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ReYision Date By Description of change

1 . 3n7t95 IW Dimension changes to Figures 4,5,67

2. 8trvg5 IW Changes at conEact award:
-Delete TMC references and drawings.
-Change apmure of 80K pumps to l30cm from 105cm; change aperture of
associated gate valves to 112cm from l20cm.

-Delete requirement for metrl seals on large flanges.
-Remove 6 large rough pumps from end and mid stations. Delete associaled
perfc'mance requirement for 4 hour roughdown.
-Allow f,xed purnp sations for backing purposes.
-Exempt nubo putrlp from acoustic qlecs.
-Change ultimate pre$sure requirement !o a total pressufe rcquirenenl
-Change sequence of pulge ies[ng.
-Cbange bakeout tempenture tolerances to -20 ard +20 C.
-Change Rtr requirements.
-krclucle purge piping in cleaning process.
-Inclutle requirement for floor anchors.
-Added main ion pmrp valY€s.
-Changed requirement for auxiliary pcrts.
-Deleb requirement for fack mounted gauge controllefs.
-Added system test to purge systems.
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1.0 scoPE
This specification defines the trehnical requirements for the design, procurement, delivery
qualification, installation, and acceptance testing of the LIGO (Laser Interferometer
Gravitational-Wave Observatory) vacuum equipmont. The LIGO includes two installadons at
widely separated sites, near Hanford, WA and Livingston, LA. Each installation inciudes laser
interferometers in an L shape with 4-km long anns, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities. The vacuum
equipment consists of interconnected vacuum vessels, pumping systems, valves and a
monitoring and control system for each site. The vacuum equipment wili be located in
structures called stations, Iocated at the corners, mid points, and ends ofthe L-shaped pattem.
See Figure 1.
The vacuum tube joining the vacuum equipment in the stations is provided under separate
contract, and is described by LIGO 1100004, Beam Tubes Specification. Cleaning, alignment
and leak che_cking are critical processes. Vacuum levels during operation may range from a
nominal l0 o torr at the chambers to 10-v torr in the beamtube.

2.0 APPLICABLEDOCUMENTS
If more than one document applies to a technical requirement, the more stringent standard shall
have precedence. Requirements set forth in this specification shall have final precedence.

2.1 Industry Documents

2.1.1 American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code
Pressure Vessels, Section VIII, Division I.
Welding and Brazing Qualifications, Section D(.

2.1.2 American Society for Testing and Materials
ASTM 8498 Standard Test Methods for Leaks Using the Mass Spectrometer Leak
Det€ctor.

2.1.3 Handbook of Acoustical Measurements and Noise Control
Chapter 43, Noise Criteria for Heating, Ventilating, and Air Conditioning Systems.

2.1.4 International Standards Organization
ISO Standard 2861 Flange standards.

2.1.5 American Society of Civil Engineers
Minimum Design Loads for Buildings and Other Sructures, ASCE 788.

2.1,6 Expansion Joint Manufacturer's Association (&IMA)
Standards of Expansion Joint Manufacturer's Association.
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2,1.7 National Fire Protection Association (NFPA) Standards
No. 70-National Electrical Code.

2.2 Government Standards
Building and safety codes: local, state, and federal, including OSHA.
Federal Standard 209 for clean rooms.

2.3 LIGO Documents

LIGO Drawings
LIGO Drawing 1101100, Vacuum Equipment, Corner Station, Washington Site,
Phase A, attached.
LIGO Drawing 1101101, Vacuum Equipment, Corner Station, Louisiana Site,
Phase A, attached.
LIGO Drawing 1101102, Vacuum Equipment, End Stations, Phase A, attached.
LIGO Drawing 1101103, Vacuum Equipment, Mid Stations, Washirgton Site,
Phase A, attached.
LIGO Drawing 1101009, Beam Splitter Chamber @SC).
LIGO Drawing 1101010, Horizontal Access Module (HAM).

LIGO Drawing 1101051, Attachment Brackets.

LIGO Specifications
LIGO I100004, Beam Tubes Specification.

2.4 Interface Control Documents

2.3.1

2.3.2

2.4.2

2.4.1 Provided by LIGO
LIGO document TBD, LIGO Interferomeler to the Vacuum Equipment.
LIGO document TBD, Vacuum Equipment to the Beam Tube.

Provided by the Vacuum Equipment Contractor
Contractor document TBD, Vacuum Equipment to the Buildings and Utilities.
Contractor document TBD, Vacuum Equipment to the LIGO CDS.
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3.0 SYSTEM DESCRIPTION
The LIGO vacuum system is divided i-nto two parts: the beam tube modules and the vacuum
equipmenl The beam tube modules are two kilometers long and are addressed in a separate
contract. The vacuum equipment is housed in buildings located at the intersection (corner) and
ends of the beam tube modules. These buildings are the comer station, mid stations, and end
stations. The vacuum equipment consists of the following subsystems:

. Vacuum enclosure subsystem

. Pumping subsystem

. Valve subsystem

. Vent and purge subsystem

. Bakeout subsystem

. Monitor and control subsystem

Together these subsystems, along with the beam tube modules, make up the vacuum system.
The Washington site schematic is shown in Figure 2 and the Louisiana site schematic is shown
in Figure 3. A description of the vacuum equipment according to station is given below.

3.1 Corner Station Washington Site
The vacuum enclosure for the corner station of the Washington Site is shown in Figure 4 and is
divided into four vacuum sections as shown in Figure 2. The Vertex Section includes three beam
splitter chambers (BSC), six horizontal access modules (HAM), and the two 76 cm diameter
mode cleaner tubes. Two 722 cm gate valves isolate this section from the Beam Manifold
Sections. Ail gate valves at the 80K pump locations shall provide 112 cm of clear aperture. Each
Beam Manifold Section includes one BSC, a section of 183 cm diameter beam manifold, and
one 80K pump. The beam manifolds provide for the addition of more chambers in future
expansions. The Diagonal Section includes one BSC chamber, six HAM chambers, and two 122
cm gate valves. Ail major optical components are housed in the two charnber types (BSC,
HAM). Removal of access covers from tJre chambers will allow for servicing the optical
components during normal operations; the seals on these covers shall be designed as double O-
rings with a pumped annulus for economical reuse during operations. A clean air vent and purge
system shall be provided to break vacuum and maintain cleanliness of the optical components
whenever a chamber is open.
The corner station pumping syslem shail include two 80K pumps (liquid nitrogen, continuous
flow, or refrigerated) near the beam tube interfaces, and main ion pumps as shown in Figure 2.
Ion pumps shall also be used to pump the annuli of double O-ring seals except as noted herein.
Rough pumping from atmosphete shall be done with porrable and stationary pump stations.

3.2 Corner Station Louisiana Site
The vacuum equipment for the comer station at the Louisiana site is similar to that at the
Washington site, except that only one of the BSC/HAM groupings shall be installed. See
Figures 3 and 5 for details.
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3.3 End Stations Both Sites
The vacuum equipment for the end stations is shown in Figure 6. Vacuum enclosures shall
include one BSC. The pumping system shall include one 80K pump with 112cm isolation
valves, and ion pumps for both the enclosure and the annuli. Rough pumping from atmosphere
shall be done with portable aad stationary turbo rnolecular pump stations.

3.4 Mid Station Washington Site
The vacuum equipment for the mid stations is shown in Figure 7. The pumping system shall
include two 80K pumps with 112 cm isolation valves, and ion pumps for both the enclosure and
the annuli. Rough pumping from atmosphere shall be done with portable and stationary turbo
molecular pump stations.

3.5 Midpoint Pumping Station Louisiana Site
No equipment or utilities are to be installed here. One electrically operat€d 122 cm diameter
gate valve shall be supplied for others to install. Refer to Figure 7.

4.0 SYSTEM REQUIREMENTS

4.1 Leak Rate
All leaks greater than 1 x 10-9 ton liters/sec of helium shall be repaired according to LIGO
approved procedures. kak checking procedures shall conform to ASTM 8498 Standard Test
Methods for Leaks Using the Mass Spectrometer lrak Detector.

4.2 Pump Down Time
Each vacuum section (an isolatable volume) of each comer station, without interfemmeter
compononts, shall pump down from atmosphere to 1 x 10 -6 torr in less than 24 hours. Of this
time, acoustic noise and vibration may exceed the limits described below in Section 4.6 for no
more than the initial 4 hours. Turbo pumps arc exempt from the acoustic noise criteria at all
times. In the case of the vertex and offset vacuum sections, two pump stations may be connected
at once. Otherwise, only a single pump station shall be connected at one time.
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4.3 Ultimate Pressures
Each vacuum section shall attain a total pressure of 2 x 10 8 ton, measured with an RGA at an
ion pump pumpout port, after 100 hours of pumping. If the hydrogen content of the steel
prevents the attainment of tiris value, then the total pressure of all gases, other than H2 and H2O,
shall not exceed 6 x 10 t torr. The partial pressure goals below will be adusted, as mutually
agreed upon by LIGO and the contractot so that they are consistent with the prototype chamber
results and the design margins required for reliable implementation, but in any case not less than

Table 1: Partial Pressures Goals

Gas Species Partial Pressure - torr

Hzo - -  ̂ -a
f  X  I U -

H2
- -  ^-0
J x l u -

N2 5 x 10'10

co 5 x 10-lo

coz 2 x 10-10

cH+ 2 x 10-10

A11 Others 5 x 10-10

shown in Table 1.
This ultimate pressure test shall be perfonned after a 48 hour, 150 C bakeout and subsequent
cool-down period. The section under test shall be exposed to the operating 80K pumps. The
only other pumps allowed are the installed main ion pumps, the annulus ion pumps and the
pumps required for temporary pumping of the gate valve annuli.

4.4 System Control and Protection
Each vacuum section shall have sufficient instrumentation and hardware to allow safe and
reliable operation of valves, pumps and gauges under all conditions. LIGO will supply process
control functions (hardware and software programming) needed for safe aeceptance testing as
well as normal operations.

4.5 Bakeout/Degassing Capability
A means shall be provided to heat all vacuum surfaces in a given section to any desired
temperature, ranging from ambient to 150 C, with a maximum variation of -20 C to + 20 C. No
vacuum seals shall be damaged by non-uniform temperatures or by overheating. Rampi-ng of
temperatures shall be controllable. Power density shall be limited in order to provide fail safe
protection. The rate of temperature rise during warmup shall not exceed 1.8C/hour. Particulate
generation or shedding caused by placement or removal of the insulation shall be minimized.
The surfaces may be blalketed or entire vacuum sections may be insulated by rigid or flexible
partitions.
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4.6 Special Envimnmental Requirements
The LIGO vacuum equipment and laser areas house instrumentation which is potentially highly
sensitive to vibration and acoustic noise, shock-induced damage or misalignment,
electromagnetic interference, and contamination.

4.6.1 Shock
Valve actuation or other intermittent device operation sha1l induce no more than 0.01 g
peak+o-peak acceleration at any point within I mel,er of any HAM or BSC chamber.

4.6.2 Acoustic Noise
Acoustic noise from all simultaneously operating equipment in normal operation shail not
exceed NC-20 (Noise Criterion 20) at any location within LIGO vacuum equipment and
laser areas. Limited narrowband exemptions may be permitted subject to LIGO approval.
Rough pumping equipment, used intermittently to initiate pumpdowns, may be exempted
for limited periods as provided in Section 4.2.

4.6.3 Vibration
The Vacuum Equipment shall be designed in such a way that vibration from all simulta-
neously operating vacuum equipment, in the absence of vibration from other sources, shall
not induce motion of the walls of any vacuum chamber or of the facility floor within I
meter of any chamber which exceeds the following specual density limits (Table 2). Lim-
ited narrowband exemptions may be permitted subject to LICO approval. Rough pumping
equipment, used intennittently to initiate pumpdowns, may be exempted for limited peri-
ods as provided in Section 4.2. Compliance with this specification may be demonstrated
by any combination of measurements and analysis, subject to LIGO approval.

Table 2: Maximum allowable sDectral densiw of chamber or floor vibration induced
by operation of LIGO vacuum equipment.

Frequency Band (Hz) Vibration Limit (mdHz)

0 . 1 -  1 0 3 x 1 0 r r

10 - 1000 3x10ex (1Hz l f l z

1000 - 10000 3 x 10-15

4.6.4 ElectromagneticEmissions
All electrical equipment shall meet commercial standards for EMI.

4.6.5 Particulates and other contaminants
No installed equipment sha.ll emit or harbor particulates at a level inconsistent with main-
tenance ofa clean environment conforming to Federal Standard 209 Class 50,000. Bake-
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out insulation may be exempted from this ifit can be shown that reasonable cleaning
procedures and a reasonable time period will restore the environment.

4.7 Interfaces
The following interfaces shall be provided for and fully documented:

. LIGO Interferometers to the vacuum equipmentx

. Vacuum equipment to tJIe beam tube.**

. Vacuum equipment to the buildings and utilities.***

. Vacuum equipment to process control system.***
* ICD to be provided by LIGO.
** ICD to be provided by Beam Tube Installer.
**t ICDs to be provided by the Vacuum Equipment Contractor.

4.8 Design Life
The contractor shall design the vacuum equipment for a minimum serviceable life of 20 years
assuming equipment is maintained and operated in accordance with vendors' recommendations.

4.9 Environmental
Under normal operations, the vacuum equipment will be operated in a temperature and
humidity controlled environment. In case ofpower or control failure, and during the
construction phase, conditions will be dictated by diumal and seasonal ranges. Exposure to
these conditions shall not damage the vacuum equipment provided that equipment is
maintained. stored and oDerated in accordance with vendors' re commendations.

5.0 SUBSYSTEMS

5.1 Vacuum Enclosure Subsystem
The vacuum enclosure includes all components such as chambers, tubes, flanges, elbows, tees,
blank-offs, and other littings, which form the barrier between atrnosphere and vacuum. These
components are required to be compatible with use at 1 x 10 -'torr. Specific requirements are
below.

5.1.1 Materials
All fabricated components exposed to vacuum shall be made from type 3O4L or 316L
stainless steel, using low carbon weld fil1et wire, or aluminum alloys where required.
Standard catalogue items of 304 or 316 stainless steel are accepuble if not available in
304L or 316L. Copper, aluminum, and prebaked Viton may be used for seals. Vacuum
fee dthroughs may utilize UHV compatible giass or ceramic. All other materials are sub-
ject to LIGO approval. Copies of mill test reports of chamber, tube and ffange materials
shall be fumished. Internal surface finish is subject to LIGO approval.
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5.1.2 Cleaning
A11 surfaces exposed to vacuum or purge gas sha-ll be cleaned in accordance with proce-
dures approved by LIGO prior to fabrication and installation; surface recontamination
shall be prevented during all subsequent processes.
All items shall be wrapped or sealed after cleaning to maintain cleanliness through han-
dling, transportation, and storage. Care shall be taken to minimize exposure to corrosive
environments, such as those containing chloride compounds. No visible contaminant
(viewed with the naked eye, under both natural and ultraviolet light) of any form shall be
left within the vacuum enclosures or purge system piping when installed (for example:
water, dust, sand, hydrocarbon f,lm, etc.).

5.1.3 Welding
All welding exposed to vacuum shall be done by the rungsten-arc inert-gas (TIG) process'
Exceptions may be allowed subject to LIGO approval, Welding techniques shall deviate
from the ASME Code in accordance with the best ulta high vacuum practice to eliminate
any virtual leaks in the welds; i.e., ali vacuum welds shall be, wherever possible, internal
and continuous; all extemal welds added to these for structurai purposes shall be intermit-
tent to eliminate trapped volumes. Defective welds shall be repaired by removal to sound
metal and rewelding. All vacuum weld procedures shali include steps to avoid contamina-
tion ofthe heat affected zone with air, hydrogen, or water. This requires that inen purge
gas, such as argon, be used to flood ttre vacuum side of heated portions.

5.1.4 Alignrnent and Dimensions
A1l chambers shall be aligned to within 2mm of the design optical axis in both ransverse
directions and to within 25mm of the design position in the axiai direction. Unless noted
otherwise, dimensions of chambers (including interconnecting tubes) refer to nominal
internal dimensions. AIl other dimensions shall be +/- 3mm, +/- 1 degree, and +/- 3mm per
3 meter section of tube.

5.1.5 Mechanical Loads
All vacuum components shall be anchored to the floor or to each other so as to restrict all
motion to bellows units. The floor anchors shall be supplied and installed by the contrac-
tor. The design of the vacuum enclosure shall allow for strains and stresses due to the fol-
lowing: normal cycling of the station HVAC (heating, ventilating, and air conditioning)
system (expected to maintain temperature within a range of +l- 2C); variations in atmo-
spheric pressure; vacuum cycling of other sections of the vacuum enclosure; bakeout of
any vacuum section; failure or non-operation of the HVAC.

5.1.6 Design
Each vacuum element with a diameter greater than 12 inches shall be designed according
to the latest edition of ASME Boiler and Pressure Vessel Code, Section VItr, Division 1



LrGO-E940002-02-V
Revision 2.

September6, 1995

and its subsequent addenda (except as noted in 5.1.3), even though vacuum chambers lie
outside ofthe scope ofthat document. Alternate design methods may be employed subject
to LIGO approval. Code certification and stamping are not required. All separable parts
sha1l be fully interchangeable between assemblies. Adequate clearance shall be provided
for assembly of mating flanges, and for handles. Extemal access shall be provided to all
vacuum seams for leak checking. All vacuum elements heavier than 50 lbs shall have lift
lugs installed and each chamber assembly shall have an electrical ground connection
(removable for diagnostic purposes). Calculations shall be made to determine design fea-
tures, including the need for and the size of any reinforcements due to openings. Cham-
bers shall be designed to withstand the loadings exert€d by all applicable loads in
accordance with the provisions of all applicable codes and standards. AII chambers shall
be designed to be free staading to allow blanked-off leak checking. To determine the prob-
ability of earthquakes and seismic coefficients in various areas of the United States, Stan-
dard ANSI A58.1 (ASCE Minimum Design Loads for Buildings and Other Structures)
shall be applied.

5,1.7 Chambers
All optics are housed in two types of chambers. These chambers contain the seismic isola-
tors and alignment mechanisms which support the optical elements. The two chambers are
designated BSC and HAM,

5.1.7.I Beam Splitter Chamber (BSC)
The Beam Splitter Chamber (BSC) configuration is shown in Figure 8.

5.1.7.2 Horizontal Axis Module (HAM)

The Horizontal Axis Module (HAM) configuration is shown in Figure 9. One spare
HAM is required at the Washington site.

5.1.8 Attadrment Brackets
Both chamber types shall have internal attachment brackets as shown in Figure 10. These
brackets will be used to support Lightweight optical components.

5,1.9 Flanges and Ports
Dual O-ring flanges shall be designed for convenient, quick and easy disassembiy and
assembly, consistent with retable sealing. O-rings shall be vacuum quality Viton, free of
lubricant, and baked to remove contaminants. O-ring grooves shall retain the O-ring dur-
ing assembiyidisassembly. Flange centering pins shall be tapered, rounded, and replace-
able; centering pins for flange sets in the vertical plane shall suppon the weight of the
mating cover. Except for the case of chamber to chamber connections, flange centering
pins shall be included in the chamber flange of flange s€ts in the vertical plane, and the
lower flange of ffange sets in the horizontal plane. Port designs shall provide for maximum
aperture and minimum neck length. Where applicable designs shall conform to ISO Stan-
dard 2861.
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5.1.10 Access Connectors
The 152 cm diameter short tube sections located at BSC 2 and BSC 4 are defined as access
connectors, and shall be designed for convenient removal and installation. As a minimum
the total axial space required at thes€ locations is 90 cm. The bellows portion shall be as
short as practical to allow addition of side access ports in the future. A similar access con-
nector is required at BSCs Tand 8.

5.1.11 Optical Baffies
A1l connecting tubes shall be designed to allow for installation of optical baffles at a later
date. This requirement can be met by allowing access to all internal surfaces.

5.1.12 Armular Spaces

The annuli of each chamber shall be connected to a single flange. Pumping speed between
this flange and any point of the pumped annulus is to be greater than 0.3 literVsec for air,
in molecular flow. Interconnecting tubing shall be routed close to the chamber wall, with
all connections to be welded or CF flanges.

5,1.13 Fasteners
Flange fasteners shall be of high quality, appropriate for efficient assembly and disassem-
bly. All fasteners shall be plated or made of alloys which allow use without lubricants.
Floor anchors need not be plated. Where possible plate nuts shall be used.

5.1.14 Component Leak Rate
The contractor shail ensure that all leaks greater tJran 1 x 10 9 torr liter/second of helium
on each chamber or tube section are repaired at the site of manufacture according to LIGO
approved procedures. Leak checking pmcedures shall conform to ASTM E498 Standard
Test Methods for trala Using the Mass Spectrometer Leak Detector.

5.1.15 Workmanship, Finish, and Appearance
The finished product shall be free of weld spatter, cutoff spatter, free iron, weld oxidation
and defects. There shall be no grinding or abrasion of completed welds or internal vacuum
surfaces.

5.1.16 Marking
Each separable part (except fasteners, seals, and interchangeable, standard blank flanges)
shall be permanently marked with a unique identification number in a location readily
viewed.

5.2 Pumping Subsystem
Vacuum pumps include portable roughing pumps, stationary backing pumps, annulus pumps,
main ion pumps, and 80-K pumps. The roughing pumps are used to pump fte systems down
from atmosphere to l0'o torr. The ion pumps, and 80K pumps are used for vibration-free
pumping during normal operation.
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The main pumping phases include:
. Initial Pumpdown (from 760 torr to less than I torr): Roots roughing pump sets are

to be used. Smaller volumes may only require roughing with the turbo backing
pumps. The duration of this phase is limited to 4 hours per vacuum section for ail
sections in the corner stations. See Section 4.2.

. Intermediate Pumpdown (from 1 torr to less than l0 -6 torr): Turbo molecular
pump sets arc to be used. The duration of this phase is expected to be of order 24
hours. Low noise and vibration are required.

. Final Pumpdown and normal operation (below l0 -6 torr): No mechanical pumps
may be used, Ion pumps and cryogenic pumps are to provide continuous pumping
without vibration.

5.2.1 Roughing Pumps
The roughing pumps shall consist of two types of ponable pump stations and stationary
backing pumps, the main roughing pump set and the turbo molecular pump sets. The main
roughing pump set shail be used for pumping from atmosphere to less than 1 torr while the
turbo molecular pump set shall be used for pumping from I torr to less than 10' torr. The
main roughing pump sets are exempt from the vibration and acoustic noise limits. The
turbo molecular pump sets, howevel shall be designed to operate for extended periods of
time without contributing to vibration and noise levels beyond those described in Section
4.6. The design of the roughing pumps shall preclude contarninating the beam tubes and
chambers during the life of the equipment, even with equipment failures and operator mis-
takes.

5.2.1.1 Main Roughing Pump Sefs
Each main roughing pump set shall consist of a roots blower backed by one or more
backing pumps. Four sets are required in total. The minimum pumping speed at 1 torr
at the pump inlet shall be 500 CFM and at 0.1 ton 1000 CFM. There shall be no oil in
the pumping path. The pump set shail be self contained so that under power failure or
pump failure, interlocks shall prevent the pumped chambers from being vented. The
pump set shall be^ capable of roughing volumes as large as the 2 kmbeam tube module
(volume 2000 mr) without overheating. Provisions for connection to the controi sys-
tem shall be provided. Provision for sealed connection to a ducted facility exhaust sys-
tem shall be provided. There shall be vacuum gauges located at each pump blet (both
the roots pump and the backing pump) and there shall be auxiliary valved (manual)
ports to ailow connection of a leak detector. All unused connections shall be fitted with
blankoff flanges.

5.2.1.2 Turbo Molecular Pump Sets
Each turbo molecular pump set shall consist of a wide range magnetically levitated
turbo molecular pump backed by an oil free pump (diaphragm, piston, or scroll pump).
Ten sets are required in total. The minimum pumping speed at the roughing port shall
be 1400 liten/sec for nitrogen at 10-r torr. Throughput at a backing pressure of 1 torr
shall be at least 5 torr literVsecond. The pump set shall be capable of pumping large
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volumes (2000 m3) without overheating. The pump set shall be self contained so that
under power failure or pump failure, interlocks shail prevent the pumped chambers
from being vent€d or exposed to pump lubricants. Provisions for connection to the
control system shali be provided. There shall be vacuum gauges located at each pump
inlet (both the turbo pump and the backing pump) and there shall be auxiliary valved
(manual) ports to allow connection of a leak detector or auxiliary backing turbo. All
unused connections shall be fitted with blankoff flanees.

5.2.2 Main Ion Pump
The mail ion pumps, positioned as shown in Figures 2 and 3, have nominal pumping
speeds of 2500 liter/sec minimum for nitrogen. Each main ion pump shall have a manual
isolation valve as well as a manual pump out valve. The minimum life of the pumps shall
be 40,000 hours or more at an operating pressure of 10 -o torr. Noble gas diode-type ion
pumps shall be used. If required for staning purposes, or to avoid the use of custom power
supplies, multiple power supplies and feedthroughs may be employed -to operate each
pump. The ion pump design shall allow starting at prcssures of I x l0 -) ton However, the
power supplies need only be capable of providing starting current for 1 x 10 

-o 
torr. Ion

pump power supplies shall be mountable in standard 19 inch racks. All ion pump power
supplies shall have remote control capability with both current and voltage signals
remotely readable.

5.2.3 80K Pumps
There are two types of 80K pumps: long and shorl The long 80K pumps shall have a
cylindrical cold surface 3.7 m long and the shon 80K pumps shall have a cold surface 1.2
m long. All other features of the 80K pumps shall be identical. The pumping surface shall
be coaxial with the beam tube axis, and provide a clear aperture ofat least 1.30 m, warm
or cold. The aperture at the pump flanges and necks shall be that of the adjacent gate
valves. The 80K pumps may be of the liquid niuogen, continuous flow, or refrigerated
design. In any case the vibration requirements of section 4.6 shail be met.
Certain parts of the 80K pumps may have large thermal gradients which may give rise to
local, intermittent release of gas. The design shall preclude the sudden and direct release
of this gas into the optical path. Each 80K pump shall have a removable beam tube section
at one end to allow insertion of optics components. The minimum length required for this
section is 60 cm.

5.2.4 Annulus Pumps
Auxiliary turbo molecular pump sets (auxiliary turbo cans) shall be provided for roughing
of the annular spaces. Ten pump sets are required. The pump sets shall be self contained so
that under power failure or pump failure, interlocks shall prevent the pumped volumes
from being vented. Provisions for connection to the control system shall be provided.
These pump sets shall use an oil free backing pump to minimize the risk of contamination
of the annuli. Each chamber shall have a 200Vs (ma,timum) ion pump to maintain the
annular vacuum. The ion pump shall be isolatable from the annuli with a hand valve.
Noble gas diode pumps shall be used. The minimum annulus ion pump used anywhere
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shall be at least 20Vs, Ali ion pump power supplies shall have remotc contol capability
wift a remotely readable current signal.

5.3 Valve Subsystem

5.3.1 Gate Yalves
A1l gate valves shall be stainless steel with metal sealed flanges or weld fittings where
appropriate, and metal bellows stem feedthroughs. O-ring seals are allowed on the beam
line flanges. Only non-contaminating and non-migratory lubrication shall be used on the
internal mechanisms. Valve body and flange leakage shall be measured to be less than 10-
l0 torr liter/sec of helium before installation. 112 cm and larger gate valves shall have dou-
ble viton gae seals. Annular spaces between gate valve seals shall be isolatable. This
space shall be provided with a blanked-off port A[ gate seals shall be leak free to a level
of l0 'v torr liter/sec of helium. Valves of the same size and type shall be identical to min-
imize the number of required spare parts. All valves shall be rated for 10000 cycles before
service is required. A11 valves, regardless of operation (electric, pneumatic, or manual),
shall be protected from accidental operation. Such protection may be provided by mechan-
ical, electrical, or procedural means. In instances where accidental venting is possible,
redundant means shall be emploved.

5.3.2 Small Valves
Small valves (less than 15cm aperture), such as right angie manual valves, shall be all
metal and bakeable to 150C. Exceptions are those valves which are used on the o-rhg
annuli and those which are mounted on the portable pump stations. These may be viton
sealed. All metai sealed valves shall be rated for 10000 cycles before service is required.

5.4 Vent and Purge Subsystem
Components inside each ofthe chambers shall be protect€d against particulat€ and hydrocarbon
contamination at all times: when chambers ar€ open, whiie venting to air, during opening and
closing, and when closed, including pumpdown. This protection against paniculates shall be
equivalent to exposure within a Fed. Std. 209 Class 100 clean room. The vacuum enclosure area
of each station will be construcEd with materials consistent with a Fed. Std. 209 Class 50,000
clean room. Vent and purge systems shall be provided with valved and pressure limited, Class
100 air with a water vapor dew point ofless than -60 degrees Celsius. The vent and purge
system shall not introduce hydrocarbons into the purge air stream. There shal1 be one 200 CFM
system available in the comer stations and 50 CFM systems elsewhere . No systems are required
at the LA mid stations.The air compressors shall be mounted in tlte designated mechanical room
areas. The purge system shall allow for the connection of air shower manifolds in the chambers,
used to distdbute purge gas over the optical components inside the chambers. Additionally,
portable soft-wall cleanrooms shall be provided to allow coverage of open chamber ports. The
cleanrooms shal1 be designed per Federal std. 209 (Methods at rest approach). Air flow shall be
designed to optimize particulate removal. Unidirectional air flow is not required. A total of 13
portable units are required (8 for the Washington site).
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5.5 Bakeout Subsystem
Insulation and heating equipment shall be modular so as to allow efficient removal and
placemenl There need only be enough equipment to bake the largest contiguous vacuum
section at one time; however, the equipment shall be capable of baking any of the vacuum
sections. Bakeout confols shall be sufficient to ensure that the performance requirements are
met.

5.6 Monitor and Control Subsystem
Vacuum monitoring aad control equipment includes Pirani gauges, ion gauges (cold cathode),
process controllers for the large valves, and process controllers for the 80K pumps. Gauge tubes
shall be mounted on 2 314 inch me tal seal CF flanges at the locations shown in Figures 2 and 3.
There shall be two auxiliary ports (one 2 3/4 and one 4 1/2 inch CF) complete with all metal
valves and blankoffs for each BSC chamber. The 4 7/2 incb CF port is reserved for RGA
sensors (to be provided by LIGO). There shall be sufficient controls logic (including hardware
and software) to safely operate and commission each vacuum section. Site wide functions such
as data logging and control room operations will be provided by the LIGO conuol system. The
interfaces to this system shall consist of discrete digital and analog signals. Signal types, cabling
and connectors are subject to LIGO approval. The suggested signal levels are listed below:

Anaiog Input 0 to l0 VDC, input impedance greater than 1 Kohm.
Analog Input 4-2O mA, input impedance 600 ohms nominal.
Analog Output 0 to 10 VDC, output current drive 10 mA minimum.
Analog Output 4-20 mA, voltage compiiance 15 VDC maximum.
Discrete Input 24 VDC, input impedance grcater tlan I Kohm, or contact closue
with contacrc rated at 24VDC, 500mA.
Discrete Output 24 VDC, 100 mA maximum.
Discrete Contact Output 24 VDC, 1 A maximum.
RTD Temperature Measurement ISO 385 curve platinum RTDs, 100 or 1 Kohm.

Thermocouple Measurement Types B, R, S, E, T, J, K.

Input is defined as an input to LIGO contols from the Vacuum Equipment. Output is defined as
output from LIGO conuois to the Vacuum Equipment. All Vacuum Equipment electronics shall
be supplied complete with standard 19" racks, howeveq vacuum gages are allowed to be of the
"smart gage" type and do not require rack mounting.

5.6.1 Vacuum Gauges
Vacuum instrumentation shall be provided for pressures from atrnospheric down to 1x10 "

toff (N2 equivalent). Each chamber and beam tube section which can be isolated shall
have installed one Pirani gauge, and one cold cathode gauge. Vacuum gages may be self
contained "smart gage" type. Connectors for all vacuum gauges shall have locking, posi-
tive contact to the mating vacuum feedthrough, properly shieid the high voitage and signal
connectors, and provide proper strain relief.

16
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5.6.1.1 Pirani Gauges
Pirani gauges shall operate from atmosphere to 10-4torr. The controller shall have at
least one setable process confol contact or setpoint if commercially available. The
gauges shall be installed on CF flanges and be bakeable to 200 degrees Celsius-
5.6.1.2 Cold Cathode Gauges
Cold cathode gauges shall operate from 10-3 torr to lx10-9 torr. The controller shall
have at least one setable process contol contact or setpoint if commercially available.
The gauges shall be installed on CF flanges and be bakeable to 250 degrees Celsius.

6.0 QUALITY ASSURANCE

6.1 Test Plans
Detailed plans including descriptions of the test equipment and procedures for the qualification,
screening, and acceptance tests shall be approved by LIGO prior to use. Of panicular interest
are the qualification requirements for large gate valves.

6.1.1 Contml of Contamination
Detailed plans to ensure control of cleanliness shall be approved by LIGO.

6.1.2 Component Acceptance Tests

6.l.Ll Chamber and Tube Leak Tesb
The contractor shall document helium leak rates on each vacuum chamber or tube sec-
tion as part of the fabrication process. No vacuum chamber or fabricated tube section
shall be field installed without first demonstrating acceptable leakage.

6.1.2.2 Pumps
Each electrically powered vacuum pump shall be t€sted (or certified) for speed, ulti-
mate pressure, leakage, noise and vibration, and operation of protective features,
before shipment from the manufacturer.

6.1.2.3 Yalve Tests
Each vacuum valve shall be tested for leakage prior to shipment from the manufac-
turer. For dual gate seals, each seal sha1l be individually tested. As well, each vacuum
valve (including each individual gate seal) shall be tested for leakage after installation
on the LIGO vacuum system. Operation ofeach valve shall also be demonstrated.

6.1.3 System Acceptance Tests

6.1.3.1 Leakage
AII vacuum leaks greater dran the limit set by the system requirements section shall be
measured. renaired and documented.
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6.1.3.2 Pumpdown
Pumpdown from atrnosphere to ultimate pressure (100 hours pumping) shall be per-
formed on all vacuum sections and documented.
6.1.3.3 Noise and Vibration
Acoustic noise shall be measured and documented at the vacuum chamber walls with
vacuum equipment operating in each of the 3 modes described in Section 5.2. Addi-
tionally, background levels shall be measured and documented as well. Vibration lev-
els at the floor near the chambers shall be measured and documented, both with and
without simultaneous operation of all of the vacuum equipment. All tests shall be con-
ducted per the statement of work.
6.1.3.4 Purge System
A test shall be developed to ensure the cleanliness of the purge air supply system.
6,1.3.5 Control and Monitoring
Operation of each vacuum gauge shall be demonstrated after installation. Operation of
each vacuum pump and each valve shall be demonstrated after installation. Operation,
tempeftrture uniformity, and temperature stability of the bakeout system shall be dem-
onstrated.
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1. SCOPE

This specification defines the technical requirtments for the design, procurcment,
delivery, qualification, installation, and acceptance testing of the LIGO (Laser
Interferometer Gravitational-Wave Observatory) vacuum equipmenl

The LIGO includes two installations at widely separated sites, near Hanford, WA
and Livingston, LA, Each insallation includes laser interferometers in an L shape
with 4-km long arms, a vacuum system for the sensitive interferometer compo-
nents and optical beams, and other support facilities. The vacuum equipment
consists of interconnected vacuum vessels, pumping systems, valves and a mon-
itoring and control system for each site. The vacuum equipment will be located
in structures called stations, located at the corners, mid points, and ends of the
L-shaped pattem, See Figure 1.
The vacuum tube joining the vacuum equipment in the stations is pravided under
separate contracl and is described by LIGO 1100004, Beam Tubes Specification.

Cleaning, alignment and leak checking are critical processes. Vacuum levels
during operation may range fmm a nominal 10i torr at the chambers to 10-9
torr in the be amtube.

2. APPLICABLE DOCUMENTS

If more than one document applies to a technical requirement, the more sringent
standard shall have precedence. Requirements set forth in this specification shall
have final precedence.

2.1 Industry Documents

2,1.1 American Society of Mechanical Engineers (ASME) Boiler and Ptes-
sure Vessel Code

. Pressure Vessels, Section VIII, Division I.

. Welding and Brazing Qualifications, Section D(.

2.1.2 American Society for Testing and Materials

. ASTM E498-Standard Test Methods for Leaks Using the Mass Spec-
trometer l,eak Detector.
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2.1.3 Handbook of Acoustical Measurements and Noise Control

. Chapter 43, Noise Criteria for Heating, Ventilating, and Air Condi-
tioning Systems.

2.1.4 International Standards Organization

. ISO Standard 2861-Flange standards.

2.1.5 American Society of Givil Engineers

. Minimum Design Loads for Buildings and Other Structures, ASCE
7-88.

2.1,6 Expansion Joint Manutacturer's Association (EJMA)

. Standards of Expansion Joint Manufacturer's Association.

2.1.7 National Fire Protection Association (NFPA) Standards

. No. 7G-National Electrical Code.

2.2 Government Standardg
. Building and safety codes: local, state, and federal, including OSHA.

Federal Standard 209 for clean rooms.

2.3 Other Standards
. VDE O87l-Standards for Electro Magnetic Interference.

2.4 LIGO Documents

2.4.1 LIGO Drawings

. LICO Drawing 1101100, Vacuum Equipment, Corner Station, Wash-
ington Site, Phase A, attached.

. LIGO Drawing 1101101, Vacuum Equipment" Comer Station,
Louisiana Site, Phase A, attached.

. LIGO Drawing 1101102, Vacuum Equipment, End Stations, Phase A,
attached.

. LIGO Drawing 1101103, Vacuum Equipmeng Mid Stations, Wash-
ington Site, Phase A, auached,

. LIGO Drawing 1101009, Beam Splitter Chamber (BSC).
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. LIGO Drawing

. LIGO Drawing

. LIGO Drawing

2.4.2 LIGO Specifications

. LrGO 1100004,

1101010, Horizontal Access Module (HAM).

1101013, Test Mass Chamber (TMC).

I 101051, Attachment Brackets.

Beam Tubes Specification .

2.5 lnterface Control Documents

2.5.1 Provided by LIGO

LIGO document TBD, LIGO Interferometer to the Vacuum Equipment.
LIGO document TBD, Vacuum Equipment to the Beam Tube.

2.5.2 Provided bythe Vacuum Equipment Contractor

. Contractor document TBD, Vacuum Equipment to the Buildings and
Utilities.

. Contractor document TBD, Vacuum Equipment to the LIGO Process
Control Syst€m.

3. SYSTEM DESCRIPTION

The LIGO vacuum system is divided into two parts: the beam tube modules and
the vacuum equipment. The beam tube modules are two kilometers long and are
addressed in a separate contract The vacuum cquipment is housed in buildings
located at the intersection (corner) and ends of the beam tube modules. These
buildings are the comer station, mid stations, and end stations. The vacuum
equipment consists of fte following subsystems:

1. Vacuum enclosure subsystem
2. Pumping subsystem
3. Valve subsystem
4. Vent and purge subsystem
5. Bakeout subsyst€m
6. Monitor and control subsvstem
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Together these subsystems, along with the beam tube modules, make up the
vacuum system. The Washington site schematic is shown in Figure 2 and the
Louisiana site schematic is shown in Figure 3. A description of the vacuum
equipment according to station is given below.

3.1 Corner Station Washington Site The vacuum enclosure for the comer
station of the Washington Site is shown in Figure 4 and is divided into four
vacuum sections as shown in Figure 2. The Vertex Section includes three beam
splitter chambers (BSC), six horizontal access modules GIAM), and the two 76
cm diameler mode cleaner tubes . Two 122 cm gate valves isolate this section from
the Beam Manifold Sections. Each Beam Manifold Section includes one test mass
chamber (TMC), a section of 183 cm diameter beam manifold, and one 80K pump.
The beam manifolds provide for the addition of TMCs in future expansions. The
Diagonal Section includes one BSC chamber, six HAM chambers, and two 122
cm gat€ valves. All major optical components are housed in the three charnber
types (BSC, HAM, TMC). The corner station building will be built with enough
room for the future addition of up to four TMC/BS(YHAM groupings. Removal of
access covers from the chambers will allow for servicing the optical componcnts
during normal operations; the seals on tiese covers shall be.designed as double
O-rings with a pumped annulus for economical reuse during the early period of
operation when access is more frequent; later, the inboard O-ring may be replaced
with a metal seal. A clean air vent and purge system shall be provided to break
vacuum and maintain cleanliness of the optical components whenever a chambet
is open.
The comer station pumping system shall include two 80K pumps (tquid nitrogen,
continuous flow, or refrigerated) near the beam tube interfaces, and main ion
pumps as shown in Figure 2. Ion pumps shall also be used to pump the annuli
of all double O-ring seals. Rough pumping from atrnosphere shall be done with
portable pump stations.

3.2 Corner Station Louisiana Site The vacuum equipment for the comer
station at the Louisiana site is similar to that at the Washington site, except that
initially therc shall be no TMCs, and only one of the BSC/HAM groupings shall
be insalled. See Figures 3 and 5 for details.

3,3 End Stations Both Sites The vacuum equipment for the end stations is
shown in Figure 6. Vacuum enclosures shall include one BSC initially.
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The pumping system shall include one 80K pump with isolation valves, and ion
pumps for both the enclosure and the annuli. Rough pumping from afinosphere
shall be done with portable pump stations.

3.4 Mid Stalion Washington Site The vacuum equipment for the mid sta-
tions is shown in Figure 7. Vacuum enclosures shall include one TMC initially.

The pumping system shall include two 80K pumps with isolation valves, and ion
pumps for both the cnclosure and the annuli. Rough pumping from atnosphere
shall be done with portable pump stations.

3.5 Midpoint Pumping Station Louisiana Site No chambers are to be
housed here. A 122 cm diameter gate valve allows isolation of the adjoining
beam tube modules. A valved and instrumented roughing port shall be located
on each side of this gate valve. Refer to Figure 7.

4. SYSTEM REQUIREMENTS

4.1 Leak Rate All leala greater than I x 10-e torr.liters/sec of helium shall
be repaired according to LIGO approved procedures. lrak checking procedures
shall conform to ASTM E498 "Standard Test Methods for l-eaks Using the Mass
Spectrometer t,e ak Detector".

4.2 Pump Down Time Each vacuum section (an isolatable volume), without
interferometer components, shall pump down from arnosphere to I x 106 torr in
less than 24 hours. Of this time, acoustic noisc and vibration may exceed the limits
described below in Section 4.6 for no more than the initiat 4 hours. In the case
of the vertex and offset vacuum sections, two pump stations may be connected at
once. Otherwise, only a single pump station shall be connected at one time,

4.3 Ultimate Pressures Each vacuum section (empty) shall attain thc fol-
lowing partial pressures (Table 1), measured at the ion pumps, after 100 hours
of pumping:
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Thble I Maximum allowable rcsidual gas partiel pressures fot eacb $ection, after
mnditioning Focedures described in t€xt, Measuretnerfs are b be takeo with ion
pumps operating, aad with the rectiotr urd€r te.st erposed to op€rating 80 K pump.

For the purposes of the ultimate pressure test the TMC dome section shall be
considercd to be part of the 183 cm beam manifold. Each vacuum section shall
undergo a prior conditioning consisting of a 48 hour bakeorrt followed by a vent
and purge for 24 hours.

4.4 System Gontrol and Protection Each vacuum section shall have suffi-
cient instrumentation and hardware to allow safe and reliable operation of valves,
pumps and gauges under all conditions. Sufficient controls shall be provided to
ensure safe operation during acceptance testing. Site wide functions such as data
logging and control room operations will be provided by the LIGO control system.

4.5 BakeouUDegassing Capability A means shall be provided to heat all
vacuum surfaces in a given section to any desired temperature, ranging from
ambient to 150'C, with a maximum variation of lO'C between the coolest
and warmest surfaces. All ion pumps and gauges shall be bakeable to 300'C.
Ramping of temperatures shall be controlled to minimize the strcsses on vacuum
connections, There shall be no particulate generation or shedding caused by
placement or removal of the insulation.

Gas Species Partial PressulE - torr

Hzo 5 x 10-e

H2 5 x 10-e

N2 5 x 10-10

co 5 x l0-ro

Coz 2 x 10-10

cH4 2 x l0-lo

All othen 5 x 10-lo
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4.6 Special Environmental Requirements The LIGO vacuum equipment
and laser areas house instrumentation which is potentially highly sensitive to vibra-
tion and acoustic noise, shock-induced damage or misalignment, elecfomagnetic
interference, and contamination. The requirements below are subiect to futurc
revision.

4.6.1 Shock Valve actuation or other intennitt€nt device operation shall induce
no more than 0.01 g peak+o-peak acceleration at any point within I meter of
any chambe r.

4,5,2 Acoustic Noise Acoustic noise from all simultaneously operating equip-
ment in normal operation shall not exceed NC-20 (Noise Criterion 20) at any
location within LIGO vacuum equipment and laser arcas. Limited narrowband
exemptions may be permitted subject to LIGO approval. Rough pumping equip-
ment, used int€ffdttently to initiate pumpdowns, may be exempted for limited
periods as provided in Section 4,2.

4.6.3 Vibration The Vacuum Equipment shall be designed in such a way that
vibration from all simultaneously operating vacuum equipmenl in the absence of
vibration from other sources, shall not induce motion of the walls of any vacuum
chamber or of the facility floor within 1 meter of any chamber which exceeds
the following spectral density limits (Iable 2). Limitsd narrowband exemptions
may be permitted subject to LIGO appmval. Rough pumping equipment, used
intermittently to initiate pumpdowns, may be exempted for limited periods as
provided in Section 4.2. Compliance with this specification may be demonstrated
by any combination of measurements and analysis, subject to LIGO approval

Table 2 Maximum allowable spectal density of chamber or floor
vibration induced by opemtion of LIGO vacuum equipment..

Frequency Band (Hz) Vibrationl-i'nrtQr-/{IJI;z)

0.1 10 3 x 10-u
10 - 1000 3 x l o - e  x ( r H z / f ) z
1000 - 100m 3 x 1o-r5

4.6.4 Electromagnetic Emissions All electrical equipment shall meet the EMI
and EMC requirements of VDE 0871 class A or equivalent.
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4.6,5 Particulates and other contaminants No installed equipment shall emit
or harbor particulates at a level inconsistent with maintenancc of a clean environ-
ment conforming to Federal Standard 2@ Class 50,000.

4.7 lnterfaces The following interfaces shall be provided for and fully doc-
umented:

Lrqo\

l .

2.
3.

LIGO hrterfemmeters to the vacuum equipmenl*
Vacuum equipment to the beam tube.*x
Vacuum equipment to the buildings and utilities.***
Vacuum equipment to process control system.***

ICD to be provided by LIGO.

ICD to be provided by Beam Tube Installer.
*** ICDs to be provided by the Vacuum Equipment Contractor.

4,8 Design Life The confactor shall design the vacuum equipment for a
minimum serviceable life of 20 vears.

4.9 Environmental Under nonnal operations, the vacuum equipment will be
operated in a temperature and humidity controlled envtonment In case of power
or control failure, and during the construction phase, conditions will be dictated
by diumal and seasonal ranges. Exposure to these conditions shall not damage
the vacuum equipmenl

5. SUBSYSTEMS

5,1 Vacuum Enclosure Subsystem The vacuum cnclosure includes all
components such as chambers, tubes, flanges, elbows, tpes, blank-offs, and other
fittings, which form the barrier between afinosphers and vacuum. These compo-
nents are requircd to be compatible with use at I x 10-9 torr. Specific requircments
are below.
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5.1.1 Materials All fabricated compononts exposed to vacuum shall be made
from type 304L or 316L stainless steel, using low carbon weld filler wirc, where
required. Standad catalogue items of 304 or 316 stainless stecl are acceptable
if not available in 304L or 316L. Copper, aluminum, and prebaked Viton may
be used for seals. Vacuum feedthroughs may utilize UHV compatible glass or
cemmic. All other materials are subject to LIGO appmval. Copies of mill test
reports of chamber, tube and flange materials shall be fumished.

Internal surface finish is subject to LIGO approval (highly reflective surfaces are
to be avoided).

5.1.2 Cleaning All surfaces exposed to vacuum shall be cleaned in accordance
with procedures approved by LIGO prior to fabrication and installation; surface
recontamination shall be prevented during all subsequent processes.

All items shall be wrapped or sealed after cleuring to maintain cleanliness through
handling, transportation, and stomge. Care shall be taken to minimize exposure
to conosive environments, such as those containing chloride compounds.

No visible contaminant (viewed with the naked eye, under both natural and
ultraviolet light) of any form shall be left within the vacuum enclosures when
installed (for example: wat€r, dust, sand, hydrocarbon film, etc.).

5.1.3 Welding All welding exposed to vacuum shall be done by the tungsten-arc
inert-gas (fIG) process. Welding techniques shall deviate from the ASME Code
in accordance with the best ultra high vacuum practice to eliminate any 'lirual

leaks" in the welds; i.e., all vacuum welds shall be, wherever possible, intemal
and continuous; all extemal welds added to these for structural purposes shall be
intermittent to eliminate trapped volumes. Defective welds shall be repaired by
removal to sound metal and rewelding,

All vacuum weld procedures shall include steps to avoid contamination of the
heat affectpd zone with air, hydrogen, or wat€r. This requires that inert purge gas,
such as argon, be used to flood the vacuum side of heated portions.

5.1.4 Alignment and Dimensions A11 chambers shall be aligned to wittrin
2mm ofthe design optical axis in both uansverse directions and to within 25mm of
the design position in the axial direction. Unless noted otherwise, dimensions of
chambers (including interconnecting tubes) refer to nominal intemal dimensions.
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5.1.5 Mechanical Loads All vacuum components shall be anchored to ttre floor
or to each other in such manner as to rgstrict all motion to bellows units. The
design of the vacuum enclosute shall allow for suains and stresses due to the
following:

l. normal cycling of the station HVAC (he ating, ventilating, and air conditioning)
syst€m (expected to mainlain temperature within a range of +l- 2"C);

2. variations in aunospheric pressure;

3. vacuum cycling of other sections of the vacuum enclosure;
4. bakeout of any vacuum section;
5, failure or non-operation of the HVAC.

5.1.6 Design Each vacuum element with a diameter greater than 12 inches shall
be designed according to the latest edition of ASME Boiler and Pressure Vessel
Code, Section VItr, Division I and its subsequent addenda (except as noted in
5.1.3), even though vacuum chambers lie outside of the scope of that document.
Code certification and stamping arE not required. All separable parts sha[ be
fully interchangeable between assemblies. Adequate clearance shall be provided
for assembly of mating flanges, and for handles. Extemal access shall be provided
to all vacuum seams for leak checking.

All vacuum elements heavier than 50 lbs shall have lift lugs installed and each
chamber assembly shall have an electrical ground connection (removable for
diagnostic purposes).

Calculations shall be made to determine design features, including the need for
and the size of any reinforcements due to openings. Chambers shall be designed
to withstand the loadings exerted by all applicable loads in accordance with the
provisions of all applicable codes and standards. All chambers shall be designed
to be free standing. To determine the probability of earthquakes and seismic
coefficients in various areas of the United States, Standard ANSI 458.1 (ASCE
Minimum Design l.oads for Buildings and Other Structures) shall be applied.

5.1.7 Chambers All optics are housed in three types of chambers. These
chambers contain the seismic isolators and alignment mechanisms which support
the optical elements. The three chambers are designated BSC, HAM and TMC.

5.1.7.1 Beam Splitter Chamber (BSC) The Beam Splitter Chamber (BSC)
configuration is shown in Figure 8.
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5.1.7.2 Horizontal Axls Module (HAM) The Horizontal Axis Module
(HAM) configuration is shown in Figure 9. One sparc HAM is required
at the Washington site.

5.1.7.3 Test Mass Chamber (TMC) The Test Mass Chamber configuration
is shown in Figures 10 and 11, It includes special features which permit
isolation and re moval of an interferometcr's Test Mass Assemblies with
minimal disturbance to the beam paths of other interferometers operating
concurrently at the same site.

An integrated airlock enables isolation of the TMC Dome from the lower
chamber body (which is integral with the beam manifold and may not be
vented while another interferometer is in operation). The airlock shall provide
a 152 cm diameter clear apefirrc when open, When closed it shall withstand
atrnospheric pressure (only from above), with maximum leak rate delenbined
as for Gate Valves. It is required to stroke from fully open to sealed, or
from sealed to fully open, in five minutes or less. The Dome shall have
provisions for evacuation, vent and purge, and seal annulus evacuation and
vent which are fully independent of those for other volumes. The airlock shall
be interlocked to exclude operation with unacceptable pressure differenripls
or unretract€d equipmenl

5.1.8 Attachment Brackets All three chamber types shall have intemal attach-
ment brackets as shown in Figure 12. These brackets will be used to support
lightweight optical components.

5.1.9 Flanges and Ports Dual O-ring flanges shall be designed for convenient,
quick and easy disassembly and assembly, consistent with reliable sealing. The
design shall allow replacement of the inner O-ring with a metal seal at some
time in the firtue. O-rings shall be vacuum quality Vito4 free of lubricant, and
baked to remove contaminants. O-ring grooves shall retain the O-ring during
assembly/disassembly. Flange centering pins shall be taperc{ rounded, and
replaceable; centering pins for flange sets in the vertical plane shall support
the weight of the mating cover. Except for the case of chamber to chamber
connections, flange centering pins shall be included in the chamber flangc of flange
sets in the vertical plane, and the lower flange of flange sets in the horizontal
plane. Port designs shall pmvide for maximum aperture and minimum neck
length. Where applicable designs shall conform to ISO Standard 2861.
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5.1.10 Access Connectors The 152 cm diameter short tube sections located at
each BSC chamber on the diagonal are defined as access connectors, and shall be
designed for convenient removal and installation. As a minimum the total axial
space required at these locations is 90 cm. The bellows ponion shall be as short
as practical to allow addition of side access poru in the future.

5.1.11 Optical Batfles Al1 connecting tubes shall be designed to allow for
insallation of optical baffles at a later dat€. This requirement can be met by
allowing access to all intemal surfaces.

5.1.12 Annular Spaces The annuli of each chamber shall be connected to
a single flange (in the case of the TMCs, a separate valve set is required to
isolate the Dome annulus). Pumping speed between this flange and any point
of the pumped annulus is to be greater than 0,3 literVsec for air, in molecular
flow. Interconnecting tubing shall be routed close to the chamber wall, with all
connections to be welded or CF flanges.

5.1.13 Fasteners Flange fasteners shall be of high quality, appropriate for
efficient assembly and disassembly. Al1 fasteners shall be plated or made of alloys
which allow use without lubricants. Where possible plate nuts shdill be used.

5,1.14 Component Leak Rate The contractor shall ensurb tlat all leaks greater
than I x l0-9 torr.liter/second of helium on each chamber or tube section ane
repaired at the site of manufacture according to LIGO appmved procedures. kak
checking procedures shall conform to ASTM Et98 "Standard Test Methods for
Leaks Using the Mass Spectrometer Leak Detector".

5.1.15 Workmanship, Finish, and Appearance The finished product shall be
free of weld spatter, cutoff spatter, free iron, weld oxidation and defects. There
shall be no grinding or abrasion of completed welds or internal vacuum surfaces.

5.1,16 Marking Each separable part (except fasteners, seals, and interchange-
able, standard blank flanges) shall be pennanently marked with a unique identi-
fication number in a location readilv viewed.

5.2 Pumping Subsyst€m Vacuum pumps include portable roughing pumps,
annulus pumps, main ion pumps, getter pumps, and 80K pumps. The roughing
pumps are used to pump the systems down from atmosphere to 104 torr. The
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ion pumps, getter pumps, and 80K pumps are used for vibration-free pumping
during norrnal operation.

The main pumping phases include:

1. Initial Pumpdown (from 760 torr to less than I torr): Roots roughing pump
sets are to be used. The duration of tlis phase is limited to 4 hours per
vacuum section. See Section 4.2.

2. Innrmediate Pumpdown (fmm I torr to less than 10i torr): Turbo molecular
pump sets are to be used. The duration of this phase is expected to be of
order 24 hours. Low noise and vib,ration arc rcquircd.

3. Final Pumpdown and nonnal operation (below 1016 ton)l No mechanical
pumps may be used. Ion, getter and cryogenic pumps are to provide contin-
uous pumping without vibration.

5.2.1 Boughing Pumps The roughing pumps shall consist of rwo types of
portable pump stations, the main roughing pump set and the turbo molecular pump
sets. The main roughing pump set shall be used for pumping from atrnosphere
to less than I ton while the turbo molecular pump set shall be used for pumping
from I torr to less than 10J ton. The main roughing pump sets are cxempt from
the vibration and acoustic noise limits. The turbo molecular pump sets, however,
shall be designed to operate for extended periods of time without contributing to
vibration and noise levels beyond those described in Section 4.6.
The design of the roughing pumps shall preclude contaminating the beam tubes
and chambers during the life of the equipment, even with equipment failures and
operator mistakes.

5.2.1.1 Main Roughing Pump Sets Each main roughing pump set shall
consist of a roots blower backed by one or more roughing pumps. Five sets
are required at each site. The minirnum pumping speed at I torr at the pump
inlet shall be 500 CFM and at 0.1 torr, 1000 CFM. There shall be no oil in
the pumping path. The roots blower shall incorporate a'tanned" motor. The
pump set shall be self contained so that under power failure or pump failure,
interloc}s shall prevent the pumped chambers fmm being vented or exposed to
a non-operating pump. The pump set shall be capable of roughing volumes as
large as the 2 km beam tube module (volume >2000 m3) without overheating.
Provisions for connection to the control system shall be provided. Provision
for sealed connection to a ducted facility exhaust system shall be provided.
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There shall be vacuum gauges Iocated at oach pump inlet (both the roots
pump and the backing pump) and there shall be auxiliary valved (manual)
ports to allow connection of a leak det€ctor. A1l unused connections shall be
fitted with blankoff flanges.

5,2.1,2 Turbo Molecular Pump Sets Each turbo molecular pump set shall
consist of a '\ride range" magnetically levitated turbo molecular pump backed
by an oil free pump (diaphragm, piston, or scroll pump), Five sets are requircd
at each site. The minimum pumping speed at the roughing port shall be 14ffi
literVsec for nitrogen at 10-3 torr. Throughput at a backing pressure of I torr
shall be at least 5 torr liters/second. The pump set shall be capable of pumping
large volumes (>2000 m3) without overheating. The pump set shall be self
contained so that under power failure or pump failure, interlocks shall prevent
the pumped chambers from being vented or exposed to a non-operating pump.
Provisions for connection to the control system shall be provided.

There shall be vacuum gauges located at each pumP inlet (both the turbo
pump and the backing pump) and there shall be auxiliary valved (manual)
ports to allow connection of a leak detector or auxiliary backing turbo. All
unused connections shall be fitted with blankoff flanges.

5.2.2.Main lon Pumps The main ion pumps, positioned as shown in Figures
2 and 3, have nominal pumping speeds of 2500 liter/sec minimum for nitrogen.
Other configurations using ion pumps or combined ion pump/getter pump assem-
blies are allowed The minimum life of the pumps shall be 40,000 hours or more
at an operating pressure of 10-6 torr. Noble gas diode-type ion pumps shall bc
used. If required for starting purposes, or to avoid the use of custom power sup-
plies, multiple power supplies and feedthroughs may be employed to operate each
pump. Maximum allowable ion pump starting pressure shall be at least I x 10 5

torr. Ion pump and getter controllers shall be mountable in standard 19 inch racks.

5.2.3 80K Pumps There are two types of 80K pumps: long and shorl The
long 80K pumps shall have a cylindrical cold surface 3.7 m long by a nominal
1,2 m drameter and the short 80K pumps shall have a cold surface 1.2 m long
by a nominal 1.2 m diameter. A1l other features of the 80K pumps shall be
identical. The pumping surface shall be coaxial with the beam tube axis, and
provide a clear aperture of > 1.05 m, warm or cold. The 80K pumps may be
of the liquid nirogen, continuous flow, or refrigcrated design. In any case the
vibration reouirements of section 4.6 shall be met
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Cerrain parts of the 80K pumps may have large thermal gradients which may give
rise to local, intermittent release of gas. The design shall preclude the sudden and
dirert release of this gas into the optical path.

Each 80K pump shall have a removable beam tube section at one end to allow
insertion of optics componenti. The minimum length required for this section
is 60 cm.

5.2.4 Getter Pumps LIGO plans to install getter pumps of a nominal 2000
literVsec pump speed (hydrogen) on the beam tube at each 250 meter pump port.
This will be done after one year of operation to enslrre that the beam tube gas
loads are understood. These pumps are not to be provided by this contracr

5.2.5 Annulus Pumps Auxiliary turbo molecular pump sets (auxiliary turbo
cans) shall be provided for roughing of the annular spaces. Five pump sets
are required for each site. The pump sets shall be self contained so that under
power failure or pump failure, interlocts shall prevent the pumped chambers from
being vented. Provisions for connection to the control system shall be provided.
These pump sets shall use an oil free backing pump to minimize tle risk of
contamination of the annuli.
Each chamber shall have a 200Us (maximum) ion pump to maintain the annular
vacuurl. The ion pump shall be isolatable from the annuli with a hand valve.
Noble gas diode pumps shall be used. The ion pump controllers shall be mountable
in standard 19 inch racks.

5.3 Valve Subsystem

5.3.1 Gate Valves A11 gate valves shall be stainless steel with metal sealed
flanges or weld fittings where appropriate, and metal bellows stem feedthroughs.
Only non-contaminating and non-migratory lubrication shall be uscd on the
intemal mechanisms. Valve body and flange leakage shall be measured to be
less than 1010 torr.liter/sec of helium before installation. 122 cm and larger gate
valves shall have double viton gate seals. Annular spaces betwe€n gate valve
seals shall be isolatable and pumped with an ion pump when the valvc is closed'
All gate seals shall be leak free to a level of 10-e ton liter/sec of helium.

Valves of the same size and Upe shall be identical to minimize the number of
required spare parts. All valves shall be rated for 10000 cycles before service
is recuired-
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All valves, regardless of operation (electric, pneumatic, or manual), shall be pro-

tected from accidental operation. Such protection may be provided by mechanical,
electrical, or procedural means. In instances wherc accidental venting is possible,
redundant means shall be employed,

5.3.2 Small Valves Small valves (less than l5cm aperture), such as right angle
manual valves, shall be all metal and bakeable. Exccptions are thosc valves which
are used on the o-ring annuli and those which ane mounted on the ponable pump
stations. These may be viton sealed, All metal sealed valves shall be rated for
10000 cycles before service is required.

5.4 Vent and Purge Subsygtem Components inside each of the chambers
shall be protected against particulate contamination at all times: when chambers
arc open, while venting to air, during opening and closing, and when closed,
including pumpdown. This protection shall be equivalent to exposue within a
Fed. Std. 209 Class 100 clean room. The vacuum enclosule area of each station
'will be designed as a Fed. Std. 209 Class 50,000 clean room. Vent and purge
systems shall be provided with valved and pressute limit€d, Class 100 air with a
waEr vapor dew point of less than -60 degrees Celsius, There shall be trro 100
CFM systems available in the comer stations and 50 CFM systems elsewhere.
The air compresson shall be mounted outside the buildings in designated areas.
The purge system shall allow for the connection of air showcr manifolds in the
chambers, used to disribut€ pufge gas ovef the optical components inside the
chambers. Additionally, portable soft-wall cleanmoms shall be provided to allow
coverage of open chamber ports. A total of 13 portable units are required (8 for
the Washilgton site).

5.5 Bakeout Subsystem Insulation and heating equipment shall be modu-
lar so as to allow efficient removal and placement There need only be enough
equipment to bake the largest contiguous vacuum section at one time; howevcr,
the equipment shall be capable of baking any of the vacuum sections. Tempera-
ture sensors shall be installed at positions representing minimum and maximum
temperatures. Bakeout controls shall be sufficient to insure that the perfonnancc
requirements are met.

5,6 Monitor and Control Subsystem Vacuum monitoring and control
equipment includes Pirani gauges, ion gauges (cold cathode), process controllers
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for the large valves, and process controllers for dre 80K pumps. Gauge tubes
shall be mounte d on 2 314 inch metal seal CF ffanges at the locations shown in
Figures 2 and 3. There shall be two auxiliary ports ( one 2 314 aad one 4 ll2
inch CF) complete with all metal valves and blankoffs for each chamber, The 4
1/2 inch CF port is reserved for RGA sensors (to be provided by LIGO).

There shall be sufficient controls logic (including hardware and software) to safely
operate and commission each vacuum section. Any local operator interfaces or
control panels necessary for acceptance testing shall be provided by the contractor.
Site wide functions such as data logging and control room operations will be
provided by the LIGO control system. The interfaces to this system shall consist
of discrete digital and analog signals. Signal types, cabling and connectors arc
subject to LIGO approval. The suggested signal levels ate listed below:

l. Analog Input - 0 to 10 VDC, input impedance greater than I Kohm.
2. Analog Input - 4-20 mA, input impedance 600 ohms nominal.
3. Analog Output - 0 to 10 VDC, output cuffent drive 10 mA minimum.
4. Analog Output - ,1-20 mA, voltage compliance 15 VDC maximum.

5. Discrete Input - 24 VDC, input impedance greater than I Kohm, ot contact
closure with contacts rated at 24VDC, 500mA.

6. Discrete Output - 24 VDC, 100 mA maximum.

7. Discrete Contact Output - 24 VDC, I A maximum.
8. RTD Temperature Measurement - ISO 385 curve platinum RTDs, lfi) or

I Kohm.
9. Thermocouple Measurement - Types B, R, S, E, T, I, K.

Input is defined as an input to LIGO conrols from the Vacuum Equipment. Output
is defined as output from LIGO controls to the Vacuum Equipment Electronics
racks and cable trays will be provided by LIGO.

5.6.1 Vacuum Gauges Vacuum insrumentation shall be provided for pressures
from afinospheric down to 1xl0-e ton (N2 equivalent). Each chamber and beam
tube section which can be isolated shall have installed one Pirani gauge, and one
cold cathode gauge. Controllers shall be provided for all instuments. Connectors
for all vacuum gauges shall have locking, positive contact to the mating vacuum
feedthrough, properly shield the high voltage and signal connectors, and provide
proper strain relief.
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5.6.1.1 Pirani Gauges Pirani gauges shall operate from atrnosphere to 104
torr. The gauge contoller shall be mountable in a standard 19 inch rack-
The controller shall have a digital display and at least one setable process
control contact or setpoint. The gauges shall be installed on CF flanges and
be bakeable to 250 degrees Celsius.

5.6.1.2 Cold Cathode GauEes Cold cathode gauges shall operais from
10-3 torr to 1x10-9 ton. The gauge conroller shall be mountable in a sundard
19 inch rack. The controller shall have a digrtal display and at least one
setable process control contact or setpoint. The gauges shall be installed on
CF flanges and be bakeable to 250 degrees Celsius.

6. QUALITY ASSURANCE

6.1 Test Plans Detailed plans including descriptions of the test equipment and
procedures for the qualification, screening, and acceptance tess shall be appmved
by LIGO prior to use. Of particular interest are the qualification requirements
for large gate valves.

6,2 Control of Contamination Detailed plans to insure control of cleanliness
shall be approved by LIGO.

6.3 Component Acceptance Tests

6.3.1 Chamber and Tube Leak Tests The contractor shall document helium
leak rat'es on each vacuum chamber or tube section as part of the fabrication
process. No vacuum chamber or fabricated tube section shall be field installed
without first demonstrating acceptable leakage,

6.3.2 Pumps Each electrically powered vacuum pump shall be test€d (or ccrtr-
fied) for speed, ultimate pressure, leakage, noise and vibration, and operation of
protective features, before shipment from the manufacturcr.

6.3.3 Valve Tests Each vacuum valve shall be t€sted for leakagc prior to ship-
ment from the manufacturer. For dual gate seals, each seal shall be individually
tested, As well, each vacuum valve (including each individual gate seal) shall be
tested for leakage after installation on the LIGO vacuum systim. Operation of
each valve shall also be demonsfated.
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6.4 System AcceptancE Tests

6.4.1 Leakage All vacuum leaks greater than the limit set by the system
requirements section shall be measured, repaired and documented.

6.4.2 Pumpdown Pumpdown from atnosphere to ultimate pressure (100 hours
pumping) shall be performed on all yacuum sections and documented,

6.4.3 Noise and Mbration Acoustic noise shall be measured and documented
at the vacuum chamber walls with vacuum equipment operating in each of the
3 modes described in Section 5.2. Additionally, background levels shall be
measured and documented as well. l4bration levels at the floor near the chambert
shall be measured and documented, both with and without simultaneous operation
of all of the vacuum cquipment

6.4.4 Control and Monitoring
demonstrated after installation.

Operation of each vacuum gauge shall be

Operation of each vacuum pump and each valve shall be demonstrated after
installation.
Operation, temperature uniformity, and temperature stability of the bakeout system
shall be demonstrated.



zI
23lt 

at)

i
b(DEoo(,ooJ-IfC

D
l!

z

E
E

=
.h

G
Z

2
?

F
S

o
o

ottooFE(!odl

t<
\l

EIIII

zoFE66=

6
F

E
=

b
E

6



(
J

o
 

N

--r =
.

o
=o

tr"'
z

7
^

,
 

a
z

<
 

l
e

0
-

 
q

<

_
<

 
:

e

z9t--

=zoI-L
C

L

=
_

o
-

7
-

M
t

-
>

E
(

J
C

C
J

i
^

z
A

<
-

o
T

>
e

*
M

-
-

J
@

,
-

-
-

L
!

;
x

;
-

-
F

=
;

=
s

s
5

6
E

5
d

d
 

5
3

s
?

5
X

f
t

c
o

;
r

@
(

4
-

n
- .J

rE
 

T
 tlrm

 
E

o(l:C;

I9I

9a8I
9=

;z



F
;

:
)

-

>
'- 

:

c
o

=o
trJ I
-

a
Fz

o
o

z

oo
-J

>
l

-
o

I
o

g6

z9Fo

-
r

J
O

t
r

F
>

o

'
6

?
S

g
r

e
)

t
1

 
)

i
i

f
,

-
u

t
l

=
=

L
d

<
(

J
I

a
a

>
=

Q
z

z
5

5
d

d
 S

a
d

8
=

8
5

f
t

8
5

a
o

r
@

9

-. Iia
 

7

r- ao
o

-
^

Y
f

f
i

A

D
 

\-/ 
| 

l..rJ

a
rr)C

)

f.?
-o=t

;2

=



.2

g
e

q
>

ix6
*

a7.

, 
=

 
,,

*
 

:
-

!

9
Pe
1

E;
- 

.:l

=
 

lij
9

 9
>

E
=

-'

<
>

9
,

:4
tr6

- t".

rlil
=

l

tr

LE
3

e
E

S

s
i

s
-

{!\



l-l
E

.-
s

'.

t
-

I

'.?

e
a

-
9

;l>fld
l

a
9

>
a

"
d

5

d
 

,.,fr

=
?

,i

i

^
Ed

E

-: 
X

s
>

 
lt 

9
1

0

" L
W

;l;
?

.: 
/' 

E
\. 

>
 t'-

t/ 
;-<
;r

6

a



FttFElFl{YooL

O
(

J
a

a
(n

c
o

clL!aoIaha

(o()fq)

l!

_l!

O
o

f
-

<
<

=

(n 
u1

/
-

l
-

n
aIFOm

=z9)L!

':g:E

OO=@

o;

o) f..

(\oc1 (J

C
J

O

=-JG

0-loo

z9Fz>
 

l,.l
V

O(l

F
-



99

z16loIoFl,ao

N(,

;IlLO

JFa(_)
Nc\l

z9FFU
)

o3oF

z_
L

<
N

=>
L

!
o

a
()

L
r<

F
L

La:
L! 

LJ
g

t
F

-
z

Lrl
{!l

)
>

l
<

O
L

!o
rn

>

zoOzIa=z.;F(nO=

=z?4

ac!()o.r

rf)O

EIr-

F
.

l--Ofo
,

Lr

=zJ'J
L

E

o)o
<

=

=-
>

"rg

L! 
i:i

.'>
=

<
L

L
.

ry
u

)

(
J

F
<

a
L 

tJl
a

-

sl(,|'-r.)O

|-.L)L

'
o

I\f.)()

a€

C
'

z
z

0
a

o
o

-
(-')F

O
F

t- 
(.t)



c
l^

l-
a

r9a- o:ao

|lrI
c

o
o

FOe0_o9)!1
i

t
g

!t:
tu

:ll

;o

e
=

:6
 

0
,

'1
! K

6
rd

e
q

i
6

:
o

E
 P

3

3
4

e e
E

6

E

o
'd

 
-

 
j

1
ts

=
e

i
s

l' 
s

 >
c

.9
<

 
R

 
I

a
" 

.1
%

E
E

;

tr2
6

.-2
2

-'H
3

.E
i-3

=
Z

'n
B

.a
2

=
rf@

?
H

d
iz

o
=

'J
5

P
;";

=
 = =s E3E

:

FE

3
s

 a
H

I 
.p

i 
.?

-
 

.
 

J
i

*
a

v
=

:

..?
 da

i 3

6
.

.
.

666d_:tI



F=aLq)r
t

iL!

<
i

;
>

o
)Of.?

E

E
-

-e
i ;x

o
i

 
o

if. 
;

:4
o

- 
+

 
E

294 
V

 
H

-E
a

 
;

,n
".; 

=

:=
5

 
0

i=
=

 
) 

i
2

=
; 

: 
-;

3
::! 

g
3

5
3

 =

:;; 
; 

z
;

;
;

;

a

tr=

a

!;=
6

{
;

=
ts E

E
q

6
h

d9
B

T

:ii6.

L9

?
l? :!t

=
>

6
@

:

<
z

6

IIE

:l:5
lE

6

';
E6

IE6

J
3

o
:r

9tr

E

6
E

 i
B

>
z

=
k

=
<

E
 

=
 

=



@
2

(/r) FE

0
a

c
o

Ir.l >
F

<-

Oola])

l
,

t
9

6
=

8

-.I

_
9

-
lE

6

_
r9

e€

9
.

6
a

o
6

=

E
3

?
:

9
?

>
t

-::H
 

;
=

i;; 
i

?
H

@
 ,^ r

E
93A

 
E

 =
6

J
?

O
 t: i

:s
E

b
 jf;

)o
t, 

a
ifr \2

3
ie

: 3; P
'+

 ." E
<

2
:i1

R
1

 
>

q
r i'�i

=
=

72;27-
€

j"i c,* uF
8

ilB
,-r tr .'

:ifr ;; ?E
A

:J
: 

tr: 
L

=
- -2

6
 G

z
.tr=

::;F
 pE

 
+

=

>
6

r=F
;c

 4
i

;=
=

 -:

g
E

C
 B

 
H

E
^

E
E

 2
 

-

E
:9

9
 s

 
i

2
-"i; 

€
 

;

e6

8
2

-"5
=

6z

i9x
9

{63
fia

9
;

&H
A

:9e
o

J
5

5{f
6X;;6

;
>

A
'

4
+

.,i

9
i

i
i-bdl l.g

::z

=
6

=
?

id8

,i

R

=

6
l

6

?
6

2E
6

6
66

E
E

€

0
I

3
l^r



=oclo_o9!
!

rl;

n
!

qt

o
>E

(,c
D

trJ >I

=9
6

=I==

()f'?

9n

!

E

=E=

+
. x

: 
E

<
l

E;l=
l

"l:tg

ilu



oLo()!lt5
;

::i1$
.lN

Lr.l
co-lnOzo!voI

acoT(J*
9

U
J

fL!u
l

coI(_)

!Jcu.l
co

E
q

oFI(Jcco

;
5

4
V

:-

F
.

3
1

 
i

iE

=
- 35

F
6

-+

?
t



SPECIFICATION NUMBER 11OOOO3
REVISION DRAFT

PACE 1 OF 2I

VACUUM EQUIPMENT SPECIFICATION
LIGO EACILITY

LIGO Document 11ffifi)3

PREPARED gY: John Worden

APPROVED BY:

EFFEGTIVE DArE: Julv 18. 1994

CALIFORNIA INSTiTUIE OF TECHNOLOGY LIGSPRoJEcTMASSACHUSETTS INSTITUTE OF TECHNOLOGY



SPECIFICATION NUMBER 1 1 OOOO3
REVISION DRAFT

PAGE 2 oF 21

DOCUMENT CONTROL PAGE

DOCUMENT CUSTODIAN: w91ds1

FILE: vecontr/vesnew

REVtStOI{ DATE BY DESCRIPTION OR DCN APPROVED



Contents

SCOPE
APPLICABLE DOCUMENTS
Industry Documents
Government Standards
L I G O D o c u m e n t s . . . .
lnterface Control Documents
SYSTEM DESCRIPNON
Corner Station Washington Site . .
Corner Station Louisiana Site . . .
End Stations Both Sites
Mid Station Washington Site. . .
Midpoint Pumping Station Louisiana Site .
SYSTEM REQUIREMENTS . . .

4.1 Leak Rate
Pump Down Time . .
Ultimate Pressures
SystemControlandProtect ion .  .  . .  . .  .  I
BakeouUDegassingOapabi l i ty  .  . . . . . .  .  I
Special Environmental Requirements . . . . . . . . 10
l n t e r f a c e s  . . . . . . . 1 1
D e s i g n l i f e  . . . . . . 1 1
E n v i r o n m e n t a l  . . . . . 1 1
S U B S Y S T E M S  . . . .  1 1
V a c u u m E n c l o s u r e S u b s y s t e m  . . . . . .  1 1
Pumping Subsystem
V a l v e S u b s y s t e m . . . .
Vent and Purge Subsystem . . .
Bakeout Subsystem
Monitor and Control Subsystem

1

2
5
6
6
7
7
7
I
8
I
I
9
I
I
t

2.1
2.2
2.3
2.4

3.1
3.2
3.3
3.4
3.5

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

4 l

5.2
5.3
5.4
5.5
5.6

1 5
1 8
1 8
1 8
1 9



6.1
6.2
6.3
6.4

QUALIry ASSURANCE
Test Plans
Control of Contamination
Component Acceptance Tests. .
System Acceptance Tests .

20
20
20
20
21



ueo\
SPECIFICATTON NUMBEF 1 1 OOOOS

REVISION DRAFT
PAGE 5 OF 21

1. SCOPE

This specification defines the technical requirements for the design, procurement,
delivery, qualification, installation, and acceptance testing of the UGO (Laser
Interferomet€r Gravitational-Wave Observatory) vacuum equipmenL

The LIGO includes two installations at widely separated sites, near Hanford, WA
and Livingston, LA. Each installation includes laser inteferometers in an L shape
with 4-km long arms, a vacuum system for the sensitive int€rferometer compo-
nents and optical beams, and other support facilities. The vacuum equipment
consists of interconnected vacuum vessels, pumping systems, valves and a mon-
itoring and control system for each site. The vacuum equipment will be located
in structures called stations, located at the corners, mid points, and ends of tlte
L-shaped pattern. See Figure l.

The vacuum tube joining the vacuum equipment in the stations is provided under
separat€ contract, and is described by LIGO nffm4, Beam Tubes Specification.

Cleaning, alignment and leak checking are critical processes. Vacuum levels
during operation may ftnge from a nominal lF torr at the

chambers to 10-9 torr in the beamtube.

2. APPLICABLE DOCUMENTS

If more than one document applies to a technical requirement, tlte more stringent
standard shall have precedence. Requircments set forth in this specification shall
have final precedence.

2.1 Industry Documents

2.1.1 American Society of Mechanical Engineers (ASME) Boiler and Pres'
sure vessel Code

. Pressure Vessels, Section VIII, Division I

. Welding and Brazing Qualifications, Section IX

2.1,2 American Society of Civil Engineers

. Minimum Design Loads for Buildings and Other Structu€s, ASCE
7-88
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2.1.3 "Standards of Expansion Joint Manufacturer's Association", pub-
lished by Expansion Joint Manufacturer's Association (EJMA)

2.1.4 National Fire Protection Association (NFPA) Standards

. No. 7G-National Elecuical Code

2.2 Government Standards

. Building and safety codes: local, state, and federal, including OSHA

2.3 LIGO Documents

2.3.1 LIGO Drawings

. LIGO Dtawng 1101100, Vacuum Equipment, Corner Station, Wash-
ington Site, Phase A, attached

. LIGO Drawing 1101101, Vacuum Equipment, Corner Station,
Louisiana Site, Phase A, attached

. LIGO Drawing 1101102, Vacuum Bquipment, End Stations, Phase A,
attached

. LIGO Drawing 1101103, Vacuum Equipment, Mid Stations, Wash-
ington Site, Phase A, attached

. LIGO Drawing 1101009, Beam Splitter Chamber @SC)

. LIGO Drawing 1101010, Horizontal Axis Module (HAM)

. LICO Drawing 1101011, 10" Isolation Bellows

. LICO Drawing 1101012, 7" Isolation Bellows

. LIGO Drawing 1101013, Test Mass Chamber, Type I (TMC-l)

. LIGO Drawing 1101018, Support Beam Assembly, Large Chambers

. LIGO Drawing 1101041, Support Beam Assembly, HAM Chambers

2.3.2 LIGO Specifications

. LIGO 1100004, Beam Tubes Specification
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2.4 Interface Control Documents

2.4.1 Provided by the Vacuum Equipment Contractor

Vendor document XXXX, Vacuum Equipment to Beam Tube Interface
Vendor document XXXX, Vacuum System to Station Enclosure and
Utilities Interface
Vendor document XXXX, Vacuum vent/purge air system to internal
air showers.

. Vendor document XXXX, Vacuum Equipment to Process Control
System

3. SYSTEM DESCRIPTION
The LIGO vacuum system is divided into two parts: the beam nrbe modules and
the vacuum equipment. The beam tube modules are two kilometers long and are
addressed in a separate contract. The vacuum equipment is housed in buildings
located at the intprsection (comer) and ends of the beam tube modules. These
buildings are tlre corner station, mid stations, and end stations. The vacuum
equipment consists of the following subsystems:

1. Vacuum enclosure subsystem
2. Fumping subsystem
3. Valve subsyst€m
4. Vent and purge subsystem
5. Bakeout subsystem
6. Monitor and control subsystem

Together these subsystems, along with dre beam tube modules, make up the
vacuum system. The Washington site schematic is shown in Figure 2 and the
Louisiana si0e schematic is shown in Figure 3. A description of the system
according to station is given below.

3,1 Corner Station Washington Site The vacuum enclosure for the corner
station of the Washington Site is shown in Figure 4 (a reduced LIGO drawing
#1101100). Three types of vacuum chambers enclose thc optical components
of the laser interferometers: test mass chambers (TMC), beam splitter chambers
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(BSC), and horizontal access modules (HAM). One of the BSCs shall be located at
the intersection of the two arms in the Washington sits corner station. As shown
in Figure 4, an array of nine HAMs shall connect with the diagonal chamber,
as cxtensions of the arms. Interconnecting two sets of HAM groups are 76 cm
diameter mode cleaner tubes. Along each arm, an additional BSC and TMC shall
be located in that order. A section of 183 cm diamet€r tube shall provide for the
addition of TMCs in future expansions. A second BSC (with HAM anay) shall
be located on a 45 degree diagonal between the arms, and two 122 cm tubes shall
connect this to the TMCs, through 122 cm diameter isolation valves. The comer
station building will be built with enough room for the future addition of up to
four TMC/BSC/HAM groupings. Removal of access covers from the chambers
will allow for servicing the optical components during nonnal operations; the
seals on these covers shall be designed as double O-rings for economical reuse
during the early period of operation when access is more frequent and penneation
is more tolerable; later, the inboard O-ring may be replaced with a metal seal' A
clean air vent and purge syst€m shall be provided to break vacuum and maintain
cleanliness of the optical components whenever a chamber is open.

The comer station pumping system shall include two LN2 Qiquid niuogen) pumps
near the beam tube interfaces, getter pumps, and main ion pumps as shown in
Figure 2. Ion pumps shall also be used to pump the annulus of all double O-ring
seals. Rough pumping from atrnosphere shall be done with portable pump stations.

3,2 Corner Station Louisaana Site The vacuum equipment for the comer
station at the Louisiana sits is similar to that at the Washington site, except that
initially there shall be no TMCs, and only one of the BSC/HAM groupings shall
be installed. See Figure 5 (a reduced LIGO drawing #1101101) for details.

3.3 End Stations Both Sites The vacuum equipment for the end stations is
shown in Figure 6 (a reduced LIGO drawing #1101102). Vacuum enclosures
shall include one BSC initially.

The pumping system shall include one LN2 pump with isolation valves, getter
pumps, and ion pumps for both dre enclosure and the annulus. Rough pumping
from atrnosphere shall be done with portable pump stations.

3.4 Mid Station Washington Site The vacuum equipment for the mid sta-
tions is shown in Figure 7 (a reduced LIGO drawing #1101103). Vacuum enclo-
sures shall include one TMC initiallv.
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The pumping system shall include two LN2 pumps with isolation valves, getter
pumps and ion pumps for both the enclosurp and the annulus. Rough pumping
from aanosphere shall be done with pofiable pump stations.

3.5 Midpoint Pumping Station Louisiana Site No chambers are to be
housed here. A L22 cm diarneter gate valve allows isolation of the adjoining
beam ube modules. A valved and insrumented roughing port and an indepen-
dent, separately valved getter pump set shall be located on each side of this gate
valve. Refer to Figure 3.

4. SYSTEM REOUIREMENTS

4.1 Leak Rate A[ leaks greater than 1 x 108 tornliters/sec of helium shall be
repaired according to Caltech approved procedures.

4,2 Pump Down Time Each vacuum section (an isolatable volume), without
interferometer components, shall pump down from afinosphere to 1 x 10-6 torr in
less than 24 hours. In the case of the vertex and diagonal vacuum sections, two
pump stations may be connected at once to accomplish this. Otherwise, only a
single pump station shall be connected at one time.

4.3 Ultimate Pressules Each vacuum section (empty) shall atain 5 x l0e
torr after 100 hours of pumping with the ion pumps and open to the LNz pumps.
The prior conditioning pennitted is a 48 hour bakeout followed by a vent and
purge for 24 hours.

4.4 System Control and Protectiol Each vacuum section shall have suffi-
cient instrumentation and hardware to allow safe and reliable operation of valves,
pumps and gauges under all conditions. Control logic shall be specified to allow
incorporation into a commercial process control system to be supplied by Caltech
at a later date.

4.5 BakeouUDegassing Capability A means shall be provided to heat all
vacuum surfaces to any desired temperature, ranging from ambient to 15fC.
All ion pumps and gauges shall be bakeable to 300"C. Ramping of temperatures
shall be controlled to minimize the stresses on vacuum connections. There shall
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be no particulate generation or shedding caused by placement or removal of the
insulation,

Altemate means using photo-induced and/or ion-induced desorption may be uti-
lized if cost effective degassing is obtained.

4.6 Special Environmental Requirements The LIGO vacuum equipment
and laser areas house instrumentation which is potentially highly sensitive to vibra-
tion and acoustic noise, shock-induced damage or misalignment, elecnomagnetic
interference, and contamination. The following requirements on installed equip-
ment have been developed without detailed consideration of cost impact. They
are subject to future revision.

4.6.1 Shock Valve actuation or other intermitent device operation shall induce
no more than 0.01 g peak-to-peak acceleration at any point within I met€r of
any chambe r.

4.6.2 Acoustic Noise Acoustic noise from all simultaneously operating equip-
ment (including turbopumps and their backing pumps, gauge and pump controllers
and supplies, but EXEMPTING main mechanical roughing pumps on intermit-
tent duty) shall not exceed PNC40 (Preferred Noise Criterion 40 ) at any location
within LIGO vacuum equipment and laser areas. Limited narrowband cxemptions
may be permitted subject to Caltech approval.

4.6.3 Vibration Vibration from all simultaneously operating equipment @X-
EMPTING main mechanical roughing pumps on intermitt€nt duty) shall not cause
the vibration measured at any point within 1 meter of any chamber to exceed
the LIGO Site Vibration Baseline (Figure {FIG. TO BE SUPPLIED BY LISA
FAIRLY SOON)) by more than 6 dB (a factor of two in amplitude) at any fre-
quency between 0.1 Hz and 10 kHz. Limited narrowband exemptions may be
permitted subject to Caltech approval.

4.6.4 Elecfiomagnetic Emissions A11 electrical equipment shall conform to

UEC? ISO? IBEE? ) standard # l?2???l limiting electromagnetic radiation, emis-
sion and powerline contamination. {VOLKER WILL BE PROYIDING SOMB
ACTUAL STANDARDS TO ADHERE TO FOR EMII I WILL BUG HIM
ABOUT IT SHORTLY}
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4.6.5 Particulates and other contaminants No installed equipment shall emit
or harbor particulates at a level inconsistent with maintenance of a clean environ-
ment confonning to Federal Standard 2(DD Class 50,000,

4.7 Interfaces Thc following interfaces shall be provided for and documented
accordingly:

l. Vacuum equipment to beam tube.**
2. Vacuum system to station enclosule and utilities.
3. Vacuum venVpurge air system to intemal air showen.
4. Vacuum equipment to process conffol system.
** For the purposes of this proposal the interface shall be taken as the "Tube

Termination Interface" on Figure 4.

4.8 Design Lile The contactor shall design the vacuum equipment for a
minimum serviceable life of 20 years.

4.9 Environmental Under nonnal operations, the vacuum equipment will be
operated in a temperature and humidity controlled environmenl In case of power
or control failure, and during dre construction phase, conditions will be dictated
by diumal and seasonal ranges. Exposure to these conditions shall not damage
the vacuum equipment

5. SUBSYSTEMS

5.1 Vacuum Enclosure Subsystem The vacuum enclosure includes all
components such as chambers, tubes, flanges, elbows, tees, blank-offs, and other
fittings, which form the barrier between atmosphere and vacuum. These compo-
nents are requir€d to be compatible with use at 1 x 10-e torr. Specific requircments
are below.

5.1.1 Materials All fabricated components exposed to vacuum shall be made
from type 304L or 316L stainless steel, using low carbon weld filler wire, where
required. Standard catalogue items of 304 or 316 stainless steel are acceptable
if not available in 304L or 316L. Copper and aluminum may be used for seals.
All other materials are subject to Caltech approval. Copies of mill test rcports of
chamber, tube and flange materials shall be furnished.

Internal surface finish is subject to Caltech approval.
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5,1.2 Cleaning A11 surfaces exposed to vacuum shall be cleaned in accordance
with procedures approved by Caltech prior to fabrication and installation; surface
recontamination shall be prevented during all subsequent processes.

All items shall be wrapped or sealed after cleaning to maintain cleanliness through
handling, ransportation, and storage. Care shall be taken to minimize exposllre
to corrosive environments, such as chloride compounds,

No visible contaminant (as viewed under both natural and "blacklight'') of any
forrn shall be left within the vacuum enclosures when installed (for example:
water, dust, sand, hydrocarbon film, etc.).

5.1.3 Wetding All welding exposed to vacuum shall be done by the tungsten-arc
inert-gas (TIG) process. Welding tcchniques shall deviate from tlre ASME Code
in accordance with the best ultra high vacuum practice to eliminate any'tirtual
leaks" in the welds; i.e., all vacuum welds shall be, wherever possible, intemal
and continuous; all extemal welds added to these for structural purposes shall be
intermittent to eliminate trapped volumes. Defective welds shall be repaired by
removal to sound metal and rewelding.
All vacuum weld procedures shall include steps to avoid contamination of the
heat alfected zone with air, hydrogen, or water. This requires that inen purge
gas, such as argon, be used to remove unwant€d gases over the vacuum side of
heated portions.

5.1.4 Alignment and Dimensions All charnbers shall be aligned to within
2mm of the design optical axis in both transverse directions and to within 25mm of
the design position in the axial direction. Unless noted otherwise, dimensions of
chambers (including interconnecting tubes) refer to nominal intemal dimensions.

5.1.5 Mechanical Loads All vacuum components shall be anchotpd to the floor
or to each other in such manner as to restrict all motion to bellows unis. The
design of the vacuum enclosure shall allow for strains and sfesses due to the
following:

1. normal cycling of the station HVAC (heating, ventilating, and air conditioning)
system (expected to maintain temperature widrin a range of +l'2"C):

2. variations in atnospheric pressure;
3. vacuum cycling of otler sections of the vacuum enclosure;
4. bakeout of any vacuum section;
5. failure or non-operation of the HVAC.
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5.1.6 DesiEn Each vacuum element with a diameter greatcr than 12 inches shall
be designed according to t}re latest edition of ASME Boiler and hessure Vessel
Code, Section VItr, Division 1 and its subsequent addenda (except as noted in
3.5.5.5), even though vacuum charnbers lie oucide of the scope of that documenL
Code certification and stamping are not required. All separable parts shall be
fully interchangeable between assemblies. Adequate clearance shall bc provided
for assembly of mating flanges, and for handles. External access shall be provided
to all vacu'm seams for leak checking.
All vacuum elements heavier than 50 lbs shall have lift lugs installed and each
chamber assembly shall have an electrical ground connection (rcmovable for
diagnostic purposes).

Calculations shall be made to determine design features, includhg the need for
and the sne of any reinforcemenr due to openings. Chamben shall be designed
to withstand the loadings exerted by all applicable loads in accordance with the
provisions of all applicable codes and standards. All chambers shall be designed
to be free standing. To determine the probability of earthquakes and seismic
coefficients in various areas of the United States, Standard ANSI A58.1 (ASCE
Minimum Design Loads for Buildings and Other SEuctures) shall be applied.

5.1.7 Chambers All optics are housed in three typos of charnbers. These
chambers contain the seismic isolators and alignment mechanisms which support
the optical elements. The three chambers are BSC, HAM and TMC.

5.1.7.1 Beam Splitter Chamber (BSC) The Beam Splitter Chamber (BSC)
configuration is shown in Figure 8. Note that the Suppon Beam Assem-
bly(Figure 9) and four 10" Isolation Bellows(Figure 10) are to be provided
by others.
5.1.7.2 Horizontal Axis Module (HAM) The Horizontal Axis Module
(HAM) configuration is shown in Figure 11. Note that the Support Beam
Assembly (Figure 12)and four 7" Isolation Bellows (Figure 13) are to be
provided by others.
5.1.7.3 Test Mass Chamber (TMG) The Test Mass Chamber configuration
is shown in Figure 14. It iacludes special features which perrnit isolation and
removal of an interferometer's Test Mass Assemblies with minimal distur-
bance to the beam paths of other interferometers operating concunently at the
same site. Cited specifications have been developed without consideration of
cost" Note drat the Support Beam Assembly(Figure 9) and four 10" Isolation
Bellows(Figure 10) are to be provided by others,
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5.1.7.3.1 lnieErated Airlock The airlock cnables isolation of the TMC Dome
fmm the lower chamber body (which is integral with the beam tube manifold and
may not be venbd while another interferometcr is in operation). The Airlock shall
provide a 152 cm dta, clear aperture when open. When closed it shall withstand
atnospheric pressure (only from above), with maximum leak rate determined as
for Gate Valves. It is required to stoke from fully open to sealed, or from sealed to
fully open, in five minutes or less. The Dome must have provisions for evacuation,
vent and purge, and seal annulus evacuation and vent which are firlly independent
of those for other volumes. The Airlock shall be interlockcd to exclude operation
with unacceptable pressurt differentials or unreracted equipment.

5.1.8 Flanges Dual O-ring flanges shall be designed for convenient, quick

and easy disassembly and assembly, consistent with reliable sealing. The design
shall allow replacement of the inner O-ring with a metal seal at some time
in the future. O-rings shall be vacuum quality Vitorl free of lubricant, and
baked to remove contaminants. O-ring grooves shall retain the O-ring during
assembly/disassembly. Flange centering pins shall be tapered, rounded, and
replaceable; centering pins for flange sets in the vertical plane shall support
the weight of the mating cover. Except for the case of chamber to chamber
cormections, flange centering pins shall be included in the chamber flange of
flange sets in the vertical plane, and the lower flange of flange sets in the horizontal
plane. Flange neck (wall) thiclness shall be the minimum practical (considering

vacuum and other loads), to maximize available apertur€ aEa.

5.1.9 Access Connectora The 152 cm diameter short tube sections located at
each BSC chamber on the diagonal are defined as access connectors, and shall
be designed for convenient removal and installation The minimum axial space
required at these locations is 60 cm.

5.1.10 Optical Baffles All connecting tubes shall be designed to allow for
installation of optical baffles at a later date. This requirement can be met by
allowing access to all internal surfaces.

5.1.11 Annular Spaces All annuluses of each charnber shall be connected to
a single flange. Pumping speed between this flange and any point of the pumped
annulus is to be greater than 0.3 liters/sec for air, in molecular flow. Multiple
annuluses may be connected together to minimize the number of ion pumps and
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valves, Interconnecting tubing shall be muted close to the chamber wall, with all
connections to be welded or CF flanges.

5.1.12 FastenErs Flange fasteners shall be of high quality, appropriate for
efficient assembly and disassembly. All fasteners shall be plated or made of alloys
which allow use without lubricants. Where possible plarc nuts shall be used.

5.'1.13 Component Leak Rate The contractor shall ensure that all leala greater
than I x t0-9 ton liter/second of helium on cach chamber or tube section are
repaired at tlre sit€ of manufacture.

5.1.14 Workmanship, Finish, and Appearance The finished product shall
have a workmanlike finish and be free of weld spatter, cutoff spatter, free iron,
weld oxidation and injurious defects. There shall be no grinding or abrasion of
completed welds or intemal vacuum surfaces.

5.1.15 Marking Each separable part (except fasteners, seals, and interchange-
able, standard blank flanges) shall be permanently marked with a unique identi-
fication number in a location readily viewed.

5.2 Pumping Subsystem Vacuum pumps include portable roughing pumps,
annulus pumps, main ion pumps, getter pumps, and LN2 pumps. The roughing
pumps are used to pump the systems down from atmosphere to l0+ torr. The
ion pumps, getter pumps, and LN2 pumps are used for vibration-free pumping
during normal operation.
The main pumping phases include:

1. Initial Pumpdown: (from 760 ton to less than 1 ton) main roughing pump
sets, noise and vibration expected, minimized, and tolerated for the short
periods of time;

2. Intermediate Pumpdown: (from I torr to less than 10i ton) regeneration
of LN2 pumps and getter pumps: turbo molecular pump sets, low noise and
vibration, extended time periods;

3. Final Pumpdown: (maintaining vacuum) roughing and turbo pumps are turned
off; ion, getter and LN2 pumps provide continuous operation.

5.2.1 Roughing Pumps The roughing pumps shall consist of two types of
portable pump stations, the main roughing pump set and the turbo molecular pump
sets. The main roughing pump set shall be used for pumping from afnosphere
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to less than I torr while the turbo molecular pump set shall be used for pumping
from I torr to less than l0{ ton. The main roughing pump s€ts are exempt from
the vibration and acoustic noise limits. The turbo molecular pump sets, however,
shall be designed to operate for extended periods of time without contributing to
vibration and noise levels beyond those described in Section 3.2.6.
The design of the roughing pumps shall preclude contaminating the beam tubes
and chambers during the life of the equipment, even widr equipment failures and
operator mistakes.

5.2.1.1 Main BouEhing Pump Sets Bach main roughing pump set shall
consist of a roots blower backed by one or more mechanical pumps. If feasible
there shall be no oil in the pumping path. The roots blower shall incorporae
a "canned" motor. The pump set shall be self contained so that under power
failure or pump failure, interlocks shall prcvent the pumped charnbert from
being vented or exposed to pump oil. Provisions for connection to the control
syst€m shall be provided. Provision for sealed connection to a ducted facility
exhaust syst€m shall be pmvided.

There shall be vacuum gauges located at each pump inlet (both the roots pump
and the backing pump) and there shall be auxiliary valved (manual) ports to
allow connection of a leak detector at any location. All unused connections
shall be fitt€d with blankoff flanges.

5.2.1.2 Turbo Molecular Pump Sets Each turbo molecular pump set shall
consist of a "wide range" magnetically levitated turbo molecular pump backed
by a dry pump (diaphragm, piston, or scroll pump). The minimum pumping
speed at the roughing port shall b€ 1400 literysec for nitrogen at 10-3
torr. Throughput at a backing prEssure of l0 torr shall be at least 15 torr
literVsecond. The pump set shall be self contained so that under power failurc
or pump failure, interlocks shall prevent the pumped chambers from being
vented. Provisions for connection to the contol system shall be provided.

There shall be vacuum gauges located at each pump inlet (both the turbo
pump and the backing pump) and there shall be auxiliary valved (manual)
ports to allow connection of a leak detector or auxiliary backing turbo at any
location. All unused connections shall be fitted with blat*off flanges.

shall have nominal pumping
Each of these pumps may

Their expected life shall be
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80,000 hours or more at an operating pressure of 10 6 ton. Noble gas diode
pumps shall be used. There shall be a minimum of three and a maximum of
six power supply/conrollers for each ion pump. The maximum suning pressure

shall be 10-5 ton. The ion pump controllers shall be mountable in standard 19
inch racks.

5.2.3 LNz Pumps There are two types of LNz pumps: long and short The
long LN2 pumps shall have a cold surface 3.7 m 1ong, and the short LN2 pumps
shall have a cold surface 1.2 m long. All other features of the LN2 pumps shall
be identical. The LN2 pumping surface shall be coaxial with the beam tube axis,
and provide a clear aperture of > 1.05 m, wafin or cold. The insulated vacuum
space shall be separated from the beam tube vacuum and shall have it's own
pumping ports and instrumentation.

Certain parts of the LN2 pumps may have large thermal gradients which may give
rise to local, intermittent release of gas. The design shall preclude the sudden and
direct release of this gas into the optical path.

Each LN2 pump shall be capable of operating at full pumping speed with a
minimum of 90 days between LNz fansfers, even with a thick layer of condensed
gas (emissivity = 1). There shall be provisions to minimize the LN2 consumption,
including multilayer insulation, polished surfaces away from the optical paths,
and low loss supports.

5.2.4 Getter Pumps Getter pumps of 10000 to 200o0 litervsec pump speed
(hydrogen) shall be mounted near the LN2 pumps (on the beam rube side) to
pump the non-condensible active gases. These shall be UHV compatible and
isolatable to enable regeneration or replacemenl

5.2.5 Annulus Pumps Turbo molecular pump sets shall be provided for rough-
ing of the annulus spaces. The pump set shall be self contained so that under
power failurc or pump failure, interlocks shall prevent the pumped chambers from
being vented. Provisions for connection to the control system shall be provided.
These pump sets shall not allow contamination of the annuluses with oil.

Ion pumps shall be provided to mainain the annulus vacuum; they shall hold the
maximum annulus pressure to less than l0-3 ton. Noble gas diode pumps shall
be used. The same pump may be used for several adjacent annuluses ptowded
the required pressures are achieved. The ion pump controllers shall be mountable
in standard 19 inch racks.
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5.3 Valve Subsystem

5.3.1 Gate Valves AII gate valves shall be stainless st€el with metal sealed
flanges or weld fittings where appropriate, and mctal bellows stem feedthroughs.
Only non-contaminating and non-migratory lubrication shall be used on tlte
internal mechanisms. Valve body and flange leakage shall be measured to be
less than 10 10 torr.liter/sec of helium before installation. 48 inch and larger gate
valves shall have double viton gate seals. Annular spaces between gate valve
seals shall be isolated and independent of other annulus volumes for pumping and
venting requirements. Smaller valves shall have a single viton seal. All gate seals
shall be leak free to a level of 10-e ton.liter/sec of helium.

Valves of the sarne size and type shall be identical to minimize the number of
required spare pafis.

All valves, regardless of operation (electric, pneumatic, or manual), shall be pro-
teced from accidental operation. Such protection may be provided by mechanical,
electrical, or procedural means. In instances where accidental venting is possible,
redundant means shall be employed.

5.3.2 Small Valves Small valves (less than 15cm aperture), such as right angle
manual valves exposed to the beam chamber, shall be all metal and bakeable.
Valves used on the o-ring annuluses and those which are mounted on the portablc
pump stations may be viton sealed.

5.4 Vent and Purge Subeystem Componcnts inside each of the charnbers
shall be protected against particulate contamination at all times: when chambers
are open, while venting to air, during opening and closing, and when closed,
including pumpdown. This protection shall be equivalent to exposure within a
Fed. Std. 209 Class 100 clean room. The vacuum enclosure area of each station
will be designed as a Fed. Std. 209 Class 50,000 clean room. Vent and purge
syst€ms shall be provided with valved and pressure limited, non+ondensing, Class
100 air with a water vapor dew point of less than -20 degrees Celsius. The purge
system shall allow for the connection of air shower manifolds in the chambers,
used to distribute purge gas over tlrc optical components inside the chambers.

5.5 Bakeout Subsystem Insulation and heating equipment shall be modu-
lar so as to allow efficient removal and placement There necd only be enough
equipment to bake the largest contiguous vacuum section at one time; however,
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the equipment shall be capable of baking any of the vacuum sections. Tcmpera-
ture sensors shall be installed at positions rcpresenting minimum and maximum
temperatures. Bakeout controls shall be sufficient to insure that dre performance
requircments ar€ met.
Altemate degassing methods such as photo-induced and/or ion-induced desorption
may be employed provided they can be shown to be cost effective or cleaner (no
insulation needed).

5.6 Monitol and Control Subsystem Vacuum monitoring equipment in-
cludes Pirani gauges, ion gauges (cold cathode), leak detectors, RGAs and auxil-
iary ports. Gauge tubes shall be mounted on 2 314 inch metal seal CF flanges at
the locations shown in Figures 2 and 3. Ports(4 ll2 nch CD shall be provided
for RGA sensors. The RGA type and model will be selected by Caltech at a
future date. There shall be two auxiliary ports ( one 2 314 and one 4 ll2 inch CF)
complete with all metal valves and blankoffs for each chamber,
Vacuum controls includes the conrol logic, interlocks, and instrumentation re-
quired to allow safe and reliable operation of valves, pumps and gauges under all
conditions. There shall be sufficient logic to allow control of tle entire system
(one site) from a central location in the corner station. The control logic will be
incorporatnd into a commercial process control system to be provided by Caltech.
The interfaces to this system shall consist of discreet digital and analog signals.
Signal types, cabling and connectors are subject to Caltech approval.
Electronics racks and cable trays will be provided by Caltech.

5.6.1 Monitoring Instruments Vacuum instrumcntation shall be provided for
pressures from atmospheric down to 10lo torr. Each chamber and beam tube
section which can be isolated shall have installed one Pirani gauge, and one cold
cathode gauge. Contollers shall be provided fot all instruments. All vacuum
feedthroughs shall be alumina ceramic.

5.6.1.1 Pirani Gauges Pirani gauges shall operate from atnosphere to 104
torr. The gauge contoller shall be mountable in a sandard 19 inch rack.
The controller shall have a digital display and at least one setable process
control contact or setpoint. The gauges shall be installed on CF flanges and
be bakeable to 300 degrees Celsius.

5.6.1.2 Cold Cathode GauEes Cold cathode gauges shall operate from
10-3 ton to 1Ol0 torr. The gauge conroller shall be mountable in a standard
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19 inch rack. The controller shall have a digital display and at least one
setable process control contact or setpoint. The gauges shall be installed on
CF flanges and be bakeable to 300 degrees Celsius.

5.6.2 Control Logic In order to prevent accidental venting all gate valves with
pneumatic or electric opeftrtors shall have at least 2 indepcndent levels of interlock
protection provided. All high voltage (grcater than 24 volts in vacuum) devices
shall be interlocked to prcvent or minimize filament bumout, high cunent flow,
glow discharge, or arcing. The design of the interlocls and control logic shall
not preclude incorporation into the process control system (to be provided by
Caltech), The vacuum system shall be designed to allow local protection and
control as well as centralized control, monitoring and logging.

5.6.3 Helium Leak Detectors The helium leak detectors shall be mobile and
have a minimum detectable leak rate of less than 1xl0-10 tornliter/sec for helium.
The leak detector shall be turbopumped and shall be designed for connection to
the backing side of the pump stations. The leak detector shall not permit oil
backstreaming to the test porL Calibrated helium leaks shall be provided with
each detector.

6. QUALITY ASSURANCE

6.1 Test Plans Detailed plans including descriptions of the test equipment and
procedures for the qualification, screening, and acceptance tests shall be approved
by Caltech prior to use.

6.2 Control ol Contamination Detailed plans !o insure control of cleanliness
shall be approved by Caltech.

6.3 Gomponent Acceptance Tests

6.3.1 Chamber and Tube Leak Tests The contractor shall measure total he-
lium leakage rat€s on each vacuum chamber or fube section as part of the fab-
rication process. No vacuum chamber or fabricated tube section shall be field
installed without first demonstrating acceptable leakage.

6.3.2 Pumps Each electrically powered vacuum pump shall be tested (or certi-
fied) for speed, ultimate pressure, leakage, noise and vibration, and operation of
protective features, before shipment from the manufacturer.
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6.3.3 Valve Tests Bach vacuum valve shall be ested for leakage prior to ship-
ment from the manufacturer, For dual gate seals, each seal shall be individually
tested. As well, each vacuum valve (including each individual gate seal) shall be
tested for leakage after installation on the LIGO vacuum syst€m. Operation of
each valve shall also be demonstrated-

6.4 System Acceptance Tests

6.4.1 Leakage All vacuum leals greater ttran the limit set by the system
requirements section shall be measured, rcpaired and documented.

6.4.2 Pumpdown Pumpdown from aunosphere to ultimate pressure (100 hours
pumping) shall be performed on all vacuum sections and documented.

6.4.3 Noise and Vibration Acoustic noise shall be measured and documentsd
at tlre vacuum chamber walls with all tlte vacuum equipment operating simulta-
neously; backgmund levels shall be measured and documented as well. Vibration
levels at the floor near the chambers shall be measured and documented, both
with and without simultaneous operation of all of the vacuum equipment.

6.4.4 Control and Monitoring Operation of each vacuum gauge shall be
demonstrated after installation.

Operation of each vacuum pump and each valve sha1l be demonstrated after
installation.
Operation, temperature uniforrnity, and temperature stability of the bakeout system
shall be demonstrated.
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critical processes. Vacuum levels
104 ton at the

1. SCOPE

This specification defines the technical requirements for the design, procurcment,

delivery, qualification, installation, and acceptance testing of the LIGO (Laser

Inrcrferomerer Graviutional-Wave Observaory) vacuum equipmenl

The LIGo includes trpo installations at widely separated sites, near Hanford, wA

and Livingston, LA. Each installation include s laser inErferomet€rs in an L shape

with 4-trn long arms, a vacuum systcm for the sensitive interferometer compo-

nents and optical beams, and other support facilities. The vacuum equipment

consists of interconnccted vacuum vessels, pumping systerns, valves and a mon-

itoring and control system for each site. The vacuum equipment will be located

in structures called stations, located at the corncrs, mid points, and ends of the

L-shaped pattem. See Figurc l.

The vacuum tube joining the vacuum equipment in the stations is provided undcr

separate contract, and is described by LIGO 11000of, Beam Tubes spccification.

Cleaning, alignment and leak chccking arc
during operation may rante from a nominal

chambers to l0-9 ton in the beamtube.

2. APPLICABLE DOCUMENTS

If more than one document applies to a technical requircment' the more stringent

standard shall have prccedence. Requirements set forth in this specification shall

have final precedencc.

2.1 Industry Documents

2.1.1 American Society ot Mechanical Engineers (ASME) Boiler and Pt€s'

sure vessel Code

. Pressurc Vessels, Scction VItr, Division I

. Welding and Brazing Qualifications, Section D(

2.1.2 American Society of Civil Enginee6

. Minimum Design Loads for Buildings and Other Structures' ASCE

7-88
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2.1.9 "standards of Expansion Joint Manufacturer's Association"' puts

lished by Expansion Joint Manufacturer's Association (EJMA)

2.1.4 National Fire Protection Association (NFPA) Standards

. No. 70-National Electrical Codc

2.2 Government Standards

. Building and safety codes: local, state, and fcderal, including OSHA

2.3 LIGO Documents

2.3.1 LIGO Drawings
. LIGO Drawing ll0ll00, Vacuum Equipment' Comer Station' Wash-

ington Site, Phase A, attached
' LIGO Drawing 1101101, Vacuum Equipmcnt' Corner Station'

Louisiana Site, Phase A, anached
. LIGO Drawing I 101102, Vacuum Equipment' End Stations' Phase A'

attached
. LIGO Drawing ll0ll03, Vacuum Equipment' Mid Stations' Wash-

ington Site, Phase A, attached
. LrcO Drawing 11010@, Beam Splitter Charnber (BSC)
. LIGO Drawing 1101010, Horizontal Axis Module (HAM)
. LrcO Drawing 1101011, 10" Isolation Bellows
. LIGO Drawing 1101012, 7" kolation Bellows
. LIGO Drawing 110t013, Test Mass Charnbcr, Type I CIMC-I)
. LIGO Drawing 1101018, Support Beam Assembly, Large Chamben
. LIGO Drawing ll0l04l, Suppon Bcam Assembly, HAM Chambers

2.3.2 LIGO Specifications

. LIGO 1100004, Beam Tubes Specification
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2.4 lnterface Control Documents

2.4.1 Provided by the Vacuum Equipment Contractor

Vendor document XXXX, Vacuum Equipment to Beam Tube Interface

Vendor document XXXX, Vacuum Syst€m to Station Enclosure and

Utilities Interface
Vendor document XXXX, Vacuum vent/purge air system to internal

au snowers.
' Vendor document XXXX, Vacuum Equipmcnt to Process Control

SYstem

3. SYSTEM DESCRIPTION

The LIGO vacuum system is divided into two palts: the beam tube modules and

lhe vacuum equipment. The beam tube modules are wo kilometcrs long and are

addrcssed in a separate contracl The vacuum equipment is housed in buildings

located at the intcrsection (comer) and ends of the beam tube modules. These

buildings are the corner station, mid stations, and cnd stations' The vacuum

equipment consists of the following subsystems:

l. Vacuum enclosure subsYstcm
2. Pumping subsystcm
3. Valve subsystcm
4. Vent and purge subsystem
5. Bakeout subsystcm
6. Monitor and control subsYstem

Together these subsystems, along with the beam tube modules, make up the

nuJo* ,yrt *. The Washington site schematic is shown in Figure 2 and the

l,ouisiana site schematic is shown in Figure 3. A description of the system

according to station is given below.

3.1 Gorner Station washington sitg The vacuum enclosurc for the comer

station of the Washington Sie is shown in Figure 4 (a rcduced LIGO drawing

#1101100), Three types of vacuum chambers enclose the optical componcnts

of the laser interferometers: tcst mass chamben (TMC), bean splitter chamben
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(BSC), and horizontal acccss modules (HAM)' One of the BSCs shall be locatcd at

the intersection of the two arms in the washington site comer station' As shown

in Figure 4, an array of nine HAMs shall connect with the diagonal chamber'

as extensions of the arms. lnterconnecting two sets of HAM grcuPs arc ?6 cm

diameter mode cleaner tubcs. Along each ann, an additional BSC and TMC shall

be located in that order. A scction of 183 cm diameter tube shall provide for thc

addition of TMCs in future expansions. A second BSC (with HAM anay) shall

be located on a 45 degrec diagonal beween the arms, and wo 122 cm tubes shall

connect this to ttrc TMcs, through 122 cm diameter isolation valvcs. The comer

station building will be built with enough room for the future addition of up to

four TMC/BSd/HAM groupings. Removal of access covers from the chamben

will allow for servicing the optical componcnts during nonnal operations; the

seals on these covers shall be designed as double O-rings for economical rcuse

during the early pcriod of operation when access is morc frcquent and Pcrmeation

is morc tolerablc; later, the inboard O-ring may be replaced with a mctal seal' A

clean air vent and purge systcm shall be provided to break vacuum and maintain

cleanliness of the optical components whenever a chanber is opcn

The corner station pumping system shall include two LN2 fliquid nitrogen) pumps

near thc bearn nrbc interfaces, gettcr pumps, and main ion pumps as shown- in

Figure 2. lon pumps shall atso be used to pump the annulus of all double O-ring

seals. Rough pumping from atmosphere shall be done with portable pump stations'

3.2 Corner Station Louisiana Site The vacuum equipmcnt for the comer

station at the l,ouisiana site is similar to that at the Washingbn sitc, except tlat

initially there shall tr no TMCs, and only one of the BSC/HAM groupings shall

be installed. See Figure 5 (a reduced LIGO drawing #1101101) for details'

3.3 End Statiorc Both Sites Thc vacuum equipment for the end stations is

shown in Figue 6 (a reduced LIGO drawing #1101102)' Vacuum enclosurcs

shall include one BSC initiallY.

The pumping system shall include one LN2 pump with isolation valves' gettcr

pumis, and lor po,op, for both the cnclosure and the annulus' Rough pumping

irom arnosphere shall be done with portable pump stations'

3.4MidStationwashingionsiteThevacurnnequipmentforthemidsta-
tions is shown in Figure 7 (a reduced LIGO drawing #1101103)' Vacuum enclo-

surcs shall include one TMC initially'
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4.i r.eak Rare Ar teBssrdd(l x 1o8 ton'rite'l,"lilft",oXn &?a'h ;l-^ ^7
;p;J"""oraing {ffipr"ved procedurcs. f*'l('t'le '

The pumping system shall include two LN2 pumps with isolation valves, getter

pumps and ion pumps for both the enclosure and the annulus. Rough pumping

from atrnosphere shall be donc with portable pump stations.

3.5 Midpoint Pumping Station Louisiana Site No chambers are to be
housed here. A 122 cm diunetEr gate valvo allows isolation of the adjoining

beam tube modules. A valved and instrumented roughing port and an indepen-

dent, separately valved gettcr pump set shall be located on cach side of this gate

valve. Refer to Figure 3. 
,/ 15 la6 *r./, tly

_ 
\_'_-, La is q

4.2 Pump Down Time Each vacuum section (an isolatablc volume), without tl,^ tJ-- l^ffi "i.1fr#."#'iff'':ffi1;nTT"tr"#J."TH;'J;"i1T6""il;"(^t+"h
less than 24 hours. In the case of the vertex and diagonal vacuum section s, wro ( raz ur&v*'j

pump stations may be connected at once to accomplish this. Otherwise, only a /aUUUJ ."
single pump station shall be connected at one time.

4.3 Ultimate Pressures Each vacuurn section (cmpty) shall attain 5 x l0e

ton after 100 hours of pumping with the ion pumps and open to thc LN2 pumps'

The prior conditioning permitted is a 48 hour bakeout followed by a vent and

purge for 24 hours.

4.4 System Control and Plotecillon Each vacuum section shall have suffi-

cient insrumentation and hardwarrc to allow safe and reliable op'eration of

pumps and gauges under all conditions. Control logic shatl be spccifi

incorporation into a commercial process control system to be supplied

at a later dat€.

4.5 BakeouuDegassing Gapability A means shall be provided to heat all

vacuum surfaces to any desired temperature, ranging fmm ambient to 15ffC'

All ion pumps and gauges shall be bakeable to 300'c. Ramping of temperatures

shall be controlled to minimize thc stresscs on vacuum connections. There shall
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be no particulate generation or shedding caused by placement or removal of the

insulation.

Altcrnate means using photo-induced and/or ion-induced desorption may be uti-

lized if cost effective degassing is obtained.

4.6 Special Environmental Requirements The LIGO vacuum equipment

and lascr areas housc instrumentation which is potentially highly sensitive to vibra-

tion and acoustic noise, shock-induced damage or misalignment, electromagnetic

interference, and contarnination. The following requirements on installed equip-

ment have been developed without detailed consideration of cost impact" They

are subject to futurc revision.

4.6,1 Shock valve actuation or other intermitbnt device operation shall induce

no more than 0.01 g peak-to-peak accelcration at any point within I meter of

any chamber,

4.6.2 Acoustic Noise Acoustic noise from all simultaneously operating equip-

EMPTING main mechanical roughing pumps on intcnnitant duty) shall not cause

the vibration measured at any point within I meter of any chamber to exceed

the LICO Site Vibration Baseline (Fiepre {FIG. TQ-BE SUPPLED BY LISA

FAIRLY SOON} than 6 dB (a facor
quency betw
pennitte d subje pproval.

4.6.4 Electromagne'
'sions All electrical equipment shall conform to

{IEC? ISO? IEEE?} standard * l?2?nl fimiting elecromagnetic radiation, emis-

sion anO powcrline contamination. {VOLKER WILL BE PROVIDING SOME

ACTUAL STANDARDS TO ADHERE TO FOR EMI; I WILL BUG HIM

ABotJ"t IT SHoRILY)
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4.6.5 Particulates and other contaminants No installed equipment shall emit

or harbor particulates at a level inconsistent with maintenance of a clean environ-

mcnt conformirg to Federal Standard 209D Class 50'000.

4.7 lnterfaces The following interfaces shall be provided for and documented

accordingly:

1. Vacuum equipment to beam tube.**
2. Vacuum system to station cnclosure and utilities.

3. Vacuum vent/purge air systcm to internal air showers.

4. Vacuum equipment to process control system.

** For the purposes of this proposal the intcrface shall be taken as the 'Tube

Tennination lnterface" on Figurc 4.

4.8 Design Life The contractor shall design the vacuum cquipment for a

minimum serviceable life of 20 years.

4.9 Envalonmental Under nonnal operations, the vacuum equipment will bc

operated in a ternperature and humidity conEoled environmenl In casc of power

or control tailurc, and during the construction phase, conditions witl be dictatfd

by diumal and seasonal ranges. Exposure to thcse conditions shall not damage

the vacuum equiPment

5. SUBSYSTEMS

5,1 Vacuum Enclosure Subsystem The vacuum enclosure includes all

components such as chambers, urbes, flanges, elbows, tees, blank-offs' and other

finings, which fonn the banier between atmospher€ and vacuum' These compo.

nents arc ,equired to be compatible with use at I x 1O9 ton Sp€sific requi'mcnts

are below.

5.'t,1 Materials All fabricated components exposed to vacuum shall be made

from type 304L or 3l6L stainless steel, using low carbon weld filler wire' whcre

*'"i*a Sgndard cataloguc ilems of 3M or 316 stainless steel are acceptable

if not available in 304L or 31 and aluminum may be used for scals.

All other materials arc
chamber, tube and flange

Intemal surfacc finish is

Copies of rnill bst r€Poru of



LTGO\
8PECIFTCAT|ON NUITBEB I I 00003

HEVISTON DRAFT
PAGE 12 OF 21

5.1.2 Cleaning err *urtqc6s eftd to vacuum shall be cleaned in accordance

with procedures approved(by Calrechlrior to fabrication and installation; surface

rccontamination sha[ bc p\cqQlgLduring all subsequent proccsses'

All items shall be wrapped or sealed after cleaning to maintain cleanliness through

handling, transportation, and storage. Care shall be taken to minimize exposurc

to corrosivo environments, such as chloride compounds'

No visible contarninant (as viewed under both natural and "blacklight'') of any

fonn shall be left within the vacuum enclosures when installed (for exarnple:

water, dust, sand. hydrocarbon frlm, erc.).

5.1.3 Welding All welding exposed to vacuum shall be done by the tungsten-arc

inert-gas (TIG) process. Wetding tcchniques shall deviate from the ASME Code

in accordance with the bcst ulra high vacuum Practice to eliminate any '\'irtual

leaks- in the welds; i.c., all vacuum welds shall be, wherever possible' intcmal

and continuous; all external welds added to these for structural purposes shall be

intenDittent to eliminate trapped volumes. Defective welds shall be repaircd by

rcmoval to sound metal and rewelding.

All vacuum weld procedurcs shall include steps to avoid contarnination of the

heat affccted zone with air, hydrogen, or water. This requires that inen purge

gas, such as argon, be used to lemove unwantcd gases over the vacuum side of

heated portions.

5.1.4 Alignment and Dimensions All charnbers shall bc aligned to within

2mm of the design optical axis in both ransverse directions and to within 25mm of

the design position in the axiat direction. unless noted otherwise, dimensions of

chambers (including interconnccting tubes) refer to nominal intemal dimensions.

5.1.5 Mechanical Loads All vacuum componcnts shall be anchored to the floor

or to each other in such manner as to restrict all motion to bellows units, The

design of the vacuum enclosurc shall allow for strains and s@sses due to the

following:

l. normal cycling of the station HVAC (heating, ventilating, and air conditioning)

system (expocted to maintain temperature within a range of +l- 2"C);

2. variations in atmospheric pressure;

3. vacuum cycting of other sections of the vacuum enclosurc;

4. bakcout of any vacuum section;
5. failure or non-operation of the HVAC.
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5.1.6 DesiEn Each vacuum element with a diameter greater than t2 inchcs shall

be designed according to the latest edition of ASME Boiler and Pressure vessel

Codc, Section VItr, Division 1 and its subsequent addenda (exccpt as noted in

3.5.5.5), even though vacuum chambers lie outside of the scopc of that documcnL

code certification and stamping are not required. All separable paru shall be

fully interchangeable between assemblies. Adequate clearance shall be provided

for assembly of mating flanges, and for handles. Extemal access shall be provided

to all vacuum seams for leak checking.

All vacuum elements heavier than 50 lbs shall have lift lugs installed and each

chamber assembly shall have an elecrical ground connection (removable for

diagnostic purposes).

calculations shall be made to dcterminc design features, including the necd for

and thc size of any rcinforcements due to openings. chamben shall be designed

to withstand thc loadings exerted by all applicable loads in accordancc with the

provisions of all appliciUle codes and standards. All charnbers shall be designed

io be free sanding. To detemine ttre probability of eantrquakes and seismic

coefficienu in various areas of the united states, standsfd ANSI A58.1 (ASCE

Minimum Design toads for Buildings and other sructurcs) shall bc applied.

5.1.7 Chambers All optics are housed in thrce types of charnbers' These

chambers contain the seismic isolators and alignment mcchanisms which suppon

the optical elements. The thrcc chambers arc BSC, HAM and TMC'- 
ih.z.f Beam Splitter Chamber(BSG) TheBean SplitrerChamber(BSC)

configuration is shown in Figure 8. Note that the Suppon Bcam Assem-

bly(Figure 9) and four 10" Isolation Bellows(Figurc l0) arc to be provided

by others.
s.1.2.2 Horizonral Axis Module (HAM) The Horizontal Axis Module

(HAM) configuration is shown in Figure ll' Note that the Support Beam

Assembly (Figurc 12)and four 7" Isolation Bellows (Figurc 13) are to be

provided by others'
b.t.z.s re6t Mass Chamber (TMC) The Test Mass Chamber configuration

isshowninFigurc14.Itincludesspccialfeatureswhichpermitisolationand
removal of an interfcrometer's Test Mass Assemblies with minimal distur-

bancc to tlre beam paths of ottrer intprferomctcrs operating concunently at the-

sarne site. cited specifications have been developed without consideration of

coslNotetlratthcsupportBeamAssembly(FieulEg)andfourl0''Isolation
Bellows(Figurc l0) are to bc provided by othcrs'
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5.1.7.3.1 Integrated Airlock The airlock enables isolation of the TMC Dome

from the lower chamber body (which is integral with the beam tube manifold and

may not be vented while another interferometer is in operation). The Airlock shall

provide a 152 cm dia- clear aperture when open. when closed it shall withstand

aunospheric pressure (only from above), with maximum leak rate determined as

for Gate valves. It is rEquired to stroke from fully open to sealed, or from sealed to

fully open, in five minutes or less. The Dome must have provisions for evacuation,

vent and purge, and seal annulus evacuation and vent which are fully independent

of those for other volumes. The Airlock shall be intcrlocked to exclude operation

with unacceptable pressure differentials or uffeuactcd equipment'

5.1.8 Flanges Dual O-ring ffanges shall be dcsigned for convenicnt' quick

and easy disassembly and assembly, consistent with reliable sealing' The design

shall allow replacement of the inner O-ring with a metal seal at some time

in thc fubrrc. O-rings shall be vacuum quality Viton, frec of lubricant' and

bakcd to Femove contaminants. O-ring grooves shall retain the O-ring during

asse mbly/disasscmbly. Flange centering pins shall be taperc{ rounded, and

rcplaceable; centering pins for flange ses in the venical plane shall support

the weight of the mating cover. Except for the case of chambcr to chamber

connections, flange centering pins shall be included in the chamber flangc of

flange sets in the vcrtical plane, and the lower flange of flange sets in the horizontal

plane. Flange neck (wall) thichress shall be the minimum practical (considering

vacuum and other loads), to maximizp available aperfirre area.

5.1.9 Access connectors Thc 152 cm diameter short tube sections locatcd at

each BSC charnber on the diagonal are defined as access connectors, and shall

be designed for convenient removal and installation The minimum axial spacc

required at these locations is 60 cm.

5.1.10 Optical Baffles All connccting tubes shall be dcsigned to allow for

installation of optical baffles at a larcr date. This rcquirement can be met by

allowing access to all internal surfaces.

5.1.11 Annular spaces All annuluses of each chamber shall be connected to

a single flange. Pumping speed between this flange and any point of the pumped

annuius is !o be gr€ater than 0.3 liters/sec for air, in molecular flow. Multiple

annuluses may be connectcd together to minimize the number of ion pumps and
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valves. Interconnecting tubing shall be routed close to the chamber wall, with all

connections to be welded or CF flanges'

5.1.12 Fasteners Flange fasteners shall be of high quality, appropriate for

efhcient assembly and disassembly. All fastenors shall be ptated or made of alloys

which allow use without lubricants. wherc possible plate nuts shall be used.

5.1.13 Component Leak Rate The contractor shall ensure that all leaks grcater

than I x l0-9 torr.liter/second of helium on each chamber or tub" section ar€

repaired at the site of manufacture.

5.1.14 Workmanship, Finish, and Appearance The finished product shall

have a workmanlike finish and be free of weld spatter, cutoff spatt€r, frec iron'

weld oxidation and injurious defects. There shall be no grinding or abrasion of

completed welds or intemal vacuum surfaces.

5.1,15 Marking Each separable Part (exccpt fastencrs, seals, and interchange-

able, standard blank flanges) shall be pcrmanently marked with a unique idcnti-

fication number in a location rcadily viewcd.

5.2 Pumping Subsystem Vacuum pumps include portable roughing pumps'

annulus pumps, main ion pumps, gett€r pumps, and LN2 pumps' The roughing

pumps are used to pump the systems down fiom afinosphere to lOa ton' The

ion pumps, getEr pumps, and LN2 pumps are used for vibnation-fiee pumping

during nonnal opcration.

The main pumping phases include:

1. Initial Pumpdown: (fmn 760 torr to less than 1 ton) main roughing pump

sets,noiseandvibrat ionexpected,minimize4andtoleratedfortheshort
pcriods of time;

2. Intermediate Pumpdown: (from I ton to less than l0{ ton) regenelaEon

of LN2 pumps and gettcr Pumps:turbo molecular pump sets, low noise and

vibration, extended time Periods;
3. Final Pumpdown: (maintaining vacuum) roughing and turbo pumps art omed

off; ion, getter and LN2 pumps provide continuous operation'

5.2.1 Roughing Pumps The roughing pumps shall consist of two types of

portable pump stations, thc main roughing pump setand thc nrrbo molecular pump

i"ts. mi nain roughing pump set shall be used for pumping from atmosphere
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to less than I torr while the turbo molecular pump set shall bc used for pumping

from I torr to less than 19-6 ton. The main roughing pump sets are exempt from

the vibration and acoustic noiso limits. The turbo molecular pump sets' however,

shall be designed to operate for extended periods of time witlrout conributing to

vibration and noise levels beyond those described in Section 3'2'6'

The design of the roughing pumps shall preclude contaminating dre beam tubes

and chambers during the life of tlre equipment" evcn with equipment failures and

operator mistakes.

5.2.1.'l Main Boughing Pump Sets Each main roughing pump set shall

consist of a roots blower backed by one or more mechanical pumps. If feasiblc

therc shall be no oil in the pumping path. The roots blowcr shall incorporae

a "canned" motor. The pump set shall be seH contained so that under power

failurc or pump failure, interlocks shall prcvent the pumped chambers from

being vented or exposed to pump oil. Provisions for connection to the control

system sha[ be provided. Provision for sealed connection to a ducted facility

exhaust sysEm shall be Provided.
There shall be vacuum gauges located at each pump inlet (both the roots pump

and thc backing pump) and there shall be auxiliary valved (manual) ports to

allow connection of a leak dctector at any location. All unused connections

shall be fitted with blankoff flanges.

5.2.1,2 Turbo Molecular Pump Sets Each turbo molecular pump set shall

consist of a '\ride range" magnetically levitatcd turbo molccular pump backcd

by a dry pump (diaphragm, piston, or scroll pump). The minimum pumPing

speed at 
-ttre 

roughing p# snaU be 1400 liters/sec for nitrogen at lO3

torr. Throughput at a backing pcssurE of l0 ton shall be at least 15 torr

literdsccond. The pump set shall be self contained so that undcr power failurt

or pump failure, interlocks shall prevent the pomped chambers fmm being

venrcd. Provisions for connection to the contol systcm shall be provided.

ThercshallbevacuumgaugeslocatcdateachpumPinlct(boththcnrrbo
pump and the backing pump) and there shall be auxiliary valved (manual)

portstoa[owconncctionofaleakdelectororauxiliarybackingturboatany
iocation. All unuscd connections shall bc fitted with blankoff flanges'

5.2.2 Main lon Pumps The LIGO ion pumps shall have nominal pumping

speeds of 3000 liter/sec minimum for nitnogen. Each of these pumps may

physically consist of multiplcs of smaller units. Their expect€d life shall bc
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80,000 hours or morc at an operating pressur€ of 10-6 ton' Noble gas diode

pumps shall be used. There shall be a minimum of three and a maximum of

six power supply/conrollen for each ion pump. The maximum staning prcssur€

shall be 10-s torr. The ion pump controllen shall be mountable in standard 19

inch racks.

5.2.3 LNz Pumps There are two types of LN2 pumps: long and shon The

long LN2 pumps shall have a cold surface 3-7 m long, and the short LN2 pumps

shall have a cold surface 1.2 m long. All other features of the LNz pumps shall

be idcntical. The LN2 pumping surface shall be coaxial witJr the beam tube axis,

and provide a clear aperture of > 1.05 m, warm or cold. Ttre insulated vacuum

space shall be separated from the bcam tube vacuum and shall have it's own

pumping ports and insmrmentation.

Certain paru of the LN2 pumps may have large thermal gradiena which may give

rise to local, intcnnittent release of gas. The design shall preclude the sudden and

direct rclease of this gas into the optical path.

Each LNz pump shall be capable of operating at full pumping speed with a

minimum of90 days between LN2 transfers, even with a thick layer of condcnsed

gas (emissivity = l). Ther€ shall be provisions to minimize the LNz consumption'

including multilayer insulation, polished surfaces away from the optical paths,

and low loss supporu.

5.2.4 Getter Pumps Gettcr pumps of 10000 to 20000 literJsec pump sp'eed

(hydrogen) shall be mountcd near the IN2 pumps (on the bcam tube side) to

pump the non<ondensible active gases. These shall be UIIV compatible and

isolatable to enable regeneration or replacement

5,2,5 Annulus Pumps Turbo molecular pump scts shall be provided for rough-

ing of the annulus spaces. The pump set shall be self contained so that under

power tailure or Pump failure, interlocts shall pr€vent the pumped chambers from

feing "ented. provisions for connection to the control system shall be provided.

These pump sets shall not allow contamination of the annuluscs with oil'

Ion pumps shall be provided to maintain the annulus vacuum; ttrey shall hold the

maximum annulus pressure to less than 10-3 ton. Noble gas diode pumps shall

be used. The same pump may bc used for sevcral adjacent annuluses provided

the required pressurcs are achieved. The ion pump controllers shall be mountablc

in standard 19 inch racks.
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5.3 Valve Subsystem

5.3.1 Gate Valves All gate valves shall be stainless stcel with metal sealed

flanges or weld finings where appropriate, and metal bellows stem feedthroughs'

Only non-contaminating and non-migratory lubrication shall be used on thc

intemal mechanisms. Valvc body and flange leakage shall be measured to be

less than 10-10 torr.liter/sec of helium before installation. 48 inch and larger gate

valves shall have double viton gate seals. Annular spaces between gate valve

seals shall be isolated and independent of other annulus volumcs for pumping and

venting requirements. Smaller valves shall have a singlc viton seel. All gate seals

shall be leak free to a level of lO-e torrliter/sec of helium.

Valves of thc same sizp and type shall be identical to minimize the number of

required sparc paru.

All valves, regardless of operation (electric, pneumatic, or manual), shall be pro-

tected from accidental operation. such protection may be provided by mechanical,

electical, or procedural means. In instances where accidental vcnting is possible'

rcdundant means shall be cmployed.

5.3.2 Small Valves Small valvcs (ess than 15crn aperture), such as right angle

manual valves exposcd to the beam chamber, shall be all metal and bakeable'

valves used on the o-ring annuluses and those which are mounted on the portable

pump stations may be viton sealed.

5.4 Vent and Purge Suboystem Components inside each of the chamben

shall be protected against particulatc contamination at all times: when chambers

are open, while venting to air, during opening and closing, and when closed'

including pumpdown. This protection shall be equivalent to exposure wiftin a

Fed. std. 209 class 100 clcan room. The vacuum cnclosue area of cach station

will be designed as a Fed. Std. 209 Class 50,000 clean room' Vcnt and purge

systcms shall be provided with valved and prcssure limited, non-condensing, class

100 air with a water vapor dew point of less than -20 degrees Celsius' The purge

syslem shall allow for the connection of air shower manifolds in the chambers,

used to disuibute purge gas ovcr the optical components inside dre chambers'

5.5 Bakeout Subsystem Insulation and heating cquipment shall be modu-

lar so as to allow efficient removal and placcmenu There necd only be enough

equipment to bake the largest contiguous vacuum section at one tine; howevcr,
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the equipment shall be capable of baking any of the vacuum scctions' Tempera'

ture sensors shall be installed at positions rcpresenting minimum and maximum

temperaturcs. Bakeout controls shall be sufficient to insure that the perfonnance

requirements are mct.

Alternate degassing mettrods such as photo-induced and/or ion-induced desorption

may be employed provided thcy can bc shown to be cost effective or cleaner (no

insulation needed).

5.6 Monitor and Control Subsystem Vacuum monitoring equipment in-

cludes Pirani gaugcs, ion Sauges (cold cathode), leak detectors, RGAs and auxil-

iary ports. Gauge tubes shall be mounte d on23l4 inch metal seal CF flanges at

the locations shown in Figures 2 and 3. Ports(4 l/2 inch CF) shall yL@$ed

for RGA sensors. The RGA type and modcl will be selected bfcahechl a

futur€ date. Therc shall bc two auxiliary ports ( one 23t4 and one zltlllinCh CD

complcte with all metal valves and blankoffs for cach chamber'

vacuum controls includes the conrol logic, interlocts, and insffumontation re-

quired to allow safe and reliable operation of valves, pumPs and gauges under all

conditions. Therc shall be sufficient logic to allow control of the entire system

(one site) from a central location in thc corner station. The contml logit'ryilh\l
incorporated into a commercial process control system to be provided ufacatter!

The interfaces to this system shall consist of discreglli(ta\ and analog tigrds'

Signal types, cabling and connectors are subject pproval.

Electronics racks and cable trays will be provide

5.6.1Monitoring Instruments Vacuum instrumeri fll be provided for

prcssurcs from atnospheric down to l0l0 torr. Each chamber and befin $be

section which can bc isolated shall have insalled one Pirani gaugc, and one cold

cathode gauge. controllers shall be provided for all instuments. All vscuum

feedthroughs shall bc alumina ceramic.

5.6.1.1 Pirani Gauges Pirani gauges shall operarc from aunospherc to lOa

torr. The gauge controller shall be mountablc in a standad 19 inch rack

The conholler shall have a digital display and at least one setable process

control contact or setpoint. The gauges shall be installed on cF flanges and

be bakeable to 300 dcgrces Celsius.

5.6.1.2 Cold Catho<le Gauges Cold cathode gauges shall operatc from

l0-3 torr to lO10 ton. The gauge controuer shall be mountable in a standard
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lg inchrack .Thecont ro l le rsha l lhavead ig i ta ld isp layandat leas tone
setableprocesscontrolcontactorsetpoinlThegaugesshallbeinstal ledon
CF flanges and be bakeable to 300 degrees Celsius'

5.6.2Contro|Logiclnordertopreventaccidentalventingal lgatevalvcswith
pneumaticorelectricoperatorsshallhaveatleast2indcpendentlevelsofintcrlock
prote"tion provided. eU ttign voltage (greater than 24 volts in vacuum) devices

shall be interlocked to prevent or minimize filament burnout, high cunent flow'

slowdischarse,orarcing.Thedesignoftheinterloc}sandcontrol logicshal l
-Toi}urlae i*orporadon into ttre process control syst'm (to be provided by

( calt.t l. *,, n*u* system shall bc designed to allow local protection and
\-eenrrekd wefl as ccntralizcd control, monitoring and logging'

5.6.3He|iumLeakDetectorsThcheliumleakdetectorsshallbemobileand
have a minimum detectable leak rate of less than Lx10-10 torpliter/sec for helium.

The leak detector shall be turbopumped and shall be designcd for conncction to

the backing side of the pump stations. The leak detector shall not pennit oil

bactstreamingtothetestponCalibratedheliumleaksshallbeprovidedwith
each detector.

6. QUALITY ASSURANCE

LIGO\

shall be approved b Caltech.

6.3 Component Ac e$s

6.3' lchamberandTubeLeakTestsThecontraclorshal lmeasuretotalhe.
lium leakage raes on each vacuum chamber or tube section as part of ttre fab-

r icat ionprocess.Novacuumchamberorfabricatedtubesectionshallbefield
insaled without first demonstrating acceptable leakage'

6.3.2 Pumps Each electrically powered vacuum Pump shall bc tested (or ccrti-

fied) for speed, ultimate p*tto*, lcakagc, noise and vibration' and operation of

protective featunes, before shipment from the manufactur€r'



LIG(O\
SPECIFICATION NUMBER I 1 OOOO3

BEVISIOI{ DRAFT
P G E 2 1  o F 2 1

6.3.3 Valve Tests Each vacuum valve shall be tested for leakage prior to ship-

ment from the manufacturer. For dual gate seals, each seal shall be individually

tested. As well, each vacuum valve (inctuding each individual gate seal) shall be

tested for leakage after installation on the LIGO vacuum system. Operation of

each valve shall also be demonstrated.

6.4 System Acceptance Tests

6.4.1 Leakage All vacuum leaks greater than the limit set by the system

requirements section shall be measured, rcpaired and documented.

6.4.2 Pumpdown Pumpdown from aunosphcre to ultimate prcssur€ (100 hours
pumping) shall be performed on all vacuum sections and documented.

6.4.3 Noise and Vibration Acoustic noise shall be measured and documented
at the vacuum chamber walls with all the vacuum equipment operating simula-
neously background levcls shall be mcasurcd and documented as well. Vibration

levels at thc floor near the chambers shall be measured and documentcd, both

with and without simultaneous operation of all of the vacuum equipment.

6.4.4 Control and Monitoring Operation of each vircuurt gauge shall be

demonstratcd aftcr installation.

Opcration of each vacuum pump and cach valve shall be demonstrated after

insallation.
Operation, temperaturc unifonnity, and temperature stability of the bakeout system

shall bc demonsratcd.
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