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PUMPDOWN & ULTIMATE PRESSURES
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PROJECT: L1IGO PROJECT NO: V59049

PURPOSE:
Pumpdown of the End Station
Pumpdown of the Mid Station
Pumpdown of Vertex & Beam manifold isolatable section WA Corner station
Pumpdown of Vertex isolatable section WA Corner station with only 1 roughing and 1 main turbo system.
Pumpdown of Vertex & Beam manifold isolatable section LA Corner station
with selected vacuum system.

METHOD:
Computer simulation
Standard calcs

ASSUMPTIONS:
See calculations

INPUTS:

REFERENCE: See page 9

CALCULATIONS: see Attachments

CONCLUSIONS: Pumpdown of stations isolatable sections to a total pressure of less than 2X10-8 Torr

NOTES:
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PRESSURE MEASUREMENT

Partial pressure of gasses will vary depending where the pressure gauge / RGA is located relative to the
pumps. Partial pressures will be measured at the ion pumps. Because the attainable partial pressure of
water is based on the pumping speed of water at the cryopump, the partial pressure of water at other
locations will be higher. Thus measurement of the partial pressure of water at the ion pumps may not be
representative of the outgassing rates for water. Rather measurements at two locations one at the ion
pumps and one at the cryopump is recommended.

OUTGASSING RATES
Outgassing from Viton O-rings
The available data on outgassing of unbaked and baked O-ring material is limited.

The following table contains selected outgassing data for Viton-A from W.G. Perkins' "Permeation and
Outgassing of Vacuum Materials," Journal of Vacuum Science & Technology, Vol. 10, No.4, 1973.
Outgassing experiments were also done by L. de Csernatony with o-rings in their grooves and outside

their grooves, see article: L. de Csernatony, "The properties of Viton "A" elastomers III", Vacuum , Vol.
16, No.5, 1967. '

Pumpdown time | Outgassing Rate | Dominant Species

hours Torr-L/s-cm?2
Unbaked samples
Unbaked Pumpdown 51 1X10°/ H»0, Hp, 07, Np
Viton-A
Baked Pumpdown 24 20X 101U | HO
(200 °C)
Viton-A

Pumpdown time | Outgassing Rate | Dominant Species
hours Torr-L/s-cm2

Pre-baked samples

air-exposed for 0.5 hr
Unbaked pumpdown 5 1.5X 108 H>O
Viton-A
Baked Pumpdown 12 1x10-1V H»O
(200 °C)
Viton-A
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The total outgassing rate of a Viton o-ring can be reduced to 1 X 10-10 Torr-L/s-cm? through baking
under vacuum. Since the vacuum system needs to be re-opened, the total outgassing rate will vary
depending on the amount of time the o-ring is re-exposed to air. The outgassing of a baked Viton o-ring
which has been re-exposed to normal air will be dominated by water. Since the vacuum system is purged
with dry air when open for service, the re-adsorption of moisture can be minimized; however the
readsorption of other gasses will be dictated by exposure time. For short exposure times to air, the
amount of gases other than water that are readsorbed is minimal. Water outgassing dominates for short
exposure times, such as 0.5 hour. However, since in practice the O-rings are re-exposed to air for a

longer period than 0.5 hour, the actual amount of gasses readsorbed can only be determined from further
experiments.

If re-exposure is limited to a short time the outgassing rate of a baked O-ring will be about 1.5 X 10-8
Torr-L/s-cm2, mostly water, after 5 hours. Assuming the outgassing is dictated by diffusion, i.e. the
decay behaves as function of time to the -0.5 power, the outgassing rate for water will be about 3 X 10-9
Torr-L/s-cm?2 after 100 hours of pumping. Since the outgassing rate for short term re-exposure is
dominated by water, assuming that the total outgassing rate for the other gasses is no more than 10% of
that of water, the outgassing rate of the other gasses will be approximately 3 X 10-10 Torr-L/s-cm?.
L. de Csernatony (Ref.13,14) experiments with baked o-ring without re-exposure gives arate of 2 X
10-10 Torr-L/s-cm? after 25 hours for an o-ring in the chamber and 8 X 10-9 Torr-L/s-cm? after 25
hours with the o-ring in the groove.

The o-ring grooves are designed with vents to vent the trap volume in the o-ring groove. This will

prevent the outgassing of the o-ring to retard and allow the outgassing rate to approach that of an o-ring
inside a chamber.
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Outgassing from Stainless Steel.

Various sources provide data on outgassing of hydrogen from stainless steel for unbaked and baked
specimens.

G.Moraw and R. Dobrozemsky report a total outgassing rate of about 8 X 10-12 Torr-L/s-cm? after a
20-hour vacuum bakeout at 100 °C, with Hy dominating at a rate of 7 X 10-12 Torr-L/s-cm2 ,and CO

outgassing at a rate of less than 4 X 10-13 Torr-L/s-cm? , and CO,, CHy, and water each at less than 1
X 10-13 Torr-L/s-cm?2.

Calder and Lewin report a total outgassing rate of 1.4 X 10-11 Torr-L/s-cm? after 40 hours of pumping
for a specimen bake in vacuum at 350 °C for 2 days and re-expose to air for 3 hours.

Barton and Govier report a total outgassing of 7 X 10-12 Torr-L/s-cm? after a 100 hours of pumping
for a specimen that has been prebaked in vacuum at 400°C and re-exposed to air for 24 hours with water
being the predominant outgassing specie.

For an unbaked vapor degreased specimen the total outgassing rate was about 1 X 10-11 Torr-L/s-cm2
after 100 hours of pumping, with water being the predominant outgassing specie. Partial pressure
measurements after 70 hours indicated that about 60% was water and about 30% CO and CO,.

Dylla et al. report outgassing rates of between 6 X 10-11 to 1 X 10-11 Torr-L/s-cm2

after 100 hours of pumping for specimens baked at 150 °C for 48 hours and re-exposed to air. The
predicted decay and outgassing rates at the end of 100 hours vary depending on exposure time to air, and
dew point of the air. Analysis of species after 100 minutes into pumpdown indicates that the outgassing

rate is dominated by water, with CO, CO,, and CHy contributing less than 10% to the outgassing rate
(5%.3%, and 2% respectively).

S. Rezaie-Serej and R.A. Outlaw report for a baked stainless steel specimen the amount of hydrogen
desorbed is about 38 times the amount of CO desorbed. No outgassing rates were given.

Okamura, Miyauchi, and Hisatsugu report a total outgassing rate approaching 5 X 10-13 Torr-L/s-cm?2
for finely polished stainless steel surface and a 1 X 1012 Torr-L/s-cm?2

for a standard electropolished surface after 100 hours of pumping preceded by an 80-hour vacuum bake-
out at 250 °C. Hy dominates with water being the next dominant specie, and with CO and CO»
contributing less than 20% to the outgassing rate.

(2X 10713 Torr-L/s-cm?2).

Santeler predicts an outgassing rate of stainless steel based on a diffusion model of about 2 X 10-11
Torr-L/s-em2, with a 200 hour, 150 °C bake, and 6 X 10-12 Torr-L/s-cm2, with a 20 hour, 250 °C
bake.
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Outgassing rates:
Stainless steel

H2: 1.0X10-1! Torr-L/s-cm?

H20:

Re-exposure to air No Re-exposure

Time Q Time Q

min. Torr-L/s-cm?2 min. Torr-L/s-cm?2
10 7X 10-8 10 2.8X 109
100 5X 102 100 5.6X 10-10
1000 3.5X 10-10 1000 1.1X 10-10
1440 2.4X 10-10 1440 8.6X 10-11
6000 5X 10-11 6000 3.0X 10-11

Other gasses: 10% of water rate.

Viton:

H20:

Short Re-exposure No Re-exposure

to air. (Ref.1) (Ref.1)

Time Q Time Q

min. Torr-L/s-cm?2 min. Torr-L/s-cm2
300 1.5X 10-8 720 1X 10-10
6000 3X 109 6000 4X 10-11

Other gasses: 10% of water rate.
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END STATION / MID STATION PUMPDOWN

Pumpdown of the End station section using one the QDP80 dry pump set, and one main turbomolecular
pump and 1 Main ion pump.

Roughing pump

The QDP80 pump is used to rough down the end or mid stations. It also serves as the backing pump to
the main turbo: STPH2000.

Turbo pump

The main turbo, STPH2000, is turned on when a pressure of 1 mbar has been reached using the QDP80.
The bypass is closed across the turbo pump and the turbo pump starts pumping. The STPH2000 is a

wide range turbo which has a drag stage to pump at high inlet pressures. The backing pump of the main
turbo is located in the mechanical room.

Main Ion pump

The main ion pump is a 2500 L/s (N2) Varian Ion Pump with a 350 mm inlet tube, which can be isolated
by a 350 mm (14 inch) gate valve. The End Station and Mid Station are each equipped with one Main
ion pump.
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CORNER STATION PUMPDOWN

Pumpdown of the corner station sections is accomplished using two the EDP200/EH2600 dry pump set,
and two main turbomolecular pump and several Main ion pumps.

WA CORNER STATION
The WA corner station has two roughing cart sets, two turbomolecular pump sets, and 8 main ion

pumps. 4 Main ion pumps are on the Vertex section, one each on the beam manifold sections, and two
on the diagonal (offset) section.

LA CORNER STATION
The LA comer station has two roughing cart sets, two turbomolecular pump sets, and 4 main ion pumps.

4 Main ion pumps are on the Vertex section.
Roughing pump

The roughing system is separated in two skids. The EDP200 is located in the mechanical room, and the
EH2600 Roots blower is move around the detector building. Two 6 inch headers runs in the detector
building back to the mechanical room.

Turbe pump

The main turbo, STPH2000C, is turned on when a pressure of 0.1 Torr has been reached. The backing
pump of the main turbo is located in the mechanical room.

Main Ion pump

The main ion pump is a 2500 L/s (N2) Varian Ion Pump with a 350 mm inlet tube, which can be isolated
by a 350 mm (14 inch) gate valve.
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Pumpdown curves:

END STATION PUMPDOWN
Figure V049-1-078-1a: 0-100 hours
Figure V049-1-078-1b 0-32 hours
MID STATION PUMPDOWN

Figure V049-1-078-2a 0-100 hours
Figure V049-1-078-2b 0-32 hours

WA, CORNER STATION PUMPDOWN
Figure V049-1-078-3a 0-100 hours
Figure V049-1-078-3b 0-32 hours

LA, CORNER STATION PUMPDOWN

Figure V049-1-078-4a 0-100 hours
Figure V049-1-078-4b 0-32 hours

WA, VERTEX ISOLATABLE SECTION . CORNER STATION PUMPDOWN

Figure V049-1-078-5 0-24 hours
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PRESSURE (Torr)

PROJECT: LIGO BY: R.THAN
PROJECT NO: V59049 DATE:
TITLE:FIGURE V049-1-078-1a, END STATION PUMPDOWN

STEEL AREA: 119 m2, Volume: 56 m?, H,=1X10""" Torr-L/s-cm?, H,0=1X10%t"1%, t=min, OTHER GASSES: 10%
VITON AREA: 0.77m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10° Torr-L/s- -cm?, OTHER GASSES=3X10""° Torr-L/s-cm?
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PRESSURE (Torr)

PROJECT: LIGO
PROJECT NO: V59049

BY: R.THAN

DATE:

TITLE:FIGURE V049-1-078-1b, END STATION PUMPDOWN
STEEL AREA: 119 m?, Volume: 56 m3, H,=1X10""! Torr-L/s-cm?, H,0=1X108*"15 t=min, OTHER GASSES: 10%

VITON AREA: 0.77m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10"® Torr-L/s-cm?, OTHER GASSES=3X10""? Torr-L/s-cm?
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PRESSURE (Torr)

PROJECT: LIGO BY: R.THAN
PROJECT NO: V59049 DATE:
TITLE:FIGURE V049-1-078-2a, MID STATION PUMPDOWN

STEEL AREA: 162 m2, Volume: 72 m3, H,=1X10"" Torr-L/s-cm?, H,0=1X10%*11%, t=min, OTHER GASSES: 10%

VITON AREA: 1.17m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0= 3X10° Torr-L/s-cm?, OTHER GASSES=3X10""? Torr-L/s-cm?
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PRESSURE (Tarr)

PROJECT: LIGO

PROJECT NO: V59049

BY: R.THAN

DATE:

TITLE:FIGURE V049-1-078-2b, MID STATION PUMPDOWN
STEEL AREA: 162 m2, Volume: 72 m3, H,=1X10""! Torr-L/s-cm?, H,0=1X10%*t"13, t=min, OTHER GASSES: 10%

VITON AREA: 1.17m2, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X109 Torr-L/s-cm?, OTHER GASSES=3X10""" Torr-L/s-cm?
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PRESSURE (Torr)

VITON AREA: 3.7m2, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10® Torr-L/s-cm?, OTHER GASSES=3X10""° Torr-L/s-cm?

PROJECT: LIGO

PROJECT NO: V59049

BY: R.THAN
DATE:

TITLE:FIGURE V049-1-078-3a, VERTEX & BEAM MANIFOLD-CORNER STATION PUMPDOWN, WA
STEEL AREA: 732 m2, Volume: 316 m3, H,=1X10"" Torr-L/s-cm?, H,0=1X10%"13, t=min, OTHER GASSES: 10%
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PRESSURE (Torr)

PROJECT: LIGO BY: R.THAN

PROJECT NO: V59049 DATE:
TITLE:FIGURE V049-1-078-3b, VERTEX & BEAMMANIFOLD-CORNER STATION PUMPDOWN, WA

STEEL AREA: 732 m2, Volume: 316 m®, H,=1X10""! Torr-L/s-cm?, H,0=1X10%*t"-15, t=min, OTHER GASSES: 10%
VITON AREA: 37m2 Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10"° Torr-L/s-cm? OTHER GASSES= 3x1o1°Torr-Lfs cm?

10% - T  E e - - T o 10
, } 5 MAIN ION PUMPS (12500 L/S Nz) ; .

102 -\ s s L ——— = 102
———  Total .
| 2 ROUGHING CARTS EDP200+EH2600 | | ._._._. ) H‘; r -

101 oA W — l OO~~~ - e i - e I N ot S = 101
' 2 MAIN TURBO STPH2000 ——— o :

100 — = =t = B e - N . e I CH4 —————— e = 100
: | — i AT C02 =

107" o 4 e i e SR ee 1

i T T T T T e H,0 = 10

102 = R o b 102

10° = e e e . ke = 103
= | =

104 - - e = 104
2R %L | '

10-5 =1 .\,:-,._', = ‘ g o N N ES _ 7| o o _ 10—5

10° 1 : T = 10°

107 = =y IS BN R — - 107
R, o T o i e s e =
e ."'-.’.‘1'.--"‘*..". I D — =

10 = T T e ¥ e R A Y i vt sty ot = 10°

10 s ' = - = 10

10 11 ! ! ! ! ! | i L ! |l 1 I | | L 10_11
/ 4 8 12 16 20 /24 / % o 32
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PRESSURE (Torr)

PROJECT: LIGO BY: R.THAN

PROJECT NO: V59049 DATE:
TITLE:FIGURE V049-1-078-4a, VERTEX & BEAM MANIFOLD-CORNER STATION PUMPDOWN, LA

STEEL AREA: 695 m2, Volume: 298 m3, H,=1X10"" Torr-L/s-cm?, H,0=1X10%*"1%, t=min, OTHER GASSES: 10%
VITON AREA: 3.7m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0= 3X10° Torr-L/s-cm?, OTHER GASSES=3X10" 10 Torr-L/s-cm?

— 1‘ _‘ § ri,l : l T [ T ,IL “ { . ,‘ = ‘ I | t I vy T e : I_. |_: 103
4 MAIN ION PUMPS (10000 L/S N,) A T N T T R E

B , . ; ‘ , ‘ _— , ; | ‘ Y - 102
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| | T
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! | ! I ; =
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- R R S N IO I S .-a,._7~7--_"—'--:'-'""*—" NSO Spay| MPANPY o gy Spn (S | SRETPO o S | O 3

o ‘ I r iagle ipduiiadsiandolng fulaal ctomtt T Syt My S s By c=l ‘L""'— - 10 ’
. | I T — e — e _r""_:‘_""l‘_""_,“ Dndnatad ""Pr\" =

10-10 | ! W || — ‘ | g, PR g T e silsais s S S RS | S| F— | - i . [ i e 710‘10

10-11 “!'ll"*!\‘\lf'lllIIIIIL|FI{F\F'IIlllI\\II|I1\III\IIIIIIIFiIF\J\t\l|i‘|lb1-i‘.i .10_11
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PRESSURE (Torr)

PROJECT: LIGO

PROJECT NO: V59049

BY: R.THAN
DATE:

TITLE:FIGURE V049-1-078-4b, VERTEX & BEAMMANIFOLD-CORNER STATION PUMPDOWN, LA
STEEL AREA: 695 m?, Volume: 298 m®, H,=1X10""" Torr-L/s-cm?, H,0=1X10%t"15 t=min, OTHER GASSES: 10%

VITON AREA: 3.7m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10"? Torr-L/s-cm?, OTHER GASSES=3X10""? Torr-L/s-cm?

103 - S L e R — - B 10°
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4 | R . e DU S . : 4

104 457 =10
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PRESSURE (Torr)

PROJECT: LIGO BY: R.THAN
PROJECT NO: V59049 DATE:

TITLE:FIGURE V049-1-078-5, VERTEX SECTION, CORNER STATION PUMPDOWN, WA
STEEL AREA: 430 m2, Volume: 187 m3, H,=1X10""! Torr-L/s-cm?, H,0=1X10%*t"1 t=min, OTHER GASSES: 10%

VITON AREA: 2.5m?, Baked, re-exposed to air 0.5 hr, 100 hr: H,0=3X10 Torr-L/s-cm?, OTHER GASSES=3X10""? Torr-L/s-cm?

10° 3 i * | - 10°
102 = = - J - e e y ! = l s Da——. 102
. ‘ 1 ROUGHING CART EDP200+EH2600 : i 3
1! o | ? - 10
| 1 MAIN TURBO STPH2000 | 1
0 S ' L 100
107 5, PUMPDOWN using 1 roughing pump set and 1 turbo pumpset only 10
~
10—1 ?\t N _ S ; . o j 10-1
, . Total
102 < e —— - - SR Baenne R - My —= 1072
3 ;‘-\.'\ — . _ N N2 — | 3
10 =] e N — 02 = 10
< 5 (N | N R I [ CH, =
R — __'.'____: — e = — eo i - pe—— COZ A _:_ -4
10 U T | Y N S cO = 10
N . T T T T = H,O
10°° o \1i - ‘t S i ee—— e - 4 2 1= 10®
108 =—— ‘q'"_‘j_—”__'ﬁ" ,\.,,,, e e i . - 106
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TURBO ON Revision: 0
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Doc no: V049-1-078
Page ;5 of oy



PROJECT:_LIGO  BY: R, THAN_ DEPT: 744
PROJECT NO: V59049  DATE:
TITLE: END STATION PRESSURES

END STATION PARAMETERS

END STATIONS with 80K Pump . L L . | B - . o
. \ : B R ; ! - R
| ]
" - ﬂl,, S I . _ . _ . b
— S - e — — - = e SRR SR | CCRPIR Tt e
- - SSEIPCENE PRI P S ,J, O e B —_— - — - - e T R I e i T e __‘_ pream———
_ Outgassingarea 119 |~ wm2 [ 0 7757 fem*2 | f
. L . B | 300EO09|Torrlfsem*2 |
! | i \
" Gas species | Partialpressure | | " FinalOutgassingrates | ~Partial pr'és?é'__‘_"
e e SeC et | uvgs | Teid | Tl T v i T

7‘ 0' 0 hrs of PUI'"P"'Q PEéd Q1 'pumps)” cnntrrbutmn contribution,

\7777 ] T",['A.A,,,, i B _Lls e _7L}s - Tdrr Lls cm 2 j@rrf-i.]rg j'[clrr-Lls A;fojr”r_-}i’_s :_ Turr N Tarr B

| SN, S I S W= .| 2.1 s i e e e P R R s ===
e e A ] LN =s o T LN ey o) (o 1O N —— el e =
N2 | 5.00E-10 2,000 ~ 2.00E-13 | 2.38E-07 | 3.88E-07 | 6.26E-07 | 1.19E-10 | 1.94E-10 | 3.13E-10

co | 5.00E-10 1,900 " 5.00E-13 | 5.96E-07 | 3.88E-07 | 9.84E-07 | 3.14E-10 | 2.04E-10 | 5.18E-10

€02 T 200E10 | 2150 | 200E-13 | 2.38E07 | 3.88E:07 | 6.266:07 | 1.11E-10 | 1.80E-10 | 2.91E10
R - T——— 2,200 . 200E13 | 2.38E07 | 3.88E-07 | 6.266-07 | 1.08E-10 | 1.76E-10 | 2.85E-10

~ Others 5.00E-10

1,700  "200E-13 | 2.38E-07 | 3.88E-07 | 6.26E-07 | 1.40E-10 | 2.28E-10 | 3.6BE-10
00

il
__H2 | BOOE09 | 4,200 1.00E-11 | 1.19E-05 | 3.88E-07 | 1. | 1.23E-06 | 2.84E-09 | 9. E?E_‘_T..L- 2.93E-09
T TThHo ~ BOOEO9 | 142,000  5.00E-11 | 5.96E-05 | 2.33E-05 | 8.29E-05 | 4.20E-10 | 1.64E-10  5.8349E-10
~ TOTALgasses | 190809 | |~ | 1.55E-06 | 2.33E-06 | 3.88E-06 | 7.92E-10 | 9.83E-10 " 1.78E-00
TOTALwithH2 |~ 640809 | |~~~ | 135605 2.336:06 | 1.58E-05 | 3.63E-09 | 1.08E-09 | 4.70E-09
TOTAL with H20,H2 1.90E-09 '7.31E-05 | 2.56E-05 | 9.86E-05 | 4.05E-00 | 1.24E-09 | 5.29E-00

Revision 0
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PROJECT:_LIGO BY: R. THAN  DEPT: 744
PROJECT NO:_V58049 DATE:
TITLE: END STATION PRESSURES
END STATION PARAMETERS
END STATIONS with 80K Pump e S
T ey T oength 1T Weight
I N SR S Lok
Short 80K cryopump chamber | 1 . 25 . 91833
Short 80K cryopump surface I
183 cm beam manifold b JOABRNL |
157 cm intercon spool 2T
118 om intercon spool ; i 84350
8sC e i ] 315710 |
‘ 1 H
e e = SR ! ey L - e —_—— e |
Total 1270 s . 58 | 6035
S e L - |
'VA__CEI_J_T_ ﬁfﬂ_ T | Pump L o Total ' Total Specific Specific
o Qty' | Speed NetSpeed Speed | Net Speed speed/ Vol speed/ Area
!QN_ PUMPS | 0.5mintercon 1 IIs s /s , Ils I/s-m*3 I/s-m*2
B T N2 1 | 2500 2000 2500 2000 35.73 16.78
) T COo 1 I 2350 1900 2350 1900 33.94 15.94
- co2 1 2040 2150 2940 2150 38.41 18.04
- CH4 1 2650 2200 2650 2200 39.30 18.46
i T 02 1 2100 1700 . 2100 1700 30.37 14.27
T He 1 295 200 | 285 290 518 2.43
A Ar 1 | 590 550 50 | 550 9.83 462
i |
o= Hz 1 [ 4700 4200 4700 4200 75.03 35.24
i - H20 1 2940 2400 i
TURBO MOLECULAR * _ 1 [ 1500 1000 1500 1000 17.86 . 830
” Nitrogen speed 5 i | 5
DRY PUMP QDP8D 1 22 18 22 18 032 | 015
80K CRYOPUMP ™ |1 142000 | 142000 | 142000 | 142000 = 253668 | _ 1191.59
* Water speed i | ]

Revision 0
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PROJECT: LIGO

BY: R.THAN DEPT: 744
PROJECT NO: V538049
TITLE: VITON O-RING AREA END STATION

DATE:

FLANGE SIZE Length Area
INCH Qty' m cm”2
104 1 8.54 937
84 0 6.94 0
72 1 5.98 657
60 4 5.03 2206
48 0 4.07 0
44 4 375 1646
Bonnet/Gate 6 351 2311
7757

Revision: 0
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PROJECT:_LIGO BY: B. THAN
DATE:

PROJECT NO: V59049
TITLE: MID STATION PRESSURES

DEPT: 744

MID STATION
PARAMETERS

MID STATIONS with BOK Pumps - - B R . 1 o B
SRS S R BV S O E
o - L. I __ - ] S O | I
= s v e, i = T s e e v SRS et s IV et & et D U — e e . o X I e —
N | W === SRS o . leo catgmmee oy
162 | M2\ o : I
" Partial pressure | | " Final 0utga,ssm§"(aifé§ I PargaL pressure
N - Goals .Ion Pump | 80K pump Vacuum Vessel Metal RNl rmgs I 7Toya!”‘ Metalwv‘ Q-ring o Tm,"A'A_
N ~ 100 hrs of pumping {_ Speed | Wcontnbutlom contrlhutmn\ -
R . Torr L Lis Torr-L/s-em*2 | Torr-L/s | Torrl/s | Torrl/s |  Tom  Tor  Torr
- I R I R S R S A
A ———— A S L - s N
_7 Egi 1 7§OOE~19 o __]_ - - 2 QDE 137‘ 3 .25E-07 | 5.86E-07 91_(JEE’_I_ 1_62E 10 B 2 93E 10 i 4. 55E—10
Cco L ~ B.00E-10 | R " 5.00E-13 'B.11E-07 _5 86E 07 1.40E-06 | 4.27E- ]_0 ~ 3.08E- 10 i T 35E-10
coz _2. OOE ]0 - . ZOOE 13 325E 97 5.86E-0 9 TOE -07 | 1.51E-10 | 2 ?2E 1()77”*4 23E-10
CH_4 2 OOE -0 - ) 2_00E13 ) ‘3.255-07 5.86E-Q7 9 1OE 077 1 48E 10 1| 2 GSE 10, 4. 14E 10
- . MRS S T SRR - SN A
o L S S—— M — 0 R S
- O,t,hﬁri o 2 0957'@7777§72§§ 07 | 5.86E-07 | 9. 10E_07m 1.91E-10 ¢ ' 5. 35519
B H2 - ~ 1.00E-11 | 1.62E- 05 5.86E-07 | 1.68E-05 378@78-09 { 1@5}519 7@99509
_H20 284,000  5.00E-11 | 8.11E-05 | 3.51E-05 | 1.16E-04 | 2.86E-10 | 1.24E-10 | 4.0945E-10
~ TOTAL gasses | 1.90E-09 | 2.11E-06 | 3.51E-06 | 5.62E-06 | 1.08E-09 | 1.48E-09 L 2.56E- 09_
TOTAL with H2 L ~ 6.40E09 | a— 1 1.B3E-05 | 3.51E-06 | 2.19E-05 | 4.94E-09 , 1.62E-09 | 6.57
"TOTAL with HZO H2 | 1.19E-08 "9.95E-05 | 3.87E-05 | 1.38E-04 | 5.23E-09 i 1.7BE: 09 . B. 98E- 09

Revision 0
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PROJECT:_LIGO BY: R. THAN DEPT: 744
PROJECT NO:_VE59049 DATE:
TITLE: MID STATION PRESSURES
MID STATION
PARAMETERS
MID STATIONS with 80K Pumps o i I - ]
. oty | Length | Area | | Volume Weight
M Loom oL m*2 _....m3 [ Approx
Short 80K cryopump chamber | 2 | 25 __|_ 3318 _.d.tesr ¢ 183086
Short 80K cryopump surface o2 ¢ 1z | | 1880 | ] 0.00 .
183 cm beam manifold B ) 21.85 o \ 9.99 1205.53
116 cminterconspool | L 25.51 818 | 140767 |
157 em intercon spool | [ 4.93 | 1.94 ! 27217
BSC . o 57.21 31.67 | 3157.10
Total T Tqe00 T 162 72 . 7873
e s S - L
1 ER—— ! | |
VACUUM SYSTEM 7; | Pump Total Total | Specific | Specific
Oy ' Speed ' NetSpeed| Speed | NetSpesd speed/Vol | speed/Area
ION PUMPS |, 0.5m intercon L - II's Its | Vs | Ussm?3 | l/s-m*2
N2 1 - 2500 2000 2500 | 2000 | 2790 | 12.32
CoO 1 | 2380 1900 | 2350 | 1900 26.50 | 171
Co2. 1 = 2940 2150 | 2940 | 2150 | 2989 | 13.25
CHa 1 | 2650 2200 | 2650 | 2200 | 3069 | 13.56
02 1T 2100 1700 | 2100 | 1700 | 23.71 10.48
He 1 b 295 290 f 295 | 290 , 4.05 | 1.79
Ar 1 i 590 550 | 580 550 l 7.67 | 3.39
| 4 i |
P |
H2!| 1 4700 4200 | 4700 4200 | 58.59 ! 25.88
H20' 1 2940 2400 | 2940 | 2400 33.48 14,79
TURBO MOLECULAR ~ ! 1 | 1500 1000 | 1500 1000 13.85 6.16
* Nitrogen speed | ! | i
DRY PUMP QDP80 R 18 22 | 18 025 0.11
| L | i !
BOK CRYOPUMP = | 2 142000 284000 | | 3961.58 | 1750.06
~ Water spead ? ‘ 1 | !

Revision 0
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PROJECT: LIGO BY: RTHAN DEPT: 744
PROJECT NO: V59049 DATE:
TITLE: VITON O-RING AREA MID STATION

FLANGE SIZE Length Area
INCH Qty' m cm”*2
104 1 8.54 937
84 0 6.94 0
72 1 5,98 657
60 4 5.03 2206
48 0 4.07 0
44 8 3.75 3292
Bonnet/Gate 12 3.51 4623
11715
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PROJECT:_LIGO BY: R, THAN_

PROJECT NO: V59049

DEPT: 744
DATE:

TITLE: CORNER STATION PRESSURES

CORNER STATION, WA
PARAMETERS
CORNER STATION (WA) VERTEX & ARM ISOLATABLE SECTION with 80K Pump . B J ] i
a : S i s
B e S0 | SO S L - . B i i/ _
boele s=pn = = | 4 . VITON S T
~_Outgassingareal 732 | M2 | | ... 37839 [em"2 |
ol " il B ) 3.00E-09 |Torr-L/s-cm™2
 Gasspecies  Partial pressure | | | ~ Final Outgassing rats I & -
N . Goals _lon Pump | BOK pump ____\(_acuum Vessel Metal ~0O- rlngs | Total 1 Metal ~_To
| u B " 1 _“_‘IOO hrs of pumpmg speed e o B = " K icuntnhutlunLcontrlbutionl o
L Torr L/s L/s Torr-Lis-em®2 | Tomr-L/s Torr-L/s Torr-Lis | Torr i Torr 4‘ Torr
e e e e O e e P (L oo AL R O LRSI O R L 0 SR L) T S (L
Pl SR B SO U [ R N | . = USVIY | EOSNURE! |USUDPURUIN (RSN S [ I
] 2l ELE . ! i
N2 1‘__.‘..- 509!_5—10 10000 | 2.00E- 173 1.46E-06 1.88E-06 | 3.35E-06 1.46E-10 | 1.8BE- 10 1. 3‘ _35E 1'0 i
co i 5.00E-10 9500 5.00E-13 3.66E-06 1.88BE-06 | 5.54E-06 | 3.85E-10 | 1.98E- 10 | 5.83E .]Q |
B coz2 2. 00E-10 10750 97 ogg 13 1.46E- 06 1.88E-06 3. .35E-06 | 1.36E-10 ; 1.75E-10 | 3.11E-10
"_CH4 "2.00E-10 11000 - 2.00E-13 | 1. 46E 06 71 BBE OG 3. 35E Oﬁ 1.33&1‘0 L 1 71E TO | 3 04E 10 j
e " [N (SN | BUSM S R ._.i ——
_Othes | B.ODE-I0 8500 " | 200813 | 1.46E06 1.88E06 | 3.35E06 | 1.726-10 | 2.21E40 | 3.94E10
~ Hz2 - ___5.0CE-09 21000 1.00E-11 7.32E-05  1.BBE- 06 | 7.50E-05 Ié_-‘}_B_E:QB_ _8_96_E_ 11 | 3.57E- -09
. H20 5.00E-09 | | 142,000 | 5.00E-11 | 3.66E-04 1.13E-04 | 4.79E-04 | 2.58E-09  7.956-10 | 3.3712E-09
s o _ . o 7771 - ——— e — —— — — S—— — = U I [ i e 71777
SRS Ee o ! T R L R e e o e e s s )
~ TOTALgasses | ~ 1.90E-08 | . . S '9.51E-C 05”717 13E-05 | 2.08E-05 | 9.73E-10 | 9.54E-10 | _1”93E-09
TOTAL ‘with | l_-IZ _______@__‘_lC_!E_ ¢ 1 M e - 8.27E- 05 1 13E -05 | 9.40E-05 ~ 4.46E- 09 ] 1.04E- 09 | 5.50E-09
TOTAL with H20,H2 1.90E-09 4.48E-04 1.24E-04 | 5.73E-04 | 7.03E-09 | 1.B4E-09 8.B7E-09
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PROJECT:_LIGO  BY: R. THAN
PROJECT NO: V59048 DATE:
TITLE: CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, WA

PARAMETERS

CORNER STATION (WA) VERTEX & ARM [SOLATABLE SECTION with BOK Pump

Qy' | Length | Area " Veolume | Weight
T I . e e - R - -
lLong 80K Cryopumpchamber | 1 | 42 | m 3187 | 1900 | 174745
Long 80K Cryopumpsuface | 1 1 387 =~ m 32 | T -
183cm beammanifold 1256 | om | 4718 ' 67338 812147
157m intercon spool 6.7 m 1297 . 182355
1122 cm intercon spool L 73 . m - | 8.53 1543.92
116 cm intercon spool il 3 1 m ' 3.17 80328
BSC T4 | 4 I m | 126.68 | 12628.40
HAM 8 m | 67.53 |  9071.65
76 cm cleaner tube I 24 m 10.89 3162.05 |
Total | 7850 m 732 316 38702
I i | 1
; W i i
| VACUUM SYSTEM _ " Pump B Total | Specific | Specific
Qty | Speed Net Speed | Speed  Net Speed | speed/ Vol speed/ Area
10N PUMPS |, 0.5m intercon 5 1 s T s | Us Vs | ls-m*3 | I/s-m"2
T N2 5 2500 | 2000 12500 | 10000 |, 31.63 | 13.67
T cO 5 2350 | 1900 11750 9500 | 30.05 | 12.99
B CcozZ 5 2940 2150 14700 10750 | 3401 | 14.69
CH4 5 | 2650 | 2200 13250 11000 |  34.80 16.04
02 5 . 2100 1700 10500 8500 |  26.89 11.62
T o He 5 295 290 | 1475 1450 4.59 1.98
Ari 5 590 550 | 2950 2750 8.70 3.76
5
B Hz2' 5 4700 | 4200 23500 21000 66.43 28.71
B H20 5 2040 2400 ,
TURBO MOLECULAR * w 1 1500 1000 1500 , 1000 | 3.16 137
* Nitrogen spesd ! ‘ i |
i ! | i
ROOTS 10 Torr - 0.01 Torr ! 2 600 438 1200 876 | 277 | 1,20
Claw&Root 760 Torr - 10 Torr | 2 83 78 | 166 156 | 049 | 0.21
80K CRYOPUMP | 1 142000 142000 142000 142000 44521 | 184.10

** Water speed i
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PROJECT:_LIGO BY: R. THAN
PROJECT NO: V55049 DATE:
TITLE: CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, WA
PARAMETERS

CORNER STATION (WA) BEAM MANIFOLD with 80K Pump P R
e i | Qy | Llength | Volume | "Weight
U I f_.m_ _| m3 | kg
Long 80K Cryopumpchamber | 1 1"~ 42~ " m 1900 | 1747.45
[Long 80K Cryopumpsurface | | 87 " 1
183 cm beam manifold T . 258 | 67.33 812147 |
157cmintereonspeol [ T 42 2.32 32661
122 cm intercon spool ] 49 573 | 1036.33
1i6eminterconspeol 0 | 3 | n | 1083 | 317 | 603.29
BsSC 1 i 4 7 m | 5721 | 3167 | 3157.10
HAM ~ e Tm 0.00 0.00 | 0.00
76 cm cleaner tubs ] ; 0 m_ 0.0 0.00 ‘ 0.00
Total . 4660 m [ 302 - 129 ‘ 14992
L i I ' |
: , 1 :
\VACUUM SYSTEM | Pump " Total Total | Specific | Specific
- ooy Speed  NetSpeed | Speed  Net Speed . speed/Vol | speed/ Area
ION PUMPS , 0.5m intercon ‘ ] s Vs | s s Vs-mr3 | l/s-m*2
T N2 1 2500 2000 | 2500 2000 15.48 6.62
- B co 1 2350 1900 2350 | 1900 14.70 6.29
coz: 1 2940 2150 2040 | 2150 16.64 | 7.2
CH4 1 2650 2200 2650 2200 17.02 7.29
T o 02 1 2100 1700 2100 1700 13.16 | 5.63
T T He 1 295 250 295 200 2.24 0.96
o Ar, 1 500 550 590 | 550 4.26 1.82
I I 1 ! 0 i 0 0.00 0.00
| H2 1 . 4700 | 4200 4700 4200 32.50 13.91
H20 1 | 2040 | 2400 |
TURBO MOLECULAR ~ 1 | 1500 | 1000 ' 1500 1000 7.74 3.31
* Nitrogen speed _ il 1 ' -
!
ROOTS 10 Torr - 0.01 Torr 2 [ 800 438 | 1200 876 |  6.78 2.90
Claw&Root 760 Torr - 10 Torr 2 83 78 166 156 | 1.21 0.52
80K CRYOPUMP = 1 142000 142000 142000 142000 | 1098.86 470.34
* Water speed | !
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PROJECT:_LIGO BY: R. THAN
PROJECT NO: V53049 DATE:
TITLE: CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, WA
PARAMETERS

DIAGONAL (OFFSET) SECTION, WA | o e . .
- 1 Volume | Weight
s S T m3 | kg
183 cm beam manifold ~ 000 0.00
157 cm intercon spool 426 59878
122 em intercon spool 783 T Taazoz
116 cm intercon spool 100 oo |
BSC - -, 3187 | 315710 |
HAM 67.53 9071.85
76 om cleaner tube [ "1oBe T 36205
Total 122 | 17407 |
L ; ) 1 | |
| VACUUM SYSTEM Pump i Total . Total | Specific | Specific
B Qty' Speed  NetSpeed | Speed  Net Speed ;| speed/Vol | speed/Area
ION PUMPS_, 0.5m intercon | =2 Iis s T s s | Usmt3s | l/s-m*2
T N2 2 2500 2000 5000 4000 | 3274 | 12.68
""""" o CO: 2 2350 1900 4700 3800 | 3110 | 12.05
- co2 2 | 2040 2150 5880 4300 3518 | 13.63
- " CH4 2 | 2650 | 2200 5300 4400 3801 | 13.95
e 02 2 I 2100 | 1700 4200 3400 2783 | 10.78
He 2 205 | 290 590 580 475 | 1.84
o o Ar’ 2 560 | 550 1180 . 1100 . 9.00 3.49
T ; 2 ! 0 0 000 | 0.00
T H2 2 4700 4200 | 9400 8400 66.75 | 26.63
T H20 2 2940 | 2400 | | 5
TURBO MOLECULAR ~ i 1 | 1500 | 1000 [ 1500 | 1000 |  &18 | 317
* Nitrogen speed | |
| |
ROOTS 10 Torr - 0.01 Torr 1 600 438 600 | 438 | 358 | 1,39
Claw&Root 760 Torr - 10 Torr 1 83 78 83 78 0.64 | 0.25
80K CRYOPUMP = 1 | 142000 142000 142000 142000 | 116221 | 450.16
**Water speed ! |
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PROJECT:_LIGO BY: R. THAN
PROJECT NO: V59049 DATE:
TITLE: CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, WA
PARAMETERS

VERTEX SECTION, WA

157 cmintercon spool

122 cm intercon spool

183 om beam manifold |

16eminterconspool 0
BSC | CE . .
Havio 18
76cmcleanertube
Tol
. et e s ol e .
VACUUM SYSTEM t = Pump 7 Total | Total | Speciic | Specific
o Qty' | Speed NetSpeed Speed | NetSpesd ! speed/Vol | speed/ Area
ION PUMPS |, 0.5m intercon 4 s Us /s s | ls-m*3 ls-m*2
L N2 4 2500 | 2000 10000 8000 | 6548 25.36
i co: 4 2350 1900 9400 7600 |  62.20 24.09
co2 4 [ 2940 2150 11760 8600 |  70.39 27.26
RN CH4. 4 1+ 2850 2200 - 10800 BBOO |  72.02 27,90
o 02 4 | 2100 1700 8400 6800 | 5565 21.56
o He 4 205 250 | 1180 1160 | 948 368 |
- — Ar 4 | B0 550~ 2380 2200 | 18.01 6.87
T 4 ] ! 0 o | o000 | 0.00
o H2 4 © 4700 4200 18800 16800 | 13750 | 53.26
- H20, 4 2940 2400 :
TURBO MOLECULAR ~ j 1 i 1500 1000 1500 1000 818 | 3.47
* Nitrogen speed ‘ [ e | i
| \
[ROOTS 10 Torr - 0.01 Torr .1 | 800 43 800 438 | 358 | 1.39
ClawgRoot 760 Torr- 10 Torr | 1 88 78 | 83 . 78 | 064 | 0.25
80K CRYOPUMP ** | 1 142000 | 142000 = 142000 142000 1162.21 | 450.16

~ Water speed
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PROJECT: LIGO BY: R.-THAN DEPT: 744
PROJECT NO: V59049 DATE:

TITLE: VITON O-RING AREA CORNER STATION ,WA

I
RIGHT/LEFT BEAM MANIFOLD
FLANGE SIZE Length Area
INCH Qty' m cm*2
104 1 8.54 937
84 0 6.94 0
72 5 5.98 3283
60 4 5.03 22086
48 3 4.07 1340
Bonnet/Gate g 3.51 2697
44 4 375 1646
TOTAL 12109
VERTEX
FLANGE SIZE Length Area
INCH Qty' m cm’2
104 3 8.54 2810
84 12 6.94 9141
72 0 5.98 0
60 23 5.03 12686
48 2 4.07 893
44 0 305 0
TOTAL 25530
DIAGONAL
FLANGE SIZE Length Area
INCH Qty' m cm”2
104 1 8.54 937
84 12 6.94 9141
72 0 5,98 0
60 15 5.03 8274
48 4 4.07 1786
Bonnet 2 3.51 770
44 0 3.75 0
TOTAL 20908
DIAGONAL 20908
VERTEX 25530
RIGHT BEAM MANIFOLD 12109
LEFT BEAM MANIFOLD 12108
70655
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PROJECT: _LIGO  BY: R. THAN
PROJECT NO: V59049  DATE:
TITLE: LA, CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, LA
PARAMETERS

CORNER STATION (LA} VERTEX & BEAM MAN'IFQLQJSQL_ATABI:E SECTION with 80K Pump i L o
R - L R I ] o
_ SR S———— I — I ; | | , . "
- = e — - S - . N - sems i o] a2 —
e e e TS :_______ ey TR (e R | P iz o o 4 | s . _ S 4 R
~ Outgassingarea 695 | M2 | " | 36746 em'2
il ~ 3.00E-09 Torr-L/s-cm*2 i i
e - N B . _ | rLs-cm *’”””"'i” RTINS, TR
i — s | e e I I It —_
" Gas ébéc_iés o L Partial pressure . - o F|na| Outgassmg rates o ) ] Partial pressureﬁi 777
R i Goals | I_on Pump o 80K pump Vacuum Vesse] Metal | O [njlg_s_“ - _"I_‘_p_t_i__ __I'}{If:_t__a_l_ ) ‘___(_)_r_lng o __]'o_ts_:l___
[ ; 100 hrs of pumping 'peed (1 _pumps) Y e e |contributio _contrlb_u_t_x_o_‘___ -
1 _ Torr Lis Us  Torrl/sem®2 | Torr-l/s | Torrl/s | Torrlfs | Torr | Torr |  Torr
i o ot e N 1
. R s e ——— S — S e o e R
N27fﬁ - J 7500E-1Q o 8_,000 o 2. OOE 17377 | 1 39E 06 1_ §¢!E -06 3 _235 O_Ei_ __1_J4E—10 2 SOE 10 , 4.03E-10
co e 5.00E-10 | 7600 | _ 5. OOE 13 3.47E-06 | 1.84E-06 | 5.31E-06 | 4.57E-10 | 2.42E-10 | 6.99E-10
€02 | 2.00E-10 | 8,600 B  2.00E-13 | 1.39E-06 | 1.84E-06 3.23E-06 | 1.62E-1 10 | 2.14E-10 , 3.75E-10
CH4 ~ ,,,Z:OQE 71707”777‘ 77777777 B.SOQ 2 00E-13 1.39E-06 1 84E 06 _§323E—06 1 58E 10 q 2 OQE 10 3 67E-10
~ Others |  B.OOE10 | 6,800 "2.00E-13 | 1.39E-06 | 1.84E-06 | 3.23E-06 | 2.04E-10 | 2.70E-10 4"__4 J4E-10_
H2 B 5.00E-09 16,800 1.00E-11 | 6.9 | 1.84E-06 | 7.13E-05 | 4.13E-09 | 1.09E-10 | 4.24E-09
_HZ_O o B 5.00E-09 I 142 000 5. OOE 11 1 10E- 04 4 58E 04 | 2.45E-09 7 7.76E- 10 3 222E 09
— S — —— o —————————————— . S S TV SRS IO e TR R i ET s T e i — ‘ e
 TOTALgasses |  1.90E09 - | 9.03E06 | 1.10E-05 | 2.01E-05 TEEQQ;,JJFSE 09 | 2.32E-09
TOTAIﬂlﬂm?__M__ . 6_.40E—09 L _7_.8_5l§705 1.10E-05 8 95F-05 | 5 29E-09 | 1.27E-09 J 6.56E-09
TOTAL with H20,H2 1.90E-09 4.26E-04 | 1.21E-04 | 5.47E-04 | 7.73E-09 | 2.05E-09 | 9.78E-09
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PROJECT._LIGO BY: R. THAN
PROJECT NO: V59049 DATE:
TITLE: LA, CORNER STATION PRESSURES

DEPT: 744

CORNER STATION, LA

PARAMETERS
CORNER STATION (LA) VERTEX & BEAM MANIFOLD ISOLATABLE SECTION with 80K Pump
Qty' Length Area Volume Weight
m m"2 m"3 kg
Long 80K Cryopump chamber 1 42 m 31.67 19.00 1747.45
Long 80K Cryopump surface 1 3.7 m 30.22
183 cm beam manifold 37 m 212.72 97.32 11738.06
122 cm intercon spool 6 m 23.00 7.01 1268.98
116 cm intercon spool 1 m 3.64 1.06 201.10
BSC 3 4 m 171.64 85.01 9471.30
HAM 6 m 164.40 67.53 9071.65
76 cm cleaner tube 24 m 57.30 10.89 3162.05
Total 79.90 m 695 298 36661
VACUUM SYSTEM Pump Total Total Specific Specific
Qty' Speed |Net Speed| Speed |Net Speed| speed/Vol | speed/Area
ION PUMPS |, 0.5m intercon 4 lis I/s s /s I/s-m"3 fs-m"2
N2 4 2500 2000 10000 8000 26.86 11.52
co 4 2350 1900 8400 7600 2652 10.94
coz 4 2940 2150 11760 8600 28.88 12.38
CH4 4 2650 2200 10600 8800 2955 12.67
02 4 2100 1700 8400 6800 22.83 9.79
He 4 285 290 1180 1160 3.89 1.67
Ar 4 590 550 2360 2200 7.39 317
4
H2 4 4700 4200 18800 16800 56.41 2418
H20 4 2940 2400 0.00
TURBO MOLECULAR * 1 1500 1000 1500 1000 3.36 1.44
* Nitrogen speed
ROOTS 10 Torr - 0.01 Torr Z 600 438 1200 876 294 1.26
ROTARY 760 Torr - 10 Torr 2 138 100 276 200 0.67 0.28
80K CRYOPUMP ** 1 142000 | 142000 | 142000 | 142000 476.80 204.44
** Water speed
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PROJECT:_LIGQ ____ BY: R. THAN
DATE:

PROJECT NO: V59049

DEPT: 744

TITLE: LA, CORNER STATION PRESSURES

CORNER STATION, LA
PARAMETERS

CORNER STATION (LA}

- ) |
Sy
R SR
v s

i

~ Outgassingarea;

~ Gasspecies |

5.00E-10 | 6,800 |

- | 100 hrs of pumping | peed (1_pumps} ) -
T i T Torr - L. __L_.r'__s__________r_':ﬁiLlsri Torr L[s:cm‘z _Iofr"z"sA
o D R
R AR | S R A
N2 * 5.00E-10 8,000  2.00E-13 | 1.B0E-06 |
T co i ~ 5.00E-10 | 7,600 | 5.00E-13 | 4.49E-06
€02 T 2.00E-10 600 | 2.00E43 | 1.80E-06
CH4 ©2.00E-10 | 8800 - 2.00E-13 | 1.BOE-06 |
= b S e s ,‘ e SR — - — SHUNI H—— i -

2.00E-13 | 1.80E-06

~ 5.00E-09

16800

1.00E-11

5 .00E-09

288,000,

TOTAL gasses

TOTAL with H2

TOTAL with H20,H2

_teoeos o L [ 17606
6 40E-09 R . 1.02E-04

1.90E-09

_5.00E1T

5.51E-04

(8.9BED5 |
44904 | 1.

Jomlig |

20606 |
_ 2A0E00.
2.40E-06

2.40E-06 |
2.40E-06

2.40E-06 |

1.44E-04 |

entire station with 80K Pumps - N o L
]
el RS e - e ; _
S -— — —_ - — ~ == = e s i s e 2 .
- I _ N . e

S 1 S N - N !
898 T M2 B o o h - Tl 47961 jem*2 | _i"“ o
R I I 3.00E09|Torrbfsem2 | 0

S S Y S S

Fartlal pressure T ~___ Final Oqtgassmg rates B I __Partlal pr_e_gs_u_re o
Eoéls lon Pump N Vacuum Vesse! Metvalﬁ O-rings *a Total ”nMetaI ! O-ring Total

___ |contributio
Torr-L/s | Torr

I E——

2.25E-10 | 3.00E10 |
_5.91E-10 | 3.16E-10 |

_2.09€-10 | 2.79€-10 |
| 2.04€-10 | 2.73E-10 |

contributio |

4 19E 06
| 6.89E-06 |

4.19E-06
4.19E-06

S S - —

3E-1O
3E 10

4.19E-06 | |
'9.22E-05
_5.93E-04_

§'i§5_i§_-j69
| 1.58E09 |

19 L A

4.T7E10

earEto
3 5.49E-09

7E 10 2 OBBEE-OB
| e

5.24E-10

9.07E-10
4.88E-10

- |
1.49E-09 | 1.52E-09 l

"1.66E-0 09

6.84E-09 |

' 8.42E-09 | 2.17E-09 |

2LIEDS .
8.50E-09
_1.06E-08
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PROJECT:_LIGO BY: R.THAN DEPT:744
PROJECT NO: V59049 DATE:
TITLE: LA, CORNER STATION PRESSURES

CORNER STATION, LA

PARAMETERS
CORNER STATION (LA) entire station with 80K Pumps
Qty' Length Area Volume Weight
m mh2 m*3 kg
Long 80K Cryopump chamber 2 4.2 m 63.33 38.00 3494.89
Long 80K Cryopump surface 2 3.7 m 60.44
183 cm beam manifold 60 m 344.95 157.81 19034.69
122 cm intercon spool 9.5 m 36.41 e ) 2009.22
116 cm intercon spool 0 9.5 m 0.00 0.00 0.00
BSC 3 4 m 171.64 85.01 9471.30
HAM 6 m 164.40 67.53 9071.65
76 cm cleaner tube 24 m 57.30 10.88 3162.05
Total 114.90 m 898 380 46244
VACUUM SYSTEM Pump Total Total Specific Specific
Qty' Speed |Net Speed| Speed |Net Speed| speed/Vol | speed/Area
ION PUMPS , 0.5m intercon 4 Ifs /s Is /s l/s-m”"3 I/s-m"2
N2 4 2500 2000 10000 8000 21.03 | 8.90
co 4 2350 1900 9400 7600 1998 | 8.46
co2 4 2940 2150 11760 8600 2261 | 9.57
CH4 4 2650 2200 . | 10600 8800 23.14 8.798
02 4 2100 1700 8400 6800 17.88 7.57
He 4 295 290 1180 1160 3.05 1.29
Ar 4 590 550 2360 2200 5.78 2.45
4
H2 4 4700 4200 18800 16800 18.70
H20 4 2540 2400 0.00
TURBO MOLECULAR * 1 1500 1000 1500 1000 2.63 1.11
* Nitrogen speed
ROCTS 10 Torr - 0.01 Torr 2 600 438 1200 876 2.30 0.97
ROTARY 760 Torr - 10 Torr 2 138 100 276 200 0.53 0.22
BOK CRYOPUMP ** 2 142000 | 142000 | 284000 | 284000 746.68 316.09
** Water speed
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PROJECT: LIGO BY: R.THAN DEPT: 744

PROJECT NO: V59049  DATE:

TITLE VITON O-RING AREA, CORNER STATION ,LA

RIGHT/LEFT BEAM MANIFOLD

FLANGE SIZE Length Area
__INcH | oy m ' emt2
104 1 8.54 937
84 0 . 6.94 0
725 | 598 3283
60 O 503 | 0
48 1 | 407 | 447
‘Bonnet/Gate @ 7 = 3.51 | 2697
44 4 375 | 1646
s TOTAL 9009
VERTEX - o
FLANGE SIZE ™ Length Area
—W__“_Cﬁy' m cm™2
104 < 8.54 2810
84 12 6.94 9141
72 ; 0 5.98 0
60 23 5.03 12686
48 2 T 4.07 893
44 0 | 375 0
i TOTAL 25530
|
o o Lo |
VERTEX ; . 25530
RIGHT BEAM MANIFOLD = 9009
LEFT BEAM MANIFOLD 9009
43549
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P.  PROCESS SYSTEMS
5] INTERNATIONAL INC

Table 1

VIT 142 (E.H.V.) O-ring
Section 0.353 em

ID 3.769 cm
Surfacc arca  14.) cm!

Leagun dem

LlA 091 em~t
Volume 1.26 cm!

Initial gas content (estimated) 5.7 cm?d air at NTP

Table 2
Curve N0 Position of Baking Baking
O-ring time (h) temperature 'C
I Inchamber —_ —
2 in groove —_ —
3 In groove 16 100
4 inchamber 16 100 - -
107
L
I
i
|
Topd i

N ||
T
NREAE

\ -

r-s_______‘ =

!

3

wf

L. torr sec™ iem2 of total surfoce area

Q,
A

16°
o} 5 10 15 20 25
Time, hr
Flgure 1. Gas oevolulion rates in lifre torr sec-' cm-* of lotal area of
O-ring againsttime in hours. See Table 2 for key.
Vacuum Vol.16 No.3, 1966
Revision: ¢

Doc no: &7/~ /1 -077
Page 3{ of 79



2625

Dylla, Manos,

Qulgassing Ralu (101t «he1s/s . cm2)

P.  PROCESS SYSTEMS
S ] INTERNATIONAL.INC

and LaMarche: Cormrelation of outgassing of stainless sleel and aluminum

10

-6

& B Swee (Srmussec)
O S Sred (Berton & Qoveesr)
(T Sl SiesVAl (Eowars)
|Oumun.anm($ﬂl|mr)

\\\”n - 2 7

Time (hours)

100

=
[
2 =

FIG. I. A compilation of selected outgassing results from the literature for
the outgassing of stainless steel and aluminum at ambient lemperature.
Mecasurements of Edwards (Ref. 1), Strausser (Ref. 5), and Barton and
Govier (Ref. 6) are shown. The lower solid linc indicates the literature
average used for comparative stainless steel outgassing in this study. Ehe
dotted lines indicate the effect of increasing values of the surfacesrough-
ness factor f.

J. Vac. Sci Technology A, Vol. 11, No.5, 1993
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P.  PROCESS SYSTims
l INTERNATIONAL INC

Vacuum Vol.20, No.1, 1970

The effect of cleaning technique on the outgassing
rate of 18/9/1 stainless steel

received 6 Oclober 1959 accepled 3 November 1969 VACUpH véL 20 wo T

R S Barton and R P Govier, UKAEA Research Group, Cutham Laboratory, Abingdon, Berkshie

-9

10 "5 z :
:? -
[[E
E Ll
I == ,
% L TN
£
: '“L m
£ 10 :_ :
T
L i 1 T =
| i 5=
O 20 40 60 80 100 120

Hours -

m.New sample machined & degreased.(Sample I{); Exp.31),
n.Same sample following vapour blasting & degreasing.
(Sample 10, Exp. 32).

Eigure 8. Total outgassing per cm* of sample as a function of pumping
time. -
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PROJECT: LIGO BY: RTHAN DEPT: 744___

P.  PROCESS SYSTEMS
S | INTERNATIONAL.INC
PROJECT NO: _V59049 DATE: ; -_—

TITLE: PAGE : OF

3 M. Li and H. F. Dylla: Water outgassing from metal surfaces. ||

')—6 = ¥ T 7 IIIIII T T 1 llllTi T T ]ilT‘l"‘r T T T It
? 1 T - po to :
e 1 Haked, 310 B8O 60
< 7 Noked, 310 08 G0
X 10—7 - 2\ 3 Unboked, 310 OB 60 -
\)E 3 3 4 Raked, 310 0172 60 7
: = 4 \\qp \ 5 Boked. 310 1.2¢1077 60
& - 5\0 N . “ | ) Bokes, $10 80<10° 60 -
5 10°L & N E
= Z 2
s = -]
E .."_, : .'..; t
o <
3 __g -
a1 i E
o = By, W B
E — 3 . . Ze5) =
- i ]
- ol
: g & \\ =
= -10
310 - 3
O = x E
10—” 0! i _|_|Ill|| , 1 1 1||t||12 A 3 ll_ll-lll:5 = | 1 IL\JJ114_=--
10 10 10 10 : 10
Time (minutes) <

e

FIG 1. Typical outgassing measurements. for diﬁéfénﬁizo exposure pres-
sures in a log(Q) vs log(r) plot.
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ROJECT: LIGO BY: R.THAN DEPT: 744
RO — PS PROCESS SYSTEMS
O] INTERNATIONAL, INC
-.__‘—_—_————

PROJECT NO: _V59049 DATE:
TITLE: PAGE : OF
Vacuum/volume 201 ot 4 Sergaren Press LiA|Poatec o Greet 3rdnn

R S Barton and R P Govier: The effect of cleaning technique on

|0-9; - -
| ===
§ i : i i i {
| | | : {
. | I
2 e L
= 10}
X i == . :
. S
- 1
T
E :
] i { 1 1
: ! | i i i 1
I I N R R N
_ i
il :__g ) 20 40 60 80 100 120

e Hours

d. Sample honed & deqreusg“d""(Sumple 2, Ex'p.S)r-
e.Sample machined & deqreased (Sample 2,Exp.9)

Figure 6. Total outgassing per cm® of sample as a function of pumping
time.
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EDP200/Booster Combinations
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P PROCESS SYSTEMS
S | INTERNATIONAL INC

2000 | STPH200DC|N|trogen Y L : ' ,.i -l_‘
\ High throughput. |. ;
\\ series (
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