
F'acilities and Vacuum Equipment
Mark Coles

Presentation Obj ectives
Technical Requirements

Implementation Status

Future Plans
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ADVANCED DESIGN
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VACUUM EQUIPMENT
(scoPE)

o Corner, Mid, and End stations include:
I

l

) > Vacuum envelope (all stainless steel)- 34 large chambers,' -1000 feet of 72 inch, 48 inch, 30 inch vacuurn p*pe, -10O
large diameter bellows and >200 large flange cormecfikrrus,

, -1000 smaller flanged connections.

' turbornolecular purnp carts, 1m ion plr,rps, 1;2,lArge
cryogenic pump. : '

gate valves, pfus hundreds o# snall vdves.

) ) Monitor and control subsystem - -10O set$ of grug6
-200 valve controflers, 12 cryogenb FHJrnp con{iro{lers, 1,00
ion pump controllers.

) ) Vent and purge subsystem - High purity air distributkm
system with 10 dry air compressors, 20 soft wa$ c$ean
rooms (class 100).

> ) Bakeout subsystem - 10,0m sguare f€et of h'ffil{hg and
irsulating bfanket with -10O ternprat'ure contr,ollbr$.

2ot13 LlGO,G9s0025SV





Vacuum Equipment Status
John Worden, Allen Sibley

t Chamber fabrication:
BSC prototype fabrication, cleaning, and test complete

Prototype bakeout heater blanket/controller delivery/test complete
HAM chambers in fabrication

First 6 BSC chambers in fabrication

o Purchased equipment:

Delivery of 4 main turbopump carts, 2 auxiliary turbo carts

Delivery of 2 main roughing purnp carts

Delivery of 4 - 48" gate valves

Delivery of prototypp l4rge ion pump

G26Q?22-SQ,n
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100 hour pumpdown test results
o
(}

The cleaning and baking procedures were very effective.
There was little evidence of hydrocarbon contamination
after the bakeout. Partial pressures of hydrocarbons were 3
to 4 orders of magnitude below hydrogen.
Principal gas loads after the nitrogen soak are hydrogeo,
water, nitrogen.

100 hr gas load for nitrogen exceeds LIGO goals.
Additional analysis being done to see if we can live with
this.

G960222-0(J.F
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TABLE 1.7
BSC 1OO HR TEST

VENTEX + BEAMMANTFOLD PREDICTED

*'\. REV

vo49_1-109
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48" gate valve status

t 4 of 8 gate valves delivered (needed to
begin beam tube installation)

. Design problems encountered due to
LIGO' s unique requirements:
H no lubricants
E vacuum load either side

- low shock and vibration req't

G960222-00-F
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Beam Tube
Lamy Jones, Rai Weiss, Cecil Franklin, Rich Riesen

. Long LIGO partnership with Chicago
Bridge and Iron to develop a cost effective
method of producing large quantities of
clean, low hydrogen outgassing stainless
steel tube

G:e6Q?22r00-F





QT Outgassing Data

PREBAKE OUTGASSING RATES

, H2o gq torr liters/sec cm2
t(hours)

H2 2.g+0.2x1il14

co

coe

CH+ < 1x1il13

o BAKE AT 140 - 150 C for 67A hours

POST BAKE OUTGASSING RATES

HeO < 8xt0-18

Hz 8.6+0.2x1il14 (increase from welds)

CO 2.5+aJ x10-16

3 of 13 LIGO-Ge52001-0GB



QT Outgassing Data (cont)

coe

cH+

Sum amu > 45

1.6+0.3x1ilI6

3.010.3x1il16

-1R< 4x10 'v

torr liters/sec cm2

POST BAKE OUTGASSTI*G TEMPERTTG.ffiE E}E:W
o Temperature irrcrease to dorab outgresing a't 30oK

Hz : From room temperature firctuations 4.9 K

From outgassing ratio 413KgmK 8.9

Heo 4.8

COe 6.5

rml 4 of 13 LIGO-G952001-008



Beam Tube
Outgassing

Hydrogen
Data

o spec

t QT result

tlot1
tlotz
tlot3
tlot4
tlot5

1.e- 13 torr litlseclcmz

2.9e-I4
1.3e-IA

8.4e-15

7.Ie-15

3.e- 15

1.e- L4
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Beam Tube

i Beam tube factory built, commissioned, and
operating in Pasco, WA:

> Delivered spiral tube mill and quatiried
performance

tr Qualiried other fabrication eqpt and fixtures
o 160 tubes fabricated

o 133 passed leak tost (no railures!) - 8,2 miles of weldl
. 50 cleaned

Ge6QW.QQ-F
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Chafi1

absorptlon coefficiont vs resldue

6

residue (mg/liter)
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BT installation

o Installation:
>> weld enclosures, air filtration system delivered to
site :

>> terminating gate valves at mid-station installed
> high precision site s,urvey completed to provide

reference locations for BT installation
>> 29 beam tubes installed on site

>> 27 girth weld lea.k tes$ed - no failures

GeQpzn QOf
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BEAM TUBE MODULES

I-IANF'ORD SITE

Beam Tube Mocluhe,4 per site:
100 tube sectiors, 20 m long
50 expansion joints
50 guided supports
49 frxed support.s
9 pump ports

l.-ro- J
LIGO-G950082-00-B
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BT Alignment
Allen Sibley

l QA contract with Rodgers to spot check
early CBI measurements

t CBI uses differential GPS *:

o Max alignment range of BT support is 3
inches. Want to center BT within this range.

G960222-00-F
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Precision Survey
Allen Sibley

I Site fiducializatton by Rogers (local) and
IMTEC (Kansas City)

t Combination of differential GPS and
optical methods

t Rogers E elevations and ranges - dGPS

t IMTEC - elevations and lateral a optical

G96Q222-00-F



Poltrt Rogers siirvcy rblalli,b tb l{MF iirqlet (rnm) IMTDC siirf ey i6trifi id'tb IrMID ffi6d61 fttiiii) Delta (Rogers.IMlEC) IMTEC best flt nlane
t 0 0 o n
2 -6 -4
3 -6 7 t? s
4 6 -5
5 -3 0 -3 -1
6 3 5 -2 4
7 3 2 I 4
8 3 0 3 0

IMTEC stfttlstic"al uncertalnty +/- I mm
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WA BT Slab Survey Results

0.00

0.02

0.01
A

E\/
N0
c/O

1'01

-{t.02

-0.03

0.03

a.o2

0.01
AI

E
V

N0
uA

-0.01

{.02

{.03

ra

x fm,)

Y ffinr, LeastSquaes fitto Plane

I'

Y (rn)

-1.7 +14.g) . 10€. X.+ (3.i +l- 2.7) .1d7't .

f,
oz = 0.0068 m ; P-V = 0.043 m

_Revlews#{Sl96-1 OISaD_Ft-Yg Jms

X aqn, Le6t Sgrffec fitto Plam

LIGO-G960211-00-E



Beam Tube Enclosure
Fred Asiri, Otto Matherny

i Status:
G approx 2000 pre-cast BTE's fabricated

- approx 150 BTE's installed

Installation contractor works approx 3r5
sections behind CBI on-site to avoid
interference

G960222-00-F





BTE Fab QA

t BTE's inspected by RMP in ACME yard.
r Rejection rate is approx IVo

t No stress cracking found. Normal shrinkage
cracks only

G960222-00-F
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Civil Construction
Otto Matherny

t WA site
completed finish grade and slip form of slab

completed service road and distributed electric power
along arms

initiated construction of WA bldgs:

>> foundations

>> steel erection

G960222-00-F
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LA Bldg Design
Fred Asiri

o

t Final design completed May 96

2IFO design

. Reviewed by Baton Rouge architectural
firm for standard practices and materials

t Recommendations incotporated into final
design ;

. Architectural approval.obtained from LSU
per site agreement

G960222-00-F



LA site civil construction
Gerry Stapfer, Fred Asiri, Otto Matherny

I completed rough grade work
i bid and award of buildingro road, slab
i road work begins this week
i site complications:

- rain
a {a

- pipeline crossings

- power lines raised over site

Ge6Q?'",.-0Q-F
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Summary

o All major facility contracts obligated

t We have entered a very busy phase of activity - civil
construction, fabrication, and installation activities
underway at both observatory sites and at vendors

o We are executing QA oversite plans to maintain
requirements and schedule.

t lr{o indications of significant cost growth

t No show stoppers so far
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