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TitIC: FABRICATED CLASS IOO VACUUM AND A]R PIPING.LIGO WASHINCTON SITE

1.0 PuR"FosE
This specification defines the scope ofwork to be provided by the contractor for the supply ofthe
prefabricated Vacuum and Class 100 Air piping for the LIGO Vacuum Equipmert. All requiremerts of
VO49-2-O2I "Specfication for Installation/Commissioning for LIGO Vacuum Equipment " applicable to
this work.

2.0 scoPE
2.1 The contractor is to provide all material and labor to detail desig4 procure, fabricate, test, clean and

deliver to the site Vacuum and Class 100 Air piping and pipe supports as sho1ryn on the piping
arrangement drawings and P&I Diagrams listed in Attachment A.

2.2 The Vacuum piping is comprised of the following:

Roughing Header (Corner Station only)

Turbo Headers

Annulus PiPing

3.0

J -  l

J - Z

MATERIALS

All materials shall be in accordance with V049-2-037 "Specification for Piping D€sign and lvlaterials".

All flex sections are to meet the following requirements:

Note: Flex sections are intended to act as vibration/sound isolators. -

3.2.1 Vacuum and Class lfi) Air Eeaders

Flex sections are to be vacuum compatible stainless steel, with full penetration welds, low stifttess
bellows without metal braids.

All flex sections are to be cleaned, tested and packaged for UHV service, as manufactured by
A&N Corp., Varian Vacuum Products or approved equal.

3.2.2 Cooling Water Supply / Return and Instrumcnt Air Eeaders

Flex segtions are to be Safeflex Szu-CT as manufactwed by Mason Industries or approved equal.

SPECIFICATION
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TittE: FABRICATED CLASS IOO VACUI.M AND AIR PIPTNG.LICO WASHINGTON SITE

4.2

4.3

4,4

4.0

4 .1

FABRICATION AND TESTING

Pipe spool sections shall be prefabricated using only approved welding procedures in lernghs appropriatc
to allow installation in the vacuum equipment area witlout requiring welding. Fabrication shall be done in
accordance with specified codes.

Each spool section run shall have one 6xed and one rotatable CF flange to permit easy assembly ofthe
piping system. Flex sections shall be provided as shown on the pipng drawings. Branches shall terminate
in fittings as designated on the P&I Diagrams. Blind flanges shall be provided as indicated including
gaskets and hardware. Where ISO Quick flanges are designated on piping drawings' use 304 stainless

iteel centering rings with Viton o-rings. Soool drawines shall be submitted to PSI for apPioval prior to
fabrication,

Each spool section is to be helium leak checked after welding by evacuating and spraying with heliurt

and show no daectable leaks with a helium mass spectrometa at a sensitivity of lx10-9 torr Vs Spools

shall be given unique serial numbers (1 to )ct) to control testing documentation.

Each spool sec-tion shall be pressure washed with hot water using approved detergent (Oakite Inpro-

Clean i:OO;* and then rinsed with de-ionized water to rernove all dirt and hydrocarbons. After drying
with clea4 filtered hydrocarbon tee air or nitrogen, the section shall be checked for contamination using

a white glove. Any discoloration or visable particles shall be cause for rejection and the piece shall be
rewashed. Ifcontamination is localized, the area may be cleaned using isopropyl alcohol and lLrt free

cloths.

+ Per manufacturer's specifications and not to exceed 5% lnpro-Clean 1300 in solution.

NOTE: This cleaning requirement also applies to contractor provided spoois of piping, rnaterials used

between Class 100 Air Compressors and stainless steel O.D. tubing air headers'

After drying the section shall be properly labeled and capped to provide an airtight seat. The seal shall be

maintained up to the time the section is to be installed,

DOCUMENTATION

The following documentation shall be provided.

o Material cenification of all materials on pipe and fittings

. Leak Test R€pon

o Cleaning Report

r As built drawings

4.5

SPECIFICATION
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TitIE: FABRICATED CLASS lOO VACUUM AT.ID AIRPIPING-LICO WASHINGTON SITE

ATTACHMENT *A' SPEC. V049.2.178

DOCUMENT LIST

Washington

For Drawing Revision level see Gen. Doc. List

Dwg. V049-0-000

P&ID's

Legend/Station Diagrams (3 Shts.)
Beam Splitter Chamber All But Comer Vertex Arms
Beam Splitter Chamber Corner Vertex Arms
Horizontal Access Module
I l2crn & 122cm Gate Valves
80K Cryopump
Chamber Presnrrizafion System
WA Left End Station
WA Left Mid Station
WA l,eft Beam Manifold
WA Vertex Section
WA Diagonal Section
WA Rieht Beam Manifold
WARight Mid Station
WA Right End Station
WA Comer Station Mechanical Room

I}RAWINGSEE I}OCI'MENTNI'MBER

D

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

v049-0-001
v049-0-002
v049-0-003
v049-0-004
v049-0-005
v049-0-006
v049-0-007
v049-0-010
v049-0-011
v0494-012
v049-Q-013
v049-0-014
v049-0-015
v049-0-016
v049-0-017
v049-0-018

SPECIFICATION
Numben A vo4g-z-i7g
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Title: FABRICATED CLASS IOO VACUUM AND AIR PIPING-LIGO WASHINGTON SITE

QTY Wrshington

For Drawing Revision level see Gen. Doc. List
Dwg. V049-0-000
MECEAMCAL I'RAWINGS
25 US Aunrlus Tubing-44" G.V. Type Itr
25 US Annulus Tubing 48" G.V. Typa I
Annulus Tubing & Ion Pump Assembly. 44"
G,V.
25 US Amulus Tubing 48"G.V. Tpe tr
25 US Annulus Tubing -.14" G.V. Type I
Annulus Tubing & Ion Pump Assy 48" G.V.
25 US Amulus Tubing - 44" G.V. Type tr
Left & Right Beam Manifold Annulus Headers
Rigbt Beam Madfold Annulus Header Per
Line No. 2 112-PV-ll7 +T3
Left Bearn Manifold Header Per Line No.
2 r/2-PV-1158-T3

I}RAWINGSEE DOCT]MENTNUMBER

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

v049-4-l l0
v049-4-164
v049-4-165
v049-4-166
v049-5-012

6
t

I

c
c
D

c
c
D
c
D

7

2
I

I

:
I

I
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Title: FABRICATED CLASS 100 VACWM AND AIRPIPING-LIGO WASHINGTON SITE

Washington

For Drawing Revision level see Gen. Doc. List

Dwg. V049-0-000

MECHAMCALDRAWINGS

Equipment Arr't. Plan, Comer Station WA
Sht I of2
Equipment Arr't. Elevation, Sht 2 of2
Equipment Arr't ISO, Comer Statioru WA
Equipment Arrl , Right Mid Statio4 WA
Equipment Arr't , Rigfit End Statioq WA
Equipment Arr't, Left Mid Station, WA
Equipment Arr't , Left End Station" WA
Equipment Arr't ISO, Right Md Statioq WA
Equipment Arr't ISO, Right End Station, WA
Piping Arr't, Plan Corner Station/WA (4 Shts)
Piping Arr't, Elevation, Comer Station/WA
Piping Arr't, Sections, Corner Station/WA
Pipi-ng An't, Plan, Right Mid Station/WA (4 Shts)
Piping An't, Elevation, Right Md Statior/WA
(2 Shts)
Piping An't, Sections, Right Md StationiwA
Piping Arr't, Plan, Right End Station/WA (2 Shts)
Piping An't, Elevation, Right End Statior/WA
Piping Arr't, Sections, Right End Statior/wA
Piping An't. Plan Left Mid Station/WA (4 She*s)
Piping Arr't Elevation Left Mid Station/WA
(2 She*s)
Piping Arr't, Sections, Left Mid Station/WA
Piping An't. Plan Left End Statior/WA (2 Sheets)
Piping Arr't Elwation Left End StationMA
Piping An't, Secfions, Left End Station/WA
Overall Flange Arr't, Corner Station, WA
Overall Flange An't, Md Station, WA
Overall Flange Arr't, Type End Station

DRAWINGSIT.T DOCUMENTNI'MBER

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

D
D
D
D
D
D

D
D
D
D
D
D
D

v049-5-001

v049-5-001
v049-5-002
v049-5-004
v049-5-005
v049-5-006
v049-5-007
v049-5-010
v049-5-01I
v049-5-012
v049-5-013
v049-5-014
v049-5-017
v049-5-018

v049-5-019
v049-5-021
v049-5-022
v049-5-023
vo49-5-026
v049-5-027

v049-5-028
v049-5-030
v049-5-031
v049-5-032
v049-5-033
v049-5-035
v049-5-036
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TitIC: FABRICATED CLASS 1OO VACUUM AND AIR PIPING- WASHINGTON SITE
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Title: SPECIFICATION FOR PIPING DESIGN AIYD MAIERIAL
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?uh SPECIFICATION tr'ORPIPING DESIGN AI\il' MATERIAL

SPECIFICATION

"2.r

The followiog piprng and ndcrid specifications define the piping ud fitings to be used
forthe LIGO Vacum Equipmcnt

CONES ANTI STA?{TIARDS

Priority of Codes rnd Standrrds

Priority of documeats shall be as follows:

l .
2.

Codes @igbest priority)
This specification

Applicable Codes rnd Strndalds

ANSI - American Natiooal Standads hstitute

831.3 Chemical Plant and Petoleum Refnery Piping (for proccss
piping only)

B3l .5 Retigeration Piping
836.19 Stainless Steel Pipe
816.5 Pipe Flanges and Flange Fittings

ASTM - American Society of Testing and Materials

A380-88

E42t-7r(81)

Standard Practicr fo1 glssning and Descaling '

Stainless Steel

Standard Practice for Testing for Leaks Using the
Halogen Leak Dctcctor

Br93-73(80) Standard Practice for Tcsting for Lcaks Using the
Mass Spectometer Lea& Detector in tbe irside-Out
Testing Mode

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

Bl99-?3(80) Standard Methods of Testing for Lcaks Using the
Mass Spectometer Leak Detector Probe Mode



SPECIFICATION FOR PIPING DESIGN AND MATERIAI,

Specifi crtion Compliencr

this specification, are to be of U.S,A. origin and mmufacture.

{.0 EXAUTTN,ATION AIYDTNSTING

3.0

3.t

The equipm.ent shall comply with any drawings, dda sheets, epccifiiations,, codcs
and staadards (latest editions) refencd to or atached as parr of this specification.
State or local codcs or regulations, if applicable, will be povided as an
attacbmat to this specification. The Vendor is responsible for iompliancc with
srch standards, spccifications, codes and regulations, ifdacbc4

MATERIAUMANTIFACTT'RING REQT'IREMENTS

J

I
I
I
I

HC

I
I
I

All materials used to oanufacture the piping, trbing, flanges or fittings, as desiglat€d per

0082

Examination and Pressure Testing as required by Al.lSI 831.3-1990 Cbaper VI.

LINTI NIIIIIBER SYSTT'.M

4.1 Lines shall be numbered according to the following chart:

Insutation Mat'l
(See Section 5.5)
Service

Insulation code
(See Section 53)

Insulation Thickness

Piping Specilication
Designation (See Section 5.3)

- Sequenriat Nrunber

Fluid Service Code (See Section 5.2)

"")
Line Size (Nominal Pipe, inches). (Copper tube designated by nomimt size, lol

SPECIFICATION
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52 Fluid Coder

Codc Eltdd

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

Insftment Air
Class 100 Clean Air
Cooling Water Supply
Cooling Water Retum

_ Naural Cas Supply'''.'Liquid 
Nirogen

" Gaseous Nitogen
Process Vacuum
Process Ulta High Vacuum
Vent and Relief To ATM
Nitrogen Gas
Nitogen @ither Gas or Liquid)

53 Piping Specifi cation Designation

5.4

4.4.r "X" First Digit ldent!fiers

l=150# AI ISI

4.4.2 nY" Second lligit ldenfifiers

A:6061 T6 Aluminum
B = 304 Stainless Steel
C = Type L Copper Tubing
T= Stainless Steel Tubing

4.4.3 nz' Third T)igit Tdentifiers

I = Cryogenic
2 = Non-Cryogenic
3 = Vacuum
4 = Ultra Higb Vacuum
5 = Class 100 Clean Air

Insulation Service

lnsulation
S)'mbol
HC
c
PC
PH
VJ

Insulation Service
Hot and Cold
Cold Conservation
Personnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION FOR PIPING DESIGN ATII' MATERIAL

SPECIFICATION
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5.5 Insulation Mrterid Codes

FP3
FP3.5
FP4

l" Fiberglass Inner
l" Fiberglass Inocr
1" Fiberglass Inncr

PV

2" Polviso,syalura& Otrtcr
2 12" PolyisocYaorry4c Oner
3' Polyisocyanurarc oucr

contol valves, manual valves and associated instnrments shall be-designated.acco.rding to

iEii"i#i."id sy-u"t .-rf-tnirequirea designation is not specified on the drawinS, tb@
isa-ss.t, Ta6le i will take preccdence.

BB
IL Sequential (LooP) Number

Station Identilication

Manualvalvesthatdonotcarryaninstrumentloopnrunbers(describedabove)shatlbe
liii"i!i'i"". "ioJ iJrl"*irsiJ""-tJ". dikpti6os, preceeiea ty the valve size in
inches.

Tf'pe

GVI{V

cvuH
Avtry
AVl'Jv
IRV
vry
BVCR
BVCA
GLV
BVU
vsov
vsoo

If no insulation material code appean in thc line aumbcr thcn it thstl b€
rmderstood tbat no insulatioo is required.

Functional Identifi cation

DersiPtiatr

Gate Valve, Higb Vacuum' SS, Viton Seals, Ilandwheet or Lever' CF Cona

Gate Valve, Ultra High Vacuum' SS, Viton Seals, Ilandwheel, CF Conn'

Angle Valve, High Vacuum, SS, Viton Seals, Handu'heel, ISOKF or K Conn'

Angle Valve, Ultra High Vacuum" SS' Metal Seals, tlandwheel' CF Conn'

Instnrment Root Valve' SS

Vacuum Jacketed Valve' SS

Ball Valve, Cryogenic, SS,3 Piece

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

Globe Valve

Ball Valve, UtilitY, Brassor Bronze

Vacuum Seal-Off Valve, SS

Vacuum Seal-Off Valve OPeralor, SS

tv.
5

o l  2 0

tl999t

SPECTFICATTON FOR PIPING DESIGN AI{D MATERIAL
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Title: SPECBTCATION FOR PIPING I'ESIGN ANI' MATERIAL

vsoo Vacuum Seal-Off Valve OPoator, SS

181

PIPING DESIGN AIYD MATERIAL SPECIHCATION

Sprt&e:

PrimaryRating:

Design Conditions:
Pressure
Temperature
Corrbsion Allowance

Pipe:

12" and smaller

Pioe Schedule:- 
| ll2" and smaller
8" and smaller
l0' thru 12"

Cryogenic

150# AN$ 304 ssTL

0 to 192 psig
-3200F to 350'F
Zero

ASTM A312 TP3O4

Schedule 10S SMLS
Schedule l0S SMLS or EFW
Schedule 10S EFW

Socket Welded 3000#
Butt Weld
ASTM A403 WP304 wPS, W?W
OI-et's ASTM A182-F304

Note: Vacuum jacketed piping will be designedand fabricated in accordance with the- --- 
.-ui"ciurer's stdntard' and PSI spec V049-2-016'

Fittines:-t 
1/2" and smaller

2" and larger

lFlanees:

l-
I

I
Valves:

Not allowed, except on atmosPheric vent-lines as indicated on P&ID's' Flange.s on

ih;;; lin;: (whiih mate to a'flat iaced flange on tlre vacuum equipmart) slall be
llilirli! sil;rIii-?ii"i-a.ii'i"-. it*iea joiits stralt have spiral ivound, stainless
steel gaskets, Flexitallic or equal.

Valves shall be furnished under their own unique specification'

Continued on Next Page

SPECIFICATION
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SPECIFICATION FORPIPING I'ESIGN AND MATERIAL

lDT

Branch Connections:

Rtn'.. ... . Sird

Branch Size %

04
06 04
1 2 0 6 M
t2 12 06 04

6 8 1 0 1 2

04
06 04
05 06 04
05 06 06 04
05 05 05 05 04
oa os os 12 06 04
oi 05 05 12 12 06
os 05 05 t2 12 12
05 05 05 12 12 12
oi 05 05 12 rz 12

% l r l % 2 3 4

% ( X
'/t 06
t 1 2
l% 05
2 0 5
3 0 5
4 0 s
6 0 5
8 0 5
l0 05
t2 05

04 - Tee
05 - Sockolet
06 - Tee Then
Reducer or
Reducing Tce
12 - BW Olet

spectrlcATloN

ollZ



o

Scnicc:

&inaqSating:

Design Conditions:
'Pressure ' i : '

" " Temocrafirre
Cortbsion Allowance

tipe:
12" and snaller

PineIsbedulc:- 
| ln" and smaller
8n and smaller
10" tblu 12'

@i 
rD" ancr smaller

2" and larger

ElFnges:

Gaskets:

Yalver:

Continued on next Page.

182

PIPING DESIGN AIID MATERHL SPECIFICATION

Non-Cryogcaic ' Clean

150# A].I$ 304 SSTL

0 to 192 psig
-20>oF to 350'F
7$o

ASTM4312TP3O4

Schedule l0S SMLS
Schedule l0S SMLS orEFW
Schedule 10S EFW

Socket Welded 3000#
Butt Weld
aSrue+ol wP3o4wPs,wPw
Elbow OT-et ASTM Al82-F304

2" and larger A)'{SI 150#.RI' ASTM Al82 F304' Weldneck with o-ring gaskets'

O-ring, Viton non-lubricated, cleaned and sealed for shipment'

Valves sball be firnished under their own unique specification'

SPECIFICATION FOR PIPING DESIGN AND MATERHL

SPECIFICATION
Iumb.'A V049-2.{137



tR2

Brasch-Conlccliont:

Branch Size

Run
Siud

v,' %

I
t%
t

J

4
6
8
10
12

04
06 04
t2 06 04
12 12 06 04

6 t l 0  1 2

M
06 04
05 06 04
05 12 06 04
05 12 12 06
05 12 12 12
05 12 12 12
05 12 12 12

1 % 2 3 4

sai
06 04
05 06
05 06
05 05
05 05
05 05
05 05
05 0s
05 05

04
06
12
05
05
05
05
05
05
05
05

\A

04 -Tce
05 - Sockolet
06 - Tee Theo
Reduccr or
Reducing Tee
12'BWO'let

Note:

t . Pipingandfittingstobeintemallycleaned,dryedandendssealeddrrringshipping,storing
and installation.

ID ofpipe and fittings to be free of hydrocarbon contamination" or dirt' ofany kind'

Swface fi:rish to be standard white pickled ID and O'D'

Tube Bending - The following is not allowed: Sand packing, Mecbanical scrztches on

tube I.D., AnY tYPe ol lubncanr-

Material manufactues certificate of compliance to applicable ASTM specifications are

required and must accompany shipment

Tubing,flangesand'fittingstobeetchedorstarrpedwitbmanul|actu€rsnsrne'part
number and material tYPe.

2.

J .

4.

SPECIFICATION FOR PIPING DESIGN A}TD MATERIAL

SPECIFICATION
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C2

PIPING DESIGN AITID MATERIAL SPECIFTCATION

Gaseors Nitogco, Cooling Wacr,Irsuumcnt AirSnicc:

Pdt"@, .-:-,
"t '- ' 

Pt"tt'*
Temperature

. Conbsion Allowance

Tube: All sizes

200 Pslc
-20'F to 150'F
ZEro

Tvoe "L' Copper - Hard Drawn ASTM 888, 8280, Copper Tube
d#ienated biits Nominal sizes' rcl OD on P&ID's ard prpug
drawings..

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

the tube.

All sizes

Note:

Fi$ings:

Unions:

llalves:

Soldering:

Notes:

Wroueht Copper ASTM B75
anl Fi-nincs to b€ female solda cup elrds'
Brass Parfrer CPI tube fittings (or equal).

l/4'to 1' Brass Parker CPI tube fittings (or equal) may also be

Valves shall be fumished uder iheir oun unique specification

All joints in wrought copper fittings shall be soldered using 95-5 Tin-Antimony'

'used.

l. Tubing is to be intemallv cleaned and the e.qds sealed during sliryip' {fpgl--' 
i"rdEdd spools are io tave all flur rcsidue, grit, splatters or dirt re,moved Detore

'installation.

Z. Fittings are to be cleaned after manufacnring and sealetl in plastic duing shipping, storing

and imtallation.

SPECIFICATION FOR PIPING IIESIGN ANI' MATERHL

spectrtcATlON
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SPECTFICATION FOR PIPING DESIGN AND II4ATERIAL

T1

PIPING DESIGN AITID MATERIAL SPECIflCATION

Cryogeoiclwicc:

Design Conditions' :i;.

hessure
Temperarure
Con6sion Atlowance

Tube:

All sizes

Tube Size (OD):

v4'
3/8'�

' 112"
314"
l "

Eitrings:

0 to 300 psig
-320oF to 350oF
ZEro

ASTM A269 GR 3ML SMLS
Tube sizes designated by OD dimensions.

Mnimum Wall Thickness (lnches)

0.035"
0.035"
0.049'
0.049''
0.065"

Valves:

Note:

l .

2.

J .

All Finines to be Parker weld tube fittings SA479 or ASTM 4276 GR TP3l6 and
ASTM AI82 GR TP3 16, or equal.

Valves shall be fumishett rmder their own unique specification'

Tubine to be internally cleane4 dryed and enrts sealed during shipping, storiug and
instatiation. Tube ID to be free ofhydrocarbon coDtanination'

Fittings to be cleaned after manufacturing and sealed in plastic bags during shippitrg'
storing and installation.

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

SPECIFICATION
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Service:

Dcsirn-Coditiom:

Pressure
Temperature

Tube:

AII sizes

Tube Size (OD):

l14"
3/8'.
u2"
314
t "

Eitrings:

Valves:

Note:

t .

2.

J .

Conosion Allowance

SPECIIICATION FOR PIPING DESIGN AITID MATERUL

T2

PIPING DESIGN AI{D MATERHL SPECIFICATION

Non-Cryogenic

0 to 300 psig
-20'P to 350"F
7*to

ASTM A269 GR TP3O4 SMLS
Tube sizes designated by OD dimensioos.

Minimrun Wall Thickress tlnches)

0.035"
0.035'
0.049"
0.049'
0.065'

All Fittings to be Parker A-LOK tube fittings SA479 or ASTM .4276 GR TP316
and ASTM 4182 GR TF3l6 or equal.

Valves shall be fumished under their own unique qpecification.

Tubine to be intemally cleaned, dryed and ends sealed druing shipiDg' storing ed
installition Tube ID 

-to 
be fiee of hydrocarbon cootuinatiorl

Fifiings to be cleaned after manufacturing and scaled in plastic bags duriag $ipping'
storing and installation.

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

SPECIFICATION
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SPECIIilCATION FOR PIPING I'ESIGN AND MATERIAL

T3

PIPING DESIGN AND MATERIAL SPECINCATION

Senrice:

Design Conditions:

hessure

Process Vacuum

Vacuum l0-5 Ton to 2 psig
-200F to 1500F
ZEro

Tube: (Iube sizes designated by OD dimensions)

All sizes up to l"
I 1/2" aad larger

ASTMA269GRTP3O4 SMLS
ASTM A26 GRT?304 SMLS or Welded.

No. E.C.
Bolts llia.

I l/3"Nom. O.D. 6 1.062"
I l/3"Nom. O.D. 6 1.062"
I lB"Nom. O.D. 6 1.062"

2 l/8"Nom. O.D. 4 1.625"

2 3/4"Nom. O.D. 6 2.312"
23l4"Nom. O.D. 6 2.312"

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

4ll2"Nom. O.D. t 3.628"

Tube Minimun Well Conflat' Size Thickness Flange
(OD): (Inches) Size

t/4
3/8
lD"

3/4"

1 u
I tn"

2rn"

Thru
Hole
Dia.

.t72.

.172"
..172"

.265"

265"
.265"

332"

.332"

.332"

.332".

.332

.332

390"

.390*

. Stainless

0.035"
0.035"
0.035.

0.035"

0.065"
0.065'

0.065"

0.065"

0.083"

6" 0.083

. 10" 0.120

12" 0.120

t4" 0.120

C'Nom. O.D.

8"Nom. O-D.

16 5.128"

20 7.t28"

l0"Nom. O.D. 24 9.128"

12"Nom. O.D. 32 l l . l8l ' '

l4"Nom. O.D. 30 l2.tl0"

I6 1/2" Nom. O.D. 36 15.310"

Elangcr: All Flanges tobe Conllat,ISO Large Flange orKF nrbe fiuings304
Steel.

Continued on next page.
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Notes:

Fittings: All fittings to be 304 , butt weld o'r flanged OD. trbc, wall thic,kocss to Eat h tubc- 
u.atl thickness listed above.

lldysr: Valves shall be fumished uder their own rmique specificarion

l. Tubing to be intermlly cleaned" dryed and ends sealed duriag shipping' storing and
installition Tube ID to be ftce ofhydrocarbon contamination'

2. Fittings to be cleaned affer aanufacturing and seatcd in plastic bags durbg shippilg,
I storin! and installation-

3. Tubing sr:rface finish to be standard uftite pickled I'D. & O.D'

4. Tube Bending - The following is not allowed: Sand packing, Mecbaoical scratcbes on
tube I.D., or any tYPe of lubricant.

5. Material manufactrnes certificate of compliance to applicable ASTM specifications are
required and must accompany shipmenl

6, Tubing, flanges and fittings ro be ercbed or stamped with manufactrers Dame' part
number and material tyPe.

7 . Conllat flanges to be made Aom either electo slag remelg vacr:um remelt or cross forged
material.

SPECIFICATION FOR PIPING DESIGN ANI} MATERIAL

SPECIFICATION
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SPECIFICATION FOR PIPING DESIGN AT{D MATERIAL

T4

PIPING I}ESIGN AND MATEHAL SPECIfICATION

Serrricc:

frcs..qn Conditions:

Prcssure
.., .. . Temperatue :: '

Corrosion Allowance

Bocess tlltra High Vacuum

Vacuun l0'lo Torr to 2 osis
-20oF to 150'F
?.rlro

Tube: (Iube sizes designated by OD dimensions)

All sizes up to 1"
I ll2" and larger

ASTM A269 GR TP3O4L SMLS
ASTMA269 GRT?304L SMLS orwelded.

Tube
Size
(opI

ll4"
3/8"
tD"

314"

1 '
1 t n "

I'

2v2"

6"

t0"

12"

14"

MinimuraWall
Thickness
(Inches)

0.035"
0.035'
0.035"

0.035"

0.065'
0.065.

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Conflat
Flange
Sizc

1lB"Nom.O.D.
1ll3"Nom.O.D.
I l/3"Nom. O.D.

2 l/8"Nom. O.D.

2 3/4"Nom. O.D.
23l4"Nom. O.D.

3 3/8" Nom. O.D.

4 ll2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

l0"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

l6 l2"Nom. O.D.

No. B.C.
Bolts Dia.

6 t.o6r
6 1.062"
6 1.062

4 1.625"

6 2.312"
6 2.312"

8 2.85"

8 3.628"

t6 5.128"

20 7.128"

24 9,128"

32 l l . lEr"

30 12.810"

36 15.31O'

Thnl
Hole
Db"

.r72"

.t72"

.t72

265"

265"
265"

.332"

.332"

.332"

.332"

1??"

.390"

.390"

Continued on next page.
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SPECTI|IICATION FOR PIPING DESIGN AND MATERHL

SPECIFICATION

T1

Flanges:

Etdn$t

Valvisi

Cleaning:

Note:

L

2.

All Flanges to bc Conflaq 394[!, $rqinlsss $teel. Ftangcs with l2 aipplcs !o bavc a
minirnum uraI thickncss pcr table (page lQ, also sec Dote 7.

All fittiags to be 304L but wcld or flaogcd O-D. tube. Wall thichess to Ddch
tube wall thickness listed in Table (Page lO.--,;- "..

Valves shall be firmished under their own unioue soecifcation, Valves eihose
seats form part ofthe UIIV bouadary chatl be ilt aietat.

Surfaces exposed to vicuum shall be clcaaed aad protcctcd by PSI rypovcd
procedures suitable for UIIV s€rr/ic€.

I
4.

Tubing to be intematly cleaned dryed and ends sealed during shipping, storing and
installation. Tube ID to be Aee ofhydrocarbon contamination.

Fittings and confl *. - ll2 rupgies to be cleaned after nanufacturing aad sealed in plastic
bags during shipping, storing and installation.

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

Material manufacturers Certificate of Compliance to applicable ASTM specificatioos ue
required and muS accompany shipment

Tubing, flanges and fttings to.be etcbed or stamped with manufacturers nams, ptt
nrunber, naterial type and customers PO number on the oubide surface.

Conflats shall be made fiom 304L material suitable for ultra high vacuum scrvice.

All welding epossd to vacuun ehall bc donc by the tungsten-arc incrt-gas CIIG) ptoccss.
Exceptionsmay be allowed subject to PSI approval. Welding tecbniques shall be made in
accordance with the best ulra hieh vacuum oractice to eliminate any virtual leaks in the
welds; i.e., all vacuurn wetds sha'il be, where:ver possible, intemal aid contiuuorq all
external welds added to these for stuctural purposes shall b€ intermittent to eliminatc
trapped volumes. Defective welds shall be repaired by removal to souad metal and
retritai"g. All vacuum weld procedures shall include steps to avoid contamination ofthe
heat affedted zone with air, hydrogen, or water. This reqriires that inert purge gas, sucb as
argon, be used to flood the vacuun side of heated portions. Vendors to provide weld
procedures, with weld cleaning proceiures to PSI for ap,proval.



SPECEIICATION FOR PIPING DESIGN AND MATERIAL

T5

PIPING DESIGN A}ID MAIERIAL SPECIFICATION

Tube: (fube sizes designated by OD dimcnsions)

All sizes up to l"
I 12" and larger

ll4"
3/8"
ln"

314"

l "
l l n

2 |D "

6"

10"

t2''

t4"

ASTMA269 GRTP3O4 SMLS
ASTM .{269 GMP304 SMLS orVeldcd"

Flange
Sizs

Tube
Size
(op):

MiaimumWall Conllat
Thickness
flnches)

0.035"
0.03s"
0.035''

0.035"

0.065"
0.065"

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Thru
IIole
Ili&

.172"

.172"

.172"

265"

.265"
265"

.332''

-332"

.332"

.332"

-552

.332"

.390"

.390"

I 1/3"Nom. O.D.
I 1/3"Nom. O.D.
I 1i3"Nom. O.D.

21l8"Nom. O.D.

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

3 3/8"Nom. O.D.

4 lD"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 l/2"Nom. O.D.

No. B.C.
!sl$ Dia.

6 1.062"
6 1.062"
6 1.062

4 1.625"

6 2312"
6 2.312"

E 2.85"

8 3.628"

16 5.128"

20 7.728"

24 9.128"

32 11.181"

30 12.810"

36 15.310"

SPECIFICATION
ilumb.rA V049-2-l)37

Continued on next page.
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SPECIFICATION FOR PIPING DESIGN ANI} MATERIAL

Flenges:

Eirius:

Valves:

Clerirg:

All Flanges to be Conflat nrbe fitings 304 St;inless StEcl.

All Fittings to bc 304 bttt weld or flanged O-D. trbc. Wall tbickncss to odch the
tube wall thickness.

: - . - ;  .  .
Valygs shall . be fulished under their own rmique specification

latemal surfaces shall be cleaned and protected by PSI approved proc€dures
zuitable for Class 100 air service.

Note:

l. tubing to be intemally cleaned" dryed and eods sealed during shiping, storing and
installation. Tube ID io be fiee oflydrocarbon conraminatioi.

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

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

Material manufactures Certificate of Compliance to applicable ASTM qrcifications are
required and must acrompany shipment.

Tublng, flanges and fittings to be etched or stamped with manufacturers namc, part
number and material type.

Conllat flanges to be made from either electo slag remelt, vacuum remelt or crossforged
material-

5.

SPECIFICATION



Title: SPECIFICATION FOR

cr
PIPING I}ESIGN ANI} MATTRIAL SPECIrICAIION

Service: Cryogenic

Design Conditioni:

Pressure 150 PSIG

Temperature -320'F to 350.F

CorrosionAllowance None

Tube:

All sizes Type "L" Copper - Hard Drawn

ASTM 888, 8280, copper tube designated by its

nominal sizeg not OD (UON).

Fittings:

All sizes Wrought copper

ASTMBT5

All fittings to be female solder cup ends.

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

Brazing;

3t.jorlr $t! b.. brazed using brazing alloy BCup-s (American Welding Society
Designafion). No flux is required.

SPECIFICATION

Page l lA of ?o



14aINI
G3o(J'ur!t'3-faEd

6*z
zo>

sctF;tz,htd

II

cl

.!ru

z

zz

)'1YFoz

e
llJ sJlh

t
u

!p
ro

ce
u

x
x

x
x

se
lll lsd

 ro
]

p
,b

e
g

 sa
ld

o
g

ol
({

N
N

tsd
 A

q
F

 orddv
x

X
X

IS
d

 T
q

p
e

sse
u

lM
'o

d
re

u
v

lB
lllu

rq
n

s

Fzll.]

v)zrFIrr

€zF
A

PI2
ztJ)
!.

7
^

<
tr

z
e

l
=

z
x

=
r

F
a

g
7

Z
r'r 

lI]
z

.z
F

I
g

?
x

l- 
,'\

zJ.txz

4x77

lllF2a?1r

z-Jxlr.C
)

t::FE

c.oB
I

o4
I

uB3u4vaF
t

zE
I

K
H

E
A

H
H

E
3

<
av:l

{x5=gqqF
I
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Title: SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

SPECIFICATION FOR

CLEAN QUARTER-TURII VALVES

FOR

LIGOVACWMEQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

'-;p-. (4, ltt r z0 rd-{"...*.

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

Q t  t  - 4
ft l-4- 2a \ U u-l--
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Rt,tr,e1,pt 6< Quo* Psn

REVLTR.I BY-DATE I APPD.DATE DESCRIPTION OF CHANGE

ROCESS SYSTEMS INTERNATIONAL, INC. SPECIFICATION

fJ".ft,^ z-t-t K t >
Number V049-2-050

A
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Tit lc:
SPECIFICATION FOR CLEAN QUARTER.TURN VALVES

SPECIFICATION TABLE OF CONTENTS

1.0

2.0

3.0

4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

Afiachment MDC Catalog Cut

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of 2" clean quarter-turn valves for the LIGO vacuum system. These valves will be used
in Federal Standard 209 Class 100 air service.

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

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

SPECIFICATION
umoer lRev.

A vo49-2-o6o I z
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Titlc:
SPECIFICATION FOR CLEAN QUARTER-TURN VALYES

2.0 SCI{EDULE

2.1 Equipment delivery shall be as follows:

Ouantitv Date PSI Part No.

PSI, Westboro, MA: 2l 11129196 V049BVCA20

PSI, Westboro, MA. 12 07/30/97 V049BVCAI5 (80K purge)

2.2 Deleted

3.0 DESIGNRTQUIREMENTS

3.1 The valves shall be either butterlly style, MDC Model No' BFV-200' MDC Part No'

360002.

3.2 The valves shall be 304 stainless steel.

3.3 End connections shall be CF flanges.

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

3.5 The intemal valve mechanisms shall be non-lubricated.

3.6 The valves shall be cleaned in accordance with the Vendor's standard procedure for

valves intended for use in Federal Standard 209 Class 100 clean air service..

3.7' Valves shall be manually actuated.

4.0 REQUIREDDOCUMENTATION

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

SPECIFICATION
umber lRcv.

A vo49-2-o6o I z
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Tillc: 
spEcIFrcATroN FoR .LEAN e'ARTER-TURN vALvEs

5.0 SHOP TESTING

Manufacturer's standard testing shall be perfomred-

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be visually

inspected for cleanliness prior to shipment. Valves shall be recleaned if any

contamination is found.

i  spgctncATtoN
Rev.

A v04e-2-060 | Z
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dlo valves
A ,rtrcu i'it:N f A

To  Vo41  -  7 -  bbo

Butterfly Valves
Del.Seal
Metal Seal Flange

Kwik,Flange
lSo O.Ring Flange

FEATURES

. Quick ooen/Ouick close
: Positive lock both Positions
. P6sitive Vitorf O-Ring vacuum seal
. High conductance
. Choice of Del-Seal ot Kwik'Flange

DESCRIPTION

MDC Butterfly Valves require only one-quarter turn ..
rotation of the handle to go from tully open to the fully
closed Dosition. In the 1-1l3 Mini Oel-Sea/ flange series, a
spring loaded ball bearing becomes seated in an indent
piovioing a positive mechanical stop. All other size valves
eiTploy a roll Pin stop method.

-Ihese quick-acting Butterfly Valves feature an improved
sealing action. The opening in the body of the valve has
been irachined at a slight angle to the plane of thd
Jlapper. The flapper is set to rotate slightly ofi-cenler' On
closure,lhis causes the sealing pressure to be applied
more uniformly all around the O-ring. A reliable, positive

seal is made and the tendency of previous designs to
rbughen the surface of the O-ring and eject it from its
groove is eliminated.

MDC Butterfly Valves are low outgassing. All internal
surfaces are machined from solid stainless steel bar
stock. The handle is made of aluminum. A small O-ring on

the stem orevents shaft leakage.

The valves are otfered with a choice ol Defseal ultra'high
vacuum metaf-seaf llanges or ISO Kwik-Flange O-ting
seal flanges.

Der-Sea, Flange
BFVn50

t

Kwik-Flange FlaF'ge
KEFV-150



n rTne+nEPT n
ra  vo41-7-06o

FA6E A O

Toll F]€€ outside cA I €00.44+6817 5.6Butterfly Valves

l-- o --l

Del-SealFlango Kwik-FlangoFlanle

o
ORDERING INFORMATION Please oder by Part Numher

VatueNqmLD- Part
Size Fefurence Number

Flang€
F

Flanoa EohHo[es Ref Hoight

O.D. No. ISO A
Bolr orgls rhickn€ss Wt UnJf

B C D [ b s P r l c a

.ov

.5b
3t4
st4

BFV-075
KBFV-075

1.33 6
1 . 1 8

'1.062360000 Del-Sea,1-1/3
360010 KwikFlange

- 1.96
NW16 1.81

.75 1 $250
1.2s 1 $250

KBFV.lOO 360011 Kwik-Flange 1.57 NW2s 2.32 .87 1.25 I

-)r-rP BFV-150
1-1t2 KBFV-150

360001 Del-Seal2-3/4
360012 KwikFlange

2.73 6 - 3.81
2.16 - NW40 3.81

2.312 1.33 1.00 1 $260
- 1.31 1 .34 1 $260

-..> 2
2

BFV.2OO
KBFV-2OO

360002 Dei-Seal3-s/8
360013 Kwik-Flange

1
i
.84
-ll1

1.00 2-1i2 $360
I.68 2-il2 $360

Dimensions ars in inches

c'O'l

ffi
f.





TitIC:FABRICATEDCLASSIOOVACWMANDAIRPIPING-WASHINGTONSITE

ATTACHMENT "D'

TO

v04v2-178

SPECITTCANON TOR SMALL VACWM VALVES

v049-2-0s9 \
L i \ 6 1 1  e ? 1  o t 3 7  - o t ^ v  1

ATTACHMENT
Number:

A v049'2'178

Page _



Titte: SPECIFICATION FOR SI\'L{LL VACUUM VALVES
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DATE
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SPECIFICATION FOR

SMALL VACWM VALVES

FOR

LIGO VACUTJM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECI{NICAI, DIRECTOR:

PROJECT MANAGER:

Information contained in tbis specification and its attachments is proprietary in natute and shall be kept confidential' It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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SPECIFICATION TABLE OF CONTENTS

1 .0

2.0

3.0

4.0

) .u

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of small (1 l/2" and 2 112') h:gh vacuum and ulfa high vacuum angle valves for the
LIGO vacuum system.

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

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

rile SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION
NumberA 

vo49-2-os9
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Ir
l0e SPECIFICATION FOR SMALL VACUUMVALVES

SPECIFICATION

2.0

2.1

SCHEDULE

Equipment delivery shall be as follows:

I 1/2" High Vac
2ll2" HighYac
I l/2" Ultra High Vac
2 l/2" Ultra High Vac

Quantitv
137
I U

77
?6

PSI Part No.

v049AvlIY15
v049AV}IV25
VO49AVWI5
v049AVW25

Date

9130196
9t10t96
9/30/96
9t30/96

l"
2.3

All valves shall be delivered to Process Systems Intemational, Inc. at 20 Walkup Drive,
Westboro, Massachusettq 0l 58 1.

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

DESIGN REQUIREMENTS

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

End connections shall be CF flanees.

The valves shall have stainless steel metal bellows stem feedthroughs.

Neither the body leakage not the seat leakage shall exceed I x lO-e ton liters/sec of
helium.

The valves shall be designed to seal in both directions.

The intemal valve mechanisms shall be non-lubricated.

Valves shall be manually actuated by a handwheel.

3.0

-1,  I

3.2

3.3

.).+

3.5

3.6

J . T

3.8

3.9

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

The valves shall be cleaned in accordance with the Vendor's standard procedwes
applicable to the valve service.
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flile SPECIFICATION FORSMALL VACUUM VALVES

4.0 REQUIREDDOCUMENTATION

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

5.0 STIOP TESTING

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

6.0 INSPECTION

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

z

I
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SPECIFICATION FOR
AIRPIPING

PREFABRICATED VACIIIJilT AIYD CLASS T()O

SPECIFICATION
Number -

A v049_2-178

1.0 PURPOSE

This specification defines the scope of work to be provided by the contactor for the
supply of the optibnal prefabricared Vacuum and Class l0O Air piping for the
LIGO Vacuum Equipment. A1l requirements of V049-2-021 ..Specification for
Installation/Commi55lsning for LIGo Vacuum Equipment .. applicabie to this
work

SCOPE

The contractor is to provide all material and labor to detail design, procure,
fabricate, tesq ard deliver to the site Vacuum and Class 100 Air piping and pipe
supports as shown on the piping arangement drawings and p&I Diagrams iisted in
Attachment A.

The Vacuum piping is comprised of the following:

Roughing Header (Comer Station only)

Turbo Headers

Amulus Piping

MATERL{LS

Ali materials shall be in accordaace with V049-2-037 "specification for
Design and Materials"

FABRICATION A"\D TESTII{G

Pipe spool sections shall be prefabricated usiag only approved welding procedures
in lengths appropriate to allow instailation in the vacuum equipment area without
requiring welding. Fabrication shall be done ln 2sgeldangg with specified codes.

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

Each spool section is to be heliurn leak checked after welding by evacuatin-e and
spraying with helium, and show no detectable with a heliurn mass specrometer at a
sensitivity of 1xl0-9 torr Vs. Spools shall be given unique serial numbers (1 to )
to control testing documentation.

2.0

2 .1

3.0

4.0

/1 1

Rev.
d

4.3

of 4-



SPECIFICATION FOR PREFABRICATED VACI]IJM AND CLASS IOO
AIRPIPING

SPECIFICATION
NumberA 

vo4g-2-r7g

A i

l <

< n

Each spool section shall be pressure washed with hot water using approved
detergent (Oakite lpro-Clean 1300)* and then rinsed with dionized water to
rer:rove all dirt and hydrocarbons. After drying with clean, filtered hydrocarbon
free air or nitogen, the section shall be checked for contamination using a white
giove. Any discoloration shall be cause for rejection and the piece shall be
rewashed. If conkmination is localized the area may be cleaned using isopropyl
alcohol and lint free cio*s.

* Per manufacturer's specifications and not to exceed 5olo inpro-clean in solution.

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

DOCI,IVIENT-{TION

The following documentation shall be provided.

lvlaterial certification ofall materials on pipe and finings

Leak Test Report

Cleaning Report

As built drawines

a

a

o t 4
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ATTACHMEITT "A" SPEC. VO49-2-T78

DOCII|YIENT LIST

SPECIFICATION FOR PRSFABRICATED VACWM AFID CLASS lOO
AIR PIPING

SPECIFICATION
u'bcrA 

vo49-2-l7g

TITLE

P&[D's

Legend/Station Diagrams (3 Shts.)
Beam Spliner Chamber All But Corner Vertex Arms
Beam Splitter Chamber Comer Vertex Arms
Horizonta.l Access Module
1l2cm& 122cm Gate Valves
80K Cryopump
Chamber Pressurization System
WA Left End Station
WA Left lvlid Station
WA Left Beam Manifold
WA Vertex Section
WA Diagonal Section
WA Rieht Beam Manifold
WA Right lviid Station
wA Right End Station
WA Corner Station Mechanicai Room

DM'NNG
SIZE

D

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
n

DOCUMENT
NUMBER

v049-0-001
v049-0-002'
v049-0-003
v049-0-004
v049-0-005
v049-0-006
v049-0-007
v049-0-010
v049-0-011
v049-0-012
v049-0-013
v049-0-0r4
v049-0-015
v049-0-016
v049-0-017
v049-0-01 I

REV

2
2
2
2
2
3
0
z

2
2
2
z

.)

2
1



SPECIFICATION FOR
AIR PIPING

PREFABRICATED VACTIUM AND CLASS TOO

SPECIFICATION
NumbcrA 

Yo4g-2-r7g

DRAI{ING
SIZE

SHTzOF3

DOCAMENT REU
NUMBER

o
2
8

QTY TITLE

MECHANICAL DRAWINGS
25 L/S Annulus Tubing-44" G.V. Type ili
25 L/S Annulus Tubing 48" G.V. Type 1
Annulus Tubing & Ion Pump Assembly. 44"
G.V.
25 L/S Amulus Tubing 48"G.V. Type II
25 L/S Annulus Tubing - 44" G.V. Type I
Annulus Tubing & Ion Pump Assy 48" G.V.
25 L/S Annulus Tubing - 44" G.V. Type II
Left & fught Beam Manifold Amuius
Headers
fught Beam Manifold A.'uulus Header Per
Line No. 2 1 /z-PV -t 17 4-Ti
Left Beam Manifold Header Per Line No.
21 /2-PV-1158-T3

0

0

n

U

Sht 1

c
c
D

c
c
D

D

v049-4-106
v0494-108
v0494-r09

v049-4-110
v0494-164
vu94-165
v049-4-t66
v049-5-012

2

+

8

1

I

---l-ol



SPECIFICATION FOR PREFABRICATED VACI.IUM AI{D CLASS lOO
AIR PIPING

SPECIFICATION
Humber -

A vo49-2-t18

TITLE

IVIE CHANICAL DRA.WINGS

Equipment .A,rr't. Plan, Corner Station WA
S n t  I  o I J

Equipment Arr't. Elevation, Sht 2 of2
Equipment fur't ISO, Comer Station, WA
Equipment Arr't, Right Mid Station. WA
Equipment Arr't , fught End Station, WA
Equipment Arr't , Left Mid Station, WA
Equipment Arr't , Left End Station, W.A.
Equipment Arr't ISO, Right Mid Station, WA
Equipment Arr't ISO, fught End Station, WA
Piping 6s'1, Plan Comer StatiodWA (4 Shts)
Pipine .Arr't, Elevation, Comer StariorvWA
Piping A.n't, Secrions, Comer Station/WA
Piping.Arr't, Plan, Right Mid StatioolVA (4 Shts)
Piping Ar,-'t, Elevation, fught Mid Statior/WA
(2 Shts)
Piping 4s'1, Sections, fught Mid Station/WA
Piping Arr't, Plan. fught End Starion/WA (2 Shts)
Piping An't, Elevation, fughr End Station/WA
Piping An''t, Sections, Right End Station/WA
Piping 5'1. Plan Left Mid Station rilA (4 Sheets)
Pipine Arr't Elevation'Left lvlid Statior/WA
(2 Sheea)
Piping .{rr't, Sections. Left Mid Station4ffA
Piping Arr't. Plan Left End Station r\lA (2 Sheea)
Piping 4s'1 Elevation Left End Station,rwA
Piping Arr'! Sections, Left En$ StatioD/WA
Overall Flange Arr't, Comer StatiorL WA
Overall Flange kr't, Mid Station, WA
Overall Flaage Arr't, Type End Station

DMWNG
SIZE

D

D
D
D
D
D
D
D
D
T'r

n
D
D
D

D
D
D
D
D
D

D
D
D
D
D
D
D

v049-5-001

v049-5-001
V0,t9-5-002
v049-5-004
v049-5-005
v049-5-006
v049-5-007
v049-5-010
v049-5-01l
v049-5-012
v049-5-013
v0,19-5-014
v049-5-017
v049-5-0i8

v019-5-019
v049-5-02i
v049-5-022
vc49-5-023
v049-5-026
v049-5-427

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

SHT 3 OF3

DOCAMENT REII
NAMBER

3-ol



TitIE: PREFABRICATED CLASS 1OO VACUI.IM AND AIR PIPING - WASHINGTON SITE
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v049-2-t78

SPECIFICATION FOR PIPING AND MATERIAL FOR LIGO VAC{IUM EQUIPMENT

v049-2-037
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TitIE: SPECIFICATION FOR PIPING DESIGN A}ID MATERTAL

T.ABLE OF CONTENTS

1.0 scoPE

2.0 CODES A}ID STANDARDS

3.0 MATERIAUTV{ANUFACTURSIGREQUIREMENTS

. 4.0 EXAMINATIONAND TESTING

5.0 LINENT,IMBER SYSTAV

6.0 VALVE AND iNSTRUMENTNI,MBERING SYSTEM

7.0 PIPtr\GDESIGNANDI,{ATERIALSPECIFICATIONS

18I 150# CLASS STAINLESS STEEL 304. CRYOGEMC

1B�2 150# CLASS STA]NLESS STEEL 304 -NON-CRYOGEMC

C2 TYPE'L"COPPERTUBiNG-GENERALNON-CRYOGEMC

T1 316 STAINLESS STEEL TLiBING- CRYOGEMC

T2 304 ST,{I}iLESS STEEL TI]BING - GENERAL NON.
CRYOGENIC

T3 304L STAbILESS STEEL TLIBING - VACWM

T4 3O4L STAI\'i.ESS STEEL TiJtsING . ULTRA HIGH VACUUM

T5 3O4L STAIN].ESS STEEL TTIBING. CLASS IOO CLEAN AIR

VJ 304 STAINLESS STEEL . CRYOGE'NIC VACI]IIM JACKETED
' sEE SPEC. V049-2-016

CI TYPE "L" COPPER TLEING. CRYOGEMC

ATTACHMENTA LIGOQLIALITYASSURANCESUIvftfARY

SPECIFICATION
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1.0 SCOPF

The following piping and gaterial spccifications define the piping and finiogs to bc us€d
for the LIGO-Vaiuui Equipmenr

CONES ATTD STANDARDS

" 2.1 Priorify of Qodes aad Standsrds
' 

Priorify ofdocunents shall bc as follows:

1. Codes(higbestpriority)
2. This specification

22 Applicable Codes rnd Stsnd$ds

ANSI - American Natioral Stardads lnstitute

B3 I .3 Chemical Plant and Peroleum Refinery Pipi'rg (for process
piping only)

83 1.5 Refrigeration Piping
836.19 Stainless Ste:l Pipe
B 16.5 Pipe Flanges and Flaage Fiuings

ASTM - American Society of Testing and Materials

438G88 Standard Practice for Cleaning and Descaling
j Sreirless Steel

E427-71(81) StaDdard Practice for Testing for Leaks Usbg the
Halogen Leak Detector

E493-73(80) Stardard Practic€ for Testing for Leaks Using tbe
Mass Spectometer Leak Detector ia the inside-Out
Testing Mode

E498-73(80) Staldard Test Method for Leaks Usilt the Mass
SpecEometer Leak Detector or Residual Gas
Analyzer in the Tracer Probe Mode

E499-73(80) Standsd Methods ofTesting for Leaks Using the
Mass Spectometer Leak Detector Probe Mode

2.0

SPECIFICATION FOR PIPING DESIGN ANI} MATERIAL

SPECIFICATION



SPECIFICATION FOR PIPING DESIGNAT{D MATERIAL

.23 SpecificetionConpliance

Tbe equipment shall comply witb any drawings, d.t' she€6, specifications, codes
aod standards flatest editions) refened to or ittacbcd as part ol this spccification.
State or local codes or rcgtlations, if applicable, will bc provided as an
attacbnent to this specification. The Vendor is resoonsible for compliance witb
such standards, specifications, codes and rcgulatiolE ifanached.

3.0 _ II{ATERTATJMANITFACTURING REQUIREME:YIs

3.1 All materials used to manufacture the pipiag, tubing, flaages or fitings, as desi@ated pe!
thie sFecifcatio4 are to be of U.SA origia and oanufacture.

NXAMINATION AND TESTTNG

Examination aad Pressure Testhg as required by ANSI 831.3-1990 Cbapter YI.

LN{T NUMRER SVSTFM

4.1 Lines shall be rumbered according to the followiag chart:

008 x{z
Insulation Mat'l
(See Section 5.5)
Service

Insulation code
(See Section 5.4)

Iasuiation Thickness

Pipiag Specification
Designation (See Section 5.3)

Seouential Number

' Fluid Service Code (See Section 5.2)

Line Size (NominalPipe, inches). (Copper tube designated by norninsl size, not

PL HC

I
I

I
I

FP3

L

SPECIFICATION
truttD"A vo49-2437
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SPECIFICATION FOR PIPING DESIGN AT{I} II'ATERIAL

< . , Fluid Codes

Code Fluid

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

Insrument Air
Class 100 Clean Air
Cooling Water Supply
Cooling Water Reh.rm
Naurai Gas Supply'-;'Liquid 

Nit'ogen
" Gaseous Nitrogen

Process Vacuum
hocess lllta High Vacuum
Vent and Reiief To ATM
Nitogen Gas
-llitogen @ither Gas orLiquid)

< 1 Piping Specificafion Desigration

5.4

t . t .  t
"X" First Digit lderrtifiers

1=150#  ANSI

4.4.2 "Y" Second l-\igit Identifiers

A = 6061 T6 Alnminurn
B = 304 Stainless Steel
C = Type L Copper Tubiag
T= Sr,inJess Steel Tubing

4.4.3 "Z' Thir<i ftigit Tdentifiers

1 = Cryogenic
2 = Non-Cryogedc
3 = Vacuuru
4 = [Ilta Higb Vacuum
5 = Class 100 Clean Air

Insulation Sewice

Insulation
Sl'mbol
HC

PC
PH
VJ

Insulation Serv'rce
Hot and Cold
Cold Conservation
Personnel Protection COLD
Personnel Protection HOT
Vacuum Jacketed

SPECIFICATION



SPEC$ICATION FOR PIPING DESIGN AIID MATERIAL

< { Insulation Materirl Codes

FP3 l'Fiberglass Inner
F?3.5 l" Fiberglass Inner
FP4 1" Fiberslass Imer

2" Polyisocyanurarc Outcr
2 l/2" Polvisocvanurate Outrr
3" Polyisocyaouratc Orncr

Ifno insulation material code appean ia the line aumber then it sbail bc
understood tbat no insuJation is rcquired-

VAI,VT AND TNSTRUMFNT I\TTMBER SVSTITM

Controi valves, manual valves and associated instrumerts shall be designatcd accorditg to
P&ID Drawing Si.rnbols. If the required designation is not;pccified on the drawing; then
ISA-S5.1, Table I will take prccedence.

I 
I t.quential (Loop) Nuober

IL Station Identifi cation

Fr:nctional ldentifi cation

Manual vaives that do not carry an insaument loop nunbers (described above) shali be
assigned one of the foliowing valve qpe desciipti6ns, preceeded by tbe valve iize in
inches.

Type Description

G!I{V Gate Valve, High Vacuuq SS, Viton Seais, l{andwheel or Lcver, CF Cona.

GYIIH Gate Valve, tlltra High Vacuum, SS, Vitotr Seals, llandwtreel, CF Conn.

AWry Angle Valve, High Vacuu::r, SS, Viton Seals, Handwbeel, ISOKF or K Conn.

AVLIV Angle Valve, UIta High Vacuurq SS, MetalSeals, Handwheel, CF Conn.

IRV Instrument Root Valve, SS

VfV Vacuum Jacketed Valve, SS

BVCR Ball Valve, Cryogenic, SS, 3 Piece

BVCA Ball Valve, Class 100 Clean Air, SS, 3 Piece

GLV Globe Vaive

BVU Ball Valve, Utiliry, Brass or Brorze

VSOV Vacuum Seai-OffValve, SS

VSOO Vacuum Seal-OffValve OPerator, SS

6.0

P V .
I

I
I

BB

SPECIFICATION
Itumb'rA vo49-2-037



Title: SPECIFICATION FOR PIPING DESIGN AND MATERIAL

VSOO Vacuum Seal-Off Valve Operator, SS

lBl

PIPING DESIGN A}TD MATERIAL SPECIflCATION

Service: Cryogenic

Primarv Ratine: I50# AIiSI 304 SSTL

Design Conditions:
Pressure 0 to 192 psig
Temperature -320oF to 3 50"F
Corrbsion Allowance Zerc

Pioe:

12" and smaller ASTM Ai 12 TP304

Pioe Schedule:
i 1/2" and smaller Schedule 10S SMLS
8" and smaller Schedule l0S SMLS or EFW
l0'thru 12" schedule los EFw

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

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

ASTMA4OJ WP3O4 WPS, WPW
OT-et's ASTM A182-F304

Flanees: Not allowed, except on atmospheric vent lines as indicated on P&ID's. Flange_s on
the vent line, (whiih mate to a flat faced flange on the vacuum equipment) shall be
stainless steel raised-face desi-en. Flanged joints shall have spiral wound, stainless
steel gaskets, Flexitalfic or equal.

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

Continued on Next Page

SPECIFICATION

P aqe



SPECIFICATION FOR PIPING DESIGN AIIII MATERIAL

04 - Tee
05 - Sockolet
06 - Tee Then
Reducer or
Reducing Tce
12 - BW O'let

lBt

04
06 04
t2 06 04
12 t2 06 04

6 8 1 0  1 2

04
06 04
0 5 0 6 u
05 06 06 04
05 05 05 06 04
05 05 05 12 06 04
05 05 05 12 12 06
05 05 05 t2 12 t2
05 05 05 12 12 t2
05 05 05 12 12 12

% 1 1 t A 2 3 4

Branch Connections:

Run
'  " .  '  S izeh

Branch Size %

% M
t/, 05
t 1 2
lY, 05
2 0 s
3 0 5
4 0 5
6 0 5
8 0 5
10 05
12 05

SPECIFICATION
fiunb"A vo4g-2-037
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SPECIFICATION FOR PIPING DESIGN AIID MATERIAL

SPECIFICATION
tlumblrA V049_2{137

tB2

PIPING DESIGN AIID MATERIAL SPECMCATION

Sewice:

Birnaly Rating:

Design Conditions:
_ Prpcerrtr-' " 'Temperatr:re
Corrosion Allowance

Pipe:
12" and smaller

Pine Qahar{rr lo.
.Jl..:..gs$tu,,

I l/2" and smaller
8" aad smaller
l0' thru 12'

Fittings:
I 1/2" and smaller
2" and larger

Flarrpes:

Gackelq:

Valves:

Continued oD next page.

Non-Cryogenic - Cleen

150# Alrsl304 ssTL

0 to 192 psig
-20>oF to 350"F
Z$s

ASTMA3i2 TP3O4

Schedule l0S SMLS
Schedule 10S SMLS or EFW
bchedule I u5 -bt w

Socket Welded 3000#
Butt Weld
ASTM A4O3 WP3O4 WPS, WPW
Elbow O'Let ASTM A182-F304

2" and larger ANSI 150# RF, ASTM Al 82 F304, Weldneck with o-ring gaskets.

O-ring, Viton nonlubricated, cleaned and sealed for shipoent

Valves shall be fumished under their own unique specification.



tBz

Run
Size "

72

Yl
t

t %
2

6
8
l 0
12

Branch Connections:

Branch Size

04
06 04
t 2 0 6 M
12 12 06 04

6 8 r 0  1 2

04
06 04
06 06 04
05 05 06 04
05 05 t2 05 04
05 05 r2 1? 06
05 05 12 12 12
05 05 t2 t2 t2
05 05 12 12 12

t 1 y 2 2 3 4

04
06 04
t2 06
05 05
05 05
05 05
05 05
05 05
05 05
05 05
05 05

Y 2 %

04 - Tee
05 - Sockolet
06 - Tee Thea
Reducer or
Reduciag Tee
12 -BWO'let

Note:

L Pip.ing qi {nings to be internally cleaned dryeC and ends sealed drring shippiug, storing
and iastallation.

2. ID ofpipe and finings to be free ofhydrocarbon contamilation, or dirt ofaly kiad.

3. Surface finiqh to be standard white pickled ID and O.D.

4. Tube Eending - The following is not allowed: Sand packbg, Mechanical scratches on
tube I.D., Aay type of lubricant

5. Material marufactues certificate of compliance to applicable ASTM specifications are
required aad must accompany shiFment.

6. Tubing, flanges and fittings to be etched or stamped witl manufactr:rers n'rne, part
nlmber and material type.

SPECIflCATION FOR PIPING DESIGNAT{D MATERIAL

SPECIFICATION
xunb'rA vo4g-2437
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Swice:

Design Conditions;
'  ' '  'hessure

Temperature

SPECIFICATION FOR PIPING DESIGN AIID MATERIAL

C2

PTPAG DESIGN A}ID MATERIAL SPECIFICATION

Gaseous Nitogen, Cooling Warer, Instuocut Air

' - ; '  ' . .
'. 200 PSIG

-20'F to 150"F
. Corrosion Allowance Zefi

Tube: All sizes Type "L" Copper - Hard Drawn ASTM 888, 8280, Copper Tube
desliglated bi its Nominal sizes, nol OD on P&ID's and pipbg
orzrwrDgs..

Note: Copper tube and finings are to be specified on PSI BOM's by the acatal O.D. of
the tube.

Firtings: AII sizes Wrouglt Copper ASTM B75
All Finings to be female solder cup ends.
Brass Parker CPi tube fittings (or equl).

Unions: 1/4" to I" Brass Parker CPI tube firtings (or eqr:al) may also be used-

Valves: Valves shall be fi:rnisbed uoder their owo rmique specificadon.

Solderinq: All joints in wrought copper firtings shall be soldered using 95-5 Tin-Aatimony.

Notes:

l. Tubing is to be intemaily cleaneC and the eods scaled during qh;F-ping, storiag.'nj
irstallition. Spools are io have all flr.rx rcsidue, grit, splaners or dirt ftmoved beforc' 
iasullation.

2. Fittings are to be cleaned after rna',ufact:r'ing and sealed in plastic during shipping, storing
and istallation.

SPECIFICATION
xumb"A vo49-2-o3z



SPECIFICATION FOR PIPING DESIGN AI\iD MATERIAL

T1

PIPING DESIGN A}ID IT4ATERIAL SPECIFICATION

CryogeaicServicc:

Design Conditions' :-,.-.

Prcssure
Temperahre
Corrosion Aliowance

Tube:

' 0 to 300 psig
-320"F to 350'F
Zero

All sizes ASTM.4269 GR 3O4L SMLS
Tube sizes designated by OD dimeasioas.

Tube Si"e (Ofi\: Minimum Wall Thickness (Inches)

l/4"
3/8"
1n"
3l4'�
1 r

Fittino<.

Valves:

Note:

0.035'
0.035"
0.049'
0.M9"
0.055'

A.l1 Fiftings to be Parker Weld tube fittings SA479 or ASTM 4276 GR TP3 16 ald
ASTM Al82 GR TP3 15, or equal.

Valves shall be fumishe! under their orrn unique specification.

I. Tubing ro be internally cleaned, dryed and ends sealed dr.ring $ippins storing and
installfuion. Tube ID to be free ofhydrocarbon contanrination

Fittings to be cleaaed after manufacturing%n6 sealed in plastic bags drring shipping,
stori-ng and installation.

Tubing surface finish to be stardard white pickJed I.D. & O.D-

SPECIFICATION
xun''b.rA VO4g_2437



Sroicc:

Design Conditions:

Prcssure
Ta*rnla+rre

SPECIFICATION FOR PIPING DESICN A}ID IUATERIAL

T2

PIPING DESIGN A}ID MATERIAL SPECIFICATION

Non-Cryogeoic

0 ro 300 psig
-200F to 3500F
Zero

0.035"
0.035"
0.049'
0.049"
0.065"

Conosion Allowance

All sizes AST]V' A269 GR TP3O4 SMLS
Tube sizes designated by OD .fimensions.

Tube Size (OI)): Minimum Wall Thickness (Inches)

1t4"
3/8"
1/2.

. ) t +
l r i

Fittings: All Finings to be Parker A-LOK tube fittings SA479 or ASTM 4276 GR TP316- 
andASTMAl32GRTP3l6orequal.

Valves: Valves shall be fimished rmder their own uaique specification.

Note:

l. Tubing to be internally clea.ned, dr.ved and ends seaied during shiping, storing and
installation. Tube ID to be free of hydrocarbon corltaminatioL

2. Finings to be cleaned after m'lufacturilg and sealed in plastic bags during shipping,
storing and installation.

3. Tubing nrface finish to be srandard white pickled LD. & O.D.

SPECIFICATION



SPECIfl CATION FOR PIPING DESIGN AITID MATERIAL

T3

PIPSIG DESIGN AND MATERIAL SPECIFICATION

Process VacuumSrcicg:

Design Conditions:

hessure''' ' i Temperatue
Corrosion dlowance

Tube
Size
(on):

l/4"
3/8"
tn

3/4"

l "
1r/2.

21 t2 "

o

. 10"

t2"

14"

Flanges:

Vacuum l0'5 Ton to 2 psig
-20'F to 150oF
TEro

ASTMA269 GRTP3O4 SMLS
ASTM A26 GRTP304 SMLS or Welded

Conflat
Flange No. B.C.
f,izg Rolts Dia.

I 1/3"Nom. O.D. 6 1.062"
I lB"Nom. O.D. 6 1.062"
I lR"Nom. O.D. 5 1.062"

2 1/8"Nom. O.D. 4 1.625"

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

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

4ll2"Nom. O.D. t 3.528"

6"Nom. O.D.

8" Nom. O.D.

10" Nom. O.D.

t6 5.128"

20 7.128"

24 9.128"

12"Nom. O.D. 32 11.181"

14"Nom. O.D. 30 12.810"

l6lD"Nom. O.D. 36 15.310"

Tube: (Iube sizes desigated by OD dimensiors)

AII sizes up to 1"
I 1r2" and larser

Minimum \{all
Thicioess
(Inches)

0.035'
0.035'
0.035"

0.035'

0.065"
0.065'

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Ttnt
IIole
Dia.

.t72"

.172"

.172"

265"

265"
1A\"

-3)Z

.332"

332"

.332".

.332"

.390"

.390"

StqinlessAll Flanges to be Confia! ISO Large Flange or KF utbe fittings 3(X
Steel.

SPECIFICATION
Hut b.t A V049-2437

Contiaued on DeK page.



SPECITICATION FOR PIPING DESIGN A}TD MATERIAL

SPECIFICATION
xumbtA vo49-2-o3z

T'

Fittirrgs:

Valv:::

Notes:

AII fittings to be 304 butt weld or flanged O.D. tube, watl tbickDcss to Eatch nrbe
wall thickness [sted above.

Valves shall be furaished under tbeir own rmique specificatioa

Tubing to be intemally cleaned, dryed and eads sealed during shipping, storing and
installation- Tube ID to be free ofhydrocarbon contaninatioa.

Finings to be cleaned after manufacruriag and sealed in plastic bags dr:ring shipping,
sloring and instaliatioa

Tubirg surface fini5! 1s !s standard white pickled I.D. & O.D.

Tube Berding - The following is aot allowed: Sa:rd packiry, Mecbanical scntches on
tube I.D., or any type of lubricant.

Material maaufactures certificate of compliance to applicable ASTM specifications are
required ald must accodpany shipment

Tubing, flanges and fitti::gs to be etched or stamped with maoufactuers uutre' part
number aad material type.

Conllat flanges to be made frorn either electo slag remelt, vacur:m remelt or cross forged
mateial.

ot -3-Q-



SPECIFICATION FOR PIPING DESIGN A}ID TT'ATERIAL

T4

PIPING DESIGN AI{D ITIATERIAL SPECIFICATION

Scicc:

Desisn Conditions;

Prcssure
'. . . ' Tempetature ..t

Corrosion Allowance

Tube: (Iube sizes designated by OD dimensions)

All sizes up to l"
l lD" and larger

Process Uira High Vacuun

Vacuum l0ro Torr to 2 psig
-20oF to 150'F
Zero

ASTMA269 GRT?304L SMLS
ASTMA269 GRTP3ML SMLS orwelded.

Tube
Size
(on):

1t4"
3/8"
L/z'�

Jt+

1 "
1rD"

2 t/2*

.'

o '

10"

12"

t +

No,
Bolts

6
6
6

4

6
6

8

8

1 6

)n

. A

32

30

36

B.C.
Dia.

1.062"
1.062"
1.062"

1.625"

2.312"
2.312"

2.85"

3.628"

5.128"

7.128"

9.128"

I 1 .181 "

12.810"

15.3 10"

Thnr
Eole
Dia.

.172"

.172"

.172

265"

.26s"
265"

.332"

332"

.5J r

.390"

J90"

MinimumWall
Thickness
rllnches)

0.035"
0.035"
0.035"

0.035'

0.065'
0.065"

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Conflat
Flaage
Sizs

I 1/3"Nom. O.D.
I 1A"Nom. O.D.
I 16"Nom. O.D.

2 l/8"Nom. O.D.

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

3 3/8" Nom. O.D.

4ll2"Nom. O.D.

d'Nom. O.D.

8"Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16ll2"Nom. O.D.

SPECIFICATION
xumb.rA V0i9-2-037

Continued on next page.



All Flanges to be Confla! 304L Srrinless Stcel. Flanges with l/2 nip'plcs to havc a
ninimuo wall thichess per table (page lQ, also see notc 7.

All ftiues to be 304L butt weld or flaoecd 0.D. tube. WaIl thickncss to Eatch
tube w'all-thiclness listed in Table (?age- I O.

Valves shall be fi:mishcd rmder tbeir own uioue sDecificatioD- Valves qfiose
seats form part ofrhe UIIV bouadary shall be ill nictal.

Surfaces cxposed to vacuum chell $6 cleaned and protected by PSI ap'groved
orocedures zuitable for UIIV service.

Note:

1. Tubing to be i.ntemally clcaned, dryed a.nd ends sealed dudng shippirg, storing and
instaliation. Tube ID to be free ofhydrocarbon cortanira:tion

2. Finings and conflat - l/2 nipples to be cleaoed after oanufacturing and sealed in plastic
bags during shipping, storing and hstallation.

3. Tubing surface fini5! 16 be standard v/hite pickled I.D. & O.D.

4. Material manufacfiners Certificate of Compliance to applicable ASTM specifications are
required aad must accompany sbipmenl

Tubing, flanges and fittiags to.be etcbed or stamped with manufacturers umq part
number, aaterial tlpe ard custoners PO auaber oa the outside sufac€.

Conflats sball be made Aom 304L material suitabie for ultra high vacuum service.

A.lI welding erposcd to vacur:m shatl be done by the trngstcn-arc itrctt-gas (|IG) process.
Exceptiommay be allowed srbject to PSI approval. Welding techniques shail be made in
ac"ordance witi ttre best ultra hieh vacuum'p'nctice to elimin-ate aay virtual leaks iu the
welds; i.e., all vacuum welds shall be, wher&er possible, interaal and continuous; all
exter;l wllds added to these for sruttural pt:rp6ses shall be interminent 1s gliminate
tapped volumes. Defective welds sball be iepaired by removal to sound metal aud
rewitaine. AII vacuum weld orocedures shali include steps to avoid contamination oftbe
heat affeited mne with air, hy'drogen, or water. This reqriires tlat inert purge gas, such as
argon, be used to flood the vacuum side of heated portions. Vendors to provide weld
procedures, with weld cleaning procedures to PSI for approval.

T1

Flanges:

Fittinss:

Yskcs:

Cleaning:

I'
7.

SPECIIICATION FOR PIPINC DESIGN AT{D MATERIAL

SPECIFICATION
llumbrrO vo4g-2437



SPECtrTCATION FOR PIPING DESIGN AITTD MATERIAL

T5

PTPf,A{G DESIGN AND MATERIAL SPECtrICATION

Class 100 Cleaa Air

Vacuum to 2 psig
-20oF to 150'F
7so

Tube: (Iube sizcs desisated by OD dimeosions)

All sizes up to 1"
I 12" aod larger

Tube
Size
(on):

t/4"
3/8'�
1D"

3l4'�

1'�
1LD"

2 L n "

6"

Eqicc:

fksigrr Conditions:

Prcssurc

Flange
Eize

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

21l8"Nom. O.D.

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

3 3/8"Nom. O.D.

41l2"Nom- O.D.

6"Nom. O.D.

8"Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

l6 ll2"Nom. O.D.

ASTMA269 GRTP3O4 SMLS
ASTM A269 GRTP304 SMLS or Welded

Minimum Wall Conllat

10"

12"

Thickaess
(Inches)

0.035'
0.035"
0.035'

0.035"

0.065'
0.065"

0.065"

0.065"

0.083"

0.083

o.r2f
0.120

0.120

0.120

No.
Bolts

6
6
6

4

6
6

8

8

l6

20

z.+

32

30

36

B.C.
Dia.

1.062"
t .uoz
r.062

1.625"

2.312"
2.312"

2.85"

3-628"

5.128"

7.128"

9.128"

11 .181 "

12.810"

15.310"

Thru
Hole
IIi&

.172"

.172"

.172"

265"

.265"
26s"

. J  )Z

-t)z

332"

332"

.390"

.390"

SPECIFICATION
flu,nb.rA V049-2-037

Continued on next page.



SPECIFICATION FOR PIPING DESIGN AITD MATERIAL

Flanges:

Eiuingr:

Vdves:

Clsaaiag:

Note:

l .

2.

All Flanges to be Conflat tube fittiags 304 S -intess Steel.

A.ll Finings to be 304 brm weld or flanged o.D. tube. wall rhictuess to n4rch the
tube wall-thichess.

: - . "
Valves sball.be fumished under their own unique specification

Intemal sr:rfaces shall be clealed and protected by psl approved procedures
suitable for Class 100 air service.

JubgS 1o be internally c_lea4ed dryed and ends sealed during shiping, storing aud
irutallation. Tube ID ro be free of hydrocarbon coltaminatron.

Fittings tobe cleaned a:fter manufacn:ring aad sealed in piastic bags during shipping,
storiag and installation.

Tubing surface 6nish to be standard white pickJed I.D. & O.D.

Material manufactures certificate of conpliance to applicabie ASTM specificatioos are
required and must accompany shipment.

Tubing, flanges and.fittings to be etched or stamped with manufacturers ',ame, part
nwnber and material twe.

conflat flanges ,o ta -ua" from either electo slag remelg vacuum remelt or *ossforged
material-

5.

SPECIFICATION
Xufibaa -

A v049_2431
t 1  - o l



Title:

Service:

Design Conditioni:

Pressure

Tcrnneatrra

Corrosion Allowance

Tube:

All sizes

r  r L ru l ss .

A]l sizes

Valves:

Brazing,

SPECIFICATION FOR

c1

PIPING DESIGN A}'D MATERIAL SPECIFICATION

Cryogenic

150 PSIG

-320'F to 350"F

None

Type 'L" Copper - Hard Drawn

ASTM 888, 8280, copper tube designated by its

nominal sizes, not OD (TJOI'|.

Wrought copper

ASTMBT5

All fittings to be female solder cup ends.

Valves shall be furnished under their own unique specification.

SPECIFICATION

#'##:#*"i:,1"r.:i*"*:t 
braeing allov BcuP-5 (American werding societv

umber
A
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Title: PREFABRICATED CLASS l0o VACUUM AI.ID AIR PIPING - WASHINGTON SITE

ATTACHMENT
Number

A v049-2-178

ATTACHMENT "C"

TO

v049-2-178

SPECIFICATION FOR CLEA}I QUARTERTURN VALI'ES

v049-2-060



Title: SPECIFICATION FOR CLEA|I QUARTER-TURN VAMS

2 tf44"oz tL.+t'e lu 4D0 6)/y, lz - /'/2 yn+u eS'

R.'"rtr> l-qq ,{;r rr,:ir L-r,. D;! t; }-l7r\.5 4_;r.i 1 .U 4-2L.aL

RL: LF,l4it E< 6uort P;,r 'Ii-t , \S 
3.1-

umber

f.4'r.fr"^ ?-r-f'

SPECIFICATION FOR

CLE.AN QUARTER-TURN VALVES

FOR

LIGO VACUUilI EQUIPMENT

Halford, Washington
and

Livineston. Louisiana

PREPARED BY:

PROCESS ENGINEER:

QUAIITY ASSURANCE;

TECHNICAL DIRECTOR:

PROJECT }L!\AGER:

-> {2, ln t tt-t tdy'*n;

Informarion contained in this specification and its acachmenrs is proprietary in narure and shall be kept confidenrial. It shall be
used onl-v as required to respond to the specification requiretrents, and shall not be disclosed co any other parry.

REVLTR.I BY-DATE I APPD.DATE DESC RIPTION OF C}I{NGL

PROCESS SYSTENIS INTER\ATIONAL, INC. SPECIFICATION

NITIAI
APPROVAI.S

Page 1of f



SPECIFICATION FOR CLEA-i\i QLI.ARTER.TURN VALWS

SPECIFICATION T.ABLE OF CONTENTS

1 .0

2.0

3 .0

4.Q

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Qhnn Tc<rino

Anachment lvlDC Cataloq Cut

1.0 scoPE

This specification covers the minimum requirements for the design. materials,
fabrication, assembly, inspecrion. testing. preparation for shipping, shipment and delivery
of2" clean quarter-turn valves for the LIGO vacuum system. These valves will be used
in Federal Standard 209 Class 100 air service.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-W'are Observatory (LIGO). LI6O, w'hich is operated
by Caltech and MIT under an NSF grant, includes tw'o sites (Hanford Reservation, near
Richland. WA and Livingston. LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum sysen for the sensitive interferometer componenr and

. optical beams, and other support facilides.

' Information contained in this specification and its attaclunents is proprietary in nature and
shall betept confidential. It shall be used onJy as required to respond to the specification
requirements, and shall not be disclosed to any other parry.

SPECIFICATION

v049-2-060
Rcv.

4
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SPECIFICATION FOR CLEAI\ QUARTER-TURN VALVES

SCHEDULE

Equipment delivery shall be as follows:

2.0

2.r

3.0

J . 1

PSI, Westboro, lvlA,:

PSI. Westboro, MA.

Date PSI Part No.

1t/29/96 V049BVCA20

07/30197 V049BVCAIi (80K purge)

Ouantity

21

1 2

2.2 Deleted

DESIGN REQUIREMENTS

The valves shall be either buttedly style, MDC lvlodel No. BFV-200, MDC Part No.
360002.

The valves shall be 304 stainless sreel.

End conaections shall be CF flanees.

The valves shall be desiged to seal in both directions.

The internal valve mechanisms shall be non-lubricated.

The valves shall be cleaned in accordance with the Vendor's standard procedure for
vaives intended for use in Federai Staldard 209 Class 100 clean air serv'ice..

Vaives shall be manua.lly actuated.

) - /

J . +

3.6

) . t

4.0 REQUIRED DOCUMENT.A,TION

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

SPECIFICATTON

v049-2-060

to fabrication.

3 o t 4



Titlc: 
spEctFIcATIoN FoR cLEAr\ eUARTER-TURN vALvEs

5,0 SEOP TESTING

Manufacturer's standard testing shall be perfomred.

6.0 TNSPECTION

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

i  spEcrFrcATloN
umbe:  lRcv.

A v0{e-2-060 | A
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SECTION

5.6Butterfly Valves Toll Ffee outsid. ca I €oo-443€at 7

f+-D---

Ogfsea/Flange Kwik-HangeF'ai|.ge

ORDERING INFOFMATION Please order by Part Number

Vaive Norn l.D.
Slze Re{ercnce

Part FanEe
Number F

FlanEe Bon Holes
O.D. No.

Boltokde Thicknec!
B C D

wt unit
Lbs Price

Fef Heiqtn
tso A

3t4 BFV-075
3/4 KBFV-075

360000 Del-Sea/ t-vg
360010 Kwik-Flange

5 -  1.96 1.062
- NW16 1.81

.60 .75 1

.56 1.25 1I  r a
$250
$2s0

KBFV-1OO 360011 Kwik-FIange 1 .57 Nwzs 2.32 e 7  1 t F uzct

--:) 1-tiZ 8FV-150
1-1t2 .KBFV-150

360Q01 Del-Sea! Z-sr+ 2.73
360012 Kwik-Flanae 2j6

- 3.81 2.312 1.33 1 .00
NW40 3.81 - 1 .31 1.34

1 $260
1 $260

4399
D.'OU

+ 2 BFV.2OO
KBFV.2OO

36O0O2 Del-Seal3-en 3.37
360013 Kwik-Flanoe 2.95

1.84 1.00
1.87 1 .68

Dimensions are in indles

1 9 5



E:"6 Valves
4 rrtrcu ̂ 4t * r h"
7a Vaq?-l-Abd

fa /a; &

Butterfly Valves Del.Seal
M6tal Seal Flange

Kwik.FIanqe
ISO O-ning Ftaago-

FEATURES

. Quick open/Quick close

. Positive lock both positions

. P6sitive Vitono O-Ring vacuum seal

. High conductance

. Choice of Del-Seal or Kwik-Ftange

DESCRIPTION

MDC Butterfly Valves require only one-quarter tum
rotation of the handle to go from fully open to the tully
closed position. ln the 1-1i3 lvlini Del-Sea/ flange series, a
spring loaded ball bearing becomes seated in an indent
providing a positive mechanjcal stop. All other size vajves
employ a roll pin siop method.

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

MDC Butterfly Valves are low outgassing. All intemal
surfaces are machined from solid stainless steel bar
stock. The handle is made ot aiuminum. A small O-rino on
the stem prevents shaft leakage.

The valves are otfered with a choice of Delsea/ ultra-high
vacuum metaFseai flanges or ISO Kwik-Hange O-ing
seal flanges.

Del-Sealflange
BF,/-150

Kwik-Fiange Flange
Kts-v-150

.*')
xn@cry



Title: PREFABRICATED CLASS IOO VACULIM AND AIR PIPING - wAsHINGToN SITE

ATTACHMENT
Numbec

A v049-2-178

ATTACHMENT "D"

TO

v049-2-178

SPECIFTCATION FOR SMALL VACIJI]M VALWS
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Title: SPECIFICATION FOR SMALL VACUUM VALITS

fh\: 7-tc -qL

F,a A"o-t  Prn dEO 0Ul{

.{RED DA

fs6^ >;1-'
DATE

%/a,{u
Number V049-2-059

SPECIFICATION FOR

SMALL VACWMVALVES

FOR

LIGO V^A,CUUM EQUIPMENT

Hanford. Washington
and

Livingston, Louisiana

PREP.ARED BY:

PROCESS ENGINEER:

QUAIITY ASSURANCE:

TECHMCAL DIRECTOR:

PROJECT M.{\AGER:
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1.0 scoPE

This specification covers the minimum requirements for the design, materials,
fabricadon, assembly, inspection. testing, preparation for shipping, shipment and delivery
of small (1 1/2" and 2 U?") high vacuum and ultra high vacuum angle valves for the
LIGO vacuum system.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Inrerferometer Gravitational-wave observatory GIGO). LIGO, *'hich is operated
by Caltech and ivllT under an NSF *erant, includes two sites (Hanford R;servation. near
fuchland. WA and Livingsron. L.L). Each site contains laser interferometers in an L
shape w'ith 4 km arms. a vacuum svstem for the sensitive interferometer components and
optical beams, and other suppon facilities.

Information contained in this specification and its anachments is proprierary in nature and
shall be kept con-fidential. it shall befued only as required to respond to the specification
requirements, and shall not be disclosed to any other party.
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SPECIFICATION

2.0

2 .1

SCHEDULE

Equipment delivery shall be as follows:

I l/2" High Vac
2 l/2" High Vac
1 U2" Ultra High Vac
2 1i2" Ultra High Vac

Ouantitv

I J  I

70
77
26

PSI Part No.

vo4gAVHVl5
VO49AVHV25
v049Avw15
v049Avw25

Date

9/30/96
9/30t96
9/30/96
9/30/96

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

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

DESIGN REQUIREMENTS

Angle valves shall be 304L or 316L stainless steel (304 or 3i6 stainless steel is
acceptable if the valves are unavailable in L grade SS).

End connections shall be CF flanges.

The valves shall have stainless steel metal bellows stem feedt}roughs.

Neither the body leakage not the seat leakage shail exceed I x 10'e torr liters/sec of
helium.

3.0

J . 1

) . !

3.4

i . )

3.6

3 - I

3.8

) . t

The valves shall be designed to seal in both directions.

The intemal valve mechaaisms shall be nonlubricated.

Valves shall be manually actuated by a handwheel.

Valves shall be bakeable to i 50 C '-' /-20 C ( i 70 C maximum).

The valves shall be cleaned in accordance with the Vendor's standard procedures

aoolicable to the valve service.
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5.0

6.0

REQUIRED DOCUMENTATION

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

SHOP TESTING

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

INSPECTION

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


