech. The beam tube will be aligned using
the coordinates of the permanent monuments.

Two different beam tube alignment concepts are currently being pursued. One concept is
centered around using conventional optical tooling equipment and techniques. The second
concept is centered around using the newer 3D coordinate measuring equipment and
techniques. Both systems can be used to perform the alignment. The accuracy of the
systems, the equipment cost and the cost to operate the systems are being assessed to
establish which system is the preferred system for use on the LIGO project.

Conceot Usine Optical Tooline Svstem

Optical tooling equipment and techniques can be used to align the beam tube modules.
CBI has developed and performed alignments using optical tooling equipment for both
private and government projects that parallel the LIGO needs. In the current concept a
series of vertical and horizontal alignment blocks or targets will be established near each
beam tube support that define the beam tube alignment The coordinates from the
permanent monuments, located about 15 meters from the beam tube, will be used to
position temporary monuments located near the tube just inside the concrete cover at the
openings for the pump ports. These temporary monuments will be used to align the
alignment blocks and targets located at each beam tube support. Horizontal and vertical
measurements will be taken directly from the beam tube to the alignment blocks to
determine location of the beam tube. If needed optical tooling equipment ,a tilting level
and jig transit, can also be used to measure the position of the beam tube to the alignment
blocks or targets. The following is the procedure for aligning the beam tube using the
optical tooling equipment and techniques.

l. lnstall Temporary Monuments TMI &Tl'/12.

2. Using the Permanent Monument Ml &M2 to set the TMI and TM2 to a pre-
determined vertical and horizontal distance from the beam tube centerline.
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Install adjustable alignment blocks or targets at each beam tube support.

Using optical tooling equipment and techniques align the alignment blocks or
targets to be in line with TMI and TlvI2. Align both vertically and
horizontally. A tilting level with an optical micrometer will be used to set the
alignment blocks or targets in the vertical direction and a jig transit with an
optical micrometer will be used to set the alignment blocks or targets in the
horizontal direction. As an option, we are also considering using a precision
level indicator (oiUwater level) to set the vertical alignment.

Hard measurements will be taken between the alignment blocks and the beam
tube reference point to determine the alignment of the beam tube. As an
option, optical tooling equipment can be used to determine the position of the
beam tube to the alignment targets.

The beam tube will be adjusted vertically and horizontally using the adjustable
supports until the as measured dimension to the alignment blocks or targets
agree with the calculate values.

Approximately 250 M
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Concept Usine 3D Coordinate Measurine Svstem

CBI is currently working with Kara Company, a local supplier of optical alignment and 3D
coordinate measuring equipment, to develop a 3D coordinate measuring system for
comparison with the optical alignment system. Kara Company feels the 3D coordinate
measuring system is valid and possibly the preferred system for aligning the beam tube.
Below is the current alignment concepts using the 3D coordinate measuring equipment
and procedures

CONSTRUCTION ALIGNMENT USING THE 3-D SURVEYING SYSTEM:

1. Set up the instrument between two Permanent Monuments (Ml &M;2)
with line of sight to the target attached to the beam tube section.

2. Site the targets attached to ML and M2 and input the respective
coordinates of Ml and M2. These coordinates of the permanent
monuments will be with respect to the theoretical beam tube module
centerline.

3. Site the target and read the measured coordinates. The targets attached to
the beam tube will be positioned with respect to the beam tube center at
that location.

4. Calculate the adjustment needed to center the tube.

5. Adjust the beam tube in the vertical and lateral directions until the
measured and calculated target coordinates agree.

6. Repeat steps 1 through 5 to center the end of each beam tube section as it
is installed.
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ESTABLISH TEMPORARY MONUMENT COORDINATES USING THE 3-D
SURVEYING SYSTEM:

1. Set up the instrument with line of sight to the Permanent Monument (M1)
and the Temporary Monument (TM1) just inside the opening in beam
tube cover. Sight the target attached to the Ml and input elevation of M1.
Sight the target attached to the TMl and record the target elevation of
TM1.

2. Set up and center the instrument over the Ml and site the target atMz.
Input the coordinates of the M1 and M2. Sight the target attached to
TM1. Record the measured coordinates of TMl.

3. Repeat steps 1 and? at the other Temporary Monuments.
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FINALALIGNMENT USING THE 3.D SURVEYING SYSTEM:

L. Set up the instrument between two Temporary Monuments (TM1 &TNn)
with line of sight to the target attached to the beam tube section.

2. Site the targets attached to Temporary Monuments (TM1& TM2) and
input the respective coordinates. These coordinates will be with respect to
the theoretical centerline of the beam tube module.

3. Site the target and read the measured coordinates.

4. Determine the adjustment needed to center the beam tube.

5. Adjust the beam tube in the vertical and lateral directions until the
measured and calculated coordinates of the target agree.

6. Repeat steps 1 through 5 to center the end of each beam tube section.

fTo M3

Final Alisnment lneidc Cover
3-D Coordinab irleasurins Swbm

The newer and more accurate 3D coordinate measuring systems can measure
vertical and horizontal angles to accuracy's equal to one second of arc and distance
accuracy's equal to one millimeter plus one part per million of the distance
measured. This level of accuracy is adequate for aligning the beam tube modules.
Kara Company has demonstrated the 3D equipment to CBI and have agreed to
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perform a field test of the equipment to confirm the 3D system performs as
specified. The test is scheduled to be performed at CBI in Plainfield on November
19, Lgg3.

After the 3D equipment performance test is completed the two systems, the 3D
coordinate measuring alignment system and the optical tooling alignment, will be
compared to determine which of the systems is most appropriate for use on the
LIGO project.
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PURPOSE

This document is  a d iscussion of  a l ignment procedures and
equ ipment  fo r  the  8  k i lometer  run  o f  tub ing  fo r  the  Laser
Interferometer Gravitational Observatory(LIGO) of Cal Tech. The
following suggested procedures and alternates are based on the prior
experience of CBI Na-Con and other vendors/subcontractors of
Chicago Bridge & lron Company.

SCOPE

This out l ine encompasses procedures,  techniques,  equipment and
references needed to meet the goals of the LIGO Program. The
fol lowing suggest ions and al ternat ives are resul ts of  CBI 's
exper ience in opt ical  tool ing measurement techniques acquired
during various projects such as nuclear component fabrication, large
structure instal lat ion(wind tunnels, rocket test faci l i t ies, shaft and
vessel supports) and foundation displacemenUdeformation studies.

GENERAL

The alignment of the LIGO equipment requires the instal lat ion of
permanent reference points used for both init ial and periodic
inspection of the tube "clear aperture" during the facility's 20 year
life. This activity will be separated into two(2) aspects. The first
being al ignment of two straight Datums included in a right angle.
The second being the elevation of the references which can include
two methods of determination, optical and/or water level systems.

Straight Line Datum Determination

Two considerations for the LIGO Project alignment are distance and
temperature. For these reasons, the use of laser al ignment
equipment has been determined inadequate for the LIGO project.
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Laser d istance equipment may be valuable for  t r iangulat ion
exercises and used for  determining support  d istances.  These
exercises are discussed later in these procedures. However the use
of lasers for alignment activities is not suggested.

It is understood that the al ignment activit ies associated with the
LIGO project are two fold:

The f irst is the -sett ing and alignment of the reference
monuments and proposed alignment blocks. These are the
structures used as an nxu reference for al igning the tube
supports. This is the most diff icult activity for the LIGO
project in that i t  involves "long shot" techniques and can
result in greater inaccuracies.

The second phase is the measurement of the "X" dimensions
from the reference monuments to the tube section reference
point. This activity will use standard techniques and involve
higher accuracies.

The first activity alignment concerns are divided into three areas;

. Scheduling tor reputability,

. Techniques to achieve repeatability, and

. Equipment and Structures required for rigidity and
repeatability.

Monument establ ishment inc ludes two axis adjustment.  The
fol lowing is  a descr ipt ion of  st ra ight  l ine and r ight  angle
determination of the LIGO beam module al ignment l ines. Note that
reference point elevation is described later under the leveling of the
tube sections.
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1) Schedule

The LIGO Project wil l  be a study in cl imatological effects on
measurement.  Atmospher ic condi t ions wi l l  d i rect ly  inf luence the
repeatabil i ty of al ignment readings and could create delays during
construction. The scheduling of an al ignment activity is crit ical and
should fol low the pre-determined criteria:

a. Readings to be taken during stable temperature conditions
b. Direct sunlight-should be avoided
c. Similar condit ions such as humidity, barometric pressure,
temperature, etc. should be sought after, and at all locations
should be recorded.

This usually means work during the midnight to dawn time frame
when stable temperatures are possible. Overcast days could also
used during f inal al ignment provided the humidity and other factors
are found to be favorable(determined from measurement tests).

The recording of data taken during measurements wil l  require both
dimensional and environmental information. A sample form is shown
below.

ttr\
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FIGURE 1.0
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This information should be formatted to log into
spreadsheet in order to compare in i t ia l  readings
dimensional displacement and direction, temperature(air,
monument), atmospheric conditions, time of day, etc. An
determining re lat ionships,  t rends and pat terns wi l l
ability to achieve repeatable measurements.

a database
based on

ground and
analysis for
provide an
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Measurements wil l  also provide data for determining other possible
anomalies such as soil  stabil i ty, ground water effects, seismic
problems, etc. that can effect the alignment condition of the LIGO
reference monuments. This wil l  require a design analysis for the
monument foundat ions in regard to p i l ing depth,  support  pad
interference, etc. in order to achieve the most stable condition for
reference monuments and thus a repeatable measurement. These
monument. designed are discussed later in further detai l .

A schedule of  a l ignment inspect ions dur ing both LIGO faci l i t ies
construction and operation will be necessary after seasonal changes,
naturat  events(hurr icanes,  f looding,  seismic act iv i ty ,  etc.)  and
design changes that effect crit ical al ignment. This wil l  add to the
data base for determining their effects on monument displacement
and will provide an accurate reference for the LIGO tube(s).

2) Techniques - Sfraight Line Monuments

The act iv i ty  of  monument a l ignment wi l l  require techniques
developed for apptications such as the Huntsvil le, Al 2,000 foot
laser tube and the Army Corps of Engineers' dam deformation
programs. Based on these examples, the most effective technique
can be summarized as,

" long shot  -  angular  targets wi th short  shot  lateral
a d  j u s t m e n t s . "

This is achieved by using a mult iple of " lateral blocks" between
f ur ther Spaced "angular  monuments."  The 250 meter d istance
between pumping ports should be acceptable for angular monuments.
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30 meters apart is acceptable for lateral
is shown below.

r r'ffi"1

MONUMENT(TYP} ALCNMENT BLOCK(TYP) Tangential Error Near 0'-00'-00'
Datum Llne FIGURE 2.0

The reasons  fo r  th is  method o f  "angu lar  a l ignment / la te ra l
adjustment"  is  due to the opt ical  instrument 's  resolut ion.  The
equipment's oone second of an arcn accuracy is limited to the ability
to distinguish the reticle pattern on a target. The alignment process
begins by centering the instrument between the angular targets and
adjust ing the instrument 's  angular  and lateral  set t ings(cal led
bucking-in). The targets mounted at the angular monuments should
be back lighted or collimators may be used. lf a target is used, the
sptit between paired l ines should be calculated before use and
determined to equal or exceed the maximum distance of the reticle
pattern. The greater the angular target distance, the better angular
posit ion the instrument wil l  achieve(see below).
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FIGURE 3.0

When making lateral adjustments, the opposite is true. Resolution
must be f ine enough to d ist inguish 0,25 mi l l imeters(0.010 inch.)  in
order to achieve the accuracy capable of optical tooling. This is done
by adjusting a lateral target at each monument(it is best to adjust
the target because optical micrometers do not have an acceptable
resolution beyond 30 meters). Each lateral adjuster should be a
permanent fixture to its monumenUblock and capable of supporting
a target and an instrument.

t
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3 J -8UN Standard Mounting
Adapter for Opical Tooling

- FIGURE 4.0

The adjustment should be no more than 2.0 mm per rotation. A
micrometer or dial indicator should be mounted to read displacement
during and after adjustment. Locking bolts should be provided and
capable of securing the slide. The locking bolts may be allen or torx
head to discourage tampering.

The technique of al ignment noted wil l  be performed for one beam
module "l ine.n The second l ine wil l  be performed in a similar fashion
after the establishment of the 90" turn and the associated angular
monuments.

2) Techniques, cont. - 90 Degree Turn

The LIGO tube arrangement requires a right angle turn. this can be
performed by triangulation and by auto-collimation. lt is suggested
that each method be used for verification during construction.

Triangulation can be performed using a standard surveying procedure
and could include laser distance equipment. The set-up would require
the use of a theodolite similar to the current accuracy levels of the
K&E AIMS l l ,  Wilde T4 or the Zeiss units available today. This
includes accuracies to 0.5 sec RMS and resolution of 0.0001 grad.
Also, consideration should be given to the effective aperture
diameter of the objective lens. The long distances wil l  require
maximum light and the larger the objective lens, the better the

_$ffi

Adluster Assembly
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resolution. The Army Corps of Engineers use an old model of a Wilde
theodolite(T-3) which is no longer in production. This scope has a
large objective lens for long shots and meets their needs for dam
studies where one to three mile runs are not uncommon. The current
equipment available today reach up to 54mm effective aperture and
will provide the accuracies needed.

The optical tooling method of auto-coll imation can be used as a
checking activity for short distances. This wil l  require the use of a
j ig t ransi t  equipped wi th a r ight  angle opt ical  mirror  mounted
perpendicular to the scope axis, on a stand with a lateral adjuster
or, i f  available, an optical tooling bar. This "control '  instrument wil l
be "bucked-in" to the first aligned beam tube module line. The second
instrument wil l  be equipment with an auto-coll imating l ight source
and mounted along the second beam module l ine.  The second
instrument wil l  auto-coll imate to the control instrument mirror to
achieve a 90o angle(+ 1.0 second of  an arc) .  The l ine wi l l  be
measured using both lateral and angular shots for comparison to the
triangulation method.

2) Techniques, cont. - shooting around obstacles

The LIGO Project  bui ld ings present problems to the al ignment
procedures .  The in i t ia l  se t -up  o f  the  a l ignment  l ines  and
establishment of al ignment monuments should be scheduled before
buildings or at lest building walls are in place. The lines can then be
re-established using alternate reference monuments.
The locations of alternate monuments wil l  be adequate to re-
establish the beam module line from a distance beyond the building
perimeters. The monuments wil l  be equipped similar to the angular
monuments described previously.
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2) Techniques, cont. - Miscellaneous

The reasons that al ignment lasers are discounted for this project
also present problems for sight al ignment practices. Experience
with laser al ignment equipment found that use in close or enclosed
areas Such as trenches, pipetines, etc. tend to affect the laser's
ability to run a straight tine. Distance of shot disperses the beam
where the receiving cell can be effected by the beam frequency and
provide erroneous data. These same principles effect sight also, but
in smaller degrees. During LIGO procedure qualifications, an exercise
to determine the effects of these interferences should be quantified.
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FIGURE 6.0

The tendency of l ight to bend in relationship to heat and its abil i ty
to distort shots when close to objects are two concerns that will
ef fect  the al ignment act iv i t ies.  Dur ing procedure test ing,  a
determination of the effects of objects(such as the LIGO tubes)
influencing l ight wil l  be measured. This can be done by sett ing two
optical tooling stands at each end of obstruction. The obstruction
can be best served with a 48" pipe similar to the LIGO tubes. Use a
jig transit mounted with an optical micrometer as the "control

instrument". Mount the reference (a Wyteface optical. scale) on a
stand on the other end of the obstruction(tube). Shoot and record
data on a sheet s imi lar  to the one previously shown wi th
temperature and weather condit ions. Move the obstruction a few
centimeters away from the control instrument's l ine of sight(LOS).
Re-shoot and record data Repeat these steps until the difference in
surface readings do not change. This wil l  represent the minimum
distance the LIGO reference rnonuments can be to the beam tube
structures, enclosures, walls, etc. Repeat the test with varying
degrees of obstacle/air temperatures. This wil l  determine the
maximum l imi ts for  temperature di f f  erences for  repeatable
readinos.
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This exerc ise wi l l  a lso determine the placement of  opt ical
monuments/blocks in or outside of the tube cover.

Tests for obstructions, ie.; valves, flanges, supports, etc., should use
the same procedures noted above to determine the effects of point
interference on the l ine-of-sight. These tests wil l  also need to be
qualif ied for a range of temperature differences that best meet
expected conditions at -both LIGO sites.

3) Equipment and Structures

The abi l i ty  to s ight  a stra ight  l ine for  a minimum of  four(4)
ki lometers with a tolerance of !2.5 centimeters/2sO meters is an
achievable goal with current equipment and can be performed with
better than average surveying equipment. CBI has the experience and
equipment in hand to achieve the LIGO requirements.

Reference Monuments
The LIGO reference monuments will be located near each 250 meter
pumping station. This monument wil l  consist of a cast in place or
precast concrete monument with an attachment plate located on top
of the reinforced structure.
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slide assembly with a
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FIGURE 8.0

The standard sl ide wil l  be mounted to the monument attachment
plate with bolts(Torx or Allen head). The detachable sl ide adjuster
and dial indicaior or micrometer mounts to the sl ide assembly
during al ignment activit ies. This assembly is used as both an
instrument and target stand. After the posit ion is set and the
location reading is taken, the slide is secured with bolts(Torx or
Alen head). galn time an alignment survey is conducted the location
of the sl ide is read using the sl ide adjuster assembly. Any re-
location of the sl ide after init ial sett ing should be recorded and
analyzed for temperature and other affects that would cause a shift.
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Alionment Blocks

Alignment blocks are smaller monuments used for short shot, lateral
adjustments.  These blocks should be posi t ioned in l ine wi th the
reference monuments and located at each tube support for uX" & *Y'

reference points. The blocks are pre-cast concrete units with
mounting tabs and attachment plates identical to those on the
mon u ments.

Pre-Cast
Concrete Block
with Reinforced
Attachment
plate

Standard Attachment Plale

Red Hoad or Equal Bons h Conctsle Baso

Grod bas€ as tsquk€d

This attachment plate will accept a standard slide assembly with a
3 112'-Bun standard instrument mount.

The standard slide will be mounted to the block attachment plate
with bolts(Torx or Atlen head). The detachable sl ide adjuster and
dial indicator or micrometer mounts to the sl ide assembly during
atignment activit ies. This assembly is used as both an instrument
an- target stand. After the position is set and the location reading is

eho-d3ra$Eeltgat!

FIGURE 9.0
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taken, the slide is secured with bolts(Torx or Allen head). Each time
an alignment survey is conducted the location of the sl ide is read
using the sl ide adjuster assembly. Any re-location of the sl ide after
initial setting should be recorded and analyzed for temperature and
other affects that would cause a shift.

Reference Monument Targets

Reference monument targets used for angular posit ioning purposes
will consist of alignment scopes mounted on brackets at each 250
meter span. The scopes wil l  be equipped with l ight sources for
coll imating and have a built- in auto reflection target. Two scopes
are required and will mount into an alignment bracket and attach to
the sfide assembly using the 3 112"-8un standard attachment.

ALIGNMENT
TET€SCOPEWTII{
LGHT SOURCE and Aqud€r&s€ttbly

REFERENCE iTONUMENT

FIGURE 1O.O

Each alignment scope will be collimated co-axial with the opposing
monument scope and serve as the 'bucking in" reference points for
the reference instrument( j ig t ransi t  or  theodol i te) .  l f  a l ignment
act iv i t ies occur dur inq the davl iqht  hours,  a target may be
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posit ioned lateral ly with the reference instrument(j ig transit
theodo l i te ) .  Pos i t ion ing  techn iques  f  o r  repeatab i l i t y  w i l l
developed during the qualif ication tests.

Alignment Block Targets

Alignment block targets used for lateral adjustment purposes wil l
be standard paired l ines with the pairs being no more than 2mm
clear distance apart.

or
be

T}IREADED FOR
INSTALI.ATIO{

SACK LGI{T

REMOVARLF PAFEN I T{E TARGFT'TYPI

FIGURE 11.0

These targets will mount into an alignment bracket with a backlight
and attach to each slide assembly using the 3 1/2'-8un standard
attachment. The target will be aligned with a dowel pin located in
the center of the slide and rotated to square with the tube section
via the al igner target(see detai l). Each target wil l  be posit ioned
laterally with the reference instrument(j ig transit or theodolite).

BACKSGHTNG
TAreET(FCN
SOUARNGTARGET
TO LOS)
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Posit ioning techniques for repeatabil i ty wil l  be developed during the
qualif ication tests.

Optical Tooling & Equipment

The optical tooling and equipment discussed in these procedures are
currently available to CBI and perform the necessary functions
required for  these act iv i t ies.  Below is a l is t ing of  standard
equipment discussed in this procedure:

Q t y  M o d e l  N o .  M a n u f a c t u r e r  D e s c r i p t i o n
2 71-2022 Cubic Precis ion Al ignment Scope
2 71-1241 Cubic Precis ion Auto-Col l /Rt  Angle Eyepiece
2 71-3220 Cubic Precision Coincidence Striding /Cross Level
4 71 -51 00 Cubic Precision Spherical Adapter(with Collet)
2  71-551 1  Cub ic  Prec is ion  Auto-Co l l imat ing  l l l umina t ion  K i t
2 71-5170 Cubic Precision Alignment Telescope Brkt Ass'y
2 71-5520 Cubic Precision Lamp Housing for targets
2 71-1010 Cubic Precis ion J ig Transi t  & Coincidence Level
2 71 -1 1 1 3 Cubic Precision Metric Optical Micrometer
4 71-1 130 Cubic Precis ion Circular  Auto-Ref lect ion Mirror
2 71-5030 Cubic Precis ion Portable Instrument stand
2 71-5085 Cubic Precis ion Lateral  Adjuster
4 71-6010 Cubic Precis ion Wyteface Scale
2  71-5015 Cub ic  Prec is ion  Ins t rument  Tr ive t
2 71-1241 Cubic Precision combination Rt Angle/Light
1 71-3010 Cubic Precis ion Ti l t ing Level
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Equ ipment  d iscussed in  these procedures  tha t  w i l l  requ i re
manufacturing are listed below:

Q t v  R e f  N o .  M a n u f a c t u r e r  D e s c r i o t i o n
36 CBt -001

368 CBt -002
420 CBt -003
12 CBt -004
2 CBt -005
12 CBt -006

Chicago Bridge & lron Reference Monuments
Chicago Bridge & lron Alignment Blocks
Chicago Bridge & lron Std Slide Assembly
Chicago Bridge & lron Slide Adjuster
-Chicago Bridge & lron Slide Adj. Calibrator
Chicago Bridge & lron Lateral Target Ass'y

Elevation Determination

The LIGO tube section elevation can be determined using two
different systems of measurement. The adjustment for gravity and
the curvature of the earth will be necessary for either systems.

The first is the use of optical tooling coincidence tilting levels with
an accuracy of 1 second of an arc. In addition to coincidence levels
the use of automatic leveling in some very accurate theodolites can
achieve the same results. The f ield measurement techniques and
procedures are similar to those used for developing straight datums
and the concerns regarding temperature and atmospheric conditions
wil l  be the same. This is a fundamentally sound method of leveling
the reference monuments and can be easily incorporated in the
equipment already discussed.

However, for the case of long shot optical practices, the use of
water(or  a l ight  f  tu id)  level ing system wi l l  best  meet the
instal lat ion and periodic inspection needs of the faci l i t ies. This
method of level surveying will be a stand alone feature of the LIGO
facility and can be installed with a few appurtenances that make the
unit a full functional system regardless of season.
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The system consist of stainless tubing, sightglass gauges, PVC or
equal tubing guards, pump, heater and thermostatic controls. The
pump circulates the water(or fluid) thru the water heater and around
the LIGO system.
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FIGURE 12.0

The Pumping station contains a master level gauge so the water can
be drained after the temperature is equalized thru the perimeter to a
predetermined elevation. The sightglass water level is measured at
each support using a hand held microscope and micrometer. An
alternate means of level readings is using a t i l t ing level. The
accuracy wil l  be determined during qualif ication tests.

The tubing is run thru plastic guarded piping running uhder or near
the LIGO tube sections. l t  can also be run near the reference
monuments and alignment blocks if they are located near the tube
covers. A tube elevation reference can be located at the level
sightglass and readings can be taken directly as required.

1  0126 /9  3
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FIGURE 13.0

The fluid used in the system can be water, oi l ,  etc. however an
environmentally safe material will be necessary.

This document is a suggested starting point for the discussion and
creation of procedures for the al ignment of the LIGO project. This
activity must be planned, coordinated and worked within the overall
and spec i f i c  ins ta l la t ion  procedures  fo r  the  tube sec t ions ,
structures and buildings.

LIGO Tube
Thru Section
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OPTIONAL 3D ALIGNMENT CONCEPT

We are assessing the current surveying/alignment technologies for alignment of
the LIGO beam tube modules. Two alignment concepts are being pursued, a
concept that uses optical tooling procedures and equipment and a second
concept that uses conventional 3D surveying procedures and equipment.

Arrangements have been made to perform a demonstration test on the optional
3D surveying equipment to determine whether or not the 3D system is a valid
option for aligning the beam tubes. Once the 3D demonstration test is
completed an assessment will be made of the two systems and a system
selected. The attachments briefly describe the concept using the 3D
procedures and equipment.
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CLEANING AND CLEANING MAINTENA}ICE

WBS #390 CLEANING AND CLEANING MAINTENANCE

Economical and successful cleaning of the tube sections and maintenance during the
construction process are critical elements to the beam tube module development. The
specified cleaning process is judged by CBI to be effective but may present problems
with handling and disposal which are not cost effective. CBI has developed alternate
cleaning procedures which have been successfully used on high vacuum facilities but
have not been evaluated for the effects on the sensitive outgassing characteristics
required for the LIGO project. Once the cleaning procedure has been selected, the
procedure must be automated and incorporated into the construction process. Cleaning
of the beam tube sections will be performed by CBI at or near the site just prior to
installation. A key question to resolve regarding incorporation of the cleaning process is
whether to clean the tube sections before or after leak testing. Cleaning before leak
testing helps ensure that high vacuum levels and therefore high leak sensitivity can be
achieved. However cleaning before leak testing will require increase the risk of
contamination and could mask the presence of leaks or require drying prior to leak
testing. Although this issue has not been resolved, the selected approach may consist of a
solvent wipe prior to leak testing and solvent steam cleaning after leak testing. In any
case, incorporation of the cleaning process into the construction process requires a
effective cleaning maintenance plan and an effective final inspection.

The basic requirements, materials and documentation for all cleaning procedures are
described in the attached preliminary procedure LIGOCP entitled "Planned Approach For
Cleaning And Cleaning Maintenance For LIGO Project". CBI is considering the use of
de ionized water instead of the currently stated potable water. All lint free clothes and
paper towels will be suitable for class 10,000 cleaning.

CBI has identified alternative cleaning procedures and developed a methodology to
evaluate these alternative procedures. The alternative procedures and evaluation process
are identified in the attached procedure CLALT entitled "Method For Qualifying
Alternate Cleaning Approaches For Final Cleaning Before Helium Mass Spectrometer
Testing".

Attached is preliminary procedure CL1N for cleaning the completed tub sections entitled
"Cleaning of Completed Beam Tube Can Sections Before Leak Testing and Final
Assembly". The procedure will likely be revised into two separate procedures for
cleaning before and after leak testing. The clean room classification for execution of this
procedures will be quantified. Class 100 is being considered. The re circulation of
cleaning fluids may be deleted due to the potential for contamination. Humidity
indicators will be placed in the cleaned tube sections prior to sealing to ensure that the
sealed environment is maintained. De ionized water may be required in place of the
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potable water presently specified. CBI will propose that the specified cleaning process
temperature of 60 degree C be increased to truly steam clean. Rinse temperature may
remain 60 degree C. CBI feels that steam cleaning does a much better job and has been
our high vacuum cleaning process for years.

Once installed, the cleanliness of partially completed beam tube modules will be
maintained through a system of traveling clean room enclosures combined with a
constant flow of filtered dry air through the installed tube sections.

Attached is preliminary procedure CL2N entitled "Maintenance Of Partially Completed
Beam Tube Modules After Final Assembly During Construction". This procedure
describes the basic incorporation of the cleaning maintenance plan into the placement,
welding, leak testing, and final exit from the installed beam tube sections. Personnel
clothing and cleanliness requirement will be quantified. Class 100 is again being
considered.

The flow of air through the partially completed tubes will be provided by a unit located
at the starting end of the beam tube module. CBI's present plan is to start at the mid
station between the modules and use the same system for the construction of both module
on each side of the mid stations. The attached procedure BDF1 entitled "Blower lDryer
/ Filtration System Operation and Maintenance Procedure" describes the activities
associated with the pressurized air unit.

The cleanliness of the working end of the beam tube modules will be maintained by
traveling clean room enclosures which cover the closing seams and the open end of the
beam tubes. The basic configuration and operation of the traveling clean rooms are
shown in the attached procedure CRITSM entitled "Clean Room Transporting, Storage
and Maintenance Procedure".

The last activity in the beam tube module installation will be the removal of the welding
and leak testing purge gas system and final exit and inspection from the tube. Although
personnel entry will be limited, CBI feels that the elimination of personnel entry into
cleaned tube section is not feasible. Limited, restricted and controlled entry into cleaned
and installed tube sections be performed to the attached procedure CL3N entitled "Final

Cleaning and Inspection of LIGO Beam Tube Inner Surfaces Including Baffles".
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PLANNED APPROACH FOR CLEANING AND
CLEANING MAINTENA}ICE FOR
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PAGENO. T OF

Corp Corp
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&
A
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PREPARED CNS 1'L-2-93
REVISED
AUTHORIZED
REFERENCED
STANDARD REV. NO.

a . u SCOPE:

This planned

L . 1  O f  f  s i t , e
chased

approach

cleaning
components

L . Z

1 - . 3

L . 4

Cl-eanl iness
turer of the

to cl-eaningi covers

recruirements for nufacturers of nur-
or subassemblr

maintenance requi for the manufac-
beam tube can

11ow8d by f inal cleaning
completed beam tube can

s spectrometer leak
al- l-ed and welded in

re number CL2N for main-
ntegrity of part ial ly completed
construct ion.  Inc luded as an

Cleaning maint
ta in ing the
beam tube
integral
requr-r
sec t i

2 . 0 PERSONNEL:

Experienced pe 1 shall  perform and supervise al l  cLean-
ing and cleaning maintenance performed in accordance with
thls planned approach and the cleaning and cleaning main-
trenance procedures referenced within this pIan.

3 .0  REFERENCES:

3.  t -  Cal i forn ia Inst i tu te of  Technology Technica l  Speci f ica-
t ions Number 1l-00004 for Beam Tube Modules and Number
i -1OOO07 for  T lpe 304L Sta in less Steel  Vacuum Products.

3.2 ASTM Designat ion A 380 Standard Pract ice for  Cleaning
and Descal ing Sta in less Steel  Par ts ,  Equipment  and
Sys tems  (as  a  gu ide ) .

ons i te  in i t ia l  spot  c le
using procedure number
sections after they are he
testeci, but bef ore t| .gre
f ina l  pos i t ion.
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TITLE PLA}INED APPROACH FOR CLEANING AND
CLEAIIING MATNTENANCE FOR
LIGO PROJECT FOR CALTECH

PAGENO. 2 OF 2

4.0 MATERIALS USED TN ALL CLEANING PROCEDURES:

4 .L  Potab le  tap  water  w i th  a  ch lo r ine  conten t  in  the  ranqe
o f  0 . 0 2  t , o  2 0 0  p p m .

4 .2  Techn ica l  g rade  so l ven ts

4 .3  L in t  f r ee  c lo ths  o r  Paper

4 .4  100  Wat t  b lack l i gh ts  w i th

4 .5  B lack l i gh t  me te rs  caPab le
uw/cmz .

5 . O DOCIIMENTATION:

5.1-  On a checkl is t  o f  a l l  purchase i tems for  a  beam tube
module,  s ign-of f  and date the entry  for  each purchase
i tem ind icat ing that  the i tem was received in  a c lean
condi t ion.  Note each purchase i tem received in  a non-
c lean condi t ion.  L is t .  them on a separate checkl is t  o f
i tems st i1 l  to  be c leaned or  on a checkl is t  o f  i tems
returned to the manufacturer for cleaning or recl-eaning

5.2 Maintain a cl-eaning 1og book for each beam t,ube module
l is t ing the s ign-of fs  and dates of  ent ry  for :

5 .2 .L  Sa t i s fac to ry  comp le t i on  o f  t he  i n i t i a l  spo t
cleaning folLowed by the satisfactory completion
of the f inal cleaning per procedure CL1N for
each beam tube can secLion.

5.2.2 Sat is factory c leaning maintenance dur ing con-
struction per procedure CL2N of each
part ial ly completed beam tube module. This
covers Lhe local  c leaning of  c los ing weld jo in ts
af ter  successfu l  complet ion of  the local  HMS
leak  tes t i ng  o f  t hose  we ld  j o in t s .

such as acetone or  a lcohol .

t o w e l s .

3550 Angst . rom uni t  wavelength.

o f  measur ing  a t  l eas t  800

cQA-35 l /91



DOC. ID CI,AI,T
REv. No. 0
CONTRACT 9302L2

TITLB METHOD FOR QUALIFYING ALTERNATE
CLEANING APPROACHES FOR FINAL CLEANING
BEFORE HELIUM MASS SPECTROMETER TESTING

PAGENO. 1

2 . 0

Corp Corp DATE

1 . 0  S C O P E :

The purpose of  th is  c leaning qual i f icat i -on procedure is  to
complre t.he outgassing propert ies of the 304L low hydrogen
sta in less s t .eeI  a f ter  coupons of  that  mater ia l  have been
cleaned wi th  d i f ferent  c leaning agent

the contents of t
'each 

of the
agents reviewed test  those opLional
agents such as

2 . L . 1  S i m P I e  G r e e n

2  . L . 2  M i r a c h e m  5 0 0

2  . 1 - . 3  o a k i t e

2 . t . 4  T r i

2 . L . 5 Aerowash

2  . 1 . 5  P i

2 .2  A  two  pe rc4 l t  Q%)  bY volume mixture of Oakite 33 as the
all  other cleaning agents arecontrol against which

compared.

2 . 3 S e v e n ( 7 ) 3 O 4 L s t a i n l - e s s s t e e l o u t ' g a s c o u p o n s t h a t a r e
one  inch  (1 " )  x  e igh teen  i nch  (18u )  x  one  e igh th  ( l - / 8 " )

in  s ize.  Wi th a sLeel  s tenc i l ,  mark each coupon wi th

an ID that identif ies i t  wj-th the cleaning agent used on

that coupon.

2 . 1 -  B a s e d  o n
cleaning
cleaning

cQA-33 ltgl
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TITLE METHOD FOR QUALIFYING ALTERNATE
CLEANING APPROACHES FOR FINAI CLEANING
BEFORE HELIUM MASS SPECTROMETER TESTING

P A G E N O . 3 o F 3

3.  i -O Ind iv idual ly  conduct  an outgass ing test  on each of  the
cl-eaned coupons incLuding the coupon cLeaned with the
Oaki te  33 c leaning mixture.

3.11 Compare the outgass ing data for  each of  t .he c leaning
agencs .

3.L2 Select  the c leaning agent  wi th  the l -owest  outgass ing
ra te  and  Ca l tech ' s  concu r rence .

4.0 DOCUMENTATION:

4.L Complete an outgass ing rate repor t  for  each c leaning
agent  tested and the conclus ion reached based on a
summary of that data.

cQA-35 rt9l
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CI.,EANING OF COMPLETED
BEAM TUBE CAN SECTIONS
BEFORE LEAK TESTING AND
FTNAI, ASSEMBLY _ CALTECH

PAGENO. 1

PREPARED cNs 1l__3 _ 93
REVISED
AUTHORIZED

C REFERENCED

] - .  O  S C O P E :

This procedure covers the onsi te  in i t ia l
fo l lowed by the onsi te  f ina l  c leaning for

spot  c leaning
comoleted beam tube

can sections before they have been heli ,pm mass spectrometer
f i na l  pos i t i on .leak tested and insta l led and welded j

Use this procedure with procedure LI8IP.

2.0 PERSONNEL CLOTHTNG REOUIREMENTS:

Personnel entering beam t n se$.ons pr ior  co,
during or fol lowing ini
be wearinq white clean

t orTfinal cleaning, musL
e covera l ls ,  shoe covers

over soft soled shoeq or c t)pe boots, caps and
gloves.  Shoes wi th
must be removed.

er  sharp pro ject ions

P{

Corp Corp
Ensr Weld OA Const Mfe

DATE

by anyone entering a beam
cleaned on a regular weekly

ytime it  becomes obviously soi led
,  o i l  o r  g rease .

2 . L

2 . 2 Clean
tube
bas is
w i th

room c10
can sec

when
depg

3 . 0

3 . 1 Mater ia ] in procedure LIGOCP.

3 . 2 White nyI covera l ls ,  shoe covers (boot ies) ,  head
covers and g loves .

3 . 3 Cleaning Skid wi th  s ta in less s teel  gas f i red heaters for
a r inse tank and wash tank with circulation pumps,
valves,  hose,  hose reels  and je t  c leaning head wi th
adjustable tens ioning legs for  each can sect ion c leaning
s ta t i on .

Receiving tank equipped with a valved rinse water return
and a valved cleaning water return.

3 . 4

3.5 Reci rcu lat ion pumps and f i l ter  systems at  each c leaning
st ,a t ion for  re t r ieval  o f  both r inse ef f luent  and
cleaning so lut ions.

cQA-33 l/91
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peceNo.2 O F B

3.5 One set  o f  power turn ing ro l l -s  and one set  o f  id ler
ro l ls  for  each c leaning s tat ion.

3.7 One var iab le speed power winch ( tugger)  wi th  cable for
each c leaning s tat ion for  pu l l ing the je t  c leaning head
through the can sect ions.

3.8 propane gas or  natura l  gas for  f i r ing the heat .ers .

3 .9 A minimum of t.wo high volume aj-r movers at each cleaning
s t a t i o n .

3.10 Drums of  Oaki te  33 c leaning compound.

3 .11-  I - , i tmus Paper .

3. t2  No Smoking and Flammable L igu ids s igns.

3 . l-3 plastic covers for seal- ing the ends of each can sect j-on

after sat, isfactory f inal cleaning and drying'

3 .14  Two  inch  (2 " )  w ide  duc t  t aPe .

4.0 PROCEDURE:

See the cleaning set-up at the end of the procedure for a
conceptual  sketch of  the fo l lowing '

4.1 post "No Smoking" and I 'Flammable Liquids" signs around
the entire cleaning area while cleaning operations are
being Performed.

4.2 Instal l  high f low volume input and output fans at the
opposite ends of each of the can section cleaning
s ta t i ons .

4.3 Inst ,a l l  vent  hoods above each c leaning s tat ion to
rapidly remove cleaning solvent vapors from the cleaning
a rea .

4.4 Place a beam tube can sect ion in  the center  o f  the
c leaning s tat ion area on two Q) sets  of  power ro l Is
spaced lbout  for ty  feet  (40 ' )  apar t  wi th  the output '  fan
"i-td of the can section elevated approxi-mately six foot
(5 ' )  above the inPut  fan end '

cQA-35 u9l
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C],EANING OF COMPLETED
BEAM TUBE CAN SECTIONS
BEFORE LEAK TESTING AND
FINAI, ASSEMBLY - CALTECH

P A G E N O . 3 o F 8

4 .5  In i t i a l l y  spo t  c lean  each  can  sec t i on  as  fo l l ows :

4 . 5  . 1 ,

4 . 5  . 2

4 . 5 . 3

4 . 5 . 4

4 . 6  F i n a l

4  . 6  . 1 ,

4 . 6 . 2

4 . 6 . 3

Wipe the blackl ight and blackl ight power lead
cables wi th  a lcohol  so lvent  to  remove deposi ts
of  d i r t ,  grease and o i1 before tak ing th is
equipment  in to the can sect ion to  be c leaned.

Put  on whi te  ny lon covera l ls ,  shoe covers,  head
cover and gloves before entering the can section
to be c leaned.

Star t ing at  the end of  the can sect ion wi th  the
input fan, inspect the interior surface of the
ent i re  length of  the can wi th  the bIack l ight . .
Remove al l  deposits of hydrocarbons indicated by
the blackl ight using acetone or alcohol soaked
l in t  f ree c lean rags and/or  paper  towels .

Document completion of the init ial spot cleaning
of each can section by entry j-n the cleaning 1og
book .

c lean each can sect ion as fo l - lows:

Mix a two percent (22) by volume solution of
Oak i te  33  and  po tab le  tap  wa te r  ( see  4 .1  o f
procedure LIGOCP) in one of t ,he two gas heated
cleaning tanks on the CBI cleaning skid. Check
t,he acidity of the solution using l i tmus paper.

FiI l  the second gas heated cleaning tank on the
CBI c leaning sk id wi th  potable tap water  (see
4 .1  o f  p rocedure  L IGOCP)  .

At the low end of the can secLion to be f inal
cleaned instal l- a receiving tank with two valved
connect ions.

To one of the valves on the receiving tank,
instal l  a pot.able tap water recirculat ' ion pump
and f i l ter  system to recyc le the used tap water
from the receiving tank through the f i l ter and
back to the potable tap water heater tank for
reuse .

4 . 6 . 4

cQA-35 v9l
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P A G E N O . 4 O F B

4 . 6 . 5

4 . 6 . 6

4 . 6 . 7

4 . 5 . 8

4 . 6 . 9

On the other  receiv ing tank vaIve,  insta l l  a
c leaning so l -ut ion rec i rcu lat ion pump and f i l ter
system to recyc le the used Oaki te  33 c leaning
solution from the receiving tank through the
f i l ter  and back to  the c leaning so lut ion heater
tank for  reuse.

Turn on the heaters under the potable tap water
tank .

Turn on the heaters under the Oakite 33 cleaning
solut ion tank.

Connect a clean rubber hose from the potable tap
water tank t.hrough a pump to the jet cleaning
head .

Place the jet cleaning head at the 1ow end of
the can sect ion to  be c leaned.  Adjust  the je t
c leaning head tens ioning legs so that  i t  is
centered in  the can.

4.5.L0 Connect  the cable f rom a power winch ( tugger)  to
the end of the jet cleaning head. Connect the
energy suPPlY to the Power winch.

4.6. \L  When the temperature of  the potable tap water
reaches Sooc (14OoF),  s tar t  the potable tap water
c i rcu lat ion PumP.

4 .5 .L2  When  the  j e t  c l ean ing  head  s ta r t s  t o  ro ta te ,
energize the power winch (tugger) to start the
jet - leaning head moving through the can section
toward the higher end at a rate of approximately
two Q) feet  per  minute.  At  the same t ime,
energize the power turning rol1s to start the
can section sl-owIy turning as the jet cleaning
head moves through the can. Also energize the
potable tap water recirculation pump and open
Lhe valve on the receiving tank to carry the
wat.er from the receiving tank through the f i l ter
back to the potable tap water heater tank for
r a l  I  c a

cQA-35 lt9l
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4 .6 .13  When  the  j e t  c l ean ing  head  reaches  the  fa r  end
of  the can sect ion,  turn of f  the power to  the
potable tap water  c i rcu lat ion pump,
rec i rcu lat ion pump,  the winch pul l ing the
c leaning head and the power turn ing ro11s.
Close the va lve in  the tap water  rec i rcu lat ion
l ine f rom the receiv ing tank.

4 .6 .L4  D isconnec t  t he  j e t  c l ean ing  head  f rom the
potable tap water circulation hose and the winch
cable and move it  to the other end of the can
section. ReeI up the hose back through the can
sect ion.  Swi tch the hose f rom the potable tap
water  tank to  the Oaki te  33 c leaninq so lut ion
tank .

4.6.15 Vacuum al l  s tanding potable tap water  f rom each
of the bell-ows convolutions of the can section
expansion joint. Wipe the convolutions dry
using l int free ragls or paper towels. The
personnel doing this work must be wearing white
nylon coveral ls, booties, head covers and
g loves .

4 .6 .16  P lace  the  j e t  c l ean ing  head  a t  t he  l ow  end  o f
the can sect ion being c leaned.  Adjust  the je t
cleaning head tensioning legs so that i t  is
centered in the can. Reconnect the hose and the
power winch cable to  the je t  c leaning head.

4.6.17 When the temperature of  the Oaki te  33 c leaning
so lu t i on  reaches  6o "c  (14OoF) ,  s ta r t  t he  c lean ing
solut ion c i rcu lat ion PumP.

4 .6 .L9  When  the  j e t  c l ean ing  head  s ta r t s  t o  ro ta te ,
energize the power winch (tugger) to start the
jet cleaning head moving through the can section
toward the higher end at a rate of approximately
one (1)  foot  per  minute.  At  the same t ime,
energize the power to the turning rol1s to start
the can section s1ow1y turning as the jet
cleaning head moves through the can. Also
energ ize the Oaki te  33 c leaning so lut ion
recirculation pump and open the valve on the
receiving tank to carry the cleaning solution
from t,he receiving tank through the f i l ter back

cQA-35 il91
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Doc. ID CLI-N
REV. NO. O
CONTRACT 9302L2

4  . 5  . 1 8  ( c o n t ' d )

to  the c leaning so lut ion heater  tank for  reuse.
Dur ing the c leaning,  per iod ica l ly  check the
acid i ty  o f  the c leaning so lut ion wj - th  l i tmus
paper .  I f  the check ind icates thaL the so lut ion
is  becoming too neut . ra l ,  add Oaki te  33 to  the
c leaning so lut ion Lo return the ac id i ty  to  i ts
or ig ina l  level

4 .5 .19  When  the  j e t  c l ean ing  head  reaches  the  fa r  end  o f
the can secLion, turn off the power to t 'he
c leaning so lut ion c i rcu lat ion pump,
recirculation pump, the winch pull ing the
cleaning head and the power turning ro1ls.

4 .6 .20  D isconnec t  t he  j e t  c l ean ing  head  f rom the
c leaning so lut ion c i rcu lat ion hose and the winch
cable and move it  to the other end of the can
section. Reel up the hose back through the can
sec t i on .

4.6.21 Vacuum a1l  s tanding c leaning so lut ion f rom each
of the bellows convoLutions of the can section
expansion joint. Wipe the convolutions dry
using l int free rags or paper towels. The
personnel doing this work must be wearing white
nylon coveral ls, booties, head covers and
g loves .

4 .6 .22  I f  an  i n te rna l  v i sua l  i nspec t i on  o f  t he  can
sect ion ind icates the c leaning is  not  adequate,
r e p e a t  s t e p s  4 . 5 . 1 5  t h r o u g h  4 . 6 - 2 I  a s  n e c e s s a r y
unli t  the internal visual inspection indicates
the c leaning is  adequate.

4 .6 .23  When  the  i n te rna l  v i sua l  i nspec t i on  o f  t he  can
sect, ion indicates that the cleaning is adequat'e,
r e p e a t  s t e p s  4 . 6 . 8  t h r o u g h  4 . 6 . 1 5  e x c e p t  t ' h a t
the recirculation pump l ine from the receiving
tank sha11 be connected to a large vat container
fo r  l a te r  d i sPosa l .

cQA-35 l /91
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pacrNo. T o F B

4 .6 ,24  As  soon  as  the  can  sec t i on  has  a i r  d r i ed ,
instal-I plasLic covers over the ends and seal
t,he covers to the outside of the can with duct
tape to keep out a1I dirt and other
contaminates. Move to the helium mass
spectrometer  test  area to  awai t  leak t .est ing.

4.0 DOCUMENTATION:

Document the satisfactory completion of both the prel iminary
and the f ina l  c leaning operat ions as out l ined in  5.0 of
procedure LIGOCP.

cQA-35 vgl
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P A G E N O . 8 o F 8

CLEANING ARRANGEMENT
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TITLE MAINTENANCE OF PARTIAI,LY COMPI,ETED

BEAM TUBE MODU]-,ES AFTER

FINAI, ASSEMBLY
DURING CONSTRUCTION

PAGENO. r

CorP CorP
Engr Weid O-A Const Mfg PREPARED CNS

REVISED
AITT}TORI7-ED

r - 1 - 3  -  9 3A

o

Ar
REFERENCED

]- .  O SCOPE:

This procedure covers the maintenance

the . t " "n i i t "="  in tegr i ty  o f  par t ia l ly

modules during constiuct- ion '  - l lclufe!

; ; ; ; ; - te ld ins of  those jo in t 's  is

pio""arrre wilh Procedure LIGoCP '

required to maintain
completed beam tube
is  the sPot  c leaning

requirements 5t -trt" clo1i19,1t11 1::::
tween can sections

2 . 0

Use th is

Ie 5nd/or Performing
oints  af ter  local  HMS

te shal l  wear  c lean
t  f ree whi te  overa l ls ,' " .  

No objects  shal l  be

3 . 0

it:-ott system to be used at the

i . i i i " r iy  p laced beam-tube.*9dY1? :
n.;;;JI;' ""f continuallv maintainins
of-"f""tt  dry air through the part ial ly

f tl-l'tr" module to ensure that no

;";;; the beam tube module during

3 . 2 A p o r t a b l e c l e a n r o o m t o b e u s e d d u r i n g t h e c o n s t r u c t i o n
of each beam tube t"" "tt i iott '  This clean room wil l

have "r, irr i f"Lable seal for sealing around the can

section on the beam at]n"-=ia! "t t [e clean room' This

crean room wil l  atr"ys-ue overfaround che exposed open

end of t.he last t"" ="t i ion put in place- I"5 t 'he beam

t u b e m o d u l e . T h e p o r t a b l e c l e a n r o o m w i l l h a v e a s p a c e
b e t ' w e e n t h e w o r k a r e a a n d t h e o u t e r e x i t t h a t w i l l a c t
as " . i t" ig; ; ; ; ; '  The change room shall  contain:

Personnel entering the beam

f" . " t  in ternal  c leaning ?f . '
;;;a testins of those jgi$E-r?
room tYPe clothing consr
head covers, shoe covers
carried in the PockelA.of

3 .1-  A b lowerf
start i-
This
a posi t i \
completed
contaminan
construction -

cQA33 l/91
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3  . 2 . 2

3 . 2 . 3

3 . 2 . 4

3 . 2 . 5

3  . 2 . 1 A storage area for unj-ssued clean room clothing
consis t . ing of  l in t  f ree whi te  overa1ls ,  head covers,
shoe covers and g loves.

Lockers or  hooks for  s tor ing worn s t i1 l  c lean
c lo th ing .

Mater ia ls  for  c leaning and bagging any consLruct ion
equipment to be taken into the beam tube module.

An area for storing t.he cleaned internal- baff l ,es for
la ter  insta l la t ion in  appl icable can sect ions af ter
the c los ing weld jo in t  between those can sect j -ons are
completed and leak tested.

Rack containing purge gas for welding and purge gas
for  HMS leak test ing wi th  associated hoses and
va lves .

3.2.5 Rol ls  o f  po lyethy lene and duct  tape for  wrapping any
cleaned equipment to be taken into the beam tube
module.

3 . 2 . 7  I t e m s  4 . 2  a n d  4 . 3  o f  p r o c e d u r e  L I G O C P .

3.3 AlL-weather  por tab le weld ing enclosure conta in ing t ,he
fit-up and welding equipment for use on the exterior of
a l l  c los ing weld jo in ts  being f i t -up and welded between
can  sec t i ons .

3.4 A11-weather  por tab le test ing enclosure conta in ing the
hel ium mass spectrometer  and associated Leak test ing
equipment for use on the exterior of al l  completed
clos ing weld jo in ts  between can sect ions.

3.5 Internal doughnut shaped inf latable purge dam/test hood
enclosure for use for purging during welding of closing
jo in ts  between can sect ions and for  use as a hel ium hood
during the helium mass spectrometer leak testing of
c los ing jo in ts  between can sect ions.

3 .6  C lean  room c lo th ing .

cQA-35 vgr
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4 .0  PROCEDURE:

See the conceptual  c leaning maintenance set -up sketch at  the
end of  th is  procedure.

4.L Set  up the b lower/dr ier / f i l t ra t , ion system at  the s tar t
end of the beam tube module. As soon as the
blower/dr ter / f i l t ra t ion system is  ready to  be energ ized,
remove t.he plastic cleaning cover from the start end of
the f i rs t  beam tube can sect ion and p lace i t  in  pos i t ion
at  the jo in t  t .o  the in terconnect ing s tat ion which wi l l -
be housing the b lower/dr ier / f i l t ra t ion system.

4 . 2

4 . 3

4 . 4

4 . 5

Insta l l  the por tab le c lean room over  the leading end of
t .hat  beam tube can sect ion.  Pressur ize the in f la tab le
seals that seal t ,he can si-de of the clean room around
the can sect ion.  Remove the p last ic  c leaning cover  f rom
t,he leading end of that beam tube can section. Also
immediately energize the blower/drier / f i-1-traLion system
so t.hat. dry f i l tered air is now passing through the
first beam tube can section and escaping at the leading
end through the check valve l ike f laps in the doors of
the port.able clean room.

Post a security guard inside the chang:e room port ion of
the cl-ean room with a sign-j-n and sign-out 1og for al l
personnel and a l ist of each item of equipment entering
lnd leaving t.he beam tube moduLe. Maintain the security
guard 24 hours a day unless there is a physical barrier
that can be locked to prevent personnel from entering
the beam tube module. A11 personnel entering the beam
tube module must have empty pockets. The posted
security guard shaIl move with the portable clean room
as i t  is  moved f rom can sect ion to  can sect ion.

Transport to the site the nex! beam tube can section to
be  i ns ta l l ed .

Insta l l  a  p last ic  c leaning cover  on the leading end of
the beam tube can sect ion.  I f  th is  cover  wi l l  to ta l ly
block the f low of clean dry air through the beam tube,
make a sl- i t  in the plastic cleaning cover and Lape a
piece of polyethylene over the sl i t  with the tape on
only one edge so the polyethylene so that i t .  can f lutter
to  leave the a i r  pass through.  Def la te the in f la tab le
seal around the can section. Then ro11 the portable
clean room about ?O ' down the l ine away from the leading
end of  the can sect ion.

cQA-35 r i9l
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4 .6  Se t  t he  nex t  can  sec t i on  w i t . h in  abou t  5 ' r  t o  8 ' r  o f  t he
end of the beam tube can section to which it  is going to
be f i t .  Move the a l l -weather  por tab le weld ing enclosure
into p lace around t .he c los ing weld jo in t  between these
two can sect ions.  Af ter  th is  weld ing enclosure is  in
place, remove the end cap on the trai l ing end of t .he new
beam tube can section and then move it  against the other
can sect ion in  preparat ion for  weld f i t -up.

4.5 Once the por tab le c lean room is  in  p lace at  the leading
end of that next can section, remove the plastic
cleaning cover from the leading end of that can section.

4 .5  Ro I I  t he  po r tab le  c lean
leading can sect ion and
inf la tab le seal  around

4 . 7

4 . 8

room back over t,he end of the
pressur ize the c i rcu lar

that  can sect ion.

Once the plastic cover is removed from the leading end
of  the new beam tube can sect ion,  f i t -up the weld jo in t
between those two can sect ions.  Then insta l l  the
internaL purge dam/test enclosure doughnut with
in f la tab le seals .  In f la te the purge dam seals  and purge
and wel -d the jo in t , .

Af ter  the weld jo in t  is  welded complete,  move the a l l -
weather welding enclosure containing the f i t-up and
welding equipment part of the way down the leading can
sect ion to  awai t  the p lacement  of  the next  can sect ion.

4.9 Move the a l - l -weather  test ing enclosure conta in ing the
helium mass spectrometer and associated l-eak test
equipment  in to pos i t ion over  the completed weld jo in t .
Perform the helium mass spectrometer f inal test of t .hat.
w e l d .

4.  l -O Af ter  complet ion of  the local  he l ium mass spectrometer
of  the c los ing weld jo in t '  between the can sect ions,
deflate the seals and remove the internal purge dam/
test  enc losure f rom that  jo in t .  Move the purge dam/test
encl-osure with hoses toward the leading end of the tube
module to  the next  weld jo in t .  Local ly  c lean the ins ide
of  the completed and leak tested weld jo in t  area to
remove al l  conLaminates that may have resulted from
these operat ions.

cQA-35 ilgr
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4 . I L  W h i l e  t h e  H M S  t e s t  i n  s t e p s  4 . 9  a n d  4 . 1 0  i s  b e i n g
performed, transport to t.he site the next can section to
be  i ns t ,a l l ed .

4 .12  Repea t  s teps  4 .5  th rough  4 . l L  f o r  each  o f  t he  can
sec t i ons  as  theY  a re  i ns ta l l ed .

5.0 DOCUMENTATION:

Document  the complet ion of  a I1 events associated wi th  th is
procedure in  accordance wi th  5.0 of  procedure LIGocP.
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1. O SC9EE:

l ,  . 1 -  Th i s  p rocedure  cove r  t he  ac t i v i t i es  assoc ia ted
w i th  the  B lower /Drye r /F i l t r a t i on  Sys tem(BDF)  l oca ted
on the s tat ionary end of  the beam tube module dur ing
the construct ion act iv i t ies.

L .2  The  BDF Sys tem p rov ides  a  pos i t i ve  a i r  f l ow  o f
c 1 e a n ,  w a r m ,  d r y  a i r  t h r o u g h  t h e  t u b e  d u r i n g
construct ion act iv i t ies .

1 .3 Two(2)  redundant  BDF systems wi l l -  be used for  each
tube module dur ing construct ion.  One system wi l l  run
at  a l l  t imes dur ing the construct ion per iod wi th  the
second on automatic stand-by.

2.O BEEEBENGEE:

2.L The construct ion and operat ion of  the c lean room
is based on the fo l l -owing references:

2.1.L Summary of  concepts and Reference Design
for a Laser Gravitat ional--Wave Observatory'
CAL TECH; Eeb-92.

2 .L .2  Ch icago  B r idge  &  I ron  Sa fe ty  Manua l  f o r
L .  I . G . O .  P r o j e c t .

2 . t . 3  CBI  C lean ing  P rocedure  CL I -N
2 .L .4  CBI  C lean ing  P rocedure  L IGOCP

3. O E9ILLPMENJI.:

3.1 Equipment  referenced in  other  cBI  procedures wi l l  be
incorporated in to th is  procedure.  For  speci f ic  i temsr  see
appl icable references .
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3.2 Equipment  speci f ic  to  the BDF System are l is ted as
systems or  speci f ic  equipment  noted below.  See BDF System
Speci f icat ions for  deta i led l is t ing of  components.

3 . 2 . L  F r e e  S t a n d i n g  E n c l o s u r e
3 .2 .2  Anchor ing  Sys tem
3 . 2 . 3  F i l t e r  S y s t e m
3.2  .3  Drye r  Equ ipmen t
3 .2 .4  Hea t ing  Equ ipmen t
3 .2  .5  B lower  Equ ipmen t
3.2.7 Elect r j -ca1 and Inst rumentat ion Contro l  System
3.2 .9 Tube Attachment and Seal- ing Eguipment

4 . 0 @

4 .1-  The BDF Systems wi l l  be housed in  a por tab le B I  x  l -0 '
bui lding secured to the concrete foundation slab at the
open of  the f  j - rs t  tube.

4.2 The system wi l l  consis t  o f  the fo l lowing equipment
connected by insulated duct to a tube end cover.

4 .2 .L  g i rd  and  i nsec t  sc reen  i n take  w i th  a
motorized damper closed when system is not
funct ion ing.

4 .2 .2  D isposab le  P re -F i l t e rs  moun ted  i n  sea led
duc t .
HEPA f i l t e r s  s i zed  fo r  0 .3  m ic rons  a t  99 .972

min imum ef f ic iency.
Air dryer sized for CFM requirements with

capaci ty  of  35"F dew point .
Air blower assembly with seal-ed shafts so

that motor i-s not in contract with air stream.
Blower and motor is sized for CFM and static
pressure requirements .

By-Pass start-up damper with t imer circuit
for start-up period air dumPing.
Forced air, gravity assisted damper mounted

at  the tube cover .
Fire/smoke detector in ai-r stream for

shutdown of system.
Control system and instrumentation for

redundant operations of both units.
4.2.L0 Pressure drop sensing inst rumentat  j -on for

contro l  o f  both uni ts .

4 . 2 . 3

4 . 2 . 4

4 . 2 . 5

4 . 2 . 6

4 . 2 . 7

4 . 2  . 8

4 . 2 . 9

o
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4.4 The beam tube module cover  wi l l  be fabr icated f rom
aluminum and sealed to  the tube by means of  or r ings
and/or  in f  l -a table sea1s.  The bui ld ing wi l l  be seal -ed to
the tube by means of  an outer  seal  or  gasket .

5 . 0 Storace of BDF Svstems BuiAdino:

5.  l -  The BDF Bui ld ing shal1 be received f rom the
manufacturer  in  a "conference room" c leaned condi t ion.

5. l -  .1  A11 in ter ior  sur faces shal l -  be wiped down
wi th an approved c leaning agent .

5 .1 .2  A  Cover  sha l l  be  p laced  ove r  t he  tube
penetrat ion opening and sealed wi th  a gasket
material to prevent any leakage j-nto the
bu i l d ing .

5. l - .3  A11 Motor ized dampers shal1 be cLosed on HVAC
duc ts .

5.1- .4  The door  shal l  be locked before
t ranspor tat ion and/or  s torage.

5.2 Shor t  term storage shal l  shal1 comply wi th  a l l
a c t i v i t i e s  n o t e d  p e r  4 . L .

5.3 Long term storaqe shal l  comply wi th  a l l  act iv i t ies in
5.1-  and inc lude the fo l lowing:

5 .3 .1  Remove  a l l  t oo l s  and  ma te r ia l s  f rom ins ide
the bui ld ing.

5.3.2 Remove bat ter ies f rom emergency contro l
equipment in the building.

5.3.3 Remove a l l  f i l ters  and seal  HVAC intake and
supply vents with taPed covers.

6 . 0 Trangoortat ion of the BDF Svsten:

6 .1 -  The  BDF
one area or
load out on

6 . 1 . 1 -

6 . L . 4

6 .  r _  . 5

portable building shal1 be transportable from
si te  to  another .  This  may be accompl ished by
a  f l a tbed  t ra i l e r .
Lift  the BDF Building from foundation slab

and insta l l  on f la t  bed t ra i l -er
Secure al1 equipment inside the building

before moving.
Clean atl  surfaces of the room and lock and

seal  doors for  t ransPortat ion.
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6.1- .6 For  t ranspor t ing over  publ ic  roadways '  obta in
a l l  requi red permi ts  and l icenses

6.2 The BDF Bui ld ing may be loaded,  un loaded and
transpor ted on s i te  wi th  a fork l i f t  t ruck.

7 . 0 Maintenanee of the BDF Svstem:

7.1 The maintenance of  the BDF Bui ld ing and Systems are
broken down into the fol lowingr categories:

7  .L .1 ,  C lean ing  and  j an j - t o r i a l  f unc t i ons
7 .L .2 HEPA f i l ter  maintenance and replacements
7 .1 .3  Drye r  Ma in tenance  &  Repa i r
7 .L .4  B lower  Ma in tenance  and  Repa i - r
? .1 - .5  Re-Hea te r  Ma in tenance  and  Repa i r
7 .L .6  E lec t r i ca l  and  Con t ro l  Ma i .n tenance
7 .L.7 Safety  Equipment  Inspect ion and Maintenance

7.2 Cleaning and jan i tor ia l  funct ions shal ]  be per formed
at the end of each week or as required. These include the
fo l l ow ing  tasks :

7 .2 .L Wipe down a l l  external  sur faces pf  the BDF
systems with an approved cleaning agent and
l in t  f ree c lo ths or  Paper  towels .

7 .2 .2 wipe down a l l  tab les and inspect ion sur faces
in the cleaning and inspectj-on area.

7 .2 .4 Per form genera l  c leaningr  sweep and mop
room f loor .

7 .2 .5  Inspec t  a l l  j . n takes  and  c lean  as  requ i red .

7.3 Lubr icate a l l  damper bear ings,  bushings and l inkages
each 20 days of  c lean room use.  Do not  over  lubr icate.

7.4 F i l ter  rep lacement  shal l  be as requi red based on
condi t ion of  f i l ter  e lements.

7 .3 .L  Rep lace  p re - f i l t e r s  when  50?  b lockage  o f
l ight  j -s  observed.

7 .3 .2 Replace HEPA f i l ter  e lements when pressure
drop is  in  excess of  speci f ied range.

? .3 .3  D ispose  o f  f i l t e r  e lemen ts  as  requ i red  i n
envi ronmenta l  s i te  Plan.

PAGE NO. 4 OF 6
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7.5 Per form per iod ic  maintenance on Ai r  dryer  system.
Fol low equipment  manufacturerrs  OcM Manual  for  greater
de ta i l .

7 .6 Per form per iod ic  maintenance on bfower assembly and
motor .  Fol low equipment  manufacturerrs  O&M Manual  for
greater  d
d e t a i l .

7 .7 Per form per iod ic  maintenance on re-heater .  Fol low
equipment  manufacturer ts  O&M Manual  for  greater  deta i l .

7 .8 Per form e lect r ica l  inspect ions for  loose connect ionst
e lec t r i ca l  l oads ,  e t c .  each  20  days  o f  ope ra t i on .
Document loads for reference.
a l l  gages each 6 mo.  of  operat ion.

7.9 Safety  Systems shal l -  be tested each day.  These
systems consis t  o f  the fo l lowing:

7  .9 .L  F i re /Smoke  a la rm and  con t ro l  sys tem sha l l  be
tes ted .

7 .9 .2 Test  system fa i lure and assure redundant  un i t
s tar t -up.

PAGE NO. 5 OF 6
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1.0 EG9EE:

1 .  l -  Th i s  p rocedure  cove rs  the
wi th c lean room operat ions.

L . 2  T h e  f o l l o w i n g  a c t i v i t i e s
procedure:

a c t i v i t i e s  a s s o c i a t e d

a re  desc r i -bed  i n  th i s

L.2.1,  Transpor tat ion of  the c fean room modufes

L.2 .2  Storage of  c lean room moduLes at  s  j - te .

L.2.3 Maintenance Procedures for  c lean room
equipment.

2.0 BE.EEBEBCES.:

2.L The construct ion and operat ion of  the c lean room
is based on the fo l lowing references:

2.L.  L  Summary of  concepts and Reference Design
for a Laser Gravitat ional-Wave Observatoryt
CAL TECH; Eeb-92.

2.1, .2  Chicago Br idge & I ron Safety  Manual  for
L .  I . G . O .  P r o j e c t .

2  .1  .3  CBI  Cleaning Procedure CLI-N
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3 .  O  EOUIPMEI IT :

3.1-  Equipment  referenced in  other  CBI  procedures wi l l  be
incorporated in to th is  procedure.  For  speci f ic  i temsr  see
applicable references .

3 .2 Equipment  speci f i -c  to  the c lean room are l is ted as
systems or  assembl ies below.  See Clean Room Speci f icat ion
for  deta i l -ed l is t ing of  components.

3.2 .L  Cl -ean Room Module & Transpor t ing Trucks
3.2.2 Rol l ing f rarne and Track Assembly
3 . 2 . 3  H V A C  S y s t e m
3 . 2 . 4  E x h a u s t  S y s t e m
3.2.5 Storage and Shelv j .ng Equipment
3 . 2 . 6  S a f e t y  S y s t e m s
3 .2 .7  E lec t r i ca l  &  L igh t i ng  Sys tem
3.2 .8  Pu rge  Gas  Man i fo ld  and  Rack  Sys tem
3.2 .9  In f l a tab le  &  Secondary  Sea l i ng  Sys tem
3.2 .  L0  Compressed  A i r  Sys tem

a . 0  :

4.1 The c lean room shal l  be received f rom the
manufacturer in a "conference room" cleaned condit ion.

4.1.1-  A l l  in ter ior  sur faces shal l  be wiped down
with an approved cleaning agent.

4 . I . 2  A  Cover  sha l l  be  p laced  ove r  t he  tube
penetration opening and sealed with a gasket
material to prevent any leakage into the
bu i l d ing .

4.1.3 Al l  Motor ized dampers shal l  be c losed on HVAC
and Exhaust ducts.

4.L.4 A11 Doors and windows shal l  be locked before
t ranspor tat ion and/or  s torage.

4.2 Shor t  term storage shal l  shal l -  comply wi th  a l l
a c t i v i t i e s  n o t e d  p e r  4 . I .
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4.3 Long term storage shal l  comply wi th  a l l  act iv i t ies j -n
4 .1  and  i nc lude  the  fo l l ow ing :

4.3.1 Remove aLl -  work ing equipment  and mater ia ls
f rom ins ide the bui ld ing.

4.3.2 Remove bat tery  powered emergency l ight ing
equipment from the building.

4.3.3 Seal  HVAC and Exhaust  vents wi th  taped
cove rs .

5 . 0 Transoortat ion of C]-ean Roon Module:

5.1 The c lean room shaI l  be t ranspor table f rom one area
or  s i te  to  another .  This  may be accompl ished by design of
the c lean room to load out  on a f la tbed t ra i ler  or  be
assembled wi th  removable wheel  assembl ies.

5.  L .  L  Remove bot t le  racks f rom ro l l ing f rame.
5 .L .2  Remove  s teps  assemb l ies  f rom ro l l i ng  f rame.
5.L.3 L i f t  the c fean room module f rom the ro l l ing

frame and instal l  transport j-ng wheel
assembl i -es.  I f  the module is  to  be
t ranspor ted on f la t  bed t ra i lers ,  the ro l l ing
may be mounted permanently to the building.

5.1 .4  Secure a l l  equj -pment  ins ide the bui ld ing
before moving.

5 .1 .5  C lean  a l l  su r faces  o f  t he  room and  lock  and
seal  doors for  t ranspor tat ion.

5.1- .6  For  t ranspor t ing over  publ ic  roadways,  obta in
a l l  requi red permi ts  and l icenses.

5.2 The Clean Room wi l l  be moved us ing a tow vehic le
a long a t rack system dur ing construct ion act iv i t ies at
s i t e .

5 .2 . I  Remove  t ranspor t i ng  whee l  assemb l ies  ( i f  used )
and mount clean room module onto rol l ing
frame. The frame is equipped with L}"g 45o Vee
groove wheels and moves on an angle frame
turned on suppor t  p la tes.  See at tached deta i l .

5 .2 .3  Ins ta l l  bo t t l e  racks  and  s tep  assembL ies  to
ro l l ing f rame.
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5 .2 .2  The  tow  veh ic le  sha l1  be  connec ted  to  the
clean room modul-e with a bar sized for towing
and breaking forces.

5.2.3 The c lean room sha11 be vacated dur ing
the moving and posi t ion ing act iv i t ies.

6 . 0 Maintenanee Clean Room Module:

6. l- The maintenance of the clean room is broken down into
the fo l lowing categor ies:

6.  L  .  l -  C leaning and jan i tor ia l  funct ions
6.1.2 HVAC and Exhaust  System Preventat ive

Maintenance,  t roubleshoot ing and Repai r
6 .L .3  HEPA f i l t e r  ma in tenance  and  rep lacemen ts
6 .1 , .4  Ro l l e r  F rame and  whee l  ma in tenance .
6 .1 - .5  Pu rge  gas  Sys tem ma in tenance
6 .  L .6  Compressed  a i r  sys tem Ma in tenance
6 .L .7  E lec t r i ca l  and  Con t ro l  Ma in tenance
6.1.8 Safety  Equipment  Inspect ion and Maintenance

6.2 Cleaning and jan i tor ia l  funct ions shal l  be per formed
at  the end of  each sh i f t .  These inc lude the fo l lowing
t a s k s :

6 . 2 . r

6 . 2  . 2

6 . 2 . 3

6 . 2 . 4

6 . 2  . 5

6 . 2  . 6

Wipe down a l l  sur faces inc lud ing wal ls '
s to rage  b ins ,  hoses ,  t oo l s ,  e t c . ,  i n  t he
control led area with an approved cleaning
agent  and l in t  f ree c lo ths or  paper  towel-s .
Return a l }  so lvents to  the i r  conta iners for

proper storage and dispose of al l  wiping
c loths and/or  paper  towels .
Wipe down al l- tables and inspection surfaces

in the c leaning and inspect ion area.
Perform general cleaning' sweep and mop

change room and storage room f loors.
Re-stock al l  inventories and remove alf

soi led clothing from clean room module
Remove al l- soi led wiping cLoths and paper

towels  f rom the c lean room module.

t
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6.3 Per form per iod ic  maintenance on c lean room moduLe
HVAC systems. These include but are not l imited to the
fo l lowing.  See equipment  manufacturerrs  O&M Manual  for
g rea te r  de ta i l .

6 .3 .1 -  Pe r fo rm a i r  ba lance  tes ts  and  ad jus tmen ts
each 20 days of  c lean room use.

6 .3 .2  Lub r i ca te  a l l  equ ipmen t  bea r ings ,  bush ings
and l inkages each 20 days of  c lean room use.
Do not  over  lubr icate.

6 .3 .3  Pe r fo rm e l -ec t r i ca l  i nspec t i ons  fo r  l oose
connec t i ons ,  e lec t r i ca l  l oad ,  e t c .  each  20
days of  operat ion.

6.4 The fo l lowing is  a  l is t ing of  f i l ter  requi rements for
the clean room modul-e HEPA and Pre'f i l ter maintenance.

6 .4 .L  P re - f i l t e r s  w i l l  be  i nspec ted  each  day  and
replaced when an est imated 50t  b lockage is
noted.  This  wi l l  be determined by a method of
holding the f i l ter to a l ight and comparing it
t o  a  c lean  f i l t e r .

6 .4 .2  HEPA f i l t e r s  w i l l  be  rep laced  when  the
pressure drop between the up and down stream
HEPA f i l t e r  reaches  L .0 ' '  o r  q rea te r .

6 .5 Rol l -er  Frame inspect ion and maintenance is  to  be
conducted each week.  These act iv i t ies inc lude but  are not
l imi ted to  the fo l lowing:

6.5.1-  Inspect  the f rame for  any damage due to
handl ing,  corros ion,  e tc .  Repai r  and paint
areas as requi red.

6 .5 .2  Inspec t  a l i gnmen t  o f  a l l  whee ls  on  the  t rack
assembly. Check wheel grooves for foreign
mater ia l  and c lean as requi red.

6 .5 .3  Lub r i ca te  whee l  ax les  as  requ i red .  Do  no t
over  lubr icate.  wipe any excess noted.
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6 .6  Inspec t  pu rge  and  tes t  gas  sys tems ,  bo t t l e  racks ,
handl ing equipment ,  e tc .

6 .6 .1 -  Ca l i b ra te  a l l  gages  eve ry  s i x (6 )  mon ths .
6 .6 .2  Leak  tes t  by  means  o f  so lu t i on  f i lm  tes t i ng

o f  each  j o in t  on  a  pe r iod i c  bas i s .
6 .6 .3  Inspec t  a l - I  hoses  fo r  l eaks  and  b reaks  i n  t he

sta i -n less s teel  bra i -d  on a DAfLY basis .
Replace as requi red.

6 .6 .4  Inspec t  cha ins  and  gua rds  on  the  bo t t l e  racks
for  damage per iod ica l ly .  Repai r  as requi red.

6.7 Inspect  the compressed a i r  system, bot t les and racks.
6 . 7 . 1 ,  C a l - i b r a t e  a l l  g a g e s  e v e r y  s i x ( 6 )  m o n t h s .
6 .7  .2  Leak  tes t  by  means  o f  so lu t i on  f i lm  tes t i ng

of  each jo in t  on a per i -od ic  bas is .
6 .7  .3  Inspec t  a l l  hoses  fo r  l - eaks  and  b reaks  i n  t he

s ta in less  s tee l  b ra id  on  a  DAILY  bas i s .
Replace as requi red.

6. - l  .4  Inspect  chains and guards on the bot t le  racks
for  damage per i -od ica l ly .  Repai r  as requi red.

6.8 Elect r ica l  and contro l  systems inc lude the e lect r ica l
distr ibution system, l ighting and HVAC control system.
These item wil l  require minimum inspection and
maintenance but  not  be l imi ted to  the fo l lowing.

6 .8 .  L  Pe r fo rm an  i n i t i a l  l oad  tes t  on  each  c i r cu i t
and record on 1og sheet .

6 .8 .2  Inspec t  a l l  connec t i ons  fo r  hea t  and
corros ion each 30 days of  operat ion.

6 .8 .3  Tes t  a l l  i nd j - ca t i ng  l i gh ts ,  a la rms ,  and
cal ibrate a l l  gages each 6 mo.  of  operat ion.

6.9 Safety  Systems shal l  be tested each day.  These
systems consis t  o f  the fo l lowing:

6 . 9 . 1  F i r e  a l a r m s  s h a l l  b e  t e s t e d .  R e p l a c e
bat ter ies each 30 days of  operat ion or  per  the
manufacturer I s instructions (which ever j-s

l e s s ) .
6 .9 .2  Tes t  emergency  l i gh t i ng /ex i t  sys tem.

Replace bat ter ies as suggested by the
manufacturer .
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6 .9 .3  Tes t  t he  emergency  ex i t  doo r  t o  assu re
hardware and alarm work properly. Replace
bat tery  each 30 days of  operat ion or  per  the
manufacturer 's  j -nst ruct ions (which ever  is
l e s s )  .
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Corp
ENGR WELD QA

Corp
CONST MFG

1. O E.COEE:

l - . 1  Th i s  p rocedure  de ta i l s  t he  requ i remen ts  fo r  f i na l
c leaning of  the LIGO tube sect ion f rom the weld area
back to  the end open to the c lean room.

2 . O P.E3S9NNEIr:

2  .1  Exper ienced personnel  shal - l -  per form and superv i -se
all  cl-eaning in accordance with this planned approach
and the c leaning referenced in  th is  p lan.

2.2 Personnel  enter ing the inspect ion and c leaning
room and/or the control led area of the beam tube
access penetrat j -on dur ing f ina l  assembly operat ions
shal l -  meet  the fo l lowing condi t ions:

2 .2 .1  Pa r t i c i pa te  i n  a  t ra in ing  cou rse  i n  wh ich
th is  procedure is  presented bY an
author ized inst ructor .  The course shal l -  be
documented by means of a writ ten
examinat ion.

2 .2 .2  Wear  c lean  wh i te  l i n t  f r ee  c lean  room
sty le covera l ls  wi th  pockets sewn c losed.

2 .2 .3  Wear  wh i te ,  l i n t  f r ee  "Hood"  t ype  head
covering sealed around the neck and into
the  cove ra l l  co I l a r .

2 .2 .4  Wear  wh i te  l i n t  f r ee  g loves  secu red  i n to
the s leeves of  the covera l ls .

2 .2 .3  Log  a l l  a r t i c l es  i n to  the  con t ro l l ed  a rea
and prepare to  account  for  a l l  ar t ic les
when leav ing the contro l  area.

2.3 Personnel  enter ing the beam tube dur ing f ina l
assembly operations shall- meet the requirements of
para .  2 .2 and the addi t ional  requi rements:

2 .3 .L  Wear  p ro tec t i ve  cove r ings  on  shoes .

BY DATE
PREPARED SDH 09-Nov-93
N,EVISED
AIJIEOEIZED
REFERENCE
STANDARD R,EV. NO.
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2 .3 .2  Any  pe rsonne l  w i th  fac ia l  ha i r  (bea rd  o r
mustache)  must  wear  a dust  mask.

2.4 Clean room c loth ing for  use by anyone enter ing a
beam tube can section must be cleaned on a reqular
weekly  bas is  or  when i t  becomes obvious ly  so i led wi th
depos i t s  o f  d i r t ,  o i l  o r  g rease .

3. O EEEEBE.IIGET:

2 . L  T h e  f o l l o w i n g  d o c u m e n t s  d e t a j - 1  o p e r a t i o n s  j - n

con junc t ion  to  th is  ac t i v i t y .  A11 re fe rences  shou ld  be
fo l lowed dur ing  the  execut ion  o f  th is  p rocedure .

3 .  l - .  l -  Ca l i fo rn ia  Ins t i tu te  o f  Techno logy  Techn ica l
Spec i f i ca t ion  Number  l -100004 fo r  Beam Tube Modu les
and number  L l -00007 fo r  Type 304L Sta in less  Stee l
Vacuum Produc ts .

3 . L . 2  A S T M  D e s i g n a t i o n  A  3 8 0  S t a n d a r d  p r a c t i c e  f o r
C l e a n i n g  a n d  D e s c a l i n g  S t a i n l e s s  S t e e l  P a r t s ,

'  Equ ipment  and Sys tens  (as  a  gu ide) .
3 .1 .3  CBI  Procedure :L IGOCPi  ' rPLAl i lNED APPROACH FOR

CLEANING AND CLEANTNG MAINTENANCE FOR LIGO PROJECT
FOR CALTECH."

3  . l - .4  CBI  C lean ing  Procedure  CL1-N;  'CLEANfNG OF
COMPLETED BEAI*,I TUBE SECTIONS BEFORE LEAK TESTING
AND FINAL ASSEMBLY - CALTECH.'

3 .1 .5  CBI  C lean ing  Procedure  CL2N;  "CLEANING OF
PARTIALLY COMPLETED BEAM TUBE MODULES AFTER
FINAL ASSEMBLY AND DURING CONSTRUCTION -

CALTECH. ||

3 .  1 .  6 CBI PTOCCdUTC LIGOVT].;  ' 'CLEANLINESS PROCEDURE
USING BI,ACKLIGHT. "

3.]- .7 CBI PTOCCdUTC LIGOCR]-;  . 'CLEAN ROOM TRANSPORTING'
STORAGE AND MAINTENANCE.'

{.0 EOILLBMEIII.:

4.1 The fo l lowing is  a  l is t ing of  equipment  requi red for
f ina l  inspect ions.

4 .L .1  Wh i te  ny lon  cove ra l l s ,  shoe  cove rs r  head
covers and g loves.

4.L.2 OSHA approved storage conta iners for  so lvents
and c leaning agents.
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4.1.3 Safety  equipment  meet ing the requi rements for
conf ined Space entry ,  ie :  Oxygen Anaiyzer ,
pe rsonne l  l i nes ,  e t c .

4 .1 .4  C1ean  room and  assoc ia ted  equ ipmen t .
4 .1 .5  1 -00  wa t t  b lack l i gh t  w i th  3650  Angs t rom un i t

wavelength.
4 .1 " .6  B lack l i gh t  me te r  capab le  o f  measur ing  800

uw/cm2.
4. I . ' l  Documentat ion forms for  record ing f ina l

acceptance and inventory.

4 .2  The  fo l l ow ing  i s  a  l i s t i ng  o f  ma te r i a l s  used  fo r
f ina l  c leaning of  L IGO beam tube inner  sur faces.

4 .2 .L  Po tab le  tap  wa te r  w i th  a  ch lo r i ne  con ten t  i n
the  range  o f  0 .02  to  200  ppm.

4 .2  .2  Techn j - ca1  g rade  so l ven ts  as  l i s ted  on  an
approved mater ia ls  l is t ing.

4 .2 .3  L in t  f r ee  w ip ing  c lo ths  and /o r  paper  towe ls .

I s. o EBoGEDIIBE:

5.1 Af ter  weld ing and test j -ng act iv i t ies are eomplete a l l
inf latable purge dams shall  be removed from the tube. Al-1
hoses shal1 be co i led in  the i r  respect ive b ins and
equipment  s tored ins ide the contro l led area of  the c lean
room. .

5 .2 Al l  c leaning and inspect ion equipment  enter ing the
tube shal l  be inventor ied and logged for  accountabi l i ty .

5 .3 Dur ing f ina l  c leaning act iv i t ies '  the beam tube
baf f les shal l  be insta l led.  work th is  procedure for  a l l -
sur faces of  the tube and baf f les.

5.4 One c leaning person shal - l  be a l lowed in  the tube.
Materials shall  be mounted onto a dolly and moved down
the tube to  the weld seam. A b lack l ight  shal l -  be used to
inspect the tube surfaces per the approved procedure

WARNING
ALL FACTORS GOVERNING ''CONFINED

INCLUDING DOCUMENTATION SHALL
ENFORCED.

SPACE'' ENTRY
BE STRICTLY
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5.5 Using a b lack l ight  in  the darkened tube area '  the
c leaner  shal l  inspect  the inner  tube wal l  area d i rect ly
in  f ront  o f  h is  locat ion for  d i r t ,  debr is  and any
deposi ts  of  hydrocarbons and chemicals .  Areas found shal l
be contaminated shall  be locally wiped with an approved
solvent  and a l lowed to dry .  Af ter  inspect ion '  the areas
shal1 not  be d is turbed wi thout  re- inspect ion.

5.6 Document  the tube designat ion and the f ina l
acceptance of the cleaning before moving from the tube
locat j -on.  Inventory a1I  wip ing c lo ths,  so lvent  conta iners
and equipment removed from the tube and compare with the
in i t ia l  inventory to  assure a l l  ar t ic les are removed f rom
the tube.  Document  th is  inventory.

5.7 Close the tube end us ing a sealed cap equipped wi th  a
one d i rect ion vent  f lap to  a l1ow pressure to  escape the
tube .

6 . 0 w :

6.1 Documentat ion of  the conf ined entry  act iv i t ies are
required per OSHA and CBI safety procedures. Report forms
shal l  be avai lab le f rom the s i te  safety  depar tment .

6.2 Checkl is ts  shal l  be used for  personnel  enter ing the
clean room areas, inventories of the equipment enterj-ng
these areas, and inventories of equipment and materials
entering the beam tube. See attached inventory form CR-
0 1 ,  p a g e  5 .

6.3 A Cleaning Inspect ion Repor t  shal l  be completed wi th
resul ts  of  the f ina l  c leanl j -ness inspect j -on.  This  repor t
shal l  document  personnel  per forming c leaning,  resul ts  of
inspect ion and s igned by the author ized inspector .  See
at tached j .nspect ion form CR-02,  Page 6.

6.4 These records sha11 be turned in to the OC Manager  at
the end of  each sh i f t .  The f ina l  inspect j -on turnover
documents shall  include these reports.
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INVENTORY FORTI

CLEAN ROOM
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6

CHICAG'O BRIDGE & IRON
LrcOPNOJECT
@0{TRAGT lb.c,g212

lpocJ.flfot:loa : cL3|f

D.t.:

t:lD: !.Efu:fag
ladlBg

TEST REPORT

TUBE IOCATION, /POSITION

TUBE IDENTIFICATION

TEST EOUIPMENT:

BLACK L IGHT METER CALIBRATION:

INSTRUMENT IDENTIFICATION :

BLACK LIGHT CALIBRATTON:

LIGHT SERIAL/REFERENCE No.

CALIBRATION DATE:

CALIBRAIION DATE:

INSPECTION OF BEAM TUBE AS NOTED ABOVE HAS BEEN FOI'ND TO BE CLEAN AND
ALL EOUTPMENT AND MATERIALS REMOVED,

TI'BE END HAS BEEN SEALED AND POSITIVE ATR FLOW IS OBSERVED THRU THE ONE
WAY VENT FLAP.

NAME

DATE:

SIGNATURE

REMARKS:

EEAEIIIEE



BEAM TUBE BEAM TUBE COVER WITH CIASKETS

@UNTER
WEIGHT
DAMPER
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LIGO PROJECT
wBS 400

QUALIFICATION TEST

Oualification Test Obiectives

The qualification test will demonstrate the critical elements of the beam tube module design. The
test plan will be developed to limit the risks associated with unknown factors and parameters of
the beam tube module desigq fabrication, and installation.

Items Verified by Testing
Structural and mechanical performance of the beam tube configuration
Coil Manufacture and Traceability
Coupon outgas test procedure and equipment
Beam tube manufacturing process and welding procedure
Expansion joint design and manufacturing process.
Dimensional verifi cation and inspection procedures
Stiffener manufacturing process
Baffle configuration and manufacturing process
Stiffener attachment process and equipment
Circumferential seam preparation and fit up process and equipment
Circumferential weld process and equipment
Beam tube section leak test procedure
Circumferential seam leak test procedure and equipment
Cleaning procedure
Qualification test outgas characteristics
Alignment verification and procedures

Items Verified by Analysis
Thermal performance ofbeam tube supports
Structural and mechanical performance of beam tube configuration under environmental
loads
All beam tube handling and transportation
Clean room enclosure environment and effectiveness
Automated cleaning equipment performance
Beam tube section leak test cask equipment performance
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QUALIFICATION TEST

Oualification Test Plan

The qualification test plan consists of the test configuration and the procedures for fabrication,
installation, and testing of that configuration. This plan will demonstrate conformance of the
LIGO beam tube module design testing items with the performance requirements.

Test Configuration

The qualification test beam tube module will be composed of two full length beam tube sections,
each with an expansion joint and a third expansion joint. This configuration will represent the
LIGO Beam Tube Module configuration. Supports under the beam tube section will be identical
to supports to be used in the modules. Short tube sections will be anchored at the ends of the
beam tube to provide end restraint for test specific end loads. As shown on Sheet l, the
qualification test will be conducted in the basement of the Research and Development Center.
The coupon outgassing facility and the QT Beam Tube Module vacuum and outgassing system
will be located in the Qualification Test Vacuum Lab. The current configuration for the coupon
outgassing facility and beam tube vacuum/outgassing system are reflected in the P and I's for
these systems. The P&I's are currently being used to configure these systems into fabricatiott/
installation drawings. The Preliminary Coupon Outgassing Test Procedure (WBS 434),
Preliminary Beam Tube Outgassing Test Procedure (WBS 435), and Design of the Qualification
Test Pumping System (WBS 451), including these P&I's, follow Sheet I - QT Beam Tube
Configuration.

Procedures for Fabrication, Installatioru and Testing

The process for fabrication, installation and testing of the QT beam tube sections is accomplished
by following procedures designed to produce a beam tube which meets performance
requirements. The QT process procedures are sequentially listed or described in WBS 420 n a
preliminary form to describe the test plan.

Specific planVprocedures for cleaning (QT-CLN-B) and bakeout (BO-QT) have been developed
as stand-alone documents specifically for the Qualification Test. These procedures and applicable
option procedures are referenced in the Preliminary QT Plan. Procedures QT-CLN-B and BO-

QT are included as part of this package.
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QUALIFICATION TEST

WBS 434 PRELIMINARY COUPON OUTGASSING TEST PROCEDURE

1. Clean and assemble all components.

2. Leak check the svstem.

3. Insulate the system.

4. Evacuate the vessel and all ancillary systems

5. Bake out the system for a minimum of one week at 300"C ( the turbomolecular
pumps will be baked at only I20oC due to equipment temperature limitations).

6. Cool to ambient temperature.

7. Leak check flanges to confirm leak tightness after bake-out.

8. Fill the RGA cold trap.

9. Activate the RGA and record the hydrogen outgassing rate.

10. Repeat steps 5 through 9 until the hydrogen outgassing rate stabilizes.

11. Calibrate the system using the calibrated leaks after each outgassing measurement.

12. Repressurize the chamber with nitrogen.

13. Clean the coupons with the approved cleaning procedure, stamp the coil
identification into one of the coupons, record the I.D. and load into the vessel.

14. Bake the vessel at 250"C for 24 hours. The 24 hour timing starts after the coupons
are all up to 250"C.

15. Cool to ambient temperature. Possible backfill with helium or nitrogen to enhance
the cooling and reduce waiting perion for cooling.

Evacuate the chamber if backfilled. Record the outgassing rate.

Repressurize the vessel with nitrogen and remove the coupons. Package the coupons
and store until after beam tube module acceptance.

Evacuate the vessel and bake f.or 24 hours at250oC.

Cool to ambient temperature.

16.

t7.

18 .

19.
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QUALIFICATION TEST

19. Cool to ambient temperature.

20. Fill the RGA cold trap

21. Record the hydrogen outgassing rate for the empty system.

22. Calibrate the RGA

23. Average the outgassing rates for the empty system taken prior to the coupon test and
after the coupon test. Subtract the average empty system background outgassing rate
from the coupon test outgassing rate.

WBS 435 PRELIMINARY BEAM TUBE OUTGASSING TEST PROCEDURE

l. Clean and assemble all components.

2. Leak check the system.

3. Insulate the system.

4. Evacuate all ancillary systems

5. Bake out the analysis and pumping systems for a minimum of one week at 300"C ( the
turbomolecular pumps will be baked at only 120"C due to equipment temperature
limitations).

6. Cool to ambient temperature and record the temperature.

7. Measure and record the water outgassing rate.

8. Fill the RGA cold trap.

9. Measure and record the hydrogen outgassing rate.

10. Repeat steps 5 through 8 until the hydrogen and water outgassing rates stabilizes. The
hydrogen partial pressure should be less than lx l0-l I torr and the viater partial
piess*" should be less than I x 10-14 torr.

I l. Calibrate the system using the calibrated leaks after each outgassing measurement.

12. Evacuate the beam tube.
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QUALIFICATION TEST

13. Bake the beam tube for 30 days at l40oC. The analysis and pumping systems will also
be baked during the 30 day period.

14. Cool to ambient temperature and record the temperature.

15. Record the hydrogen and water outgassing rates as discussed above.

16. Isolate the beam tube from the analysis and pumping systems and bake the systems for
24 hours at250"C. The RGA will always be heated prior to heating the cold trap in
order to prevent condensation of contaminants on the RGA.

17. Allow the RGA to return to ambient temperature and check the closed system
outgassing rates for hydrogen and water vapor as discussed above.

18. Calibrate the RGA

19. Subtract the final recorded system background outgassing rates from the recorded
beam tube outgassing rates.

WBS 451 DESIGN OF THE OUALIFICATION TEST PUMPING SYSTEM

The design of the Qualification Test pumping system is represented by the attached P & I
(Piping and Instrumentation) Diagrams. The system is provided with an ultra high
vacuum pumping system, a cold trapped RGA and a calibrated leak system.

The ultra high vacuum pumping system consists of a cold trapped turbomolecular pump
which is backed by another turbomolecular pump and a roughing pump. The system is
provided with two turbomolecular pumps in series in order to supply sufficient hydrogen
compression ratio for ultra high vacuum service. The pumping system is provided with a
large (50 CFM) roughing pump to quickly rough down the large beam tube volume.
This pump will be provided with an inbleed in order to maintain the pump in the viscous
flow regime to prevent oil backstreaming.

A high quality RGA will be provided to measure the hydrogen and water vapor
outgassing rates. The unit is provided with a cold trap to collect hydrogen containing
compounds such as water and hydrocarbons. The RGA as well as the calibrated leak
system have been connected to a secondary pumping system so that the RGA or the
calibrated leak system can be baked out independently from the rest of the system.
Calibrated leaks will be specifically selected to be free of water vapor.

The water pumping speed during the beam tube bake-out will be held to a maximum of
600 L/S in order to simulate the full beam tube module pumping system speed.
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QUALIFICATION TEST

The entire system (to the first turbomolecular pumps) is designed to be baked-out to the
temperature limitations of the components. All seals (to the first turbomolecular pump)
are metal seals to facilitate bake-out and to minimize permeation and diffusion of gases.
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P & I SYMBOLS PRELIMI NARY EQUI PMENT SIZING
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QUALIFICATION TEST

WBS 420 PRELIMINARY OT PLAN FOR FABRICATION. INSTALLATION. AND
TESTING

l. Coupon Testing

Prepare And Install Coupon Outgas System Including Leak Checlq Bakeout And
Calibration
Clean Coupons Per Procedure
Bake Coupons And Vessel To 250oC, Then Cool
Record Outgas Rate
Remove Coupons, Evacuate, Bake, And Cool Vessel
Record Outgassing Rate
Outgassing Rate : Coupon Outgassing Rate - System Background Outgassing
Rate

Fabricate Beam Tube Sections

a. Fit-Up And Weld Stiffeners One At A Time To Beam Tube Sections Using CBI
Procedure WPS 308LT-l (Stiffener Fit-Up Will Simulate Construction Plan
Stiffener Fit-Up)

b. Perform Dimensional Inspection Per CBI Procedure (See Section 3)
c. Weld Expansion Joint To Beam Tube To Create A Beam Tube Section Per CBI

Weld Procedure WPS AUTOG/ER 308L
d. Weld Qt End Cover To Beam Tube Section Per CBI Weld Procedure (To Be

Developed)
e. Weld Vacuum Pump Port To Beam Tube Section Per CBI Weld Procedure (To

Be Developed)
f. Leak Test Beam Tube Section Per CBI Procedure HMSTIN - Modified To Use A

Bag For The Hood Instead Of An Enclosure As Shown In HMSTIN
g. Clean Beam Tube Section Per CBI Procedure and QT CLN-BT
h. Place Temporary "Clean" Cover On Open End OfFirst Beam Tube Section

(Baffle Installation Sequence Has Not Yet Been Decided Upon)

Dimensional Testing

a. Beam Tubes
(l) Size
(2) Straightness
(3) Thickness
(4) Spiral Weld Peaking And Offset
(s) Length
(6) Squareness Of Ends
(7) Flatness OfEnds

b.
c.
d.
e.
f.
g.

2.

J .
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QUALIFICATION TEST

b. Stiffened Bean Tube
(l) Roundness
(2) Straightness
(3) Length
(4) Squareness Of Ends
(5) Flatness Of Ends

c. Expansion Joints
(l) Roundness
(2\ Size
(3) Lengrh
(4) Squareness Of Ends
(5) Flatness Of Ends

d. Beam Tube Sections
(l) Straightness
(2) Squareness OfEnds
(3) Sas

4. Beam Tube Section Installation

I a. Install First Beam Tube Section On End Restraint And Support I
b. Align This Section Per CBI Procedure (See Section 5)
c. Bring In Second Beam Tube Section
d. Weld Circumferential Beam Tube Section To Beam Tube Section Per CBI Weld

Procedure WPS AUTOG/ER308I
e. Leak Test Circumferential Seam Per CBI Procedure HMST2N
f. Clean Circumferential Seam Per CBI Procedure and QT CLN-BT
g. Weld QT Beam Tube Module End Expansion Joint. Leak Test And Clean Per e.

And f.
h. Weld In Closure End To Seal OffQt Beam Tube Module In Accordance With CBI

Weld Procedure (To Be Developed) Which Will Include A Back Purge.

5. Alignment Demonstration

a. Outdoor Long Distance +250 M Demonstration
(l) ConstructionAlignment

o Establish Semi-Permanent Monuments At 250 M Spacing
o Set Intermediate Location On Line Of Sight Between Monuments
r Transfer Line Defined By 2 Monuments To A Parallel Line Defined By

Targets Placed At Approximately 66' Spacing (Represents Beam Tube
Support Spacing)

o Record Readings And Accuracies
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QUALIFICATION TEST

(2) Final Alignment And Realignment
(a) Set Temporary 250 M Monuments Under Cover

o Set Up On Monument (Ml) And Sight To Second Monument
(M2) 250 M Away. Then Sight On And Set Temporary
Location To Represent Monument (TIvIl) Inside Of Cover.

o Move Instrument To Sight On Both TMI And Ml. This Will
Establish Y Dimension.

o Repeat Above Steps To Set Position Tm2.
(b) Establish Tube Location To Provide Clear Aperture

, o For 3-D Coordinate System - Sight TMI And TM2 From
Between Them And Inside Cover. Adjust Tubes To Bring
Targets Into Cdculated Line To Achieve Clear Aperture.

Construction Alignment
(1) Establish Temporary Monuments In Basement At - 150ft.
(2) Perform Construction Alignment As In a(l) Above

Final Alignment
Perform Final Alignment As In a(2) Above

Realignment
Perform Final Alignment As Tn a(2) Above

Qt Beam Tube Module Outgas Testing

b.

d.

a.
b.

Prepare And Install The Beam Tube Vacuum/Outgas System
Leak Test The Vacuum System
Insulate, Evacuate, And Bake Out The Vacuum System
Measure And Record Water And Hydrogen Outgassing Rates
Requirements: Hydrogen Partial Pressure < lxl0-l I Ton

Water Partial Pressure < lxl0-14 Torr
Evacuate And Bake Out The Q Beam Tube Module. Bakeout Shall Be In
Accordance With Procedure BO-QT.
Cool And Record Hydrogen And Water Outgas Rates
Isolate, Bake, Then Cool The RGA
Measure And Record Hydrogen And Water Outgas Rates
Outgassing Rate (OR) : QT Beam Tube Module OR - System Background OR

c.
d.

e.

f.
g.
h.
i.

7. Bakeout - CBI Procedure BO-QT

Occurs After Qt Beam Tube Module Is Assembled, Leak Checked, Cleaned, fuid fur
Initial Pre-Bakeout Measurement Of Ambient Temperature Outgas Rate
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QUALIFICATION TEST

b.
c.
d.
e.
f.

Wrap The Beam Tube With Resistance Heating Cable In A Helical Pattern. Each
Beam Tube Section Will Have A Separate Circuit And The Bellows Convolutions
Will Have No Heater Cable Directly Applied.
Install Thermocouples At Critical Locations
Insulate The Beam Tube With 4" Of Knauf Duct Wrap Or Equal
Evacuate The Beam Tube To l0-5 Torr
Over 24 Hours, Raise Beam Tube Temperature To l40oC
Hold The Beam Tube At l40oc For 30 Days While Upholding The Vacuum And
Recording Temperatures And Outgassing Rates
After The 30 Days, Turn Off Heaters And Allow Tube To Return To Ambient
Temperature.

Acceptance TestinglFinal Leak Test

After Qt Beam Tube Module Has Been Built, Leak Tested, Cleaned, Baked Out And
Outgas Rates Measured, It Will Be Leak Tested.

Evacuate The QT Beam Tube Module
Bag The QT Beam Tube Module
Evacuate The Bag And Bacldll With Helium
Monitor The Leak Testing Equipment For Helium Leaks Into The QT Beam Tube
Module

e. Acceptable Helium Leak Rate:0 (< l0xlO-l I Atm cclS)

Realignment

After Final Leak Checking Of Qt Beam Tube Module, Alignment Will Be Checked. The
Tube Will Be Realigned To The Position Providing The Initial Clear Aperture. This Will
Be Accomplished By Reestablishing Tube Target Positions Relative To Temporary
Benchmarks Proved On Slab. These Benchmarks Represent A Line Parallel To The Clear
Aperture Axis. Tube Supports Will Be Adjusted To Bring Fixed Targets Into Position.

8 .

a.
b.
c.
d.

9.
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gLEANING PI"AN FOR OUALIFICATION TEST

This plan covers recommendations for cleaning stainless ste€l parts, equipment and installed
vacuum components for the Laser Interferometer Gravitational-Wave Observatory @IGO).

General cleaning includes all the operations necessary for the removal of surface contaminants to
ensure prevention of product contamination and eroneous data rezults in high vacuum testing.
Cleanliness is also a perishable condition. Careful planning is necessary to achieve and maintain
clean surfaces at all times. If careful control is exercised during the fabrication processes and
operations, very little special cleaning may be required.

The LIGO project will utilize at least two preventive procedures to ensure that all the surface
contaminants have been removed from the system. They are as follows:

o Onsite final cleaning procedure of beam tube sections after they are helium mass leak tested,
but before they are instatled and welded in final position.

o Procedure to maintain the cleanliness integfity of partially completed beam tube modules
during construction. Included as qn integral part of this procedure is the spot cleaning
requirements of the closing weld joints between tube sections after welding.

CLEAN ROOMS

On Site:
Portable rail mounted clean rooms will be constructed in the field. These facilities will contain a
dressing roorn, a transition roorL and a work room with a sealable opening around the work that
is being conducted. Two rail mounted horse shoe shaped enclosures will be used as clean rooms,
one for fitting and welding and the other for leak testing. The work roonu will contain the
necessary equipment for purging the inside of the weld seam during construction and leak testing.
The worlrooms will also contain the necessary equipment for monitoring air quality and
communication with the other enclozures.

Vactum Laboratory od futipment:
Similar to the fiel4 cleanliness will be maintained in the high vacuum lab facility during the

Qualification Test at CBIs Research and Development Center.

Vacuum Laboratory-Instrumentation Area:
l. Class l0 000, overall dimensions (10'H x 20'W x 30'L ).
2. Hepa filtered air provided by (10) 2' x4'fans with filters.
3. 2 x 4' Clean room troffer lights (12 qty.).
4. Module wiring.
5. Air Conditioning-temperature and humidity controlled.
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MATERHL PREPARATION

Cleaning Bean Tube Cot sections:
Beam tube section will be placed on two power rollers spaced approximately forty feet apart with
high volume ventilation fans at opposite ends. The initial cleaning process will start at one end of
the tube and proceed to the opposite end of the tube using Black Light Inspection techniques to
spot clean the interior zurface. Black light can detect certain oil films and other transparent films
that are not detectable under white light. A fluorescence glow on the surface or wipe cloth
indicates the presence of contaminants, and should be recleaned and retested. The following is a
list of approved materials that should be used during the cleaning process:

r Deionized water

o Technical grade solvents such as acetone or isopropyl alcohol.

o Lint free wipers (Class 100).

o 100 Watt black light witlr3650 Angstrom unit wavelength.

o Black light meter capable of measuring at least 800 udcm2.

Cleming Weld Joints:
The joint area and surrounding metal for several inches back from the joint will be cleaned
immediately before starting the weld. Cleaning may be accomplished by brushing with a clean
stainless steel wire brustr, or scrubbing with a cleaq lint-free cloth moistened with solvent, or
both. When the joint has cooled after welding remove all weld splauer, and arc strikes by
gnnding or sanding. The same techniques and materials for cleaning the beam tube can section
will also be applied to the weld joints.

Measures to protect cleaned surfac€s of new stainless steel partq and equipment will be taken as
final cleaning is completed, and will be maintained dtring fabricatio4 shipping inspection"
storqge, and final installation. The following is a list of precautions that will be taken when
handling cleaned items.

r Do not remove wrappings and seals from incoming materials and components until they are
ready to be used or installed.

r Cleaned components for vacuum service will be handled with clean room gloves.

o Cleaned materials and components should not be stored directly on the ground or floor. Do
not allow the materials or components to come in contact with the following: asphalt,
galvanized, calbon steel, mercury, zing lead, and cadmium.
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o Store materials and components on wood skids or pallets. Keep hollow openings on items
(pipe, tubing pumps, etc.,) capped or sealed.

DOCIIMENTATION

On a checHist of all purchase items for a beam tube module, sign-offand date the entry for each
purchase item indicating that the item was received in a clean condition. Note each purchase item
received in a non-clean condition. List them on a separate checklist of items still to be cleaned or
on a checklist of items returned to the manufacturer for cleaning or recleaning. lvlaintain a
cleaning log book for each beam tube module, listing the sign-offs and dates for entry for:

o Satisfactory completion ofthe final cleaning per procedure of each beam tube can section.

o Satisfactory cleaning maintenance during constnrction per procedure of each partially
completed beam tube module. This covers the local cleaning of closing weld joints after
successful completion ofthe local HMS leak testing ofthose weld joints.

PERSOIYNEL

Only designated personnel shall perform and zupervise all cleaning and cleaning maintenance
performed in accordance with this planned approach.

PERSONNTEL CLOTHING REOI]IREMENTS

Personnel performing this cleaning shall wear clean nylon gloves. Care will be taken not to leave
any fingerprints, which contain oils, on the inside surface of the beam tube can section or on any
vacuum surface (bafres etc.).

Personnel performing this cleaning shall wear cleaq soft-soled shoes with shoe covers or clean
room tlpe boots.

PERSOIYI\TEL SAFETY

Cleaning operations often present numerous hazards to both personnel and facilities. Data sheets
of the }danufacturing Chemist Association should be consrlted to determine the hazards of
handling specific chemicals. The following is a list of precautions to be used during the cleaning
procedures.

o Provisions should be made for venting of explosive or toxic reaction-product gases, safe
disposal of used solutions, warning srgls, and methods for the safe transfer of dangerous
chemicals during the cleaning operation.
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Whenever possible, chemicals having explosive, toxic, or obnoxious fumes should be handled
outdoors or inside a ventilated booth.

Keep the area in which the cleaning operation is being conducted clean and free of debris at all
times.
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1.0 SCOPE:

1.1 This procedure covers the bakeout of the Qualifirntion Test beamtube at 140 C
under vacuum for the purpose of removing water and hydrocarbons from the tube
inside surfaces.

1.2 This bakeout will occur after the Qualifkntbn Test beanrtube has been assembled,
leak checked and cleaned. A post{akeout outgas rate measurement willfollow.

2.0 OBJECTIVES OF THE ACTIVITY

2.1 The objective of this Qtnlifiration Test bakeout is to emuhte the parameterc of the
fieH bakeout of complete beamtube modules that affed the level of pqst bake
outgassing. This then will contribute to the accuracy of predictions of outgassing
rates and pumping requirements on the complete modules.

2.2 Theprocedure will hold a temperature of 140 C within a range of +3O-0 C at all
points and at all times on the beamtube. Closer temperature tolerances will be
sought as much as possible within the limitations of such things as the spacing of the
heater cables.

2.3 The means of heating will not necessarily be the same on the qualifkation test as is
planned forthe conplete modules.

2.4 Datawill be collected during the bakeout perirrd on the rate of outgassing.

EQUIPMENT:

3.1. Electric Resistance Heating Cable: About 1700 feet of cable is needed. Cable
shall have br:aided nickel-plated @pper heating elements with silicone rubber
dielectric iacket having about 0.006 ohnMt resistarrce at 140 C. The cable shall
be tempeiature rated io 200 C or higher. i.e. Cooperheat Versatrace WG or equal.
lf two 850 F circtits are used, then they will be powered by 24O volt AC. lf four
425'circuits are used, they will be powered by 120 volt AC.

3.2 Aboul l0Thermocouples.

3.3 Terperature control equipment: One time proportioned thennal regulator per
circuit. Honeyrvell Dhhtrolorequal.

9.4 Temperature monitoring and recoding equipment: One data acquisition personal
computer.

3.0

DGM lllr2l9?
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3.5 Equipment for vacuum pumping and measurement of outgassing rates is described
in the Outgassing Test Procedure (No. XXX)ofi). Note that the lQukl nitrogen trap
is sized for 600 liters/sec water pumping speed.

4.0 TEST PREPAMTION:

4.1 The Qualification Test beanrtube willhave been assembled, leakchecked and
cleaned pdor to bakeout.

4.2 The assembled Qualificalion Test beamtube wilt be located in the basement of the
Plainfield Research Center and will be in ils final bakeouUoutgas test position where
about 10 feet of the beamtube extends into the vacuum lab where the vacuum
pumping and instrumentation willbe located.

4.3 Wrap the beamtube with resistiance heating cable in a helkal pattern. Space tums of
cable at 12' on the tube seciiors and the bellows stubs. Each of the nominally 60'
long tube sections along with the adjacent end bellows will have a separate circuit.
The bellows convolutions (approxirnatefy U2toot in length) will have no heater cable
directly applied.

4.4 Indall lhermocouples in contact wtth the beamtube at locations midway between
cables. Thermocouple leads shall be run under the insulation for at leasl 2' in order
to ensure minirnalconduction from room ambient ternperature to thermocouple.
Locale thermocouples at the following pqsitions.

4.4.1 TopslJe of the tube at mid length of each tube section
4.4.2 Bottomside of lhe tube at mid lengfth of each tube section
4.4.3 Top center of each bellows
4.4.4 At the base of a vacuum stiffener
4.4.5 At one location, a pair of thermocouples, one centered between

condrrtors, the olher about 0.5'from a condrctor

4.5 Insuhle the beam the beamtube with Knauf Duci Wrap or similar insuhtion to a total
thickness of 4'. Cnt the insulation so that lhe first hyer of insulatbn fits between the
vacuum stiffeners.

4.6 Connect the heater cable to thennal controller descdbed in the EQUIPMENT section
of this procedure.

4.7 Connec{ lhermocouples to datra acquisilion computer.

4.8 Preparation of the vacuum pumping system is covered in procedure XXXXXXXX.

DGM tutwS
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5.0 TEST EXECUTION:

5.1 Evacuate the beam tube to 10-5 ton.

5.2 @er a pedod of 24 hours, raise the temperalure of the beamtube to 140 C.

5.3 HoH the beamtube at 140 C for 30 days. During which time:

5.3.1 Vacuum pumping willtake place continuously.

5.3.2 Tenperature data from all thermocouples will be passed to a data
acquisilion personal computer. Data will be di+hyed continuously and
recorded to disk on a hourly basis. This task will be done aulomatftxlly
by simple software.

5.3.3 Review temperature data daily and adjust the thennal controller settings
as needed

5.3.4 Measure and recprd outgassing rate at the following points in tirne

D TBD
iD TBD
iiD TBD
iv) TBD

5.3.5 Record allsignifrcant events in a hb nolebook

5.4 At the erd of 30 days tum off the heaters and allow the tube to retum to ambient
terperature.

DGM IIII?Jg3
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