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INTRODUCTION/SCOPE

This data package details the material to be presented at the Acceptance Test Review

Meeting for the LIGO Washington Site Left End and Left Mid Stations. The specific

station test report should be reviewed for detailed infonnation.

The data package is intended to meet the requirements of CDRL No. 7 for the Vacuum

Equipment Contract (PC 175730).

Vacuum equipment design, installation and acceptance testing was documented in the

Final Design Report (FDR) CDRL No. 3 datedNovember 16,1996.

3
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MEETING AGENDA



LrGO VACUUM EQUIPMENT (V.E.)

WASHINGTON SITE LEFT MID & END STATIONS

ACCEPTANCE TEST RBVIBW MEETING
JUNE 18, 1.998

Locstion: Marriott Hotel, Westborough, MA

AGENDA

8:30 a.m. Start

o Introduction

o General Acceptance Test Plan

o ComponentFabrication

tr Major Purchased ComPonents

tr Site Component Installation

o Component/SubsYstem Testing

o System Testing

tr Vacuum Equipment Performance Summary

tr C.A.A. Noise/Shock/Vibration Testing

o Open Punch List Items

tr GNB Valve Modification

B Equipment WarrantY

o Operating and Maintenance Manuals

n Disposition of Equipment

o Closing

v049-l-l69.DOC



3.0 PROJECT ACCEPTANCE TEST PLAN

Vacuum equipment testing was planned to be split as

follows:

o Component testing at PSI

o Vendor testing at major equipment vendors

. Equipment installation and alignment

o Equipment and subsystem testing

. Final system testing

o Noise/shock/vibration testing

v049-l-169.DOC
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4.0 MAJOR COMPONENT FABRTCATTON (PSr)

. Component design was documented in the Final Design
Report and approved by LIGO.

o Component fabrication was executed in accordance with
procedures defined in the FDR.

. Components were inspected to the design documents.

All deviations were identified to LIGO and were

subsequently aPProved.

o Component QA documentation ate summarized in the

End Item DataPackages (Attachment II).

v049-1-169.DOC



1.

TYPICAL END ITEM
DATA PACKAGE CONTENTS - BSC

BSC (Ranor) Quality Plar/Shop Traveler/Documentation
Package

Material Test Reports

Certificate of Conformance for nozzles, small parts, small
flanges (under 60) and bolting

Heat Treat Charts

Final Cleaning Certification

Final Vacuum Leak Reports

RGA/B ake-out Certifi cation

Nonconformance Reports (use as is)

Certificate of Conformance

2.

aJ.

4.

5.

6.

7.

8.

9.

v049-l-169.DOC



5.0 MAJOR PURCHASED COMPONENTS

o Equipment procurement specifications were developed
and approved by LIGO in the FDR.

o Equipment was purchased and tested to these

specifications.

o Factory shop tests were conducted as specified in the
FDR to veri$' critical system components (Edwards
main turbo pump documents included as an example).
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A.V.S. Air speed te$t procedure on ST?[I2000C/ODP80 Turbomolecular Pump Cart carried out for
Process Systems International

1. Introductory Comments:
I . I . The purpose of this test is to confirm that the STPI0000C/QDP80 Turbomolecular pump

cart as supplied by Edwards High Vacuum Intemational, performs to inlet pump speed

specification as per V-049A-002 rev 2 section 3.0 of a minimum of 14001s-' at a pressure

of lxl0-' T and is capable of operating for extended periods of time at its maximum

quoted inlet pressure of lx10-' T with water cooling of 2.0 bnin''
The test perforrned will be following the American Vacuum Society AVS 4. 1:

Recommended procedure for measuring pumping speeds as revised in October 1986, see

appendix I
The method Chosen will be Method 3.1, flowmetermethod, see appendix l.
For the purpose of this test, N2 will be used as the test gas.

., Apparatus

Test dome see appendix 3
Edwards Model 1605, 5 channel Display/contoller
Edwards Model 825 Mass flow contoller 5 sccm calibrated for N2

Edwards Model 825 Mass flow confioller 20 sccm calibrated for N2

Edwards Model 825 Mass flow controller 200 sccm calibrated for N2

Edwards Model 825 Mass flow contoller 5lpm calibrated for N2

4 branch MFC mounting manifold
Gas inlet tube
HPS model 937 - l20V 60TR-CCTNA gauge system incorporating:
2.9.1. HPS Series 937 system gauge contoller
2.9.2. I x SensaVac@ Cold Cathode Gauge' 2.9.3. 2 x SensaVac@ Pirani Gauge

2.9.4. Calibrated HPS SensaVac@ Cold Cathode Gauge, see appendix 6

2.10. N2 test gas, regulated to 6-12 PSIG

Note:
The test dome will be fitted to the top of the measuring spool piece that is norrnally
fitted to the Turbomolecular pump inler The test dome converts the spool piece to an

AVS type test dome. see appendix 3 for details.

The gas inlet tube shall be fitted into the port nomrally occupied by item 9 PVI6K
manually operated valve, which will be removed during the period of this test.

The gauging is as supplied with the Turbomolecular pump carl a specially calibrated
gauge shall be fitted $nr 2.9.4) and will be used to measure pressure lower than 1E-3

Ton. Its certificates ofcalibration and correction data against a spinning rotor gauges can

be found in apPendix 6.

The mass flow controller will be mounted onto a 4 branch manifol4 allowing any of the

flow controllers to be operated, without dismantling the apparatus.

See appendix 2 for GA of Main Turbo molecular pumping cart

3. Pressure measurements and calibration
3. I . All Pressure measurements will be carried out using the Gauge heads nonnally fitted to

the carts nrrbo inlet, see item 19, appendix 2. The gauge heads will be re-located on the

test dome for the purposes of this test. A specially calibrated cold cathode gauge shall be

used to take achral test data, see appendix 6 for certificate ofcalibration and corrction
table.

1.2.

1.3.

t.4.

2.t.
)')
2.3.
2.4.
)s
2.6.
2.7.
2.8.
2.9.



Test overuiew
4-1. The speed test will be carried out across the normal working range of the Turbomolecular

po,op, tor lxl0'5 T to 1x10'3 T (per V049-2-002), utilizing 5,20 and2gg sccm mass

flow controllers accordingly. etc. a stabilization time of approximately 10 minutes

4.2.

4.3.

between pressure changes to ensure equilibrium is reached'

1,r.. -.**ement points will be taken at each decade of measured pressure. Data

foinO *iff additionaily be taken for the purposes of demonstrating tbrougbput capability

The continuous inlet pressure test will raise the inlet pressure up to 1xl0't T, the pumps

maximum continuos inlet presrure. once this pressure is reached the pump will be left

**ing for a period, not to exceed 24hrs, running at this pressure in order to demonstrate

its robustness running at high pressure'

Procedure

5.1. Base Pressure measurement

5.1.1. The Pump shall be started, with the massflow controllers all in zero flow

condition, and the system allowed to reach equilibrium. This pressure shall be at

least l0 tihes lowei than the lowest pressure for which speed is to be measured'

This Pressure is recorded as Po '

Speed test

5.2.1. The inlet pressure, as read by the cold cathode gauge' is increased by increasing

the flow through the appropriate mass flow contoller in steps to establish

pressures over the tesfrange according to table I below. Adjust the flows by

aa;ustingthesetpointpotentiometersaccessibleonthefrontpanelofthe1605
MFC disPlay/controller

5.2.2. The massflow indicated, actual inlet pressure, and foreline pressure shall be

noted see aPPendix 4.

Between each pressure measurement change a period of at least 10 minutes shall

be allowed for equilibrium to be reached'

ThroughPut test

5.3.l.Followingthespeedtest,gasshallbeinletusingthe5LPMmassflorv
controller at pressures according to table 2 below to confirm the pumps

throughput cLaracteristics. These pressure readings shall be taken using the

Pirani gauge only. Measurements shall be noted as per appendix 5

When the po-p't ^ 
reached an inlet pressure of apiroximately 1x10't T

(maximum,ontinuoo,inletpressure),thetestrigshallbeleftforaperiodnotto
exceed 24hrs to demonstrate its operating capability at high

throughPuVPressure.

<)

).J.



Reading # Target Pressure (T)
3.00E-06
5.00E-06
1.00E-05
3.00E-05
5.00E-05
1.00E44
3.00E-04
5.00E-04
1.00E43

Table I target pressures for STPIDOOOC speed test

Reading # Target Pressure (T)

1 3e-3

Estimated massflow (sccm
0.3
0.5
1.0

2.8
5.0
11

30
50

100

2
3
4
5

5e-3
1e-2
3e-2
5e-2

6 1e-1

Tableltarget pressures for STPH2000C throughput test



STPH2000C SN0726 speed test

1l Colct Cathode i 5.00E-031 0l 9'00E-09

2t 3. Cathode, 6.40E-031 3.00E-06 | 2. 1 161

5.00E-06lcotd cathode i 7.10E-031 0.441 4.93E-061 1

a- 1.00E-05icotd cathode I 8.25E-03i 0.931 1.00E-05i 1.04E-05 | 1

5l icofd Cathooe i 1.30E-021 2.721 3.00E'051

ol 1.70E-021 5 i 5.00E-051 tl

tOOgO+iCotO Cathode i 2.80E+00i 12.21, 1.00E-04 1.21E-04 r 1

3.00E-04lcold Cathode r 5.50E'021 331 3.64E-041 1

9l iCold Cathode i 681 5.00E-04 .041 14

10 | 1.00E-03 i 125i 1.00E-03t 1 17

i 1.40E-01 | 146i 3.00E-03

12 iPirani 1.90E-01 | 210, 5.00E-031

| 2.80E-ol | 3601 1.ooE-o2l

3.00E-02lPirani I 4.2OE-01

lPirani | 5.00E-01 | 7301 5.00E-02
1.00E-01 i 1.00E-01

STPH2OOOC Volumetric Speod tsst (AVS method) Turbomolecular pump sn 0726

1400

Fs;,i""ll

oo

tl

----!

i:
ti

--Ttlr
tl

--l-tll

200

0

9.00E{9 4.93E46 2.97E45 1.21e44 6.57E44

prossurc (Tor)

3.008{3 r.008{2 5.00E42
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6.0 COMPONENT INSTALLATION

o Major equipment is set and aligned by PSI's site

contractor.

See Sample #I

o PSI verifies the alignment.

o LIGO checks critical component alignments.

. LIGO approves alignment and releases components for
grouting.

See Sample #2

o PSI conducts grout testing to veriff grout strength.

See Sample #3
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COIVIPONEN'f CLOSE.OUT DATA SHEET

Component Tag Number:

Component Name:

Comoonent SAI:

Vacuum Sealing Surfaces Inspection

tlsqL - b
Bt v- 6h-rr<el- Lqa^t,,YeL

flJ-o'7

/a AaeST
By:

Buyer:

Cleanliness Inspection

By:

Buyer:

O-i<rngs Installed

By:

Buyer:

Comments:

Rework Required:

snhpLE- u (

N LI6N M6 N T A., 4,
pnoa /oF {

/,**o

F :\H\ALIGO\CORRESPOWIEOCLOSEOUT.DOC

BSC



oF{
COMPONENT AIIGNME}TT PROCEDURE

ATTACHIVTENT B

COMPONENT b{STATLATION DATA SHEET

l*)Fa r b
fuAr4 77un* CuAr'r'bpu
7/P Fr

Componeat Tag Number

Couponent Name

Component SN

Componeot Insailation Weigbt Qb.)

Compooent Imtallation Positioo
(Ref. 'Buiid Grid)

W&"

Signoffs
(Coutractor Unless Othervise Noted)

JAIPPI-Og \-ovet Lross xlaus Y enleg

Component Located For Anchor Boit

Markine

Final Component Location Complete

Buyer

| /o-ZD'f7
Vz-a C*1t+u

tl &lsla- u'c-

SPECIFICATION
Nurnbcro 

vo.q-?-r ?

t 4ve
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APollo
Concrete Anchor lnstallation Report

lnstallation & tgrnl!
Date: ,t /r/qtDrawing: {orll-f _uO
Size: r -I tn,,-Item Anchoreo, 

Vlgq ,

Anctlor Type trAS Std or SuPer)

HolilToreEondition (no voids, etc')

Em-ment (minrs O $us 1/S)

*ngte (90 deg- + 1deg.)

tor"que Oevice ldentification:

)3



fJ'? 11: 26a David I'1. Evers 343-44e9 P.2

€r4^fLE #z

LIGO Project

Vacuum Equipment Grouting Request

Dece!$€r L9,L997

LIGO Wa$ington Site

LI@ Vacuum Eguipment Crrouting ReErest

RBagley Fax508.898.0322

Iloc.NoV(X9- PL - 511

Date:

Locatlon:

Subiect:

CG:

PSI reque$s permission Aom LIGO to gout all vacuun equipment in the Left Mid and Le'ft End

Stations.

By granting this request, LICrO agrees with the ftal aligun€Nrt Eeasuremeots aad equipmsnt sets

performetl bythe Vacuun Equipmmt Contractor, Apollo Sheet Metd.

Reque$ Approved

J4
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PROCE SS SYSTEMS II.ITERNATIOI\AL, INC
LIGO VACIITIM EQUTPMENT INSTALLATIOI{

INSPECTIOI.I SERVICES FOR GROUTING
FINAL REPORT



lforthetn, rnc.
-.1

-) nf ./
p.O. Bo( l.t6j
yrkims. VA 98907

Consulting Engineers . Environmental Scientists . Construction Materials Testing

GROIIT PRISM TEST REPORT

(to9) z{&979E
hx<fi9)24&4?20

6713 tl/. ClcrmrarF
Kcnnsiclq VA 99336
(to9) 7t49t20
Frx (509) 73.1912t

Sunffiidgc Buildina .2
Rr. : 8or Zitt

REPORT TO :PROCESS SYSTEMS TNTERNATIONAL' rNC DATE : 01:1o:98 l:l*A',Lilt"*
20 WALKT'P DRTVE ,JOB NO . 291 -734 r'.'i:'rr>:6.i.orgze

wr:sTtroRoucI{. MA 01581-5003 w/oRDER No.:7290lllGoo-iz&e'e8

PRO.'ECT: trGO vAelnff EOUfPMEIm Iffi
COMIRACTOR:APoLLo
STRUCTIIRE : VACIIUM BASES

LOCATION: HANFORD/MID gIEST STATTON
MIX A}ID MATERIAI,S DATA

REPORTED BY
MIX NUMBER:
SACKS,/CY.:
CEMEI{:I TYPE
ADMIXTURES:

T*-
'j*

SPECIFICATIONS:
SLUMP, INCHES3-
ArR CO!firE}f,f,, t: -

GROIllt SUFPLIER: HILTI
ITIIXING METHOD: EIAND MrX
AGGREGATE SOURCE: HTLTI
WATER SOURCE: oN-SITE

REQUIRED STRENGTH, PSI:
7 DAY:
28 DAY: 7000

F'IELD TEST D.A.TA

SLUMP, IN. :--(ASTM C143)
AIR CO!flr. t: - (ASr!{ C23t)
GROIIT TEMP: ?0 (ASTM C1064)
AIR TEMP: 58
uNrr wr,PcF: N/R (AsrM c138)
YIELD: N/R (ASTM C138)
GROIJT SAMPI,ED, (ASTM CI72) '
TESTED, & CYT,TNDERS CAST (AST![ C31)
DAf,E CAST:
IIME CAST:

12/?.2/91

CAST BY: J. CAFFREY
LABORATORY TEST DATA

SAMPIJE NUMBER:5888-1

TRUCK NO.: MrxED ON SITE
TIt'tE BATCHED 3:-
TICKET NO.: '
NO. CY REP.: 1 SACK

WATER ADDED ON SITE,
GALLONS: -
CYT.IIIDER CttRrNc (AsTld c31)
FIELD CI'RE, DAYS: 1

AT TS{P R*}TGE: - To -
T,AB CURE FROM:
(DATE RECx/ tD) . L2 / 23 / 97

Rs\rurwED ,", 4n-rakl Harn-
Gerald llarPer
Division Manager

AGEI'
DATT

DATE
iTESTED

. . r;*,;.{il.; -'.-..' ..

;;X:--S..{$,,;,,..
;;xB:!ffi:i, 1,

IiOAD
EBS.

CO!,fP.
STR-PSI

cYt.
NT'MBER

5888-1 7 L2/2e/e7 2X2 4.0 22,940 5,740

5888-2 I t2 /2e / e7 2X2 4.0 20,340 5,090

5888 -3 7 L2/2e / 97 2X2 4.0 24,480 6,!2O

5888-4 1A 0t/ 05 / e7 2]{2 4.0 42,7 60 10,590

5888-5 28 oL/te / e7 2x,2 4.0 53,720 13,430

5888-5 28 0t/te / e7 2X2 4.0 59,340 14,590

)7



7.0 COMPONBNT MECHANICAL/ELECTRICAL
INSPECTIONS/ TBSTING

. P&IDlPiping Drawing Walkdowns

o Utility Systems Testing (Water, Class 100 Air, etc.)

I Pressure tests

r Particle count

r Hydrocarbon level

r Moisture level

o Electrical System Testing/Approvals

See Sample #l

v049-l-l69.DOC
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Sr+,-trt'E H (

\MRING TEST N^T' SHEFT

Tiile:
TestVoltage:
Conducted BY:

Wtressed BY:

Proiai No.:

Meggcc
M&TE:

q7047

Calibration Date:-

VOM:
M&TE:

c-} 3- 17

l!77+x^rc-A-r-
*eet\Galibrafron Dats:

a



8.0 VACWMEOTIIPMENTPERFORMANCEVERIFICATION

8A. LEFT END STATION

The left end vacuum performance data is detailed in Acceptance Test Report

v049-1-168.

All test results met or exceeded the requirements.

The following is a sunmary of that report:

v049-l-l69.DOC
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LETT END STATION

ACCEPTAJ\CE TEST RESULTS SUMMARY

As shown in Section 3 the WA Left End Station has been successfully tested to meet the

Acceptance Test Criteria with the following comments:

System Leak Check

The system is believed to be leak tight to a level of 6xl0 -e Ton-Lis Air.

The minimum detectable leak from the RGA scan with the sensitivity obtained during the scan

for the Left End Station is about 6x10 'e Torr-L/s Air. This was deduced based on mass 32 ion

crurent. The Argon signal is not used because the pumping speed of the ion pump is not known

accurately for Argon.

The RGA scans ofjust the calibration chamber isolated from the main volume, indicates that

there is a leak in the calibration chamber. The observed signal for mass 32 was almost 5x10 -13

A with the RGA chamber by itself. With a calibrated sensitivity of 3 Ton/Amp the partial

press're is 1.5x10 -t2 Torr. with a calibration chamber speed of 3.7literls the leak in the RGA

.hu*b", is estimated at 3x10'1r Torr-L/s Air. If there was no leak in the RGA chamber the

minimai detectable leak would be 6xl0 -e Torr-Lis Air. Bagging the entire chamber with helium

did not iead to a helium signal on the RGA scan.

System Bakeout

The bakeout ramp up and ramp down rates exceeded the specified rate. The design ramp rates

were selected to minimize thermal stress and to keep input power requirements at reasonable

levels. The actual rarnp rates, aithough in excess of the acceptance criteria are still low and are

not considered to be suffrcient to cause thermal stresses, and are therefore acceptable-

The loss of the temperatue data is unfortunate, but the subsequent excellent RGA scans after

bakeout indicate thit the system is clean and the bakeout was therefore effective.
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LEFT END STATION

Ulfimate Pressure Test

The partial pressure measurements after bakeout readily exceeded the acceptance criteria and

match very well with the LIGO goals indicating that the volume is clean and leak tight. A

comparison table of the actual results vs. the LIGO is included for information.

BackfitVl00 Hour PumPdown Test

A comparison of the partial pressures before and after the backfiil is shown below. As expected

an appioximate one-decade 
-i*r"*" 

in Nz and CO2 pressures ire observed- This is consistent

with the prototype test program. There is also a factor of 4-5 increase for Hz0, CFI+, and a one

decade increasi for ttr" ottt-er gasses that did not occur in the Left Mid Station. The resulting

partial pressgres for all gasses are still below the LIGO goals.

AMU LIGO Goals Acceotance Test

Partial Pressure Partial Pressure

(Ton) (Ton) (Ton)

2 5xl0-' 4.4 x 0"
l6 2xl0-'u 2.2x 0-'

l8 5xl0 1.7 x 0-

28 lxl0 8.9 x U

44 2xl0''u 2.5 x 0

Other l.9x l0-' 1.3 x 0'

After Bakeout After Backfill &
100 hr Pumpdown

AMU Partial Pressure Partial Pressure

(Torr) (Ton)

4.4 x l0-' 3.3 x l0-

t6 2.2x lQ-' 8.8 x l0-"
t8 1.7 x 10"' 9.4 x l0-"
28 8.9 x l0- 7.7x l0''
44 2.5 x l0-" 3.8 x l0-

Other 1.3 x l0- 9.7 x l0-

LN2 Consumption

Results of the Left End Station Cryopump indicates a full tank capacity of more than 100 days.
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LEI'T END STATION

ACCEPTAI\CE TEST CRITERIA

Item

nGffiiolD.S
Acceptance Criteria Acceptance Results

ffiffi;IeEackout per v 049 -2-l 63

Clean Air System
Test

fficti-onal Checkout per V049-2-109

Dewpoint:<-60 C

Particle Count: Class 100 @ .5

micrometer.

Hydrocarbon Check:

Dewpoint: -75. C

Particle Count: 0

Hydrocarbon Check: 0 PPM

Class 100
Cleanroom Test

:---
System LeaK
Check

System Bake-out

ffiffi;ileEectout per V049-2-I I0

Particle Count: <100 Particle Count: <I7.L

-Individual 
leaks greater than

lx10-e torr-Lis wiil be rePaired.

Vacuum Check:

Annulus: P<3x104 torr 60 min
for vessels and 30 min for
spools and ate valves.

Main Volume: bY RGA air
signature. Maximum rate to be

consistent with sYstem

requirements and RGA
sensitivity.

@nents comprising the

isolatable volume were helium
leak checked via evacuation and

spray prior to bakeout.

All flange annuli checked and

passed. Data recorded in site test

logs.

The volume is leak tight to
<6x10-e torr-L/s

ffiffiiliTFeckirut Per Y 049 -2-r 12

Revl

Bakeout:

Rarnp Rate:<lCftrour

Uniformity | 50 C+l -20C

T[e station was ramPed from 18

C to 150 C over a period of93
hours (1.4 C/hr) and held for 49

hours at 150C. TemPerature data

recorded in the bakeout cart data

acquisition system was sub-

sequently overwritten; therefore

no temperature uniformity data is

avaiiable. After the 48-hour hold,

the temperature was ramPed to 48

C over 48.5 hours (2.1C/hr) Prior
to shutting off the Power.
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LEFT END STATION

Item Acceptance Criteria Acceptance Results

Ultimate Pressure

Test (After Bake-
out)

Total Pressure:<2xl 0-" torr

P artial Pressure Measurements :

Sum of all gzsses other than

Hz and HzO:<3xl0-'torr

Total Pressure:5.5x1 0-' torr

Partial Pressure Measr:rements :

Sum of all gasses other
than Hz *d HrO,1.lx10-e
torr

BackfilVl00 FIr.

Pumpdown Test
[oughing to < 0.2 torr in 15 hours

Roughing to 5xl0-6 torr in 24 hours

RGA scan after 100 hours for
information onlY

Roughing to 0.5 torr m 4 nours

Roughing to 8x10'7 torr in 18.75

hours

Partial pressures:

AMU torr

2 3xl0-e

16 9xl0-rr

18 9xlO-rr

28 7xl0-e

44 4x10-ro

all others 1x10-e

Total 1.4x10-8

LN2 Consumption
Test

mconsumption Per V 049-2-208

90 days without refill. 119 days without refrll.

Noise/Shock/Vibrat
ion Field Test

Per CAA Test Plan See CAA Test RePort
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,":.:AMU.' :
F turul

transrnisSon

effidency
wrt'tt2

Egnu)
lonization

efficiency
wr{ ttz

Itnul
lon qrrrenl

(A)

PP tarrpl

(Ton)

4.45E-{t9

2.18E-11^"16 .- * .O.57 -- --1.60 - 1.50E-11

7.90E-12 1.73E.11

28 3.08 2.90E-10 8.93E-10

.

M 1.57 1.42 9.2AE-12 2.50E-11

r.izi-ro

ureb io#afi l-itits
Total
Pressure Z00E-08 Ton

Actuat Pass

Yes
,.-_:P[r.nary :.--Criteria - 5.54E{9 Ton

'i*ono"ry
'''criteiii -

Otners bxcept
Hz & HzO: 3.00E{9 Ton 1.07E-O9 Ton

LIGO:

PSI: ---

36"



o
A
a

gas
tr

ft
1

trr

i

;
J
J

a.
\
d.
a7
q<

U

|3E=-g\|=
FF
-fit
-

E3
Etr

-g\I

-
-F

--EO

F
E

.F
F
-{J\rb
-J
L)

g
-



-UE-
N=,bb

F
-

-€

E
ts
l-

='q

-cv
F

tir
F

I
lrJ

tf?
F

I
l.Ll

tl
tl

tl
tl

$I
F

I
|lI

F
I

lrl

€
l-

t
trJ

91
- Ilrl

F
- I
lrJ

$J
aa

U
E
)i
L}

'--=-E
l=.
F!b
&t
L
L.

-(J
-tr
-



$
\ Ec3-g\t 

=FF-fit
.d

E
F

\ \
a)
{
\,
€
-s
\
\
L

a)
\
s
\\
U

-(g

=tr
t-

E=
t\l
t-

T
F
l-

--F

-r-(a

e
R
\-as
s
$l
q<l

I

F
N
v)

t
t-'(+.
U{

-t l-=

-gu

rlll
tllll
tllll
tllll

$Jrf?q
TTTTtJJ lrj l! lrl

tr? {3(=
dr dr

F
f3

I
UJ

Fh
E3

I
tJJ

tg€
Il!

I.o
at

CJ

E>(J

I-r=.
F

-tu
L
L

ta

fi

-



c3EJ-
N=

F

-F'
H

c=
co
t-

t=
EO

-tE

c3
TE
F

=qr

-N
t-

=--

RI\l
ul
NI\l
ul
sl

SI
ql
RI

rl
t

$
N

\rl

\
6
\
\

qJ

{

uls
=

l-
Il!

r=.
{r,

-tul-L
I

-L)

E]

-



LIGO VACUT]M EOTIIPMENT

ACCEPTANCE TEST REPORT SUMMARY

BacklilUl00 Hr. Pumpdown Test - Left End Station

The backfill and 100 hr. pumpdown test was conducted per Acceptance Test Procedure

v049-2-rt4.

The roughing and turbo pumping requirements met or exceeded the requirements.

The ultimate pressure and partial pressure results are detailed herein. This test was for
demonstration purposes onlY.

v049-l-l69.DOC
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Left End Station Back-to-Air 100 Hour Pumpdown

04t0?,98
04/03/98

1300 Start clean air purge with cryopump isolated byGV18
1300 End clean air Purge

Start rough pumping system with QDP80

1700 P=0.49 Torr
Start turbo pumping system with STP2000C

745 P=8.0E-8 Torr
P(cryo)={.ge-6 Torr
FillCryoPumP

830 Start 2500 l/s ion pump and close 14" gate valve

1000 Open GV18 (44" gate valve)

1030 P=5.0E-8 Torr
1 530 lon Pump (Voltage=3000V, Amperage=z -5E4F')

P=3.0E-8 Torr
Open 14" gate valve

1531 P=2.5E-8 Ton
Close 10" gate valve to isolate STP2000C

1535 P=3.5E-8 Torr
lon Pump (Voltage=3000V, Amperage=5.2E-4A)

o4104198

4t5t98
4t6t98
4nt98

700 P=1.5E-8 Torr
700 P=9.0E-9 Torr

1300 P=7.0E-9 Torr
1700 PT410=6.84E-9Ton

PT424=6.69E-9 Torr

Save all RGA data to WLEbta-1.**

End of 100 hour test

ical Data
Time (hr) Press (ton)

0 760
4 0.49

18.75 8.00E-08
21.5 5.00E-08
26.5 3.00E-08

26.52 2.50E-08
26.58 3.50E-08

42 1.50E-08
66 9.00E-09
96 7.00E-09

100 6.

Left End Station 100 Hour Pumpdown

L
t
oF
oL
6ootr
o.

9.1E-08
8.1E-08
7.1E-08
6.1E-08
5.1E-08
4.1E-08
3.1E-08
2.1E-08
1.1E-08
1.0E-09

50

Time (hour)

4t



Partial Pressure Calculation

Date:
Test lD:
PSI Engineer:

04114198
WLEBTA (100 hr)

J. Flinn

F Pmu)

transmission

efficiencY

wrt N2

2.87 1.14E-09

8.85E-1116 0.57 1.60

9.38E-1118 0.64 1'12

44 1.57 1-42 1 .1 1E-10

3.87 2.50E-10

LIGO:

'P$t:

rf:
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Date:
Test lD:
PSI Engineer:

04114198
WLEBTA (1 15 hr)

J. Flinn

F @mu)

transmission

efficiencY

wrt N2

2 - - 2.87 9'61E-10

7.08E-1116 0.57 1.60

18 0.64 1.12 2.61E-l1

6.15E-09oa 3.87 1.59E-09
z-\J

3.24E-1044 1.57 1.42 9.49E-11

7.518-103.87 1.94E-10

LIGO:

PSI:

14
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LIGO VACI]UM EOTIIPMENT

ACCEPTAI{CE TEST REPORT ST]MMARY

!\2 Consumption Test - Left End Station

The LNz consumption test has been conducted per Acceptance Test Procedure V04g-2-114.
duration between refills exceeded 100 days.

v049-l-l69.DOC



Flas 19 gA 0?: 29a Dav i d f'1. Evers S43-442S

LIQUID NITROGEN CONSUII'PTION TEST
Ref. Spec. V049-2-208

Station

Test
Date
Time

Storage Tank
14400
1 3700
13700 x 0.9 =
300
45.67

Results
Starting level=
Ending level=
Duration=

WA. Left End Gryopum6r WCPT

Liquid consumed= 1050.3 gallons

Tank pressure= 15 Psig
Ave.consumption for test duration=
Projecte<l duration for usable gallons=

p.2

Start Finish
5/6/9E 5/16/98
7:00 11:00

WDWT
gallons total volume
gallons at full trycock
12330 usable gallons
in.H2O level indication at fulltrycock
gaflons lin.H2O

154 in.H2O
131 in.H2O
244 Hours

4.30
119.3

gal/hour
days



VACUUM EOTIIPMENT PERX'ORMANCE YERIF'ICATION

88. LEFT MID STATION

The left end vacuum performance data is detailed in Acceptance Test Report
v049-1-166.

All test results met or exceeded the requirements.

The following is a sunmary of that report:

v049-l-r69.DOC
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ACCEPTAI\CE TEST RESULTS SUMMARY

As shown in Section 3 the WA Left Mid Station has been successfully tested to meet the

Acceptance Test Criteria with the following comments:

System Leak Check

The system is believed to be leak tight to a level of 2x10 -8 Torr-L/s Air.
The minimum detectable leak from the RGA scan with the sensitivity obtained during the scan

for the Left Mid station is about 2x10-8 Ton-liter/s. This was deduced based on mass 32 ion

crurent. The Argon signal is not used because the pumping speed is not known accurately for

Argon.

The RGA scans ofjust the calibration chamber, indicates that there is a leak in the calibration

chamber between 2 xl0-10 to less than lxl0-e Torr-liter/sec. The observed signal for mass 32

was almost 6x10 '13 A with the RGA open to the main volume at an estimated conductance of 11

L/s (mass2S). With the calibration chamber isolated the signal was 9xl0 -13 Amperes at an

orifice speed of 3.7 L/s (mass28), with a calibrated sensitivity of 13 Ton/A the leak rate is

estimate-d at 2x10-10 Torr-L/s. Helium leak checking of the RGA chamber indicates the chamber

was tight to lxl0-e Torr-L/s.

The RGA was subsequently moved to a 2.5 inch metal valve (back-to air) on the main volume

and the mass 32 signal dropped to 1.5 xl0-13 Amperes, just above the noise baseline. The

corresponding deteitabte teat< using the same RGA sensitivity is about 2xl0-8 Torr liter/sec.

System Bakeout

The bakeout ramp up and ramp down rates exceeded the specified rate. The design ramp rates

were selected to minimize thermal stress and to keep input power requirements at reasonable

levels. The actual ramp rates, although in excess of the acceptance criteria are still low and are

not considered to be sufficient to cause thermal stresses, and are therefore acceptable.

The loss of the temperature data is unforftrnate, but the subsequent excellent RGA scans after

bakeout indicate that the system is clean and the bakeout was therefore effective.
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LEFT MID STATION

Ultimate Pressure Test

The partial pressure measurements after bakeout readily exceeded the acceptance criteria and

match very well with the LIGO goals indicating that the volume is clean and leak tight. A
comparison table of the actual results vs. the LIGO is included for information.

AMU LIGO Goals Acceotance Test

Partial Pressure Partial Pressure

(Ton) (Ton) (Torr)

) 5x10-' 6.2x 0-'

t6 2x10' 1.0 x 0

t8 5xl0-' 5.2x 0-'

28 lxl0'' 9.7 x 0''
AA# 2x10'' 2.6 x 0-

Other L9xl0'" 7.8 x 0'

BaclcfrlUl00 Hour Pumpdown Test

A comparison of the partial pressures before and after the backfill is shown below. As expected

an app;oximate one-decade increase in Nz and COz pressures are observed. This is consistent

withthe prototype test prograrn. Negligible increases are shown for HzO and CFI+ indicating that

the clean air system is effective.

After Bakeout Atter Backtlu
& 100 hr
Pumpdown

AMU Partial Pressure Partial Pressure

(Ton) (Tonl

2 6.2x 6.8 x l0-
l6 1.0 x 0- 1.3 x l0''"
l8 5.2x 0- 2.0 x l0-'"
28 9.7 x 0- 5.7x l0-"

44 2.6 x 0- 3.9 x l0-'-
Other 7.8 x 0"' 8.5 x l0'

LN2 Consumption

This test was not performed and will be completed as part of the punch list.
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LEFT MID STATION

Noise/ Shock/Vibration

The vacuum requirement confract only has a requirement for shock levels. Noise and vibration

testing were connected for information only.

The large gates exceeded the specification requirement (approximately .03g Vs .019

specifi cation requirement.)



STATION

ACCEPTAITCE TEST CRITERIA

Item ACceptance Criteria Acceptance Results

Interface to CDS Functional Checkout per V049-2- I 63 Checkout completed on l/16/98

Clean Air
Svstem Test

Trrndonal Checkout per V049-2-109

Dewpoint:<-60 C

Particle Count: Class 100 @.5
micrometer.

Hydrocarbon Check:

Dewpoint: -75.3 C

Particle Count: 0

Hvdrocarbon Check: 0 PPM

Class 100

Cleanroom Test
Funcrional Checkout per V049-2-1 10

Particle Count: <100 Particle Count: <80.6

System Leak
Check

-Individual 
leaks greater than

1x10-e torr-L/s will be rePaired.

Vacuum Check:

Annulus: P<3x10-4 torr 60
min for vessels and 30 min for
spools and ate valves.

Main Volume: by RGA air
signature. Maximum rate to be

consistent with system
requirements and RGA
sensitivity.

All components comprising the
isolatable volume were helium
leak checked via evacuation and

spray prior to bakeout.

All flange annuli checked and
passed. Data recorded in site test

logs.

The station is leak tight to
sensitivity of RGA air signature.
For the Left Mid Station this
<2x10'8 Torr-Vs.

System Bake-out Functional Checkout pet Y 049'2'1 12

Revl

Bakeout:

Rarnp Rate:<lClhour

Uniformity: I 50 C+/-20C

The station was ramped from 19 C

to 150 C over aperiod of 67 hours
(2 Clbr) and held for 49 hours at

150C. Temperatr.re data recorded

in the bakeout cart data acquisition
system was subsequentlY
overwritten; therefore no
temperature uniformity data is

available. After the 48-hour hold,
the temperature was ramPed to 48

C over 48.5 hours (2.lClhr) prior
to shutting offthe Power.



LEFT MID STATION

Item Acceptance Criteria Acceptance Results

Ultimate Pressure
Test (After Bake-
out)

Jotal Pressure:<2xl 0-o torr

Partial Pressure Measurements :

Sum ofall gasses other
than Hz *d Hro,.3x10-e
torr

Total Pressure:8.2x1 0-' torr

Partial Pressure Measurements:

Sum of all gasses other
than Hz and HzO:l.4x10-e
torr

BackfilVl00 FIr.
Pumpdown Test

Roughing to < 0.2 torr in 15 hor:rs

Roughing to 5x10-6 torr in 24
hours

RGA scan after 100 hours for
information only

Roughing to 0.2 torr in 5 hours

Roughing to 2x10-7 torr in 8 hours

Partial pressures:

AMU

16

18

28

44

all others

Total

torr

7x10-e

lx10'lo

2x10'ro

6x10-e

4x10-ro

8x10-ro

1.4x10-8

LN2 Consumption
Test

LN2 consumption per V049-2-
208

90 days without refill.

LN2 consumption test not
performed.

Test will be performed latgr as part

of the punch list.

Noise/Shock/Vibrat
ion Field Test

Per CAA Test Plan See CAA Test Report in Section
5.9
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LIGO VACT]T]M EOTIIPMENT

ACCEPTANCE TEST REPORT ST]MMARY

BackfilUl00 Hr. Pumpdown Test - Left Mid Station

The backfill and 100 hr. pumpdown test was conducted per Acceptance Test Procedure

v049-2-114.

The roughing and turbo pumping requirements met or exceeded the requirements.

The ultimate pressure and partial pressure results are detailed herein. This test was for
demonstration purposes only.

v049-l-l69.DOC
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Partial Pressure Calculation

Date: 05/05i98
Test lD: WLMBTA (100 hr)
PSI Engineer: J. Flinn

AMU F Pnu)
transmission

efficiency
wrt Nz

E @nu)

ionization
efficiency

wrt Nz

S @-amu)

sensitivity

(Torr/A)

IGmu)

ion cunent

(A)

PP @nu)

fforr)

2 4.66 1.45E-0! 6.76E-09

16 0.57 1.60 4.85E-11 1.25E-10

18 0.64 1 .12 5.25E-11 2.O4E-10

28 s.45 1.05E-09 5,72E49

44 1.57 1.42 8.10E-11 3.89E-10

all others 5.45 1.55E-1q 8.45E-10

Total Pressure = 1.40E-08

LIGO:

PSI:

5s



Left Mid Station Back-to-Air 100 Hour Pumpdown

800 Start clean air purge with cryopumps'isolated by GV10'GV11

lon pump running and 't4" valve closed

800 End clean air Purge
800 Start rough pumping system with QDP80

1300 P=0.2 Torr
Start turbo pumping system with STP2000C
p--2.0e-7 Torr - Turbo tripped out (Emergency Operation, 5 hour shutdown)

04128t98

04129198

04/30/98

05/01/98
05t0?,98

05/03/98

05/04/98

1600
700
830

Restart turboPumP
FillCryopump WCP3 (WCP4 will remain isolated

from the 100 hour PumPdown test)

Open GV11 (44" gate valve) to WCP3

1300 P=2.0E-8 Torr at turbo

PT245= 1.8E-8 Torr

1345 lon Pump (Voltage=3000V, Amperage=1.8E-5A)

1350 Open 14" gate valve
Close 10" gate valve to isolate STP2000C

1 355 PT245=1.08E-8 Torr
lon Pump (Voltage=3000V, Amperage=1'6E'4A)

7Q0 PT245=9.0E-9 Torr
700 PT245=6.0E-9 Torr

lon Pump (Voltage=3000V, Amperage=1.0E4A)

12OO P-f245=5.0E-9 Torr End of 100 hour test

lon Pump (Voltage=3000V, Amperage=9.0E-5A)

1030 PT245=3.9E-9 Torr
lon Pump (Voltage=3000V, Amperage=7.0E-5A)

Save RGA calibration data to WLMbta-1.**
Save RGA main volume data to WLMbta-2."*

Graphical
Time (hr) Press (ton)

0 760
5 0.2

I 2.00E-07
29 1.80E-08

29.92 1.08E-08
47 9.00E-09
71 6.00E-09

100 5.00E-09
122.5 3.90E-09

Left Mid Station 100 Hour PumPdown

oF
o

6oo
0-

4.1E-08

3.1E-08

2.1E-08

1.1E-08

1.0E-09

Time (hour)
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Partial Pressure Calculation

Date:
Test lD:
PSI Engineer: J. Flinn

05/05/98
WLMBTA (100 hr)

AMU F @mu)

transmission
efficiency

wrt Nz

E pnu)

ionization

efficiency
wrt Nz

S @-anu)

sensitivity

fforr/A)

lGmu)

ion cunent

(A)

PP @mu)

(Torr)

2 - - 4.66 1.45E-09 6.76E-09

16 0.57 1.60 4.85E-11 1.25E-10

18 0.64 1.12 5.25E-11 2.A4E-10

2A 5.45 1.05E-09 5.728-09

44 1.57 1.42 8.10E-11 3.89E-10

tr. AR 1.S5E-10all others - - c'1+c 8.45E-10

oiil pressure = 1.40E-08

LIGO:

PSI:



Partial Pressure Calculation
Demonstratioi of the Back-to-Air 100 hour oumpdown with respect to Partial Pressures

Date: 05/05/98
Test lD: WLMBTA (123 hr)
PSI Engineer: J. Flinn

AMU F Fmu)

transmission

efficiency
wrt Nz

E 1amu1

ionization

efficiency
wrt Nz

S (p-amu,

sensitivity

fforr/A)

lGmu)

ion cunent

(A)

PP Fmu)

(Torr)

2 4.66 1.14E-09 5.31E-09

16 0.57 1.60 3.40E-11 8.73E-11

18 0.64 1.12 3.68E-11 1.43E-10

28 5.45 8.00E-10 4.36E-09

44 1.57 1.42 5.00E-11 2.40E-10

all others 5'45 1.20E-19- 6.54E-10

Total Pressure = 1.08E-08

LIGO:

PSI:



LIGO VACTIT]M EOTIIPMENT

ACCEPTAI\CE TEST REPORT ST]MMARY

Ultimate Pressure Test (After Bake-out) - Left Mid Station

The ultimate pressure test was conducted per Acceptance Test Procedure V049-2-114.

All test results met or exceeded the requirements.

6o
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Partial Pressure Calculation

Date: 03/18/98
Test lD: WLMRGA
PSI Engineer: J. Flinn

F Gnu)

transmission
efficiencY

wrt Nz

c 9.75 6.39E-10
L

1.04E-1016 0.57 1.60

5.24E-1018 0.64 1.12

,e 13.03 7 .44E-11
-v

2.61E-1044 1.57 1.42 2.27E-11

13.03 6.00E-12

Primary
Criteria -

Total
Pressure:

LIGO Contract Limits Actual

8.17E-09 Torr

Pass

Yes2.00E{8 Ton

Secondary
Criteria -

Others excePt
1.41E-09 Torr N/A

Hz & HzO: 3.00E-09 Ton

LIGO:

PSI:

6t



Ion current for mass 32 is 1.5x10-13.4.. We will assume that no Oz is consumedor

produced and that the signal is due to an air leak'

Use the standard composition of atmospheric air (-80% N2, -20% Oz). This concludes

that the mass 28 ion current contribution is 6.0x10'134. The sum is then 7.5x10'l3A-

We also must assume that the calibration factors have not changed since the RGA was

moved. The sensitivity forNz is 13 Torr/A' Therefore,

P Pn,, = S N,' IC N, = (l3Torr t d)' Q -Sx I 0-'3 l) = 9'7 5 xl0-t2 Torr

The published 2500vs ion pump pumping speed forNz at 1xl0 8 Torr is 2200us. This

leads to the finding that the minimum detectable leak(MDL) is

MDL =(glsrl0-''Torr)'(zzoot t s)=2-lxl'-rTorr -l I s

ba



F
g\l 

=F
f,t

tE

IJ

).
L)

g
IJ
bL

L)

t\€
I

tl,J

-': i.

.:-'ii:

.:.:i:ii
',:..jj i;

1.::.:l -:

'rO:'c,
.'. .,i
'4,
. (Ji
c)|,..o,

.t?i,

o
(J

'L.'

=ll-s
.,;:' ;

l(ua.
I

l:.
lil't.aI vr.
li5i,| ..,.| .,,t(u
I tJ-l



e
g\l

gv

T
CF

C:tt

E

o)
><

L

CtI
z.

'a
f\=
I r!_
(trE

=€
=ulcO
3.''(',ll
col.98
I -:s5(u
*q
L)-

.oE
i;o
(nA
? 1:',

EE
€xo)'=JE

:')i: '

.l::i n-

,i.:;; |J

,i'.; }r'', . (.)
o

,E'
o.
DI
CLg7'

q

dr b+
(n

I
lrJ

N
I

lrJ
Ittl

C=

t
UJ

gte
I

|lI

€o
I

ttJ

g
.e
OFE,g
i1. El
EtL6r=@L)
a-
'o- t3
6ri5r r\

Ig rrJ
lJ-l



LIGO VACTIT]M EOUIPMENT

ACCEPTA}ICE TEST REPORT ST]MMARY

t Nz Consunption fest

The LNz consumption test will be conducted per Acceptance Test Procedure V049-2-114.

It is presently a punch list item.

v049-l-l69.DOC



LIGO VACIITJM EOUIPMENT

ACCEPTAi\CE TEST REPORT ST'MMARY

Noise/Shock/Vibration Field Test - Left Mid Station

The noise/shock/vibration field testing was conducted by Cambridge Acoustical Associates

(approximately . 03 g vs. .0 1 g specifi cation requirements).

v049-l-r69.DOC
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VIBRATION, NOISE, SHOCK MEASIIREMENTS OF Try PSI VACI'UM

EQuIPMENTATTmLIGoEI\[DANDMIDSTATIoN
EAI\IFORD'WA

Prepared BY:

Kyle Martini

June 1998

Test RePort

u-2379-8001

PrePared for:

Process Systems International, Inc'

20 WalkuP Drive

Westborough, 1VIA 01581-5003

PSI Purchase Order 554-386-00

Cambridge Acoustical Associates, Inc'

A Department of Engineering Technologies

84 Sherman Street

Cambridge, MA 02140-3261
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ir' ).oF I
CAMBRIDGE ACOUSTICAL ASSOCTATES, INC.

I. INTRODUCTION A}TD SUMI\{ARY

The first phase of the LIGO commission test for vibration, noise, and shock has

been completed at the Hanford, WA end- and mid- stations. Acouitic and vibration

measuremeng were recorded on or near the chambers in these facilities with individual

PSI vacuum equipment operating and the facility in a "quiet mode". Background

measgrements were also recorded. In addition manual and motorized valves were open

and closed while shock measurements were recorded on the valve and on the chambers.

The results of the measuremen8 uue suulmaized as follows:

A. The background vibration levels, "quiet mode" (see Section II.A.2), are

significantly higher than the LIGO vacuum equipment specification, and typically

fluctuates about the higher LIGO building vibration specification. When measuring the

vibration levels due to the operation of the vacuum equipment, the background vibration

dominates much of the frequency range.

B. Operating the ion pump does not measurably increase the vibration levels.

C. Excitation frequencies of the molecular turbopump are 48 and 54 Hz due to

the pump's controller,2S0llzof unknown origin, and its spin frequency of 450 Hz and

higher harmonics. A broadband resonance of the beamspliffer at 300 Hz amptified the

280 Hz excitation frequency. The vibration isolation system designed for the turbopump

was short circuited during measurements to prevent the bellows from collapsing. This

transmitted higher vibration than expected.

D. The excitation caused by boiling in the cryopump is broadband and tends to

increase the overall level of vibration. Controlling the boil process is essential in

minimizing vibration. During our measurements, we varied the operation of the

cryopump (see Sections II.A.4.d and III.A.5) and significantly changed the levels of

vibration. At the lower frequencies there is a 10 dB reduction in level across the beam

manifold bellows between the cryopump and the beamspliuer. Overall reduction in the

b8



' ' ' 'i-:::"'li'1" ': 
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CAIV\BRIDGE ACOUSIICAT ASSOCIAIES, lNC.
7

,"
resonancb response to tbe broadband excitation of ciyopumF ali well as the background

noise could be achieved by increasing the effective loss factor of the stnrcfirre.

E. The noise measured dr:ring tbe operation of the tnrbopr:mp did not meet the

LIGO's noise specification above L25llz" as expected. A properly installed noise

enclosure around the pr.rurp and ie contoller would reduce the noise level to the roonxi

background level, which also does not meet specification above 125l4z.

F. Shock meu;urements on &g lsamsplitter chamber, when tbe maoual valves

were opened or closed" met or sligbtly exceeded LIGO's revised shock specification, with

the exception of the 14" ion pump valve in the mid station. lhen the spring loaded

mechanism released during opeaing of this valve, the specification'wzui exceeded by a

factor of 2.7. Levels on the valve body were significantly higher for all valves.

G. When operating the large gate valves, the levels on the chamber were 3-4

times greater than the specification. Levels on the large gate valve's body were not as

high as forthe manual valves.

H. The results at the mid-station overall are similar to the end-station, with

nztrrow band variation.
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rbridge Acoustical Associates (, oFl

Fig- 5 LIGO PROJECT / WASHIINGTON / END STATION
Noise levels in Vacuum Equipment Space
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LIGO PROJECT / WASHIINGTON / MID STATION

Noise levels in Vacuum Equipment Space

ge Acoustical Associates

Fig. 6
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9.0 SYSTEM DOCI'MENTATION

The left end station vacuum equipment design and performance is detailed by the

following documentation :

o As-built Drawings

o QualrtyDocumentation

o Acceptance Test RePorts

o Operating and Maintenance Manuals

v049-1-l69.DOC

7s



1O.O DISPOSITION OF EOTIIPMENT

All deliverable equipment will be installed in each station when it is accepted by LIGO.

The common equipment (bake-out blankets, cart, etc.) will be turned over to LIGO with
the last LA site building.

Caltech did not furnish any equipment to PSI as part of this building installation and

commissioning.

v049-l-169.DOC

1b



11.0 EOUIPMENTWARRANTY

Vacuum equipment warranty periods are based on when LIGO took possession of the

equipment. The warranty period for the early deliverables (Washington beam tube

valves, Washington beam tube pumps, etc.) has expired.

The warranty period for each piece of equipment in each building will be detailed in a
separate document provided after LIGO accepts or takes possession of each building.

v049-l-l69.DOC
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12.0 OPEN PI]NCH LIST ITEMS

Meeting Handout
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13.0 GNB VALVE MODIF'ICATIONS/STATUS

Meeting Handout

v049-1-l69.DOC
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ATTACHMENT I

v049-1-169

As-built Drawings

[See Separate "B" Size Package]

v049-1-l69.DOC
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ATTACHMENT II

v049-1-169

End Item Documentation Package

[Table of Contents Only]

8l
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/ LIGO pnomcr
MAJORCOMPONENT

END ITEM DOCUMENTATION PACKAGE
FOR WASHINGTON LEFT MID STATION

TAG NO.

WBSC6
WCP3
WCP4
WAlA
WA7B1
WAI4A
WBE4A

WBE48

SER. NO.

07
01

01

01

01

01

01

02

GNB GATEVALVES
WGV 12

WGV 09
WGV 10

WGV 18

PSI DOCUMENTATION i{O. V049-I-171 Rev.O

VOLUME 1

003
004
010
016



/ LIGO pnorecr
MAJORCOMPONENT

END ITEM DOCUMENTATION PACKAGE
FOR WASHINGTON LEFT MID STATION

TAG NO.

WBSC6
WCP3
WCP4
WAlA
WA7B1
WAT4A
WBE4A

WBE48

SER. NO.

07
01

01

01

01

01

01

02

GNB GATEVALVES
WGV 12

WGV 09
WGV 10

WGV 18

003
004
010
016

PSI DOCUMENTATION NO. V049-I-171 Rev.0
VOLUME2



/ LIGO pnorscr
MAJORCOMPONENT

END ITEM DOCUMENTATION PACKAGE
FOR WASHINGTON LEFT END STATION

TAG NO.

WBSClO

WBE4C

WCPT

WAlB

WATB

WGV 17

WGV 11

SER. NO.

01

03

02

008
009

02

02

GNB GATEVALVES

PSI Documentation No. V049- l-170 Rev.0
VOLUME 1

8rl



/LIGo pnomcr
MAJORCOMPONENT

END ITEM DOCUMENTATION PACKAGE
FOR WASHINGTON LEFT END STATION

TAG NO.

WBSClO

WBE4C

WCPT

WAlB

WATB

WGV 17

WGV 11

GNB GATEVALVES

PSI Documentation No. V049- I-I70 Rev.O
VOLUME2

SER. NO.

01

03

02

02

02

008
009



ATTACHMENT III

v049-t-t69

\ilashington Site Contractor QA Data

Left Arm Alignment

Left Arm Testing (Pressure Testing)

Left Arm Welding Inspection/X-ray

1.

2.

3.

v049-l-l69.DOC



ATTAcH Mervr -iV

Vo'{1- I ' 161

PROCESS SYSTEMS INTERNATIONAL, INC'
20 Walkup Drive, Westborough, MA 01581

// LIGO PROJECT
SUB-VENDOR QA DOCUMENTATION DATA

TABLE OF CONTENTS

A&N CORP

EDWARDS HIGH VACUUM INTL.
Varian (conflats,ion pumps,small gate valves)

EDWARDS ENGINEERING ( chillers)
FIBA Ambient Air VaPorizers

pRocESS ENGINEERING INC.(LN2 storage tanks)

BADGER METER CRYOVAVLES
J. ROYAL ( viton o-rings )
MERIDEN ( rotometers )

ROSEMONT ( level & pressure trans' )
LINDCO (relief valves, burst disk)

CVI (vj piPing)

PSI DOC. NO. V049-1-180
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