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r. INTRODUCTION

This report summarizes the field acceptance testing conducted by Process Systems lntemational,
Inc. @S! at the LIGO Washington Site Comer Station. The station was tested in accordance
with Acceptance Test Procedure V049-2- I 1 3 , Rev. 3 .

The test report is intended to meet the requirements of CDRL No. 6 for the Vacuum Equipment
Contract @C 175730).
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2. SCOPE

This rcport addresses acceptalce testing only those components/subsystems that are included in
the Field Acceptance Test Procedure. Other components that have been previously tested and
accepted have individual Acceptance Test Reports that are included in the Station End Item Data
PackageY049-l-177 .

The WA site GNB large gate valve modification program is documented in a separate volume
v049-1-185.

Figure 1 summarizes the point of acceptance of the components that comprise the station.
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V049-1-183.doc



z5o-
U

'
t-!)t!Ft1.l

z3L!

Fzt!t!s=

E
E

F
€

E
E

E
<

j€EIP:'aaE

g3!E
g

=
E

 =
E

 *5
8

i
*

9
F

d
f;"

€E
ge

:3
€

r
liE

..
E

g; E

d

g
!

i
i

9
;

a.J'
E

I

=tuU
'

.n

;&a
B

s
?

o
s

$
3

r
E

E
g

s$i{€*

9
F

a
o

IulEIulFu.,



J .

3.1

ACCEPTAIICE TEST CRITERIA

LEFT BEAM MAMFOLI)

Item Acceptance Criteria Acceptance Results

Interface to CDS Functional Checkout per V049-2-163 Checkout completed on 5/14/9E

Clean Air System
Test

Functional Checkout per V049-2-109

Dewpoint:<-60 C

Particle Count: Class 100 @ .5
micrometer.

Hydrocarbon Check:

Dewpoint: -69oC

Particle Count: 0

Hydrocarbon Check: 0 PPM

Class 100
Cleanroom Test

Functional Checkout per V049-2-l lO

Particle Count: <100 Particle Count: FIAM : 2.8
B S C :  1 1 . 3

System Leak
Check

Individual Ieaks greater than
lxl0-Y torr-L/s will be repaired.

Vacuum Check:

Annulw: P<3xl0a 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 bake-out.

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

The volume is leak tieht to
<5x10-8 torr-L/s

F:UMLIGOUNI\ATRW049-l - l83.DOC
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3.1 LEX'T BEAM MAMFOLD - (continued)

Iten Acceptance Criteria Acceptance Results

System Bake-out Functional Checkout per V049-2-l 12
Revl

Bake-out:

Ramp Rate: 1.8oC/hour

Uniformity: 1 50'C+/-20'C

The station was ramped Aom
l8'C to 150"C over a period of
67 hours and held for 48.5 hours
at 130-150"C. After the hold. the
temperature was ramped to 49oC
over 5l .0 hours prior to shutting
offthe power.

Ultimate Presswe
Test (After Bake-
out)

Primary

Secondary
(if H2 is High)

Total Pressure:<2x 1 0-8 torr

Partial Pressure Measurements:
Sum of all gasses other than H2 and
H2O:<3x10-Y torr

Total Pressure: 2.0 x 10-o torr

Partial Pressure Measurements:
Sum of all gasses other than H2
and HzO: 1.85 x 10- torr

LN2 Consumption
Test

LN2 consumption per V049-2-208

90 days without refill. 107 days without refill.

Noise/Shock/
Vibration Field
Test

Per CAA Test Plan See CAA Test Report

V049-1-183.doc
Fltrv\LlcouMl\ATRW049.1-l 83.DOC



J .

3.2

ACCEPTANCE TEST CRITERIA

DIAGONAL SECTION

Item Acceptance Criteria Acceptance Results

Interface to CDS Functional Checkout per V049-2-163 Checkout comoleted on 5/14/9E

Clean Air System
Test

Functional Checkout per V049-2-IO9

Dewpoint:<-60 C

Particle Count: Class 100 @ .5
micrometer.

Hydrocarbon Check:

Dewpoint: -69"C

Particle Count: 0

Hydrocarbon Check: 0 PPM

Class 100
Cleanroom Test

Functional Checkout per V049-2-llO

Particle Count: <100 Particle Count: HAM : 2.8
BSC = 11 .3

System Leak
Check

Indivi^dual leaks greater than
I xl0-' ton-L/s will be repairec.

Vacuum Check:

Annulus: P<3x104 torr 60 min
for vessels and 30 min for
spools and gate 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 bake-out.

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

The volume is leak tight to
<5x10{ torr-L/s
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DIAGONAL SECTION - (continued)

Item Acceptance Criteria Acceptance Results

System Bake-out Functional Checkout per V049-2-112
Revl

Bake-out:

Ramp Rate: l.8oC/hour

Uniformity: 1 50"C+/-20"C

The station was rarrped from
20"C to 150"C over a period of
79 hours and held for 48 hours at
130-150"C. After the 48-hour
hold, the temperature was ramped
to 60oC over 38.0 hours prior to
shutting offthe power.

Ultimate Pressure
Test (After Bake-
out)

Primary

Secondary
(if H2 is High)

Total Pressure:<2x I 0-o torr

Partial Pressure Measutements:
Sum of all gasses other than I{2 and
HzO:<3x10'' ton

Total Pressure: 1.33 x 10-o torr

Partial Pressure Measurements:
Sum ofall gasses other than H2
and HuO: 1.3 x lO-Y torr

Noise/Shock/
Vibration Field
Test

Per CAA Test Plan See CAA Test Report

V049-1-183.doc
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3.

33

ACCEPTAI{CE TEST CRITERIA

RIGIIT BEAM MAMFOLD

Item Acceptance Criteria Acceptance Results

Interface to CDS Fnnctional Checkout Der V049-2-163 Checkout comoleted on 5ll4l98

Clean Air System
Test

Functional Checkout per V049-2-109

Dewpoint:<-60 C

Particle Count: Class 100 @.-s
micrometer,

Hydrocarbon Check:

Dewpoint: -69oC

Particle Count: 0

Hydrocarbon Check: 0 PPM

Class 100
Cleanroom Test

Functional Checkout per V049-2-ll0

Particle Count: <100 Particle Count: HAM : 2.8
BSC = I1 .3

System Leak
Check

Individual leaks greater than
1x10-'torr-L/s will be repaired.

Vacuum Check:

Annulus: P<3x10{ ton 60 min
for vessels and 30 min for
spools and gate 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 bake-out.

All flange aruruli checked and
passed. Data recorded in site test
logs.

The volume is leak tight to
<6.0 x 10-e ton-L/s

V049-1-183.doc
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RIGHT BEAM MA|IIFOLD - (continued)

Item Acceptance Criteria Acceptance Results

System Bake-out Functional Checkout per V049-2-ll2
Revl

Bake-out:

Ramp Rate: l.8oC/hour

Uniformity: 1 50"C+/-20'C

The station was ramped liom
l9'C to 150"C over a period of
89.5 hours and held for 48 hours
at 130-150'C. After the hold, the
temperature was ramped to 63'C
over 38.0 hours prior to shutting
off the power.

Ultimate Pressure
Test (After Bake-
out)

Primary

Secondary
(if Hz is Hieh)

Total Pressure:<2x 1 0-8 ton

Partial Pressue Measurements:
Sum ofall ggsses other than H2 and
HzO:<3x10'' ton

Total Pressure: 6.6 x 10-e ton

Partial Pressure Measurements:
Sum ofall gasses other than H2
and H'O: 5.4 x l0''u torr

BackiilVl00 Flr.
Pumpdown Test

Roughing to <0.2 torr in 15 hours

Roughing to 5x10{ ton in 24 hours

RGA scan after 100 hours for
information only

Roughing to 1.3x10-" ton in 6
hours
Roughing to 1.3x10-? ton in 21.5
hours
Partial pressures:

AMU
2
t6
l 8
28
44
All others
Total

torr
2.6xl0e
2.0x10-ro
2.9x10-ro
5.3x10'e
3.0x10r0
lxl0-e
9.6x10-e

V049-i-183.doc
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Item Acceptance Criteria Acceptance Results

LN2 Consumption
Test

LN2 consumption per V049-2-20E

90 days witlout refill. 148 davs without refill.

Noise/Shock/
Vibration Field
Test

Per CAA Test Plan See CAA Test Report

3.3 RIGIIT BEAM MAI{IFOLD - (continued)
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3.

3.4

ACCEPTAIYCE TEST CRITERIA

YERTEXSECTION

Item Acceptance Criteria Acceptance Results

Interface to CDS Functional Checkout per V049-2-163 Checkout comoleted on 5/14198

Clean Air System
Test

Functional Checkout per V049-2-lO9

Dewpoint:<-60 C

Particle Count: Class 100 @ .5
micrometer.

Hydrocarbon Check:

Dewpoint: -69oC

Particle Count: 0

Hydrocarbon Check: 0 PPM

Class 100
Cleanroom Test

Functional Checkout per V049-2-ll0

Particle Count: <100 Particle Count: HAM = 2.8
BSC = 11 .3

System Leak
Check

Individual leaks greater than
lxl0-e torr-L/s will be repaired.

Vacuum Check:

Annulus: P<3xl0a torr 60 min
for vessels and 30 min for
spools and gate valves.

Main Volume: by RGA air
signature. Maximum rate to be
consistent with system
requiremenls and RGA
sensitivity.

All components comprising the
isolatable volume were helium
leak checked via evacuation and
spray prior to bake-out.

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

The volume is leak tight to
<2x10-8 torr-L/s

V049-l-l83.doc
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VERTEX SECTION - (continued)

Item Acceptance Criteria Acceptance Results

System Bake-out Functional Checkout per V049-2-112
Revl

Bake-out:

Ramp Rate: 1.8oC/hour

Uniformity: | 50' C+ / -20" C

The station was ramped liom
20'C to 150"C over a period of
53 hours and held for 48 hours at
130-150"C. The system was
rarnped down at the standard rate.

Ultimate Pressure
Test (After Bake-
out)

Primary

Secondary
(if H2 is High)

Total Pressure:<2xl 0-8 torr

Partial Pressure Measurements :
Sum ofall gasses other than H2 and
HzO:<3x10-Y torr

Total Pressure: 4.4 x 10-" torr

Partial Pressure Measurements :
Sum ofall gasses other tlan H2
and H"O: 7.8 x l0-'" ton

Backlill/100 Hr.
Pumpdown Test

Roughing to <0.2 torr in 15 hours

Roughing to 5xl0-6 torr in 24 hotrs
RGA scan after 100 hours for
information only

Roughing to l.3xi0-' ton in 6
hours
Roughing to 1.3x10-? ton in 21.5
hours
Partial pressures:

AMU torr
2 2.6x104
16 2.0x10'ro
18 2.9x10-ro
28 5.3x10-e
44 3.0x10-ro
All others 1x10-e
Total 9.6x10'e

Noise/Shock/
Vibration Field
Test

Per CAA Test Plan See CAA Test Report

F:\HV\LIGOVMl\A.TRW049-l - | 8l.DOC
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4. ACCEPTAI{CE TEST REST]LTS SIJMMARY
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4.L ACCEPTA}{CE TEST RXSTJLTS SUMMARY-LEFT BEAM MAITIFOLD

As shown in Section 3, the WA Left Beam Manifold Station has been successfirlly 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 of5xl0-8 ton-L/s Air.

The minimum detectable leak from the RGA scan witl the sensitivity obtained during the scan
for the Left Bearr Manifold Station is about 5x10-E ton-L/s Air. This was deduced based on
mass 32 ion current. The Argon signal is not used because the pumping speed of the ion pump is
not known accurately for Argon.

System Bake-out

The design ramp rates were selected to minimize thermal stress and to keep input power
requirements at reasonable levels.

The excellent RGA scans after bake-out indicate that the system is clean and the bake-out was
therefore effective.

Ultimate Pressure Test

The partial pressure measurements after bake-out met or exceeded the acceptance criteria except
for hydrogen, due to the lack of pumping speed. This matched very well with the LIGO goals
indicating that the volume is clean and leak tight. A compmison table of ttre actual results vs. the
LIGO is included for information.

AMU LIGO Goals AcceDtance Test
Partial hessure Partial Pressure

(Torr) (Tor) (Ton)

2 5xl0'' 1.8 x l0'"
l o 2xl0-'" 1.0 x l0'
l 8 5x10-' 1 x 1 0 -
28 lxl0'' 1.3 x 10-'
44 2xl0- 8.5 x  l0 ' ' ^
Other 1.9x10 3.6 x  10 ' ' "

F:\}InLIGOUMI\ATRW049-1 -l 83-DOC
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BackfiIU100 llour Pumpdown Test

See Vertex/Right Beam Manifold Test Section 4.4, for typical data.

LN2 Consumption

Results of the Left Beam Manifold Station Cryopump indicates a frrll tank capacity of more than
100 days.

F:\IIV\LIGO\IN\I\ATRW049- I -1 83.DOC
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4.2 ACCEPTA}ICE TEST RESI,]LTS SUMMARY - DIAGONAL SECTION

As shown in Section 3, the WA Diagonal Station has been successfirlly 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 2.5x10-8 torr-L/s Air.

The minimum detectable leak from the RGA scan witlr the sensitivity obtained during the scan
for the Diagonal Station is about 2.5x10'8 torr-L/s Air. This was deduced based on mass 32 ion
cunent. The Argon signal is not used because the pumping speed of the ion pump is not known
accurately for Argon. This is an estimate based on a conelation between the RGA in the
diagonal section and the RGA in the L.M. manifold (with the calibration system).

System Bake-out

The design ramp rates were selected to minimize thermal stress and to keep input powet
requirements at reasonable levels.

The excellent RGA scans after bake-out indicate that the system is clean and the bake-out was
therefore effective.

Ultimate Pressure Test

The partial pressure measurements after bake-out met or exceeded the acceptance criteria except
for hydroge4 due to the lack of pumping speed. This matched very well with the LIGO goals
indicating that the volume is clean and leak tight. A comparison table of tle actual results vs. ttre
LIGO is included for inforrnation.

AMU LIGO Goals Acc€ptance Test
Partial Pressure Partial hessure

(Torr) (Torr) (Torr)

z 5xl0'' 1 .2 x  l0-
l 6 2xl0''" 8 .1 x  l0
l 8 5x10-' 6.1 x 10-"
28 1xl0-' l . l  x  10 ' '
44 2xl0-'" 5 .5 x  l0
Other 1.9x10'' 8.5 x 10-"

F:InALIGO\INl\ATRW049-l - l83,DOC
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BackfilUl00 Hour Punpdown Test

See Vertex,/Right Bearn Manifold Test, Section 4.4, for typical data-

LN2 Consumption

Not applicable.

F:VMLIGO\INl\ATRW049-I-l 83.DOC
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4.3 ACCEPTAI\TCE TEST RESULTS SUMMARY - RIGIIT BEAM MAI{IFOLI)

As shown in Section 3, the WA Vertex Station has been successfirlly tested to meet the
Acceptance Test Criteria with the following commenls:

System Leak Check

The system is believed to be leak tight to a level less than 6xl0-e torr-Vs nitrogen equivalent.
This figure was determined from an accumulation test carried out over a 3-hour period. Three
out of five masses correlated well. Mass 40,28,29 yielded leak rates of 3xl0te, 7x10-e, and
1xl0-8 torr-Vs, respectively. Assigning the entire increase to argon or nitrogen will lead to a
maximum value, where the actual leak rate may be less.

System Bake-out

The design ramp rates were selected to minimize thermal shess and to keep input power
requirements at reasonable levels.

The exceilent RGA scans after bake-out indicate that the system is clean and the bake-out was
therefore effective.

Ultimate Pressure Test

The partial pressure me{rsurements after bake-out closely met ot exceeded t}e acceptance criteria
except for hydrogen, due to the lack of pumping speed. This matched 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 AcceDance Test
Partial hessure

(Ton) (Ton) (Torr)

2 5xl0-' 6 .1 x  l0
16 2xlO 7.0 x l0-"
1 8 5x10-' I.2 x l0-
28 1x10'' 4.5 x l0-'"
44 2x10" 7.9 x  l0
Other l.9xl0- 2.8 x 10-"

F:UIV\LIGOUMI\ATRW049-l - | 83.DOC
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BacldilUl00 llour Pumpdown Test

The right bearn manifold and vertex were pumped together. See Vertex Section 3.4.

LN2 Consumption

Results of the Right Beam Manifold Station Cryopump indicates a firll tank capaclty of more
than 100 days.
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4.4 ACCEPTAI{CE TEST RESIJLTS SUMMARY - YERTEX SECTION

As shown in Section 3, the WA Vertex Station has been successfirlly tested to meet the
Acceptance Test Critefia with the following comments:

System Leak Check

The system is believed to be leak tight to a level less than 2xl0-8 torr-l/s nihogen equivalent.
This figure was determined ftom an accumulation test carried out over a 3-hour period. Three
out of five masses corelated well. Mass 40,28,29 yielded leak rates of 3xl0:e, 7x10-e, and
lx10-8 torr-Vs, respectively. Assigning the entire increase to argon or nitrogen will lead to a
maximum value, where the actual leak rate may be less.

System Bake-out

The design mmp rates were selected to minimize thermal stress and to keep input power
requirements at reasonable levels.

The excellent RGA scans after bake-out indicate that the system is clean and the bake-out was
therefore effective.

Ultimate Pressure Test

The partial pressrrre measurements after bake-out met or exceeded the acceptance criteria except
for hydrogen, due to the lack of pumping speed. This matched 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 AcceDtance Test
Paxtial Pressure Partial Pressure

(Ton) (Ton) (Ton)

5xl0-' 3.6 x i0''
1 6 2xl0- 5.8 x l0'"
l 8 5 x l 0 ' 2.4 x l0-"
28 lxl0-' 6 . 5 x l 0 "
44 2x10' 1.6 x l0'"
Other 1.9x10-' 4 .8 x  l0

FrUl\^LlGO\Il.{\l\ATR\V049- I - I 8l.DOC
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BackfilV100 llour Pumpdown Test

A comparison of the partial pressures before and after the backfill is shown below As expected,
an approxirnate one-decade increase in Nz and CO2 pressures are observed. This is consistent
with the prototype test prograrr. The resulting partial pressures for all gases are still below the
LIGO soals.

AMU After Bake-out After Backfill & 100 Hr. Pumpdowr-
Partial Pressure Partial hessure

(Ton) (Torr) (Ton)

2 3.6 x  10" 2.6 x l0-'
1 6 5.8 x  l0 ' " 2.0 x l0'
l 8 2.4 x l0'" 2.9 x  l0 '
28 6 . 5 x l 0 " 5.3 x l0-'
44 1.6 x l0-" 3.0 x l0-'"
Otler 4.E x l0''^ 9.9 x l0'*

F:Uw\LIGOUN l\ATRW049- I I 83.DOC
V049-l- l83.doc



5. ACCEPTA}ICE TEST RESULTS-LEFT BEAMMAMFOLD

This section contains sigred data sheets for each component or subsystem.
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ACCBPTANCE TEST REPORT

5,1 Interface To CDS - Left Beam Manifold

The interface to LIGO's CDS computer system was tested by point to point widng checks using
the following documentation:

v049-1-163

Control firnctions (displays, interlocks, etc.) were checked by monitoring CDS display screens
and actual equipment control.
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5.2 Clean Air Svstem Test - Left Beam Manifold

The clean air system (class 100) was tested per Acceptance Test V049-2-109.

All test results met or exceeded the requirements.
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5.3 Class 100 Cleanroon Test - Left Bearm Manifold

The class 100 cleanrooms were tested per Acceptance Test V049-2-110.

All test results met or exceeded the requirements.

See Vertex Section 8.3 for details.
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LIGO VACWM EQUIPMENT

ACCEPTANCE TEST REPORT

5.4 System Leak Check - Left Beam Manifold

Leak testing was conducted in stages with individual components being leak checked and baked
at PSI's Westborough facility. Each building system was then leaked as a system in the field per
the system Acceptance Test Procedure (End Stations V049-2-1 l5).

The leak testing philosophy and data sheets are atlached.

Philosophy of Leak Testing at PSl-Westboro

The leak test specification for the LIGO vessels is to find, and repair, all 1xl0-' Torr-Vs
helium and sreater leaks in accordance to ASTM E498 Standad Test Methods for Leaks.
order to optimize the leak testing process, we have bagged the first vessels of each type:
WBSCI0, WHAMI, and WCP4. Additionally, three spool sections were bagged: A15 (01), A1
(01)-A7B (01), and 4.6 (01)-86 (01). Bagging these vessels consisted of enclosing the charnbers
with tarp and filling the bag with helium again in accordance to ASTM E498 specification. This
creates a concentated helium environment enabling the leak detector to find small leaks. A total
leak rate can tlren be quantified. All six vessels registered a total leak tcrte of < l.5xl0-e Tor-Vs
per vessel. Bagging was performed to try to qualify our evacuate-and-spray techniques
developed during the prototype program. The re^sults of the bag tests verified the evacuate-and-
spray techniques implemented to attain the 1xl0'' Ton-Vs leak rate specification per joint- T}re
history at PSI has shown that the smallest leaks our stainless steel welding techniques yield are
1x10-7 Torr-Vs for the worst case scenario. This statement is also confirme d n High Vacuum
Technologt by Hablanian (See Attached Reference). This size weld leak is easily found using
our evacuate-and-spray tec^hnique. Mechanical joints and aluminum welding are therefore the
only other source of lxlO-v Torr-Vs leaks. All aluminum cryopump reservoirs were bagged for
the leak testing technique prior to and after final assembly. Mechanical joints were targeted as
the probable source for very small leaks (1x10-7 -+ 1x10-e Torr-Vs). Very few leaks of this size
were found on the vessels.

of
In
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Philosophy of Leak Testing in the Field

The philosophy of leak testing the assembled LIGO vessels in the field is to veriff the integrity
of the leak test perfonned at PSI and to test new or remade conflat assemblies. The RGA air
signature is an additional confrmation as to the tightness of the complete assembly. Taking the
extra step to leak check each isolatable volume reduces the risk of getting a large, and therefore
unacceptable, air signature. We field leak test every joint that has been changed since the initial
leak test at PSL This is confinned by our conflat torque tags. Any missing or newly tagged joint
is rechecked, and often all joints are rechecked if time permits.

PSI Leak Testing Summaty

Following all of the steps listed above helps to ensure meeting the leak test specification. As of
this uriting, the air signature has been demonstrated in the Left Mid, Left End, and Left Beam
Manifold. The air signature method was used to identifr a gate valve bellows leak in the Right
Mid Station. A new test has been developed for the large gate valve bellows.

F:Ulv\LIGOU}I\IUTRW049-l -183.Doc
V049-1-183.doc



!
9

.
5

 i-

e
l

B
i

5
:

r
:€

!E
=

:
i:

5
-

=

;
E

=

: is
E

=
:

:.::
i; i
:l=

i
!

g
 

t
E

-
E

:
-

>

i : iii# iji;iii
i,i #i*i FE

;i9iisi;
iiE

iiliiii;;iiis
i;;

i';,iiijlliiiiii#ij o
.

9

e
-E

:

s
 ::;

5
 :

;
 

i
-

J
 

5
=

.:

*
 

g
l

i

i 
::!

z
.. .:E

r 
'r)

i
 

E
J

;
 

?
-

=
v

a

-
|

'
=

a
j

.
E

=
:z

=
e

f
,

:
.

 -
-

=
1

,
.

=
'

Z
e

L
.

t
=

€
=

:
;

.
o

;
,

J

*
3

=
i

.
i

 
c

F
:;:g

 
:

-
 

t
-

 
-

 
a

 
l

-

:5
:;; i

o
 >

-
 i 

i 
*

-
<

^
=

_
 

w
^

?
-

6
 

j
-

 
1

II7
Z

Z
 i=

=
i

i
-

F
 

v
 

-
=

 3
'

i
=

 u
 t

'
=

L
=

 
=

 
-

r
c

:
;

-
 

-
-

)
,

!
r

-
:

:
 

I
 

<
 

-

i?
\fr

 e ! g
 -

3
;

-
 

i i 
.

:
 -

-
E

'3
;

;
 ;

:
 

;
i.lf 

9
.?

 
" 

j 
L

;
t

=
!

?
 

a
-

/
;

z
=

iz
 r*

"
; - 

: _
-

iiiii =i=
:;; 
ii;i

ftic; i;?
:i:; 

ij:i
7

z
s

:i =
r=

!i1
=

:::, i;r=
i:E

=
x

 
E

; ii
g

E
E

€
:; 

s;:l:;; iiE
i

; ;;;ilu
 

g
i;A

i:;,e
;;;

i :i:;i#i;iiiF
i 

l;;;ea;
E

:E
iziii-:iiiiii 

i :ii
: ; ; i; i'"!i :i-li'i E

 zE
=

I :i:;z!=
=

a
=

iil:'iil'

g
 

E
:

€ 
o :-.

:
-

-
 

=
 

a
'

 
6

i
 

E
=

2
 

=
=

=

ii 
" 

u 
.3 

.=

F
 

:
 g

3
 

;
:

-
 

:
 

d
r

:
 

-
;

-
 

=
 

=
 

a
 

r
^

-

-
+

 i=
z

 
:

a

:
{

E
"

=
,

<
E

'
d

E
=

'a
:

oc
g

a
i

e
 i

e
.

:
 

F
a

<
f

i
1

!
]

F
A

=
s

 ;
6

H
3

=
i

z
 ?

 3
-o

 
: 

rj 
'r

-
=

 
.

J
 

O

*
:: l z

E
;

'
:

 g
 r

 E
7

g



0 a  3 8  O ? :  5 l  P D a v i d  t l .  E v e r s S43 - .14

Title: sPEClFrcATroN FoR LEAK cHEcK 'LAN Lrco vAcuuM EeurpMENT

LEAKTESTDATASHEET . FIETN TEISTS

I

. j

. t
' 1
:l
i j

:
:]

.:

SPECIFICATION

3b



WASHINGTON SITE CORNER STATION
PSI FACTORY LEAK TEST DATA SHEETS

LEFT BEAM MAMFOLD

Tag No. Serial No.

WBSC 8
WCPI
WAIF

WA128
WAl38
WAl58
WBlB
WB4B
WBSB
WB98
WBE6

WBE4F

08
01
05
02
02
02
02
02
02
02
0 t
06
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LIGO VACUT]M EQUIPMENT

ACCEPTAI\CE TEST REPORT

5,5 Svstem Bake-Out - Left Beam Manifold

The completed station was baked out per Acceptance Test Procedure V049-2-112.

The bake-out passed the requirements since the ultimate pressure test was successfirlly
completed.
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.6 {Jltimate Pressure Test (After Bake'Out) - Left Beam Manifold

The ultimate pressure test was conducted per Acceptance Test Procedure V049-2-l 14.

A11 test results met or exceeded the requirements.
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Partial Pressure Calculation
Awotance of the Bakeout with resoect to Air Sionature and Padial Prcssures

Date: 05f25198
Test lD: WCLBM
PSI Engineer: S.Moteur

AMU F t*ul
tEnsrnission

efficiency
wrt Na

Eew)
ionization
efficiency

wrt !,lz

So.alrlr,t
s€nsitivity

(TorlA)

I Gnu)
ion cuFent

(A)

PPFnu)

ffon)

2 - - 8 . 2 6 2 . 2 0 E - 0 9 1.E2E-08

16 0 57 1.60 't.80E-11 1.00E-10

18  A .U  1 .12 1.30E-11 1.09E-10

28  1180  1 .10E -10 1.30E-09

44 1.57 1.42 8.2AE-12 8.53E-11

all others 11 80 3.08E-11 3.63E-10

Primary
Criteria -

LIGO Contrac't LimiE
Total
Pressure: 2.00E48 Ton

Actual

2.0'1E-08 Ton

Pass

yes

Secondery
Criteria -

Others except
Hz & HzO: 3.00E-09 Ton 1.85E49 Ton

LIGO:

PSI: /n,E-- eLr/tr
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lu/7 L€Fr Ot ry n*,tffi

tuc L tzs!( uarit4:iilfu CHrtHO€P

Ii,. ̂,,
Iouizuliorr
e lfir::errcy
wr t l.{,*

0.
0 . i

1 .60

I  t ,

81

2.81

l .
Vr lucs u5e4 1-rrxf,ffif,lil'i!ffi ips for B-A ion gaugei{

lu"t
/3,s4L

(Atttp)
cr4c 5

J Z

3B
,t0
N J
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loui:- tion
effici. rrcy
rvrt r l,+

0.4 5
0.

I . 6  |

l  . l :

1.0( i
1 . 0 l

t ? r

1.42

2.87
2.81
;-;;t . [  |

z.
2.87

1.00
Val for their lJ-A ion g oug"s (CII, lroru Leyiii$i4:l;rf-;i 7or Pr€css o 2,o x tO-8
3o- t,oF -)3
39-2.2€13
4l - 2,5F-t3
1{ - z.ot--/3

Tar P,etss l€ss ,42 € /26
= 2,ao gD-t- /,tzno'9- / ltrp-to
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Z,  t  y to '

'./ {-to
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2 , 7  x t A '
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Main Volume

Conductance Calculation for RGA Calibration Chamber

l+-8'--l

2.5"
All-metal

Valve

l .
2.

Cr.r-ro* =801 / s from Published data

2.5" tube path - 4" + 8" = 12"

/  r  r \ -1  (  7  'a  \ - r
p . . , = l r + " . ! l  = l l + ' .  "  

|  = ( + . e f ' = 2 1 : %' tube 
[- s rJ (- I  1.25l

s z.s" -oa,u = Q.s inf T 
" E#dx 1 17,000 

:? 
*70 .5t / s

cr.r'-*r" = Pzs"-nt"'sr.r'-orrn =@'ztl) 'Qlo'5t I s)= 80'4//s

Conductance from Chamber to RGA:

I
C,o^t = ---T--------f- -- 10 .ll i s

8 0 . 4 1 / s '  8 0 / / s

{this applies to the RGA on the cross at any location (/=8")}

The pumping speed to the charnber is alnost 11 times greater with the 0.25" orifice
(g=3.7 //s).

17 /



5.7 BackfilVl00 Hr. Pumpdown Test - Left Bean Manifold

Not performed (N/A).

Not necessary according to John W.

V049-1-183.doc
F:VI\ LICOVN1UTRW049-I -I83.DOC



LIGO VACWM EOUIPMENT

ACCEPTANCE TEST REPORT

5,8 LN2 Consumption Test - Left Beam Manifold

The LN2 consumption test has been conducted per Acceptance Test Procedure V049-2-114.
duration between refills exceeded 100 days.

F:\H\ALIGO\IMIL{TRW049-1 -l83.DOC
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LIQUIO NITROGEN CONSUMPTION TEST
Rcf. Spec. v049.�7-20t

WA. CORNER Cryopurnp WGP1Station

Test
Date
Time

360
45.67

Ending level=
Duration=

Start
en7/9'8
1300

Finish
8tzat98
1530

Slorage Tanlc VYDWT
17283 gallons total volume
16.140 gallons at..-fyll trycock
1611,{0 x 0.95 - 1501A tsaue geltons

Res utts
Sletling level= 179 in.l{Eg

in.H2O level indicalion at full trycor*,
gallons / In.H2O

150 in.H2O
218.5 Hours

Liquid consumed= 1324.3 g€llons
Tank pressure= 15 psig

0.06 iJauhour
107.,1 r lays
113.0 rlays

> (

Ave.consumplion for lnsd duration=
Projecled duralion for usable gallons=
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6, ACCEPTAI{CE TEST RESTJLTS - DIAGONAL SECTION

This section contains sigrred data sheets for each component or subsystem.

F:\} ^LIGOU}{U\ATRW049-I-I83,DOC
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

6.1 Interface To CDS - Diaeonal Section

The inteface to LIGO's CDS computer system was tested by point to point widng checks using
the following documentation:

v049-1-163

Conhol firnctions (displays, interlocks, etc.) were checked by monitoring CDS display screens
and actual equipment control.

Fr$n LIGOUMI\ATRW049-I - | 83.DOC
V049-1-l83.doc
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6.2 Clean Air Svstem Test - Diagonal Section

The clean air system (class 100) was tested per Acceptance Test V049-2-109.

All test results met or exceeded the requirements.

F:\t{V\LIGO\IMI\ATRW049- l - I 83.DOC

V049-l-l83.doc
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ACCEPTANCE TEST REPORT

6,3 Class 100 Cleanroom Test - Diaeonal Section

The class 100 cleamooms were tested per Acceptance Test V049-2-110.

AII test results met or exceeded the requirements.

See Vertex Section 8.3 for details.

F:\FMIGOUMIL4TR\V049-l- l83.DOC
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

6.4 System Leak Check - Diaqonal Section

Leak testing was conducted in stages with individual components being leak checked and baked
at PSI's Westborough facility. Each building system was then leaked as a system in the field per
tle system Acceptance Test Procedure @nd Stations V049-2-115).

The leak testing philosophy and data sheets are attached.

Philosophy of Leak Testing at PSl-Westborough

The leak test specification for the LIGO vessels is to find, and repair, all 1xl0-e Torr-Vs of
helium and greater leaks in accordance to ASTM 8498 Standard Test Methods for Leaks. In
order to optimize the leak testing process, we have bagged the first vessels of each type:
WBSCIO, WHAMI, and WCP4. Additionally, tlree spool sections were bagged: Al5 (01), A1
(01)-A7B (01), and .46 (01)-86 (01). Bagging these vessels consisted of enclosing the chambers
with tarp and frlling the bag with helium again in accordance to ASTM E498 specification. This
creates a concentrated helium environment enabling the leak detector to find small leaks. A total
leak rate can then be quantified. All six vessels registered a total led< rate of< 1.5x10-e Torr-Vs
per vessel. Bagging was performed to try to qualifi our evacuate-and-spray techniques
developed during the prototype program. The re_sults of the bag tests verified the evacuate-and-
spray techniques implemented to attain the 1xl0-'Torr-Vs leak rate specification per joint. T}lre
history at PSI has shown that the smallest leaks our stainless steel welding techniques yield are
1xl0-7 Tonl/s for the worst case scenario. This statement is also confirrne d' n High Vacuum
Technologt by Hablanian (See Attached Reference). This size weld leak is easily found using
our evacuate-and-spray tec^hnique. Mechanical joints and aluminum welding are therefore the
only other source of 1xl0-v Torr-Vs leaks. All aluminum cryopump reservoits were bagged for
the leak testing technique prior to and after final assembly. Mechanical joints v.ere targeted as
the probable source for very small leaks (1x10-7 -+ 1x10-e Ton-Vs). Very few leaks of this size
were found on the vessels.

F:\} ^LIGOVMI\ATRW049- I -183-DOC
V049-1-183.doc



Philosophy of Leak Testing itr the Field

The philosophy of leak testing the assembled LIGO vessels in the field is to veriff the integrity
of the leak test performed at PSI and to test new or remade conflat assemblies. The RGA air
signature is an additional confirmation as to the tightness of the complete assembly. Taking the
exha step to leak check each isolatable volume reduces the risk of getting a large, and therefore
unacceptable, air signature. We field leak test every joint tlat has been changed since rhe initial
leak test at PSI. This is confrmed by our conflat torque tags. Any missing or newly tagged joint
is rechecked, and often all joints are rechecked if time permits.

PSI Leak Testing Summary

Following all of the steps listed above helps to ensure meeting the leak test specification. As of
this writing, the air signature has been demonstrated in the Left Mid, Left End, and Left Beam
Manifold. The air signature method was used to identift a gate valve bellows leak in the Right
Mid Station. A new test has been developed for tlle latge gate valve bellows.

F:\}nALIGOUNI\ATRW049- l -1 83.DOC
V049-1-183.doc
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Ttle: SPECIFICATIoN FoR LEAK CHECK PLAN L|GO VACUUM EAU|PMENT

LEAK TEST DATA SHEET- FI ELO NZ TT'
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WASHINGTON SITE CORNER STATION
PSI FACTORY LEAI( TEST DATA SHEETS

DIAGONAL SECTION

Tug No. Serial No.

WBSC 4
WHAM 7
WHAM 8
WHAM 9
WHAM 10
WHAM 11
WHAM 12

WA6A
WA6B
WB2A
WB2B
wB6
wB7

WBE3A2
WBE3C

06
1 1
06
08
09
l 0
12
0 l
02
0 1
01
0 1
0 1
02
02

F:U ^LIGOUNT\ATRW049- l.l 83.DOC
V049-1-183.doc



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Numben V049-2-014
A

Detector Calib.Factor

Std.Leak Exoir.Date

Leak Test Data

Pressure @ Turbo Inlet

LEAK TEST DATA SHEET

SPECIFICATION



Titie: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

I a 3

Comoonent Name At-07 4%:
lv[odel Number
Serial Number O J
Drawinq Number

Detector Name 'fi42ft25
Nlodel Number h/af /(o
Seriai Number 91774/C4/-4tO
Detector Calib.Date E-ip'-27=
Detector Calib.Factor / .c
Standard Leak Rate 44rraz
Std.Leak Expir.Date T-dz-fr
Standard Resoonse T.>v raa

Leak Test Data
Location lDate
Tracer Gas
Pressure @ Turbo lnlet
Duration fu +t4
Response N//a

Leak Rate
Measured
Calculated
Allowable
Performed ByT) 4. Date: 1-D-42
Witnessed Bv : Date :
iiq,ut"r" frAfla/4s Date. 6'fu47
Title :

Remarks :

LEAK TEST DATA STIEET

SPECIFICATION



Tii le: SPECIFICATION FOR LEAK CHECK PljN LIGO VACUUM EQUIPMENT

TEST SUMIvIARY SHEET

Wimessed a ,
SignavWl
Title

SPECIFICATION
Numben V04$'2-014

A

fr



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Name 4/'66
rrvlodel No,
Serial No.
Drwe.No.

Location Category Leak Rate Allowable Pass Fail Signture Date

Annulus Torr Torr
ry-v 4x 10" ')t%!il6 c.6vq),
n NDL (lo"

Scale) /; lhilM4 6rfrh

Vessel I Orr-L/S Torr-Us

Weld Joint t lx l0-'
Wetd Joint II I x l0-' ){

Conflat m lxl0''

Wimessed
S ignature
Title
Date:

€tu4-
TGSSELIBSC/HANf) LEAK TEST SUMIvIARY SHEET

fo

SPECIFICATION
Number: V0492-014



TitIC: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFICATION
Numbec V04$2-014

LEAK TESTDATA SHEET

1 7 J

Component Name l P,vt/'
Model Number lzEs I
Serial Number D }
Drawine Number

Detector Name Ba/.2/as
Model Number kLt r6a A<{
Serial Number 1
Detector Caiib.Date 7to:76
Detector Calib,Factor

Standard Leak Rate -.uaf a*9D
Std,Leak Erok.Date
Standard Resoonse

Leak Test Data
Location iDate r 1 e*t- ft&a /z-t o-)e
Tracer Gas l.l c
Pressure @ Turbo hlet L a v  u - J
Duration ? O  1 4 ( r j
Response tzDl t  n-8 .,aIL?

Etarcuefl + f/4at
Leak Rate
Measured
Calculated
Allowable
Performed Bv :P A Date :
Witnessed By:,D,lt. Dzte:?.1AqO
Sienature : Date :
Title .



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

\CSSEL(BSCiITAM LEAK TEST, STIMMARY SHEET

Witnessed
Signature
Title
Date:

SPECIFICATION
ilumoec V049'2-014



SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM

LEAK TEST DATA SHEE'I

Delector Name
Model Number

Detedor Calib.Factor

Leak Test Data

Performed Bv :

SPECIFICATION



VESSEL(BSC/HAIVO LEAK TEST SUMIVIARY SHEET

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

ttumEen V0492'014

Wimessed
Signature
Tirle
Date:

SPECIFICATION



LEAK TESTDATA SHEE1

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMEI'TT

COmoonent l\-ame

PerformeC Bv :

SPECIFICATION



TitIC: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

. . . J  4 .  e , r  0 f  t t '

Witnessed
Signature
Title
Date:

VE S S EL (B S C/HA"\f) LEAK TE S-T SUMIVIARY SI{EET

SPECIFICATION



Title: SPECIFICATION. FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT'

LEAI(TEST DATA SHEET

PerformeC Bv :
\.r7-11ng5 5qd $v :

SPECIFICATION
NumDeC

- .A



TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

: V049-2-014

Witnessed
Signature

Date:

VESSEL(BSC/HtuM) LEAK TEST SUMIV{ARY SHEET

SPECIFICATION



Ti t le :SPEC|FICATIoNFoRLEAKcHEcKP|-ANLIGoVACUUMEQUIPMENT

LEAK TEST DATA SHEET

De:ecor Calio.Factor

Pressure @. Turbc Idet

Pet'ormeC Bv :

SPECIFICATION
Numbec

- . A



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/HAIVf) LEAK TEST STJMMARY SIIEET

Witnessed
Signature
Title
Date:

SPECIFICATION
Numbec V049-2-014



Tiile: SPECIFICAT]ON FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAT( TEST DATA SHEET

Sic.l-eek Exoir.Date

Locadoa rDate

SPECIFICATION
Numbec

- . A



Witnessed
Signature
Title
Date:

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

tttrmber: VO49'2'014

IESSEL(BSC/HAM) LEAK TEST SUMIvIARY SHEET

SPECIFICATION

/ a L



Title: SPECIFICATION. FOR LEAK CHECK PI-AN LIGO VACUUM EOUIPMENT'

LEAK TEST DATA SHEE1

Conconeet Na.sTe

Derec:or Name

Pressure @. Twbc Iniet

Dc jnr . -ea, l  Rw'

\t'iiresseC Bv :

SPECIFICATION



Tit |e:SPEC|FlcAT|oNFoRLEAKcHEcKPLANLIGoVACUUMEQUIPMENT

C ornments

Witnessed
Signature

Date:

SPECIFICATION

1ESSEL(BSC/!{A-I}f) LEAK TEST SttMIvIARY SHEET

Nfibe- vo49-2-014



Titie: SPECIFICATION. FOR LEAK CHECK PLAN LIGOVACUUM EQUIPMENT

Corroonent Name
lvfodel N'umber

Mocel \-unlber

Sic.Leak Exoir.Darg

P et'oriaeC Bv :

LEAKTESTDATA SHEET

SPECIFICATION



VESSEL(BSC/F{A}0 LEAK TEST SIIMIVIARY SHEET

SPECIFICATION

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

be'1 V049'2'014

Wimessed
S ignature
Title
Date:

/ "L



Title: SPECIFICATION. FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET

Staldard Resoonse

Derector Calio.Dare
De:ecror Calib.Factor

P:essure @ Turbc Inlet

Pe--ormeC Bv :
W-riresseC Bv :

SPECIFICATION
ffiEec vo4e'2-014
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rit|E: SPECIICATION FOR LEAK CHECK PI-AN LIGO VACUUM EQUIPMENT

Nnmbec V049'2'o14

Witnessed
S ignature
Title
Date:

VESSEL(BSC/I{AJ\,f) LEAK TEST SI,MMARY STTEET

SPEGIFICATION



Title: SPECIFICATION. FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAKTESTDATA SHEET

Conccnent Name

Model Nurnber

Detector Calib.Facor

Piessure @ Turbc Inlet

Pe:-.'ormeC Bv :

i l J t ' ? i ( t { D  (  \ i  O V e ^ r  O n  1 - 1 -

:.i

:

SPECIFICATION
ffiEec- Vo+g-z+rl
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TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

: V04s2-014

Witnessed
S ignature
I l e
Date:

VESSEL(BSC/IIANO LEAK TEST SUMIVIARY SHEET

SPECIFICATION



TitIC: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEE1

Derectcr Calib. Factor

Pe:formed Bv :
r}'imessed Bv : Q,\i

Remarks :

SPECIFICATION



VESSEL(BSC4{Ar\D LEAK TEST SIJMIvIARY SHEET

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Numbec V049-2-014

Wimessed
S ignature
Title
Date:

SPECIFICATION



LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

6.5 Svsten Bake-Out - Diagonal Section

The completed station was baked out per Acceptance Test Procedure Y049-2-112.

The bake-out passed the requirements since the ultimate pressue test was successfirlly
completed.

F:UIULICOUMI\ATRWo49-1 -l 83.DOC
V049-1-183.doc
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ACCEPTANCE TEST REPORT

6,6 Ultimate Pressure Test (After Bake-Out) - Diagonal Section

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

All test results met or exceeded *re requirements.
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Title:

Date:
Test lD:
PSI Engineer:

Partial Pressure Calculation for Left Beam Manifold and Diagonal
Sections - 45 hours after opening WGV3
06/13/98
WCLBM-D
J. Flinn

Partial Pressure and Air Signature

LIGO:

PSI :

AMU F@.r) | Et"*"t
transmission I ionization

efficiency I efliciencY
wrt N2 | n'rt Uz

S o-arw)
sensitivity

fTon/A)

I 1anu1
ion current

(A)

PPF^tt

(Ton)

1.20E4,8

16 O.s7 -  1.6q 1.03E-11 8.15E-11

18  0 .64  1 .12 5.11E-12 6 .1 ' lE -11

28 16.78 6.31E-11 1.06E{9

44 1.57 1.42 3.73E-12 5.52E-11

all others 16.78 5.06E-12 8.49E-11
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Title:

Date:
Test lD:
PSI Engineer:

Partial Pressure Calculation for Left Beam Manifold and Diagonal
Sections - 4.5 hours after opening WGV3
06/13/98
WCLBM-D
J. Flinn

F @nu)
transmission

efiiciency
wrt N2

' - - 1 0 . 3 5  1 . 1 9 E 4 9

.rA o 57 1.60 1 .13E-11

18  0 .64  1 .12 8.21E-12

1a 16.78 6.S2E-1 1

all others - - 16'78 1'00E-11

Partial Pressure and Air Signature Acceptance

LIGO:

PSI :

l7 ' - l
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Title:

Date:
Test lD:
PSI Engineen

Partial Pressure Calculation for Left Beam Manifold and Diagonal

Sections - 30 minutes after opening WGV3
o6t13198
WCLBM-D
J. Flinn

AMU F@.t
lransmission

efiioiency
$'rt N2

E Fnu)
ionization
efficiency

wrt l,l2

S p-amu,)
sensitivily

fiorr/A)

I tut*)
ion current

(A)

PP t"^u)

(Torr)

t - - 10.35 1.28E-09 1.32E-O8

1.81E-1116 0.57 1.60 1.43E-10

18 0.64 1.12 1.13E-11 1.35E-10

28  -  16 .78  1 .11E -10 1.86E-09

44 1.57 1.42 8.21E-12 1.22E-10

all others 1.68E-10

Partial Pressure and Air Signature Acceptance

LIGO:

PSI:
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Title:
Date:
Test lD:
PSlEngineer:

RGA SensitivitY Calibration
6/13/98
WCLBMcaI
John Flinn

AMU lffi F(amu) E(amu) Q(amu-leak) s(oritice-amu)

iA) (A) (J (-) (Torrl/s) (l/sl
S(p-amu)

fiorr/A)

2 4.28E-10 I 3.38E-08 I 4.80E-06 13.9 I { n  ? 4

1 6 0.57 1..6- l 7.91

1 8 0.64-l
-T1z 

I E 11 .96

28 3.00E-10 1.56E-08 9 50E-07 3.7 I 16.78

40 4.85E-'13 1.44E-09 9.40E-08 3.1 21.06

44 1.57 1.42
E 14.80

129 1.00E-13 2.06E-10 2.20E-O8 1 . 7 E 62.85

131 1.00E-13 .r A?tr-1 n 1.80E-08 4 a
t - t 65 00

132 1.00E-13 2.01E-10 2.20E-48 4 a
t , t 64.42

1 U 1.00E-13 7.59E-11 9.00E-09 1 . 7 69.84

136 1.00E-13 6.15E- '11 8.00E-09 1 . 7 76.64
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Main Volume

l+8"--t

2.5"
All-metal

Valve

7' Crr"-r"u = 80//s ftom publ-ished data
2. 2.5"tubepath= 4" +8" =12"

/  .  r \ - l  t l  .  r ^  \ - 1p, ,b,  = l r+) .1 I  = l  r* i .31 =(+o)- '  =21J%
\  8 r l  \  8 1 - 2 5 /

c r.r, _*" = pz.s. 
_,b" . s r.r, _onru = (o.z t z). (:zo.5i / 3) = 90.4t / s

Conductance from Chamber to RGA:

C^" = = 40.11 / s

- t" .02s4 ^'1, Is ,.,"_ontr,, -- (z.si")' 
i" Yx 

I 17 ,000 ;_;, 
= 370 ..sr I s

l * 1
8 0 . 4 / / s  8 0 / / s

{this applies to the RGA on ttre cross at any location (/=8')}

The pumping speed to the chamber is almost 11 times greater with the 0.25" orifice
(S=3.7 //s).

This test configuration should provide better results than the Left Mid Station
con-fiflrration.
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

6.7 BackfilVl00 Hr. Pumodown Test - Diagonal Section

This test was only performed on the Vertex and Right Beam Manifold. See Section 8.7 for
typical data.

F:UMLICOUMI\ATRW049- l- I E3.DOC
V049-l- l83.doc
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7. ACCEPTANCETESTRESTJLTS_RIGIITBEAMMAI\ilFOLD

This section contains signed data sheets for each component or subsystem.

FlJl\^,Lrco\INl\ATRW049-l -l83,DOC
V049-1-183.doc
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LIGO VACUI]M EQUIPMENT

ACCEPTANCE TEST RBPORT

7.1 Interface To CDS - Right Beam Manifold

The interface to LIGO's CDS computer system was tested by point to point wiring checks using
the following documentation:

v049-1-163

Control functions (displays, interlocks, etc.) were checked by monitoring CDS display screens
and actual equipment control.

F:\Hv\LIGOVNI\ATRW049- 1-l 83-DOC
V049-l-l83.doc

1 3 7



7.2 Clean Air System Test - Rieht Beam Manifold

The clean air system (class 100) was tested per Acceptance Test V049-2-109.

Al1 test results met or exceeded the requirements.

V049-1-183.doc
F:\H\ LIGOUMI\ATRWo4g-l-l83.DOC
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7.3 Class 100 Cleanroom Test - Rieht Beam Manifold

The class 1 00 cleamooms were tested per Acceptance Test V0 49-2-110 .

All test results met or exceeded the requirements.

See Vertex Section 8.3 for details.

l n b
F:\I ALIGOUMI\ATRW049- l-l 83.IX)C

V049-1-l83.doc



LIGO VACUUM EOUIPMENT

ACCEPTANCE TEST REPORT

7.4 Svstem Leak Check - Rieht Beam Manifold

Leak testing was conducted in stages with individual components being leak checked and baked
at PSI's Westborough facility. Each building system was then leaked as a system in the field per
the system Acceptance Test Procedure (End Stations V049-2-l 15).

The leak testing philosophy and data sheets are attached.

Philosophy of Leak Testing at PSI-Westborough

The leak test specification for the LIGO vessels is to find, and repair, all 1x10'' Torr-Vs
helium and greater leaks in accordance to ASTM 8498 Standard Test Methods for Leaks.
order to optimize the leak testing process, we have bagged the first vessels of each type:
WBSCl0, WHAMI, and WCP4. Additionally, three spool sections were bagged: A15 (01), A1
(01)-A7B (01), and A.6 (01)-B6 (01). Bagging these vessels consisted of enclosing the chambers
with tarp and filling the bag with helium again in accordance to ASTM E498 specification. This
creates a concentrated helium environment enabling the leak detector to fud small leaks- A total
leak rate can then be quantified. AII six vessels registered a total leak late of < 1 .5x10'v Torr-Vs
per vessel. Bagging was performed to try to qualifu our evacuate-and-spray techniques
developed during the prototype program. The re^sults of the bag tests verified the evacuate-and-
spray techniques implemented to attain the 1xl0-' Torr-Vs leak rate specification pa r joint- Tlle
history at PSI has shown that the smallest leaks our stafuless steel welding techniques yield are
lx10-? Ton-Vs for the worst case scenario. This statement is also confirmed tn High Vacaum
Technologt by Hablanian (See Attached Reference). This size weld leak is easily found using
our evacuate-and-spray technique. Mechanical joints and aluminum welding are therefore the
only other source of lx10-e Torr-Vs leaks. A1l aluminum cryopump reservoirs were bagged for
the leak testing technique prior to and after final assembly. Mechanical joints were targeted as
the probable source for very small leaks (1x10-7 -+ lx10-e Ton-vs). very few leaks of this size
were found on the vessels.

of
In

F:\I{\ALIGOVMI\ATRW049-l -l83.DOC
V049-l-l83.doc

l q l



Philosophy of Leak Testing in the Field

The philosophy of leak testing the assembled LIGO vessels in the field is to veriff the integrity
of the leak test performed at PSI and to test new or remade conflat assemblies. The RGA air
signature is an additional confirmation as to the tightness of the complete assembly. Taking the
exka step to leak check each isolatable volume reduces the risk of getting a large, and therefore
unacceptable, air signature. We field leak test every joint that has been changed since the initial
leak test at PSI. This is confirmed by our conllat torque tags. Any missing or newly tagged joint
is rechecked, and often all joints are rechecked if time permits.

PSI Leak Testing Summary

Following all of the steps listed above helps to ensure meeting the leak test specification. As of
this writing, the air signature has been demonstrated in the Left Mid, Left End, and Left Beam
Manifold. The air signature method was used to identiff a gate valve bellows leak in the Right
Mid Station. A new test has been developed for the large gate valve bellows.

F:\II\ALIGOVNI\ATRW049-1 - I 83-DOC
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T'IIC- SFECIFICATION FOR LEAK CHECK PIAN LIGO VACUUM EQUIPfuTENT

LEAKTESTDATASHEET - FIELO TE'7'

Conraonenr NG
itlodel NumbE
Serial )iumber

Detrc lor Nime

Deteclor CalibEilil

Allor..ablc

Rernarks:

SPECIFICATION
Number: VOag-Z-ola

Pege _5_oi _ ll

l r . t 7



WASHINGTON SITE CORNER STATION
PSI FACTORY LEAK TEST DATA SI{F',ETS

RIGHT BEAM MANIFOLD

Tag No. Serial No,

WBSC 7
WCP 2
WAlC

WAl2A
WA134.
WAl5A
WBlA
WBSA
WB94.
WB4A
WBE4E
WBE5

05
0 1
03
0 l
0 l
0 l
01
01
0 1
0 l
05
0 l
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Title: SPECIFICATION FOR LEAK CHECK PI-ANLIGO VACUUM EQUIPMENT

Numoer: V0492-014

LEAKTESTDATA SHEET

SPECIFTCATION

l 5 o



Title: SPECIFICATION FOR LEAK CHECK Pl-AN L|GO VACUUM EQUIPMENT

VESSEL(BSC/IIAM) LEAK TEST ST'IVTI4ARY SHEET

Y{,;EAa,*'
Title

SPECIFICATION

t t (



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

ffiT6il vo++e'ot+

D"t.ctot Cd&.DgE
F.t""to, Ceiib Jggg!

Leak Test Data

p**E@@

LEAKTEST DATA ST{EET

SPECIFICATION

t { L



TiiIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

1EAK TEST DATA STIEET

Comconent Naste
Vfociel Number

Derector Calib.Factor

P:essure @ Turbc Idet

Pet'ormeC Bv :
1t'itiesseC Bv: 

' g7

SPECIFICATION

t € 3



TitIC: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/HAIyf) LEAK TEST StIMNIARY SHEET

Wimessed
Signature
I lfle

Date:

SPECIFICATION



SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM

LEAK TESTDAIA SHEE1

Cocroonent N-agte

lvlodel Number

lvloCel Number

P et'orineC Bv :

SPECIFICATION



TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

IESSEL(BSC/IIA.I!0 LEAK TEST SUMIVIARY SHEET

Wimessed
Signanre

Date:

SPECIFICATION
Number:

- , A



TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TESTDATA SHEET

Pet'ormeC Bv :

SPECIFICATION

l { 1



TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

IESSEL@SC4{Ar\D LEAK TEST SUMIvIARY SHEET

Witnessed
S ignature
Title
Date:

SPECIFICATION
Numbec V049'2'014



TitIE: SPECIFICATION. FOR LEAK CHECK PI-AN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET

Coaeoonelr Name
ivfociel Number

De:ecor Calio.Factor

Locarion rDate
Tracer Gas
Piessr.:re @ Trrrbc Idet

SPECIFICATION

, .-c
l T



Witnessed
S ignature
Title
Date:

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Numbec V049'2-014

\iESSEL(BSCA{ATf) LEAK TEST SLIE&(ARY SHEET

SPECIFICATION



SPECIFICATIONFOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET

Re:narks :

Nfociel Nuober

Derecor Calib.Fastor

PectormeC Bv :

f , t  dtAA o^ IO



VESSEL@SC/HAr\O LEAK TEST SUlt&vIARY SHEET

Tit le:SPEC|F|cAT|oNFoRLEAKcHEcKPI.ANL|GovAcUUMEQU|PMENT

Witnessed
Signature
Title
Date:

SPECIFICATION



7.5 Svstem Bake-Out - Risht Beam Manifold

The completed station was baked out per Acceptance Test Procedure V049-2'112.

The bake-out passed the requirements since the ultimate Presswe test was successfirlly
completed.
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LIGO VACUUM EOTIIPMENT

ACCEPTANCE TEST REPORT

7.6 Ultimate Pressure Test (After Bake-Out) - Rieht Beam Manifold

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

All test results met or exceeded the requirements.
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J u l  O a  9 8  O . 1 : 5 3 p  D a v i d  l l .  E v e r s  9 ' + 3 - 4 4 2 9 p . ?

Trtle:

Date:
Test lD:
PSI Engineer:

Partial Pressure Calculation for;light Bearn Manifold
Section
07l06,t9tl
WCRBM-6
J. Flinn

AMU F @ro)
transrnission

emciency
rYrt N2

Etnu)
ionization
effrciency
rYrl t{z

So-*,,t1
s6ns tivity

(TorqtA)

I lo*'t

I 
ion a.'nent

(A)

PPt*"t

(Torr)

2 : - 1r)1 5.99E-09 6.05E49

16 0.57 1.60 9.49E-11 6.93E-11

18 0.54 1.12 1.@E-11 1.19E-11

28 l ris 2.87E-10 4.45E-10

44 1.57 1.42 5.75E-12 7.86E-12

all others 1.{E 1.81E-1 1 2.80E-11

IEEIF,ffi

Partial Pressure

LIGO:

PSI:

AiqSignature Acce

nt'l
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J u l  O a  9 8 0 4 :  5 4 P

Title:
Date:
Test lD:

D a v i d  I ' 1 .  E v e r s 9 /+3 -4429 p . 5

r r l
l ,

PSlEngineer:

RGA Sensitivity Calibration
6t25t98
WCRBM-1
John Flinn

AMU l("mu)
(A)

Itr"r,t
(A)

F{o r)

{-)

E (rtt.,)

G)
Q(arnu-rsst) S(oitic€-amu)

{Ton-l/s) {l/s} I f-rt--'")
I ITonlAl

.40 11.32E-12 11.2oE-0el I  T-g.qoff i

44 1.57 1 4 2 I  1.37

129 1.10E-13 9.49E-10 2.20E{8 1 .7 13.A4
131 1.10E-13 7.49E-10 1.80E48 1 .7 14.14
132 1.10E-13 9.00E-10 2.20E48 1 .7 14.38
134 1.10E-13 3.31E-10 9.00E-09 1 . ; 16.00
136 1.10E-132.68E-10 8.00E49 1 .7 17.57



J u I  O 8  9 8 O 4 : 5 5 p

Title:
Date:
Test lD:
PSI Engineer:

D a v i d  I ' l  . E v e r s

RGA Sensitivity CalibraUon
7nt98
WCRBM-8
John Flinn

943  -4 /+?S p . 6

AMU llanuy
- IAL

I t*t l
(A)

F(anu)

G)
E(amu)

C)
Q(amu-leek) S(odfire-arru)

{Tonj/s) (l/s) I S(p-*rul
{Tor/A)

z 5.53E-10 3.44E-O7 4.80E-06 13.9 E 1.01

16 0.57 t .6 I  o72

1 8 0.64 1 . 1 2 I  1.os

? 8  1 6 1 1 E - 1 o l 1 . 6 e E - 0 7  I  I

131 1.10E-13 7.59E-10 1.80E-08 1 . 7 13.95
132 ' t .10E-13 9.24E-10 2.20E48 1 .7 14.01
1 U 1.10E-13 3.36E-10 9.00E-09 1 .7 15.76
136 1.10E-13 2.75E-10 8.00E-09 1 .7 17 .12
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Main Volume

F_8'-_--l

2.5"
Allmetal

Valve

l .
2.

Cr.r-rrn =80//s from Published data
2.5" tube path = 4" + 8" = 12"

/  e  r \ - l  /  7 ,  r T  \ - l
p .  = [ r * ! . ! ]  = [ t * 1 .  ' '  I  = ( + . e ) - '  = 2 r . 7 %

|  8 r l  \  8 1 . 2 5 l

s,.,. -on,," = 8.s in)' T " ryd-x I 17,000 i* 
= 37 0 .5 t / s

cr.r'-,u" = Pr.r'-,t"'sr.r"-on1,"" = (o'ztz)'(:zo '5t / s) -80'41I s

Conductance ftom Chamber to RGA:

1

C. ,  = - f  
l -=40 .11  

/ s

8 0 . 4 / / s  8 0 / / s

(this applies to the RGA on the cross at any location (/=8'))

The pumping speed to the chamber is alrnost 1l times greater with lhe 0.25" orifice
(S:3.7 //s).



7,7 BackfrlVl00 Hr. Pumndown Test - Right Beam Madfold

This section was tested with the Vertex Section - see Section 8.7 for test results.

V049-1-l83.doc
F:\I ^LIGO[NI\ATRW049-I-1 83.DOC



7.8 LN2 Consumotion Test - Rieht Beam Manifold

The LN2 consumption test has been conducted per Acceptance Test Procedure V049-2-114-
duration between refills exceeded 100 days.

F:UfV\LIGOUNI\ATRW049-l - I 83.DOC
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J U I  2 3  9 8 I  l : 2 6 a

Stafon

Storage Tank
17253
't6440
1644t) x 0.95 =
360
45.67

R€U|ts
Starting lwel- 145
Ending level= 131

D a v i d  I ' 1 .  E v e r s

WA. CORNER Cryopump ,VCPz

Sterl Finish
Tnon0 7lt5l9E
1000 1130
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Date
Time

Duration= 145.5 Hottrs
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1{/'..1 (lavs
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8. ACCEPTANCE TEST RESI]LTS - VERTEX SECTION

This section contains signed data sheets for each component or subsystem.

F:\HV\LIGOU}.{\1\ATRW049- I -l 83. DOC
V049-1-183.doc
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ACCEPTANCE TEST REPORT

8.1 Interface To CDS - Vertex Section

The interface to LIGO's CDS computer system was tested by point to point wiring checks using
the following documentation:

v049-r-163

Contol functions (displays, interlocks, etc.) were checked by monitoring CDS display screens
and actual equipment control.

FIH\ILICO\ft.I\ l\ATRW049- 1- I 83 .DOC

V049-l-183.doc
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82 Clean Air Svstem Test - Vertex Section

The clean air systern (class 100) was tested per Acceptance Test V049-2-109.

All test results met or exceeded the requirements.

F|\II\ LIGOUM1\ATRW049-l-l83,Doc
V049-1-183.doc
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8.3 Class 100 Cleanroom Test - Vertex Section

The class 100 cleanrooms wete tested per Acceptance Test V049-2-110.

All test results met or exceeded the requirements.

l l a
F:\}MLIGOUNI\4.TRWO49- l-1 83.DOC

V049-1-l83.doc
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ACCEPTANCE TEST REPORT

8 '1  ,
6\ .  , r .cnr /4* SE4Trc. t
(4f)  systemleakCheck -  vERTeK 5

Lealk testing was conducted in stages with individual componeats being leak checked and baked
at PSI's Westborough faciliry. Each building system was then leaked as a system in the field per
the system Acceptance Test Procedure @nd Stations V049-2-115).

Tbe leak testing philosophy and data sheets are attached.

Philosophy of Leak Testing at PSl-Westboro

The leak test specification for the LIGO vessels is to find, and repair, all lxl0-e Torr-Vs of
helium and greater leaks in accordance to ASTM E498 Standard Test Methods for Leaks. In
order to optimize the leak testiag process, we have bagged the first vessels of each type:
WBSCI0, WIIAMI, and WCP4. Additionaily, tbree spool sections were bagged: A15 (0i), Al
(0D-A7B (01), and A6 (01)-86 (01). Bagging these vessels consisted of enclosing the charnbers
wifi tarp and filling the bag with helium again in accordance to ASTM E498 specification. This
creates a co cenhated helipm environrnent enabling the leak detector to find small leaks. A total
leak rate can then be quantified. Al1 six vessels registere d a total leak rate of < l�5x I 0-e Torr-Vs
per vessel. Bagging was performed to try to qualift our evacuate-and-spray techniques
developed dwing the protot],pe program. The re-sults of the bag tests verified the evacuate-and-
spray techniques implemented to attain the lxl0-v Torr-Vs leak rate specification per joint. Tlne
history at PSI has shown that the smallest leaks our staidess steel welding techniques yield are
1x10 ' Torr-Vs for the worst case scenario. This statement is also confrmed in High l/acaum
Technologt by Hablanian (See Auached Reference). This size weld leak is easily found using
our evacuate-and-spray tec-hlique. Mechanical joints and aluminum welding are therefore the
only other source of 1x10'' Torr-Vs leaks. All aluminum cryopr:rrp reservoirs were bagged for
the leak testing technique prior to and after fina1 assembly. Mechanical joints were targeted as
the probable source for very small leaks (lx10-? -+ 1xl0'e Torr-Vs). Very few leaks of this size
were found on the vessels.

ts
766

v049-l-l68.doc



Philosophy of Leak Testing in the Field

The philosophy ofleak testing the assembled LIGO vessels in the field is to veriff the integrity
of the leak test performed at PSI and to test new or remade conflat assemblies. The RGA air
sipature is an additional con-firmation as to the tigttness of the complete assembly. Taking the
extra step to leak check each isolatabie volume reduces the risk ofgetting a large, and therefore
unacceptable, air signanre. We field leak test wery joint that has been changed since the initial
leak test at PSI This is con-firmed by our conflat torque tags. Any missing or newly tagged joint
is rechecked, and.often all joints are rechecked if ti-e permits.

PSI Leak Testing Sumnary

Following all ofthe steps listed above helps to ensure meeting the leak test specification- As of
this writing, the air signature has beeu demolstrated in the Left Mid, Left End and Left Beam
Ivfanifold. The air signature nethod was used to identi$z a gate valve bellows leak in the Right
Mid Station. A new test has been developed for the large gate valve bellows.

v049-1-168.doc
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ACCEPTANCE TEST REPORT

Svstem Leak Check - Vertex Secfion

Leak testing was conducted in stages with individual components being leak checked and baked
at PSI's Westborough facility. Each building system was then leaked as a system in the field per
the system Acceptance Test Procedure @nd Stations V049-2-l 15).

The leak testing philosophy and data sheets are attached.

Philosophy of Leak Testing at PSl-Westboro

The leak test specification for the LIGO vessels is to find, and repair, all 1xl0-e Ton-Vs of
helium and greater leaks in accordance to ASTM E498 Standard Test Methods for Leaks. In
order to optimize the leak testing process, we have bagged the first vessels of each type:
WBSCIO, WlLAMl, and WCP4. Additionally, three spool sections were bagged: A15 (01), A1
(01)-A7B (01), and A6 (01)-86 (01). Bagging these vessels consisted ofenclosing the chambers
with tarp and filling the bag with helium again in accordance to ASTM E498 specification' This
creates a concentated helium environmenl enabling the leak detector to find small leaks. A total
leak rate can then be quantified. All six vessels r egistercd a total leak rate of < I . 5x I 0-e Torr-Vs
per vessel. Bagging was performed to try to quali$ our evacuate-and-spray techniques
developed during the prototype program. The results ofthe bag tests verified the evacuate-and-
spray techniques implemented to attain the lx10-v Torr-Vs leak rate specificationper joint. T\e
history at PSI has shown that the smallest leaks our stainless steel welding techniques yield are
1x10-i Ton-Vs for the worst case scenario. This statement is also confirmed in High Vacuum
Technologt by Hablanian (See Attached Reference). This size weld leak is easily found using
our evacuate-and-spray technique. Mechanical joints and aluminum welding are therefore the
only other source of 1x10-v Torr-Vs leaks. All aluminum cryopump reservoirs were bagged for
the leak testing technique prior to and after final assembly. Mechanical joints were targeted as
the probable source for very small leaks (1x10-7 -+ 1xl0-e Torr-Vs). Very few leaks ofthis size
were found on the vessels.

F:UMLIGOIMl\ATRW049-l -l 83.DOC
V049-1-183.doc



Philosophy of Leak Testing in the Field

The philosophy of leak testing the assembled LIGO vessels in the field is to verifr the integrity
of the leak test performed at PSI and to test new or remade conflat assemblies. The RGA air
signature is an additional confirmation as to the tightress ofthe complete assembly. Taking the
extra step to leak check each isolatable volume reduces ttre risk of getting a large, and therefore
unacceptable, air signature. We field leak test every j oint that has been changed since the initial
leak test at PSI. This is confrmed by our conflat torque tags. Any missing or newly tagged joint
is rechecked, and often all joints are rechecked if time permits.

PSI Leak Testing Summary

Following all ofthe steps listed above helps to ensure meeting the leak test specification. As of
this writing, the air signature has been demonstrated in the Left Mid, Left End, and Left Beam
Manifold. The air signature method was used to identify a gate valve bellows leak in the Right
Mid Station. A new test has been developed for the large gate valve bellows.

F:U{\ LICOUMI\ATRWM9-l- t83,DOC

V049-1-183.doc
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1 .

J .

+-

RBM & Vertex Rate of Rise (ROR) Accumulation Tests

RBM ROR Test#I. Total leak rate of 5E-9 torr-Vs
@BM accepted on Total Ptessure and Air Sigtature)

RBM/Vertex ROR Tesr#l. Total leakrate of lE-7 ton-Vs
Tighten CF flanges on GV2 and retest.

RBM/Vertex ROR Tes#2. Total leak rate of 1E-7 ton-Vs (no change)
Find large weld leak on HAM2. Theorize an additional large UIIV Oring leak in
same annulus space. Backfill with Argon to repair leak and retest.

RBIvI/Vertex ROR Tes#3. Total leak rate of 1E-7 ton-Vs (no change)
UHV Oring is tight. Start tubo pumping at end of ROR test for a Helium mass
spec. leak test. Burst in a calibrated leak, P=1E-4 Torr. Looking fot a2.68-7
Helium signal, find, a2.lB-7 signal on 10" CF mechanical joint. Attemptto repair
failed, opened leakto 5.78-7. Purge leak with Helium, pump all arurulus spaces
and retest.

RBMA/ertex ROR Test#4. Totai leak rate of 8E-8 to 1E-7 torr-Vs (no significant
change) Isolate turbo and ion pump. Retest in AM.

RBM/Vertex ROR Test#5. Total leak rate of 8E-8 to lE-7 ton-Vs (same as Test#4)
Stumped. Recalibrate RGA. Close GV2 and retest RBM.

RBM ROR Test#2. Total leak rate 3E-8 ton-Vs.
Expected to tepeat 5E-9 torr-Vs from RBM ROR Tes#l, now suspect cryo may
be a source ofair. Isolate cryo and tetest.

RBM ROR Test#3. Total leak rate 3E-8 ton-Vs for Nitrogen (same as Tes#2) but
8E-8 torr-Vs for Argon.

Data is erratic. Only thing left to do is perforrr ROR on RGA calibration
chamber.

RGA ROR Test on calibration chamber. Total leak rate is a mar(. of 2E-9 torr-Vs
Calibration chamber not adding to overall leak rate signifrcantly.

5 .

7.

8.

9.



Vertex Total Leak Rate Summarv

According the first Vertex test, the leak rate was 1E-7 ton-Vs. We believe that this was a
single leak. We found this leak on a 10" CF mechanical joint, but it could not be repaired
under vacuum. When completing RBM/Vertex ROR Test#4, we expected to see a high
Helium signature and a lower air signature (<1E-8 ton-Vs). Since this did not happen, we
performed a rigorous Helium leak test. With the ease in finding a 2E-7 ton-Vs Helium
leak, our experience would lead us to believe that we could, with the sans lsshnique, find
a smaller leak. This leak would be on the order of 1E-8 -+ 5E-8 torr-Vs. Since the air
signature was calculated to a larger value, we should have found the leak. We did not
find any leaks beside the original 10" CF leak and we do not believe that there are any
leaks on the system. We tried to prove this, and by analyzing the test results (Items 5-9
above) there is no proof either way of what is happening inside the clean UHV system.
Our helium leak test techniques would frnd any substantial leaks in the system, and this is
the frnal data on which we base our conclusions.

The weld leak on HAM2 annulus space saturated the UIIV orings with air in HAM2
and HAM3, which share common annuli. This represents over 1600 lineal inches
(4000 cm) of saturated orings. The backfill ofArgon, to repair the leak, may have
also added more air. The air signature that we continue to see is due to the degassing
of these UHV orings.

If you subtract Vertex/RBM ROR Test #5 ftom Vertex/RBM Test #l, then you are
left with a total leak rate (< 4E-8 Torr-Vs). The real total leak rate is probably less.
Long term pumping should reduce the air signature that is due to this oring degassing.

7o7
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Tille:
Date:
Test lD:
PSlEngineer:

RGA Sensitivity Calibration
7t21t98
WCRBM-2
John Flinn

94 3 -  4.+e9

a r 4

AMU l(anrr) lfr*tt F(anrt,i) Eirynr) Otanu-leelr) s(q'tc€-tru)

rAr tA) (-) ;-) (TonJ/s) tlls)
$9-anu)
(Ton/A)

z 2.85E-10 2.55E-07 4.80E{6 13.9 1.36

--T6-l --l 0.57 - a E o.eo

1E 0.64 1 1 2 1.36

28 1.53E-10 1.35E47 9 50E47 3.7 1.90

40 5.53E-13 9.74E€9 9.40E-08 3.1 3 .11

4 1.57 1 4 2 1.68

129 1.00E-13 8.20E-10 22'E48 1 .7 15.78
131 1.00E-13 6.31E-10 1.80E{8 1 .7 16.78
132 1.00E-13 7.39E-10 2.20E48 1 .7 17.51
134 1.00E-13 2.87E-10 9.00E-09 1 .7 18.45
't36 1.00E-13 2.20E-10 8.00E{s 1 . 7 21.40
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F u g  0 5  9 8  1 2 :  3 6 p D a v i d  M .  E v e c s 9 4 3 - 4 4 2 9

Cracking Pattern 28AMU (nitrogen) and 40AMU (Argon) in the

Variable Leak Valve open to increase lhe 14 an,l 28 baseline by a decade

p . 2

scan 6
AMU

1 4
28
29

scan 7

2E

scan 8
14
z6

29

scan I
14

' 2 8

1J

scan 10
14
z6

scan 11
14
28
29

Note:
The 32AMU percenEge is wilh
respect to 100% of nifogen.

4.55E-09
7.60E-08
7.38E-10

4.12E{9
7.07E-08
6.97E-10

3-94E-09
6.68E{8
6.57E-10

" R?tr-no

6.49E{8
6.49E-10

3.72E49
6.21E-06
6.12E-10

3.67E{9
6.12E48
6.03E-10

%
5,99

100.00
0.97

100.00'- - .0.99

5.90
r00.00
0.98

5.90
100.00
1.00

5 0 0

100.00
n o o

6.00
100.00
0.99

AMU
zv
40

32

20
40

32

20

g2

2A
40

32.

40

JZ

20
40

32

%
14.61
100.00

8.24

14.61
100.00

7.44

r4.66
100.00

7 .O2

14.86
100.00

.6 .72

15.16
100.00

0.o4

15.06
100.00

6.44

1.11E-l0
7.60E-10

6.26E-09

1 .11E-10
7.60E-10

5.26E-09

1.13E-10
7.71E-10

4.69E{9

1.19E-10
7.94E-'10

4.36E-09

't.22E-10

8.05E-10

4.l l E-09

1.23E-10
8.17E-l0

3.S4E{9

Nz

14 5.93
28 100.0
29 0.99

AT

zv
40

't4.82

100.0
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WASHINGTON SITE CORNER STATION
PSI FACTORY LEAK TEST DATA SHEETS

VERTEX SECTION

Tag No. Serial No.

WBSC 1
WBSC 2
WBSC 3
WHAM 1
WFIAM 2
WFIAM 3
WHAM 4
WHAM 5
WHAM 6

WA3A
WA3B
WB3A
WB5A

WBE2A
WBE2B

WBE3AI
WBE3B

09
02
03
0 1
03
04
05
07
02
0 1

' 0 2

0 1
0 l
0 1
02
0 1
0 l

F:V{V\LIGO\IN1\ATRW049- l -1 83.DOC



VERTBX

I 2 J

Component Name 1{a
--EV@L

Model Number t . )  BgL l At<
Serial Number o n a >
Drawine Number

Detector Narne 9lz/e<
Model Number rtLf llb DGr'
Serial Number D 7
Detector Calib.Date 7-//-qa
Detector Calib.Factor

Standard Leak Rate tt.s,,r ta:{
Std.Leak Expir-Date

'tr -1-98
Standard Response tr,tvto-7

Leak Test Data
Location /Date Mcui /nu42
Tracer Gas l + c
Pressure @ Turbo Inlet L'g *o' '7
Duration t ffa<
Resoonse ,,9X f /f,, tcALc

E/*z'r SP4A^I
Leak Rate
Measured
Calculated
Allowable
Performed P.y: 6R . Date:7- / / -D
Witnessed Br :]T)rlJ, Pate: 7'//- 4 -2

Sinatur{ .Z-rJbl2V, Date :
I l t le :

TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFICATION

LEAK TEST DATA SHEET

az{



TitIE: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/I{AI0 ll,AK TEST SLTMMARY sHEEr

Witnessed
Signature
Title
Date:

SPECIFICATION
v049-2-014



,,
J

Cornaonent N-ame B,rc
Mode[ Number t-,,?<(v
Serial N-umber b >
Drawine Number

Detector N-arne HZztze-@t
Modei Number TraEy-
Seial Number a l
Derector Calib.Date f.; 7,Tr
Detector Cdib.Factor

Standard Leak Rate / .7 lxn-? ' t / , ' l (
Std.Leak Expir.Date 7:74-" 3
Standard Resoonse Qg v72-a

Leak Test Data
Location /Date Ttr, a, a*t-/ q!4:32-
Trac-^r Gas ft r..
Pressure @ Turbo Inl* t14y74'"

Duration ?d at,e, E$L r€rr

Resoonse Tlvro-'f <c/t,: .

Leak Rate
Measured
Caiculated
Allowabie
Performed Bv:D. #. Darc: a'r7'47
w-rmessedBy: 5 rll, Da te :4 ra ' n2
S'tnatutfA )fu* Date'. ?- ray'7
Title .

TitIC: SPECIFICATION FOR LEAK CHECK PI-AN LIGO VACUUM EQUIPMENT : '

: VO4$'2-014

LEAKTESTDATA SHEET

SPECTFICATION



Title: SPECIFICATION FOR LEAK CHECK PI-AN
- , .  .  t  - t .

LIGO VACUUM EQUIPMENT

VESSEL(BSC/IIAM) LEAK TEST SUMMARY SHEET

Yffi!Ga*a
Title

SPECIFIGATION

7 1 (



LEAKTEST DATA SHEET

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Detector Calib.Factor

SPECIFICATION
: V0492-014

" t  ? L



T i t l e : S P E C | F | C A T I o N F o R L E A K c H E c K P L A N L | G o V A C U U M E Q U I P M E N T . ;

' -VESSEL(BSC/IIAM) LEAK TEST STIMMARY SHEET

Yf:;I"ep,a-
I lue

SPECIFICATION
: V0492-014

L 5 )



Title; SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAKTEST DATA SHEET

Detector Calib.Factor

Std.Leak Expir,Date

SPECIFICATION

Lj7



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

Name 11,q.t,
Model No.
Serial No. h 2
Drwg.No.

Location Category Leak Rate Allowable Pass Fail Sipnature Date

Annulus Torr Torr
rv-v 4xl0'' r- 7MdlfrL ,-2?.y)

II NDL (1o'
Scale) Ll ?2*&421 't2Yr/7

Vessel Torr-L/s Torr-I-/s

Weld Ioint I lxlO'
Weld loint u lx10'e

Conflat m lxl0''

comntents lr,et< R*tf *

$*ffi::'#"at&4-
Title
Date: j-,2C-fr

SPECIFICATION
Number v049-2-014

A
p2

VESSEL(BSC/T{AM LEAK TEST SUMMARY SHEET

77{



LEAK TEST DATA SHEET

a J

Component Name Hrl/n
Ivlodel Number wu*t&,
Serial Number aoI*?
Drawing Number

Detector Name HQY:A
.\lodel Number 4/r /a0
Serial Number
Detector Calib.Date
Detector Calib.Factor

Standard Leak Rate 1.4v12!
Std.Leak Expir.Date f f i q
Standard Response 1.2 tzo-?

Leak Test Data
Location /Date
Tracer Gas
Pressure @ Turbo Inlet
Duration y' ..r /'''l-
Response I r lD*T

Leak Rate
Ivleasured
Calculated
Allowable
Performed Bv-:1--2 [/, Oate:6.f-47
Witnessed By: Date :
Sistaturez/,Jotffi&4 Date: 5-5'4?
Title :

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EOUIPMENT

SPECIFICATION
I VO49-2.O14

7 J c



Name /em
lvlodel No.
Seriai No. m*
Drwe.No.

Location Category Leak Rate AJlowable Pass Fail Signature Date

Amulus Torr Torr
ry-v 4xl0' ' rvn'f Q&& q-7q7

II NDL (10-'
Scale) vtrt9 Diz&4 +7q\

Vessel Torr-Us Torr-L/s

Weld Joint lx l0- '
Weld Joint tI lx10-'

Conflat m lx l0- '

Y:#:I:hd*il.,
Date: F.1 .42

SPECIFICATION
: V04$2-014

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/FIA,rID LEAK TEST SIJMIVIARY SHEET



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFIGATION

Detector Calib.Factor

Std.Leak Exoir.Date

LEAK TESTDATA SHEET



Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFICATION

Yi triib"a.'r,*
Title

VESSEL(BSC/HAM) LEAK TEST SUMMARY STIEET
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LEAK TEST DATA SFIEET

SPECIFIGATION
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Detector Calib.Date
Detector Calib.Factor
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

vEssEL@sc^{AM) LEAK TEST SUMMARY SHEET

Name lJzrrl
Model No. M '*ft 4
Serial No. fr
Drwg.No.

Location Category. Leak Rate Allowable Pass Fail Sierarure

trniihs* Torr Torr
ry-v 4xl0' ' ,W4 6-14

II NDL (10'l
Scale) Xta€ D.M

Vessel Torr-L/s Torr-L/s \

Weld Joint I lxl0- '
Weld Joint tr 1x10''

-->-"-

Conflat ru lxl0-'
<,

Comments
n/h Z-fi4) idij:i;1fu*y/ tuDartn-7 FltLEd- -r<zi 

fe<a-

Date: k74?

SPECIFICATION
: V049.2-014
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LEAK TESTDATA SHEET

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFICATION
Number V049-2-014

I 7 J

Component Name HA/n
Model Number Duna {
Serial Number D ?
Drawine Number

Detector Name Tilzr,er
Model Number ttLt 4,2 Ee/
Serial Number o)
Detector Calib.Date E1-q 7
Detector Calib.Factor t ,o

Standard Leak Rate
-/ 

aT q14P-
Std.Leak Expir.Date
Standard Resoonse

Leak Test Data
Location /Date Jttoint, / tt-tz
Tracer Gas At
Pressure @ Turbo Inlet , lvro'o
Duration I ltrt
Response r?DL wt-Q j.rtLA

iW r1b?1-
Leak Rate
Measured
Caiculated
Allowable
Performed Bv: f7 f' Date :
Witnessed Bv : Date :
Sienature /2.^n"?tl1* Dat {  1 , .1 'q7
Title :
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Witnessed
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Title
Date:

SPECIFICATION
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Title: SPECIFICATION FOR LEAK CHECK PI-AN LIGO VACUUM EQUIPMENT "

VESSEL@SC/I{AIVf) LEAK TEST SUMMARY SHEET

Wimessed --r
Sienanre f/-444.L

SPECIFICATION
Numbec V0492{14

7tl"l
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Component N-ame

ffirnner: V049'2-014

LEAK TEST DATA SHEET

SPECIFICATION
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Comoonent Name lPe
Model Number BE*
Serial Number lz
Drawine Numbet

Detector Name ffirz<
Model Number U/.+ bA De{
Serial Number t
Detector Calib.Date g-2q=Az
Detector Calib.Factor , t . i

Standard Leak Rate ,/l- zf Oat, a-/

Std.Leak Expk.Date
Standard Response

Leak Test Data
Location lDate aka ?ra 7A*tlz
Tracer Gas

-xr z
Pressure @. Turbo Idet l ,6 r /a-7
Duration 3on,n
ResDonse nmf, Enc t rfuql-

t rr>- 1 s cc LrC
Leak Rate
Measured
Calculated
Allowable
Perfo.medBy,  E( Date :
WitnessedB:t: D H Date :
Sienature ,(Athrfrt Date :
Title :

TitIE: SPECTFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECTFTCATIQ I
Numben V0492-014

A
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LEAK TESTDATA SHEET

Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPECIFIGATION

A

I
a 3

Component Name 17aL
Model Number B q
Serial Number - 4
Drawing Number

Detector Name 4a[zr-cs
Model Number H/,+ ,Lo - Det
Serial Number 2
Detector Calib.Date q -  2 -a7
Detector Calib, Factor . D

Standard Leak Rate tbot zttSZ
Std.Leak Emir.Date
Standard Response

Leak Test Data
Location lDate "c*, e'on / l'>?7
Tracer Gas Hp-
Pressure @ Turbo Inlet l .6r t t -?
Duration 9 Be{
Response "-ol-ZE t seany

r t* rtaLj
Leak Rate
Measured
Calculated
Allowable
Ferformed Bv : 

- 
Dl lt oate: ?-)40

Witnessed By : Date .
Sierriture (AE{Z/A Date: ar2-46
Title .

Remarks :
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: VO49-2-014



LEAK TEST DATA SHEET

Tit |e:SPEC|FICAT|oNFoRLEAKcHEcKPLANL|GoVACUUMEQU|PMENT

SPECTFICATION

t a J

Component Name qP4
Model Number A J
Serial Number T
Drawing Number

Detector Name iln&r
Model Number uLt tt4:Ez
Serial Number o?
Detector Calib.Date v2J-d/7
Detector Calib.Factor

Standard Leak Rate '/zr u$D
Std,Leak Expir.Date
Standard Response

Leak Test Data
Location /Date ci<"a car, / z-e+ g2
Tracer Gas rf c-
Pressure @. Turbo Idet l . 0 x n ' ?
Duration t gA-

Response *tL E[b" t tftPyr no'1

Leak Rate
Measured
Calculated
A.llowable
FerformedBy: ? H. D"r'JS14V
Witnessed Bv : Date :
Sisir.a'arr;6d;Za, Date: 7lX-17
I l  e  :
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Cornoonent Name ftztq  - J 4 1 4 * z
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Drarvin-e }t-umbel

Derector liame f.- - zf9

Model Number ila|Er_
Senal N-umber
Detector Caiib.Date ).23-"1-)
Deredor Cdib.Fastor

Sra-ndard Leak Rate
Std.Leak Expir.Date
Standard Response

Leak Test Data
Locarion rDate nle,--eld 1rp*ol ltl?t );r

Tracer Gas h e-

Piessure ,@. Turbo Tllet Fto-r
Duration Z- h,o.,-s

Resoonse W iO_1_t"-__t.
I vo. ,! +Or;J

Leak Rate
IleasureC
CalculateC
Ailo*able
P.rfor*.d B" aD .*!-lt t na-7741
Wimessed Bv : TT?

Sis11alute:D*HrV(La oate: 1-21fi1
Tirle: at

T i t l e : S P E C | F | C A T | o N F o R L E A K c H E c K P L A N L | G o V A C U U M E Q U I P M E N T :

: VO+g-eOf +

LEAK TEST DATA SHEET

SPECIFICATION
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Signature
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LEAK TEST DATA SHEET

I
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J

Comoonent Name 6ezAt_--vl:sttt
lvfociel Nunber
Sena.l Number
Drawine li-umber

Delector Name -6. lz,s-t I
Model Number T6ILN
Senal Number 2

Derector Calib.Date ,4L41
Detector Calib.Factor I , L

Sra:rdard Leak Rate ,----

Stri.Leak Expb.Date
-,,.

Standard Response './'

T ra ir Tect Drta I]l

Locarion.Date 7lt'.ul/:t:-j-fitf
Tracer Gas t4e
Pressure @ Turbo ldet q - (o-1
Duration f r-k. .7 'k
Resoonse nnUM< rep--i;^.. + Sc!a4__:_
Leal: Rate
MeasureC
C alc'.rlated
Ailo*'able
Penbrmed Bv :Yo.-l He"te t .D"t--:V-1t41
\^,-*"ssed B.' :T-f "i,l-^01,>Datet' t-16-q'1
Sienature\2r^-7l rlli Date: t '(t -z)
Tirle :

Remarks :
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C omoonent Naste

Detector Calib.Factor

Leak Test Data

Pressure @. Turbo lalet

LEAK TEST DATA SHEET

Remarks :
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/IIAM) IEAK TEST STJMMARY SHEET

Witnessed
Signature
Title
Date:

SPECIFICATION
Number: V049-2'014



8.5 Svstem Bake'Out - Vertex Section

The completed station was baked-out per Acceptance Test Procedure V049-2-112.

The bakeout passed the requirements since the ultimate pressure test was successfi.rlly completed.
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ACCEPTANCE TEST REPORT

8.6 Ultimate Pressure Test (After Bake-Out) - Vertex Section

The ultimate pressure test was conducted per Acceptance Test Procedure V049-2-1 14.

AII test results met or exceeded the requirements.
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2 3  9 8  l l : ? ? a  D a v i d  l l .  E v c r - s

Tiile:

Date:
Test lO:
PSI Engineer:

Partial Pressure Calo.llation for llight Beam Manifold and Vertex
Sedions
07/09/98
WCREM_V-1
J. Flinn

btal fjressure = 4.41E{9

Partial Pressure

LIGO:

PSI:

AMU Fgntl

trangnission
efficiency

wl N2

E(*o)
ioflizstion
efficiencl

wrt N?

S rp- r-r,t
sens tivity

(Torr/A)

Ilam)
ion cunent

n)

PPtaml

ffon)

2 . - 1 . , ) 1  3 . 5 8 E - 0 93.62E-09

16 0.57 1.60 8.10E-11 5.80E-11

18 0.& 1.12 2.20E-11 2.38E-11

28 1.12 4.25E-1q 6.46E-10

44 1.57 1.42 1.17E-11 1.s7E-11

all others - 1.,;2 3.14E-11 4.77E-'t1
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J u l  2 3  9 8 l 7 z 2 ' 7 a D a v i d  l ' l  -  E v e n s 943- .+423 p . 7

Tiile:
Date:
Test lD:
PSlEngineer:

RGA Sensitivity Calibmtion
717lgE
WCRBM-8
John Flinn

AMU l(am) kurl F(arnul E.otul Q(arnr-reak) S(otifics-eru)
fAl fA) (-) 1-) ffon-l/s) (Us)

&p-aru)
(Ton/A)

2 5.53E-10 3.44E-07 4.80E-06 13 .9 1.01

16 0.57 t .6 0.72

1 8 0.64 1 . 1 2 I 1.09

28 6.11E-10 1.69E-07 | 9.50E{7 I 3.7 I 1.52

& 2.68E-13 1.22E-O8 9.40E-08 3.1 2.49

44 1.57 1.42 1 .U

129 1.1oE-' t39.87E-10 2.24E48 1 . 7 13 .11
131 1.10E*137.59E-10 1.80E48 1 . 7 13.95
132 1.10E-139.24E-10 2.20E48 1 . 7 14.01
134 1.10E-13 3.36E-10 9.00E-09 1 .7 15.76
136 ' t .10E-132.75E-10 8.00E-09 1.7 17.12

77b
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Conductance Calculation for RGA Calibration Chamber

Main Volume

l+- 8" --!

2.5"
All-metal

Valve

l. Cr. _n u - 80//s from published data

2. 2.5"tubepath: {" +$":12"

r . ,"=(tJ= Ll  
'=[ t .*  

3 ' l - '=(ou)- '  =21.7%
|  8  r /  \  8  1 . 25 l

s,.,^ ontro = Q..sin) ' �  T"ryd-x117,000 :*t70 
.5t I  s

cr.'-,u" = Pz.s'-,t"'Sr.r'-on1,"" =(o'ztl)'Qlo'51, I s)- 80'4//s

Conductance from Chamber to RGA:

1

c,^ = -40.11 ls
l , l

8 0 3 / / r  
-  

8 0 / / $

{this applies to the RGA on the cross at any location (/=8')}

The pumping speed to the chamber is ahnost 11 times greater with the 0.25" orifice
(S:3.7 Us).

2:fi



ACCEPTANCE TBST REPORT

8.7 BacklilVl00 Hr. Pumndown Test - Vertex Section

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 piess\re and partial pressure results are detailed herein. This test was for
demonstration purposes only.
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8ug  05  98 l 2 :  4 8 p D a v i d  l ' l  .  E v e n s 343-442S

Partial Pressure Calculation for Right Beam Manifold and Vertex
Sedions for the 100 hour pumpd'rwn demonstration
08lir04/98
RBI{V1@
J. Flinn

Title:

Date:
Test lD:
PSI Engineer:

Trme = 100

AMU F lnul
transrrrission

effdency
wn N2

Ea,nl
ionization
efiiciencl

vvri th

S@_r-,,
s€nsitivity

(Torr/A)

Igntl

ion cur€nt

(A)

PPtm"l

{Ton)

,  .  -  1.51 -1.72E49 2.60E{9

16 0.57 1.60 1.69E-10 1.98E-10

18 0.64 1.12 1.61E-10 2.85E-10

5.26E{O

44 1.57 1.42 1.37E-10 3.00E-10

all others - - 2.,18 4.00E-10 9.92E-10

otal 9.63E

100 hour backfill ancl Pumpdown demonstration acceptance

LIGO:
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F u g  O 5  S A  1 e : 5 l P I I a v  i  d  l t .  E v e r s

LIGO:

Partial Pressure Calculation for Right Beam Manifold and Vertex

SeJions torttre 1@ hour pumpdou'n demonstration
08/04/98

-  = = = =  = =  ' .

lToial Itressure = t. / .tE-elt I

1@ hour backtill and pumpdoln demonstration acceptance

s43  -4429

Test l0: RBtYlVlOO
PSI Engineer: J. Flinn

Ftn tt
transmissioa

efficiencY
wrt ltlz

16 0.52 1.60

18 0.64 1.12

2.48 1.72E49

4 1.57,  1-42

all others - - 2'{8 300E'10
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F u g  O S  9 A  1 ? :  5 8 p

Title:
Date:
Test lD:
PSlEngineen

D a v i d l l .  E v e r s s 4 3 - 4 4 2 9 F . l ' t

RGA SensitivitY Calibration
7t30198
RBMV1OO
John Flinn

-ffiU 
l(amu) kr.a,l Flannr) Etamu) Q(ann-tear)

(A) (A) (-l [-l (Tonj/st
S(odhct-amu)

(Us1
S(p-atrnr)
(Ton/A)

2 6.65E-10 |
-_.-_|

2.29E47 | 4.80E{]6 13.9 1.51

16 0.57
-  

1.6 
- l I 1 . 1 7

1 8 0.64 | 1.14 1.77

2A 4.14E-10 1_04E{7 9.508-07 3.7 2.48

40 1.03E12 7.49E49 9.40E{8 3.1 4.05

4 1.57 1.42 2.19

129 1.00E-13 5.68E-10 2.20E48 1 . 7 22.79

131 1.00E-13 4.14E-10 1.80E48 1 .7 25.fi
'132 1.00E-13 5.11E-14 ?.20E48 't.7 25.33

134 1.00E-13 1.88E-10 9.00E{9 1 . 7 28.18

136 1.00E-13 1.44E-10 8.00E49 1 .7 32.70

) ) 1
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7/27/98 - 813198

7-27-98
1000 Start 24 hour purge through mode cleaner in Vertex and out main turbo bypass

line on RBM.

7-28-98
1000 Stop purge. Start roughing.
1025 P=470 Ton at main turbos.
1045 P=350 Ton
1115 P=270Ton
1205 P:140 Ton
1250 P=90 Ton
1305 P:l2Ton
1315 - 1505 EDP200 problems (loose neutral wire problems)
1505 P=I.8 Ton
1600 P=1.3E-2 Torr. Start turbo pumps (2).
1615 Both turbos at frll speed. Close 6" valve to EDP200.
1650 Pv"rtex_tu,u-4.88-7 Torr

PnsM_tufto=5.7E-7 Ton

7-29-98
0740 Pv",to-turto=1.3E-7 Tor

Pnnl,a_to*o=1.5E-7 Ton
CP2 isolated and is 90% fuIl. P"n:2.69-6 1oo
Ipl - otr, Ip2 - 2.8E-5A, IP3 - 2.9E-5A, IP4 - 3.3E-5A, IP6 - 3.8E-5A
Pump IP#1 with Aux. Cart

0905 Open GV7 to CP2.
Pcpz=2'08-6 Tot
Pverte*_n .to= 1 .5E-7 Torr

0940 Pasl,.r_tu.bo=1.0 E-7 Torr
1000 Start IPl on Aux. Cart

Pyerte*_turao=8.9E-8 Torr
Pnsi,a_tu'b:8.6E-8 Torr

ll25 IPl running, Pn*. cu.t:7.8E-6 Torr
I 130 Pvettex_nrm=7.6E-8 Torr

Pnsl,t-h"bo=8.0E-8 Ton
IPI - CHI:750V,4.18-2A - Ctr2=800V,3.6E-2A

1345 Pv"nex_tu.u=7.0E-8 Torr
Pnsvr_tuft.:7.3E-8 Ton
Close AVUV15 on IPl to Aux. Cart

1355 Crack open 14" GV on tP1
1415 14"GVful lopenonIPl

Pv.no_toruo4.0E-7 Torr
Pnsv_ru,u.=3.58-7 Ton
rPl - 2050V,8.9E-3A

I  ? ? -



1440 IP1 -2500v
1515 Pv*e*_turm= 1 .4E-7 Torr

PnsrvI_r,.bo=1.9E-7 Ton
IP l:3000V,3.9E -3 A, IP2=2.6E-5 A, 7P3-1.78-5 A, IP4=3. I E-5A, IP6=3.4e-5A
Isolate both turbos and open other fow 1 4" GV to 1P2,3 ,4,6
System now is only ion and cryo pumping.
Pressure now taken from CDS cold cathodes.

1540 PT120:3.0E-8Ton
PT170:5.0E-8 Ton
PT134=6.0E-8 Ton

1800 PT120:2.5E-8Ton
PTl70=4.3E-8 Ton
PTl34=5.0E-8 Torr

7-30-98
0700 PTi20=1.8E-8Ton

PT170:3.0E-8 Torr
PTl34=3.28-8 Ton

1300 PT120=1.5E-8Ton
PT170=2.5E-8 Torr
PT134:2.7E-B Torr
Calibrate RGA - save data to RBMVlO0.sac

Scan I -3 : RGA chamber baseline
Scan 4-7: Calibrated leak open
Scan 7-10: Close AVIIVl5 that isolates calibrated leak

1523 PT120=1.5E-8Ton
PT170:2.5E-8 Totr
PT134:2.6E-8 Ton
IPl - 4.5E-4A, IP2 - 4.1E-4A, IP3 - 4.0E-4A, IP4 -4.1E-4A, rP6- 4.2e44

Scan I I - I 2 : isolate turbo, open AVUV25 to main volume

7-3r-98
1100 PT120:1.05E-8 Torr

PT170=1.90E-8 Torr
PTl34=1.84E-8 Ton
IPl - 3.lE-4A, IP2 - 3.0E-4A, IP3 -2.9E-4A,LP4 - 3.0E-4A, IP6 - 3.0e-4A

8-1-98
1145 PTl20:8.0E-9 Ton

PTl70=1.38-8 Ton
PT134=1.3E-8 Ton
tP | - 2.2E4 A, lP2 - 2.1E- 4 A, lP 3 - 2. lE- 4 A, lP 4 - 2.2E4 A, IP 6 - 2.2e4 A

1500 PTl20:7.6E-9Ton
PTl70=1.35E-8 Ton
PTl34=1.338-8 Ton
rp 1 - 2.2E-4 A, rP2 - 2.lE-4 A, IP3 - 2. I E-4A, lP 4 - 2.lE-4A, rP 6 - 2.1 e-4A

2 i 7



End 100 hour pumpdown demonshation test
Scan 13,14,15: Open to main volume

8-2-98
1500 PTl20:6.18E-9Ton

PTl70:9.90E-9 Ton
PTl34:9.90E-9 Torr
IPI - 1.7E44 IP2-l.7E4A,rP3 - 1.6E-4A, IP4 -l.TE4}-lP6-l.7e4A

Cryopump is 91% tull.
Scan I 6,17,1 8: Open to main volume at 125 hour

8-3-98
0745 PT120=5.4E-9 Ton

PT170:9.5E-9 Torr
PTl34=8.2E-9 Ton
Cryopump is 88o/o full.

6.5 4.8E-07
21.5 1.3E-07

23 1.5E-07
24 8.9E{8

25.5 7.6E-08
27.75 7.OE-08
29.25 1.4E-O7
29.75 5.0E-08

32 4.3E-08
45 3.0E-08
51 2.5E-08
73 1.9E48

101 1.4E-08
125 9.9E-09

151.75 9.5E-09

Shut down and start backfill

RBM/Vertex Pumpdown Curve

o

E
o
c'g
o-

6.0E-07

5.0E-07

4.0E-07

3.0E-07

2.0E-07

1.0E-07

1.0E-09

-7 *.t



ACCEPTANCE TEST REPORT

9. NOISE/SHOCK/VIBRATIONFIELDTEST

The Noise/Shock/Vibration Field Testing was conducted by Cambridge Acoustical Associates
(approximately .03g Vs. .0lg specification requirements.

F:U{t LIGOU}nIL{TRW049-I - I83.DOC
V049-1-183.doc
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INTRODUCTION AND SUMMARY

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

been completed at the Hanford, wA corner stations. Acoustic and vibration

measurements were re corded on or near the chambers in these facilities with individual

PSI vacuum equipment operating and the facility in a "quiet mode" (see section IIA-4).

Background measurements 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 measurements, which are similar to those at the end- and mid-

stationsl, are summarized as follows:

A. The background vibration levels in the corner station ("quiet mode")' 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. The molecular turbopump was located near IIAM 6 during its

measurements. Excitation frequencies of the pump are 48 and 54 Hz due to the pump's

controller and its spin frequency of 450 Hz and higher harmonics. Measurement locations

nearest the source show responses similar to what were observed in the mid- and end-

station. At locations further arvay, only responses at the spin frequency and higher

harmonics were above the background level. The vibration isolation system designed for

the turbopumP was not installed.

C. The excitation caused by boiling in the cryopump (WCP2) is broadband and

tends to increase the overall level of vibration. As with our previous measurements, we

varied the operation ofthe cryopump and significantly changed the levels ofvibration' Att ' l

I
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a steady hll rate of 10% or 607" (normal operating conditions), the measurement locations

away from the cryopump are not affected by the boiling process. when the flow rate is

suddenly changed or is at a 100% flow, the cryopump's isolator frequencies become

evident in these measurements. on the cryopump, normal boiling increases the overall

level by 5-10 dB and violent boiling (either in the pump or the fill line), increases the

level by 10-20 dB. controlling the boil process is essential in minimizing vibration.

Msdification of the cryopump level control loop to continuous level control (versus the

present two step l0o/rl60Yo) may reduce cryopump vibration'

D. The noise measwed during the operation of the turbopump was similar to

that measured in the mid- and end- stations. The measurement nearest the turbopump' ten

feet behind IIAM 6, had a higher narrow band tevel at 900 Hz than was measured at the

further location near BS ?. operation of the cryopump did not increase the background

noise level when measured near BS 7'

E. The operation ofthe ion pump power supply does not raise the level of

vibration in the LVEA above its ambient level.

F. The turbo-backing pump produces narrow band excitation at 59 Hz and

harmonics of that frequency. There is also a broadband contribution above 50 Hz'

Between the mechanical room floor and the LVEA floor there is a l0-20 dB transmission

loss above 60 Hz. Below 60 Hz, there was not enough source strength to determine if

there is any transmission loss between the floor slabs. The chambers in the LVEA are not

sigrificantly excited by the broadband vibration. However, the 59 Hz excitation and its

harmonic are evident in the measurerrrents'

G. The vent and purge system produces a loud noise during blowdown'

Although no acoustic measurement was performed, the vibration measurements indicate a

short burst of 150 Hz tones. This produces a 30-40 dB increase in vibration level at 150

Hz. There is aiso a l0-15 dB increase in the broadband level above 50 Hz, that is not
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attributed to the blowdown event.

H. Severai measurements were recorded while the facility was not completely

in its quier mode. tn particular, a set of measurements was performed while the site's chill

wat€r pumps were operating and another during a hard rain (no wind). vibrations caused

by these events were greater than those produced by the vacuum equipment except for the

vent and purge system (above 100 Hz).

I. Shock measurements On the nearest chamber, when the manual valves were

opened or closed, met or slightly exceeded LIGO's revised shock specification. The max-

min combined levels ranged from 0.010 to 0.024 g'�s. Levels on the valve body were

higher.

J.Whenoperatingthelargegatevalves,thecombinedma.x.minlevelsranged

from 0.016 to 0.045 g's. Levels on the valve's body were comparable'

II. MEASUREMENTDESCRIPTION

A. VibrationMeasurements

1. General Test Conditions

The PSI equipment was under a high vacuum for all tests' To

highlight sources of energy originating in the vacuum equipment, tests \i/ere conducted

with a minimum of facility-induced background noise and vibration, "quiet mode"- At

each observation location, measulements were recorded with each piece of vacuum

equipment operated alone. Background measurements, without any Vacuum equipment

operating, were recorded for comparison.

observation or receiver locations were selected based on proximity to the source.

Typically the measurements were performed in one or two perpendicular directions using

a low frequency accelerometer. During measurements of the turbomolecular pump, a high

frequency accelerometer was used for several measurements. For all lolv frequency

measurements. four accelerometers were recorded simultaneously with one, located on
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the floor near BS 7, used as a reference charurel.

2. Instrumentation

The two vibration sensors are a Wilcoxon Research model 731A

accelerometer (10v/g, 600 gm.), for frequencies from 0.1-300 Hz, and a model 9168T0-

1 (7.5 V/g, 700 gm), which provided low noise capabilities above 300 Hz. Recommended

manufacturer's battery power units were used with the accelerometers.

AdigitalPCbaseddataacquisit ionsystemwithadynamicrangeofT2dB

recorded the vibration signals. Gain control in both the accelerometer's power unit and

the data acquisition system optimized the dynamic range of the recorded sigrral.

SIGNAL2 software controlled the acquisition and processing of the data'

For the low frequency measurements, the data were acquired at 1250 samples per

second for 98.3 seconds using a 450 Hz antialiasing filter' Averaged power spectral

density(PSD)spectra(4096linesand30averages)werecreatedfromthedatausinga

Hanning window. Similarly, the high frequency measurements were acquired at 12'500

samples per second for 9.83 seconds using a 4,500 Hz anti-aliasing filter. Time histories

were saved for all measurements, in the event that additional post-processing is required

3. Measurement locations

Measurement locations (receivers) were selected by Michael Zucker

from the LIGO/IVIIT team. Figure I indicates the locations of all vibration, noise,,and

shock measurements in the corner station. In this report, the locations shown in Figure I

will be desigrrated as follows:

Position 0- Floor near Beamsplitter BS7

Position 1- Section WBE-4

Position 2- CrYoPumP WCP-2

Vertical Direction

Acoustic

Axial Direction

Radial Direction

Axial Direction



CAiiai|oGE Acousfl cAL AaaocnrEg

Position 3- Section WBE-5

Position 4- BS-7 Flange

Position 5- BS-7 Nozzle G

Position 6- BS-3 Nozzle G

Position 7- Section WBE-2

Position 8- HAM-4 Nozzle

Position 9- HAM-6 Flange

Radial Direction

Axial Direction

Radial Direction

Axial Direction

Radial Direction

Radial Direction

Radial Direction

Axial Direction

Radial Direction

Axial Direction

Radial Direction

Axial Direction

Radial Direction

Radial Direction

Vertical Direction

Vertical Direction

Vertical Direction

Acoustic

Position l0-

Position I I -

Position 12-

Position 13-

Position l4- BehindFIAM-6

IIAM-6 Nozzle

Floor LVEA near

Mechanical room

Floor Mechanical room

Near LVEA

Inlet line to CryoPumP CP2
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4. Ooerating Conditious During Measurements

Vibration measurements were recorded for the following operating

a. Ouiet Mode - Background vibration of the quiet mode was

measured at all receiver locations. During the quiet mode, all facility equipment was shut

off except lights, a transformer, and several electronic racks located in the area' The data

acquisition system was located in the Equipment washdown room behind closed doors'

A reference accelerometer, located on the floor of the building at position'0" was

used to monitor changes in background levels during the measurements. wind, rain,

traffrc, and other source ofexternal vibration could be observed'

b. Turbo Source - The turbomolecular pump at section WB-5, near

HAM 6, was operated. Because the mechanical room was not totally closed-off, the

turbo-pump was operated without its backing pump. During the test, the bellows

connecting the pump to the manifold was structurally short circuited to prevent it from

collapsing under the vacuum load. This eliminated the vibration mitigation expected

from the bellows. Measurements were recorded at positions 0,5,8,9 and l0 with the low

frequency accelerometer and at position 5,8 and 10 with the high frequency

accelerometer.

c. Crvopump Source - Cryopump measurements were performed at

receiver position s 0,2,3,4,5 and 13. The cryopump has a low and high level set point' At

the low point rhe fill rate is operated at 60% which adds more liquid to the reservoir than

is evaporated. At the high point, the flow rate is reduced to l0% to decrease the level.

Measurements were performed at flow rates of 10%,60%, transitioning from 10-60% and

at a 100%.
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d.MechanicalRoomsource.Measurementswererecordedwhile

the large ion pump power supply, the turbo-backing pump, or the vent and purge system

was operating. Two reference accelerometers were utilized during these tests, at position 0

in the LVEA area and position 12 in the mechanical room. vibration was monitored at

position 5,8,10, and 11. Measurements at position I I and 12, only three feet apad but on

different foundations, were used to evaluate transmission loss between the slabs.

e.MiscellaneousSources-Severalmeasurementswererecorded

where there were sources other than the vacuum equipment. During the sensing

equipment check out, a measurement was recorded at position 0,2 and 5 before all the

equipment was shutdown. Another measurement was recorded during the quiet mode

with the facility chill water pumps operating at position 0,1,2,4,and 5 and during a hard

rain (without wind) at position 0,2, and 4.

B. Noise Measurements

Background, cryopump' and turbo source noise measurements were

recorded. A Bruel and Kjaer Model 2236 Precision sound Level Meter measured the

overall sound pressure level at the microphone locations shown in Figure l. octave band

measurements lvere read directly from the sound level meter and compared with the

LIGO noise specification. Narrow band measurements, recorded at 12,500 samples per

second, were processed as described in the previous section for diagrostic purposes.

C. Shock Measurements

Shockmeasurementsweferecordedonsamplevalves,openingandclosing.

valves tested include one 10" manual turbopump valve (near HAM6), four 14" manual

ion pump valves (IP1,3,4,and6), two motorize 48" gate valves (WGV2 and 3)' and one

pneumatic 48" gate valve (WGV5).

General purpose PCB Model 338A35 accelerometers measured the shock levels. A

single accelerometef was mounted on the valve body for diagnostic purposes, and a tri-

c / 6
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axial arrangement of accelerometels was mounted on the nearest chamber- Locations of

the accelerometers are indicated in Figure I by a "v"'

Measurements were recorded by our data acquisition system at 1250 samples per

second using a 500 Hz anti-aliasing filter. A 100 Hz low passed filter was applied to the

data, and maximum and minimum shock levels were measured. These values are

compared to LIGO's revised shock specification: "shock levels should be less than 0'01

g,s peak to peak" (note: the absolute sum of the min-ma-x measurements is an upper

bound estimate of the peak to peak level). For diagnostic pulposes' the min-max

measured levels are listed from the 500 Hz filtered data'

M. MEASUREMENT RESULTS

A. Vibration Results

Thirry-one tests and some 123 vibration measurements were recorded and

analyzed. Acceleration power spectral density curves are plotted in Appendix A' As a

reference, the LIGO equipment and building vibration specifications are shown on each

plot. For easy comparison between measurem€nts, the dynamic range and number of

frequency decades are the same on each plot and therefore can be overlaid.

For diagnostic pulposes, the measured acceleration time histories are plotted in

Appendix B. Transients, produced either by the vacuum equipment or other sources' can

be observed. To accentuate the transients, the average (over 0.125 second intervals) rms

acceleration as a function of time is computed and plotted. The test date, number and

channel number on the plots are described in Appendix A'

B. Noise Results

Bothoctaveandnarrowbandnoisemeasurementscanbefoundattheend

of Appendix A.
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C. Valve Shock Results

A tri-axial accelerometer was located on the chamber nearest the valve to

monitor the shock during opening and closing of the valve. Accelerometer # I sensed the

shock in the radial direction of the chamber, #2 sensed the vertical direction, and #3 the

circumferential direction. In addition a fourth accelerometer, #4, was located on the valve

body for diagnostic purposes. Maximum and minimum acceleration shock levels recorded

when the valves open and closed are listed in Tables I for both sets of filtered data.

IV. REFERENCES

1 - Kyle Martini, Vibration. Noise. Shock Measurements of the PSI Vacuum

l'r Eouioment at the LIGO End and Mid Station. Hanford. WA,CAA Test ReportU-2379-

8001, June 1998.

2 - Engineering Desig1 SIGNAI User's Guide, Ver' 3'0, July, 1996'
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Tab|e I - LIGO CORNER STATION VALVE MEAS{JREMENT RESULTS

500 Hz Filter

Accel # MaxG) Min(e)

r 0.0042 -0.0040

2 0.0043 -0.0042

3 0.0048 -0.0056

4 0.0053 -0.0051

1 0.1173 -0.0278

2 0.0316 -0.0369

3 0.0269 -0.0311

4 0.0390 -0.0510

I 0.0080 -0.0080

2 0.0226 -0.0265

3 0.0173 -0.0218

4 0.0229 -0.0199

4 14" IP3 valve background

I 0.0047 -0.0046

2 0.0050 -0.0038

3 0.0052 -0.0061

4 0.0048 -0.0041

2 48" WGV2 motorize gate valve closing

100 I{z Filter

Max(g) Min(e)

0.003s -0.0029

0.003? -0.0036

0.0040 -0.004s

0.0044 -0.0040

0.0777 -0.0130

0.0189 -0,0265

0.0215 -0.0228

0.0r  16 -0 .0104

0.0049 -0.0057

0^0079 -0.0080

0.0139 -0.0191

0.0065 -0.0062

0.0042 -0.0045

0.0042 -0.0032

0.0041 -0.0046

0.0048 -0.0036

1 48" WGV2 motorize gate valve background

i-

i
t

l.'
t
t-

ti
3 48" WGV2 motorize gate valve opening
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100 Hz Filter

Max(e) Min(g)

500 Hz Filter

Accel # Max(g) Min(g)

5 14" IP3 valve oPening

I 0.0891 -0.0784

2 0.0079 -0.0074

3 0.0064 -0.0068

4 0.0083 -0.0087

6 14" IP3 valve closing

7 L4* lP4 valve background

I 0.0069 -0.0071

2 0.0039 -0.0039

3 0.0051 -0.0046

4 0.0032 -0.0038

I 14" IP3 valve oPening

0.1262

0.00s5

0.0065

0.0071

I

2

3

4

0 .1058

0.007s

0.0060

0.0082

-0.0337

-0.0070

-0.0054

-0.0094

-0.1237

-0.0062

-0.00s5

-0.0058

0.0347

0.0063

0.0046

0.0077

0.0517

0.0069

0.0053

0.0077

0.0058

0.0034

0.0036

0.0027

0 .131  I

0.0047

0.0055

0.0064

0.1262

0.0037

0.0036

-0.0313

-0.0068

-0.0055

-0.0077

-0.0r74

-0.0063

-0.0043

-0.0090

-0.0064

-0.0033

-0.0031

-0.0031

-0.1298

-0.0054

-0.0042

-0.0052

-0.1325

-0.0042

-0.0049

9 14" IP3 valve closing

I 0.1260 -0.1239

2 0.0041 -0.0050

3 0.0052 -0.0058

l l

Ct , /



l1 10" Turbopump valve near HAM6 opening

0.0062 -0.00ss

500 Hz Filter

Max(e) Min(g)

0.0032

0.0046

0.0044

0.0005

-0.0043

-0.0036

-0.0044

-0.0005

0.0960

0.0054

0.0075

0.0008

-0.0617

-0.0065

-0.0079

-0.0007

0.0332 -0.0308

0.0055 -0.0062

0.0067 -0.0062

0.0007 -0.0010

13 14" IPz valve background

0.0040 -0.0043

0.0050 -0.0040

0.0035 -0.0039

0.0039 -0.0046

1414" IPZ valve closing

0.0998 -0.0664

0.0076 -0.0093

CA lirocE Acoustlcar Assoc1arEs

0.005s -0.0053

100 Hz Filter

Max(g) Min(g)

0.0027 -0.0034

0.0041 -0.0032

0.0036 -0.0038

0.0004 -0.0004

0.0r00 -0.0093

0.0048 -0.0056

0.0054 -0.0072

0.0008 -0.0006

4

Accel #

I

2

J

4

10 10" Turbopump valve near HAM6 background

12 10" Turbopump valve near HAM6 closing

I

2

0.0061

0.0049

0.0047

0.0006

0.0039

0.0043

0.0028

0.0033

0.0842

0.0067

-0.0044

-0.0056

-0.0057

-0.0009

-0.0031

-0.0035

-0.003 r

-0.0034

-0.0693

-0.0091

12

c/{
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rj
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t :
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t-l

r
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r:i

LI

til
irt

I in

u

Eg

I irl

l i  J l

!

i

Accel #

I

2

3

A

3
A

I

3

A

0.0064 -0.005 L

0.0188 -0.0070

500 Hz Filter

Max(e) Min(e)

1514" lPz valve oPening

0.0693 -0.0397

0.0093 -0.0080

0.0075 -0.0094

0.0100 -0.0130

16 14'' IP6 valve background

0.0045 -0.0041

0.0048 -0.0043

0.0044 -0.0048

0.0057 -0.0043

17 14" IP6 valve closing

0.1238 -0.0888

0.00'72 -0.0112

0.0109 -0.0156

0.0214 -0.0198

18 14" IP6 valve oPening

0.1251 -0.1248

0.0244 -0.0258

0.0304 -0.0323

0.0875 -0.0818

0.0058

0.0r80

Max(e')

0.0532

0.0079

0.0061

0.0062

0.0039

0.0042

0.0037

0.00s I

0.0866

0.0057

0.0041

0.0042

0.1075

0.0079

0.0043

0.0048

100 Hz Filter

-0.0043

-0.0058

Min(g)

-0.0074

-0.0073

-0.0073

-0.0076

-0.0034

-0.0038

-0.0046

-0.0034

-0.031 I

-0.0050

-0.0054

-0.0039

-0.079'7

-0.0081

-0.0056

-0.0052

,|

2

J

4

I J

a/6



CarEn|DGE Acougfl cAl As6oc|Arts

19 48" WGV3 motorize gate valve background

I

z

J

*

0.0039

0.0042

0.0062

0.0045

0.0072

0.0081

0 .0112

0.0146

0.0074

0.0084

0.0107

0.01r9

0.0053

0.0070

0.0073

0.0064

0.0109

0.0060

-0.0043

-0.0036

-0.0053

-0.0047

-0.0090

-0.0084

-0.0100

-0.0104

-0.0082

-0.0080

-0.0100

-0.0191

-0.0047

-0.0063

-0.0062

-0.0076

-0.0100

-0.0067

0.0031

0.0040

0.0058

0.0034

0.0064

0.0071

0.0064

0.0088

0.0066

0.0079

0.0060

0.0065

-0.0036

-0.0029

-0.0041

-0.0039

-0.0079

-0.0073

-0.0078

-0.0071

-0.0075

-0.0072

-0.0064

-0.0071

-0.0040

-0.0033

-0.0034

-0.0071

-0.0090

-0.0060

500 Hz Filter

Max(s) Min(g)

20 48" WGV3 motorize gate valve closing

100 Hz Filter

Max(e) Min(g)

i -

L-
[ '
L ;

tr
l_l 21 48" WGV3 motorize gate valve opening

.|

J

A

2

3

4

22 48" WGV5 pneumatic gate valve background

0.0042

0.0031

0.0033

23 48" WGV5 pneumatic gate valve closing

0.0057

0.0103

0.0056

I4

(- t1
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APPENDIXA

PSI EQUIPMENT VIBRATION MEASTJREMENTS

AT LIGO CORNER STATION

HANFORD,WA

LIGO/PSI VIBRATION MEASUREMENT LOG

Comer Station at Hanford, WA

Background Measurements

BL g/24lgS Test l, 0-Floor nr. BS 7, Bkg. before equip shutdown

B2 g/24lgl Test 1, 5-BS-7 nozzle radial, Bkg' before equip shutdown

B3 gl24lgT Test l, 2-Cryopump a.rial, Bkg. before equip shutdown

94 glz4lglTest 1, 2-Cryopump radial, Bkg' before equip shutdown

85 9/z4lggTest 2, O-Floor nr. BS 7, Bkg. w/ chill water on

B6 9/24lgg Test 2, 4-BS-7 nozzle radial, Bkg' w/ chill water on

B7 gl24lgl Test 2, 2-axial on cryopump, Bkg' w/ chill water on

Bg gn4DB Test 2, 2-radial on cryopump' Bkg' w/ chill water on

Bg gl24lg} Test 3,0-Floor nr' BS 7, Bkg. d chill water on

Bl0 g/24lg} Test 3, 4-BS-7 flange radial, Bkg' w/ chill rvater on

Bll gl24lg8 Test 3,4-BS-7 flange axial, Bkg' w/ chill water on

Bl2 gl24lgg Test 3, l-radial on WBE-4, Bkg' w/ chill water on

Bl3 gl25lg8 Test 1,0-Floor nr. BS 7, Bkg. heavy rain

Bl+ g/25lg9 Test l, 4-BS-7 flange axial, Bkg' heavy rain
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Ca raDGE AcouEncAL AssodarEs

F.37 9/25/98 Test 7, 0-Floornr. BS 7, Bkg.

838 9125198 Test 7, l0-Ham 6 nozzle radial' Bkg.

B3g 9/25198 Test 7, 1l-Floor VEA nr' Mech. Rm., Bkg.

B4O 9l25l9S Test 7, l2-Floor Mech. Rm.nr. VEA' Bkg.

B4l 9125/98 Test 15, 0-Floor nr. BS 7' Bkg.

842 9125198 Test 15, 8-Ham 4 nozzle radial, Bkg.

F'43 9/25198 Test 15, 5-BS-7 nozzle radial' Bkg.

844 gl25lg8 Test 15, 8-Ham 4 nozzle axial, Bkg.

Cryopumo Measurements

Cl 912619g Test l, 0-Floor nr. BS 7, Cryopump, frll rate lDYo

C2 9126/98 Test l, 4-BS-7 flange a,xial, Cryopump, frll rate 10%

C3 9126198 Test 1,2-Cryopump a.rial, Cryopump, fiil rate 10%

C4 9126198 Test l, 2-Cryopump radial, Cryopump' fill rate 10%

C5 912619g Test 2, O-Floor nr. BS 7, Cryopump, fill rate l0%

C6 9126198 Test 2, 4-BS-7 flange axial, Cryopump, fill rate l0%

C7 9/26198 Test 2, 2'Cryopump axial, Cryopump, fill rate 10%

CB 9/26198 Test 2, 2-Cryopump radial, Cryopump, fill rate 10%

Cg 9/26198 Test 3, 0-Floor nr. BS 7, Cryopump, filI rate 100%

CIO 912619g Test 3, 4-BS-7 flange a,rial, Cryopump, fill tate l00Yo

Cll gl26lgSTest 3, 2-Cryopump axial, Cryopump' fill rate 100%

Clz 9/26/98 Test 3, 2-Cryopump radial' Cryopump, fill rate 100%

Cl3 9126198 Test 4, 0-Floor nr. BS 7, Cryopump, fill rate 10%-60%

Ct4 9/26198 Test 4, 4-BS-7 flange axial, Cryopump, fill rate 10%-60%

Cls 9126/98 Test 4,2-Cryopump axial, Cryopump, fill rate 10%-60%
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Cl6 9126198 Test 4, 2-Cryopump radial, Cryopump, fill rate 10o/o-60Vo

Cl7 9126198 Test 5, 0-Floor nr. BS 7, Cryopump, fill rate -60%

C18 9126198 Test 5, 4-BS-7 flange axial, Cryopump, fiIl rate -60%

Clg 912619g Test 5,2-Cryopump axial, Cryopump, fill rate -60%

C20 9/26/98 Test 5, 2-Cryopump radial, Cryopump, fill rate -60%

CZI 912619g Test 6, O-Floor nr. BS 7, Cryopump, fill rate l0%

C22 9126198 Test 6, 4-Cryo inlet pipe' Cryopump, fill rate 10%

C23 9/26198 Test 6, 2-Cryopump axial, Cryopump, filI rate l0%

C24 912619g Test 6, 2-Cryopump radial, Cryopump, frll rate 10%

C25 9126198 Test 6, 0-Floor nr. BS 7, Cryopump, fill rate ? no lA

C?6 9126198 Test 7, 4-Cryo inlet pipe, Cryopump, fill rate ? no IA

C27 9126198 Test 7,2-Cryopump axial, Cryopump, fill rate ? no IA

C28 912619S Test 7, 2-Cryopump radial, Cryopump, fill rate? no IA

CZg 9126198 Test 8,0-Floor nr. BS 7, Cryopump, fill rate l0%

C3O 9126198 Test 8, 4-Cryo inlet pipe, Cryopump, fill rate l0%

C3l 9126198 Test 8,2-Cryopump axial, Cryopump, fill rate 10%

C329l26lgt Test 8,2-Cryopump radial, Cryopump, fill rate 10%

C33 9126198 Test 9, 0-Floor nr. BS 7, Cryopump, fill rate 600lo

C34 9126198 Test 9, 4-Cryo inlet pipe, Cryopump, fill rate 60%

C35 9126198 Test 9,2-Cryopump axial, Cryopump, fiIl rate 60%

C36 9126198 Test 9, 2-Cryopump radial, Cryopump' fill rate 60%

C37 9/26198 Test 10, 0-Floor nr. BS 7, Cryopump, fill rate l0%

c A 3
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C38 9126198 Test 10, 4-BS 7 nozzle, Cryopump, fill rate 10%

C3g 9126/98 Test 10,2-WBE-5 a.rial, Cryopump, fill rate l0%

C4O 9126198 Test 10, 2-WBE-5 radial, Cryopump, frll rate l0%

Turbomolecular Pump Measurements

Tl gl25l98 Test 18, 0-Floor nr. BS 7, Turbo on nr. Ham 6

T2gl25lg8 Test 18, 8-Ham 4 noz. radial. Turbo on nr. FIAM 6

T3 gl25l98 Test 18, 5-BS-7 nozzle, Turbo on nr HAM 6

T4 gl25l98 Test 19, 5-BS-7 noz' radial, Turbo on nr. F{AM 6

T5 gl2ilgS Test 19, 5-HAM-4 noz.radial, Turbo on nr HAM 6

T6 glzilgg Test 19, lO-Harn 6 noz. axial, Turbo on nr. HAM 6

T7 gl25l98 Test 20, O-Floor nr. BS 7, Turbo on nr. Ham 6

T8 gl25lg8 Test 20, 9-Ham 6 flange axial, Turbo on nr. IIAM 6

Tg gl2s/gSTest 20, 9-Ham 6 flange radial. Turbo on nr FIAM 6

T),0 glzilgl Test 20, 10-Ham 6 noz' radial, Turbo on nr' HAM 6

Mechanical Room Vacuum Equipment Sources

mrl 9125/98 Test 8, 0-Floor nr. BS 7, Ion Pump Power Supply

mr2 9 125 198 Test 8, 1 O-Ham 6 nozzle radial, Ion Pump Power Supply

mr3 9125198 Test 8, I l-Floor VEA nr. Mech. Rrn., Ion Pump Power Supply

mr4 9125198 Test 8, l2-Floor Mech' Rm.nr. VEA, Ion Pump Power Supply

mr5 9125198 Test 9, O-Floor nr. BS 7, Backing Pump

mr6 9125198 Test 9, 10-Ham 6 nozzle radial, Backing Pump

mrl 9125198 Test 9, 1l-Floor VEA nr. Mech. Rm', Backing Pump

mr89125198 Test 9, l2-Flqor Mech. Rm.nr. VEA, Backing Pump

mr9 9l?5198 Test 10, 0-Floor nr. BS 7, Vent and Purge

mr70 9125198 Test 10, 10-Ham 6 nozzle radial, Vent & Purge

2 l
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mrll9125198 Test 10, 1l-Floor VEA nr. Mech. Rm.' Vent and Purge

mrl29l25l98 Test 10, l2-Floor Mech. Rm.nr- VEA' Vent and Purge

mrl3 9125198 Test 11, 0-Floor nr. BS 7' Ion Pump Power Supply

mrl4 9125198 Test I l, 8-Ham 4 nozzle radial, Ion Pump Power Supply

mr15 9125198 Test 11, 5-BS 7 Noz. radial, Ion Pump Power Supply

mrl6 9/25198 Test 11, 1Z-Floor Mech. Rm.nr. VEA, Ion Pump Power

Supply

mrl7 9125198 Test 12, O'Floor nr. BS 7, Backing Pump

mrl8 9/25198 Test 12, 8-Ham 4 nozzleradial, Backing Pump

mrlg 9/25198 Test 12. 5-BS 7 Noz radial, Backing Pump

mr20 9125/98 Test 12, l2-Floor Mech. Rm'nr. VEA, Backing Pump

mr2l 9125198 Test 13, 0-Floor nr. BS 7, Vent and Purge

mr229125198 Test 13, 8-Ham 4 nozzle radial, Vent & Purge

mr23 9/25/98 Test 13, 5-BS 7 Noz. radial., Vent and Purge

mr24 9125198 Test 13, l2-Floor Mech. Rm.nr. VEA, Vent and Purge

mr25 9125/98 Test 13, 0-Floor nr. BS 7, Vent and Purge Modified Op'

mr26 9t25198 Test 13, 8-Ham 4 nozzle radial, Vent & Purge Modified Op'

mr27 9/25/98 Test 13, 5-BS 7 Noz. radial., Vent and Purge Modified Op'

mr28 9l?5198 Test 13, l2-Floor Mech. Rm.nr' VEA, Vent and Purge Mod'

Oo.

Al 9125198 Test 16, Floor nr. BS 7, Acoustic bkg'

AZgl25l98 Test 16, l0 feet behind Ham 6, Acoustic bkg'

A3 gl25lg9 Test 17, Floor nr. BS 7, Acoustic, Turbo nr' Ham 6

A4 gl25lgSTest 17, 10 feet behind Ham 6, Acoustic, Turbo nr' Ham 6
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A5 9126198 Test I l, Floor nr. BS 7, Acoustic, Cryopump

4'6 Octave band Measurements nr BS 7' Bkg.' Turbo and Cryopump

A7 Octave band Measurements nr Ham 6, Bkg. And Turbo
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

1.0 PURPOSE

The purpose ofthis Acceptance Test Procedure (ATP) is to define the overall plan for systems
acceptance testing ofthe vacuum envelope and vacuum pumping system in order to demonstrate that
it meets the requirements of the LIGO Vacuum Equipment Specification, LIGO-E940002-02-V,
Revision 2, dated August 3 I, 1995.
This document will be part of the Acceptance Test Report as required by CDRL No.06.

GENERAL

The plan will general apply to the comer stations. Slight differences among each station will be due
to different vacuum equipment, size ofthe isolatable section sizes, surfaces, volumes, and quantities
involved relating to instrumentation, equipment, etc.

Corner station WA Vertex Section
Diasonal Section
Left Beam Manifold Section
Risht Beam Manifold Section

Comer station LA Vertex Section
Left Beam Manifold
Rieht Beam Manifold

2.2 Tests will be performed by PSI personnel, and will be witnessed by an agent designated by LIGO.

2,3 An Authorization to Vacuum Test Form shall be signed oIT by the Project Manager or his
designated representative prior to any vacuum testing of systems or components (see

Attachment III).

2.0

2.1
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SYSTEM ACCEPTANCE TEST PLAN. CORNER STATIONS

3.0 REFERENCE DOCUMENTS

The following documents shall be used in conjunction with this one for performing the ATP:

Description Document No.

Leak Check Procedure v049-2-014
Bakeout System Procedure v049-2-116
80K Cryopump Operating Procedure v049-2-143
Bakeout System Control Can Operating Manual & Procedure
RGA Calibration Procedure (Field) v049-2-186
RGA Operating Manual
EDP200/EH2600 Roughing Pumps Operating Manuals
STPH2000C Turbomolecular Pump Operating Manuals
Auxiliary Turbomolecular Pump Operating Manuals

QDP80 Dry Backing Pump Operating Manuals
Vacuum Gauges: Cold Cathode & Pirani Gauges Operating Manuals
2500 L/s, 75Lls,25Lls Ion Pumps Operating Manuals
Acceptance Test Procedure for Clean Air Supplies v049-2-109

RESPONSIBILITY

It shall be the responsibility of the project engineer assigned to this component or subsystem to
ensure that all procedures required by this acceptance test procedure are performed, and that the
LIGO designated witnessing agent, who has signoff authority, shall sign the data sheet /test
certification attached to this procedure, verifting that the procedures have been performed. The data
sheet shall also be signed by the project engineer or other designee as assigned by the PSI project
manager. Any test listed in the data sheet which is not applicable to this component or subsystem
shall be noted by writing "N/A" in the appropriate space. Any deviations ftom the test procedures
or Darameters shall be noted on this data sheet.

4.0
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

5.0 FIELD TE,ST PROCEDUR.ES

5.1 Leakage Test

5.1.1 Chamber and Tube Section Leak Tests

The specification requires all component leaks greater than lxlOr Torrl/s ofhelium to be repaired in
accordance with LIGO approved procedures. Leak checking shall conform to ASTM E498
"Standard Test MetJrods for Leaks using the Mass Spectrometer Leak Detector". (Ref. Specification
V049-2-014, Leak Test Procedure). The following is a summary ofthe field leak testing plan.

5.1.1.f Prerequisites

The individual vacuum enclosures have completed their manufacturing cycle and have been cleaned,
baked, factory leak tested, and sealed for shipment. The unit is then wrapped and packaged for
shipment.

Upon arrival at the installation site, the unit will be visually inspected for any shipping damage.

5.1.1.2 IsolatedSections
Individual vacuum components are assembled into isolated sections which will be leak checked as
an independent volume. The procedures used to leak check the isolated sections are similar to the
procedures used for individual components and in general follow the guidelines ofASTM E498.

Each isolated section has basically two types ofvacuum volumes; the main chamber volume and the
annulus volume between the dual o-ring seals. When leak checking the main chamber volume, it is
important to prevent permeation of tracer gas(es) through the Viton o-rings. To eliminate this
potential source ofhigh background readings, the o-ring flanges will be bagged and ptuged with pure
nitrogen gas as required.

5.1.1.2.1 Annulus Leak Check

The annuli of each vessel will be leak checked by a simple pumpdown test. The annuli shall be
considered tight if the pumpdown for each vessel or component to 3 x l0 - 4 ton is within the limits
ofTable 5.1.1.2.1
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

5.1.1.2.2

Table 5.1.1.2.1
Component Max Allowable Pumpdown TimeMinutes

BSC 60
FIAM 60
Spools 30
Gate valves 30

Main Volume Leak Check

Each isolated section will be leak checked by the air signature method after bakeout using an RGA.
The maximum acceptable leak rate shall be consistent with the system requirements as determined
by isolated volume size and RGA sensitivity, as mutually agreed upon by LIGO and PSI. Method
and leak rate to be consistent with the BSC prototype chamber test results.

This test will be petformed at the completion of bakeout in conjunction with the ultimate pressure
test.

Bakeout and Ultimate Pressure Test: Corner Station

An ultimate pressure test is performed after bakeout to determine that the system is clean and leak
tight. The ultimate pressure test is performed on the largest isolatable section with an 80K pump.
In the case of the Washington comer station the isolatable sections would be: 1. The Vertex section
with the Right Beam Manifold, and 2. The Diagonal section with the Left Beam Manifold. In the
case of the Louisiana comer station the isolatable section would be the Vertex section with one of
the Beam Manifolds. Before a pumpdown and ultimate pressure test is performed, the sections that
make up the largest isolatable section must be baked.

Annuli punpdown

The aruruli on the flanges will have been pumped during installation for leak checking. Any
remaining flange annuli at atmospherc will be pumped prior to start ofbakeout. Because of greatly
increased outgassing from the o-rings during bakeout, the arurulus ion pumps may be inadequate to
maintain the arurulus within the operating range of the ion pump with its standard Minivac
controller. The use of an auxiliary turbo pump cart or a Multivac controller to operate the annulus
ion pump is required during bakeout. Because of the limited quantity of auxiliary turbo pump carts
available these should be used on the components with the largest amount ofo-ring area; i.e. the
BSC's and HAM's.
Note that the gate valve's gate seal annulus must also be evacuated during bakeout.

{ ?

5.2.1
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

5.2.2 Vacuum equipment

The roughing carts, and main turbomolecular pumping system and main ion pump system will have
been tested already. A functional test may be required prior to start of the bakeout to ensure proper

operation of the equipment.
The main ion pumps will be evacuated and baked after installation onto the vacuum envelope. The
main ion pumps will then be started to ensure proper operation.

5.2.2.3 Deleted

5.2.2.4 Systemllsolatablesection bakeout.

The bakeout systern will be installed on the isolatable section and baked out according to the bakeout
procedures. Prior to the start ofbakeout the system will be evacuated using the roughing system.

The isolatable section will be heated to 150"C (at 1 .0"C/hr maximum) and soaked for 48 hours at
150"C+20".

Cooldown of the system will be carried out with the heating system operating to maintain
temperature uniformity (logging rate : 1.0"Cftr m . This is done by ramping down the
setpoints to ambient temperature.

Since the pumpdown tests will be carried out on a isolatable section with a 80K cryopump, the beam
manifold section will also need to be baked priot to vacuum pumpdown tests in the case ofthe
comer stations.

Because there are only enough bakeout blankets and carts to bake one isolatable section at a time, the
Beam Manifolds must be baked independently of the Vertex or Diagonal sections. To minimize the
time required to bake the combination of Beam Manifold and Vertex or Diagonal, the Beam
Manifold should be baked first in order to allow it to cool so that the 80 K pump may be cooled
down and is operational while the Vertex or Diagonal is being baked.

5.2.2.4,1 Bearn Manifold Bakeout

Install bakeout blankets on Beam Manifold, Beam Manifold ion pump, and adjacent 80K Cryopump'

Install roughing and turbo pumps.
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SYSTEM ACCEPTANCE TEST PLAN. CORNERSTATIONS

Evacuate volume to be baked plus the two adjoining isolatable sections to 0.1 torr using roughing pump
prior to starting blankets or turbo pump. This is required to minimize convective heat losses at the gate
valves. Bake section at 150 C for 48 hours.

Allow section to cool. When temperature is less than 100 C the RGA electronics may be installed and
the ion pump may be started.

When the section reaches ambient temperature (- 20 C) the 80 K pump can be cooled down in
accordance with its operating procedures.

5.2.2.4.2 Vertex or Diagonal Bakeout

Install bakeout blankets on Vertex or Diagonal, and ion pumps

Install roughing and turbo PumPs.

Evacuate volume to 0.1 torl using roughing pump prior to starting blankets or turbo pump.
Bake section at 150 C for 48 hours.

Allow section to cool, When temperature is less than 100 C the RGA electronics may be installed and
the ion pumps may be started.

When the section reaches ambient temperature, the section may be connected to the adjacent Beam
Manifold for the ultimate presswe test.

5.2.2.5 Residual gas analysis after bakeout and cooldown

With the system baked and cooled down, a residual gas analysis will be carried out to determine the
presence of any air leaks and cleanliness of the system.

Four sets of measurements shall be made using the RGA: steady state, rate of rise, RGA calibrationfl and
ionization/pumping pattem. Detailed procedures for performing these tests may be found in the RGA
Calibration Procedure, V049-2- I 86.

SPECIFICATION
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

The first test is made under steady state conditions with the cryopump and ion pumps operating. The
purpose of the first test is to determine the minimum detectable leak (MDL) based on the Ot
pressure. The O, pressure provides the most sensitive value for determining the MDL in this mode,
but is subject to potential errors from gettering effects and uncertainity in the ion pump speed.

The second test is performed with the ion pump isolated. This test allows the argon and N, pressures

to be considered in determining the MDL. This test shall be performed immediately after completion
ofthe steady state test without changing any RGA settings. The test shall be run long enough to
allow the H, pressure to increase by approximately two decades.

Upon completion of the rate ofrise test the RGA shall be calibrated.

After completion ofthe RGA calibration and prior to backfilling a small air leak shall be introduced
to measure the ionization/pumping pattern for air.

SPECIFICATION
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

5.2.2-6 Ultimate Pressures after 100 hours.

The isolatable section shall attain a total pressure of 2x10-8 torr or less (N, equivalent), measured
with a calibrated Granville-Phillips "stabil" ion gauge at a BSC RGA port after bakeout and
cooldown to ambient temperatue (approximately 100 hours after start of pumpdown for bakeout).
The partial pressure shall be measured with an RGA at a BSC RGA port. If the hydrogen content of
the steel prevents the attainrnent of this value, then the total pressure of the gases, other than Hr and
HrO shall not exceed 3xl0-e torr. Only the main ion pumps and 80K cryopumps are permitted to
operate during this test.

Table 5.2.2.6 shows the LIGO specification partial presswe goals and the conesponding partial
pressure acceptance criteria.

Table 5.2.2.6

Gas Species LIGO
Partial Pressure

Goals
Torr

Acceptance
Partial Pressures

Torr
H2

HrO
5xl0-9
5xl0-9

Total HrO, H, 1xl0-8

N2 5x10-10
CO 5x10- l0
CO, 2x10- l0
clI4 2x10- l0

All others 5x10- l0
Total other 1.9x10-9 3x10-9

Total 1.2x10-8 2x10-8 +

o Exclusion for H2

Partial pressure of HrO is expected to be higher at the BSC because the ultimate pressure calculation
is based on pressure of water at the cryopump. The partial pressure of water will be measured near
the inlet of the cryopump.

SPECIFICATION
Number: V049-2-11

A

Page 11 of 24



SYSTEM ACCEPTANCE TEST PLAN, CORNERSTATIONS

5.3 Backfill and purge with dry air, and 100 hour pumpdown

The system will be back filled with dry air from the Class 100 air system, and purged for 24 hours.
This test will be done only on the largest isolatable volume in each station, and is for information
onlY.

5.3.1 Pumpdown of isolatable section with 80K cryopump

Comer station: Vertex & Right Beam manifold ot Diagonal and Left Beam Manifold
Once two isolatable sections, a vertex section and beam manifold section have been baked and
backed filled, the vacuum pumpdown test can be initiated. The section shall be pumped for 100
hours. Pressure shall be measured throughout the pumpdown. Partial pressures shall be recorded at
100 hours.

After completion of the partial pressure measurements, the rate of rise test shall be performed with
the ion pumps isolated.

{ 1 t

5.3.4

5.3.3

Pumpdown from atmosphere to 0.1 Torr using the roughing system

Corner stations:
The isolatable section will be pumped using one main roughing system to a pressure below 0.1 Torr.
The requirement is to be able to tum offthe roughing pump in less than four hours. Acceptance will
be when the pressure of 0.1 Torr is reached in less than 4 hours and the roughing system can be
turned off and the turbo pump can be fumed on.

Pumpdown from 0.1 Torr to 10-6 Torr using the main turbomolecular system

Comer stations: The isolatable section will be pumped using two main turbomolecular pump system.
to a pressure of less than 5X105 Torr. Acceptance will be when the presswe of less than 5X106
Torr is reached in 24 hours.

80K cryopump

SPECIFICATION
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The cryopump will be tumed on when a pressure of less than 5Xl0' Torr has been reached. To
minimize cryotapping of CO2, the cryopump should be cooled down as late as possible, (between
t=16 and 24 hn) during the turbomolecular pump roughing stage.
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SYSTEM ACCEPTANCE TEST PLAN, CORNERSTATIONS

5.3.5 Main lon pumps.

The main ion pumps will be turned on after the cryopump is cold and has been pumping for several
hours. (between 24 hours to 30 hours into the pumpdown).

5.4 Noise, Shock, and Vibration

During the commissioning process, measurements of vibration, shock, and noise generated by
vacuum system equipment will be conducted in accordance with the CAA test plan (Attachment l).
Measurements are taken for data only, there is no acceptance criteria

No tests will be conducted in LA.

5.5 Interface to the CDS

All CDS cabinets are supplied and installed by LIGO. PSI will terminate all VE instruments and
other system interlocks as shown on PSI electrical drawings. CDS cabinet locations are shown on the
following drawings:

V049-3-123 (5 sheets )

V049-3-623 (4 sheets )

Acceptance test for instrument loops and other wiring installed by PSI and terminated in the CDS's,
will be performed as follows:
a. Check point to point continuity of each conductor to insure that wiring is intact and terminated at

the proper place at both ends.

b. Veri$ wire connections are made in accordance wittr terminal wiring diagrams and schedules.

c. Using highlighter (transparent marker), indicate on terminal wiring diagram sheets that each wire
and connection has been verified. These sheets will be made available to the buyer.

d. Replace defective wiring and retest.

e. Additional testing requirements are listed in V049-2-022 (Electrical and Instruments
Construction Work).

PSI will supply LIGO with sufficient information for set up of the monitoring of the pressure gauges,
the monitoring of the ion pumps, and control loops for the 80K cryopump level control valves.

SPECIFICATION
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SYSTEM ACCEPTANCE TEST PLAN, CORNERSTATIONS

5.6 Liquid Nitrogen ConsumPtion

Liquid nitrogen consumption during cryopump operation will be determined by monitoring and
' recording the liquid nitrogen storage tank level and pressure. Each LN2 storage tank is equipped with a

local level indicator, pressure gauge, and a differential pressure level transmitter for remote level
indication and low level alarm functions. The data will be taken over a time period sufficient to calculate
a meaningful average consumption. Ten days of continuous operation with the tank level between 30-
70% full should be adequate.

Acceptance Cdteria:

Measurements are taken for data only. Acceptance was done based on calculations ptesented during the

FDR review.

5.7 Clean Air System Commissioning

After installation and prior to admitting clean air into any vacuum component, the clean air supply, at

the point ofusage, will be sampled for particulates (class 100), hydrocarbons and dew point (< 60 C).
The purpose of this testing is to verifr compliance with LIGO specifications and preclude the

introduction of contaminants into the vacuum equipment. The results of the sampling will be
documented for future reference.

Hydrocarbons shall be monitored both at the inlet to the air compressor and at the point ofusage to
confirm that no hydrocarbons are being added to the system via the clean air system. The hydrocarbon
a11alyzer shall be calibrated against both a zero gas and span gas to measure the absolute level.

Acceptance Criteria:

The hydrocarbon content of the air leaving the clean air system will not be higher than the air supplied
to the clean air system. The dew point ofthe air leaving the system will be -60 C or less. Particulates in

the air leaving the system will not exceed class 100 requirements for 0.5 micron particle size.
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Title: SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

ACCEPTANCE TEST: LEAKAGE ISOLATED SECTION

INCLUDE ALL RAW DATA AND CALCULATION SHEETS

STATION:
SECTION:

AFTERCOOLDOWN
RESULTSFROMTHE RGA
TEST INDICATE AN AIR LEAK
O F :

Torr-L/-s
Helium equivalent

AFTER lOO HRPUMPDOWN
RESULTSFROMTHE RGA
TEST INDICATE AN AIRLEAK
O F :

Torr-L/-s
Helium equivalent

ACCEPTANCE:

ENGINEERNAME & TITLE SIGNATT'RE
PSI

PSI

LIGO

LIGO

SPECIFICATION
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SYSTEM ACCEPTANCE TEST PLAN. CORNER STATIONS

STATION:
SECTIONT TIME DATE

24 hr clock
hour : min

mm/dd/yy

ROUGHING 760 Torr to 0.1 Torr
PUMPS TURNED ON, ELAPSED TIME HR,MIN
at PRESSURE Ton
TURNED OFF, ELAPSED TIME HR,MIN
at PRESSURE Torr
ACCEPTANCE

PUMPDOWN from 0.1 Torr to < 5xl0'
PUMPS TURNED ON, ELAPSED TIME HR,MIN
at PRESSURE Torr
TURNED OFF, ELAPSED TIME HR,MIN
at PRESSURE Torr
ACCEPTANCE

8OK CRYOPUMP
PUMPS TURNED ON, ELAPSED TIME HR,MIN
at PRESSURE Ton

MAIN ION PUMPS
PUMPS TURNED ON, ELAPSED TIME HR,MIN
at PRESSURE Torr

ACCEPTAI\ICE TEST: PUMPDOW\ TSOLATED SECTION, CORNER STATION

ENGINEERNAME & TITLE SIGNATURE
PSI

PSI

LIGO

LIGO
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Title: SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

RGADATA

SPECIES ION CURRENT Partial Pressure
A Torr

2
A

t2
l 3
14
1 5
l6
1 7
l 8
l 9
20
2 l
22
24
25
26
27
28
29
30
3 1
-JZ

RESULTS OF THE RGA TEST
AFTER BAKE / IO() HR PUMP

LIGO SITE ENGINEER:
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Title: SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

RGADATA

SPECIES ION CURRENT Partial Pressure
A Torr

J . ]

34
35
J D

) t

38
5 t

40
41
A 1

43
44
i <

r+o

47
48
49
50
55
57
58
59
60
78
95

RESULTS OF THE RGA TEST
AFTER BAKE / lOO T{R PUMPRGATEST:
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Title: SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

RGA DATA/ ULTIMATE PRESSURES

SPECIES Partial Pressure ACCEPTANCE
Torr

H2

HrO

co

Cot

CHo

N2

Others

ENGINEERNAME & TITLE SIGNATURE
PSI

PSI

LIGO

LIGO

RESULTS OF THE RGA TEST
IOO HR PUMPDOWN, ULTIMATE PRESSURES

LOCATION OF RGA:
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Title: SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

NOISE / VIBRATION MEASUREMENTS

VIBRATION MEASUREMENTS COMPLETED
1 a. Single -axis at on floor , lm from one BSC,

Corner Station without equipment operating
b. Idim, with equipment operating
c. Tri a.xis two locations on BSC

z a. Single -axis at on floor, lm from one BSC,
Comer Station without equipment operating

b. Idim, with equipment operating
c. Tri axis two locations on BSC

3 Tri-axis measurements, BSC (WBSC2) during
operation of 15 cm, 35cm, 122 cm gate valves

+

NOISE MEASUREMENTS

Sound pressure levels measurements each chamber

ENGINEERNAME & TITLE SIGNATURE
PSI

PSI

LIGO

LIGO

RESULTS NOISEiVIBRATION

PSI TEST ENGINEER:

SPECIFICATION
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SYSTEM ACCEPTANCE TEST PLAN, CORNER STATIONS

Equiprnent summary

Corner Station. WA

Component Quantity
Vacuum Envelope BSC 5

HAM t2
Interconnecting Spools vanous

Long 80K Pump Chamber 2

Vacuum Pumps Main Ion Pump 8
Main Turbo Pumpcart 2
Aux. Turbo Cart 2
Annulus Pumps

Cryopumps Long 80K Pump 2
LN2 Dewar 2

Valves 44" Gate Valves 4
48" Gate Valves 4
14" Gate Valves 8
10" Gate Valves o

Clean Air System Clean Air Compressor System 200 CFM t

Back to Air Valve Systems 4
Back to Air Portable Controller Box I

Bakeout System Blankets Isolatable
section

Control Cart 7

Vacuum Gauging Cold Cathode / Pirani Gauee Pair 6
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ELECTRICAL/INSTRUMENTS CHECKOUT & INTERFACE TO CDS

COMPLETED
I Wiring checkout

2 Vacuum equipment instruments information for setup
and scaling for control system.

)

A

5

6

7

8

o

10

ENGINEERNAME & TITLE SIGNATURE
PSI

PSI

LIGO

LIGO
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SYSTEM ACCEPTANCE TEST PLAN, CORNERSTATIONS

Equipnent summaty
Corner Station, LA

Component Quantity
Vacuum Envelope BSC J

HAM 6
Interconnecting Spools vanous

Long 80K Pump Chamber 2

Vacuum Pumps Main Ion Pump /l

Main Turbo Pumpcart z

Aux. Turbo Cart z

Annulus Pumps

Cryopumps Long 80K Pump 2
LN2 Dewar 2

Valves 44" Gate Valves 4
48" Gate Valves 2
14" Gate Valves +

10" Gate Valves 5

Clean Air System Clean Air Compressor System 200 CFM I
Back to Aif valve systems I
Back to Air Portable Controller Box I

Bakeout System Blanlets Isolatable
section

Control Cart 7

Vacuum Gauging Cold Cathode / Pirani Gauge Pair 5
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