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INTRODUCTION AND SUMMARY

The LIGO specification places special operational constraints on the functioning of

a number of devices that make up the interferometer vacuum system. Consideration has

been given to these devices as sources ofnoise, vibration, and shock and their effect on

the sensitivity and alignment of th€ interferometer. In conjuDction with Process Systems

International, lnc. a plan was proposed in PSI's proposal of June 19, 1995 to reduce the

risks associated with these issues. The plan included selecting the proPer equipment'

measuring the noise, vibration and shock of the equipmen! desigring the first order

mitigation teatrnents and analyzing perfonnance with the treatment in place to determine

the degree of compliance with the LIGO specification.

At this time there is no equipment available to obtain actual source strengths and

the design ofthe vacurun equipment system is just being finalized. The analysis is

therefore preliminary using exnapolated data provided by the turbo pump vendor to

estimate the source level. The focus ofthe analysis is the end station. The end station is

the least complicated to model, contains all the sowces, and is anticipated to produce the

highest levels at the receiver because ofthe close proximity between source and receiver

with a minimum number of discontinuities.

The analysis of the vibration and shock path utilizes three different models to

predict the receiver response over the entire Aequency range. The first model is a low

frequency finite element beam and plate model. This model is extended large distances to

capture the primarily low frequency influence of the boundary on the transmission path.

In the fiequency range where the influence of the boundaries is less important but the

response of the path structure still extribits distinct modal peaks, a mid frequency finite

element shell model is used. In the high frequency region where modal overlap is strong a

statistical energy analysis is performed.

Results for the turbo pump nearest the beamsplitter indicate that in the low-to mid

frequency range where modal peaks are dominate, the predicted levels exceed the LIGO

specification by 2040 dB. The beam tube manifold between this padicular turbo pump

and the beamsplitter does not have a bellows in contrast to the situation at most of the

other locations. It is estimated that such a bellows will reduce the levels by 20-40 dB
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except at the very low frequencies.

A tansmission path/room acoustics model has been used to estimate the noise

level in the end station's vacuum equipment area. This model indicates that l) noise from

the turbo pump will produce a27 dB excess re: NC-20 in the 500 IIz octave band

frequency; 2) noise from equipment in the vacuum suPport equiPment room will cause

levels to exceed the NC-20 criteria by 8 to l0 dB. The latter transmission of this noise is

due to leakage via the pass door between the two rooms-

Transmission path analyses axe scheduled to be completed by the end of May

1996. lncluded in the analyses will be low and high frequency vibration models and

acoustic models of the corner, mid and end stations. The mid frequency vibration analysis

will be performed for selected worst case locations in the three stations'

source measuremenls for the turbo pump are scheduled for June, the gate valves

will be tested in June and July and the ion pump, cryo pump and vent and purge system

will be tested in August. The equipment source levels and measured impedances will be

input to our transmission models to predict the levels at the various receivers.

II. LIGO SPECIFICATIONS

A. VIBRATION

The LIGO vibration specification (Ref. l) for the spectral density ofthe allowable

displacemeat 6 on the walls of any vacuum chamber or on the floor within I meter of any

chamber is shown on Fig. I a. This spectral density represents the allowable level of a

tone having a bandwidth of I Hertz at any frequelcy between 0.1 Hz and l0 kIIz.

Because acceleration sensors are used more commonly &an displacement sensors to

measure equipment vibrations, it is useful to recast the displacement specification of Fig.

la as an acceleration specification by muttiplying by o)2 (where o is radian frequency)

and expressing the result in pgNHz. The resulting acceleration sPectral density is shown

onFig. lb.
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B. NOISE

The specified acoustic noise limit aom all simultaneously operating vacuum

equipment in normal operation at any location within the LIGO vacuum equipment and

laser areas is NC-20 (Noise criterion) (Ref. 2). This noise criterion, shown on Fig. 2 is

defined in terms of octave band levels starting at the 63llz center frequency band and

extending to the 8 kIIz band.

c. sHocK
Valve actuation or other inteEnittent device operation shall induce no more than

0.01 g peak-to-peak acceleration at any point within I meter of any vacuum chamber.

il. APPROACH TO SPECIFICATION COMPLIANCE

A. O\IERALL PLAN

A comprehensive plan has been put in place to identis all potential sources of

sipificant areas of noise, vibration, and shock, in the vacuum equipment to determine

the degree of compliance with specifications, to design and evaluate control measures

proposed in PSI's proposal, and to test installed vacuum equipment operation in the LIGO

facility. The objective is to achieve the lowest possible impact on th€ gravity wave

instrumentation. This plan, which is under way, consists of the following four parts:

l.VacuumsystemequiPmentisevaluatedwithrespecttovendors'stated

vibration, noise, and shock performance and the inherent equipment desigt features that

impact these charact€ristics.

2. Tests will be made on selected operating equipment in a qualified test facility to

verifi vendor claims and to supplement vendor data with detailed m@surements to cover

the full range of the LIGO specifications. Because the specified vibration levels are

extremely low, low noise instrumentation and specialized equipment mountings will be

used to enhance the capability to obtain measurements over the full frequency range

specified.
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3. Vibration, noise, and shock mitigation requirements as defined by PSI's

proposal will be implemented. constraints imposed by the LIGO facility will be

incorporated into the treatment desigt.

4. Transmission of shoclq vibration, and sound fiom the sources to the vacuum

chambers and to the laboratory floor within one meter of any vacuum chamber are

analyzed mathematically. Estimated levels with first order treatnent in place are

compared with LIGO specifications. Regions where compliance with sPecificatiotrs is

not achievable are identilied for firther review and assessment.

B. SOURCES OF EQI'I?MENT VIBRATION, NOISE' AND SHOCK

1. Mechanical Roughing Pumps

These first stage roughing pumps are not subject to vibration specifications,

2. Turbomolecular Roughins Pumps

Turbomolecular roughing pumps achieve their pumping capability by multi-

stage vanes rotating at high speed (approx. 27,000 RPM). Pump shafts are driven by

brushless motors. Shaft bearing designs include ceramic ball and magtetic'

The principal vibration source of these pumps is the unbalance in the rotor which

produces a spectrum with a line at the rotational sPeed and at its odd and even harmonics'

Vibrations at the power line frequency, tlpically around I ktla and its hannonics result

from magretostrictive effects in the stator pole structure. Fiaally, with non-magretically

levitated bearings, broadband noise, (e.g., due to the interaction ofthe balls with the

lubricant) is ganerated.

3. Ion Pumps

Ion pumps operate without moving parts. They are energized by high voltage

DC from an AC powered controller. Ion pump vibration and noise is primarily associated

with the high voltage power supply and controller which incorporate cooling fans and

transformers.
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4. Crvosenic 80K Pumps

These pumps consist of exposed surfaces refrigerated to a cryogenic temperature

upon which gasies are condensed. The proposed pumps use liquid nitrogen that boils at

atmospheric pressure at a temperature of 8ffK. The boiling action of liquid nitrogen

involves cavitation (i.e., vapor bubble formation and collapse) which produces broad

spectrum pressure pulses that act on vessel and liquid/air surfaces to produce noise and

vibrations.

5. Purging and Ventins Compressors

Non-reciprocating screw compressors are planned for this purpose and will be

located in adjacent Mechanical Equipment Rooms.

6. Gate Valves

Qate valves are subject to the shock specification which limits the peak

vibrational amplitude induced by their operation. Primary mechanisms of shock are

deceleration and seating. Both electric and pneumatic valve acfuators are used for various

LIGO locations.

C. VERIFICATION TESTING

. l. Test Chambers

The background acoustic and vibration levels ofthe test af,eas must be equal to

or less than equipment levels being measwed. A special acoustically treated chamber has

been built at PSI to test the Turbomolecular pump, its backing Pump and the ion pump. A

prototype beamsplitter is being built to test the short cryopump. The gate valves with

actuators and the vent and purge system have higher tevels ofnoise and vibration and will

be tested at the vendors' facility.

2. Equipment Mounting

Equipment to be tested will be suspended or supported compliantly to isolate it

from the test chamber and allow the measurement quasi-free vibration levels required for
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the analysis.

3. Test Instrumentation - Sensors

a. Vibration

When equipment levels are below the measurement capability of general

purpose acceterometers, high-sensitiviry ultra low-noise accelerometers will be used to

define equipment vibration levels. Two such sensors are available to span the full

frequency range of the LIGO specifications. The wilcoxon Research model 73lA

accelerometer (l0V/g, 600 gm) has a useful baltdwidth from 0.1-300 t{2. The Wilcoxon

Research model 9168T0-I (7.5 Ylg,700 gm) provides low noise capability above 300

tlz. The equivalent acceleration spectral densities corresponding to the electronic noise

floors ofthese sensors are shown on Fig. lb. Above l0 Ha the noise floor ofthe model

73lA is lower than the specified amplitude. Above 300 Hz, the noise floor of the

916BT0-l is below the specified amplitude. when a measurement equals the sensols

noise floor, the vibrating amplitude of the test device is at least a factor of 3 dB lower

than the noise amplitude.

Low noise measuremants require limiting the electronic noise that occurs outside

the Aequency bandwidth ofinterest by using high-order bandpass filters'

b. Noise

Operating equipment noise will be measured using a Bruel aod Kjaer type

model 2236 Precision Sound Level Meter octave band analyzer. Acoustic power

measurements will be made for use in assessing the overall sound pressure level in the

Laser and Vacuum areas of the LIGO facility.

c. Shock

Shock measurements will be performed at the gate valve vendor site using

small, lower sensitivity accelerometers such as Bruet and Kjaer model 4384 or 4366.

6
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4. Test Instrumentation Data Anatysis and Processing

a' YibgtiaD

Vibration sigrals will be acquired on a digital recorder and processed to

obtain frequency spectra in the form of spectral densities. Acquisition and processing of

these signals will be performed using a cAA's computer-based SIGNAL system.

The duration of the sigral acquired must be sufficiently long to insure confidence

in the measured spectral amplitudes. Signal duration criteria for autospectral densrty

firnctions are given in Ref. 3. The variance ofthe estimated autospectral density function

( G(fl ) ror a uand-limited Gaussian noise sigral is related to the resolution bandwidth B

in Hertz and the total signal duration T in seconds as follows:

varlQ(J1 , c2a
B T

(1)

where G (f) is the actual autospechal density. Therefore, a time-bandwidth product

(BT) of unity yields avariance equal to the actual function. Forpurposes of estimating

test requirements, we select a time-bandwidth product of 10. This yields sipal

acquisition requirements of 100 seconds for a 0.1 Hz bandwidth and l0 seconds for I Hz

resolution. During these acquisition times, the equipment would have to be stable in its

operationo and the test would have to be &ee from outside interference'

b. Noise

Acoustic measurements will be made using a Bruel and Kjaer tyPe 2236

precision sound level meter. Noise tevels in the octave bands between 63 Hz and 8 kllz

will be recorded. This meter has a noise floor corresponding to tess than NC'10.

c. Shock

Measurements ofshock-induced vibration due to operation ofthe gate

valves will be made by recording the output of accelerometen oriented in three
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orthogonal directions and mounted on the gate valve fixture. The signal will be recorded

during the entire duration ofthe closing evenl and the Peak acceleration anrplitude will

be obtained.

D. VIBRATION MITIGATION

l. Design Approach

The overall approach to mitigating equipment induced vibration encomPasses

both the equipment source and the vibration tansmission paths to the LIGO test

hardware. In the initial review of vendor-supplied information, recommendations were

provided for treatnents that axe easily applied to ttre equipment. Vibration transmission

paths are treated using the approaches described in the following sub-sections.

The equipment vibration measurements will be used to characterize the source

levels. The LIGO specification limits the vibration level at the receiver, on the chamber or

on the ground within I meter of any chamber. To determine the extent of the mitigation

required analyses are perfonned to predict the vibration level at the receiver-

When the source can be effectively isolate4 the equipment vibrations characterize

the source output. When the path from the €quipment to the receiver is not capable of

being effectively isolated, it will be necessary to supplanent the vibration levels

measured on the equipment with estimates or measuremerits of the structural impedance

of the equipment at its attachment. Estimates of vibration transmission will then make

rlse ofan equivalent vibration source using Thevenin or Norton equivalent system

representations (Ref. 5).

The method of modeling the path between the source and receiver is determined

by its complexity and the fiequency ftmge of interest. For simple paths analytical models

are used. For more complex paths, finite element methods are used at the low-mid

frequencies where the modes ofvibration are well separated. Statistical energy analysis

(SEA) methods are used for the higher frequencies where modal overlap is strong'
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Because vibration limits are specified over a broad frequency range (i.e.' 5

decades), multiple strategies may be necessary to reduce equipment vibration across the

entire range . Structural elements having low stiftiess relative to their mating stuctures

provide effective vibration isolation at frequencies below the range where the €lements

become resonant or wave-be€ring structures. Compound equipment mounts obtained by

connecting multiple isolator stages in series can be used to enhalce vibration isolation

effectiveness. Use of compound mounts is primarily limited by space availability.

Above the frequency range where isolators behave as simple compliant elements,

vibration energy is transmitted along these elements in the fomr of propagating strucnral

waves. Thii mode of enerry traosmission can be reduced with a combination of

"blocking" masses and damping. Ttre concept of blocking masses is to provide an

impedance discontinuity along the energy transmission Path to reflect Propagating waves.

Since this approach does not dissipate structural energy, damping treatmen8 are added to

the isolator. Damping teatments using viscoelastic materials applied to the extemal

surfaces ofthe isolator can be designed in the form of both unconstrained and constrained

layers.

. 2. Mitigation for Specific EquiPment

a. Main Turbomolecular Pumps

Each of the main turbomolecular Pumps is separated from its backing pump'

The turbopump is placed on its own cart and separated from the interferometer by a soft

bellows. The turbopump/cart is anchored to the floor to prevent tbe bellows from

compressing axially due to the extemal pressure. High frequency isolators in the form of

rubber bushings and wash€rs isolate the turbopump from the cart.

The backing pump, which is a much greater source of vibration than the

turbopump, is placed on its own cart and located in the Mechanical Equipment Room.

The backing pump cart has its own vibration isolators.

9
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b. Ion Pump Power Supplies

The source of vibration with the ion pumps are the power suPPlies. For the

large ion pumps the power supplies are located in the Mechanical Equipment Room.

Vibration isolators will be used if needed. The small ion pumps' power supplies are

located in the Vacuum Equipment Room and rest on vibration isolators. The cable will

be flexible and incorporate "drip loops" to enhance flexibiliry.

c. Cryosenic Pumps

The 80K pumps will produce vibrations due to the formation and collapse of

bubbles in the liquid nitrogen. A-u experiment using air and water to simulate the two

phase flow ofthe nitrogen entering the 80K pump showed that the genenrtion oflarge

bubbles via the inlet pipe can be reduced by bringing Ote stratified flow from the inlet

pipe abovq the liquid reservoir. The incoming liquid flows gently down a chute into the

reservoir while the gas escapes without bubbling through the liquid. The bubbles

g€,nerated from the boiling liquid in the reservoir are smaller and generate higher

Aequencies. Vibration transmission into the interferometer resulting from this action is

reduced by low frequency isolators.

An additionat soruce of vibration from the 80 K pump oPeration is due to vibration

in the supply and retum lines. Flex lines are used to attenuate the vibration'

d. Purging and Venting Compressors

The vent and pwge system will be skidded and placed inside the Mechanical

Equipment Room. The skid is mounted on vibration isolators. The discharge and suction

side of the system in the comer station have mufllers or sound attenuators, The mid and

end station's systerns are not operated during interferometer operation.

e. Equipment Located in Adiacent Mechanical Equipment Rooms

The turbomolecular backing pumps, vent and purge compressor skids, and the

ion pump controllers are located in Mechanical Equipment rooms. These rooms :ue

l 0
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located adjacent to the vacuum equipment area on sepnrate floor slabs. All lines going

from the mechanical room to the vacuum equiPment area will have flex connectors.

E. NOISEMTIGATION

l. Design Approach

Noise radiated by operating pumps and electonics can be mitigated by

reducing the vibrations of the extemal structural surfaces of the equipment. Measures to

accomplish this include extemally applied structural damping trealments. Vibration

isolation may also be required as a component ofnoise contol.

2. Implementation

A computer model of the vacuum equipment areas is utilized to predict the

combined noise levels in the specified NC contour octave bands from 63 I"Iz to 8 kllz

fiom the vgrious vacuum pumps and auxiliary equipment located in these areas. The

input to this model is the acoustic power measurements performed on the operating

equipment. Any remotely located equipment that could contribute to the noise via

transmission through walls, doors, ductwork, and other flanking paths is also included.

The model includes the sound absorption and scattering effects of major equipment such

as chambers, beam tubes, large diameter piping, and other large objecs, as well as the

sound absorbing properties ofthe room boundaries. F4uipment identified by the model

as exceeding the NC-20 noise specification will be evaluated for 2nd order noise

reduction treatment (if authorized by LIGO).

Noise measurements on representative vacuum system comPonents will be made

either at PSI, a vendo/s facility, if suitable, or at a conrmercial acoustical laboratory.

Measureme,nts will include octave or third octave band over the NC frequency range.

Depending on the test facility, either sound pressure at a given distance and at various

positions around the source or sound power will be measured. From this data and the

room model discussed above an initial prediction of total noise at variow locations in

l l
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the Laser and Vacuum area will be made.

Specific noise confrol second order options for the vacuum system components

are indicated below (note these options are not included in the current cont?ct).

a. Main Turbomolecular Pumps

If necessary the pump and motor housing will be shrouded with loaded vinyl

sheet laminated to open cell foarn. Damping treatnents, discussed above, can also be used

to reduce sound radiation from support structures.

b. Cryoqenic 80K Pumps

The magnitude of acoustic uoise emissions of the boiling nitrogen inside the

sbroud needs to be measured. It is anticipated that the insulating vessel required for the

shroud may be sufficient to preclude the need for further noise reduction.

c. Equipment Located in Adjacent Mechanical Equipment Rooms

The turbomolecular backing pumps, vent and purge compressor skids, and the

ion pump controllers are located in Mechanical Equipment rooms. These units can take

advantage ofthe noise control provisions required to adequately isolate auxiliary

equipment (e.g., fans, chillers, pumps) Iocated in these rooms from the vacuum

equipment areas. Airbome noise isolation required for mechanical equipment to achieve

the project noise goal in lhe vacuum equipment areas through walls, doors, windows,

ducts, and rooflceiling design is assumed to be adequate for isolation ofthe vacuum

equipment to be located in the Mechanical Equipment rooms as well- If authorized by

LIGO, supplementary noise control treatnents, recommendations of the vacuum

eguipment can be provided should the noise isolation in the Mechanical Rooms be found

to be inadequate for meeting the project noise goals in the vacuum equipment areas.

F. SHOCKMTIGATION

The gate vblves are located in close proximity to the chambers. With the exception

of adding a short flexible bellows, btocking the shock path is not an option. In this regard

l 2
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therefore we have required the valve manufacture to reduce the shock at the source- The

valves will be compliantly supported from below to isolate them from the facility floor.

rV. SOURCEMEAST'REMENTS

At this time there is no equipment available to obtain source measuremeNrts. The

h[bomolecular pump vendor provided vibration data for a similar pump. This will be

used to estimate vibration levels at the end station. The vibration levels used for the

analysis is shown in Figure 3. For the acoustic analysis, estimates of sound lwels were

obtain by either measurements on similar equipment at vendors facility or from

e)iperience.

V. TRANSMSSIONA}IALYSIS

A.VIBRATION

The modeling of the tansmission path between the source and receiver is divided

into three frequency regions, low, mid and high. In the low frequency or large st,uctrral

wavelengths region the vacuum equipment and connecting rnanifolds are model with

beam finite elements, the foundation slab is represented by plate elements and lossy

springs represents the soil. The model can be extended large distances and captures the

primarily low frequency influence of the boundary on the transmission path'

The transition from the low to mid frequency region begins when the struchral

behavior is no longer comPact and chcumferential shell modes exist in the equipment or

the manifold. In the mid fiequency region the transmission path is modeled with

a<isymmeu.ic finite elements. The model assumes the structure is symmetric but applied

loads, boundary conditions and displacements need not be axisymmetic. The mid

frequency model is limited by size of the model and the influence of the boundaries

where the model is artificially terminated. Typically boundaries become less important

with increasing frequency. By varying the boundary conditions, the impact of the

l 3
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boundary is determine in the analysis.

The limitation of CAA's computer and th€ Nastran finite element program

deterrnines upper Aequency limit of the mid range. Above this frequency statistical

enerry analysis is performed. With this technique the structure is divided into subsystems

and the power flow between subsystems is calculated based on coupling loss factors.

Transmission path models ofthe vacuum system are currently being developed.

The following sections describe preliminary models and results for the vacuum

equipment in the end station (Figure 4).

l. Low Frequency Model

A Nastran [6] finite element beam representation of the equipment is plotted in

Figure 5. Beam cross sectional properties are calculate for all the equipment and their

supports. stiffe,ners, flanges and non-structural parts are modeled as mass. The 30"

concrete floor is model with plate elements and the soil is model as lossy springs. The

soil properties were obtain ftom Parsons report [7].

The upper frequency limit of ttris model is approximately 50 Hz' Above this

frequency circumferential shell modes occur. Below this frequency the body of

equipment and the manifolds behave as a rigid mass on the flexibility of the supports and

bellows.

Unit forces in each ofthree directions are applied at the two turbo pump locations,

the floor below the nrbo cart and at the cr)'opump' observation locations were with 1

meter of the beamsplitter on both the manifold and the concrete slab. Large tansmission

losses are observed across the bellows and via the concrete slab path.

Estimates for source levels are available for only the turbomolecular pump (see

Figure 3). Norton theorem is used to convert the acceleration levels to forces. The pump

is connected to the manifold nrbe by a soft bellows. The bellows axial spring rate (60

lb/in) is much less than the stifiress of the pump. The pump then can be consider a pure

l4
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velocity source and a force across the spring into the manifold can be computed. Results

are listed in section 4.

2. Mid Frequenc]'Model

The purpose ofthis section is to describe the finite etert€nt analysis that we

performed to study the mid-ftequency behavior ofa portion ofthe end-station stnrcture

adjacent to the beam-splitter. Figure 4 is a sketch ofthe portion ofthe LIGO vacuum

equipment that we refer to as the end-station stnrcture. We developed a finite element

model of a portion of end-station stucture, indicated in Figure 6, for a preliminary study

ofthe vibration levels produced near the beam splitter due to mid'frequency vibrations

from the turbopump. The Nasran computer plot of the model is shown in Figure 7'

The mid-frequency model consists ofNastran axisymmetric conical shell and

trapezoidal.solid elements. These Nastran elemetrts can only in themselves model

axisymmetric structur€s; however, the applied loads and displacements need not be

axisymmetric, as &e element formulations use a Fourier expansion about the azimuthal

coordinate [6]. The conical shell elemen! used primarily to model the fhin shelVplating

that predominates the structwe, includes both membrane and bending flexibility (with the

possible inclusion oftransverse shear flexibility). The non'axisymmetric features ofthe

structure, such as the ion pump and supports, are not modeled in this stagF in the analysis,

but it would be a straightforward task in the funne to model some Of &ese features via

concentrated loads simulating lumped impedances, such as simple inertia or compliance'

The attachment of the manifold tube to the beam spliUer is modeled at this time as a fixed

boundary condition. Future models would possibly include other boundary conditions at

the beam splitter end or the use of a tenninating skucture simulating the impedance seen

by the manifold tube at the splitter. The bellows, on the other end of the structufe, is

modeled with coriical shell elements fixed at the far end with properties assigned to give

an effective axial stifftress of6514 lb/in (specified by bellows manufacturer) and a

l 5
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negligible bending stiftress.

The vibration of the turbo-pump was simulated by point loads in the radial, axial,

circumferential direction applied at the center point of the location of the turbopump.

The Nastran direct frequency formulation was used for these calculations. The analysis

was performed to 500 Hz. Higher frequencies will be computed in the future.

We obtained the radial, axial and tangential comPonetrts of the acceleration

response of the model at various azimuthal locations and axial locations within I meter of

the splitter end. We examined these results and present those that appear to represent the

"worsf' cases ofvibration transmission in Section 4.

3. High Frequenc]' Model

a. Introduction

In this section we present a high frequency analysis of stnrctureborne noise

propagation along an end section stucture from a gate valve to the beam splitter. For the

thin shell and plated box-like struch[es along this path the predominant high fiequency

wave motion tends to be flexural. By high frequency we mean Aequencies at which the

flexural wavelengths are small relative to the structural scales, such as the lenglhs and

diameters of the tubular sections. For thin steel plating the flexural wavelength is given

by

1', = 2nlk, = 6xI olr/Mj /f(H4

where h is the plating thickness and f is frequency. To illustrate, with l/4 in. plating at I

1/J1?.., )'f-lz.in Structurebome noise levels will attenuate as they propagate ftom a

noise source to a receiver. The overall attenuation is the result ofboth a spreading ofthe

vibration energy dnd its dissipation, that is conversion to heat. Along two dimensional

plated structures the spreading is cylindricat with acceleration levels decreasing as r -12

(2)

t6
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where r is the distance (range) along the plating from source to receiver. Dissipation

associated with flexEal wave propagation is conveniently expressed in terms of a

structural loss factor q . Here the associated attenuation is of the fomt

exp( k71/$ exp( nry/D")' Dissipation may also be associated with parallel

propagation paths that do not measurably couple to the receiver. For example for the

problem of interest, the vibrational energy transmitted to the concrete slabs and in nrm the

ground via tbe manifold tube suPPorts is believed to fall into this category'

statistical energy analysis (sEA) is an analytical forrrulation that captures the

phenomena described above and allows one to estimate absolute levels at receiver

locations, e.g., the beam spliner, in terms of the noise source strength (input power). The

technique is briefly outlined below and applied to the end station in the following section-

b. Statistical Energ.v Analysis (SEA) Concepts

With this technique the structure to be analyzed is divided into subsystems each

"large" in terms ofthe characteristic wavelengths. For each subsystem "j" a steady state

power balance is imposed

xtrj,,

where $ is power input to the subsystem, { it th. po*o it dissipates and {* the

power "lost" to neighboring subsystems. A fimdamental sEA concept is that the above

dissipated and "coupled" powers are proportional to the space-averaged stored energy of

the subsystem, <E>. Specifically [E],

ni 6\i<Ei>

nj ni (3)

and

t 7
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tri*: t[tt;r.Er> - \ucEe>]

here a 2rcf and q, and l.r,r tre defined as dissipation and coupling loss factors.

For strrctureborne noise

<1ft.> : @z<Ej>lM.

where <rlf is the subsystem space-averaged squared acceleration and jly', the subsystem

mass. The analysis is executed by defining the appropriate subsystems, using Eq' 2 to

formulate a set of simultaneous eqrxttions in the unknown stored energies, obtaining the

required loss factors [9], defining the source snength(s) solving the equations and finally

using Eq. 5 to obtain the desired response. This is described below for the €nd section

stnrcture pictured in Fig 8.

c. SEA Model of LIGO End Section Structure

The section being analyzed is shown in Fig 8. There are twelve subsystems in

our SEA representation, each a uniform section of the tubular manifold' Power is coupled

among them across structural discontinuities of various types, viz., stiffening ribs

modeled by their inertia, bellows characterized by their compliance, and section radius

changes. Power may also be transmitted througb the supPolts and lost to the floor slab.

In addition it propagates beyond the modeled sections where it is "lost" to the beam

splitter on one end and the continuation ofthe manifold on the other'

As is common practice with this approach, we obtain the required coupling loss

factor expressions from the analytical solutions to highly idealized' so called "canonical",

probtems. For coupling from one manifold section (i) to another (i) we take all such

problems to be one-dimensional with a loss factor of the form a\, tr i/Mfv:>

(t

(6)

l 8
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where <v,5 is the mean squared velocity of subsystem i, Also manifold curvature is

igrrored, thus limiting the validity of the analyses to frequencies above the ring frequency

(Q aalc I ) of the smallest diameter (ul4 in.) manifold section, roughly \.4kLlz.

For coupling across a bellows the coupling loss factor is obtained from the model

sketched in Fig 9a. Coupling is through shear forces inducing flexural vibrations.

Assuming a high performance bellows and in turn "weak" coupling the result is

rtl," : 2(kb"tl @)z RetY)l m t

vvhere k*, K*f2na, and m, MfLnc, are respectively the spring constant of the

bellows and ttre total mass of subsystem i both per unit distance around the

circumference. Ilr, (Z)^ f(t t)a(ph/k)/2]-I is ttre admittance of the subsystem j

plating taken to be semi-infinite in extent with k, t r/t+eaiaE the flerural wavenumber

in the plating c is the material sound speed and h the plating thickness [0]. The factor

y I p-z1v+ is introduced to account for the stiffening of a tube owing to its curvature

as the Aequency approaches its ring frequency from above I l].

Coupling across a rib or a flange at a section radius change, modeled via their mass

per circumferential distance (m,*),is analyzed similarly as shown in Fig 9b. Here the

coupling loss factor is given by

orlj,r lZprl 2,,)2 RetYrUlr,,

with Zr, itomr,o and again we have assumed a strong discontinuity and hence weak

coupling.

Finally, in Fig 9c we sketch the model for estimating the coupling loss factor from

manifold plating into the floor slab via a support. The plating and slab are modeled as

(7')

(8)

l 9
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effectively infinite ptates and the (point) support is massless and rigid. The plating

discontinuity provided by the support nulls the motion at the interface and in so doing

generates a force that is transmitted to the slab where the energy dissipates. Here the

coupling loss factor becomes

@rt isur 
= 2(7. -or/ M)(7rul 2,6,)

where Z-ae 14/{-Z(pch2), is the drive point impedance of the manifold plating assumed

to be of infinite extent u2l and zo1,/z,ut @ch2)/(pch2)"66<<1. is the ratio ofplating to

slab point impedances.

For rhis preliminary waluation, 1. we let 1 d 0.04 for all subsystems tlpical of

fabricated structures, and 2. the parallel path through the concrete slab is igrrored. Our

excitationsource is the turbomolecular pump located in subsystem 5. The input power is

taken to be that for a compact radial force, F7p151, driving the tube plating as if of infinite

exten! P, flrolZo,o

In the following section results are presented for the mean squared accelerations

in the driven section (5) and downstream in section l, closest to the beam-splitter.

4. Results

In the implementation of all three models a force is applied to the

turbomolecular pump's connection to the manifold tube in the radial direction. The drive

point accelerance at this location, or the averaged-drive compafrnent acCelerance in the

high frequency range, is plotted in Figure 10. The data fiom the three models collapse at

the drive point. The transfer function accelerance from the drive point to locations within

one meter of the beamsplitter is plotted in Figure I I . In the low to mid &equency range

there is a 10-20 dB reduction from the drive point location. In the higb &equency range

the discontinuities in the system, as modeled, produce much greater reductions.

The turbo pump source levels shown in Figure 3 have been applied to the models

20
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and the estimated accelerations near the beamsplitter computed. These levels are

compared to the LIGO specification levels in Figure 12. In the low- to mid-aequency

range where the source levels can only be roughly approximated from the available

information, the predicted levels exceed the LIGO specification by 20-40 dB.

B. NOISE

The purpose of the acoustical models is to predict the noise level at specific

receptor locations in the various Laser Vacuum Equipment Areas of the LIGO End

Station at the Washington Site generated by vacuum pumps and auxiliary equipment

provided to LIGO by PSI to which the project specified operational noise criterion

spectrum of NC-20 applies. Noise fiom other ventilation and other machinery or

personnel is not included in this acoustical analysis.

The elements incorporated in the model include the following:

Noise Sources - sound pOwer [or equivalent sound pressure and distance] in octave

bands &om 31.5 to 8 kllz center frequencies.

Room Acoustics of Vacuum SunPort EquiPment Rooms IVSERI - The End

Station has a room dedicated to vacuum pump support equipment'

Noise Reduction of Envelope of VSER. partition, door, and other components of

VSER's contributing to airborne sound tansrnission to the LVEA"

Room Acoustics ofLVEA - acoustical treaunent of ceiling and sound absorption

of other surfaces; effect of scattering by large equipment; distances between

sources and recePtors.

ThesemodelelementsarehandledbyspreadsheetcomputerPrograms[Lotusl23]

customized for this project. Source noise outputs are based on either manufacturers' data'

measurements perfoimed by CAA / PSI as described in the statement of work, or estimates

based on information in our files of the closest equivalent equipment where information is

2 l
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not available at the time of the initial computations.

2. Equipment Included in the Acoustic Models

As previously stated, the sources included in the acoustical models are vacuum

pumps and auxiliary equipment manufactured or procured by PSI for the LIGO project to

which the project specified operational noise criterion spectnrm ofNC-20 applies. In corner

Stations a segment of the LIGO system may be in operation while anottrer is sealed off

temporarily from the operational segment for repairs or modifications. In such situations the

Vent and Purge Equipment would be in operation and it's noise sources must be included in

deterrnining the acoustic levels at critical operational vacuum componetrts. segments.

It is assumed, initially for lack of complete noise level information, that the Small lon

Pump Controllers produce no sipificant noise; that the Cryopump produces a noise

spectrum rhat matches the ambient noise level, and that the Vent and Purge Compressor

noise equals that of a specific Siemens Side Channel Compressor [2CH4] having a caPaclty

similar to that of the compressor in the selected system. For the Large Ion Pump Controller

a haystack spectrum of modest level similar to typical fan cooled electronic equipment is

used. The TMP is assumed to be operating, however, the calculation can be repeated

without its contribution, to model the more typical condition.

3. Room Acoustical Models

a. Model of vacuum supgort equipment rooms

The acoustical model of these equipment spaces assume that there is no

special sound absorbing treatrnent installed and that all room surfaces have very low

sound absorption coefficients over the frequency range of the model [31.5 I-Iz to I kllz'

octave band center tequencies]. However, due to the closely spaced array of

equipment there is considerable difhrsion and multiple reflection of sound waves

resulting in an effective sound absorption coeffrcient for the nominal room boundary

surfaces, i.e., floor, ceiling/roof, and walls, that is typically found to be higher than that

for surface. The model uses absorption coeflicients that lie between l0 and 20%'

zz
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varying with frequency ' If a particular machine or the dominant noise source of a

machine is close to a wall there is no reduction due to room reverberation an4 in fact

a small enhancement ofthe sound pressure on such a surface may oc€ur'

Basically,thesoundpowerofeachsorrrceisreducedbytheeffectiveabsorption

characteristic of the equipment room' taking note of any nonquati$ing machine

locations. It is firther reduced by the combined sound transmission loss ofthe room

envelope components in common with the receiving space, the LVEA' The resulting

sound pressure is assumed to radiate from the envelope into the LVEA with an

equivalent acoustic power in proportion to the associated radiating area'

. b. Model of end station laser vacuum equiPment areas

ThemostcriticalreceiverlocationsintheL\|EA'sareBeamSpliaer

Chamber vessels and beam nrbes or beam manifolds which intercept the airborne

sound and transmit them [as sfucturebome sound or vibrations] to nearby seositive

optical components in the LIGO system. The sound sources include the envelope

elements of the VSER as well as equipment located directly in the LVEA including

Small Ion Pump Controllers' 80K Cryopumps'

The acoustical nature of the larger LVEA's, especially the Comer Stations'

have larger volumes which contribute to longer reverberation times, however, this

undesirable effect is largely cancelled out by the sound absorbing ceilings which have

relatively high absorption coefiicients [averaging around 60%]'

Acousticlevelsfiomsourcesthatarezo'directlyadjacenttothesensitive

receptors will decrease substantially with distance, primarily because of the absorPtive

ceilingbutalsobecausethelargevacuumequipmentwillprovidetbescatteringand

multiple reflection effects described above for the VSERs' The room corrections in

each octave band and for each source - receiver pair incorporate both the distance and

sound absorption factors as well as small atljustnents, as appropriate' based on

experience.
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4. Sound Transmission Calculations

The primary paths of sound uansmission fiom VSER to the LVEA are the

common partition and the single access door. Their constnrction, e.g., thickness and type of

material, e.g. glrysum wall board tC$/B] determines the transmission loss versus frequency

obtained through laboratory measurements of specific partitions' Usiag information on

these partitions obtained from the RalPh M. Parsons co., the facility designet, we can

determine the needed information even if the exact consfuction does not precisely duplicate

any ofthe tested partitions using our priorjob files and a large quantity ofpublished

infonnation on this subject. For the door, a standard office door that is fully gasketed is

assumed and, as will be seen, a special acoustically rated door may be desirable for meeting

the noise criterion.

., 5. Results of Initial Calculations

The results ofthe noise analysis for end station is shown in Figure 13. The

calculations indicate that 1) the TMP cart creates sound levels at the vacuum vessel or beam

tube which it is servicing that exceed the noise criterion by as much as 27 dB [in the 500 Hz

Octave Bandl and 2) that noise from support equipment in the VSER exceeds the criterion

by I to 10 dB in most octave bands. The latter transmission is, however, dominated by

leakage via the pass door between the VSER and the LVEA'

VI. LIGOCOMMISSIONTESTING

During the commissioning process of the irstallations in Hanford, WA and

Livingsto4 LA" measurements ofvibration and noise ganerated by vacuum systan

equipment will be conducted. Vibration measurements will be made on one each of the

following chambers: horizontal access module;rbeam splitter modulef

(WA site only). At each chamber, normal vibration (i.e., single axis) measurernents will be

made at one location on the floor within 1 meter of the chamber. Tri-axis measurements

will be made at two locations on each chamber. Measurements will be made with and

without operating auxiliary equipment for the purpose of establishing ambient levels'
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Additionally, sound pressure levels will be measured in the vicinity of each chamber with all

vacuum system components in normal operation.

Shock measurements will be made on representative chambers during the o'peration

ofthe gate valves. For the baseline tests, the beam-splitter chamber located at the vertex

will be instumented for tri-axis shock measurements dwing the operation of the 35 and 15

cm gate valves on the chamber and ofthe nearby 122 cm gate valve. Tri-axis shock

measurements will also be made on the following: (l) one mid or end station chamber

during the operation ofa nearby I 1.2 cm eate valve.
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19 PURPoSE

The purpose ofthis procedure is to define instructions for preparing the Design
Goals/Requirements Forn for the LIGO project.

GENERAL

As part ofthe LIGO project management pla4 PSI has committed to generate desigrr
criteria for for each subsystem and major component. The desigl criteria is to be listed on
the Design Goals/ Requirements form. The Design Goals/ Requirements form is to be
completed as an initial activity and serves as a baseline document against which the desigrt
is developed. The purpose of the Design Goals/ Requirements form is to aszure tlnt the
resulting desigrr is compliant with all ofthe requirements of the Contrac! Statement of
Work, Technical Specification , and good engineering/design practice.

A project Design Goals/ Requirements master file is maintained by the technical director'
As *ith other documents the Design Goals/ Requirements Form should be dated and if
changes are made they should be noted by the revision level.

RESPONSIBILITY

It is the responsibility ofthe cognizant engineer to prepare and issue the Design Goals/
Requirements form. The form is to be reviewed by the technical director prior to iszue.
Each element of the Design Goals/ Requirements form should be signed offwhen the
requirement has been completed by incorporation into lower level project documents
including calculations, specifications, drawings, manufacturing, test, and hstallation
procedures. The Design Goals/ Requirements form is to be reviewed, updated and
issued as part of each design rwiew meeting minutes.

4.0 ATTACEMENTS

z

o

Attached is a list of componentVsubsystems for which
form is issued.

a Design Goals/ Requirements

SPECIFtCATTOI{
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rille spECIFIcATIoNFoRRoucHINc puMp cARTs

I
SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembiy, inspection, testing, preparation for shipping, and shipment of
roughing pump carts. Separate carts shall be provided for the roots-type pump and for the
backing pump.

All attachments are part of this specification.

The specified equipment is intended for use as part of the Vacuum Equipment suppliec
for the Laser Iirterferometer Gravitational-Wave Observatory @IGO). LIGO, which is
operated by Caltech and MIT under an NSF conhact, includes two installations at widely
separated sites: near HanfonC, WA and Livirgston, LA. Each installation contains laset
interferometers in aa L shape with 4 km long arms, a vacutun system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDULE

Equipment delivery (for pairs of carts) shall be as follows:2.1

Washington Site:

Louisiana Site:

Ouantity Date

2 811196

2 8ll0t97
A

il" Acceptances at the sites (the start of Vendor's warra4ty periods) are expected to occur on
a staggered basis, with final acceptance to occur no later than 6 months after delivery.

)
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3.0

J . l

3.2

- f . J

EQUIPMENT REQUIREMENTS

Each pump cart (set) shall be capable of roughing down a volume of 2,000 cubic meters
from 760 torr to 1 torr without overheatinq.

Deleted.

The minimum required pumping speed at the pump inlet at 1 torr is 500 cftn; at 0.1 ton
the minimum required purnping speed is i000 cfin. The pump set shall be capable of
roughing a volume of 200 cubic meters from atmosphere to I torr in 4 hours or less.

Vendor to specift system performance when cart is separated (see paragmph 4'1'l).

DESIGN REQTIIREMENTS

The pumpcarts wiil be required to operate under two distinct operating conditions: Beam
Tube evacuation and Vacuum Equipment evacuation.

1. Beam Tube Pumping

The main roughing pumps will be used to evacmte the 2000 m3 beam tubes. For
this case the roughing pump carts wiil be separated by approximately l0'. It is the
intent of this specification to allow this cart configuration to be the sup'pliers
standard design.

The beam tube evacuation will occur during initial stages of construction prior
to completion of the Vacuum Equipment Building. During this phase, a
temporary stucture will house tle purrping cart system. The pumping carts will
be located on the Beam Tube Anchor Foundation (see Attachment D).

2. Vacuum Equipment Pumping

For evacuating Vacuum Equipment during installation and maintenance' the
pumping carts wili be separated into two sectiotts. The first stage blower will be
close coupled to the Vacuum Equipment in the Vacuum Equipment room' The
fust stage pumps will discharge into a vacuum header connected to the second
stage blower and backing punps which will be located in a separate Mechanical
Equipment Room (to minimize noise and eliminate the requirement for supplying
large quantities of cooling water into the Vacuum Equipment Room). The
vacuum equipment support struchre for tle final con-figuration of the first stage
blower will be provided by PSL

lz-q
4.0

SPECIFICATION FOR ROUGHING PUMP

SPECIFICATION



Title
SPECIT'ICATION FOR ROUGHING PIJMP CARTS

ll'
i

l-

1.2

1.3

Mechanical Requirements

Each cart set shall consist ofa roots-type blower cart backed by one or more mechanical
pumps on a separate cart, and accessories described below and on the attached P&ID
Bypass valves shall be provided if required by the vendors desip. hitial operation will
have the blower and backing pump separated via the 10' of flex hose between blower
discharge and the backing pump. Future operation will have the carts separated via 10' of
flex hose and a vacuum header.

Each cart shall be a complete system mounted on a frame suitabie for operation in a
Federal Standard 209 Class 50,000 environment (cleanroom). Vibration isolation
supports shall be included. Castors or pallet j ack access must be provided for each cart.

The design of the carts shall preclude contamination of the vacuum charnbers during the
life of the equipment, even in the event of equipment failure or operator error.

Any required utility conaections (such as f61 eseling water) shall be manifolded to a
single connection point and terminated appropriately (such as with an isoiation valve and
a 1/2" quick disconnect fitting). Filtered cooling water will be provided as follows:

1.4 The process inlet to the cart shall be suppiied by others. Seals shall be.nonlubricated
baked Viton O-rings.

1.5 The process outlet from the roots-type pump cart shall incorporate a l0' long flex line for
cormection to the backing pump or in the future a vacuum header. This connection shall,
depending on tle required tube size, be au ISO Quick Flange or Large Flange with double
claw clamps. Seals shall be non-lubricated baked Viton O-rings.

14.1.6 Provision for sealed connection to a ducted facility exhaust system shall be provided on

I th" backing pump outlet.

4.1 .7 There shall be no oil in the pumping path.

l"'
Supply Temperature:
Supply Pressure:
Return Temperature:
Retum Pressure:

20 -25C
3. - 5. bara
25 - 30C
2. - 4.bzl:a

Cooling water hose kits shall be provided to interconnect the blower cart and the backing
pump. The hoses shall be 15' long.

z
3
o

o
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Title
SPECIFICATION FOR ROUGHING PIJMP CARTS

lla.1.9 The roots pump cart inlet nozzle shall be located at as low an elevation as possible. A

ll blind flange with a gauge connection and suitable volume for shop speed testing shall be

ll provided.

4. 1 . 1 0 The acoustic noise and vibration requirement detailed in Section 5 . I of Attachment A do
not apply to the roughing pump carts.

A 1 Electrical Requirements

4.2.1 InstrumentationRequirements

i4.2.1.1 There shall be Pirani vacuum gauges located at each pump inlet (both the roots pump and

I the backing purnp). Bakeable vacuurn gauges are required only for the inlet (chamber

I side) of the roots blower. A local vacuum gauge readout confoller shali be provided.

i The vacuum gauges will remain wittr tJre roots blower when the backing pump is

I remotely located.

4.2.1.2 T\erc shall be auxiliary valved (manual valves) ports to allow connection of a leak
detector.

4.2.i.3 All unused ports shall be fitted with blankoff flanges.

i4.2.1.4 A pwge gas flow switch (or pressure switch) shall be provided to shutdown the cart when

I there is insufFrcient purge gas flow (or pressure). An adjustable 10-60 second delay timer

I shall be included in the shutdown logic to prevent spurious shutdowns.

4.2.2 ControlsReouirements

4.2.2.1 Contols for local operation shall be pmvided. The Buyer will interconnect the cad
wiring when they are installed in the split location for Vacuum Equipment pumping
(terminals to be provided by the vendor). In addition, provide terminal ships in a
junction box to interface with the future LIGO control system. The following signals
shall be orovided:

z
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SPECIFICATION F'OR ROUGHING PTJMP CARTS

Descriotion

Purnp Running @ach Pump)

Auto. Valve Open

Roots Pump Inlet Vacuum

Backilg Pump Vacuum

lPurge Gas Shutdown
I

Signal Type

Dry Contacts

Dry Contacts

0 - l 0 v D c
0 - l 0 v D C
Dry Contacts

4.2.2.2 The pump carts shall be self-contained so that" under power failure or pump failure,
interlocks shall prevent pumped chambers from being vented or from being exposed to a
non-operating pump.

4.2.2.3 A manual gate valve on the chanber nozzle will be provided by otters. A fail closed
pneumatically actuated 6" UHV gate valve (with pilot solenoid and open and closed limit
swirches) shall be provided on the inlet ofthe roots pump cart. The controls necessary to
close this valve on pump failure shall be incorporated into the cart controls.

l+.2.2.+

4.2.2.5 Pumps shall be stopped and started by pushbutton swikhes located on the blower cart.
The backing cart shall be capable of being started and stopped by a signai from the
blower cart.

4.2.2.6 Yendor must list in his quotation all safety devices (such as flow switches, pressure
switches, temperatwe switches, safety relief valves, etc.) supplied with the systems.

4.2.2.7 \ endot mltst provide in his quotation a brief description of all operational sequences such
as startup, normal quotation, nomral shutdown, safety shutdowns, etc.

SPECIFICATION

Page 7 ot
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SPECIX'ICATION F'OR ROUGHING PTJMP CARTS

4.2.3 PowerRequirements

4.2.3.1 Power connection to the cart shall be by an appropriate 20' long cord witl wistloch
NEMA typ€ plug configuration (a single connection for the cart including controllers
when configured as one assembly). Required controllers and overload protection shall be
provided on the cart. Vendor must provide specifications for the power and control
cables needed to connect the separated cart components. The field wiring cables will be
provided by the Buyer when the blower is remotely located. Vendor will provide the
cables needed when the carts are located tosether.

l+.2.+ Purge Gas
I Clearu &y, air will be supplied at 80 psig for use as seal purge gas for the vacuum pumps

I requiring this utility.

5.0 REQUIREDDOCUMENTATION

Documentation requirements listed in Attachment B and attached Q.A. requirements
form, Attachment A shall be provided according to the Buyer's schedule.

6.0 SHOP TESTING

In addition to the Vendor's standard tests, each electrically powered vacuum ptunp cart
shall be tested for speed, ultimate pressure, leakage and operation of protective features.
All safety interlocks sha1l be tested for proper operation by simulating the faulted
condition.

INSPECTION

All testing and inspections called for in Attacbment B (Specification V049-2-033 General
Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requriements are listed in Attacbment A, Quality Assurance Requirements
Summary.

WARRANTY

Refer to Specification V049-2434, Equipment Purchase Commercial Requirements for
Waranty Requirements

7.0

8.0
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Title: SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS
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Title spEcIFIcATIoN FoR MAIN TURB0MoLECULARPUMP cARTs

)

1.0 SCOPE

This specification covers the minimum requirements fot the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of the
main turbomolecular pump carts (and backing pump carts).

All attachments are part ofthis specification.

The specified equipment is intended for use as part of tle Vacuum Equipment sgnplied
for the Laser Inierferometer Gravitational-Wave Observatory GIGO). LIGO, which is
operated by Caltech and MIT under an NSF contracq includes two installations a! widely
separated sites: near Hanford, WA and Livingston, LA. Each installation conlains laser
inGrferometers in an L shape with 4 km anns, a vacuutn system for the sensitive
interferometer components and optical beams, and other support facilities.

lnformation contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other pafiy.

SCHEDULE

Equipment delivery (for pairs of carts) shall be as follows:

2.0

2.1
)

PSI (Westboro, MA)

Washington Site

Louisiana Site

Total Required

Quantity Date

2 41U96

4 8n/96

4 8/10/97

10

I
L

Acceptances at the sites (the start of Vendor's wananty periods) are expected to occur on
a staggered basis, within 6 months of delivery.
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SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS

3 .1

EQ{IIPMENT REQUIREMENTS

The main turb-omolecular pwnp carts are to be used to pump down large volumes ftom 1
torr to 1- x 10-6 torr. The minirirum speed at the inlet po'rt strill be t,+OO ys for nitrogen at
1 x 10-3 ton. The purnp set shall be capable of a thioughput of ai least 5 torliteis per
second at a backirig pressure of I torr: The pump sei siptt be capable of prunping a
volume of at least 2,000 cubic meters (from 1 torr to 1 x 10-" torr) without overheating'

The backing pwnp will be used to rough pump volurnes up to 70 ml frorn afrnosphere.
The cart shfrfbe equipped wittr a blpasi tiie aria manual vaiving to allow the turbo pump
to be bypassed dudng early stages ofpumpdown.

Vendor to speci$ system performance (speed vs. pressure curve) when the cart is
separated (see paragraph 4.1.17.

DESIGN REQUTREMENTS

The main turbo pump carts will be required to op€rate under two distinct operating
conditions: Beam Tube Evacuation and Vacuum Equipment Evacuation.

l. Beam Tube Pumping

The rrain turbomolecuiar pumps will be used initially to evacuate the 2000 m3
Beam Tube. For this case all of the vacuum pump components will be mounted
on a single cart (or'two frames bolted togeth,qr) lt is the intent of this
specification to alloi this cart configuration to-be thd suppliers standard design.

The Beam Tube evacuation will occw prior to completion of the- Vacurrm
Equipment Building. During this phase, 

-a 
temporary itucture will- house the

pu*piog cart. Th6 pumpinE cart 
-will 

be locat-ed oir the Beam Tube Anchor
Foundation (see Attachment D).

2. Vacuum Equipment Pumphg

For evacuating the Vacuum Equipment during installation and maintenance, the
pumping cart; wiil be separatid 

- 
into two sections (by the buyel). The turbo

inokicul-ar purnp will be close coupled to the Vacuum Equipment in the Vacuum
Equipment Ro6m. Il will discharge into a vacuum header connected t9 dty
baiking pump which will be located in a separate Mechanical Equipment Room
(to minimize noise and vibration).

The turbomolecular cart will be modified by PSI to reduce vibration transmissiorr
into the vacuum vessels and into the floor.

SPECIFICATION
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ritle spEcTFIcATIoNFoRMAINTURaoMoLECILARPUMPcARTs

Mechanical Requirements4 .1

4.1.1 Each turbomolecular pump set shall consist of a "wide range" mapetically levitated
turbomolecular pump backed by an oil-free pump (diaphrap., niston 91 scroll pump) on
seDarate carts. Also included on the carts are the accessories described below and on the
atiached P&ID. Initial operation will require the turbo cart to be mounted on top of the
backing cart. Futue operation will have the turbop"-f and backing purrps--separated via
the fol-lowing vacuum- header: 240' of 4" diarreier plpe, (6) 90 degree elbows' (1) 45
degree elbo#, (1) tee (branch), 10' of I 1/2" flex hose between turbopump discbarge and
header.

4.1.2 Each cart shall be a complete system mounted on a ftame suitable for operation in a
. Federal Standard 209 ilass 50,000 environment (cleanroom). Vibration isolation

supports shall be ircluded.

4.1.3 The design of the carts shall preclude contamination of the vacuum chambers during the
life of the equipment, even in the event of equipment failure or operator e[or.

i 4.1 .4 The inlet connection to the turbomolecular pump will be a 12" O.D. conflat.
I Turbomolecular pumps shall be supplied with protective i.Dlet sffeens.
'4.1.5 

The piocess outlet from the turbo pump cart shall incorporate a l0' lo_ng flex line for
cormiction to a vacuum header. Tfris ionnection shall, iiepending on the required tube
size, be an ISO Quick Flange or Large Flange with double claw clamps. Seals shall be
nonlubricated baked Viton O-rings.

| 4.I .6 Provision for sealed conaection hom the backing pump outlet to a ducted facility exhaust

I system shall be provided.
I
4.1 .7 There shall be no oil in the pumping path.

l"-Any required utility connections (such as for cooling water) shall be manifolded ro a
sinlle c|nnection pbint and terninited appropriately (sgch as with an isolation valve and
a t/2" quick discoinect fitting). Filtered cooling wdter will be provided as follows:

Supply Ternperature:

Supply Pressure:

Retum Temperature:

Return Pressure:

20 -25C

3. - 5. bara

2s -30c

2. - 4.bam

3
o

I
o
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Title
SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS

A 1 The turbo pump shall be portable and connected to the pumpcart by 10ft. long flex line
for vacuum, power, and cooling water. For pumping of the Beam Tube the TMP will be
mounted horizontally and hard piped to an isolation valve mounted on top of the Bearn
Tube. A blhd flange with a gauge connection and suitable volume for shop speed testing
shall be orovided.

A 1 10 Insulated heating jackets witl temperature contollers for the turbo
piping (flex) up to the turbo inlet flanges will be provided by the buyer.
be capable oftemperature control up to 120 C.

Electrical Insturnentation Requirements

pumps and inlet
The heaters shall

A . l

4.2.1 Instrumentation Reauirements

4.2.7.1 There shall be vacuum gauges located at each pump inlet (both the turbomolecular pump
and the backing pump). The inlet to the turbomolecular pump shall have both a Pirani
gauge and a cold cathode gauge, and the idet to the backing pump shall have a Pirani
gauge. All vacuum gauges remain with the turbomolecular pump when the b?ckittg
pump is remotely located. Bakeable (to 250C) vacuum gauges are required only for the
inlef (chamber side) of the turbopump. A local vacuurn gauge controller shall be
provided with each cart.

4.2.1.2 T\erc shall be auxiiiary valved. (manual valves) ports to allow connection of a leak
detector.

4.2.1.3 All wrused ports shall be fitted with blankoff flanges.

4.2.1.4 A purge gas flowswitch (or pressure switch) shall be provided to shutdown the cart when
ttr6re is iisufficient purg,i gas flow (or presiure). An irdjustable 10-60 second delay timer
shall be included in the shutdown to prevent spurious shutdowns.

z

o
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SPECIFICATION FOR MAIN TURBOMOLECT'LAR PUMP CARTS

4.2.2 Controls Requirements

4.2.2.1 Contols for local operation shall be provided. The buyer will interconnect the cart
wiring when they are installed in the split location for vacuum equipment pumping
(terminals to be provided by tle vendor). In addition, provide terminal strips in a
j'unction box to fuiterface witir Ae future LIGO conhol syitem. The following-signals
shall be orovided:

Descriotion Signal Type

Purnp Running @ach Pump) Dry Contacts

Auto. Valve Open & Closed Dry Contacts

Turbo Pump Inlet Vacuum (2) 0 - 10 VDC (2)

Backing Pump Vacuum 0 - 10 VDC

Purge Gas Shutdown Dry Contacts

4.2.2.2 T\e purnp carts shall be self-contained so tha! under power failure or pump failure,
i:rterlocks shall prevent pumped chambers from being vented or from being exposed to a
non-operating pump.

4.2.2.3 A manual gate valve on the chamber nozde will be provided by others. A fail closed
pneumaticaily actuated valve (with pilot solenoid and 6pen and clbse limit switches) shall
Le provided bn the outlet of ihe ro^ots pump cart. The contols necessary to close this
valve on punp failure shall be incorporated into the cart contols.

A . \ 1 i

4.2.2.5 Pumps shall be stopped and started by pushbutton switches located on the turbo cart. The
backing cart shall 5e capable of being started and slopped by a signal from the tr:rbo cart.
The co-nhol system mrist include a'safety permissivb thai requires tle turbomolecular
pump foreline pressure to be < 2 ton before the turbo pump is allowed m sart.

4.2.2.6 Yendor must list in his quotation all safety devices (such as flow switches, pressrr€
switches, temperature switohes, safety relief valves, etc.) supplied with the systems.

4.2.2.7 Yendor mrtst provide in his quotation a brief description of all operational sequences such
as staf,hrp, normal operatio4 normal shutdow& safety shutdowns, etc.

SPECIFICATION
Number -

A V049-2-OO2
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rille spEcIFIcATroN FoR MAIN TURBoMoLEcULAR puMp cARTs

4.2.3 PowerRequirements

4.2.4 Purge Gas

. -Clean, dry, air will be supplied at 15 psig for use as seal purge gas for the vacuum pumps
requiring this utility.

4.2.3.1 Power connection to the cart shall be by an appropriate 20' long cord with twistlock,
NEMA type plug configuration (a single connection for the cart, including controllers
when configured as one assembly and two cards and plugs when separated into two
sections). Required controllers and overload protection shall be provided on the cart.
Vendor must provide specifications for the power and control cables needed to connect
the separated cart components. Field wiring cables will be provided by buyer when the
turbopump is remotely located. Vendor will provide the cables needed when the
turbopump is located on the cart.

6.0

7.0

8.0

REQUIRED DOCUMENTATION

Documentation requirements listed in Attachment B and the QA requirements form,
Attachment A, shall be provided according to the Buyer's schedule.

SHOP TESTING

In addition to the Vendor's standard tests, each electrically powered vacuum pump cart
shall be tested for speed, acoustic noise, ultimate pressure, leakage and operation of
prctective features. All safety interlocks shall be tested for proper operation by
simulating the faulted condition.

INSPECTION

All testing and inspections called for in Attachment B (Specification Y049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requirements are iisted in Attachment A, Qudity Assurance Requirements
Summary.

WARRANTY

Refer to Specification V049-2-034, Equipment Purchase Commercial Requirements for
Warranty Requirements.
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Title: SPECIFICATION FOR AUXILIARY TIIRBOMOLECULAR PUMP CARTS

SPECIFICATION FOR

ATIXILIARY TURBOMOLECTJI,AR PUMP CARTS

FOR

LIGO VACUTJM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSIIRANCE:

TECHMCAL DIRECTOR:

PROJECTMANAGER:

--b.C!. 
WtuJ

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification rrquirements, and shall not be disclosed to any other Party.
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lte SPECIFICATIONFORAUXILTARYTIIRBOMOLECULARPUMPCARTS

2.0

2.1

SCOPE

This specification coven the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of the
auxiliary turbomolecular pump carts. The Vendor shall quote 1) complete packages and
2) individual components.

AII attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment suppJiqd
for the Laser lnibrierometer Gravitational-Wave Observatory GIGO). LIGO, which is
operated by Caltech and MIT under an NSF contacL includes two installations at widely
separated sites: near Hanford, WA and Livingston, LA. Each installation contains laser
inierferometers in an L shape with 4 kn arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other pafty.

SCHEDULE

Equipment delivery shall be as follows:

PSI (Westboro, MA)

Washington Site:

Louisiana Site:

Washington Site:

Louisiana Site:

Total Required

Quantity Date

2 4n196

2 8n196

2 8/10/97

9/1197

3nt98

1

I

10

SPECIFICATION
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ritle spEcIFIcATroN FoR AtrxILrARy TIRBoMoLECULAR puMp cARTs

3.0

Acceptances at the sites (the start of Vendor's warranty periods) are expected to witldn 6
monlhs of delivery.

EQTIIPMENT REQUIREMENTS

The auxiliary turbomolecular pump caxts are to be used to rougb pump annular spaces
between flange seals in various components. The minimum speed at the inlet port of the
turbo pump shall be 50 Vs for nitrogen. (Once the annular space is roughed to, it will be
maintained by an ion pump supplied by others.)

DESTGN REQUIREMENTS

Mechanical Requiremenls

4.1.1 Each turbomolecular pump set shall consist of a turbomolecular pump backed by an oil-
fiee pump (diaphragm, piston or scroll pump). Also included on the carts are the
accessories described below and on the attached P&ID. Ifa manual bypass around the
TMP is necessary to permit operation from atnosphere prcssur€, it shall be provided by
the vendor.

4.1.2 Each cart shall be a complete system mounted on a frame suitable for operation in a
Federal Standard 209 Class 50,000 environment (cleanroom). Vibration isolation
supports shall be included.

4.1.3 The desip of the cart shall preclude contamiftfion of the vacuum chambers during the
life ofthe equipment, even in the event of equipment failure or operator error.

4.1.4 Deleted.

14.1 .5
I
4.1.6 There shall be no oil in the pumping path.

4.0

4.1

z
3
o

I
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Tit|e SPECIFICATIONFORAIXILIARYTI]RBOMOLECT]LARPTJMPCARTS

4.1.7 Any required utility connections (such as for cooling water) shall be manifolded to a
' sinlle cinnection pbint and terrninited appropriately (iuch as'with an isolation valve and

a 1/2" quick discorurect fitting).

Filtered cooling water will be provided as follows:

Supply Temperature:

Supply Pressure:

Retum Temperature:

Retum Pressure:

20 -25C

3. - 5. bara

5 - 3 0 C

2. - 4. bara

4.1.8 The process inlet to the cart shall inciude a flex line or bellows for cormection to the
rough;ng pot1. (ISO Quick Flange or Large Flange with clam shell closure, depending on
tfre reqriri,a t*b size io meet the required pumpfog speed). Seals shall be nonJubricated
bakedViton O-rings. Other connectibn typi'es shall be as indicated on tle attached P&ID.

4.1.9 The Buyer will supply insulated heating jackets with temperature controllers for heating
the turSo pumps.

4.2 ElectricalRequirements

4.2.1 Instrumentation Requirements

| 4.2. I .l There shall be vacuum gauges located at each pump inlet (both the turbomolecular pump
I aod the backing punp)i lle inlet to the turbbmoiecular pump shall have both a Pirani
I gauge and a co'lci catl6de gauge, and the inlet to the bac*ing-pump shall havt a Pirani
I !au!e. Bakeable yacur:m 

-gaules 
are required only for the 

-iniet 
(ahamber side) of th9

| ["tii,p*p (to 250uc). A i-ocaf vacuum lauge readout conroller shall be zupplied with
j each cart.
I' 
4.2.1.2T\erc shall be auxiliary valved (manual valves) ports to allow connection of a leak

detector to the inlet and oulet of the TMP.

4.2.1.3 Nl unused ports shall be fitted with blankoffflanges.

3
o
o
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ritle SpEcIFIcATIoN FoR AtxILrARy ruRBoMoLEctiLAR puMP cARTs

4.2.2 Conkols Requirements

4.2.2.1 Controls for local operation shall be provided. Irr addition, provide terminal strips in,a
junction box to intelface with the future LIGO contol system. The following signals
shall be provided:

Description Signal Tf.pe

Pump Running @ach Pump) Dry Contacts

Auto. Valve Open Dry Contacts

Roots Pump Inlet Vacuum 0 - 10 VDC

Turbo Pump Inlet Vacuum (2) 0 - 10 VDC (2)

4.2.2.2 Tlre pump cart shall be self-contained so tha! under power lailurg or pump failure,
interlocki shall prevent pwnped volumes ftom being vented or from being exposed to a
non-operating pump.

4.2.2.3 A manual gate valve on the chamber nozzle will be provided by others. - A. fail closed
pneumatically actuated valve (with pilot solenoid) shill be provided on the inlet of the
ttW. tfne cbntrols necessary to cl6se this valve on pump iirilure shall be incorporated
into the cart controls. An autbmatic vent valve and associited controls shall be provided
to properly vent the TMP during a shutdown.

4.2.2.4

4.2.2.5 Pumps shall be stopped and started by pushbutton switches located on the cart'

4.2.2.6 Y endor must list in his quotation all safety devices (such as flow switches, pressure
switches, temperature swirches, safety relief valves, etc') supplied with the systems.

4.2.2.7 Vendor must provide in his quotation a brief description of all opuatiolnl sequences such
as staxtup, normal, operatioq twist-lock, NEITiA type plug configuration normal
shutdown, safety shutdowns, etc.

4.2.3 PowerRequirements

Power connection to the cart shall be by an appropriate 20' long cord with (a sing19
connection for the cart, including conirollers). Required contollers and overload
protection shall be provided on fhe cart.

5.0 REQUIREDDOCT]MENTATION

I Documentation requirements listed in Attachment B and the Q.A. requirement fonn,
I Auachment A, shail be provided according to the Buyer's schedule.
t -
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rltle SPECIFICATIONFORATIXILIARYT{JRBOMOLECULARPIIMPCARTS

6.0 SHOP TESTING

In addition to the Vendor's standard tests, each electrically powered vacuum punp cart
shall be tested for speed, acoustic noise, ultimate pressru€, leakage and operation of
protective features. All safety interlocks shall be tested for proper operation by
simulatins the faulted condition.

7.0 INSPECTION

All testing and inspections called for in Attachment B (Specification V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assur€mce requirements are listed in Attachment A, Qualib/ Assurance Requirements
Summary.

8.0 WARRANTY

I Refer to Specification V049-2-034, Equipment Purchase Commercial Requirements for

I Wan-anty Requirernents
I

SPECIFICATION
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Tille SPECIFICATION FOR ION PTJMPS

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, pre.paration for shipping, shipment and delivery
of the ion purnps for the LIGO vurcuum system. The ion pumps will be used to perfbrm
the following fi .mctions :

a) Maintain an ulta high vacuum in the equipment at the comer, rnid and enc
stations of the LIGO interferometer (main ion pumps).

b) Maintain an ultra high vacuum in the annular spaces between dual-sealed flanges
on the chambers (chamber annulus ion pumps).

c) Maintain an ultra high vacuum in the annular spaces between the double gate' 
seals and dual seal flanges of the large gate valves which isolate sections of the
interferometer from each other (valve annulus ion pumps).

All attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied
for the Laser lnieribrometer Gravitational-Wavd observatory (LIGO).- Ltco, wfiih is
operated by Caltech and MIT rmder an NSF grant, includes two sites (Hanford
Reservatiori, near Richland, WA and Livingston, LA). Each site contains laser
interferometers in an L shape with 4 km arns, a vacuum system for the sensitive
interfersmeter components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It sf,all be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.
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Title SPECIFICATION FOR ION PUMPS

2-0

2.1

SCHEDULE

Equipment deiivery ihall be as follows:

Main Ion Pumps (2500 l/s)

Description PSI
Palt #

Lot Qtv. Delivery
Date

1 8 2500 lis Noble Diode Pump 2
electrically isolated sections
controlled by 2 individual
feedthrouehs

v0492004 Pl L I

L2

L3

I

1 2

5

7/t/96

5/1197

11n/97

1 8 2-314" CF Roughing Port v0492004 P2 L1
I '

L3

I

t2

f,

7/1t96

5/1t97

ltll/97

1 8" CF Additional Port v0492004 P3 L I

L2

L3

I

t2

5

7/r/96

5t1/97

lln/97

20 150' HV Cables v0492004 P4 LO

L2

2

i 0

E

5/1t96

5/1/97

11t1/97

l 6 250' HV Cables v0492004 Ps L2

L3

t2 5/ l/97

t1nt97

I Multivac base unit VRemote
Interface/Setpoint Board

v0492004 P6 LO

L4

2

t b

stl/96

5t1t97

36 Large HV Card Vprogrammable
voltaee

v0492004 P7 LO

TA

4

)z

5tr/96

5^197

I J Rack Adapter Kit v0492004 Pl3 LO

LA

I

12

5t1196

5/1197

SPECIFICATION
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SPECIFICATION FOR ION PUMPS

CONTROLLERS CHAMBER AND BEAM MAMFOLD ANNULUS ION PUMPS
AND 75 l/s ION PUMP

+ )

+J

43

i VATVE ANNULUS ION PTTMPS AND CONTROLLERS 25 I/s ION PUMP

J Z

5 L

)z

i 1 ,

Ll = PSI Site;7/1/96

L2 = Washington Sitet 5/1/97

L3 = Louisiana Site; 11/1/97

L4 : PSI Site: 5ll/97

75 Vs Noble Diode Pumo

5tl196

5/1t97

rvr/97

l/s Noble Diode Pump

v0492004 P12

SPECIFICATI
t{umbetA vo49-2-oo4



SPECIFICATION FOR ION PUMPS

Above is for pumps and cables. All main ion purnp conholiers will be shipped to PSI
(Westboro, MA) on,specified dates listed above except for Lot I.

Lot I (Qty 1) and Lot 3 (Qty l) will be shipped on 5/1196. Remaining controllers from
Lot 3 will be shipped as specified above.

12.2 Acceptances at the sites are exp€cted to occur on a staggered basis, with final acceptance
I at Washington expected to occur about May 31, 1998, and about November 30, 1998 in

I Louisiana.
I

3.0 EQIIIPMENTREQUIREMENTS

3.1 Main Ion Pumps

3.1.1 The main ion pumps shall have minnrym nominal pumping speeds al the pump inlet of
2,500 liter/sec for nifrogen at I x 10'ton and 4,700 liters/sec for hydrogen at I x 10-"
torr. The minimum guaranteed pumping speeds for other gases at the partial pressures
specified in Table I phall be stated, ̂ The pumping speed for nitrogen for total pressures
ranging fiom I x 10-" torr to I x l0-'" ton shall be stated.

Table I

Partial Pressure fforr)

5 x l0'e

5 x I 0-e

5.x 10-ro

5 x 10-to

2 x 10-ro

2 x 10-10

5 x 10'ro

5 x l0'ro

Min. Required Pumping SpeedSpecies

' Hzo

H2

N,

co
Coz

cH4
' H e

AI

2940 Vs

4700 Us

2500 Vs

2350 Us

2940 Us

2150 Us

295 Us

590 Vs

3.1.2

3.1.3

A single large pump shall be provided.

Noble gas diode-type iop pumps with a minimum life of 40,000 hours or more at an
operating pressure of l0' ton shall be used.

SPECIFICATION



Ti e SPECIFICATION F'OR ION PT]MPS

3.1.4 Main Ion Pumps (cell depigrr and feedthroughs) shall be designed to allow starting at
pressures ofat least lx l0-'torr (two feedthroughs).

I For this requirement, tle vendor shall provide a design that electrically connects one half
i of the pump to one feedthn! while the remaining cells are connected to the other
i feedtbru.
'3.1.5 

The vendor shall supply a controller for each main ion p,'mF with sufficient current
capability to staxt the pump at a prelsure of at least 1x10" ton and run all cells of the
pump under norrnal operation (1x10-" ton and lower).

i 3. 1.6 Dual cabling shall be provided from contoller to pump.
;

3.2 Charnber Annulus Pumps

3.2.1 Noble gas diode ion pumps, each with a capacity of 75 Vs of air at I x l0{ torr, shall be
provided for each chamber to maintain the annular vacuum for dual-sealed flanges.

3.2.2 The vendor shall supply a controller for each annulus ion pump with sufficient current
capability to start the pump at a pressure ofat least 5x10* ton.

.
3.3 Valve Annulus Ion Pumps

3.3.1 Noble gas diode ion pumps shall be provided for each large gate valve to maintain the
annular vacuum at the valve flange dual seal annuli, as well as the dual gate seals when
the valves are closed.

3 ,3 .2 Each valve annulus ion pump shall have a caparily of 25 Vs of air at I x I 06 torr. .

lS.:.f The vendor shall supply a controller for each annulus ion pump with sufficient cunent

I capability to start the pump at a pressure ofat least 5x10'torr.

4.0 DESIGNREQIIIREMEI\ilTS

4.1 Mechanical Requirements

14.1.1 The main ion pump shall be a single pump. The pump will be supplied with a 14" O.D.
I tube on which a 16.5" Conflat Flange (CF) is mounted. The pipe or manifold on which

I the ion pump mounts will be the responsibility of the Buyer.
I

z
3
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SPECIFICATION FOR ION PITMPS

i4.1.2 The chamber annulus ion pumps will be supplied with a 2.5" O.D. tube on whch a 4.5"

i 
at is mounted.

i+.t.2 The valve annulus ion pumps will be supplied with a 1.5" O.D. tube on which a2 314"
i CF is mounted.

4.1.4 Electical feedthroughs shall be protected from mechanical damage.

41.5. All annulus prgnps shall have a minimum life of 40,000 hours or more at an operating
pressure of 10".

4.1.6 The vendor shall provide mounting or internal suppofis for the main pump (if necessary)
to allow the pump to be mounted vertically ftom the CF. Lifting lugs shall be provided.
See attached drawing.

4.1.7 All ion pump shalls be suppiied wirh a 2 3/4" CF roughing port.

4.1.8 All main ion pumps shall be supplied with an additional 3" Conflat Flange (CF) and 8"
CF blank.

4.2 Electical Requirements

4.2.1 Instumentation Requirements

4.2.1.1The cables to interconnect the main ion pumps and controllers shall be provided. 20
cables will be 150' long. Jfie rcmaining 16 will be 250' Iong.

4.1.1.2The cables to interconnect the annulus ion pumps and controllers shall be provided. The
cable length is approximately 10 feet for each pump.

4.2.1 .3 Unused ports shall be fitted with blankoff flanges.

4.2.1.4 The vendor will submit firll load power requirements for each controller.

4.2.2 Controls Requirements

t,q.Z.Z.t The main ion pump controllers shall be rack mountable in standaxd 19 inch rack consoles
| (supplied by 6the6). These consoles may be located up to 250 feet (cable length) away
I from the purnps. Rack mount hardware should be included with the power supplies.
I

I+.Z.Z.Z tlmanion pump controllers shall be supplied with (2) HV cards installed by the vendor
i that wiil provide a combined capacity of 800 MA.
I

SPECIFICATION



SPECIFICATION FOR ION PT]MPS

tt4.2.2.3 All maiin ion pump controllers shall have remote capabilities that include the following:

Run Sfatus Dry Contact Output

Pump Fail Dry Contact Output

Cunent Trip Dry Contact Output

Standby Mode Dry Contact Input

Start Dry Contact Lrput

Stop Dry Contact Input

0-10VDC analog output proportional to ion pump current.

0- I OVDC analog output proportional to ion pump voltage.

4.2.2.4 All annulus pump contollers wili have a single 0-10VDC analog oulput proportional to
the ion pump current.

4.2.2.5 AJl annulus pump conlrollers are not required to be rack mountable and will be locakd
within 10 feet of the pumps.

4.2.2.6 Vendoi shall provide ma<. starting pressures for all controller/pump combinations

5.0 REQUIREDDOCUMENTATION

Documentation requirements listed in Attachment B shall be provided according to the
Buyer's schedule (schedule later).

6.0 SHOP TESTING

In addition to the Vendor's standard tests, the ftst lot (Lot #l) of pumps shnll be tested
for speed, ultimate pr€ssure, leakage and normal operation" refere,ncing Table #l located
in Section 3 . I . I of this specification. All safety interlocks shall be tested.

7,0 INSPECTION

The inspections called for in Attachment A & B shall be perforrned by the Vendor. Each
pump shall be inspected for dimensional ionformance to approved assy. drwings.

8.0 WARRANTY

Refer to RFQ for warranty requirements.

SPECIFICATION
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lrle SPECIFICATION FOR 112 CM AND 122 CM GATE VALVES
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rltle SPECIFICATION FOR r12 CM AI{D 122 CM GATE vALvES

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, pre.paration for shipping, shipment and delivery
of the 112 cm and 122 cm gate valves for the LIGO vacuum system.

"All 
attachments are.incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferomerer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant includes two sites (Hanford Reservation, near
Richland, WA and Livingston, LA). Each site contains laser interferometers in aa L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other zupport facilities.

lnformation contained in rhis specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDTJLE

Equipment delivery shall be as follows:2.1

Tvoe

I 12 cm Valves (Electric)

1 l2 cm Valves @neumatic)

122 cm Valves (Electric)

Delivery Site

WashinSon

Louisiana

Total

Washington

Louisiana

Total

Washington
Louisiana

Total

Ouantity

6
6
,

2

l6

)

2
)
a

8

Ends

BWFIg
Flg/Flg
BWFIg
Flg/Flg

BWFIg
Flg/Ilg
BWFIg
Flg/Flg

Flg/Flg
Bw/BW
Flg/Flg

Date

8/t6t96
9^9t97
8/10t97
3/v98

8/r6t96
9/U97
8ll0t97
3n198

9/l/97
8/r0197
3t1/98

2
2

z

o

a
o

{

q1 J



nile SPECIFTCATION FOR rr2 CM AI\ID 122 Cll G.A,TE VALVES

z
:l

, o

Acceptances at the sites are expected to occur on a staggered basis, with final acceptance
at Washington expected to occur about May 31, 1998, and about November 30, 1998 in
Louisiana.

A *first article" valve strall be manufactured and tested (per Section 6.0 of this
specification) as earJy as possible to allow design changes to be incorporated in the

. production lot of v.alves. Additional valves shall not be manufachrred until the Buyer
accepts the design ofthe first article valve after testing.

EQUPMENT RXQUIREMEI{TS

"I\e 122 cm gate valves (mating to beam tubes) are used to isolate sections of the
interfemmeter vacuum envelope from one another. The 112 cm gate valves serve the
same firnction but are located near the 80K cryopumps.

4.0 DESIGNREQIIIREMENTS

4.1 MechanicalRequirements

4.1.1 Gate valves shall be stainless steel (304L or 3l6L) with flange connections designed for
double O-ring seals with grooves in the mating flanges supplied by others, or weld
fittings as specified. Valves shall also have SS metal bellows stem feedthroughs, and
shall be designed to seal in both directions.

4.1.2 Only non-contaminating and non-migratory lubrication shall be used on the intemal
mechanisms.

4.1.3 Valve body and flange leakage shall be measured to be less than l0l0 torr liter/sec of
helium before shipmeit. Bod! flange faces shall be flat to within 0.010".

4.1.4 Gate valves shall have double viton gate seals and bonnet seals. Annular spaces between
gate seals and bonnet seals shall be isolatable and desigred to be pumped with an ion
pump (supplied by others). Gate seals and bonnet seals shall be leak free to a level of
iO-t ioit tiferlsec of tretiuir. Seal O-ring and annulus groove designs shall be subject to
Buyer acceptance.

4.1.5 Valves of the same size and type shall be identical to minimize the number of required
spare parts. Valves shall be rated for 10,000 cycles before service is required.

4.1 .6 Valves shall be installed vertically with the actualors on top. Provision shall be made for
supporting the valves from below. It is anticipated that four attachment points will be
reourec,

2.2

2.3

3.0

l

) ql.l Valves shall be bakeable to 150 C +l-20 C (170 C maximrrrn).

SPECTFTCATTOI{
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Tfrle SPECIFICATTONFOR rn CMAND l22CM GATEVALVES

4.1.8 The valves (including their actuators) are exempted from tbe acoustic noise and vibration
requirements of paragraphs 5. i .4, 5. 1.5 and 5.2. I .3 of Attachment C of this specification.

4.1.9 Valve actuation shall induce no more th'in 0.019 peak-to-peak acceleration at arty potnt
on the valve mounting flanges or weld stubs.

4.1.10 Gate valves shall have a positive, padlockable device to prevent opening or closing. The
valve shall be desisircd so that no damaqe occurs to the valve or to its actuator if valve'actuation 

is attemp6d while tbe valve is l-ocked open or closed.

4.1.11 Valve end connections shall be flansed or butt welded as denoted in Section 2.1, above.
For valves with at least one end Ianged, the valve shall be designed with the gate
adjustrnent system facing a flanged end (accessible from that end when lhe valve is
closed). For butt welded valve cbnnections, the weld stub shall be 49.12" +/-0.02" ID
with a 0.127'l +/-0.007" wall thickness and a 10" length. For the two valves for shipment
8/1019? to Louisian4 the length of the weld stubs shall be equal and sized to provide a
total end-to,end dimension of I meter. The ends shall be square butt with the surface- perpendicular to the tube axis and flat within 0.001'. The surfaces shall be rylin&ical
and unobffucred for 6" from the end on the ouside, and for 2" on the inside. The sulfur
content ofthe weld stub material shall not exceed 0.02 percent.

4.112Gate valves shall be capable of sroking ftom firlly open to sealed in 5 minutes or less,
and from sealed to fully open in 5 minutes or less.

Valves shall be electically or pneumatically actuated as denoted in Section 2.1 , above.

Notwithsunding Paragraph 4.l.ll, above, valves shall be designed to maintain the gate
seal with vacuum or atrnospheric pressure on either side of the gate. The valves shall also
be designed for a piping loid of2i,00o pounds in addition to the pressure load ofvacuum
on either side ofthe gale.

The clear apefture tbrough the valve shall be not less than the nominal size (112 cm or
l22cm).

For flanged valves, the flange shall be consistent with the mating flanges shown in
Attachment B. The flange face that mates with the O-ring seals shall be machined to a 32
microinch finish using a circular lay. Final flange mating details shall be subject to
Buyer's acceptance.

Final assembly and cleaning of valves shall take place in a Federal Standard 209 Class
100 cleanroom environment.

4.1I J

4.114

4.1l 5

4 .116

4.117

4.2 Electrical Requirements

4.2.1 Instrumentation Requirements

Valves shall be provided with limit switches to indicate'the fully opened and fully closed
- positions.

o
o

I
@
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rltle SPECIFICATION FOR ll2 CM AND 122 CM GATE VALVES

7
4.2.2 ControlsRequirements

Each valve shall be provided with a conlroller for local open, close and stop operations.
In addition, provide-termina.l strips in a junction box to interface with the future LIGO
control system for remote open, close and stop operations. A bracket shall be provided
for mounting of required controllers (e.g., speed conrollers) at working height (exact

'location later). Controls shall be completely assembled wired and tested prior to

. shipment. 
. ,

4.2.3 Power Requirements: See Attachment C.

5.0 REQITIRED DOCUMENTATION

In addition to the documentation listed in Attachment C, the following docnmentation
shall be provided prior to shipmenl:

r Leak test procedure and report (including data).
. Shock test procedure and report (including data)
o Manufacturer's standard QA reports (including frnal functional tes reports)

STIOP TESTING

Operation of each valve for 20 cycles shall be demonstated. This shall be done prior to
final gate seal leak testing.

Each valve shall be tested for leakage per Paragraph 4.1.4 (using oil-free pumping
equipment and leak detector) prior to shipment from the manufacnuer. Each valve shall
b6 liatea at 150 C prior to ieik checkin!. For dual gate seals and end seals, each seal
strall be individually tested. For the end seals, the Vendor's test fixture shall allow testing
of each seal individually. An RGA with calibrated leak shall be used in performing the
leak testing.

One valve of each size and type of actuation shall be tested for shock. The valve shall be
tested in the vertical position resting on a pad that deflects at least 0.1" under the static
load of the valve, so as not to sirnulate a "hard mount". Testing shall be done both at
atrnospheric pressr[e and with the valve under vacuum. An accelercmeter shall be
mounted near a connecting flange (or weld stub) on the valve housing or near the edge of
one of the flange covers. Separate measurements shall be taken in each ofthe three a"res.
The Buyer reserves the right to conduct an independent shock test.

6 l

6.2

6.3

z
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rltl€ SPECIFICATION FOR 112 CM AIID 122 CM GATE VALVES

7.0 INSPECTION

7.1 The inspections called for in Attachrnent C shall be performed by the Vendor.

7.2 Also, each valve shall be inspected for cleanliness by black light and RGA prior to
shipment. Valves shall be recieanq{ if any contanination is found. Partial pressures of

'-hydrocarbons greater than 2.0 x lO'u Ton ior any species shall be cause for rejection.

7.3 
'All 

valves shall be inspected for dimensional conformance to approved assembly
drawings.

8.0 WARRANTY

Refer to specification v049-2-034, Purchased Equipment commercial Requirements
(attached to the Request for Quotation), for warranty requirements.

SPECIFICATION
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Title: SPECIFICATION FOR 6', l0'AND 14" GATE VALVES

SPECIFICATION FOR

6". 1O'' AND 14" GATE VALVES

FOR

LIGO VACWM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana
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TECHI{ICAI DIRECTOR:

PROJECT MANAGER:

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required io respond to the specification requirements, and shall not be disclosed to any other party-
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ritle spEcIFrcATroN FoR 6", 10'AND 14" GATE vALvEs

)

2.0
b l
t - ' -

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery

of6", 10" and 14" gate valves for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part of this specifrcation.

The specified equipment is for use as part of the Vacuum Equipment supplied for the

Laser Interferometer Gravitational-wave observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (Hadord Reservatioq near
Richland, WA and Livingston, LA). Each site contains laser interferometers in an L

shape with 4 km arms, a vacuum system for the sensitive interferometer components and

optical beams, and other support facilities.

Information contained in this specification and its attacbments is proprietary in nature and

shall be kept confrdential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCIIEDT'LE

Equipment delivery shall be as per the purchase order.

I Valve Usage:
I
Washington Site:

10"
14"

Louisiana Site:

I  10"
t - -
|  14"
I
Total Required

10"
' |  ^ 1 t

O.uanti8

I

+

l 6
1 2

5

9
6

7
25
l 8

z

@

T
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Tille SpEcIFIcATIoN FoR 6', 10" AND 14" GATE vALvEs

2.2 Acceptances at the sites are expected to occur on a staggered basis, with final acc€ptance
at Washington expected to occw about May 31, 1998, and about November 30, 1998 in
Louisiana.

3.0 EQUIPMENTREQUIREMENTS

The 6", 10" and 14" gate valves (mating to 8- OD, 12" OD and 16 ll2" OD CF flanges,
respectively) are used to isolate chamber vacuum roughing pump ports.

4.0 DESIGNREQUIREMENTS

4.1 Gate valves shall be stainless steel (304L or 316L) with CF flanges (see 3.0, above), and
SS metal bellows stem feedfluoughs, and shall be desigred to seal in both directions.

4.2 Only non-contaminating and non-migratory lubrication shall be used on the intemal
mechanisms.

4.3 Valve body and flange total leakage shall be measured to be less tlan 10-10 tor liter/sec
of helium before shipment.

4.4 Gate seal leakage shalt be less than lx 10'e ton iiter/sec of helium.

4.5 Gate seals shall be nonlubricated, prcbaked Viton @uPont Type E60C, Type A500 or
Type V75, or Buyer-accepted equal).

4.6 Valves of the same size and type shall be identical to minimize the number of required
spare parts. Valves shall be rated for 10,000 cycles before service is required.

4.7 Valves shall be manually actuated by a handwheel.

Valves shall have a visible position indicator showing the location of the valve gate
relative to the fully open and firily ciosed positions.

Valves shall be marked with "open" and "close" handwheel rotation arrows.

4.8 Gate valv. es shall have a positive, padlockable device to prevent opening or closing.

4.9 The valves are exempted form the acoustic noise and vibration requirements of paragraph
5.1.4 and 5.1.5 of Attachment B of this specification.

4.10 Valve actuation shall induce no more than 0.019 peak-to-peak acceleration (shock) at any
point on the valve mounting flanges.

4.11 Valves shall be bakeable to 150 C +^20 C (170 C maximum)'

4.12 6" and 10" valves shall be provided with limit switches for the firlly open and fully closed
oositions.

SPECIFICATION



Tltle spECIFIcATIoN FoR 6", 10" AND 14" GATE vALvES

4.13 Final assembly and cleaning of valves shall take place in a Federal Standard 209 Class
i 00 cleanroom environment.

4.14 Each 14" valve shall be equipped vith a I l/2" corurection on the housing to allow rough
pumping of the isolated equipment. This connection shall have a2314" CF flange with a

blind, and shall be located so as to perrnit connection of an angle valve and pumping lile.

4.15 Each 14" valve shall be sufficiently stong or reinforced to be able to be operated when
installed in the horizontal position with a static load of 1,500 pounds immediately above
it.

4.16 Valves shall be supplied with suitable lifting lugs or eyes for handling during installation
or maintenance operations.

4.17. Valves shall be supplied with removable studs made of a non-galling material such as

silicon bronze or silver plated stainless steel. Studs shall have U.S. standard threads and

be of an appropriate lengtr for mating flange installation.

5.0 REQUIRXD DOCUMENTATION

In addition to the documentation listed in Attachment A, the following documentation
shall be provided prior to shipment:

. Leak test procedure and report (including data).

. Shock test procedr.re and report (including data).
r Manufacturer's standard QA reports (including final functional test repofs)

SHOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment fiom the manufacturer. An RGA with calibrated leak shall be

used in performing the leak testing.

One valve of each size shall be tested for shock. The valve shall be tested in the vertical
position resting on a pad that deflects at least 0.1" under the static load ofthe valve, so as

not to simulate a "hard mormt". Testing shall be done both at atuospheric pressure and
with the valve rmder vacuum. An accelerometer shall be mounted near a connecting

flange on the valve housing or near the edge of one of the flange covers. Separate
measurements shall be taken in each of the three axes. The Buyer reserves the right to

conduct an independent shock test.

6.0

6.1

6.2

SPECIFICATION



T|IIE SPECIFICATION FOR 6'. 10" AND 14" GATE VAL\'ES

)

7.0 INSPECTION

The inspections called for in Attachment A shall be perfonned by the Vendor. AIso, each
valve shall be inspected for cleanliness by black light and RGA prior to shipment.
Valves shall be recleaned if any contarnination is found.

8.0 WARRANTY

Refer to Specification y049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for wan'anty requirements.
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Title: SPECIFICATION FOR VACUUM GAUGES

,
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Information contained in this specification and its attachments is proprietary in nature and shall be kept confidenrial. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.

I Fea'l-ltgt-, i. t fit, hw.> fun- furim{ ?*n bA+ OP34
SJc t-3t -gL \ t* rczl 4|tElg Fo/2 6Dof A'\/oD laE DeO Aoif

p/ /0-/q'q5 Releq.sed per DEO ooo€
7rr. !  .1.) !  _1 i li; .' ;., : F'e inr tt laor,," *r' , v De:tr,*

DESCRIPTION OF CHANGE

)ROCESS 
SYSTEMS INTERNATIONAL, INC. SPECIFICATION

INITIAL
APPROVALS

PREPARED DATE
ra /-.1'
l '  ;  W t  i  ; Y  - ' - )

APPROVED

/(€.R
DATE

z/4/r,
Number V049-2{07

A
Rev.

I
Page I of 5



Title: SPECIFICATION FOR VACUUM GAUGES

SPECIFICATION
Number:

A vo49-2-oo7

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

TABLE OF CONTENTS

Scope

Schedule

Equipment Requirements

Design Requirements

Required Documentation

Shop Testing

Inspection

Warranty

Attachment A

Attachment B

LIGO QA Requirements Summary

General Equipment Requirements
PSI Specification V049-2-033, Rev. 2

Page 2 of 5



Title: SPEGIFICATION FOR VACUUM GAUGES

1.0 scoPE

This specification covers tle minimum requirements for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment ofthe vacuum gauges for the LIGO vacuum system.
Gauges are arranged in pairs, with each pair consisting ofa Pirani gauge and a cold cathode gauge.

All attachments are part of this specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied for the Laser
Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated by Caltech and MIT under
an NSF contract, includes two installations at widely separated sites: near Hanford, WA and Livingston, LA.
Each installation contains laser interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in natwe and shall be kept
confidential. It shall be used only as required to respond to the specification requirements, and shall not be
disclosed to any orher party.

2.0 SCHEDULE FORMAT

2.1 Equipment delivery shall be as follows:

Destination quantitv Mfg. Release Delivery Description
Date Date

Washington Site: 24 4128197 9/1/97 Vacuum gauge pair, mounted
on 2 3/4" CF Flange,23l4"
tee mounting (include gasket,
bolts and any needed
accessories).

| 4128/9'1 911/97 Sparc Yacuum Gauge Pair

Louisiana Site: 13 10126/91 3/1/98 Vacuum gauge pair, mounted
on23/4" CF Flange,2 3/4"
tee mounting (include gasket,
bolts and any needed
accessories).

1 10126/97 3/l/98 Spare Vacuum Gauge Pair

Total Required 39

SPECIFICATION

v049-2-007
Number:
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Title: SPECIFICATION FOR VACUUM GAUGES

It may be required to ship several of the above items to the Buyer directly (Westboro, Massachusetts).

2.3 Acceptances at the sites (the start of Vendor's wananty periods) are expecled to occur on a staggered
basis, with final acceptance at Washington expected to occur no later than May 31, 1998, and no later than
November 30, I 998 in Louisiana. Portions of the equipment will be accepted earlier.

3.0 EQUIPMENTREQUIREMENTS

3.i General

3.1.1 The vacuum gauges shall be provided in pairs consisting ofone Pirani gauge and one coid cathode
gauge to cover the pressure range from atrnospheric down to I x l0-v ton (nitrogen equivalent).

3 . I .2 Gauges shall have local transmitters which shall be removable for bakeout.

3.2 Pirani Gauges

Pirani gauges shall operate from atrnosphere to lOa torr.

.3 Cold Cathode -Gauges

Cold cathode gauges shall operate from I x l0'3 torr to 1 x lOa torr.

4.0 DESIGNREQUIREMENTS

4.1 MechanicalRequirements

4.1.1 The gauges shall be supplied mounted on 2 3/4" OD CF flanges on a piping tee for installation by others
on the chambers.

4. I .2 Gauges shall be bakeable (if necessary to remove electronics, state max. bakeout temp. with electronics).
To:

lPirani Gauses 2750 C
l -

lCold Cuthod. Guue.. 2750 C
t -

SPECIFICATION

v049-2-007
Number:
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Title: SPECIFICATION FOR VACUUM GAUGES

4.2 ElectricalRequirements

4.2.1 Instrumentation Requirements

Connectors for the gauges shall have locking, positive contact to the mating vacuum feedthrough,
properly shielding the high voltage and sigral connectors, and providing proper stail relief.

4.2.2 Controls Requirements

The transmitters shall operate on 24 VDC power and have analog outputs of0-10 VDC and an
adjustable setpoint switch contact. (Please state power requirements)

5.0 REQUIREDDOCUMEI,{TATION

Documentation requirements listed in Attachment A shall be provided according to the Buyer's schedule
(schedule later):

6.0 SHOP TESTING

The Vendor shall perform his standard tests.

7.0 INSPECTION

The inspections called for in Attachment A shall be performed by the Vendor:

8.0 WARRANTY

Refer to Attachment A, Section 15.0, and to Attachment B, General Provisions, Article 40 for waranty
requirements.

SPECIFICATION
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Title: SPECIFICATIONFORBAKEOUT SYSTEM
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

1.0

L l

SCOPE

General Information

l.l.l This specification covers the minimum requirements for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment of the bakeout blanket system for the
LIGO vacuum system.

1.1.2 All attachments are part of this specification.

1.1.3 The specified equipment is intended for use as part of the Vacuum Equipment supplied for the Laser
Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated by Caltech and

, MlT-under an NSF contrac! includes two installations at widely separated sites: near Hanford, WA
and Livingston, LA. Each installation contains laser interferometers in an L shape with 4 km arms, a
vacuum system for the sensitive interferometer components and optical beams, and other support
facilities.

I .l .4 AutoCAD Rl2 electronic files of V049-4-series of drawings will be available to Vendor for blanket
design. Fabrication drawings for all of the LIGO Vacuum Equipment components requiring bakeout
will be sent to Vendor as they become available.

1.1.5 Information contained in this specification and its attachments is proprietary in nature and shall be
kept confidential. It shall be used only as required to respond to the specification requirements, and
shall not be disclosed to any other party.

1.2 Heating Blankets

1.2.1 Fumish a system ofreusable heating blankets that consists ofenough blankets to bakeout the largest
- isolatable section of vacuum equipment (An isolatable section is a section of vacuum equipment that

is closed off by one or more 44" or 48" gate valve, e.g. Vertex section corner station). Only one
isolatable section will be baked out at the same time as indicated on each drawing of Attachment C.

These blankets should be also designed to be reusable on any ofthe remaining isolatable sections as
equipment configuration permits. Equipment configuration shape may necessitate additional
blankets if some blankets from the larsest isolatable section cannot be reused on the other isolatable
sections.

SPECIFICATION

v049-2-009
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Title: SPECIFICAT]ON FOR BAKEOUT SYSTEM

1.2.3 Portion of supports (legs) near equipment attachment require heating blankets.

Support Leg Blankets: Blankets for support legs need only be heated from the outside surface, that is
tlere is no need to have a heating surface on the inside of the square tube. For supports which have a
complex shape, such as the saddle legs on the HAM chamber, a boxed blanket configuration is
adequate, that is the blanket need not follow the shape of the support.

1.2.4 Tubing that connects to the vacuum equipment requires heating blanket coverage up to and including
the isolation valve.

Back to air line including the angle valve
10" pumpout port including l0 inch gate valve
6" pumpout port including 6 inch gate valve

..- 14" port including 14" gale valve and ion pump ..

Annulus tubing: the annulus tubing require only insulation from the connection at the large flange
for over a length of approximately 12 inches.

The largest isolatable section will (have) require blankets for:
4 main ion pumps _ 4 gate valves - 14 inch
One 6" Port + 6" gate valve
One 10" Port + 10" gate valve
One Back to air connection + isolation valve

The other isolatable sections will have less than 4 main ion pumps, one 6" port, one l0" port and one
back to air corurect.

1.2.5 At annulus piping, brackets, and thermocouple access patches, furnish insulation similar in
construction to heating blankets, but non-heating.

1 .3 Heating Blanket Controls

The Buyer will fumish equipment to control a separate 277V circuit to each blanket and to monitor
the blanket's temperature.

2.0 SCHEDULE

2.1 Fumish bakeout blanket sets as listed on Attachment D and deliver to PSI (Westborough, MA).

SPECIFICATION
Numberl
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Title: SPEGIFICATION FOR BAKEOUT SYSTEM

2.2 Acceptances at the sites (the start ofVendor's wananty periods) are expected to occur on a staggered
basis, with final acceptance expected to occur no later than May 31, 1998. Portions of the
equipment may be accepted earlier.

EQUIPMENT AND BAKEOUT REQUIREMENTS

General Blanket Requirements

The bakeout (heating) system is used for initial conditioning of the LIGO vacuum vessels and
components, and for periodic reconditioning. The blankets will be used to heat the system to 150'C
+ 20"C @ a rate of 1.8oc/hr. For design purposes, the blankets shall be capable of heating the
vessels and components to 200'C in 48 hours except to 250'C at gauge pairs. The blanket control
system shall be capable of ramping the setpoint temperature to a desired target temperature at a
desired rate, and maintain the target temperatue +l-20C for all vessel or component surfaces. __ :

The Buyer will fumish the programmable blanket controls, power distribution with overload
protection, and interconnecting cables.

Gauge Pair Blanket

Each gauge pair heating jacket shall be an independent controlled heating zone and shall be capable
of heating the gauge pair to 250'C in 48 hours. Gauge pairs consists of a Convectron and cold
cathode gauge mounted on a i.5" TEE with 2-314" Conflat flange fittings. Two thermocouples shall
be fumished to monitor temperature on each gauge surface. The approximate dimensions of a gauge
pair assembly are 12" x 6" x 72".

Equipment Support Legs

To maintain temperature at the vessel wall, where the supports attach the to vessel, heater blankets
,.are required.at the support legs. These heater blankets shall partially or frrlly cover the Jegs

depending on length and power density of the heating blanket. The vendor shall fumish adequate
power density and blanket coverage of the support legs. Tradeoff can be made between power
density and coverage requirements. The support legs are made of carbon steel.

The following are estimated power densities and coverage requirements. Less blanket coverage at
the support leg may be fumished if a higher power density is used to maintain the required bakeout
temperature of the vacuum equipment. Further dimensional details are given in the Attachment D
drawinss.

3 .1

t . z

J . J

SPECIFICATION
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

5 . + Vacuum Equipment Adjacent to The Isolatable Bakeout Section

When one isolatable section is being baked, the spool piece on the other side of48" gate valve needs
to be heated to maintain the bakeout temperature of the gate vah,e . The required power density for a
blanket length of 0.3m is 1700 Wm'. For spool pieces adjacent to gate valves that are longer than
0.3m, at least 0.3m minimum lengh of the spool shall have blanket covemge at a power density of
1700 W/m,'or a tradeoff can be made for a longer blanket section at a lower power density but in
any case sufficient to keep the gate at 150oC.

Component Estimated
Minimum
Power Density

Blanket
Coverage

Support Leg Dimensions

BSC Support Icgs 600 W/m2 Fully I 'X8'X 0.63'
Tube x 48" Tall

HAM Saddles 3500 Wm2 Fully 66" x 0.5" x l4" Tal l
At Valley x 28" Tall At Edges

Mode Cleaner Tube Support
Legs

600 Wm2 Partially
(48)

2 " x 3 " x 0 . 1 3 "
Tube x 70" Tall

72" Dia Beam Manifold Support
Less

{00w# Partially
(48')

4"x 2"  x  0 .31"
Tube x 75" Tall

48" /44" Gate Valve Support Legs 600 W/m2 Partially
(48'�)

I Beam
4" x 4" x 0.25" x 36" Tall

Cryopump Support Legs 600 Wm2 Partially
(48') Tube x 70" Tall

48" Dia Spool Support Legs 600 Wm2 Partially
(48") Tube x 70" Tall

SPECIFICATION
Number:
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

GENERAL EQUIPMENT REQUIREMENTS

Disregard parts of Attachment "B" (Specification # V049-2-033) not applicable to this work.

DESIGN REQUIREMENTS

4.0

5.0

5.1 MechanicalRequirements

5.1.1 Bakeout blanket sets shall be based on Attachment D equipment drawings. Blankets shall be of
durable construction, designed to be installed, removed and reinstalled on the vessels without
degradation.

5.1.2 Blankets shall be constructed to be non-shedding and suitable for installation, removal and slorage in
a Fed. Std. 209 Class 50,000 cleanroom.

5.1.3 Insulation thickness shall result in a cost-effective system design (2 inch min.). The Vendor shall
indicate the design heat loss with this proposal. K thermal conductivity, Cp specific heat, and
density data ofthe insulation shall be provided.

5.1.4 Components shall be identical to the maximum possible extent to minimize the number of required
spare parts.

5.1.5 The size of each blanket shall be suitable for installing without the use of special equipment.

Spool Piece Power Density
wa{2

Minimum Length With Higher Power
DensitY Heater

wA-l5..{ 1700 0.3 m (Entire spool)

wA-l5B 1700 0.3 m (Entire spool)

8-6 or B-7 1700 0.3 m

B-48 or B-4A 1700 0.3 m

WA-3A 1700 0.3 m

WA-3B 1700 0.3 m

SPECIFICATION
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

5.1.6 Each blanket shall be capable ofbeing secured properly on the equipment in any position (horizontal,
vertical) without sliding off its desired location and without gaps between blanket and surface being
heated. The blankets shall accommodate equipment expansion caused by bakeout heating.

5.1.7 Provide blankets with flaps made of fiberglass fabric and Velcro, lacing ties or lacing hooks to
interconnect blankets without gaps.

5.1.8 Provide blankets with strap loops and nylon straps to ensure that the individual heating blankets are
held tight against the body being heated.

5.1.9 Non-heated patches are acceptable for thermocouple access opening and for annulus piping,
brackets, lifting lugs and other appendages where thermal insulation is needed.

5.1.10 Each blanket shall be properly ragged with a permanent label identifoing the blanket and aoting its
wattage and measured ohmic resistance. Locate labeling on the blanket outer cover near the power
cable. Blanket identification shall match the bakeout blanket layout configuration as shown on
Vendor's drawings. Tag numbering method shall be coordinated with PSL

5.1.11 Each blanket shall have an approximate 3" x 5" removable patch to allow the installation of the
thermocouples onto the metal surface. This patch shall be in the middle of the blanket.

5.1.12 Outer and inner blanket cover material shall be submitted to the customer for acceptance prior to
fabrication. Outer jacket shall be the low emissivity type.

5.2 ElectricalRequirements

5.2.1 Instrumentation Requirements

5.2.1.1 Each blanket shall have two thermocouples. Attach thermocouples to opposite sides of 3" x 5"
blanket opening. Provide a type "J", #20 AWG stranded, shielded, 300 volts, 260"C Teflon
insulated thermocouple cables with non-rusting braided jacket. Make one end of each cable 24" long
and terminate with male connector as indicated on Attachment E drawing. Tag cables near
connector with blanket number. Make other end of each cable 12" long with junction in ring q?e
terminal and isolate cable shield from ring terminal as indicated on Attachment E drawing. As an
option, quote ungrounded (electrically insulated from shield) thermocouple junction.

SPEC!FICATION
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

5.2.2 ControlsRequirements

5.2.2.1 Controls for local operation will be fumished by the Buyer.

5.2.3 PowerRequirements

5.2.3.1 The system shall be powered from 480Y 1277Y, grounded power system.

5.2.3.2 Each blanket shall be rated for a 277Y source and shall have a 2-foot long (minimum) power cable
terminated as indicated on Attachment E drawing. Locate emerging cable tlrough eyelet at least 12"
from 3" x 5" blanket opening and anchor cable to blanket cover. Power wiring shall be stranded
copper, 600V, 260oC minimum. Power requirements shall not exceed 8 amps per blanket. Tag
cable bear cormector with blanket number.

5.2.3.3 The rnaximum power allotments at each isolatable section are as follows:

ISOLATABLE SECTIONS
see Attachment C drawines

MAX

Vertex section (sheet l) 180 kw
Left beam tube manifold section (sheet 2) l40kw
Rieht beam tube manifold section (sheet 3) l40kw
Diaeonal section (sheet 4) 180 kw
Risht mid station (sheet 5) l05kw
Left mid station (sheet 6) 105kw
Rieht end station (sheet 7) 70kw
Left end station (sheet 8) 70kw

6.0 REQUIREDDOCUMENTATION

In addition to the documentation listed in Attachment A & B, the following documentation shall be
provided prior to manufacturing:

. Catalog data sheets or other published materials showing appearance, electrical ralings, and
performance characteristics of blanket components.

r Blanket drawings detailing each blanket.

r Blanket heat transfer calculations.

o Blanket layout drawings for each bakeout configuration along with blanket identification (TAG
number).

r Blanket tag number versus power consumption table.

SPECIFICATION
Number:
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

7.0 SHOP TESTING

The Vendor shall submit standard testing procedures for acceptance. The Vendor shall test blankets
and repair defective components. Submit test reports. The Buyer reserves the right to witness shop
testing.

8.0 INSPECTION

The inspections called for in Attachment A & B shall be performed by the Vendor.

9.0 WARRANTY

Refer to V59049-2-034 (Commercial Requirements), General Provisions, for warranty requirements'

SPECIFICATION
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TIUE SPECIFICATION FOR GENERAL EQIIIPMENT REQIJIREMENTS

1.1

DEFINITIONS

The "Vendor" is defined as thc successfirl bidder accepting responsibility for meeting all
requirements of this specifi cation.

The *Oumer" is defined as the Califomia Institute of Tec,hnology (Caltech) in parmership
with the Massachusetts lnstitute of Tecbnology (MIT), under a grant from the National
Science Foundation.

The "Buyer" is defined as Process Systems Intemational, Inc. (PSI).

The "sites" are located on the llaford reservation neat Richlin4 Washington atrd in
Livingstoa Louisiaoa

12

1.3

t.4

3.1

DELE'TED

GEFIERAL REQUIRE]UENTS

The Vendor sball be responsible for coordination of all subzuppliers and for overall
warranty and guarantees ofall equipment including their compatibility. The Vendor
shall comply with all applicable referenced specificdions and standards and invoke them
on each subsupplier pr:rchase order.

Equipment will be installed at llanford (near Ricbland), Washington aad in LivingstoD,
Louisiana Unless othenr.ise iadicated, equipment $an be capable of continuous service
in ao indoor location with a contolled tenoperature of 23 + 1,5 C and a relative hmidity
contolled at 40 t 5%. The equipment will, howwer, be exposed to diurnal and seasonal
ranges during shipmen! constuction and power loss. It sball, therefore, not be darnaged

by €t posure to te,mp€rature in the range of -20 to +40 C, or a humidity of I 0f/o.

The Buyer shall be notified at least l0 working days prior to the start ofmajor
frbrication" assembly or testing.

Non-escort privileges for Buyer, Owner, Ooveramenl and Owner representatives to all
areas of the facilities where the work is being performed shall be arranged. This wiII
include access to fabricatiorl assembly, cleaning and test areas for ihe purpose of

3.2

3.3

3.4

monitoring activities.
SPECIFICATION
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TIIIe SPECIFICATION FOR GENERAL EQUIPMENT REQT,IREMENTS

4.0 CODES AI{D STAITDARDS

4.1 Priority of Codes and Standards

l. Codes
2. Standads
3. Data Sheets
4. This Specification

4.2 All conflicts shall be brought to the attention ofPSI for a written resolution prior to
award of a purcbase order. Ifmore tban one document applies to a technical
requiremen! the more stringent requirement shell have pecede,lrce.

4.3 Applicable Codes and Standards:

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code
Pressure Vessels: Section VIII, Division 1
Welding and Brazing Qualifications: Section IX

Americatr National St^ndards Institute (ANSI)
AI'ISI 458.1: ASCE Minimum Design loads for Buildings and Other Stuctures

International Standards Orgaoization
ISO Standard 2861: Flange Standards

Expansion Joint Manufactlers' Association @JMA)
EJMA Standards

Government Standards
Building and safety codes: local, siate and federal, including OSIIA

Federal Standard 209 for Cleamooms

SPECIFICATION



TII]E SPECINCATION FOR GENERAL EQTIIPMENT REQT'IREIUENTS

)

5.0 DESIGNREQTJIREMENTS

The construction of equipmenl shall be performed in the highest manner of workmanship
using only new and unused top qualig materials. The equipment shall be guaranteed
against defects in design" materials and workmanship as requircd elsewhere in the
Coatact.

5.1 MechanicalRequirements

5.1.1 Equipment feet or mounting plates shall have machined surfaces. Shim stock used strall
be stainless steel.

5.1.2 Each vacuum element greater than 12" io diameter shall be desigpe4 falricated and
tested in accordance wilh Se latest editioa of the ASME B&PV Code, Section VItr,
Division l, and subsequent addeoda (except as noted under section 8.O Welding), even
though vacuum chambers lie outside oftbe scope ofthat document.

5.1.3 Bolt boles in flanges shall shaddle natrral centerlines.

5.1.4 Reasonable mea$res shall be taken to minimize noise. The goal is for acoustic noise to
not exceed NC-I5 when measured at any point within I ' of the equipment.

5.1.5 Reasonable measures shall be taken to minimize vibration. The goal is for the vibration
of any it€m of equipment not to induce motion of the walls of any vacurm chambel or of
tbe facility floor within I meter of any chamber which exceeds the following sPectal
density limits:

Frequency Band. Hz Vibration Limit- mdtlz

I

I
I

0.1 - l0

10 - 1000

1000 - 10000

3 x l0'rr

3x lOax ( l /D2

3 x 10-15

The above limits apply wtren all simultaeously operating equiprnent is nrnning' and in
the absence ofvibration froIn other sources. Limited narrow band exceptions may be
permitte4 subject to Buyer's acceptance. Compliance with ihis reguirement may be
demonsEated by any combination of measurements and analysis, subject to Buyer's
aoceptance.

z
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o
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TITIE SPECIFICATION FOR GENERAL EQTIIPMENT REQITIREIT{ENTS
I�

)

5.1.6 ANSI Standard A58.1 sball be applied to determine the probability of erthguakes and
seisnic coefficients at the two sites.

5.1 .7 No equipment shall emit or harbor particulates at a level irconsistent with maintenance of
a clean environment conforming to Federal Standard 209 Class 50,000.

5.1.8 The equipment shall be designed for a minimum serviceable life of20 years.

5. I .9 Exposrne of the equipment to ambient conditiors druing construction, power failure or
contol frilue shall not result in damage.

5.1.10 Separable parts shall be fully interchangeable between assemblies.

5. I . I I Adequate clearance shall be provided for assembly of mating flanges and for handles.
External access shall be provided to all vacuum seams for leak checking.

5.1.12 Elements heavier than 50 pormds shall have liffing lugs insta[ed.

1 | S. t . t : Vendor sball speci& all bo torpque requirements in the equipment operating and
| | maintenance manual.

5.2 Elec'tricalRequirements

5.2.1 Gen€ral Electical Requirements

5.2.1.1 Electrical equipment and wiring shall conform to the National Electic Code.

5.2.12 Nl electical equipment strall mect commercial standards for EMI (see Attachment A).

I S.Z.t.f Electrical equip,m.ent shall meet the acoustic noise and vib,ration requriements of Sections
I 5.1.4 and 5.1.5. above.
I
I
| 5.2.1.4 See Afiachment A for other electrical requirements,

5.2.2 InstrumentationRequirements

5.2.2.1 Instrumentation strall be of indusnial quality and shall be subject to the acceptance of the
Buyer.

z

@

{
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T|IIE SPECIFICATION FOR GEI{ERAL EQUIPMENT REQT'IRE}TENTS

)

)

5.2.2.2 Vibration monitoring is nol a requirement of this specification.

5.22.3 Unless othenrise indicated, analog instrument sigtals shall be zl-20 ma or 0-10 VDC.

5.2.3 ContolsRequirements

Control signals shall be 24 VDC.

5.2.4 PowerRequirements

5.2.4,1 Motors shall conply with the Vendor's stmdard specifications, udess otherwise required
by this specification. J[s minimum service factor of motors shall be 1.15. Moton shall
be sized so that they can start and accelerate tbeir loads to desiga speed at 90% voltage,
and.hall be energy efrcient if required by local or slate codes.

5.2.4.2 Motors less rhrn 3/4 HP shall !s llQ !.4.C, I phase, 60 I{a Tbose 3/4 HP to 200 HP
shall b460 VAC,3 phase,60 Hz.

MATERIALS

Materials used for pressue or vacuum retainhg parts, oltrs, bolts and shrds shall be new.
Where practicable, materials shall be of US origin; where no! materials &om Canada
the European Commrmity or Japan riray be used. The Vendor's quotation shell identiff
the country of origin and how he intends to establish material traceability and
conformance of composition and properties to applicable codes.

Copies of mill tes reports of chamber and flange materials shall be fi,rdshed. Other
nozzles, smalt pa s, small flange nozzles, and bolting mat€rials shall be firrnished with a
Crrtifi cate of Compliance.

Fabricated components exposed to vacuum shall be made from type 3O4L or 3l6L
s{ainless steel using low carbon weld filler wire, where requircd, Standard catalog items
of304 or 316 stainless steel are acceptable ifnot available in 304L or 316L. Coppct,
aluminum and prebaked Viton @upont Type E-60C, manufactured by Parker or Buyer-
accepted gqual) must be used for seals. Vacuum feedthrougbs must utilize UHV
compatible glass or ceramic. All other materials are subject to Buyer's acc€ptance.

6.1

2
=

o

{
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TIIIE SPECIFICATION FOR GEI{ERAL EQIJIPMENT REQTJIREMENTS

T
6l Vacuum surfaces shall not be allowed to come into contact with carbon steel or oil,

including during forrring, handling or manufacture. Machining fluids shall be water
soluble and free of oil and sulfiu.

6.5 When manufactruing materials are marked for material identification or traceability,
marking shall be done on the outside, and not on surfaces that will be exposed to vacuun.

7.0 UTILITIES

The following utilities are available. The vendor shall stat'e in his proposat the usage of
each utility.

7.l Electric Power

120 VAC, 1 phase,60 Hz
480 VAC,3 pbase,60 Hz or 208/120 VAC,3 phase, 60 Hz

\ - ,

) Z.Z lnstrument Air: 80 psig, -60 C Dew Poiat
I

I
| 7.3 Deleted.

&O WELDING

8.1 Welding ocposed to vacuum shall be done by the gas tungsten arc inert gas (GTAW)
process, with a 100p/o Argon shield and pwged back gas.

8.2 Welding tecbniques shall dwiate fiom the ASME Code in accordance with the best ulta
high vacuum practice to eliminate any'lirnal leaks" in thc welds. Wherever practicable,
welds shall be internal and continuous. Extemal welds for structural purposes shall be
intermittent to elininate tapped volumes.

8.3 Defective welds strall be repaired by removal to sound metal and rewelding.

8.4 Vacuum weld procedures shall include steps to avoid contamination ofthe heat affected
zone with air, hydrogen, hydrocarbons or water. This requires that inert purge gas, such

z

I
o

I
I

as argon, be used to llood the vacuum sloe or neaEo port
weld wire shall be cleaned prior to welding I

lons, AtI vacuum su[aces ans

SPECTFICATIOI{

I l-"".*'^-
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TIIE SPECIFICATION FOR GEiYERAL EQTIIPMENT REQI'IREMENTS

8.5 The finistred product shall be free ofweld spatter, cutofr spatter, free iron, weld oxidation
and defects. There sball be no grinding or abrasion of completed welds or internal
vacuum surfaces. Completed welds strall only be cleaned with SS wire brushes that have
not previowly come in contact with carbon steel.

8.6 All welding procedures, procedure qualificatiom and welders employed oo this job shall
be qualified in accordance with ASME Section DL latest edition.

9.0 REQT'IREDDOCT]MENTATION

9.1 Drawings

9.1.1 Assembly drawings shall be submitted for the Buyer's review prior to fabrication. They
shall include all pertineil desig data and calculations, including desip pressures and

teEperatures.

9.1.2 Drawing acceptance must be obtailed from the Buyer prior to the stat of fabrication.
Drawing acceptance does not constitute acc€ptanc€ of any errors or ofany deviation fiom

these specifications or any instructions relating to the work. The Vendor shall call
attention to any such deviations by separate $,ritten notice. unless specific written
acceptance is obtained from the Buyer, deviations are not acceptable.

9.1.3 If cbanges are made to any drawing subsequent to acc€ptaDce' drasringF shall be

resubmitted with all changes clearly identified. 'As-Built" drawings shall be zubmitted.

9.1.4 Drawings in AutoCa4 Release 12.0 are prefened. All documents stored electronically
(procedrrcs and cAD drawing$ shall be backed up daily and the back-up tape sball be

stor€d in a frc-proof safe.

9.2 Mephanical Dara

g.2.1 Dimensioned outline drawings (indicating weights and center of gravity). These shall be

submitted with the Vendor's proposal.

92.2 Connection sizes and ratings, design and test pressures and temp€ratuEs'

9.2.3 Cross-section drawings of all seals identiffing all seal parts and materials.

SPECIFICATION
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9.2.4 Allowabl e nozf,e loads, if applicable.

le:.S All procedures to be utilized shall be submitted for acceptance prior to use. This includes
I welding, QA, cleaning, testing, welding, Heat Treating, teak testing, etc.

9.3 Electical Data

9.3.1 Elecbical schematics and wiring diagrams

9.3.2 Conhol logic documentation

93.3 Instrument data sheets

9.3.4 Motor data sheets

9-4 Acoustir Noise and Vibration (See Sections 5.1.4 and 5.1.5)

9.4.1 A plan describing how the Vendor will address the design issues associated with acoustic
noise and vibration is to be submitted.

9.4.2 An analysis ofthe equipment's design dyrumic characteristics (mass, center of gravity,
isolator stiftress, tranmissibility). The analysis shall support the rf6adsl's glaim sf
meeting or not meeting the specification requirements. In the case that the requirements
are not met, the Vendor shall show that all reasonable engineering attenpts have been
made to meet them, and the design will be subject to the Brryer's written acceptance prior
to the start ofmanufacturing.

9.5 Test and QA Data

The following shall be subnitted where applicable:

9.5.1 Manufacturer's Code Data Report

9.52 Nameplatefacsimile

9.5.3 Hydrotest results (Deleted)

TIIIe SPECIFICATION FOR GENERAL EQTIIPMENT REQT'IREMENTS

SPECIFICATION
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TiIIe SPECIFICATION FOR GETIERAL EQIIIPMENT REQI]IREIT{ENTS

)

9.5.4 Performance and leak test procedrres and rcsults

9.5.5 Mill test reports and certificates of codormance per Section 6.2

9.6 OtherDocumentation

9.5.1 Schedule, including design, material procurement and fabrication activities

9.6J hiced spare parts list with recomnended spares

9.6.3 Installation, Operation and Maintenance Manual, including drawings

ll.O.+ n saus r€port with updated schedule sball be zubmitted monthly

1O.O NAMEPI,ATES
t

l0.l Each separable part (except fastorers, seals and interchangeable, standard blank flanges)
shaU !s pematengy marked with a unique identification number in a locatioo readily
viewable.

10.2 Each item sbaU have a stainless steel narneplate (pennanently attached ifpractical).
Nameplates shatt include the Vendor"s standard data Where provided eash motor sball
also bave a nameplate.

I1.O CLEAIIINGANDPAINTING

I l.l Equipment internals shall be cleaned and free of all foreigp materials-

I t t.Z External carbon steel surfaces shall be cleaned and painted. The Vendor's staodard is

I acceptable if it meets specification requirements and is compatible urith fde(al standad

I zoe cUss 50,000.

I
z

o

o

7
I
I
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rltle SPECIFICATION FOR CEIIIERAL EQIIIPMENT REQUIREMENTS

11.3 Surfaces exposed to vacuum shall be cleaned in accordance with procedures acce,pted by
the Buyer prior to fabrication and installation. Surface reconlanination dr:ring
subsequent processes shall be prevented. Cleaning procedures for ultra high vacu:m
service shall be rcqufued.

I1.4 ltems sball be wrap'ped or sealed after cleaning to maintain cleanliness tbrough bandling,
tansportation and storage. Care shall be taken to minimize e:cPosrre to corrosive
envirorments, such as those containing c,bloride compounds.

ITz.o QUALITYASSURANCE REQT,IREMENTS
I -
I

The responsibility for inspection and testing rests with the Vendor. However, the Buyer
reserves the right to review equipment at any time drning the fabrication to assrne that the
work performed is in accordaoce with this contacr The Vendor shall give the Buyer l0
working days notice prior to the start ofmajor frbrication, assembly or testing so that his
represenlative may witness these tests.

The vendor shall have implemented inspection system in effect at all times during this
contrct. The inspection system shall comply with tbe following:

Design Control And Change Control
Provide a system to confool the issuance of documents and drawings including changes to
the locations where the work is beiag performed. The system shall address both
electronic files and hard copies.

Maleriel Control
Provides system that controls materials ftom receip througb the finished product. This
system shall assure that only acr.epted items are wed and installed. Physical
identification shall be used to the maximum exteDt Possible.

Quali9 Planning (Ireveler)
A system of shop travelers shall be establisbed for all work in process. The traveler shall
contain Hold/Witness points of the Vendor, the Buyer and the Owner. All planning
documents shail be submitted to the buyer for acceptance prior to fabrication.

SPECTFICATION
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TIIIE SPECIFICATION FOR GENERAL EQIIIPMEI{T REQUIRE}TENTS

)

ReceMng Inspection
Measures shall be established to inspect incoming materials to the applicable
procurement documents. Status ofmaterials shall be visible, by'qggrng or making.

In-Process And F'inal lnspection
A system of inspection and lest status shall be maintained using tags, markings' shop
travelers, stamps or inspection records.

Control Of Speciel Process' And Testing
A system shall be established to assure that welding, heat mament, cleaning and NDE

flle accomplished under conholled conditions, in accordance with written procedrnes,

usiag qualiEed personnel, to the applicable codes and standards.

\ r .

7 Control Of Non-Conformances
A system shall be established and documented to control items or services which do not
conform to requirements. The system shall include appropriate procedures for
identification, documentatiorq segregation, disposition and notification

I

I Documentstion And Records
I S,mcient records sball be prepared as work is perforrned to firnish documentary

I wiaence of the quality of items and activiries affecting quality.
z
J

o
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TIiIE SPECIFICATION FOR GENERAL EQInPMENT REQT'IREMENTS

F
I3.O PR.EPARATION FOR SIIIPMENT

l3.l Items shall be completely drained and dried.

13.2 Bolted connections shall be made up before shipmenl

13.3 Ahrminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable anachments to other connections.

13.4 Units shall be conpletely covered for protection against the mbient and weather
conditions expected during trasportation Units shall be adequafely protected for
unsheltercd storage at the sites.

13.5 Thp Veodor shall have a signed'Release for Shipm.ent" form provided by the Buyer's
Quality Assuraoce representative prior to firll or prtial shipmeot ofprodnct.

13.6 Shipping crates shall have the Buyer's purcbase order number, Vendor's name and list of

\ tag uumbers or part numbers on the outside ofeach crate.
,

13.7 Sufac€s that will see vacuum shall be firrther protected by, after final cleaning, sealing
ope,nings with oil-fiee heavy duty aluninum foil, attaching the nozzle cover and applying
shrink wrapped plastic.

14.0 STARTUPASSISTA|TCE

The services ofa qualified strtup assistant shall be provided on request of the Buycr or
lhe Owner to provide operator taining and strtup assistance at the sites.

I5.O DELETEI)
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ATTACHMENTA

OTHNP SIECTRICAL REQUIREMENTS

1.0 Definitions

2.0 Exceptions

3.0 Codes and Standards

4.0 Labeled and Listed Equipment

5.0 GeneralAssemblyRequire,ments

6.0 Widng

7.0 Field Connection Boxes

8.0 Testing

9.0 Deleted

10.0 Motor Data Sheets
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I.O DEFINITIONS

Indicated Shown or noted.

Labeled Approved by nationally recognized testing company.

Pefinitted As by code, Contract Documeqts, or Buyer.

hovide Fumish and assemble.

Buyer Process Systems Inemational @$)

Required As by Contract Documents and/or applicable codes and standards.

Submittal Information required to show that the proposed equipment meets
project requirements.

Use Providc material or equipmeot refere. c.ed.

Vendor Successfirl bidder accepting rcsponsibility for equipment
fabrication

. Work Material, equipment and fabrication and other requirements as
t

I established in rbe Contract Docum€rlts.

Wire (Verb) Connect to equipment indicated and provide wiring rcquired for
connecuon.

Wiring Conductors, raceways, and accessories as required for a complete
installation.

2.0 EXCEPTIONS

If the Vendor camot meet requiremeots established rmder this specification and its
attachments, provide a list of deviations with your p,roposal. In the absence of a list of
deviations, it shall be deemed that the Vendo/s product is fully in compliance with this

)

z
t
ct

o

{

lFmb.r ---
I A Y-0.4flt1_

tr,'. nz 
ol



Tllle

)

)

CODES AND STAIT{DARI}S

The assernbly shall comply with applicable parts of latest editions ofpublications by the
following organizations:

American National Standards Institute, Inc. (ANSI)

Code ofFederal Regulations (CFR) Title 47, Part 15

Electical Staodards for Industial Machinery (NFPA 79) unless otherwise indicated

Factory Mutual (FM)

Federal Communications Commission (FCC) Part l5

Institute ofElectrical and Electronics Engineers (IEEE)

Insulat€d Cable F-ngtneers Association (ICEA)

National Electric C.ode (NFPA 70)

National Electical lvlaouhcturers Association (NEMA)

Underuniteds Laboratories (JL) or equipment and installation stadards by other
nati. onally recopized testing companies

I,ABELED AI\TD LISTED EQTIIPMENT

Provide UL label (or that of other nationally recognized testing company) or listed
compone,nts uihere such standards exist.

GEI\IERAL ASSEMBLV Rf, QI'IREMENTS

Arrange and assemble componenls in accordance with their manufactuers'
specifications.

Label components with the equipmelrt designation as indicated using adhesive backed
labels with U8' high lettering.

Label termiaal stips as iadicated using printed manufacturer's labels.

Where air-achrated valves require pilot solenoids, mount the solenoid valves on the air
operated valves.

5.0

5.1

5.2

5.3

5.4

I
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5.0 WIRING

Insall wiring in raceways, wireways, or neatly tirewrapped wire bundles. Provide
product data for all cables.

6.1 Power Wire

6.1.1 Provide #12 AWG or larger single, standed copper conductors with Tpe THHN-TIIWN
or MTW insulation rated 90 C, 600 volts.

6.12 Use black colored insulatiorq except green for equipnent grounding conductors.

6.2 CoDtrol Wire @iscrete Signats)

6.2.1 120 VAC: Provide #14 AWG, stranded copper, multicooductor cable with Type THHN-
TIIWN or MTW insulation rated 90 C,600 volts.

6.2.2 24VDC: provide #16 AWG shanded copper, nlisted pairs, single or multipair cables
ralcd 90 C and 300 volts.

6.2.3 Color code conductors as follows:

120 VAC-Line Red

120 VAC-Neutral White

24 VDC Blue

Extemal Source Yellow

Crround Green

6.2.4 Identi$ each single conductor at each end with wire number or designation. Use printed,
sleeve type wire marker.

6.3 Instrument Wire (Analog Signals)

6.3.l +20 mA: Provide '16 AWG or larger, stranded copper, individually shielded tr,risted
pairs, single or multipair cables rated 90 C, 300 volts unless otherwise indicared. Wherc
practicable, install cables spaced at least 12 inches away from porver and contol wiring.

SPECIFICATION



6.3.2 Provide shielded twisted oair cables with one black and one white coEductor.

6.4 Thermocouple Wire

6.4.1 Provide #16 AWG solid thermocouple extension cable shielde4 rated 105 C, 300 volts of
tlTe required.

6,4.2 . - Provide thermocouple extension wire in accordance ISA color coding standards.

6.5 Wire and Cable Installations

6.5.1 ldenti$ each cable end wirh cable number or designation. Use printed sleeve wire
marker.

6.5.2 Plovide sufrcient wire lenglh to permit grouping and traioing the wires and cables.

I&,ere applicable, use self-locking nylon wire ties; cut offloose ends. Do not orceed
niabufacturer's wire bending radii. Do not allow wiring to. bear ageinst sdges sl'
enclosrues. Replace wiring cut too short to me€t installation requirements.

.'

6.6 Wiring Terminations and Connectors

6.6.1 Control Wiring

6.6.1.1 To terminate #10 AWC and smaller conductors to buses, enclosures, and similar
applications, provide compression (crimp) terminals,

6.6.1.2 To terminate #8 AWG ard la4er conductors, provide either compression (crimp)
connectors wing matching installing tool or mechanical screw type conoectoN.

6-6-1.3 
'where 

more than one conductor requires termination, p'rovide screw or pressure tJPe
insulated terminal blocks.

6.6J Instnnent Wire

6.621 Use insulating sleeve to secure shielding at instnrment end of cable. Clip shields to avoid
protruding from insulating sleeve.

6.6.22 Coil, imulate, and label ends of qrare conductors.

SPECIFICATION
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6.7

6.6.2.3 Remove insulation fiom ends of conductors using mechanical or elechic heat tlpe
stripper.

Equipment Gromding

Bond motors, heaters, and other electical equipme,nt to skid base. Weld to diagonal
conrers of skid base a 4 by 6 by ll2 itrch steel plate with two 3/8"-16 tapped holes spaced

. two inches apart, or if steel base is at least t/2 inch thiclq tap holes directly into steel
base.

6.7.2 Do not ground instrument shielding. Use insulating tape or heat shrink to secure
shielding at insfrument end of cable. Connect shielding at other end of cablc to juactioo
box terminal. (Shielding connects to a single ground refercnce point at Oumeds contoller
orVO rack.)

6.7.3 Completely remove paint, dirt, and conosion dovnr to bare metal udere connectors, lugs,
and other metal components are arached to mormting panels aod enclosur€s to assur€
gromding continuity.

6.7.4 Where a grounding stud or existing panel mormting bolt is use4 the Vendor may pmvide
the grounding conductor with a ring-tongue terminal and a "star" type washer installed
betweeh the panel and terminal. Use hexagon nut to secrne tightly.

FIELD COI\II{ECTION BOXES

To facilitate field wiring, provide seprate power, contol, md instnrment NEIvIA 4 or 12
type enclosues, nnless otherwise require4 with terminals 4fl 6 minirnum of 20 per,ceirt
spare terminals.

Arrange surrounding work and location ofboxes to permit box accessibility and to permit
(bottom, sides, top, and rcar) entrance of field conduits.

In power box, segrEgate voltage syslems using barriers or seprate boxes. Use box to
termhate motom, heaterq and other branch circuits with #E AWG and small wiring. PSI
will field wire larger circuits directly to equipment junction boxes.

7.1

72
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7 ,4 ln insEument box, s€gregate temperature element wiring using baniers or separate boxes.

8.0 TESTING

I It is Oe Vendols responsibility to conduct the following tests vyithout damage to
I equiP'ment.

E.l .- Wire Testing

8.1.1 Cbeck point-to-point continuity of each conductor to ensure that wiring is intact and
terminated at the proper place at both ends.

8.1.2 Vedry wire cornections are made in accordance with terminal wiring diagrams and
schedules.

8.1-3 Deleted

I A.t.+ anl aefective wiring sha[ be rqlaced md the unit rctest€d.

82 Motol

8.2.1 Before connecting motor, measure motor winding resisence in accordance with
manufacturer's recornrnendations.

8.3 Test each three-phase motor for proper rotary direction.

8.4 Submit a siped test report for each elecrical test conductor.

9.0 Deleted

IO.O MOTORDATASIIEETS

The attached motor data sheets shall be completed by the Vendor and submitted to the
Buyer with the Vendor's proposal.
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MOTOR DATA SHEET - DESIGN PARAMETERS

ITEM DESIGN PARAMETERS MOIOR
DATA

MOIOR
DATA

MOIOR
DAIA

MOTOR
DATA

I Motor Identification (tag
?a Volts
2b Phases
2c Hertz
.' Syncbmnous RPMs
4 Efficiency 6rcmiun/dn€rgy/norm.
) Service Factor
6 Load Brake Horse Power

Strting Torque
I Type Load (fan/pump/comp
9 Drive (belttdirect coupG
l 0 Rotation(CWCCW
l 1 Enclosurc
12 Maunting @orzlvert)
lza I.IEMA Type Flaoge
12b Vertical Trust (up/dourn
13 Indoor/Ortdoor Use
t4 Space Heater, lZlV (noAuatts
t 5 Winding Temp Sensor (yes/no
l 6 Bearing Temp Sensor (yes/no)

SPECIFICATION
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ITEM MANU FACTURER'S NAMEPLATE MOTOR
DAIA

MOIOR
DAIA

MOTOR
DATA

MOTOR
DAlA

I Motor Identifi cation (tag
2a Mfr:
2b Type
2c Frane Size
J Horsepower Output
4 Time Rating (NEMA MGI-I0.35)
5 Max Ambient Temperature
6 Insulatioa System
7 RPM @ Ratedload
8 Frequency
90 Pbases
l 0 Rated Load Amps
l l Voltage
12 Locked Rotor Amps or NEMA Code Ltr
l 3 NEMADesipLetter
l4 Efficiency
l 5 Service Factor
l 6 Thermal Protectors

MOTOR DATA SIIEET - MANUFACTURER'S NAMEPLATE

ITEM MANUFACTURER'S DATA MOIOR
DATA

MOTOR
DATA

MOTOR
DATA

MOTOR
DATA

I Motor Identifi cation (tag
7 Bearing Type
J Bearing Lub
4 Efficiency @ Full Load
5 Efficiency @ 3l4Load
6 Efficie,ncy @ lnLoad
7 Power Factor @ Full Load
8 Power Factor @ 3l4Load
9 Power Factor @ l/2l-oad
l0 Space Heater Voltage
1 t SDace Heater Watts

SPECIFICATION
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v049-2409 REV. 4 10104/96
ATTACHMENf D

TO SPEC|FICATION V049-2-O09, REV.4
LIGO BAKEOUT BLANKETS
FOR VACUUM EOUIPMENT

) i,ffi,t'li' REV II. DESCRIPTION
IASSEMBLYDWGSII ELANKETS

orv ll neo'o ev DATE ll REo'D BY DATE

/049-0-001 O P & ID VAC EOUIP LEGEND

v0494-101 (1 SHEETS) O BEAM SPTITTER CHAMBER (BSC)
SEE ANNULUS PIPING, V049.4.025
SEE BELLOWS TIE ROD, VO49-4-O4O
SEE RGA./AUX. TURBO CONN., VO4H-045
SEE 75 US ION PUMP, VO49-4{77
sEE COVERS. V0494-014 & V0494-A1 l

1 1 t29196 0'117 t97
09/05/97

V0494402 (1 SHEETS) 0 HoRtz. AccEss MoDULE (HAM)
SEE TYPE 44 COVER, V049.4-A4
SEE BELLOWS, VO49-2-53
SEE ANNULUS PIPING. V049.4-054

1 11/01196 12113196
09t05t97

v049{-004 (5 SHEETS) O 8OK CRYOPUMP LONG GENERAL ARRG,
SEE CLEAN AIR PIPE AND VALVE
v04s-5-014. sEcTtoNS L& M

1 '�t1n5[8 01103197

v04s4-005 (5 SHEETS) O 8OK CRYOPUMP SHORT GENERAL ARRG
SEE CLEAN AIR PIPE AND VALVE,
v049-5-019. SECTTON D
v049-5-023. SECTTON D

1 11t15196 Ung97

v049-4-014 (1 SHEET) O COVER TYPE IBEAIV SPLITTER CHAMBER 4 1'1115196 01103197

f)494-025 
(1 sHEEr) . 1 BSC ANNULUS PIPING ARMNGEMENT 1 't'v29t96 01117157

2 09n5/97

v0494-040 (1 SHEET) 3 HAM BELLOWS TIE ROD ASSEMBLY
sEE V049-rt-001

v049-4-045 (1 SHEETI O RGA,/AUXTURBO CONN ASSEMBLY

v0494-053 (1 SHEETI O 60.5 ID METAL BELLOWS HORIZONTAL C
sEE V049-4-002

v049-4{54 (1 SHEET) O HAM ANNULUS PIPING 2 11t01t96� 1i,13a,6
4 09rc5/97

v049-4-077 (1 SHEET) ,1 75 US ION PUMP . BSC
sEE V049-4-001

V0494.41 (3 SHEETS} 0 ADAPTER A-1 44 5/8 lD x 60 112 lD 1?/13196 02t07 197

v0494-A3 (2 SHEETS) 0 ADAPTER A-3 48 1/4 lD x 60 1/2 lD
SEE CLEAN AIR PIPE AND VALVE
v049-5-014. sEcTtoN c

2 1A13t96 02107 197

V0494.A4 (2 SHEETS) O 60 HAM COVER GROOVED TYPE 44 2 11101196 1?,131

V0494-A6 (3 SHEETS) 0 ADAPTER 4-6 48 1/4 lD x 60 12 lD 2 1?,1319,6 0v07197

v0494-A7 (5 SHEETS)

)

0 ADAPTER A-7 60 112lD x72 114 lO
SEE CLEAN AIR PIPE AND VALVE
v049-5-019, SECTTON E
v049-5-023. SECTTON E

12J13196 0?,07/97

v049-4-A11 (1 SHEETS) O BSC END COVER ryPE 411 1 11r?9t$ 01t'17197

c:v59049\BLANKETS.WBl 10/03/96 PAGE 1



TO SPEC|F|CATION V049-2{t09, REV.4
LIGO BAKEOUT BLANKETS

48.25 lD x 60.50

A-13 60.50 lD x

O ADAPTER A-14 44 518 ID

1 1U1386 0v07197SPOOL B-2A 30 12 lD x 60 12 lD
SEE CLEAN AIR PIPE AND VALVE

(4 SHEETS)

1 02107197 03r2Et97SPOOL B-3A 30 1/2 lD x 60 1/2 lD
SEE CLEAN AIR PIPE AND VALVE

1 02107197 03t281970 sPooL 8-6 48 1/4 rD
SEE CLEAN AIR PIPE AND VALVE

(3 SHEETS) .

1 01117t97 031071970 sPooL BE-s 72 1/4 rD
SEE CLEAN AIR PIPE AND VALVE

1 01t17t97 $n7p70 sPooL BE€ 72 1/4 lD
SEE CLEAN AIR PIPE AND VALVE

1 4  ( 1  O F 2 S H PIPING ARRG SECS CORNER STATION (W
SEE CLEAN AIR PIPE AND VALVE
sEcTroN c (we3A)
sEcTroN F (wB-2A)

03t28E7
03D8t97

09n5p7
09r'05/97

c:v59049\BLANKETS.WBI 1 0/03/96



v049-2{)09 REV. 4 10r04/96
ATTACHMENT D

TO SpECtF|CAT|ON V049-2{09, REV.4
LIGO BAKEOUT BLANKETS
FOR VACUUM EQUIPMENT

t i,ffi,t'i*" REV II DESCRIPTION
lFssEMBLYDwGsll ELANKETS

OTY II REO'D BY DATE II REO'D BY DATE

sEcTtoN D (wBE-s)
sEcTroN E (wBE$)
sEcTroN L (wcP2)
SECTION M (WCP1)

1 $r2el97 09105197
1 $na97 09/05i97
1 Bn8p7 09/05i97
1 03t28197 09/05/97

v049-t019 ( 1 SHEET) O PIPE ARRG SECS RIGHT MID STATION WA
SEE CLEAN AIR PIPE AND VALVE
sEcTroN D (wcPs)
SECTION E TADAPTER A-7)

2 | 12986 01 117 E7
1 03nar97 09n5t97

v04$.5-023 (1 SHEET) O PIPE ARRG SECS RIGHT END STATION (W
SEE CLEAN AIR PIPE AND VALVE
sEcTroN D (wcP8)
SFCTION E (ADAPTER WA-7C)

1 1'la9t96 01117197
't 11129197 0111787

v049-8-255 (1 SHEETS) O ASSEMBLY G48E (48" GATE VALVE} 2 03na97 09rc 97

v049-8-228 ('l SHEETS) 9 25OO L./S ION PUMP. QUOTATION DWG. 4 03t28ts7 09n 97

v049-8-249 (1 SHEET) GATE VALVE 14" ID DIM DWG 1 12113p,6 02lO7E7
2 09105197

v049€-250 fi SHEETS) DIMENSIONAL DWG LIGO VALVES (6') 03128t97 09i05/97

v049-8-306 (1 SHEET)
\ '

SCHIEBER ND 250 (10" GATE VALVE) 2 r n1 p6 12t13t96
1 09t05197

Toon-r-"**,ro) ASSEMBLY G44E (44" GATE VALVE)
STMLAR TO V049-8-255

4 03t28197 09/05i97

v049-&xxx (NA) GAUGE PAIRS 3 03t28t97 0qt05ts7

C:W5904S\BLANKETS.WBI 10/03/96
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Tltle
SPECIFICATION FOR CLEAII AIR SUPPLY SYSTEMS

Quantitv

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly. inspection, testing, preparation for shipping, shipment and delivery
of clean air supply systems for the LIGO vacuurn system. The systems will supply clean
and dry air foi equipment venting and purging, and for air showers in various vacuum
vessels.

All attachments are incorporated herein by reference and made a part of this specification.

The specihed equipment is intended for use as part of *re Vacuum Equipment suppJied
for the Laser Interferometer Gravitational-Wave Observatory GIGO). LIGO, which is
operated by Caltech and MIT under an NSF grant, includes two sites (Hqford
Reservatiori, near Richland, WA and Livingston, LA). Each site contains laser
interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
sha.ll be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDULE

Equipment delivery shall be as follows:2 .1

Westboro @SI)
50 CFM
200 cFM

'Washington 
Site:

50 CFM
2OO CFM

Louisiana Site:
50 CFM
200 cFM

Total Required
50 CFM
2OO CFM

2
0

+

I

0
I

Date

lt/t/96
11/1/96

9lt/97
9/l/97

3t1/98
3/1t98

, 6
z

l" The first unit of each size shall be a "prototype" and shall be inspected for cleanliness
prior to the release for subsequent units. The first units will also be tested for noise and
vibration by the Buyer.

z

I
o

il {

| 
*"*? u*;tt RsY.

I
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Tllle
SPECIFICATION FOR CLEATI AIR SUPPLY SYSTEMS

n2.3
tl
ll
3.0

Acceptances at the sites are expected to occur on a staggered basis no more than 120 days
after 

-delivery, 
with final acc-ptance at Westboro expected to occur about January 2,

1997; about May 31, 1998 in Washington; and about November 30, 1998 in Louisiana.

EQUIPMENT REQUIREMENTS

The clean air supply systems will be used to provide air for equipment venting and
purging, and for air 

-showers 
in various vacuum chambers. The air a! the supply- Point

ihail E 50 SCFM (6 systems) or 200 SCFM (2 systems) minimum. It shall be filtered
through prefilters and HEPA filters to provide air meeting Fed. Std. 209 Class 100. It
shall 5e ibied to -60 C dew point (at atmospheric pressure), and provided at a minimum
pressure of 30 psig. Supply air to the systems will be ambient indoor air' Air
iompressots shall be non-lubricated with filtered suction. Performance for flow'
dewpoint and particle corurt shall be guaranteed. Commercially packaged compressors,
dryeis and filiers (subject to PSI approval) used in these systems need not meet
Attachment B ofthis specification.

As a miirimum, the following components shall be provided:

. A rcceiver with manual drain and automatic starVstop capbilities for the
compressor. (System operation will be continuous for periods of several hours to
several weeks, with variable flow rates.)

r Hydrocarbon removal adsorbers with sample taps upstream and downstream.

o An inlet air filter capable oftaking air from an adjacent room (piping by others).

Dryer blowdown silenceis suitable for locating outside ofthe building by others.

A 0.01 micron sterile final filter with stainless steel housing.

4.0 DESIGNREQUIREMENTS

4.1 Mechanical Requirements

4.1.1 Systems of each size shall be
requreo spare pans.

self-contained and identical to mirumizn the number of

4.1.2 Any.required utility con:rections (such as for cooling water) shall be manifolded to a
sinlle cinnection point and terminited appropriately (such as with an isolation valve).

4.1.3 The acoustic noise and vibration requiremedts detailed in Section 5.1 of Attachment B do
not apply to the clean air supply systems. However, reasonable measures shall be taken
to minimize vibration.

114.1.4 The final filter and all downstream materials shall be stainless steel (304, 304L,376 or

fl lery.
tl

C

0o
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SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS
Tt||e

4.1 .5 The 200 CFM systems shall be water cooled and the 50 CFM units air cooled.

4.1.6 Manifolding and/or proper compressor cabinet connections thall _be provided to allow a
single air inlet from-an-adjaceni room (piping and silencer by others). The compressor
inlet shall be filtered.

4.1.7 Building access for installation is tlrough 8' wide by 8' high doorways. Therefore, each
skid mrist be sufficiently less than thdse dimensions to allow adequate clearance. If
necessary, it would be aiceptable to remove an item from the skid for installation, then
reinstall ii on the skid. Ac6ess space will be provided by others around the skid. Skid
equipment arrangements are subject to Buyerts approval. CAD drawings and files are
preferred, AutoCAD 12, if possible.

4.1.8 All piping shatl be detergenr washed and rinsed to remove all traces of oils. No
tryarirc'arU"ons shall be osid on the proce;9 surfaces. of.the comptessors during their
nianufacture, and none shall be used in making up piping joints. AII dryer vessels, filter
housings and other eomponents shall be free of hydrocarbons, and mspected to ensure
that they are clean and dry.

4.1.9 The ciean air supply systems shall not introduce hydrocarbons into the air strearn.

4.1.10 Blowdown from compressor unloading may be vented into the compressor cabinet if it
does nol result in a significant increase in noise.

4. I . I I The sample taps upsneam and downstream of the hydrocarbon removal adsorbers shall be
valved aird have 114" male Swagelok thread for customer connection.

4.2 Electrical Requirements

4.2.1 Instumentation Requirements

Apptopriate gauges for local op€ration and monitoring shall be provided.

4.2.2 ControlsRequirements

4.2.2.1 Controls for local operation shall be provided. In addition, provide terminal strips in
junction boxes with dry contacts to indicate that the systems are running or not'

4.2.2.2systems shall be stopped and started by hand switches located on the system sktd. The
"6-pr.sro.r shall be'itarted and stopped automatically based on pressure in the discharge
recelvel tanK.

114.2.2.3 Provide a receiver low pressure switch for alarm, wired to dry contacts on t€rminal strip

ll in above junction box (see 4.2.2.1, above).

= l

. ! l' l

4.2.2.4 Provide a dryer failure to switch alsrm wired to the comp
alarm for the compressor. I

ressor oanel. and a common out

SPECIFICATION
Numb'rA 

vo49-2-orl
Bev.

o l <



Tllle
SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS

4.2.3 PowerRequirements

4.2.3.1 Required controllers and overload protection shall be provided on the system skids.

4.2.3.2 A single disconnect switch for each system shall be provided on each skid. An additional
disconnect for each dryer system shall also be provided.

4.2.3.3 AII wiring, conduits and terminations between skid components shall be provided, with
oniy a single power feed necessary for field connection.

4.2.3.4 A single 4801277 V, 3 phase, 4 wire (with ground) circuit will supply power to t}re
system.

4.2.3.5 All starters, switches and overload protection devices shall be provided by the Vendor.

4.2.3.6 All instrument wiring shall be segregated in separate conduits based on signal voltages
(one type per conduit). Barriers shall be used to separate terminal blocks of different
volBges.

4.2.3.7 The system shall meet the requirements of the N.E.C. and all local codes.

5.0 REQUIREDDOCUMENTATION

In addition to the docurnentation listed in Attachnent B, the following documentation
shall be provided prior to shipment:

. System installation and operating manual

ll . Certified test results

6.0 SHOP TESTING

The Vendor shall perform his standard testing (tests for one system of each size to be
witnessed by the Buyer). ln addition, the Buyer will make measurements of flow,
dewpoint, hydrocarbons and particle count for the delivered air, and noise and vibration.

7,0 INSPECTION

$ Th. inspections called for in Attachment B shall be performed by the Vendor. Also, all

I equipment and components shall be inspected in accordance with Paragraph 4.1.8, above.
tl

8.0 WARRANTY

z
c

cl
o

Io

PwchaRefer to PSI Specification V049-2-034,
Requirements, for warranty requirements.

sed Equipment Commercial
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Title: SPECIXICATION FOR LN2 DEWARS

SPECIFICATION FOR

LNzDEWARS

FOR

LIC,O VACUUMEQUIPMENT

Ilanford, Washington
and

Livingstorq Louisiana

PREPAREDBY:

QUALITY ASSURANCT:

TECHMCALDIRECTOR:

PROJECTMANAGER:

a)- &. LLU)

Information contained in this specification and its auacbments is proprietary itr natue and shall be kept confidential. It shall be
used only as rcquired to respond to the specification requirements, and shall not be disclosed to any otler party.

2 @* sla!* fi74 i/ty.6 R.v,red p4c )Eo *€.tzf I vat"lt, {or grrrch+se.

!. ffi'q'i4+n /Jvt al4rt Reu,eed De,r ?Ea * ors4

d @yzlifua I'"fb..,. I ceJ,easg F*'R DE o oo83 FoQ orEJE

REVLTR, BY-DATE APPD. DATE DESCRIPTION OF CI{ANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION

INITIAL
APPROVALS

PREPARED DATE APPROVED DATE
-D. 

\,t^- tc<--->

Number VO49-2-013 Rev.

z

Page I of ir
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Title SPECINCATION X'OR LN, DEWARS

1.0 SCOPE

This specification covers the minimum requirements for the manu&cturing engineering
materials, fabricatioq assembly, inspectioq testing, preparation for shipping, and shipment
of LNz dewars for the LIGO vacuum system.

All attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment zupplied for
the Laser Interferometer Gravitational-wave Observatorv &IGO). LIG0' which is
operated by Caltech and MIT under an NSF contract, includei two installations at widely
separated iites: near llanford, WA and Livingstorg LA. Each installation contains laser
interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confdential. It slial be used only as required to resporid to the specification
requirements, and shall not be disclosed to any other party.

SCEEDULE

Equipment delivery shall be as follows:

2.0

2 .1

Ouantitv Date PSI PA{

10,000 Gallon (minimum net after 90 days)

Washington Site: 6 9lr/9'1

v0492013P1

Tag nos.

wDw3,wDw4,wDws,

wDw6,wDw7,wDw8

Tag nos.

IDW3,LDW4

Louisiana Site: 2 3tv98

Total Required

z

o
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Title SPECIFICATION FOR LN, DEWARS

Ouantitv Date PSI PA{

12,000 Gallon (minimum net after 90 days)

Washinston Site; 2 9/t/97

v0492013P2

Tag nos.

wDwl,wDw2

Tag nos.

LDWl,I,DW2

Louisiana Site: 2 3^t98

Toral Required 4

Acceptances at the sites (the start ofVendor's warranty periods) are expected to occur on
a staggered basis, with final acceptance expected to occur no later than May 31, 1998-
Portions ofthe equipment maybe accepted earlier.

EQIIIPMENT REQUIREMENTS

The dewars shall have minimum usable capacities as shown in Section 22, above, after
accounting for boil-of losses due to parasitic heat loads over a storage time of 90 days
without rEflling at an ambient tempdrature of 100 F. The dewar boll-off rate shall be
noted. Each dEwar shall be proviied with an ambient air vaporizer with associated
controls to maintain dewar preisure at a design LN2 consumption rate of 200 gallons per
nour.

DESIGN REQI]IREMENTS

The Vendor shall use his standard dewar design, subject to the requirements listed below,
indicating the design pressure and temperatures. The Vendor shall fabricate and test the
vessels according to this specification and the attached drawings.

4.0

4.7

{
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Title SPECIFICATION FOR LN, DEWARS

Dewars shall have a 9Yo Nickel steel (ASTM A353) inner vessel and carbon steel outer
vessel, with skirts or legs and lifting lugs. They shall be designed to be mounted on a
concrete pad outdoors in-a vertical p6siti6n. The suggested foolprint for the anchor bolts
is a circle with a 52 inch radius. Fobtpads may exteil beyond tiris circle by a reasonable
amount. The Vendor shall advise PSI with trii Uia if tneri is a significant ileviation from
this requirement in his design.

The inner vessel shall be ASME Section VItr, DMsion 1 Code stamped.

Vessels shall have an electrical grounding connection (ug).

4.5 An outer vessel relief dwice sized in accordance with CGA requirements shall be
provided. The inner vessel relief shall meet ASME requirements.

4.6 In atldition to the Vendor's standard level gauge, tlre Vendor shall provide pressure taps
to install a level transmitter supplied by Buyer.

4.7 The Vendor shall provide a self-contained vent line back preszure regulator as shown on
theP&ID @SI drawing V049-0-006).

4.8 The Vendor shall provide a self contained pressure regulator for the vaporizer loop to
maintain dewar pressure as shown on the P&ID.

14.9 The inner vessel shall have a single relief valve./rupture disc arrangement as shown on the
I P&rD.
'4.10 

The bottom liquid draw line will mate with stainless steel vacuum - jacketted pipe
(supplied by otliers). The inlet ofthe liquid draw line shall be 18" above the bottom ofthe
dewir innei vessel, facing dowq in order to minimize the possibility of ice particles being
drawn into the line.

4.1 I The dewar shall be suitable for the following outdoor ambient conditions:

Winter: 15 deg. F dry bulb
Summer: 96 deg. dry bulb, 68 deg. F wet bulb.

A '

4.3

4.4

z
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Title SPECIFICATION FOR LN, DEWARS

4.12 The following paragraphs of Attachment B are not applicable:

5 . 1 . 4  5 . 1 . s  5 . 1 . 7
6.3 6.4 6.5
9.4 l1.3 11.4

14. 13 A vapor line pressure gauge shall be provided with the dewar.
I

5.0 REQUIRNDI}OCT]MENTATION

Documentation requirements listed in Attachment A shall be plgvided according to the
Buyer's schedule (ichedule later). In additioq the following shall be provided:

I Copies ofthe material test reports for pressure boundary material

. Copies of ASME Manufacturer's Code Data Report.

o All documentation shall be supplied to the PSI Quality Assurance Manager at the
time of shipment.

6.0 SHOPCLEAI{ING/TESIING

The Vendor shall follow his standard cleaning and testing procedures.

7.0 INSPECTION

The inspections called for in Attachment A shall be performed by the Vendor.

8.0 WARRANTY

Refer to Attachment A Section 15.0, and to Attachment B, General Provisions, Article 40
for warranty requirements.
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Titls SPECIFICATION I'OR VACUUM JACKETED PIPING

7

SPECIFICATION FOR

VACUTJM JACKETED PIPING

FOR

LIGO VACUTJM EQIIIPMENT

Flanford, Washin$on
and

Livingston,Louisiana'i.

PREPAREDBY:

QUALITYASSURANCE:

7 TECIIMCALDIRDCTOR:

PROJECTMANAGER:

Information coutained ia this specification and ils atiacbments is propri€ury in naftre and shal be kept confidotial. It shalt be
used only as required to respond to the specification requirements, and shall not be disclosed to any o[her patty.
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5.0 Required Documentation

6.0 Shop Testing
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Titlc: spEcrucArroNFoRvAcurMJAcKETEDPrPING

1.0 SCOPE

This soecification covers the minimum requirernents for the design' materials, frbpcgtio+
;;;5t".TrDd[rr i;nid. piiparation ior s]'ippinc, and shipment 9f-9guu19 jacketed
(VI) piping for the LIGO 

-vdcuuh 
system. The PiPilg-wilf be u-s9q !n lqutd n$rogen

i#c'r,'rrt i6e AO K cryopumpi. The cryopumps are id-entified in the LIGO drawings by the
liriiiilril"i, WCFX irii|fX where X'is a humeric idenrifier of a particular cryopump.

All attachments are part ofthis specification.

The specifed equipment is intended for us,e-as P{! of the VaalmEquipmentJun{ig! for
td ft; InteFeiometer c'i""ltrCon t-wavd Observatory @IGo) $Qo' whic! is
ooerated bv Caltech and MIT under an NSF contract, includes two installations at wldely
;5#;A ;iG, ;# til"f;4 WA and Livingston, LA Each installation contains laser
i;i#;;;;; ii * L-ttt"i," *lttt + t- 

-arys' 
a vacuum system for the sensitive

interferometer components and optical beams, and other support tac ftles'

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidentiat. It sfidl be used only as required to respond to the specficatlon
requirenreits, and shall not be disclosed to any other Party.

SCEEDI'LE

Equipment delivery shall be as follows:

2.0

2.1

Ouantitv

Washington Site:

LN2 Supplyline 8

Louisiana Site:

LN2 Supply Line

Total Required

Date

9n197

3t11984

12

Page 7 of L



Title: spEcrFrcATroN FoR vActtt M JACKETED PrPrNc

2.2

2.3

At each of the stations along the interferometer arms where. a gyopump is located, the
lengths of VJ pipe and the-number of piping components is the same as every - other
"ru6ouro stati6n'. However. there are diherent wayi in which the piping is-routed. The
etieihed'skaches. V049-6-016-SK1 and V049-6-016-sK2 define the ways in which the
piping is routed.

Acceptances at the sites (the start of Vendor's warranty periods) are orpected toioTlgn
a stacsefed basis. with find acceptance o<pected to occur no later than May Jr' rvvu.
Porti6is of the e{uipment rnay be 

-accepted 
6arlier.

3.0 EQI]IPMENTREQIJIREMENTS

Ihe oipinc will be used in liouid nitrogen service at the 80 K cryopumps'
pipinlg shil have a heat leakho greater than 0.581 Bnr/hr-ft for LNz.

4.4

4.6

DESIGN REQIJIREMENTS

The oioine shall be in accordance with the attached piping anangement drawings. Vacuum
jack6tted 

-piping 
is identified in the drawings with the suffix "VX'.

The oioins shall meet the vendor's standards. Howwer, the liquid nitrogan plgceq l4e
,ii"ir't'"-i7z;;llp$ i-CH io. No bellows shall be used in'the process line zupplying liquid
nitrosen to the crVopump. If bellows ale necessary, they shall be used on the vacuum
i"ikE ""t". itti oi;iie wrt*n shall feature intermeiiate bayonet connections qs shown in
ihe attachid dra:wings and wherever else is necessary as determined by the vendor, so
that it can be assembl-ed inside the LIGO vacuum equipment building without resorttng to
any welding.

The vacuum iacketted pipine shall terminate at the cryopump in male bayonet connections
urili.'ine 1/2" NPS SCH-lo-for its process line so that there is a sflrooth transrfion m tlle
oip" inf;.i ii.-itit tom ttre supply line through the bayonet to the cryopump. The other
irid of ttre pioine shall terminate in pant leg/stub end t'?e connections. these connecuons
Jirl 6" a"5lfrdZ * tltt"t tn" proceis hnes'can be bunivelded to succeeding runs of pipe
which will bi covered by mechanical (non VI) insulation.

The jacket and process lines strall be grade 3ML stainless steel.

The following paragraphs of Attachment B are not applicable:

5 .1 .4  5 .1 .5  5 . r .?  14 .0

9.4 9.4.1 9.4.2

The supply line

4.0

4 .1

4.2

4.3

v049-2-016

Pzge 4 of 6



Title spEcIFrcATIoN FoR vAcurJM JACr(ETED PrPrNc

5.0 REQTIIREI'DOCTJMENTATION

In addition to the documentation listed in Attachment .\ the following documentation
shall be provided prior to slripment (schedule lato):

l) Isometric drawines of the piping system shall document the design'These' 
drawings shall be Ipdated as rieiessary- and submitted to PSI for approval-

5.0 SEOP TESIING

The Vendor shall poform his standard testing.

7.O INSPECIION

The inspections calted for in Attachment A shall be performed by the Vendor:

E.O WARRANTY

Refer to Attachment A Section 15.0, and to Attachment B, General Provisions, Article 40
for warranty requirements.

A vo49-2-or6
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T|IIC SPECIFICATION FOR BELLOWS E)(PANSION JOINTS

1.0 SCOPE

This specification covers the minimum requirements for the design, m4tqrlals,
fabricatioq assembly, inspection, testing, preparation for shipping, and shipment of
bellows expansion joints for the LIGO vacuum system.

All attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equi_p_ment sup.plied
for thi Laser Inferferometer Gravitational-Wav-e Observatory GIGO). LIGO, which is
operated by Caltech and MIT under anNSF contract, includes tlvo installations.at widely
separated sites: near Hanford, WA and Livingston, LA. Each installation contains laser
interferometers in aa L shape with 4 km anns, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contaiaed in this specification and its attachmenr is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirernents, and shall not be disclosed to any other party.

MATERIAL REQIIIREMENTS

All bellows material provided by the vendor shall conform to the requirements of ASME
Specification SA-24d Type 304L with the additional supplementary requirements
discribed in this specifiiition. Otler vendor supplied materials slall be prorided as
reouired bv the driwines and bills of material. The bellows material used shail be hot
rolied, anriealed and piikled. Brighr H2 annealed materiai is not permitted. If the_bellows
material is supplied dual certified-to griae fO+lfO+L, this will be acc-eptable toPSI.
Vendor or purihaser supplied material for nipples shall be dual certified to $ade
304/304L.

Applicable Codes

2.2.1 ASME Boiler & Pressure Vessel Code, Section II, 'Materials", 1992 Edition
through 1994 Addenda.

2.2.2 ASTM A-480, "Standard Specification for General Requirements for Flat-Roll
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip".

2.2.3 ASTM 4-700, 'standard Packages for Packaging, marking, and Loading Methods
for Steel Products for Domestic Shipment".

Any apparent conllicts between the requirements given herein and the applicable ASME
Specification shall be brought to the attention of PSI for clmification.

2.r

2.3

SPECIFICATION
xumbcrA V049-2-017
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ritle SPECIFICATION FOR BELLOWS EXPAI\SION JOINTS

3.0 SCHEDULE

See Attachment "B"ior bellows assembly quantities and delivery schedule.

Al1 of the above items shall be shipped to the Buyer directly (Westborough,
Massachusetts).

Acceptances at the sites (the start of Vendor's waxranty periods) are expecteq F 999F o"
a stajgered basis, with final acceptance expected to occur no later than May 31, 1998.
Portions ofthe equipment may be accepted earlier.

EQUIPMENT REQUIREMENTS

The Vendor shall provide the fabricated items identified on the Buytr's design drawings.
The bellows detail is shown on Sketch A included in this specification.

Ali Bellows and assemblies shall be designed and fabricated to comply with the
reouirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Division l,
Pr6ssure Vessels, latest edition and subsequent addend4 even though vacuum vessels are
beyond the scope of this code. Fumished components need not be code'U" stamped.

Bellows for the "Adapter and Spool Sections" , except those described in 4.4 below, will
to be retracted 3" ma:iimurn or 6xtended 1" maximurn at installation from the shipping
lensth. ,Also. beilows will be retracted 3" maximum from the installed position for
equiipnient maintenance and "O-Ring" replacement for approximately 200 cycles (total
plani life). lhe shipping length will be the neutral bellows length without any extensrons
or compressrons.

Bellows for the FIAM nozzles and spools BE-3 and BE-3A cannot be extended because
of space limitations, hence, they muit be designed to allow fuom I l/2" to 2" n
compression from the irstalled position for "O-Ring" replacement' All other
requiremens stated in this specification apply. Seller must specifr the maximum
compression allowed for all adapters and spools.

For normal operating conditions, thermal expansion movernents shown in TABLE I are
from the instilled po-sition and shall be designed for the Seller's no-nnal cycle life.(1000
cycles min.). sellir shall specis and complete the dimensional i:rformation required in
Table 1.

The bellows spring rate shall be such that the total load (spring rate,x maximum
displacementishal-l not exceed 100 #/inch of circurnference at the flange I'D.

carbon steel parts including but not limited to tie rods, plate washers and nuts shall be
finished by the electroless nickel process meeting the requirements of ASTM B733.

J . 1

3.2

3.3

4.0

4.1

A 1

4.3

4.4

4.5

4.6

4.7

SPECIFICATION
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ritle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

5.0 DESIGN REQUIREMENTS

See Attachment "B'' for the list of PSI drawings which show bellows spools to be
fabricated into bellows assemblies by the Vendor. The bellows shall be provided with
end nipples fabricated as shown on PSI drawings, from bulk plate provided by PSL In
additiori, jacking lug assemblies and lifting lugi must be instilled 6n each bellows
assembly. Design and locations ofjacking lug assemblies and lifting lugs will be
provided by PSII Lug & tie-rod material is sfown on the PSI drawingsi]rall be provided
by Vendor. NOTE: Tie-rod/lifting lugs are to be used as shipping restraints by the
bellows vendor.

"HAM Chamber" beliows strall be provided loose without end nipples.

Expansion ioints shall withstand Ultra-high Vacuum (10E-09 Ton. ) al 400 Deg F,
balteout anil 2 PSIG intemal pressure at room temperature during the purging operation.

Bellows dimensional limits are shown on PSI drawings. Thermal'expansion movements,
etc. are shown in Par. 17. The Seller shall provide the actual dimensions and other data
requested il the table.

5.3.1 In Par. 17, t is the bellows thickness, O.D. Corr. is the outside diameter of the
convolutions, and L is the bellows lenglh. Other dimensions are shown on sketch
A.

5.3.2 .In addition to the dimensional requirements, the bellows must be capable of
permitting a maximum of l/2 degree of angular offset (bending) while in the
installed position.

Multi-ply bellows axe not acceptable for Hi-Vacuum service.

Except for attachment welds to nipples, circumferential welds in bellows are not
pemritted under any circumstance.

MATERIALTESTING

One material coupon, 2" x 2" min., ftom each heat number, lot and thickness of bellows
material provided- by the vendor must be supplied to PSI for information prior to release
for shipnient. Each-coupon shall be permanently marked/stamped with heat number, lot
etc,- for nositive identificatior.

5 . 1

5.2

5.3

)

5.4

5 .5

6.0

6.1

l
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rttle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

7,0 FABRJCATION

7 .1 All bellows assemblies shall be furnished complete as shown on the Buyels drawings, as
required by the Purchase Order and as herein noted, and shall include all necessary
hardware, iuch as bolts, washers, and nuts. Tolerances shall be adhered to as specified on
the detail drawings.

7 .2 For rolling of shells, carbon steel rollers shall be covered with healy indoor/outdoor
carpet or S/S durilg the rolli-ng process to prevent carbon steel contamination of the
stainless steel.

7 .J The seam edges of plates to be rolled are to be preworked to assure roundness of the final
cyllnoer.

8.0 WELDING

8.1 All weiding shall be performed in accordance with the ASME Boiler & Pressure Vessel
Code, Sectiln IX, Welding and Brazing Qualificati ou 1992 Edition through 1994
Addenda and other applicable code sections referenced herein.

8.2 A11 welders shall be certified to ASME Section IX Procedures.

8.3 All vacuum boundary welds shall be continuously welded and shall be on inqdg-pgr
drawing detaits. Griirding is not perrnitted; welds shall be smooth but NOT FLUSH &
NOT GROLIND. Carbide cutting is permitted.

8.4 All welds at vacuum boundarigs shall be vacuum tight with a helium leak rate
eouivalent to a total of I x 10" ton literVsec/chamber. PSI will leak test all
bellows welds with a helium mass spectrometer. Vendor shall repair all leak areas
identified by PSL

8.5 The Seller's fitup tack welding procedures and procedure qualifications shall be submitted
to the Buyer for approval. Approval must be obtained prior to use.

l3.6 All weld joint preparation shall be done by tungsten carbide tooling.
I
8.7 Weldins Process

8 . 7 . 1 . Vacuum boundary and attachment welds shall be gas tungsten arc welds -(GTAW)
or plasma arc weias GeW) (see sample Attachment C). The v^endor shall submit
weid procedures to the Buyer for revi-ew and approval prior to fabrication.

8.7.2. All weld repairs shall be performed in accordance with PSI approved procedures'

8.7.3. A11 weld wire and weld ioint preparation areas shall be cleaned with CO2
scrubbing prior to welding per PSI procedure V049-2-0'10. Weld wire shall
packaged"fuer cleaning tJ frevent iontamination. Weld wire shall be handled
only nirh clean gloves after CO2 cleaning.

SPECIFICATION
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rlte SPECIFICATION FOR BELLOWS EXPANSION JOINTS

8.8 Backing strips or rings shall not be used.

8.9 Longitudinal searns of the bellows and spools shall be offset.

8.10 Welding shall be done in an area that is separate from dirty processes (MIG welding"
grinding, blasting, painting, etc.).

9.0

9 .1

9.2

CLEANLINESS

This material is intended for use in a high vacuum application. Potential hydrocarbon ..
contamination shall be prevented. Also, the material-shall be wrapped and covered at all
times the material is no:t being processed to minimize possible exposure to contaminants.

No iron, carbon steel or other contaminants (such as grease, oil or hydrocarlop) a-rc t9
come in contact with the shells. Machining fluids shall be water soluble and iiee ol oll
*a rJno. All fluids that come in contact-with bell0w shall not exceed the contaminant
levels perrritted as stated below.

Maximum Concentration Limits

ConteFinant

Wateri Leachable Chlorides

Total Halogens (including Water Leachabie Chlorides)

Total Sulfur

Linit

100 ppm

1000 ppm

1000 ppm

9.3 Bellows shall be cleaned and dried (air dried) prior to wrapping. The bellows shall be ..
free of all surface contaminants, forming lubricants, free from residue from tbnmng rolts,
tools etc. and standing water. The Seller shall submit all cleaning procedures and
methods for Buyers approval.

1O.O SHOP TESTING

The Seller sha1l submit all test methods and procedures that are to be used to verifr the
leak iishmess of the expansion joints (belloris and weid nipples) or bellows (after
i;i;?) for tle buyers approuil. The Seller shail submit the documented results of the
tests tolhe Buyer f6r his ?6cords. The Buyer reserves the right to $ritness. the tests on-
,ii". mJu.naor shall notify the buyer 5 working days befoie each lot is leak tested.

Bellows shall be helium leak checked per ASTM E498 to less than 1xl0-e Ton Vsec.

Liquid penetrant testing shall rct be used for testing.

SPECIFICATION
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rille SPECIFICATION FOR BELLOWS EXPANSION JOINTS

11.0 INSPECTION

1 I . I The responsibility for all inspections rests with the Seller, however,- the Buy- er reserves
the right to inspect the components and/or final assemblies at any time during orafter
fabrication to a3sure that the workmanship and materials are in compliance witl this
specification.

11.2 The purchaser shall have the right to witress all manufacturing processes.

11.3 The purchaser shall be informed 5 working days before the scheduled ship date of each
lot. A signed release for ship form is required from the purchaser to release each
shipment.

| 11.4 Purchaser supplied material must be inspected by the purchaser before use. @irect
I shipment ftom mills.)

I2.O REJECTIONS AND REPAIR OF DEFECTS

12.1 No wel{ splices or repair welding is pennitted to the fonned bellows. The only exception
is at the bellows to nipple circumferential seal welds-

12.2 If a weld defect is found in the bellows to nipple wetd during PSI's leak test, the weld
will be.repaired by PSI and the cost back charged to the vendor.

12.3 If a weid or metal defect is foturd in the metal bellows during PSI's leak test, the bellows
unit will be retumed to the vendor, and a replacement bellows assembly will be sent to
PSI at no cost to PSI.

13.0 IDENTIFICATION

13.1 Identification of the nipple and bellows material shall be maintained and documented
through all manufactwiirg processes (i.e. restamping material heat nurnbers after each
cut).

13.2 If material identity of the bellows or nipples is los! they shall be requalified by making
all tests that were required for the mater:ial or as indicated in this specification.

13.3 Marking the finished bellows with marking fluids, die stamps, ar-rd/.or electo-etching is
not oeriritted. A vibratorv tool with a minimum tip radius of .005" is acceptable fbr
mari<ing only the outside of the attached shells (when applicable). AII other mar. king
methodi must be approved by the purchaser prior to q99. All attached aipples shall be
marked 2" from thiidge. Miteriat heat nunibers shall be marked on the outside of all
bellows and nipples.

13.4 All bellows and bellows assemblies shall be marked with ttre Buyer's drawing number
plus "Pl" and a unique serial number for each assembly (1' ?' 3' gtcj) ESample;, .
v0494A1Pl Serial No. 1. All quality assuftmce documentation shall reference this
number.

)
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Title SPECIFICATION FOR BELLOWS EXPAITSION JOINTS

14.0 DOCUMENTATIOI\

14.1 The Certified Material Test Reports (CMTRs) for vendor purchased material shall be
provided to the purchaser with the shipment of the assembiies, and be^available for
ieview during irispection visits prior to shipment. See Attachment A for other required
documentation.

14.2 Design calculations and fabrication drawings shall be submitted to the purchaser for
approval prior to fabrication.

15.0 PACKAGING, STORING Ai\D SHIPPING

15.1 Temporary shipping supports, as required, shall be of the same material as the nipple and
attached sb thait they mi! easily be iemoved without damage to the assemblies. All
temporary devices !hal1 be cleirly marked and tagged "to be removed prior to operation"

15.2 All material and parts shail be covered with a tarp immediately after each-processing
operation has been completed to minimize contamination. The material shall remain
pickaged and covered untii it is necessary to remove the covering and packaging material
for further processing.

15.3 After final cleaning, bellows/assemblies shall be packaged for shipping. All
bellows/assembliei shalt be wrapped in polyethylene and placed in closed wooden crates
with proper supports to prevent shipping damage.

15.4 The bellows shali be shipped as specified in the.purchase order (TBD).

I I 5.5 The purchaser shall approve each lot of bellowVbellows assemblies prior to shipment. A
I sign6a off@y purchaiir) release to ship form shall be included with each shipment.

16.0 NON-ESCORT PRIVILEGES AI\D INSPECTION RIGIIT

Non-escort privileges for Buyer, Owner, Government and Owner representatives to all
areas of the facilities where the work is being performed shall be ananged. This will
include access to fabrication, assembly, cleaning and test areas for the purpose of
monitorins activities.
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Tllle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

, ATTACHMENT"B"
Drawing List, Schedulb of Beilows Assembly Quantities, and Deliveries.

PSIDwgNo. PSI Part No. Rolled Quantitv
Nipple (Wash.)

6

2

2

2

2

2

1

1

1

1

0

2

2

8

1

I

l 2

4{l

Date Quantitv
(LA)

rcn996 4

10/25/96 2

10/25/96 0

1.0t25/96 0

r0l2sl96 0

11/25/96 0

tr/25/96 0

1t/25/96 0

tlD5t96 |

11t25t96 |

11/25/96 2

r0/2s196 2

1r25t96 |

lU25/96 |

111?5/96 4

11t25196 1

1tD5t96 1

11t25t96 6

Totol W

Sheet I of2

Date Make From
PSI Part No.

2/1/97 V049M159-1

2lll97 v049M763-1

2t7t97 V049Mr63-l

2/U97 V049Mr63-r

2tU97 V049Mr63-1

2/U97 V049M178-1

2/1/97 V049M157-1

2/t/97 V049M157-1

2/7197 V049I|d157-l

u1t97 V049Mr57-l

2/t/97 V049M154-1

2nt97 V049Mrs3-1

211197 v049M177-1

zltl9'r v049Mr77-r

2/t/97 V049M158-1

2t1/97 V049M155-1

211197 v049M155-r

2/v97

)

I.D,

v049-4-A1 V0494A1P1 44.63

v049-4-A3 V0494A3PI 48.25

v049-4-A6 V0494A6PI 48.25

v049-4-Ar2 V0494A12P1 48.25

v049-4-Al3 V0494Al3Pl 60.5

v049-4-A14 V0494Al4Pl 44.63

v049-4-B2A V0494B2AP1 30.5

v049-4-B2B V0494B2BPI 30.s

v049-4-B3A .V049483AP1 30.5

v049-4-B5A V049485AP1 30.5

v049-4-BE1 V04948E1P1 72.25.

v049-4-BE2 v0494BE2Pl 60.s

v049-4-BE3 V0494883P1 60.5

V049-4-BE3A V0494BE3AP1 60.5

V049-4-BEA V0494BE4PI 44.63

v049-4-BE5 V04948E5P1 72.2s

v049-4-BE6 V0494BE6P1 72.25

v049-4-053 V0494053 60.5

Total

NOTE: Partial deliveries in advance of above dates are acceptable only with PSI approval.
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TiIIe SPECIFICATION FOR BELLOWS EXPAI\SION JOINTS

Sheet 2 of 2

ATTACHMENT "8"

List ofPSI Purchased Plate To Be Sent To Bellows Vendor

Plate PA'{ Size WA LA

V049M159-l l /4x96 x 142 3 2

V040M163-l l /4x'72x154 4 |

V049M178-1 l /4x88x142 2 ---

V049M157-1 1/4 x 90 x 98 2 1

V049M154-i l/4x120x229 2

V049M153-1 l /4x62x192 2 2

Y049M177-1 3/8x96x192 1 I

V049M158-1 714 x 66 x 142 4 2

V049M155-1 3/8x96x230 1 I

Total PLS

5

5

1

J

2

+

2

6

z
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rille SPECIFICATION FOR BELLOWS EXPAI\SION JOINTS

7
ATTACHMENT..D"

LIGO Project Release to Ship Form Date:

)

)

Purchase Order No.: Lot:

Vendor Name:

PSI Part Number:

Description:

Manufacturers' Model Number:

Manufacturers'. Serial Number:

Soecifi cation Number: V049- Rev.:

Packaging Requirements: Per Y 0492017

Ship Via:

Bill of Lading:

Ship to Address: Process Systems l-ntemational
20 Walkuo Drive
Westborough, MA 01581
508) 366-91 11

FOB:

Attention of: Receiving Depatuent

Operating Manuals: with Equipment ; to PSI

Documentation PackaEe: To be sent to PSII Attention: Mr. Ronald Bento

Autlorized Sisnature:

SPECIFICATION
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Title: SPECIFICATION FOR AMBIENT AIR VAPORJZERS

I

SPECIFICATION FOR

AMBIENT AIRVAPORJZERS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

QUALITY ASSTJRAhICE:

1 TECHNTCATDTRECTOR:
,

PROJECTMANAGER:

DAUE hc.tu4ntqs,/ace

Information contained in this specification and its atachments is pmprieary in natr:re and shall be kept confitlential- It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other Pafy.
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rltle SPECIFICATION FOR AMBIENT AIR VAPORIZERS

TABLE OF CONTEI{TS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 DesignRequirements

5.0 RequiredDocumentation

6.0 Shop Testing

7.0 Inspection
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Attachment A LIGO QA Requirements Sunnrary

Attachment B General Equipment Requirements
PSI Specification V049-2-033, Rev. 2
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rltle SPECIFICATIONFORAMBIENTAIRVAFORIZERS

SCOPE

firis specifcation covers the minimum requirements for the desig& materials, fabricatioq
assembly, inspectior\ testing preparation for slripping shipment rnd delivery ofthe
ambient air vaporizers for the LIGO vacuum system.

All attachments af,e incorporated herein by reference urd made a part oftlis specification.

The specifed equipment is for use as part ofthe Vacuum Equipment supplied for the
Laser Irterferometer Gravitational-lVave Observatory pIGO). I.IGO, which is operated
by Caltech and MIT under an NSF grant, includes to $ites (tlanford Resernation" near
Richland Wd and Livingstoq I-A). Each she contains laser interferometers components
and optical beams, and other suppoft Acilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to 8ny other party.

2.1

SCEEDUI,E

Equipment delivery shall be as follows:

PSIPN Type

V0492055 Pl 10600 SCffI min.
capacity

V0492055P2 5300SCFHmin.
capacity

Ddivery
Sitc

Washington

Inuisiana

Total

Washingon

Louisiana

Total

QuNntity

a

2

4

6

2

8

Date

8nB7

u5t98

8m97

asDs
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Ntb SPECIFICATION FOR AMBIENT AIR VAPORIZERS

3.0 EQTIIPMENTREQUIREMENTS

3.1 The ambient air vaporizers will be used to vaporize liquid ninogen at a supply pressure of
approximately l0 psig for the purpose of warming up the LIGO 80K cryopumps.

4.0 DESIGNREQUIREMETTITS

4.1 MechanicalRequirements

4.1.1 The vaporizers shall be an all welded aluminum alloy consblction desiped to be used
outdoors, and mounted directly to a concrete pad by means of anchor bolts.

4.1.2 The vaporizer duty cycle will be 12 hours of continuous use followed by aD e)cended
period (greater than 7 days) during which no gas will be flowing through it.

4 . I .3 The vaporizer design shall be based on the flow raGs specified in paragraph 2. I , and a 20
deg. F approach temperatue under the following ambient conditions:

Winter: 15 deg. F &y bulb

Summer: 96 deg. dry bulb,68 deg. F wetbulb

4.1.4 The maximum allowable pressure drop across the vaporizer shall be as follows:

10600 SCFH vaporizer 2.0 psid

5300 SCFH vaporizer 1.0 psid

4.2 ElectricalRequirements
Not applicable.

4.2.1 lnstrumentation Requirements
None required.

4.2.2 Power rcquire,rnents
Not applicable.

z
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rltle SPECIFICATIONFORAMBIENTAIRVAPORIZERS

4.2.3 The following paragnphs of Attacbment B are not applicable:

3.2 5.1.5 5.1.7

5.1.4 5.2 8.2

8.4 9,3 9.4

11 .3  11 .4

5.0 REQIIIREDDOCTJMENTATION

ln addition to the documentation listed in Attachment B, the following docurnentation
shall be provided prior to shipment:

r Manufacturer's standaxd QA reports (including final functional test reports).

6.0 SHOP TESTING

. The equipment shall be tested in accordance with the manufacturer's standard shop test.
I

7.0 INSPECTION

7.1 All testing and inspections called for in Attachment B (Specification VM9'2'033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requirements are listed in Attachment A, Quality Assurance Requirements Summary.

8.0 WARRANTY

Refer to Specification V049-2-034, Puchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirements.
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Title: SPECIFICATION FOR 80K PUMP REGENERATION IIEATERS

7
SPECTFICATION FOR

8OK PUMP REGEI\ERATION IIEATERS

FOR
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and

Livingstorq Louisiana

PREPAREDBY:

QUALITYASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

ELECTRICAI-/
INSTRUMENTATION
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Infomation contained in this specification and its attachments is propdetary in nature and shall be kept confidential. It shaU be
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rille spEcIFIcATIoNFoRSOKpUMpREGENERATIONHEATERS

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
ofthe 80K pump regeneration heaters for the LIGO vacuum system.

Al1 attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part ofthe Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes to sites (Hanford Reservation, near
Richland, WA, and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometers components and
optical beams,. and other support facilities.

Information contained in this specification and its attachments is ptoprietary in nature anc
shall be kep confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDTTLE

Equipment delivery sha11 be as follows:

PSI P/N Type Delivery Site Quantity Nozzles Drte

2 FlgorBW 817197V0492056?L 10600 SCFH rnin. capacity Washington

1.0

2.1

Louisiana
Total

V0492056?te/ 5300 SCFH min. capacity Washington

Louisiana
Total

2
4

Flg or BW 2/5/98

FlgorBW 8/7/97

Flg or BW

z
3

{

I Number r V049-2-056
l A

Rev.
I
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riile SPECITTCATION FOR 80K PIIMP REGEI\-ERATION EEATERS

3.0 EQUIPIUENTREQUN.EMENTS

3.1 The regeneration heaters will be used to heat nitrogen gas at a supply pressure of
approximately l0 psig for the purpose of warming up the LIGO 80K cryopumps.

4.0 DESIGNRDQUIREIMNTS

4.7 MechanicalRequirements

4.1.7 The heaters shall be an all welded stainless steel construction designed to be used
outdoors, and mounted on a skid, provided by PSI, by means of threaded studs or bolts.
The heater elements shall be accessible and removable by means ofa flanged connection.

4.1.2 The heater duty cycle will be 12 hours of continuous use followed by an octended period
(greater than 7 days) during which no gas will be flowing through it.

4.1.3 The heater design shall be based on the flow rates specified in paragraph 2.1, under the
following ardbient conditions :

Mnimum Gas Supply Temperature -5 deg. F.
' 

Required Outlet Temperature

5300 SCFHHeater 375 deg. F

10600 SCFHHeater 360 deg. F

Ambient Conditions:

Winter 15 deg. F dry bulb

Summer 96 deg. F. dry bulb, 68 deg. F. wet bulb

4.1.4 The maximum allowable pressure drop across tle heater shall be as follows:

10600 SCFllheater 1.0 Psid

5300 SCFH heater 1.0 psid

z
3
o
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rille spEcrFrcATroN FoR 80K prJMp REGENERATToN EEATERS

4.1.5 Nozzles sizes for the heaters shall be as follows:

10600 SCFII heater

5300 SCFII heater

1-l/2 inch IPS inlet
3 inch IPS outlet

l-1/2 inch IPS inlet
1-112 inch IPS outlet

4.2 Electrical Requirements
Refer to Attachment B.

4.2.1 Instrumentation Requirements
Two type "K' thermocouples shall be intemally mounted in the heater cavity. One will b,
used for a high temperature alarm status, The other will be used as a spar€
Thermocouples shall be #20 AWG, ungrounded, and shielded. A type '1(" femalr
connector and dedicated knockout, separate fiom power, shall be provided.

4.2.2 ControlsRequirements
The.Vendor shall supply a zero crossing type SCR controller for adjustment of the power
applied to the heater. This unit shall be proportionately sized based upon the the heater
power requirements. The input signal will be 4-20 ma. Status indication in the form of
relay outputs shall be required, at a minimum for:

a) Shorted SCR indication
b) SCR "on" indication

The SCR unit shall be supplied in a NEMA 4X enclosure.

4.2.3 Power Requirements: A dedicated power knockout and power terminals shall be
provided. The available power is a 480V, 3 phase, 4 wire system.

4.2.4 The following paragraphs of Attachment B are not applicabie:

1 .4 5 . 1

1 . 7 5 . 11 l

5.2.1.3

8.4

14.0

6.3 8.2

1 1.39.4
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ritle spEcIFrcATroN roR 80K puMp REGEIIERATT0N EEATERS

5.0 REQT]IREDDOCI]MENTATION

In addition 1o the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

. Manufacturer' s standard QA reports (including final functional test reports) .

6.0 SHOP TESTING

6. I The equipment shall be tested in accordance with rle manufactuer's standard shop test.

7.0 INSPECTION

'7.l All testing and inspections called for in Attachment B (Specification V049-2-033, General
Equipment Requirements) shall be performed by the vendor. Additional quality assurance
requirements are listed in Attachment A, Quality Assurance Requirements Summary.

8.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirements.

SPECIFICATION
Numb€rA V049-2-056
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Title: SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION FOR

SMALL VACUUMVALI'ES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washinglon
and

Livingston, Louisiana

PREPAREDBY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

Information contained in this specification and its attachments is Foprietary in nature and shall be kept confidential. It shall be

used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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riile SPECIFICATION FOR SMALL VACWM VALVES

SPECIFICATION TABLE OF CONTEI{TS

1 .0 Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

2.0

3.0

4.0

5.0

6.0

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of smali (l l/2" and 2 1/2") high vacuum and ultra high vacuum angle valves for the
LIGO vacuum system.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory GIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (Hanford Reservation, near
Richland, WA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arrns, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.
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rirte SPECIFICATION FOR SMALL VACtruM VALVES

2.0 SCHEDULE

2.1 Equipment delivery shall be as follows:

ouantity Date PSI Part No.

I 1/2" High Vac 137 9/10/96 V049AVHVI5
2112" HighYac 70 9/30196 V049AVHV25
ll/2"UltraHighVac 77 9/30/96 V049AVW15
2 1/2" Ultra Hish Vac 26 9130/96 V049AVW25

12.2 All valves shall be delivered to Process Systems Intemational, Inc. at 20 Walkup Drive,

I Westboro,Massachusetts,0l58l.

2.3 Acceptances at tle sites are expected to occur on a staggered basis, with final acceptance
at Washington expected to occur about May 31, 1998, and about November 30, 1998 in
Louisiana.

3.0 DESIGNREQUIREMENTS

3.1 Angle valves shall be 304L or 316L stainless steel (304 or 316 stainless steel is
acceptable ifthe valves are unavailable in L grade SS).

3.2 End connections shall be CF flanses.

3.3 The valves shall have stainless steel metal bellows stem feedthrougls.

3.4 Neither the body leakage not the seat leakage shall exceed I x 104 torr literVsec of
helium.

3.5 The valves shall be desisned to seal in both directions.

3.6 The intemal valve mechanisms shall be nonlubricated.

3.7 Valves shall be manually achrated by a handwheel. 
- r

3.8 Vaives shall be bakeable to 150 C +l-20 C (170 C maximum).

3.9 The valves shall be cleaned in accordance with the Vendor's standard procedures
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rirte SPECIFICATION FOR SMALL VACUUMVAL\IES

4.0 REQUIREDDOCUMENTATION

Engineering drawings shall be submiued for approval prior to fabrication.
Manufacturer's standard QA reports shall be provided prior to shipment:

5.0 SHOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment fiom the manufacturer

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. Valves shall be recleaned if
any contarnination is found.
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Information contained in this specification and its attachments is propri€tsry in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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ritle spEcIFIcATIoNFORCLEANeUARTER-TURNvALvES

SPNCMICAUON TABLE OF CONTENTS

1 .0

2.0

3.0

4.0

5.0

6.0

Scope

Schedule

Design Requirements

Required Documentation

Shop Testing

Inspection

1.0

I Auachment MDC Catalog Cut

SCOPE

This s.pecification covers the minimum requirements for the design, materials,
fabdcaiion, assembly, inspection, testing, preparation for shipping, shipment and delivery
of2" clean quarter-turn valves for the LIGO vacuum system. These valves will be used
in Federal Standard 209 Class 100 air service.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory GICO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (Hanford Reservalion, near
Richland, WA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SPECIFICATION
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Title SpECIFICATIoNFoRCLEANeUARTER-TURNVALVES

2.0 SCHEDULE

2.1 Equipment delivery shall be as follows:

Quantitv Date PSI Part No.

I PSI, Westboro, MA: 2l ll/29196 V049BVCA20
I

]122 Deleted

3.0 DESIGNREQUIREMENTS

3.1 The valves shall be either butterfly style, MDC Model No. BFV-200, MDC Part No.
360002.

3.2 The valves shall be 304 stainless steel.

3.3 End corinections shall be CF flanges.

3.4 The valves shall be desiened to seal in both directions.

3.5 The intemal valve mechanisms shall be non-lubricated.

3.6 The valves shall be cleaned in accordance with the Vendor's standard procedure for
valves intended for use in Federal Standard 209 Class 100 clean air service..

3.7 Valves shall be manually actuated.

4.0 REQUIREDDOCTJMENTATION

Engineering drawings shall be submitted for approval prior to fabrication.
Manufactuier's standard QA reports shall be provided prior to shipment:
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rille SpEcIFIcATIoN FoR CLEAN eUARTER-TURN vAL\aEs

7
5.0 SHOP TESTING

Manufacturer's standard testing shall be performed.

6.0 INSPECTION

I The Vendor's standard inspections shall be performed. Also, each valve shall be visually

I inspected for cleanliness prior to shipment. Valves shall be recleaned if any
I contamination is found.

I
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5;ii Valves
O Butterfly vatves DehSeal

Metal Seal Flange
Kwik Flange

FEATURES

. Ouick open/Quick close

. Positive lock both positions

. Pbsitive Vitono O-Ring vacuum seal

. High conductance

. Chace ot Del-Sealor Kwik-Flanae

DESCRIPTION

MDC Butterfly Valves require only one-quarter tum
rotation of the handle tb !o from lully open to the fully
closed position. In the 1-1l3 Mihi Del-Sea, flange series, a
spring loaded ball bearing becbmeq seated in an indent
providing a posiiive mechanical stop. All other size valves
einploy a roll pin stop method.

1l€se quick-acting Butterfly Valves feafure an improved
sealing action. The opening in the body of the valve has
been machined at a slight angle to the plane of the
ilapper. The flapper is set to rotate slightly off-cenler. On
closure, this causes the sealing pressure to be applied
more uniformly all around the O-ring. A reliable, positive
seal b made and the tendency of previous designs to
roughen the surface of the O-ring and ejeci it from its
groove is eliminated.

MDC Bu$ertly Valves are low outgassing. All intemal
surfaces are machined lrom solid stainless steel bar
stock. The handle is made of aluminum. A small O-ring on
the stem prevents shaft leakage.

The valves are offered with a choice of Del-Sea/ ultra-high
vacuum nietaf-seal llanges or ISO Kwik-Flange O4ing
seal flanges.

Del-Sea/ Flange
BFVN50

194



Butterfly Valves
sEcnoI

Tot| F]ee Outside cA ,a*to".""r, 5t6'o

l---oJ

Der-Sea/Flange Kwik-Fl€,ryeFlange

.

ORDERING INFORMATION Please oftler by Par, NumlP'r

Val,re Nom l.D.
Slze Feference

Part
Number

Flange Bot Hole€
O.D. No.

Bolt Ctude
B

Ref Hergtrt
tso A

Flange
F

Thiddr€6s Wt llnlf
c D t-bs Pilce

3t4
U4

BFV-075
KBFV.O75

360000 Del-Sea/1-tn 1.33 6
360010 Kwik-Flange 1.18 NWr6 1.81

.75 1 $250
1.25 1 $250

1.062 .60
.56

KBFV{OO 36001 1 Kwik-Flange 1.57 NW25 2.32 .87 1.25 1 $255

2.73 5 - 3.81
2.16 - NW40 3.81

1-1t2
1-1n

BFV.150
KBFV.150

3600{J1 Del-SealZ-stq
360012 Kwik-Flange

2.312 1.33 1.00 1 $260
- 1 .31 1.34 1 $260

_-.-> 2
2

BFV.2OO
KBFV.2OO

360002 Pe65ss13-376
360013 Kwik-Flange

o.o / - 4.46 2.850 1 .84 1.00 2-112 $360
NW50 4.46 1.68 2-1l:2 $360

Dimensions are in indies
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Title: spEcIFrcATroN FoR rrco cRyocENIc coNTRoL vALvEs

1.0 scoPD

This specification covers the minimum requirements for the desigq materials, fabricatiorl
assembly, inspectio4 testing preparation for shipping, shipment and delivery ofthe
cryogenic control valves for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part ofthe Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (tlanford Reservation, near
Richland, Wd and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometers components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall bE kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

1.1 Furnished By The Seller

a. Control valves ofthe quantity and type designated on the attached valve data
sheets.

b. Shop testing and inspection ofvalves.

c. Drawings and data as indicated in this specification.

2.0 SCHEDI'LE

2.I Equipment delivery shall be as follows:

PSI P/N Type Delivery Site Quantity Date

V0492062 Cryogenic Control Valve PSI 12 11130196

SPECIFICATION

Page 4 of 1



TitIE: SPECIFICATIONFORLIGOCRYOGEMCCONTROLVALVf,,S

3.0 EQUIPMEMT REQUIREN,IENTS

3.1 The control valves will be used to supply liquid nitrogen for the purpose of maintaining a
liquid level in tlte LIGO 80K cryopumps.

4.0 DESIGNREQIJIREIM,NTS

4.1 In addition to the requirements in this sectio4 process, mechanical, and electrical
requirements for the specific application are given on the valve data sheets and/or
schedules attached to this specification.

4.1.1 Valves shall be suitable for outdoor service at the LIGO sites located near Richland,
Washin$on and Livingston, Louisiana-

14.2 Valves shall be cabable of being mechanically insulated (a layer of fiberglass insulation

I with foam insulation around the fiberglass).

4.3 In addition to those listed in Attachment C, the following codes and standards shall apply:

816.25 Butt Welding Ends

91637 Hydrostatic Testing of Control Valves

4,4 Electrical design and material shall conform with the latest edition of the National
Electrical Code, and shall carry the Underwriters Laboratory or Factory Mutual label,
except for material for which UL listing criterion has not been established.

4.5 Valves for cryogenic service shall be e)<tended stem type.

4.6 The Vendor shall indicate if the "top works" (actuator, etc.) of the valve are self
supporting as supplied, or if additional supports are required, and if so, shall indicate
support points to be used. This information shall be submitted with the quotation.

4.7 ElectricaUlnstrumentationRequirements

4.7.1 All instruments shall have watertisht enclosures for outdoor service.

SPECIFICATION

A Vo49-2-062

Page 4 of



Title: SPECIFICATION FOR LIGO CRYOGENIC CONTROL VALVES

4.7.2 Nl devices and instrumentation shall be mounted on the valve/actuator assemblies with
appropriate heavy duty bnckets. This includes transducers, positioners, combination
electro-pneumatic positionersi solenoids, air r€gulator sets, etc. All such items shall be
tubed to the diaphragm by the Seller.

4.7 .3 All solenoid valves shall be stainless steel ASCO or approved equal. When high capacity
type solenoids are specified on the valve data sheets, the Seller shall select tle orifice size
and diaphragm conneclion so the that Buyer's required closing times are met. All solenoid
valves shatl be suppfied with high temperature coils suitable for the intended service and
design ambient conditions. Solenoid coil voltage shall be 24VDC. The solenoid valve
shall be a three way ASCO valve installed at the positioner discharge side. It shall exhaust
the positioner to atmosphere when de-energized.

4.7.4 Lirnllt switches, as per the data sheet, shall be double-polg double-thro @PDT),
hermetically sealed proximity type, rated 120 VAC, 5 amps (minimum), (Go Systems or
equal),

l+.1.s The IrP shali operate on a 4-20 mA signal. Airsets shall be provided with the valves.

4.8 The fqllowing paragraphs of Attachment C are not applicable:

5 .1 .  1
) - l - r I

8.1
9.4.2
14.0

4-9

5_ 1.5
5.2.1.3
8.2
9.6.1

5.1 .6
o -J

8.4
9.6.4

6.4
9.4.r
n.3

5.0

5 . 1

Utilities

Refer to Attachment C.

REQIJIRED I}OCUMENTATION

In addition to the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

Manufacturer's standard QA reports (including final funciional test reports).

SPECIFICATION

A v049-2-062
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Title: spEcrFrcATroNFoRlrcocRyocENrccoNTRoLVALvEs

4.7.2 Nldevices and instrumentation shall be mounted on the valve,/actuator assemblies with
appropriate heavy duty brackets. This includes transducers, positioners, combination
electro-pneumatic positioners, solenoids, air regulator sets, etc. All such items shall be
tubed to the diaphragm by the Seller.

4.7.3 All solenoid valves shall be stainless steel ASCO or approved equal. When high capacity
type solenoids are specified on the valve data sheets, the Seller shall select t}e orifice size
and diaphragm connection so the that Buyer's required closing times are met. All solenoid
valves shall be supplied with high temperature coils suitable for the intended service and
desigr ambient conditions. Solenoid coil voltage shall be 24VDC. The solenoid valve
shall be a three way ASCO valve installed at the positioner discharge side. It shall exhaust
the positioner to atmosphere when de-energized.

4.7 .4 Llnit switches, as per the data sheet, shall be double-pole, double-thro (DPDT),
hermetically sealed proximity qpg rated 120 VAC, 5 amps (minimum), (Go Systems or
equal).

4.7 .5 The llP shall operate on a 4-20 mA signal.

4.8 The foliowing paragraphs of Attachment C are not applicable:

) - l - l

5 . 1 . 1 1
8.1
9.4.2
14.0

4 .9

5 .  l . s
5.2.1.3
8.2
9.6.1

5.1.6
o -J

8.4
9.6.4

5-1.7
o-+
9.4.1
I I  J

)- r

utilities

Refer to Attachment C.

REQI]IRED DOCUMENTATION

In addition to the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

Manufacturer's standard QA reports (including final functional test reports).

SPECIFICATION

Page 5 of ?



Tifle: spEcrFrcATIoNFoRLrcocRyocENrccoNTRoLvALvEs

5.2 Process Data

*1. Confirmation of the required Cv (or Cr) as shown on the attached data sheets,
based on the flows and pressure drops allowed.

*2. Ifno Cv or (or C) is indicated on the attached data sheets, the vendor shall supply
such data.

*3. A table or graph showing Cv (or C) versus percent ofvalve travel.

*4. Completed PSI valve data sheets.
+This data must be submitted with Vendor's proposal for evaluation prior to award

of contract.

5.3 Mechanical Data

1. Outline dimension drawings and weight (including operators and accessories).

2. Identification and description of all components and accessories'

5.4 Assembly Drawings

Assembly drawings shall be prepared by the vendor shall be submitted to the Purchaser for
in& ,rmation only. Four (4) copies (two [2] reproducibles and two [2] prints) shall be
subiiritted to the Purchaser within four (4) weeks ARo. This includes drawings of any
purchased items. These drawings must show general and overall dimensions, details of
htemal parts, estimated weights, and all material used for construction. Drawings shall be
certified as dimensionally correct. Certified catalog cuts are acceptable.

5.5 Drawing Rwiew

Drawing approval is not required from the Buyer before starting fabrication. The Buyer's
review of the Vendor's drawings is ofa general nature- Review of any drawings by the
Buyer does not serve as acceptance of any errors or dwiations from these specifications
or instructions relating to the work. The Vendor shall call attention to any such deviations
by a separate written notice when submitting the drawings for review. Unless specifc
written approval is obtained from the Purchaser, deviations are not acceptable.

5.6 Changes

If changes are made to any drawings after drawing zubmittal the Vendor shall furnish
copies to the Buyer showing all changes clearly identified on the drawing.

Page 6 of



Title: spEcrFrcATroN FoRLrco cRyocENIc coNTRoL vALvEs

6.0 SHOP TTSTING

6.L The equipment shall be tested in accordance with the manufacturer's standard shop test.

7.0 INSPECTION

7.1 All testing and inspections called for in Attachment C (Specification V049-2-033, General
Equipment Requirements) shall be performed by the vendor. Additional quality assurance
requirements are listed in Attachment d Quality Assurance Requirements Summary.

8.0 WARRANTY

8.I Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranry requirements.

8.2 PerformanceGuarantee

The valves must be sized to allow the specific flow rates while operating with the
designated pressure drops.

SPECIFICATION

A vo49-2-062
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Tifle: SPECIFICATION FOR LIGO CRYOGENIC COI{TROL VALVES

Attachment B

PSI Valve Deta Sheets
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INSTRUMENTS. PRIMARY ELEMENTS AND CONTROL VALYES

*Mio Rcqircd Pressure
Available Air
Mtx

Supply Pnssure:

Aai Ori€drlion
Hednfreel T}?e
Ah Failurc Valve

SigE l o|tput ltrcr/Dcd
By-pass

to!| Inc'
Gdrg6

*caro cbararteridics
*tp{It si$Nl

TvF

(psic)

C{dradRrling - / -
A.tuari@PoinB Va-lV g al o 9ed

'l"li & Mod€t

&
'Set Prls$tte
Filt€r Gallgp

*HldoPressure
AIISI'FCI L.eekege Class
Mei ShutotrDiff hess. - (Fi)

vctl- ttal.
ILE! L 742 "{ e

sPEc \o{q' z - 062-
Tda:  -

D w c  v o 4 9  - o -  a o 6

53
54
55
56
57
5t
59
60
6l

61
65

68
69
70
7l
72

74
75

77
78

79
80
8 l
e',

,1

30

35
36
37

3t
39
40
4 l
42

v* r.-.n * -------gia-: *;
rBody/B@ii Mdl 55 /

Erd Ed^.larl

gee atta.t'J $.. f".Y^er

*ste ___J- Raed Travel
*Cberaaaisics LrYl€-a-C

tP\.tslBa,llM:irrid ll| 5 .5 I

Group

* Infonnation su!,plied by manufact[tr uolcss dready specified. ?SI FORM 520.50, R€v. 2
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77.00% 77.0004 0.0385
78.007c 78.40o/o 0.089
79.00% 79.00% 0.03s5
80.00% 80.00% 0.04
81 .00% 81 .00"/c 0.0405
82.00% E2.000/" 0.041
89.00% 83.00% 0 . 0 4 1 5

84.00% 84.00% 0.042
85.00% 85.00o/o 0.0425
86.00% 86.00% 0,043
E7.00% g7 .DOo/o 0.0435
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88.00% 88.00% 0.044
E9.00% 89 .00% 0.0445
90.00% 90.00% 0.045
9 1 . 0 0 % 91 -008o 0.0455
92.00/" 92.000h 0 .046
93.00% 93.00% 0.0465

o.o4794.00% 94.00%
95.00% 95.00% 0.0475
96.00% 96.00% 0.048
97.00% 97.Q07o 0.0485
98.000/0 98.00% 0.049
99.00% 99.00% 0.0495

100.00% 100.00% 0.05
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ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

r SCOPE OFWORK

This specification establishes minimum requirements for material, fabrication, documentation,
packing, and shipping to Process Systems Intemational, Westborough, MA. of the control
system cabinet(s) in accordance with drawings and attachmenis.

2 DRAWING AND SPECIFICATION INTENT

2.1 Intent of the Drawings and Specifications is to assist and guide the Vendor and to establish
minimum requirements.

2.2 Drawings indicate arrangement and approximate location of components.

2.1 Comply with specific, detailed requirements indicated in lieu of generally stated requirements.

2.4 Portions of these Drawings and Specifications are abbreviated and may include incomplete
statements. Infer the omitted words or phrases such as "the Vendor shall", "shall be", "as

indicated on the drawings", "in accordance with details",

2.5 Drawings and Specifications do not undertake to indicate every item necessary to produce a
complete installation of the Work indicated or specified.

3 DEFINITIONS (ALSO SEE THE GENERAL CONDITIONS)

.
By Others Work not under this Contract.

Indicated Shown or noted.

Install Place, secure, and connect.

Labeled Approved by nationally recognized testing company.

Permitted As by code, Contract Documents, or Buyer.

Provide Fumish and install.

Buyer Process Systems International (PSI).

Required As by code or Contract Documents.

Submittal Information required to show that the proposed equipment meets project
requirements.

Use Provide material or equipment referenced.

Vendor Successful bidder accepting responsibility for equipment fabrication.

Work Material, equipment and fabrication and other requirements as established in
the Contract Documents.

S P E C I F I C A T I O N

A vo49-2-068
Page 3 of 13



ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

Wire (Verb) Connect to equipment indicated and provide wiring required for connection.

Wiring 
' 

Conductois, race.ivays, and accessories as required for a complete installation.

4 EXCEPTIONS

Exceptions to the specification shall be specifically brought out under a schedule titled,
"Schedule of Deviations". In the absence ofthe "Schedule of Deviations," it shall be deemed
that the Vendor's offer is fully in compliance with this specification.

5 CODESANDSTANDARDS

5.1 Comply with requirements of NFPA 70 (NEC) and NFPA 79 (Electrical Standard for Industrial
Machinery).

5.2 The Drawings and Specifications do not undertake to repeat requirements written in the above
code and standard.

6 LABEI,ED EQUIPMENT

Provide labeled equipment where recognized national testing company standards, such as UL,
exist. ._

7 INSTALLATION RTSTRICTIONS

7.1 Arrange and install equipment in accordance with the manufacturer's specifications and as
indicated on Drawings.

7.2 Permanently install a cabinet designation nameplate in a conspicuous location as indicated on
Drawings.

7.3 Label equipment with designation as indicated. Use adhesive backed labels with 1/8" high
lettering as applicable.

7.4 Label teininal strips as indicated using manufacturer's printed terminal strips labels.

8 SPECIFIED EQUPMENT AI\D SUBSTITUTIONS

8.1 The manufacturer of the equipment specified is used as the basis of the design and to establish
qualiry required for this project.

8.2 The description following a catalog number is basically to identifu the product, but it may also
call for accessories, options, and modifications which are beyond the cataloged product.

8.3 Submit proposed substitutions to Buyer for acceptance.
With submittal, provide details of necessary changes to
accommodate substitutions. Submit samples if requested.

S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

S P E C I F I C A T I O N

A vo49-2-o6t

9 WIRING SYSTEMS

9.1 POWER WIRE.480 & 277 VAC

9.1.1 Provide "14 AWG or larger single, stranded copper, type MTW, conductors rated 90oC, 600 volts
unless otherwise specifi ed.

9.1.2 Use colored coded insulation in sizes up to #8 AWG, except up to #6 AWG for grounding
conductors, and black insulated conductors in larger sizes (see WIRING IDENTIFICATIOI'1).

9.1.3 See TESTING.

9.2 CONTROL WIRING. 120 VAC

g.2.1 Provide #16 A\!G or larger single, stranded copper conductors with Type MTW insulation rated
for 90oC and 600 volts unless otherwise indicated. Install conductors in wireway marked "AC

WIREWAY" as indicated.

Use colored coded insulation (see WINNG IDENTIFICATION).

See TESZNG..

CONTROL WIRING" 24 VDC (discrete signals)

Provide'18 AWG or larger single, stranded copper conductors with Type MTW insulation rated
for 90oC and 600 volts unless otherwise indicated. Install conductors in wireway marked "DC

MREWAY' as indicated.

See TESTING..

9.2.2

9.2.3

9.3

9.3.1

9.3.2

9.4

9.4.1

INSTRUMENT WIRING

4-20mA analog signals: Provide #18 AWG stranded copper, shielded wisted pair, single or
multi-pair cables as indicated, rated 90'C and 300 volts. Install in wireway marked "DC

WIREWAY" as indicated.

9.4.2 Thermocouple: Provide #20 AWG ANSI gpe JX, solid thermocouple extension cable shielded,
rated 105oC and 300 volts.

9.4.3 See ZESTlilG.

9.5 WIRINGIDENTIFICATION

9.5.1 Power Wiring

9.5.1.1 Color code 4801277 volt conductors as follows:

line A . . brown
line B . . orange
line C . . yellow
neuiral . . gray
ground. . green

f.- vo492068.!joc Page 5 of 13



ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

9.5.2 Conrol wiring

9.5.2.1 Color code 208/120.volt conductors as follows:

I20VAC-line . . red
120 VAC-neutal . white
24VDC . blue
gound . . green

9.5.2.2 Identifu each single conductor at each end with indicated wire number or designation. Use self
laminating, printed, Brady type wire marker.

9.5.3 InstrumentWiring

9.5.3.1 Shielded twisted pair cables shall have one black and one white conductor.

9.5.3.2 Identiff each cable end with indicated cable number or designalion. Use self laminating, printed,
Brady type wire marker.

9.6 WIRINGTNSTALLATION

9.6.I Provide sufficient wire length to permit grouping and training the wires and cables. Where
applicable, use selfJocking nylon wire ties; cut off loose ends. Take care not to exceed
manufacturer's wire bending radii. Do not allow wiring to bear against edges of enclosures.
Replace wiring cut too short to meet installation requirements.

9.7 WIRING TERMINATIONS AND CONNECTORS

9.7 .l Power Wiring

9.7.1.1 Where more than one conductor requires termination and terminals are not provided as part of the
equipment, provide screw or pressure type insulated terminal blocks.

9.7.1.2 Tighten screw type hardware in accordance witl manufacturer's published torque values. If not
available, comply with UL 486.d standards.

9.7 .2 Control Wiring

9.7.2.1 Where more than one conductor requires termination and terrninals are not provided as part of the
equipment, provide screw or pressure type insulated terminal blocks.

9.7.2.2 lnstallstripped wire ends into terminal and tighten to manufacturers specifications. Do not install
more than two wires in any one terminal point.

9.7.2.3 Remove insulation from ends of conductors using mechanical or electric heat type stripper.

9.7 .3 Instrument Wirine

9.7.3.1 Where shielding is noted as "CUT AND TAPE', shielding shall be cut back and shall not be
visible, or protrude from insulating sleeve.

9 ,7 .3 .2 Co1L, insulate, and label ends of spare conductors .

9.7.3.3 Remove insulation from ends of conductors using
mechanical or electric heat type stripper. S P E C I F I C A T I O N

A vo49-2-o6g
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ritle: SPECIFICATION FORFABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

9.8 EQUIPMENTGROUNDINGCONDUCTORS

9.8.1 Where a ground lug-is attached to a painted panel, remove paint under lug prior to the installation
of ground lug.

9.8.2 Ifa grounding stud or existing panel mounting bolt is used, secure glounding conductor with ring
type compression terminal, star lype washer between the panel and grounding terminal, and hex
nut.

10 TESTING

10.1 No equipment shall be energized without consent of the Buyer.

10.2 it is the Vendor's responsibility to conduct tests without damage to equipment.

10.3 CONTROL AND INSTRUMENT WIRE TESTING

10.3.1 Check point-to-point continuity of each conductor to ensure that wiring is intact and terminated at
the proper place at both ends.

10.3.2 Verify wire connections are made in accordance with terminal wiring diagrams and schedules.

10.3.3 Using highlighter (transparent marker), indicate on terminal wiring diagram sheets that each wire
and connection has been verified. Make these sheets available to Buyer.

10.3.4 Replace defective wiring and retest.

10.4 RECEPTACLESTESTING

Test polarity and grounding of each receptacle device.

10.5 SCHEDULING. NOTIFYING. AND WITNESSING TESTING

Provide the Buyer with at least seven days notificalion of scheduled testing. With the
notification, include a list of proposed tests and the expected time to perform these tests.

11 INSPECTION

The responsibility for inspection rests with the manufacturer; however, Buyer reserves the
right to review equipment at any time during fabrication to assure ttrat the materials and
workmanship are in accordance with this specification and the code.

12 RELEASE FORSHIPMENT

The Vendor shall have a signed "Release for Shipment" form provided by the Buyer's Quality
Assurance representative prior to full or partial shipment of product.

S P E C I F I C A T I O N
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ritle: SPECIFICATION FORFABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

S P E C I F I C A T I O N

A vo49-2-068

WARRANTY

The construction of equipment shall be performed in the highest manner of workmanship using
only new and unused top quality materials. The equipment shall be guaranteed against defects
in materials and workmanship for a period of one year from the date of placement in service.

RECORDDRAWINGS

Maintain a set of prints marking them to accuately reflect the actual fabrication. Deliver the
set of marked prints to Buyer prior to shipment.

EQUIPMENT DELTVERY SCIIEDULE

One cart is required May 17, 1996 :

- \,0{92068.DOC Page 8 of 13



ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

APPENDIX I
' 

oRewwcusrlcaRr

GENERJAI., INFORI{ATION DRAI'IINGS

V049-3-014 Rev 2 PLC/PC/Data Acquisition Layout

CABIIIET I.,AYOUT DRJAWINGS
I
1V049-3-013 Rev 5 Assembly, Heater Control Cart (7 sheets)

CABINET SCEEMATIC DRAWINGS

V049-3-011 Rev 2 Elect Schematic, Control System (9 sheets)

V049-3-012 Rev 3 Elect Schematic, Heater Power (2 sheets)

S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

APPEIIDIX II

trgN4s ruRNrsHpn gv euven i cRRr

A,llen-Bradley PLC Equipment

(1) 1771-A381 12 Siot Chassis

(1) l78s-L30B PLC 5/30

(1) l77l-DMC Co-Processor Module

(1) 1771-DRSI I MEG memory expansion for 1771-DMC

(1) 1784-KTX DH+ PC Interface Module

(1) 1771-CP1 Power Supply Cable

(1) 1771-P7 16 Amp Power Supply

(8) 1771-OAD 120 VDC 16 Point Output Module

(l) 1771-IAD 120 VDC 16 Point Input Module
.

Personnel Computer

(1) P5-120 Gateway-2000 120 Pentium PC with
16 MB Ram, 1.2 GB HD,6X CD-ROM, 3.5" 1.44 MB V036-3-17"
SVGA Monitor, Desktop Case, 104+ Keyboard, Microsoft Mouse,
running on Windows NT

Tempscan - 10 0 0A Therzrocouple Ac gui s ition sy6teal

( I ) TEMPSCAN- I 000.4 Main Chassis, includes rack mounting hardware

(1) EXP/I1A l0 Slot expansion chassis, cable and rack mounting hardware

(7) TEMPTC-32A 32 Charmel T/C scaruring Module for Non-Grounded T/C's

(l) RS-232 Cable PC/AT serial portRs-2321422 Cable (9125 pin sub-D) to
TEMPSCAN-I0O0A 6 feet lons

Mi scel laneous

(1) Bakeout cart nametag

S P E C I F I C A T I O N
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ritle; SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

APPEIIDIX III

BILL OF MATERIALS / CART

BrLr, or MATERTAT.S (DWG V049-3-013)

PAINT SPEC ITEM Qry P'N VENOOR DESCRIPTION

1 SOOMR-A2AS ALLEN BRADLEY PUSH BUTTON, BTACK FLUSH, 1 NO, 1 NC
,I EA 8OOMR.H32BLAS ALLEN BRADLEY KEY-LOCK SWITCH, 2 POS, 1 NO, 1 NI-

3 .I EA SOOMR.FX6MS ALLEN BRADLEY PUSH BUTTON, RED MSHRM, 1 NO, 1 NC

4EA 1492-PD31123 ALLEN BMDLEY POWER DISTRIBUTION BLOCK

12 EA 1S9-DR1 ALLEN BMDLEY 1 METER SYMMETR|CAL DIN RAIL

114 EA 1492-UF8 ALLEN BMDLEY FUSE BLOCK. 3OA, 6OOVAC

7 448 EA RHMS, #4-40 X 3/8' LG.

97 3100 A 145,7 S AMPHENOL CONNECTOR, 3 POLE

4A-0405 ANIXTER CABLE. 5/C 4 A\A'G. TYPE SO

1 0 4A-1203 ANIXTER CABLE, 3/C 12 AWG,, TYPE SO

4SSL 1/2 APPLETON 4" X 2 1/8" H,ANDY BOX

1 E A 2510 APPLETON DTJPLEX RECEPTACLE COVER

PTHALO BLUE 1 3 1 E A ER-t6823 BUD INDUSTRIES 24' RACK ENCLOSURE

PTHALO BLUE 1 4 1 E A ER-16873 BUD INDUSTRIES 24" ADD.A.MCK ENCLOSURE

PTHALO BLUE 1 5 ER-16833 BUD INDUSTRIES 2'. RACK STEEL DOOR

CARBIDE BLACK 1 6 2PR PMR-9451 BUO INDUSTRIES RACK PANEL MOUNTING RAILS

CARBIDE BLACK 1 7 1 P R AB-1854 BUD INDUSTRIES 19" TO 24" X 7" ADAPTER

CARBIDE BLACK 1 8 1 P R A&1855 BUD INDUSTRIES 1 9" TO 24" X I 3/4" ADAPTER

CARBIDE BLACK 1 9 r P R AB-1855 BUD INDUSTRIES 't9" TO 24" X 10 1/2" ADAPTER

20 2 P R RC-776'r BUD INDUSTRIES 4I X 1 1/4" CASTER WBRAKE

CARBIDE BLACK .t tra SH-2,188 BUD INDUSTRIES
_- 

24" SLIDING SHELF

CARBIDE BLACK 1 E A PA-2405 MG BUD INDUSTRIES 24'X 8 3/4" BLANK RACK PANEL

1I2  EA KTK.1O BUSS FUSE, 1OA, 5OOVAC

24 MDA.2O BUSS FUSE. 20A. 250V, 114 X 1 1t4

2EA MDA€ BUSS FUSE. 8A. 250V, 1l4X 1 1t4

1 E A MDAS BUSS FUSE, 5A, 250V, 1t4 X I 114

27 l E A MDA.1 BUSS FUSE. 1A. 250V. 114 X 1 1t4

MDA.It2 BUSS FUSE. 1/2A, 250V, 1/4 X 1 1/4

PTHALO BLUE 29 1 E A 874-N5 EDWARDS ALARM HORN, SURFACE MOUNT, 1zOVAC

1 E A 52R-N5 EDWARDS ALARM BEACON. RED, 12OVAC

31 16 EA '199 095_13 ENTRELEC
_ 

FUSE HOLDER,25A, 6OOVAC

l E A 199 635.24 ENTRELEC FUSE HOLDER END SECTION

33 115 486.03 ENTRELEC TERtvlll.lAL BLOCK, 20A, 600VAC

34 ,I EA 118 368.16 ENTRELEC TERMINAL BLOCK END SECTION

103 002.26 ENTRELEC END STOP

231 030.24 ENTRELEC MARKING TAGS, sMM, 1-1OO

2EA 2v 030.27 ENTRELEC MARKING TAGS, 8MM, 1-1OO

38 16 EA 167 075.25 ENTRELEC FUSE BLOI/VN INDICATOR

S P E C T F I C A T I O N
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PAINT SPEC ITEM QTY P/N VENDOR DESCRIPTION

1 E A TED134060WL CIRCUIT BREAKER. 48OVAC/6OA/3PH.

40 TEDUVl UND ERVOLTAGE RELEASE, tzOVAC

41 1 E A TEDAS2ABl R AUXILIARY SWTCH

A-LF,I6M18 HOFFMAN FLUORESCENT LIGHT, 1zOVAC

43 1 E A 5262 HUBBELL 15A DUPLEX RECEPTACLE

44 1 E A 074-01-032 HUBBELL CORD GRIP, 1.35 CORD DIA

1 E A 074-01-010 HUBBELL CORD GRIP, .616 CORD DIA.

46 l E A 2311 HUBBELL MALE PLUG, 2oA, 125v

47 1 E A 560P7VV HUBBELL MALE PLUG. 60A. 3 PH.Y 277l4ao

CARBIDE BLACK 48 l E A 6531-ULM INDUSTRIAL
COMPUTER

19" RACK MOUNT FOR t7' MONITOR

49 ,I EA t-'t 15 ISLATROL POWER FILTER. 115VAC, 'I PH. 154

1897441 MGMASTER-CARR oVAL HANoLE, 9' x 1 3/4'

PTHALO BLUE 51 4 E A 8890T14 MCMASTER{ARR LIFTING EYE, V8'!'16

206430-1 AMP RECPT.. SQ. FLNG., REVERSE SEX, lOA

2?4 66360-2 AMP socKET, #14 AV\,G., 600VAC, 10A

54 4 E A TJP-1-4&J OMEGA TYPE "J" CONNECTOR PANEL, 12 X 4

5C LAM2A2/G'146 PANDUIT POWER LUG

24 LF E1.5X3LG6 PANDUIT W|REWAY, 1 1/2" X 3"

24 LF c1.5LG6 PANDUIT WREWAY COVER, 1 12" X 3'

5|' 12 LF E2X3LG6 PANDUIT WIREWAY, 2'X 3"

12LF C2LG6 PANDUIT WIREWAY COVER, 2" X 3"

60 6 L F E3X3LG6 PANDUIT WTREWAY, 3" X 3'

61 6 L F C3LG6 PANDUIT WIREV'/AY COVER, 3"

34 EA ABM2'AT-CO PANDUIT ry-RAP BASE, BLACK

13 EA Kl0P-11A1tl20 POTTER &
BRUMFIELD

RELAY.lzOVAC. 277VAC '1OA CONTACI

64 13 EA POTTER &
BRUMFIELD

RELAY SOCKET

65 113  EA POTTER &
BRUMFIELD

---HotD 
DowN SPRING

CARBIDE BLACK I E A sH2484 BUD INDUSTRIES 24' FIXED SHELF

TJP.2.24-J OMEGA TYPE'J" coNNE oR PANEL, 12 x 2

ot' A-EK46ONDH HOFFMAN ELECTRICAL DOOR INTERLOCK

2EA FNQ-1/10 FUSE. 1/,IOA, sOOV. TIME DELAY

3530r THOMAS & BETTS COPPER GROUND LUG, #10 SCREW

PTHALO BLUE A-VK,|4 HOFFMAN LOUVER PLATE KIT

72 1 E A vY20/D/011/sT ENTRELEC CAM SI/1/ITCH, 2OA, 90 DEG. ACTUATOR

18 EA 93N1004 NEWARK 1/4"XSCPVCSPACER

74 1 E A 8OOMR.Pl6A5 ALLEN BRADLEY PILOT LIGHT, AMBER, 12OVAC

75 I E A 97-310&A-14S-7 P AMPHENOL PLUG, 3 POLE

1 E A RESISTOR. 1/4 WATT, I50 OHM, S'lC

T7 3,610T13 MCMASTER CARR #8 SiAtNLESS srEEL SASH CHAIN

CARBIDE BLACK 78 1 P R sA-1349 BUD INDUSTRIES aHASSrs suPPoRT ANGLE

S P E C I F I C A T I O N
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ritle: SPECIFICATION FORFABRJCATION OF BAKEOUT CONTROL SYSTEM CABINET

AT'IAEHMENI'{

PAINTING REQUIREMENTS

1 SCOPE

This attachment establishes minimum requirements for paint material, application, and
durability of smooth and textured finishes to equipment as indicated on the Drawings and as
follows .

2 SURFACEPREPARATION

2.1 Remove dirt, oil products, water vapo4 oxidation, slag, scale, flur, and other foreign materials
from surfaces to be painted in accordance with good commercial practice and industry accepted
methods. Clean surfaces with solvent prior to painting.

2.2 Use industry-accepted fi1lers to cover minor surface imperfections such as press-in stud heads,
flat head screws, rivets, indentations, and welds.

3 PRIME COAT

Apply-Sherwin-Williams Polane spray fill D6i-A23. Sand smooth after application.

4 F'INISH COAT

4.1 Phathalo Blue. Textured Coating:
Apply Sherwin-Williams Polane "T", #F63TX-L-1465 (PSI stores # 300614).

4.2 Carbide Black:
Apply Sherwin-Williams Polane 'T", #F63-812. (PSI srores #300608)

4.3 Submit proposed substitutions to Buyer for acceptance.

A T T A C H M E N T  " 4 "
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ritle: SPECIFICATION FOR FABRJCATION OF BAKEOUT CONTROL SYSTEM CABII\IET

PAINT SPEC ITEM OTY P/N VENDOR DESCRIPTION

CARBIDE BLACK 79 1 E A PA-2402 MG BUO INDUSTRIES 24" x 3 12" BLANK RACK PANEL

80 l Eli' QS3294 EMED CO. CAUTION LABEL: MULTIPLE ELECTRICAL
SOURCES

81 1 F A o53204 EMED CO. CAUTION LABEL: LOCK oUT PowER

82 ANGLE, 1 1/2" EQUAL LEG X V'I6" THK

83 2-5 FT ANGLE 1" EOUAL LEG X V16" THK.

84 1-5 FT COPPER BAR, 1" WIDE X l/C THK,

d5 4.25 Fr SHEET STEEL, #16 GA. X 5'WIDE CRS

S P E C I F I C A T I O N
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Title: spEcrFrcarroN FoR 8oK puMp BURsr Drsc

r.0 scoPE

This specification covers the minimum requirements for the desig4 materialg frbricatiorl
assembly, inspectio4 testin& preparation for shipping shipment and delivery ofthe 80K
pump burst disc for the llGO vacuum system.

All rttachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part ofthe vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LI6O, which is operated
by Caltech and MIT under anNSF grant, includes to sites (Hanford Reservatioq near
Richland, Wd and LMngsto4 LA). Each site contains laser interferometers components
and optical beams, end other zupport facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

2.0 SCMDULE

2.1 Equipment delivery shall be as follows:

PSI Part No, Qurntity
v049-2-138-Pl 14

Delivery

3.0 EQTIIPMENTREQI]IREMENTS

3.1 The burst discs will be used to protect the LIGO 80K cryopump vacuum chamber shell
from overpressure in the event of a break in the liquid nitrogen circuitry within the
chamber. The burst discs shall be purchased from the following supplier:

Hydrodyne Division of F.P.I. Incorporated
3125 Damon Way
Burbank, Califomia 91505

4.0 DESIGNREQUIRJMENTS

4.1 MechanicalRequirements SPECIFICATION
'i'-' vo4e-2-l3t l*'" ,



Title: 
spEcrFrcATIoN FoR 80K puMp BuRsr DIsc

4.1.1 The helium leak ratg burst pressure, temperature range, and materials of construction of
the burst disc shall conform to Attachment C, Hydrodyne drawing no. 48-6759. The inlet
and outlet flanges, however, shall be a 4-112" rotatable Conflat flangg and a 4" ASA 150
lb. pipe flange, respectively. The burst disc is required to relieve a 7O deg. F gasmus
nitrogen flow rate of 6524 lb^ /hr. at its set pressure(set pressure : l lpsig +01-10 yo).
This requires a minimum relieving area of 3.36 in.2 to assure adequate protection ofthe
80K pump chamber.

4.2 Electrical Requirement! 
=

Not applicable.

4.2.I InstrumentationRequirements
None required.

4.2.2 Powerrequirements
Not applicable.

SPECIFICATION
Numbcr 
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Title: 
spEcIFtcATroN FoR toK puMp BURsr Drsc

14.2.3 The following paragraphs of Attachment B are not epplicable:

5 .1 .5  5 .1 .4  5 .2

6.4 . 8.1 8.2

8.4 8.6 9.3

e.i

5.0 REQUIREDDOCUMENTATION

In addition to the documentation [st€d jn Attachment B, the following documentation
shall be provided prior to shipment:

o Manufacturer's standard QA reports (including final functional test reports).
o A Certificate of Compliance must be fumished for materials used in the construction of

the device.

6.0 SHOP TESTING

The equipment shall be tested in accordance with the manufacturer's standard shop test.

7.0 INSPECTION

7.I All testing and inspections called for in Anachment B (Specification V049-2-033, General
Equipment Requirements) shall be performed by the Vendor. Additional quality assurance
requirements are listed in Attachment A Quality Assurance Requirements Summary.

E.O WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirements.

SPECIFICATTON
Numbcr 
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TilL* SPECIFTCATION FOR GEI{ERAL EQIIPMEI{T REQUIREMENTS
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GENERAL EQIIIPMENT REQT'IREMENTS

.:..

FOR

LIGOVACT'UM EQUIPMENT
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rittr SPEcIFIcATToNIIoRGENERALEQI'IPMENTREQT,InEMENTS
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IIIh SPECIFICATIONFORGENERALEQTJIPMENTNEQI'IREMENTS

DEFINITIONS

Tbc'Vcodor'is dcftrcd rsthc succas$rl bidrtcrapocptng rccpoufUityfrrodiling dl
i Gquircmcots of this spccificatioo

The'Ouner'is defincd as the Califomia lastitrtc of Tcchnolory (Caltcch) inpartocrsbip
with the Msssachusctts lnstitrtc of Tccbnologi (MIQ, udcr 8 graot Am ftc Ndional
Science Fouadatioa

Tbc'Buycr" is defined as hroccss Systens Intrmational, Inc. @Sf.

Tbe'sites" se locafcd on the llanford rescrvuion near Richlan{ Washingtotr aod in
Livingston, Iauisiana

DELETf,D

GENEBAL REQT]IREIVIENTS

Tbe Vcndor shall bc responsible for coordination of all subsuppliers and for overall
warranty and guaraatccs of all equip,meng including their coopatibility. Ibe Vador
sball comply with all applicablc referenced specificatiols and stmdards aod invokc tbem
on cach subsrpplier purchasc ordcr. .'

Equipment will be installed at Hanford (near Richland), Washington ad ia Liviryston,
Louisiana- Unless othcrwisc indicatcd cquipncnt shall bc ceable of cootinuous swice
in an indoor location with a controlled tcmpcrature of 23 t 1.5 C rnd a rclative humidity
controlled at 40 t 5%. The cquipmcnt will, howcver, bc exposed to diuroal and scasonal
ranges during rhipna! cotrsfiuctioo and power loss. It rhall, thcreforc, Dot bc duraged
by otposure to tcnpcratrre in the range of -20 to +*0 C, or a humiality of lq)o/o.

The Buycr shall be notified at lca* l0 worting days prior to thc start ofmajor
&brication, assenbly c tcsting. 

:
Non-cscort privilcges for Buycr, Onrncr, Govcrnmelt and Owner rcpreccotrtivcs to all
acas of thc facilitics whcrc thc work is bcing performed shall bc arangod. fhis will

t. l

l2

3.1

32

3.3

3.4

z
C
a

E

!
o

include acccss to frb,ricqtiort asscmbly, clcaning lnd tcst arcas for lhc purposc of
monitoring activitics. 
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TIIh SPBCTIICATIONFORGENERALEQT'IPMENTNEQUINEMENTS

..0 GODESAT{I}STAI{DARDS

4.1 Fiorilv of Codes and Stenderds

l. Codes
2. Stadards
3. Dara Sbects
4. This Specification

42 All conflicts shall bc brought to the attcotion of PSI for a wittcn resohdioo prior to
award of a purchase order. Ifmore tban one documcot applies to a tccDnical
requirement tte morc sbingeot rcquirement rhell [sys prrocd6ce.

4.3 Applicable Codes and Standards:

American Society of Mechanical Fngineers (ASME) Boiler and Prtssure Vcsscl Code
Prtssrne Vessels: Section Wtr, Division I
Wclding and Brazing Qualifications: Section D(

Americsn National Standards Institute (ANSr)
ANSI A58.l: ASCE Minimun Desip loads for guildings and Other Structues

Inficmatioaal Standards OganizaOon
ISO Standad 2t61: Flaage StsDdrrals

Expansion Joint lv{anufacturers' Association (EIMA)
EIMA Stsndards

Govc,nunent Standards
Building and safety codcs: local, state and fedcral, i$luding OSHA

Fedcral Standad 209 for Clcanrooncs

2

z
E

;
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TII|C SPECIFICATIONT|ORGENERALEQI'IPMENTREQT'INEMENTS

5.0 DESIGNREQT'IREMENTS

. : Thc constnrction of cquipmart rbatl bc pcrforncd in tbc Ngbcst nmcr ofum*oastip
.i using only ncw lDd uruscd top qulity mstrrials. Thc oquipcat ehall bc guanotccd
' rgainst defccts in daigD, Ertcdals and worlmrnship as rcquired cl*mtbcrc in the

. Contsact

5.1 MechaniolRcquircmcnts

5.1.1 Equipmart fcct or mormting p}mes shall have machined surfrc€s. $[i6 6trer6ft ss6{ qhnll

bc *ainlcss *ccl.

5.12 Each vacuum clement grcater rhan 12" b dianetEr thsll be desipd ftbricabd aad
tested in accordance witb the l*cst cdition of the ASME B&PV Code, Soction VIII,
Division l, and subsequcnt addenda (orccpt as notcd under section 8.0, Wclding), evcn
ihough vacuum c,hambcrs lic ortsidc of thc rcope of that docuncnt.

5, I .3 Bolt holes in llmgcs shall staddle oatural celrhlincs'

5.1.4 Reasonabte measures shall bc taken to miaimizc noise. Tbe goal is for apoustic noise to
not cxcced NC-15 whcn measured at any point within I' of thc equipmcot

5.1.5 Reasombte measures shall be taken to mininize vibralion Tlre goal is for the vibmtion
ofany item ofeguipment not to inducc motion of thc walls ofaoy rmcuum chanrber or of
thc facility floor within I meter of any chamber rriich otcecds the folowiag 4ectral
dcnsity limits: ;

Frequency Band- Hz Vibration Linit. m/r/Hz

0.1 - 10
l0 - t000
1000 - 10000

3 x t 0 u
3 x t0ax (t/f12

3 x lO.ls

- 
The above limits apply whcn all simultancously opcrating cquipment is ruoning' lnd in

'. 
tbc absence of vibration from other sourccs. Limitcd nrrow band cxccptionr ray be
pcrmitte4 subject to Buyer's acceptance. Compliurcc with tbis rcquircocot nay be
dcmonstrated by any mmbioation of mcasurcmcnls rnd oalysis, subjoct !o Btrycr's
acc€plance.

z
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rth. gpDclnclTroN FoR GENER L EerrrpMENT nEeTJTREMENTS

5.1.6 AI.ISI Statrdard A58.1 sball bc appliod to dctcrnirc thc pmbability of crtanlcl od
*isic cocfficicots al thc two sitcs.

5.1.7 No equipment sbsll cmit or haftor particulafcs at a levcl inconsistcot silh maidcorec of
. ! clcatr covimnmeot co6fo16ing to Fdcral Stg1dgrd 209 Clags 50,000.

5.1:8 Thc cquipocnt shall bc desiepd for a ninimum scn'iccablc lifc of 20 ycars"

5.1.9 E;tposurrc of the cquipment to anbicnt conditioos drdtrg conskuctioq porrcr &ilure or
coubol hilurc shall a61rcsuft in drrirg

5,1,10 Sc,parable prts .hell bc firlly ioncrc,hmgaable bc,tuEco erscobtics.

5.1.11 Adequate clcarancc shall be provided for asscrnbly ofmaing f,angps and fc bandles.
Extcrnal access sball be provided to all vacuum scms fot hae c,hcckiqg.

5.1.12 Elements f,gavi6 than JQ pouxls sball havc lifting lws istallcd.

I S. t , t 3 Varaor shall spociry aU bolt torque requircments in tbe cquipcnt opcrating md

I mabtenance manual.

52 ElecticalRequirements

5:.1 General Electricsl Requircments 
:

5.2,1.1 Elccticsl cquipmcnt and widng shalt cmform to rhe Nuional Eloctic Code.

I

I S:. t .Z aU cbcricat cquipment stult mept commcrcial stsodards for EMI (scc Atachmcot A).

I
I S:. t.f Elec{rical cquipment shalt meet thc acoustic noisc aod vibmtion rcqrnicments of Sections

I S.t.4 and 5.1.5, above.

I
I 52.1.4 Scc Attacbncnt A for other clectrical rcquirernents.

52,2 Insuumcntation Rcquironcnts 
i

52.2.1 Instslmcntation sbalt bc ofiadustrial qudity and stralt be subjcct to thc roocptrncc of tbe
Buyer.

zg
c

t
o

{

Frv.
l 2 -

ol,q. J-



T''b SPECIFIS\TIONBORGENEMLEQUIPMENTREQI'IREMENTS

J222 Vibration nonitoring is rct a rcquircmcm of rhis rpccificrtion 
i

5223 Uolcss otbcrwisc indicotod, rnalog instuncnt signale shall bc 4-20 ns or 0.10 VDC.

Comols Rcquinments

Codtol sigub rr'ell bc 24 r@C.

5t.4 PowerRcquhmcas

5J.4.1 Moron shall comply with thc Vcndor's st odard spccificetions, rmlcss onbcnilise rcquircd
by this specifcatisa ff,g rninirngsl *ntie fac1ot of motors sball be t . ! J. l\d6tur6 chall
be sizcd so that they can start aod accelerate their loads to dcsip spccd at 9)96 voltagg
and shall be cnergy cfficient, ifrcquired by local or starc codes.

52.4.2 Moton tcss than 3/4 HP shstl be t20 VAC, I phasc,60ltz Thosc 3/4 HP to 200 HP
shall be 460 VAC,3 pbase,60 llz

MATERIALS

Materials used for prcssure or vacuum rtaining parts, nuts, bolts and sdds shall bc uew.
Where practicable, oaterials sball be of US origin; wberc not, nrrsials tom Coada,:
Ite Bnopean Comnunity or Japan may bc uscd. Tbe Vcndor's quotation shall idcodry
the country oforigin and bow he intends to cstablish E$erid baccability and
confornance of composition and properties to applicable codes.

Copies of mill test rcpo,rts of clambcr and flange materials shall be fimished. Olber
nozzles, snall parts, small flange nozzlcs, and bolting matcrials shall be fimished with a
Ccrtificate of Compliancc.

Fabricarcd components exposed to vacuum shall bc nsde Aom b?G 3O4L or 3l6L
etainlcss steel using low carbon wcld frller wirc, where Equirad. Standard @log itcms
of3O4 or 316 gtainless stcel are acccptable ifnot available in 3(XL or 316L. €oppcr,
rluminurn and prcbakcd Viton (Dupont Typc E-60C, manufacturcd by Padcr c Brrycr-
acccptcd cqual) nust bc uscd for scals. Vacuum fccdthroughs must utilizc tlI{V
compatiblc glass or oersmic. All other natcrials are stbject to Buycr's acccptancc.

:

523

5.1

SPECIFICATION
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rmt SPECINCATION FOR GENERIL EQI'IPMENT REQT'IREMENTS
(

5.4 Vacurm surfaces rbalt oot bc allowed io cone into oontnst witb cafton lod or oil,
bcluding during forning, htndling ot Dalrufsstrc. Machiaing 0ui& rblll bc clrEr
roluble and frce ofoil and culfir.

55 
- Wbco manufactning Datcrisls are ma*cd for macrial idcntificaiol c tnocability,

marting shell ls done on the outside, rnd not on srrfaccs tbd siU bc oeold io lnctntn

7.O UTILITIES

Thc following rtilitics arc availabla lbc Edor sbatl etrlc in bis pcoporal thc usagc of
csch utility.

7.1 Elcclic Power

I20 VAC, I phasc, 60 Hz
480VAC,3phase, 60Hz or 208/120VAC,3pbasc,60Hz

7.2 hstrumentAir: 80psig,{OCDewPoint'

73 Deletcd.

t.O WELDING

8.1 Welding expose.d to vacuum shall be done by the gas tmgstcn lrc inrtt ga6-(GTAW)
pocess, with a 100% Argon strield and purged back gas.

8.2 Welding tcchniques shall deviate tom the ASME Code in accodancc with the best ultra
high vacuum practice to climinate any'Vrnral lcaks" in the welds. Wbercver pa.cticable,
wetds sball be intemal 8nd continuous. Exrcrnal welds for structnral pnrposes shall bc
intcm0iucDt to eliminate trapped volumes.

t.3 Dcfectivc welds shall bc rcpaircd by rcurovd to souod mctNl tod rcwelding'

t.4 Vacuum wcld proccdures shdl includc stcps to avoid aontamination of thc boat afroctcd
zone with air, hy&ogen, hydrocs$ons or water' Tbis requiles ttat incrt purgp gls, $rcb

z

c

t
c

as argon, be used to flood thc vacuum Bidc of hcalcd Pon
wcld wirc shall bc clcaned prior to wclding I

rons. AII v'lculrE trlrllpes llIO

SPECIFICATIOI{
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TISC SPECu,,ICATIoN FoR GENERTL EQI'IPMENT NEQI,INDMENTE

t.5 Thc fuishcd p,mduct shall bc fioc of weld sPaspr, crsotrspd.r, troc Loo, rdd qidtiou
od dcfcce. There sball be no grinding or abrasion of c@plctcd wplds or idcrod

i vrcuum surfacas. Cmplctcd rvetds sball only be clcancd wilh SS wire btrtlhcr tha bavc

u mt peviorsly come in coDlrct with orbon Cccl.

t.6 All crcldi'rg proc.adurcs, proccdurc qrulifcations aod wpldcrs qloyod oo |his job ril'rll
bc qualified ia accordancc withASME Sccrion Dl lstctcdition-

9.0 nEQLIREDDOCTMEMATTON

9.1 Dnwings

9. I . 1 Assembly drawings shalt be nrbmitted for tbc Buycr's revicw prior to &bric*ion" They
sball include all pertircnt desigp data and calculations, including dcsip plcs.surcs and
t!,lrperatur€s.

9.1.2 Drawing acc€?tanc€ must be obtained fiom the Buyer pior to tbe gd of &brication
Drawing onccptancc does Dot coDstitutc accc.ptancc ofany cfiors or ofany dcvistioo froE
thcse qpccifications or any instructions re}rting to the work" Tbc Vador $8ll csll
attention to any such dwiations by scparate uritten notice. Unlcsc qpccifc *riuen
acceptance is obtained fiom the Buycr, deviations at not accq able.

9.1,3 lf cbanges arc made to any drawing subsequent to accrptaDcc, drawirys shall bc
resubmitted with all cbanges clearly identified. "As'Built" drawilgs shall bc gubmittcd.

9.1.4 Drawings in AutoCs4 Reteasc 12.0 are prcferrcd. All rtocumcnts rtorcd ctcoodcally
(procedurcs and CAD drawings) shall be backed up daily and thc back-tp tryc shall be
stored in a firc-proof safc.

92 Mecbanical Data

92.1 Dinensioned outline drawings (indicating wcights and center of gra.vity). l!6s $nll $6
- arbmittod with the Vcndor's proposal.

922 C.onnecrion sizcs and ratings, &sigr and tcsr prcsnrcs and tcopcmrrcs. -
{,

92.3 Cross-rcc-tion drawings of all scals identifiing dl scat plrts lod rorte"ials :

z
E
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IIIIe EPECIFICATION FOR GENERAL EQI,IPMENT NEQT,IREMENTS

91.4 AlloqnblcnozzlcloadgifrpplicSle. =.,

lf :S eU proccAur,cs to bc utilized shall bc cubmitlcd for acccptmcc prior to usc, This ircludcs

I wclding, QA clcanbg tcsdng, qtelaing, Hcat Trc8tilg, tc* t€tti!& Gtc.
'

9i Etcctical Dar8

9.3.1 Elcctical schcmatics and wiring diagarns

93t connrollogicryTd* 
, .=__.

9.3.3 lastruncnt d"ta sbcets

9.3.4 Motordatasheets

9.4 Amustic Noisc and Vibntion (Scc Sectio,ns 5.1.4 and 5.1.5)

9.4.1 A plan desaibing how the Veodor will address the design issles rssociatcd witb acoustic
ooisc and vib,ration is to be submittcd.

9.4.2 An analysis of thc cquipment's desigr d5mamic characteristiss (mass, ocntcr of gnvity,
isolator stiftess, taosmissibility). Tbe analysis sball support lbe Vendor's clain of
meeting or oot mceting the spccification requirements. In the casc that the rcquiE|Dcttts
are nol me! the Vendor shall show that 8ll rEasoDrble enginecring attcnpts bavc becn

. Dade io Ecet ftem, and thc dcsigp will bc subj€d !o thc Buycr's rrrifrn acccptaaoc pior
to the start of manufachning.

9.5 Test and QA Data

Tbe followiag stnll bc submittcd wtrere ryplicable:

9.5.1 lvlanufactuer's Codc Dala Report

9.52 Namcplaafacsimile

9.5.3 Hydrotcst rcsults (Dcletcd) }

z
E

E

G

SPECIFICATION
tllrlnb.t - l

_ A vorq-t$rr
ol -5-

t3.tlr



ith spEcIncATIoN Fion GENER L EeurpMENT REeurnEMENTs

95.4 Pcrfornancc rnd lcak bst proccdurs md rtsults

SS-i MiU tcst Eports ed ccrtificstcs of oooforoancc pcr Scctim 62
J1

9.6 OthcrDwrncmadon

9.6.1 Schcdule, incl"ding dcsign, matcrial procurcocnt and fahricatim acfivitics

9.62 Pric€d sparc parts list with rtconmcnded spar€s

9.6.3 Installatio'q Qpaaioo aod Maiatcoooc MailsL ilclrrting &svings

1e.0.+ a stanrs tqort \dth updat€d schcdulc shall be submiucd moathly

1O.O NAMEPLATES

l0.l Each separable part (except frsteners, scals and intercbangcablc, sbodsd blslk Aanges)
rhall be Permasently marked with a unique idcntification numbct ia a location readily
vicwable.

10.2 Each item sball havc a stainl6ss st€et ne'neplate (permanently attached ifpnctical).
Nameplates shall include the Vcndor's standard data Whue povidd cach motor chetl
also bave a namcplaic

TI.O CLEANING AIID PAINTING

I1.1 Eguipment intcroals qhall be clcancd and A,ee of all foreigr mrtcrials,

I t l.Z Extcrnal carbon strel surfaces shall be cleaned and painted. Tbc Vcodor's staodard is
I scccptable if it meets specification rcguirements and is compatiblc witb fcdcral.st&dad
| 209 class 50,000. 
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TIIIC SPECIIICATIONNORGENERALEQUIPMENTNEQUINDMEIYTS

I l3 s.oeccs cxposod to vrcu'n ehal bc crcancd in acoordancc sith proccducr loocetod bythc Buycr prior to sbrication and instalation surrr". roonra.iiuoo il;-;,] a$sceuort-proccsscs shall bc prcvcutcd Clclnihg procod*rs for urts bighi"u-. srricc shall bc rcquircd

I I 'rl ltcors chrtl be wrapPed or elled $q glco,ring to EsirtriD clatiacss rbrongh hrndting,' tmosportaton a'd storage. ca' shalr bc ratcn to nininizc.re"rr* o .*."-rr[
cnvironmeots, nrch as thosc containing chloride coopounds, 

-

loo euALrryAssuRANcDREeurnEMENTs
I

Tbe respo,'sibility for inspection and t*ting rcsts with tbe vcrdor. rlowcrar, thc Buy*rescrves the right to review cquipm.nt at any time d*iog the &brication ro *,* tta two'rk performed is in accordaace with this contacl Tbe vcndor rt,,fl givc ttc-Buycr t0worting days notice prior to-rhe starr of major fabric*ioo" .o*uy ;;ri; * iut nr,rcpnesentative may wihess thesc lests.

The vendor shall have inplemented inspcction systeo. b ctrect at an times dudns thiscontact. The inspection system shall comply with the foltowing, 
-----

I)eslgn Control And Chenge Control
Provide a system to conbol tbe issuancc ofdocuments aad d*wi'gs includi'g changcs ,othe locations ufrere the sork is being pc'formed. The rystm srr"rt add$s bothclectsonic filcs od hard copies.

Meterial Control
Provides system tbat coDbols materiars &om reccip thro'gb thc finiched producl This
ytt1 rryl assure{rat only accepted items ae uscd ana listaltcd- physi-cal
roenurrcatlon shall be used to tb€ maxinum cxtcnt possible.

Quelity Plenning (rnveler)
A systern ofshop tavclers shall bc cstablished for all wort in pr,occss. Tbe tavetcr 6hallcontain HoHnili&ess points of tbc vendor, tbe Buyer and the 

-oumer. 
aI prauing 

--

documents shall bc submitted to thc buyer for acccptancc prior to hbricariou

SPECIFICATION
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tA|a sPEcIncATToN FToRGENERALEQIITPMENTREQT'IREMENTE

RcceMng Inrprcction i

Mcasurcs sball bc cst$lishd !o inspoct inooniag edaids to ttc @lic.blc:i pocuocot docuncots. Stmrs of matcrials slatt Uc visiUtc, by rrggi"g c roatiog.

i. rn-P'occ*s lnd I'iral InrDcctinn

. A systcm of inspcction and tcst stttus S.ll bc naintaincd rsing trgs, tla*hg$ Sop
tnvelcrs, staups or impcction rccords.

Control Of Spcchl Pnocc*, And Tating
A system ohotl tB cstablishcd to assurc that wl4ing, hcd bcahcd, clcadog lDd lfDE
ac accomplishcd under cootollcd conditioos, iD scoordanoc with wiuco procedurcs,
rsing qualifcd pcrsoutrd to tb applioablc codcs and stadads.

Cdibrrtlon Of Mersuring And Tcrt Dqullrrncnt
A systcm shall bc cstablished and documcnted to assurc that lools, gagcq irufruncds and
other inspection, measuring, and tcsting equipment are of thc popcr rmgc, tlrye ed
accr.racy. The abovc shall be controlled calibrated, and ccrtificd against natimaly
tnorm staodards (NIST).

Control Of Non-Confornences
A system sball be established and documentcd to cmtol itcms or rcrviccs nfiich do not
conform to rcquiremcnts. The system sball include rypropriatc proccdurcs for
identifi cation, documeotation, *grcgation, disposition ald notification.

I)ocumentrtion And Records
Sufficient records sball be p'rcpared as work is perforaed to funish documcrrtary
rgideanr nf rhr arrolirrlrf ij*. -i,l - .:';.:- -f,t -.:-- ^.-t:..'
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tIIh SPECIIICATION FOR GENERTL EQT'IPMENT NEQI'INEMENTS

I3.O PREPANATIONFORSEIPMENT
t

l3.l l&lns rhrll bc complacly draincd ed &icd

t32 Boltcd oonnectioos sball bc nadc rp before rhipmcot

f 33 Allmingm ptatc shipping covers sball bc echcd n|i6 bolts to Aaagcd omcslios, od
with suitable anachnents to otho comcctious.

13.4 Units shalt be oompletely covercd for protcctioo againsr tbc mbicat rod t tdlT
cooditioos G|rpeCcd aning Earspdtdon" Uoits eball bc edequlcly Ptdcc{cd for
unshcltcrrd stmagc d thr 3itts.

13,5 The Vendor shall bave a siped 'Relcase for Shiprme,nt' form providcd by lhc Buycr's

Quality Assurance r€'prc$ntative prior to full or pafiial shipment ofp'toduct

13.6 Shipping crates shall have the Buycr's purchase order Dr[ob€r, VcDdor'r nmc md list of
tag numbcrs or part nrmbers on the ouGide of cach ccarc.

13.7 Surfsc€s that will see vacuum shall be finthcr protccted by, rftcr fi"at clcaaing' saling
openings with oil-free heavy duty aluminum foil, anac;hing the nozle covcr rod applying
shrink wrapped plastic.

14.0 STARTI]PASSISTANCE

The sewiccs ofa qualified startup assistant shatl be provided on requcst ofthe Buyer or
the Onmcr to providc operator taining and sUnrp assistaocc at the sircs'

15.0 DELETED

SPECIFICATION
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til.

DEFIMIIONS

IDdicdcd

Irbcld

Pcroiucd

Pr,ovide

Buyer

Rcquird

Suhital

Use

Vendor

Work

Wirc(Verb)

Wiring

Showt or ootcal

AFp'olEd b, astionslly rucogniad esting oouFay.

I

As by code, Coffiact Docunc,lts, or Buycr.

Slrnish rnd asscoblc,

Proccss Systcms lttcroational (PSD

As by Coatact Docurnartg and/u ryplicablc codcs md *andards.
tnfuoation roquhd to rhow thst tfrc proposod Gquipocd rlccts
projcct rrguiremcnts.

hovide matcrial or cquipmelrt refcraccd"

Succcssfirl bidder acccpting rcsponsibitr'ty for cquipn€nt
&bricatioo"

Marcrial, cquipmelrt and frbricatioo aad othcr rcquirunents as
cstablished in the Contact Documcds.

C.onnect to cquipment indicafcd ad provide wiring requfucd for
oonnection.

Conductors, raceways, and acce*rcries as requirod for a complete
installation.

EXCEPTIONS

If the Vendor cannot mc€t rcquirqrents established under this spccification and its
attacbments, provide a list of deviations with yorn proposat. In thc abscncc of a list of
&viations, it shall bc dccned that the Vcndor's product is frrltj, in conpliancc with this
rpccification.

,t
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3.0 CODESANDSTANDARI'S

Tbc rsscmbly shall comply with ryplicablc pcrts of tacs cditions ofpublicaimr by th
following organizations :

- .

; AmericuNltioDrlstsndddslDstitutc,IEc.(Al.lsl)
" 

CodeofFcdcralRcgutations(CFR)Titlc4?,Prrt 15

Electdcat Srrndards for ll&rstial LfacHncry NfpA ?9),'ntcs, o,tr*ri* irdioed

Factory Muul (FM)

Fcderal Connuniotions Cooraission (FCCJ Part 15

trnstianc ofElccuical and Electonics Eoginccrs (IEEE)

Insilated Cable F'-'gineers Association QCEA)
National Electic C,ode (NFPA 70)

National Elccnical Manufactucrs Association (NElvIA)

Uaderurfur's Laboratories (UL) or cquipmc,rt and installation staodards by other
nationally rccognized tasting companies

4.0 LABELED AI{D LISTED EQTMMENT

Provide UL label (or tbat ofother nationally recognized tcsthg conp€ny) or listed
oomponents u&ere such sunalails cxist.

5.0 GENERALASSEMBLYREQUIREMENTS

5. t Arrange and asscmblc componcnts in rccordancc with their maaufhctnss'
specifications.

5.2 Label componenb with tbe cquipment designation as indicatc{ using adhcsivc backed
labels with l/8'high latcring.

5.3 ' kbel t nninal strips as indicated using priatcd manufacturcr's labcls.

5.4 Whcne air-actnGd valves requirc pilot colcnoids, mouni tbe solenoid nlvcr o tbc air
opcratcd valves. t:
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60 WIRING

IDstaU widng h raoewsys, tricwap, or ncady tireurrypcd wire hodlcr. Ptqt idt
grodnct data forall crblcs.

5.1 ,= Ponrcr Wire

6.1.1 Providetl2AWGorlargosinglc,srrmdcdco,pcroooducronuithT)"cTIIHN-TIIWN
o MTTr' insulation ratcd 90 C,6fl) volr.

6.12 Usc blac& colorcd itrsularion, cxccpt greco for cquipmcnt gouoding oonftEtors.

62 . ConaolVirc@iscucsigDsls)

6.2.1 120 VAC: Provide rl4 AWG, stratrded copper, nutticooductor cablc vitb Tlpe TIII{I{'
TIIWN or MTW insulation rated 90 C, 600 volts.

6.22 24vDC: p'rovide f 16 AWG sranded copper, twisted peirs, single or multipair cables
rated 90 C and 300 votts.

62.3 Color code conductors as follows:

l20VAC-Line Red

t20vAC-$fetttal White

24 VDC Blue

Extcraal Source Yellow

Ground Green

6.2.4 ldentif cacb single conductor at cach end with wire numbcr or dcsignation. Usc prbted'
slceve typc wire marker.

6.3 . Instnrment Wire (Anatog Signls)

6.3.1 +20 mA: Provide tt6 AWG or larger, rtrandcd coppct, individnalty $icldcd twistcd
pairs, single or multipair cables rated 90 C, 300 volts unlcss othenrisc indic&tl Shcre
practicablc, install cables spaced at lcast 12 inchcs away fiorr powcr rnd cdol wiring'
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632 hovide rhicldd twfutod Ddr cablcs with orc blaclc ud oc ufiite oonfuclor.

6.4 ltcrmocotplcWir 
..

6.it.l . hovide f t6 AWG rotid thcnnocouple ortcosioo c$tc Sicldoq tdd t05 G-llfl) wlte of

i typcrcqutucd.

C+: .-trotiae tsnocouptc artcnsion wire b acoordancc tSA oolc coding stedsds.

6.5 Wirc and Cablc Inscallrions

6.5.1 tdarti$ cacb cable cnd with cablc uumber or dcsigation Urc pintcd elecvc sirc
oa*€r.

6.52 Provide sufrcie,nt wire lcngth to pcroit grorping and taining thc wirra and cable*
Where applicabte, use sclflocking nylou wirs ties; ctd offloose cods. Do Dot Gtotcd
manufacturer's whr bending ndii, Do not allow wiring to bcar against odges of
cnclosures. Rcplace wiring cut too short to Deet install,ation rcquhocots.

6.6 Wiring Tcrminations LDd CoDnectom

6.5.1 ContolWiring

6.6.1.1 To tcrminate #10 AWG and smiller conductors to buscs, cnclosrrcs, ald similar
applications, provide comprcssion (crimp) tcrminals.

6.6.12 To tcrminarc #8 eWC and larger conductor* providc citrcr cmpcssion (cdnp) :
comecton using Batching instatliDg tool or roechmical tcfew t]'F amccbs

6.6.L3 Where more thatr onc conductor rcqufues tcrnination, providc screw or Drcsstllc type
insulated rerminal blocks.

5.62 Insrument Wire

5.6.2,1 Usc insulating stecve to secure shielding at instsument cad ofcablc. Clip shields to evoid
protnrding from insulating sleeve.

6.622 C,rril, insutate, and labcl cn& of rPore conductors.

I
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6.7

6.7.r

6.62.3 Rcmovc insulatioo fiom cods of oo'nducors ruing Dccbanical d clcctic hea typc
rtsippo.

Dquipmcnt Crrouading

B'md motore hcdcrq ad other clccaicel cquipmcot to atid basc. WGld to dbgood
ccacrs of rkid base a 4 by 6 by 12 inch stect plalc wilh tflo 3/8'-16 qpod bolcs fpoocd

.. two iachcs apart, or if gtccl base is at lcsst 12 iDch 6ick, trp bolcs dittctly into rbcl
bssc.

5.72 Do oot ground instnrmcnt Siclding, Usc itrsulatiog taPc or hcat ghrin& to locrlr€
rhielding at instrument cnd of cable, CoDDect shiel'ling a other cod of cablc !o juc{ion
box tcroinal. (Sbielding oonnects to a singlc grormd refcrcnce pofut ar Oqncds conttollcr

'uVOrac&-)

5.?.3 Completcly remove paint dir! and conrosion donm to barc mctal qAer€ conncc'tors, lugs,
and othcr mctal components are afrached to mormti4g panels and eoclosurcs to rssure
grouoding continuity.

6.?.4 Wbere a gouoding stud or existiag panel mormting bolt is us€4 tbe Vcodor nay providc
the grounding conductor wiih a ring-tongue tcrmiml and a "star" tlpe cnsher iDstslcd
bctween the panel and tcrninal. Use hexagoa out to scflre tightly'

FIELD CO}IIIECTION BOXES

To facilitate field wiring, provide separate power, conbol, and insfrument NEMA 4 or 12
type enclosrres, unlcss othenvise rcquire4 wfth rcrnimls and a minimum of 20 percent
rparc tcroinals. -

Arrange surrounding wo* and location of boxcs to permit box acccssibility and io Permit
(botonr" sides, top, and rcar) cutancc of field conduits.

In powct box" segregate vottage systcms rsing barriers or separatc boxes. Usc box to
tcrnninate hotors, heaters, and other branch citsuits with #t AWG and small wiring' PSI
will field wire larger circuits dircctly to cquipmeot jrmction boxes.

7.0

?.r

?2

7.3
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7.1 Io instncnt boa segregatc trNDperrturc ctcmcnt wiring rsing baniere u rcparatc buce .

&O TESTING

| 
' 
ft is Oc Vcodo't's rcsponsibility to Gondrrct the foUowing o,, *;16oog e.,negc to

I
S.l'- .- Wirt Tcsting

g.i.f (hcck point-to-point colrtinuig of cach oonductor to cnsur 6at wiriag is ilttct rnd
tcrminatcd al thc Fop€r placc at both .rdc,

8.L V6i$, wire connections are made in accordancc witb teminal wiring diArans and
rcicdules.

8.1.3 Deletcd

I S. t.+ lU aefcctive wiring shall be rcplaced and thc utrit tltcstcd

E.2 Motors

82.1 Bcfore connectiag motor, measure motor winding resistance in apcordance *ith
nanufactuer's recommmdations.

8.3 Test cach 6rce-phase motor for proper rotary dircction

8.4 Submit a signed test rc?ort for each clecfical test conductor.

9.0 =Dclct€d ' -

IO.O MOTORDATASHEETS

The attached motor data shects shall bc completcd by the Vcodor and submitted to thc
Buycr with the Vcndor's proposal.

SPEGIFICATION
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MOTOR DATA SEEET . DESIGN PARAMETERS

!

DESIGN PARAMEIERS
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MOTOR DATA SEEET . MANUT'ACIT'RER'S NAMEPL/ITE

TTFMMANUFACruRER'S NAMEPLATEMOTOR
oAtA

liotot
DAIA

riotoR
oATA

uoroR
DAIA

I Motor ldcnrifi carion (tag
2a Mft
2b Trpc
2c Frame Size
3 Honepowdiffi
4 Tim@
5 Max Ambient Temperafnre
6 Insultdon system-
7 RPMTiffiET-
8 Frequency
90 Pbases
t0 Itated Load Anpi
l l VottagT
t2 Locked RotorAmpsEiMGG-
l3 NEMADesIFm
l4 Efficicncv
t5 Service Factor
t 6 Thermal Protecton

MANUFACTURER'S DATA

SPECIFICATION
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Title: SPf,CIFICATION FOR 80K PIIMP MANUAL REGENERATION vA LVE

) SPECMCATION[1OR
SOK PIIMP MANUAL REGEI{ERATTON VALVE

FOR

LIGO VACTIT]M EQTIIPMENT

Hanford, Washington
and

Uvingsto!, Louisiana

PREPARED BY:

QUALITY ASSIJRA}iCE:

IECHNICAL DIRECTOK

PROJECTMANAGER

)

Ioformation contained in this specification and its dtachmemrs is trWietary i! aatue ad shall be ketr coddential. It sbflIl be
used only as rcquir€d to r€spond to the specification requirnents, aad shall not be discloo€d to ey other pany.

<*,^z ,_r.,e
b v ! ,  i  r v .  / r - o \ Lrq) p--).9e Cho,* "eI ou',.. r.re,| ",.t,.,'' " +.r'':' t: ) >*= qalE

a m 9ln 'tyb- t A q-n-tr Re\e-o:eA Gr u,rc.^a<p ori \)Ea if d 243

REVLTR BY-DATE APPD. DATE DESCRIPfiONOF CIIANGE

PROCESS SYSTEMS INTERNATIONAL, INC.
I

SPECIFICANON

ININAL
APPROVALS

PREPARED DATE

B/^ elnl%
APPROVED DATE

/ te a/t/r5
NumberA V049-2-140 Rev.
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Title: SPECII'ICAfiON rOR 80K PIJMP MAI\UAL REGENERATION VALVE

Manufacturer: The William Powell Company

Type: 2400 series globe valve

Size 1-ll7'

Quantity: 12

Rathg: 150 lb. class

Model Numben 2475SWE

Body/Bonnet $aterial: Stainless steel A.351, L-276

Eendwhed Matcriri: Carbon st€el

I End Connections: socket weld ends to mete to sch. l0S pipe

Packing: teflon

Disc Mrterirl: Stainless steel, A-276

Identificetion: V049I{V-190, HV-192,8N-29O,I1V-292,HV490, HV-39,
v049HV-490, HV-590, I{V-690, HV-692, t{V-790, HV-890

SPECIFICATION

A v049-2-140

Page 2- of 'Z-



Title: SPECIFICATION FOR EOK PIIMP VENT ffiATER

SPECIFICATTON FOR
8OK PITMP VENT EEATER

FOR

LIGO VACUUMEQIIIPMENT

Hanford, Washington
and

LMngstorL Louisiana

PREPARED BY:

ELECTRICAL ENGIIT{EER;

TECHNICAL DIRECTOR:

PROJECTMANAGER:

/ ; 'A ( rJ I u_,tt-,t>/-}

1€-\ L 1t!^ \P,-:! A 11 G L-3 '/

Infornration contained in this specification and its attachments is proprietary in nature ard shall be kept clttlidential. It shall be
used only as required to respond to tlrc specification requirements, and shall not be disclosed to any other party.

6 -9r."3\"ft fifJ r/tt/e Irplre1 f-r Pu.cL,oae ,Deo + dTgl
REVLTR.I BY-pATE I APPp pATEI DESCRPTIONOFCHANGE

PROCE,SS SYSTEMS INTERNATIONAL, INC. I SPECIFICATION
\ l

INITIAL
APPROVALS

PREPARED DATE

Eh'iro.c r/,.!t
A}PROVED DATE

4ra r{ezNumberA VO49-2-141 kt.,

I
Page I of



fitle: spEcrFrcATIoNFoRs0KpuMpyENTEEATER

Supplier: McMaster-Carr Supply Co.

I)escription: Constant-Output Heat Cablg
witl power connection kit and temperature switch

Size: PSIPA,M49-2-I4I-PI: 92'longcable

PSI PA{ V049-2-l4l-P2: 50' long cable

Rating: 12 wattVft, 400'F max. exposure temperature

Model Number: 35535K76 (cable)
35535K52 (Power conn. kit)
3599K34 (temp. switch)

SPECIFICATION

x^ v04e-2-r.41
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Title: SPECIFICATION FOR CLEAII ROOM FAN/FILTER MODULES A][D FLO{IRESCENT
LIGHTING FIXTI]RES

7

SPECIFICATION FOR

CLEAIY ROOM F'AN/FILTER MODI'LES
AI{D

FLOURESCENT LIGHTING FD(TTJRES

FOR

LIGO VACUT]M EQTIIPMENT

Hanford, Washinglon
and

Livingston, Louisiana

PREPARED BY:

ELECTRIC.AL:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

(3ovt-

fno= /3r+<z

6ENE SEar€crt c

\ & \n-,(UJ r!'!-tzt/*

Information contained in this specification and its attachments is proprierary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any oth€r party.

^ rxt rJslqv G-?{rraO F\v1, l!rL\-.{ \< D,e s s(f,3O5
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i<ed t54:\ Pe e- $< e"..r-l.:!

d, I . h ^ l L l ) ,/fy'/5 E/nha /ssuf,D ForL AJar€ PE{-bro o zL<
REV LTR. BY-DATE APPD. DATE DESCRIPTIONOF CHANGE

PROCESS SYSTEMS IIYTERNATIONAL, INC.
I

SPECIFICATION

7 n[uAL
APPROVALS

PREPARED DATE

fu- tfnfr.r

APPROVED

laD
DATE

"/ts/rt
Number VO49-2J142 Rev.
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Title: SPECIFICATIONFOR CLEAN ROOM FAN/FILTER MODULES ANI)
FLOURESCENT LIGHTING FIXTURES

TABLE OF CONTENTS
1.0 Scope 3
?.0 Testing 3
3.0 Drawings 3
4.0 Delivery 3
5 .0 Equipment 3

ATTACHMENTS
LIGO Quality Assurance Requirements Summary
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Title: SPECIFICATION FOR CLEAN ROOM FAN/FILTERMODULES AND
FLOURESCENT LIGHTING FIXTURES

1.0 scoPE

This equipment will be used ro fabricate cleanroom for use with ulra high vacuum equipment.

2.0 TESTING

IIEPA filter units (or of each rype) shall be tested to veriry particulate removal. A test repon shall be
provided to the Buyer.
The HEPA filter assemblies shall be protected ffom hydrocarbon contamination throughout manufacture
and testing. !9 hydrocarbon vapors shall be used for testing.

3,0 DRAWINGS

Bidder shall submir outline drawing for HEPA filter units and lighting units with their proposal.

4.0 DELIVERY

Delivery is requircd as soon as possible. Bidders to state their delivery schedule with the proposal.

5.0 EQUIPMENT DATA

l. 2 ft. x4ft. Fan/Filter Module for class 100 cleanroom system. 16 Units Required.

I fSI part number V0492142P1.

A. Fan/Filter Module to have prefilter section. Ductwork collars are not permined.
B, Filter to be HEPA t)?e, with 99.99% efficiency on 0.3pm particle size.
C. Fan motor to be wired for 277 Y AC.
D. Fan notor to have local speed control mounted on Fan{Filter Module. Speed contol to have

adjusunent range of 50olo of fan speed to I 0004 of fan speed or better.
E. Fan/Filter Module to have l0' extension cord with NEMA L7-l5P twist-lock male plug.
F. Fan/Filter Module to be constructed of either aluminum or stainless steel, or both.
G. Fan/Filter Module shall work in conjunction with Gordon Inc. CG-15 clean room grid-system.
H. Fan/Filter Module shall have a capacity of 415 to 730 CFM.

I I. Tag or permanantly mark the PSI part number on the fan/filter module.

2. 2 ft- x 3 ft. Fanililter Module for class 100 cleaNoom system. 208 Units Required.

I fsI part number V0492142P2.

A. Fan trilter Module ro have prefilFr section. Ductwork collars are not permitted.
B. Filter to be HEPA q?e, with 99.99% effrciency on 0.3pm particle size.
C, Fan motor to b€ wire d tor 277 Y AC.
D. Fan molor to have local speed control mounted on Fan /Filter Module. Speed control to have

adjustnent range of 50% of fan speed to I 00% of fan speed or better.
E. Fanfilter Module to have 10' extension cord with NEMA L7-l5P twist-lock male plug.
F. Fan/Filter Module to be constructed of either aluminum or stainless steel, or both.
G. Fan/Filter Module shall work in conjunction with Gordon In. CG- 15 clean room grid systems.
H. FanrFilter Module shall have a capacity of 415 to 730 CFM.

I I. Tag or permanantly mark the PSI part number on the fan/filter module..
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Title: SPECIFICATIONFOR CLEAN ROOM FAN/I'ILTER MODULES AND
FLOURESCENT LIGHTING FIXTURES

3. 2ft.x3ft.FluorescentLightingFixtureforclassl00cleanroomsystem.68UnitsRequired.

I rSI part number V0492142P3.

A. Lighting Fixture to be wired for 277 VAC.
B. Fixture to have Energy saving lights.
C. Lighting Fixture shall work in conjunction witb Gordon Inc. CC- 15 clean room grid systems.
D. Lighting fixture to have I 0' extension cord with NEMA L7- I 5P twist-lock male plw.

I E. Tag or permanantly mark the PSI pafi number on the lighting fixture.

SPECIFICATION
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Title: SPECIFICATION FOR SOFTWALL CLEAN ROOM PANELS
FOR HORIZONTAL ACCESS MODI]LE
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ritle: SPECIFICATION FOR SOFTWALL CLEAII ROOM PANELS
FOR HORIZONTAL ACCESS MODULE

1.0 scoPE

L I This specification covers the minimum requirements for the design, matedals, fabrication, inspection,
testing, preparation for shipping, and shipment of softwall panels for portable softwalled cleanrooms for
the LIGO vacuum system.

All attachments are part ofthis specification.

The specified equipment is intended for use as part ofthe Vacuum Equipment supplied for the Laser
Interferometer Gravity wave Observatory (LIGO). LIGO, which is operated by Caltech & MIT under a
NSF contract, includes two installations at widely seperated sites: near Hanford, WA. and Livingston, LA.
Each installation contains laser interferometers in an L shape with 4 KM arms, a vacuum system for the
sensitive interferometer components and optical beams, and other support facilities.

1.2 This specification covers the requirements for one Horizontal Access Module (hereinafter called HAM)
clean room softwall panel set. Refer to section 2.0 delivery schedule for quantities.

1.3 These panels shall be used in a ponable class 100 clean room system.

2.0 SCHEDULE

The deliverary schedule shall be as follows:

Washington Site: qty of I 1211196
Lousiana Site: qty of I lAY96

Total required: 2

3.0 GENERAL REQUIREMENTS

2.1 Panels shall be constructed oftransparent 40mil fire-retardant PVC with weighted bottoms.

2.2 Panels shall be attached to structural framework (by PSI) via non-particulating "Dual Lock" or equivalent
attachment strips along the top edge ofthe panel, or such attachment as suggested by manufacturer. The
mating piece of "Dual Lock", or other attachment method, shall be supplied with the appropriate panel.

Attachment method shall be suitable for supporting the weight ofthe panels during normal operation
without sagging or pulling free.

2.3 Panels intersecting beam tubes shall have a closable "Dual Lock" seam to enable setting panel in place
around beam tube. Refer to appendix A , dwg. #v0492.-144 for anangement of beam tubes.

2.4 Panels intersecting bean tubes shall have a method ofcinching panel tube around circumference ofthe
beam hrbe, Beam tube diarneters vary from 68.25" to 30". Panel must accomodate varying diameters.
Refer to appendix A, dwg. #v049-2-144 for arrangement ofbeam tubes.

2.5 Panels intersecting beam tubes shall have a method ofclosing beam tube opening for use when
beam tube is not installed.

2.6 Adjacent panels shall overlap by 3" min. each side, or as
suggested by manufacturer.

PAGE 3 OF 4
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Title: SPECIFICATION FOR SOFTWALL CLEAN ROOM PANELS
FOR HORIZONTAL ACCESS MODULE

4.0 REOUIREDDOCUMENTATION

The documentation called for in Attachment A shall be supplied by the vendor.

5.0 SHOP TESTING

The Vendor shall perform his standard testing.

6.0 INSPECTION

The inspections called for in Attachment A shall be performed by
the vendor.

7.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to Requests for Quotation), for warranty requirements.

E.O Q.A. REQUIREMENTS

Q.A. requirements shall be provided as specified on Attachment A.

SPECIFICATION
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ritle: SPECIFICATION FOR SOFTWALL CLEAN ROOM PANELS
FOR BEAM SPLITTER CHAMBER

1.0 scoPE

This specification covers the minimum requirements for the design, materials, fabrication, inspection,
testing, preparation for shipping, and shipment of softwall panels for ponable softwalled cleanrooms for
the LIGO vacuum system-

All attachments are part ofthis specification-

The specified equipment is intended for use as pan ofthe Vacuum Equipment supplied for the Laser
Interferometer Gravity wave Observatory (LIGO). LIGO, which is operated by Caltech & MIT under a
NSF contract, includes two installations at widely seperated sites: near Hanford, WA. and Livingston, LA.
Each installation contains laser ilterferometers in an L shape with 4 KM arms, a vacuum system for the
sensitive interferometer components and optical beams, and other support facilities.

This specification covers the requirements for one Horizontal Access Module (hereinafter called HAM)
clean room softwall panel set. Refer to section 2.0 delivery schedule for quantities.

These panels shall be used in a portable class 100 clean room system.

SCHEDULE

The deliverary schedule shall be as follows:

PSI (Westborough Ma.) qty of I 12/1/96
Washington Site: qty of 6 5/1/97
Lousiana Site: qty of3 12/l/97

Total required: l0

GENERAL REOUIREMENTS

2.1 Panels shall be constructed ofransparent 40mil fire-retardant PVC with weighted bottoms.

?.2 Panels shall be attached to structural framework (by PSI) via non-particulating "Dual Lock" or equivalent
attachment strips along the top edge of the panel, or such attachment as suggested by manufacturer. The
mating piece of"Dual Lock", or other attachment method, shall be supplied with the appropriate panel-

Attachment method shall be suitable for supporting the weight ofthe panels during normal opemtion
without sagging or pulling fiee.

2.3 Panels intersecting beam tubes shall have a closable "Dual Lock" seam to enable setting panel in place
around beam tube. Refer to appendix A, dwg. #v049-2-145 for arrangement ofbeam tubes.

2.4 Panels intenecting beam tubes shall have a method ofcinching panel tube around circumference ofthe
beam tube. Beam tube diameters vary from 68.25" to 30". Panel must accomodate varying diameters.
Refer to appendix A, dwg. #v049-2-145 for arrangement of beam tubes.

2.5 Panels intersecting beam tubes shall have a method ofclosing
beam tube opening for use when beam tube is not installed.

2.6 Adjacent panels shall overlap by 3" min. each side, or as
suggested by manufacturer.

l . l

l . J

SPECIFICATION
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Title: SPECIFICATION FOR SOFTWALL CLEAN ROOM PANELS
F'OR BEAM SPLITTER CHAMBER

4.0 REQUIRED DOCUMENTATION

The documentation called for in Atiachment A shall be supplied by the vendor.

5.0 SHOP TESTING

The Vendor shall perform his standard testing.

6.0 INSPECTION

The inspections called for in Attachment A shall be performed by
the vendor.

7.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to Requests for Quotation), for warranty requirements.

E.O Q.A. REQUTREMENTS

Q.A. requirements shall be provided as specified on Attachment A.

SPECIFICATION
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ritle: SPECIFICATION FOR PORTABLE CLASS 100
CLEAN GOWNING ROOMS

1.0 scoPE

l.l This specification covers the minimum requirements for the design, materials, fabrication, inspection,
testing, preparation for shipping, and shipment of ponable softwall gowning rooms for the LIGO
vacuum system-

All attachnents are pan ofthis specification.

The specified equipment is intended for use as part ofthe Vacuum Equipment supplied for the Laser
Interferometer Gravity wave Observatory (LIGO). LIGO, which is operated by Caltech & MIT under a
NSF contract, includes two installations at widely seperated sites: near Hanford, WA. and Livingston, LA.
Each installation contains laser interferometers in an L shape with 4 KM arms, a vacuum system for the
sensitive interferorneter components and optical beams, and other support facilities.

1.? This specification covers the requirements for 4'L x 4'W x 8'H gowning room and the 4'L x 8'W x 8'H
gowning room. Refer to section ?.0 delivery schedule for quantities.

1.3 These gowning room will be used in conjunction with larger portable clean room systems.

2.0 SCHEDUTE

The delivery schedule shall be as follows:

4'L x 4'W x 8'H gowning room:
Washingtoi Site: qty of4 8/1197
Lousiana Site: qty of2 3ll/98

Total required: 6

4'L x 8'W x 8'H gowning room:
Washington Site: qty of I 8/1197
Lousiana Site: qty of I 3/l/98

Total required: 2

3.0 GENERALRFOUIREMENTS

3.1 4'L x 4'W x 8'H Gowning Room

3.1.1 Frame shall be constructed of 2" x 2" structural tube steel, or such material as deemed appropriate
by the manufacturer to satisfo conditions ofuse. Frame shall further contain such supports and
bracing as required to maintain structual integrity.

3.1.2 Frame shall be painted with a white epoxy finish.

3 . I .3 Casters with a foot actuated locking mechanism shall be attached to the support legs to facilitate
placement of gorning room.

3.1.4 Lifting lugs shall be attached to the top ofthe frame to
enable lifting ofgowning room via a single hook crane.
Lugs shall be designed to support finished weight of
gowning room.

SPECIFICATION
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ritle: SPECIFICATION FOR PORTABLE CLASS 100
CLEAN GOWNING ROOMS

3.1.5 Wall material shall be l6mil or 20mil clear vinyl, or such thickness as deemed appropriate by the
manufacturer. Wall material shall b€ attached to frame as required by minufacturer.

3.1.6 A strip door shall be placed on one side ofthe gowning room. The side opposite the strip door shall
not have a soft wall, but shall be left open. The other 2 sides shall have solid clear vinyl walls
attached as described in 3.1.5. The open side ofthe gowning room shall be placed against an existing
softwall strip door.

3.2.7 The gowning room shall be suitable for class 100, using air flow from adjacent class 100 clean room
softwall strip door.

3-2.8 The ceiling or top panel ofthe gowning room shall be oftransparent material suitable for use in a
class 100 cleanroom environment.

3.2 4'L x 8'W x 8'H Gowning Room

3.2.1 Frame shall be construded of 2" x 2" structural tube steel, or such material as deemed appropriate
by the manufacturer to satisry conditions ofuse. Frame shall further contain such supports and
bracing as required to maintain snTctural integdty.

3.2.2 Frame shall be painted with a white epoxy fmish.

3.2.3 Casters with a foot actuated locking mechanism shall be attached to the support legs ro facilitate
placement of gowning room.

3.2.4 L,ifting lugs shall be attached to the top ofthe frame to enable lifting ofgowning room via a single
hook crane. Lugs shall be designed to support finished weight ofgowning room.

3.2.5 Wall material shall be l6mil or 20mil clear vinyl, or such thickness as deemed appropriate by the
manufacturer. Wall material shall be attached to frame as required by manufacturer.

3.2.6 A strip door shall be placed on one 8'W side ofthe gowning room. The side opposite the strip door
shall not have a soft wall, but shall be left open. The other two 4'L sides shall have solid clear vinyl
walls attached as described in 3.2.5. The open side ofthe gowning room shall be placed against an
existing softwall strip door.

3.2.7 The gowning room slull have ore HEPA blower/filter unit required to maintain a class 100
etrvircnment, with an atiached flow-through flourescent lighting fixture. The HEPA blower/filter
and lighting fixture shall be wired for l2Ovac, with an extension cord. The extension cord shall
be attached to one leg the gowning room at approximately 10" from the floor level, aad shall measure
15 fea in lenglh from that attachment point. The extension cord used shall be suitable for use with
a NEMA 5- l5R duplex receptacle.

3.2.8 An on/offswirch for the lighting and the HEPA blower/filter shall be located on the exterior ofthe
gowning room.

4.0 REOUIREDDOCUMENTATION

The documentation called for in Attachment A shall be suoplied
by the vendor.

SPECIFICATION

PAGE 4 OF 5
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Title: SPECIFICATION FOR PORTABLE CLASS r00
CLEAN GOWNING ROOMS

5.0 SHOP TESTING

The Vendor shall perform his standard testing.

6.0 INSPECTION

The inspections called for in Attachment A shall be performed by the vendor.

?.0 WARRANry

Refer to Specification V049-2-034, Purchased Equipment Commercial Requfuements
(attached to Requests for Quotation), for waranty requirements.

8.0 O.A. REOUIREMENTS

Q.A. requirements shall be provided as specified on Anachment A.

SPECIFICATION

PAGE 5 OF 5



o\z

.:

7eiF

a\+AzH

iil

b
l

3Lcl0
l

F
?z

zz

F3z

e
ill sJ]t\l

u
r p

ro
ce

u
X

X
X

X

se
lll lsd

 ro
J

p
,b

o
u

 se
ld

o
C

N
c.l

cl

tsd
 ̂ q

le
^o

rd
d

v
X

X

tsd
 ̂ q

p
e

sse
u

llM

'o
u

 le
u

v
F

ll!u
q

n
s

F
F

BC
!

tE
,

DO,.]

ct)

4z<
t)

aJOz
z-ia

<
6

Z
A

i^
z

F
F

A
J

=
z

2
2

F
-

'?
X

F
]

DOv)zIaj

zIzg]

azJ

()FaF

E
A

zF,.]av)

za

v)zFC
J

ozt!L)7

aj7zz.-7€zoF
I

E
I

z..1FaFv)

trFF(nF|n(n

zF()o4..1zlt)za

v)E
]

(Jz,-r



Title: SPECIFICATION FOR 80K PUMP VENT LINE CHECK VALVE

7 SPECIFICATIONFOR
8OK PIJMP VENT LIIYE CHECK VALVE

FOR

LIGO VACUUM EQIIIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREI} BY:

QUALITY ASSIJRANCE

TECEMCALDIRECTOR:

PROJECTMANAGER:

. . .1 .7
n. A- :p' ( '-t) tZ-Z-e'.

)

Information contained in this specification and its attachments is proprietary in nanre and shall be kept confidential. It shall be
used only as required to respond to t]le sp€cification requirements, and shall not be disclosed to any other party.
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d Fil^ ,olar/r6 t,,\;t;l reiease, auat.,4 o,rc&Ee Dee *4=s

REvLrR.l BY-DArE I epno.oool DESCRIPTION OF CHANGE

PROCESS SYSTEMS INTERNATIONAL, INC.
I
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DATE
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PREPARED A}PRO\IED DATE NumberA VO49-2-162 Rev.
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Title: spEcrncAtroN FoR BoKpuMp vENTLTNE cEEcKvALvE

Supplier: Circle Seal Controls

Description: Brass check valve with female pipe thread ends, and teflon seal.
Dimensions shown on Attachment I of this specification.

Size: ll2nch

Rating: 0.5 psid cracking pressur€

Model Nurber: 232084PP0.5

Quantity: One of each tag no:

cv-107, cv-157, cv-207,cv-237, cvj07, cv-357
gcr'1407, cv-s07, cv-607, cv-6s7, cv-70'1, cv-807

Five copies (totd) of operating and maintenance instnrctions.Documentationl

SPECIFICATION

A V04e-2-r62

Page ?- of



ALTERNATE ROUTID STOCK
CONFIGURATION

2300-tPP

A-HEX ACROSS FLATS

2300-fMM

*NOTE: Normally manufactured to order-minimum order quantity-40 pcs.

A ttr.ch"ta^t I
4 . 1

2tr20
23204-1PP
2320A-2PP
23204-3PP
2320A-4PP
2320A-6PP
23208-1PP
23208-2PP.
23208-3PP
23208-4PP
23208-6PP
2320F-1PP
2320R-2PP
2320R-3PP
2320R-4PP
2320R-6PP

2320
2320A-2MM
2320A-3MM
2320A-4MM
2320A-6MM
2320A-8MM
23208�-2MM
23208-3MM
23208-4MM
23208-6MM
23208-8MM

2320R-2MM
2320R-3MM
2320R-4MM
2320R-6MM
2320R-8MM

vo4
Po

C

\g Z€v, l
I

1/t

Ya

3A

1.50
2.00
2.35

330

31
.41
.50
.56
.69

.625

.813
1.m
125
1.50

.61
:t9
-80

!ll

.41

.50

.69

23594-1PP
2359A-2PP
23594-3PP
2359A-4PP
23594-6PP

2333A-1PP
2333A-2PP
2333A-3PP
2333A-4PP
2333A-6PP

2349A-1PP
2349A-2PP
2349A-3PP
2349A-4PP
23494-6PP

ALUMINUM
lt
Eb*
rJk'

3/,1

235e8-l PP
23598-2PP
23598-3PP
23598-4PP
23598-6PP

23338-1PP
23338-2PP
23338-3PP
2333B-4PP
2333B-6PP

'/d

Yg

3A

23498-1PP
2U9B-2PP
2349B-3PP
23498-4PP
23498-6PP

2359R-1PP
2359R-2PP
2359R-3PP
2359R-4PP
2359R-6PP

2333R-1PP
2333R-2PP
2333R-3PP
2333R-4PP
23338-6PP

17-4PH
STAINLESS STEEL

,/B

r

'/2

-/4

2349R-1PP
2349R-2PP
2349R-3PP
2349R-4PP
2349R-6PP

2349A-2MM
2349A-3MM
23494-4MM
23494-6MM
2349A-8MM

2359A-2MM
2359A-3MM
23594-4MM
2359A-6MM
23594-8MM

23334-2MM
23334-3MM
23334-4MM
2333A-6MM
2333A-8MM

23598-2MM
23598-3MM
23598-4MM
235S8-6MM
23598-8MM

23338-zMM
23338-3MM
23338-4MM
233rtl8-6MM
23338-8MM

2349B-2MM
23498-3MM
23498!4MM
23498-6MM
23498-8MM

2359R-2MM
2359R-3MM
2359R-4MM
2359R-6MM
2359R-8MM

2333R-2MM
2333R-3MM
2333R-4MM
2333F-6MM
2333R-8MM

17-4PH
STAINLESS STEEL

2349R-2MM
2349R-3MM
2349R-4MM
2349R-6MM
2349R-8MM

, n
t o T



Title: SPECIFICATION FOR 80K PUMP RESERVOIR RELIEF VALVE

SPECIFICATION FOR
8OK PUMP RESERVOIR RELMF VALVE

FOR

LIGO VACTITTM EQUIPMENT

Hanford, Washington
and

Livingsto4 Louisiana

PREPARED BY:

QUALITYASSURANCE

TECHI{ICAL DIRf,CTOR:

PROJECTMANAGER

Information conlained in this specification and its a(achments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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fr ZO //a'/rl NumberA V049-2-164 Rev.
.Av

Paee lof



Title: spEcrFrcATroN FoR B0KpuMp REsERvoIRRELTEF vALvE

Supplier: KunHe

Description: Bronze Safety Valvg Top Outlet

Size: l/2". See Attachment I ofthis specification for dimensions'

Set Pressure: 15 psig

Model Number: 0001-C-KC0015

Quantity: One ofeach tag. no.
RV-133, RV-l83, RV-233, RV-283, RV-333, RV-383
RV-483, RV-583, RV-633, RV-683, RV-783, RV-883

v049-2-L64

Page L of L



EKUNKLE BRONZE SAFETY VATVES
lhle Division FOR AIR, NON-HAZARDOUS GAS, STEAM SERI/ICE

PRESSURE LIMITS
STEAM - 250 PSIG -406"E
AIR/GAS - 250 PS|G -300"8

APPLICATIONS
. Air/Gas Compressors - portable or stationary.
. Pressure Vessels - including tanks, receivers, inlercoolers, aftercoolers.
. Steam turbines, kettles, other steam-pr0cessing equipment.

FEATURES
The "0riginal Kunkle" design. Very compact assembly. Cup-Type diSc, Extra-long disc guides with
precision lapped beveled seats. Fully enclosed spring. Warn ring offers easy adjustability for precise
opening with minimum pre-open or simmer and exact blowdown control. Pivot between disc and
spring corrects for mis-alignment and compensates for spring side thrust. Every valve is 1000/0 tested/
inspected lor pressure setting, blowdown and leakage. All adjustments are factory sealed t0 prevent
tampering or dis-assembly. Unique lift lever incorporated into valve body.

Overal l  Height  -yr&yi 'Model  I  -3%";  Model  2-4 '
l" Model | - 4Vz": Model2 - 5W

Weight  -%&%" Model  I  -12 02. ;  Model  2-1502.
1"  Model  |  -  l% Lbs. :  Model  2 -  2% Lbs.

Nickel/Chrome plating for use on institutional equipment.
Vibration damoener on Iift lever

AIR/STEAM CAPACITIES

MODEI NUMBER/ORDER GUIDE

ASME Standard

-(-)-

\J
N.B. Certified

MODET I
{MP OUILEI}

.\

5 82 29 142 50 50 258 92 445 158 150 51? i83 895 318
r0 104 37 r79 63 60 293 104 504 179 175 553 196 959 340
15 125 44 215 76 70 325 lt5 560 r99 200 571 205 1003 356
20 145 52 250 89 80 355 126 613 217 225 5S0 210 1028 365
25 165 53 284 101 90 384 136 662 ?35 250 592 210 1034 367
30 185 66 318 ll3 100 411 146 709 252
40 223 79 383 136 125 469 167 811 288

'< j*

I iv-

?stG

W \ l i ' l "
Slr

PSIG

A ' r l {
S.r

FSIG

\k" rY.' l "

L!t-0|r SCIU lltlir SCEI tlttr SCSi t"$./ii SCf,{ Llo4li SCm Uti. SCfM

- t ;

n ' \ - 1
j-r t,,r

l{0081 lto.
Poslltotl

TTIMPIE

l{t-EI stzE
c  r  2 '
0  -  3 r '
t I

stT fSEtsuSE
5 PSrC 10005:  i r ,u  250 PSrC lO25) r

M00Et 2
{SIDE OUTTET}

vALVa SEnUCE
K : /  G a s  a S M : 5 € c  v n
L : : r r i  ASM! S.c VIL

i ! . , r 0 {  P ' o ! . j , : .  o , f '  5 \  \ r a o u l i c r ! ' e ,
r  C . v . r  S l r c  r .  i : l i r t  r '  O p r o .

D€SIGII FEVISION
r .dr . . les  l \ c . r ie ,cha i !eab!  i : ,  ro .
Oasn ' r  I  O19, .a  oe lgn

IMPCSIANT Xunkle V!Lve 0'v'sron rs.ol liable lo. a^y damage tesuhng fmm misuse or mEapDlicalion ol l, producls lree Mtrairvl

*.,KUNKIf, 8222Blufton Road Boxt740 Fortwavne,lndiana468011740
t,a:'.:e liv:.:;: 219-747-1533 FAX219-747-7958



Title: SPECIFICATION FOR sOK PUMP VENT MANUAL BYPASS VALVE

) SPECIFICATION FOR
8OK PUMP VENT MANUAL BYPASS VALVE

FOR

LIGO VACUUMEQUIPMENT

Ilanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSI]RANCE:

TT'CHI\TICALDIRECTOR:

PROJECTMANAGER:

)

Itrformation contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to tle specification requirements, and shall not be disclosed to any other party.
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Title: spEcIFrcATroN FoR BoK pr]Mp vENT MANUAL BYPASS vALvE

Supplier: TBV

Description: Cryogenic, extended stem manual ball valve

Size l-1l?'. See Attachment I ofthis specification for dimensions.

Operating Pressure: I atmosphere, absolute

Model Number: 1-112" 21 SW 2 34 34 CT

Quantity: One of each tag. no:

HV-107, r{v-Is7, l1\l -207, EN -257, I{V-307, rrv-357
HV-407, Irv-507, HV-607, I{V-657, kN-707, rrv-807

A vo49-2-r6s

Page L of L



FEATURES AND BENEFTTS
1. One piece, high strength blowout prool stem.
2. Specially .designed Cryofil seats provide leakproof

operation lo -452oF.

3. Leakproof Chevron V-Ring packing.
4. Totally encapsulated body seal prevents "cold flow" of TFE.
5- Slotted upstream endplate provides positive cavity venting.
6. All welded bonnet construction.
7. Stainless Steel externals.
8. Automation available with optional mounting pad.

9. Optional gfounding springs between ball and stem, and

A' =5E

A3: BTY

lblre
Sire

Pod al A? H

ltt 050 3.14 3.i4 3.14 1.57 250 8.80 8.36 5.9,4

3t4' 0i0 3.14 3.14 3.14 1.t 2.50 8.80 8,96 5.91

1 " 0.81 x75 1t7 3.25 9.15 9J1 5.94

1'4" 1.25 4,82 416 4.70 2.35 4.12 11.31 8.10

2 1.50 5,00 5m ?.53 1.S 11.5011.85 8.4i]

3" 2.50 8.25 8.25 8.25 4.13 7.25 18.9817 47 r4l0

4" 3.25 925 925 925 4.63 8.37 19.58 r807 r4 50

6'� 4.3810.5 10.2510.25 r 1.00 21.{6

'See Nol€ 2

SEAT MATERIAL
IDEI'ITIFICATION CODE

qJ

r-l

" ; v
-.- I s
F r -
{ N

1 1 +
; g {

d- l  ' ' . )

0nnge

lranslucenl
C- Cryolil3

K- (eFF?

?B€gislered Tfade Ma* ol
3-M Company.

:Rsgistercd Tlade Maft ofTBV.lnq.

'Consllt iaclory lor pressure -oxceed'
rig 1500 PSI for special deslg.s.

t5a0

50m

{0o

3500

o 3oc0

! zso

2!00

1500

rco

50o

0
sm -!0a 3c0 -2m -r00 0 l@ 2m

.IEMFEFAIUAEIfI



Tit|e: SPECIFICATION FOR LIQUID NTIROGEN TEERMAL RELIEF VALVE

SPECIFICATION FOR
LIQUID NITROGEN TEERMAL RELIEF VALVE

FOR

LIGO VACTITM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSI]RANCE:

TECHMCAL DIRECTOR:

PROJECTMANAGER:

Information contained in this specification and its attachmenrs is proprietary in nature and shall be ke?t confidential. It shaU be

used only as required to reqpond to the specification requirements, and shall not be disclosed to any other party.
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Title: SPECIFICATIONFORLTQTIIDNTTROGENTEERMALRELITFVALW

Supplier: Circle Seal Controls

Description: Stainless steel popoffrelief valve with vent cap

Size: l/4". See Attachment I ofthis specification for dimensions.

Set Pressure: 55 psig

Model Number: D580TI-2M-G

Quantity: One ofeach tag. no:

RV-r08, RV-l58, RV-208, RV-2s8, RV-308, RV-358
RV-408, RV-508, RV-608, RV-658, RV-708, RV-808

A vo49-2-r66

Page L of L



PIPE SIZE
UALE L Hfl

D
DIA
uAx

't

1

1 .14
1.38
1.4ii
1.98
2.31
3.16

x
u
1

'M

1Yl

1.21

1.45
r.69

rHultE
DtitEitstoNs

PIPE SIZE
IIAI.E & FEIALE L HEX

1l

i(
1

'lVl

1.62
2.08
2.U
2.72
3.62
4.67

V.
1v,
1U.
1\t
1Y.

HEX
ACROSS

FLATS

For ASME clde velv€, available in % inch size
only. Add ASME atter vdw numb€r. For opera-
tion d€tails see ASME Valve catralog sheet Fonn
Number CSP-366L

8rr/10f{P

10845-1
108/15-4
10€,15-10
108/15-20
10845-50
10845-100PH

'rspdogr ror o€ch valve.lze ar€ lnLrdtangoabh. The Crackiog PnaaauE r'ngc
car bc changad by ioplaclng lha lpdng {ith one covodng ths dalrcd .ang..

t*
f  a  ' lr  -  l b 6

r j i

'Co|nFbi! pan numb6 nurt Incfudc ahha code |p.dlylrtg cracHng prss$re.
Scr (,|rd on prlvlour p!gB.

5598-2MP-1
5598-3MP-r
5598-4MP-.
559S.6MP-r
559&.8MP-r
559Bl0MP-*

s33B-2MP-*
53BB.3MP.T
53BB-4MP.T
533&6MP-"
5338-8MP-'
53:'A-10MP-*

5328-2MP-r
5328-3MP-.
532&ilMP-'
5328-6MP-'
5328-8MP-*
5328-10MP-i

5248-2MP-*
524&3MP-i
5248-1MP-i
5248-6MP-i
5248-8MP-i
5248-r0MP-r

559T1-rM-i
55STr -2M-i
559Tr*M-r
559Tr -4M-r
559T1-6M-*
559Tr -8M-r

s3llTt-rM-*
53tlr1-2M-r
53{tT1-3M-*
5,3tlT1-4M-*
53ST1-6M-*
533T1-8M-r

532T1-1M-*
532T1-2M-a
532Tr-3M-r
s32Tr -4M-*
532Tr -6M-*
532Tr -8M-*

524T1-1M-*
524T1-2M-.
524T1-3M-*
524TlnlM-*
524T r -6M-r
524T1-8M-r

533T1-2MP-*
533T1-4MP-*
533Tr-6MP-*

02-09
1r)-23
2A-5-5
s.6-r 3.9
r4.G27.9
28!-33.9
34.G74.9
75.0-104.9

105.0-147_9

223:ts.0.5
22335-1
223354
2?335-10
22t35-20
2233s-30
22335-55
22335-90PH
22335-125PH

223#-05
n#-1
?,336-4
223it5-10
225fi-20
2231t6-30
22336-55
22336-90PH
22336-125PH

.5-e4
z5-5.9
6.0-149

14-0-3t.0
31.1-729
73.0- 150.0

r036e-1
r03e-4
10362-10
r 0362-20
10382-50
10€62-100PH

10462-l
10464-4
10462-'t0
1046,2-20
10462-50
10462-r 00PH

10662-1
10662-4
10662-10
10662-20
10662-50
r0662-100PH

A , ,  i  - - -
H rcEa.-C(,619rl, 1

v 0 4 q  *
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Title: SPECIFICATION FOR LIQUID NITROGEN MANUAL COOLDOWN VALVE

) SPECIFICATION FOR
LIQI]ID'NITROGEN MAI\ruAL COOLDOWN VALVE
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LIGO VACUUMEQUIPMENT

Hanford, Washington
and
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)
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used only as required to respond to tle specification requirements, and shall not be disclosed to any other party.
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Title: spEcIFrcATroNFoRLrerIrDMTRoGENMANUALcoolDowNvALvE

Supplier: The Wm. Powell Co.

Description: Stainless steel, extended stenq socket welded, manual globe valve

Size: l/2". See Attachment I ofthis specification for dimensions'

Operating Pressure: 15 pstg

Model Number: TKI861W48

Quantity: One ofeach tag. no:

IIV-194, HV-196, EN-294, rrv-296, I{V-394, I{V-396
EN 494, IIV-594, tW -694, HV-696, r\t -7 94, I{V-894

SPECIFICATION

A vo4g-z-r67
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TitIe SPECIFICATION TOR FILTER IN LIQUID MTROGEN SUPPLY LINE

SPECIFICATION FOR
FILTDR IN LIQUID NITROGEN SUPPLY LINE

FOR

IJGO VACUUMEQIII"MENT

Hanford, Washington
and

Livingston, Louisiana

{REPAREDBY:-'

QUALITY ASSI]RANCE:

Tf,CEltICALDIRECTOR:

PROJECTMANAGER:

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the spocification requirements, and shall not be disclosed to any other party.
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SPECIFICATION FOR- FILTT,R IN LIQTID NTIROGEN STJPPLY LINE
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"IF" SEFIES TEE TYPE REI'OVAaLE FILTERS lcontinuodl
t , i , V ' /  C A P A C I T I E S

T A B L E  O F  D I M E N S I O N S

Al d'm..s'ons a,e h Inches - 'o etere.|eon!. subEcr r0chlnae tOhe' hodes*ftlne bytass orlon ar? avrrbDe 0n specra, moer

REPLACEME}IT - SINTERED & STRAIl{ER ELEMEHTS FOR "TF'' & "F'' SERIES FILTERS

- \
. ? )

FILTRATION DEFINITIONS
h1 - One micron equals 1/25OOO Inch (00004 inchesi 001
mm). l\.4icrons are used lo Indicale mean pore diamelel ol a
sint;red element or mean particle diameter ol f luid contamina-
tion. i - i ' . '  -Thar'portion of ati lterwhich actuallytraps
fluid conlamination. - - Init ial removalol950/0 to
980/0 ol particles larger than a given srze. I i: i
The actualarea available to l low in a fi l ter element. i r '  al; ' i i-
The accumulation of solids deposited on a l i l ter element from

wlBE itE58 CONSTRUC ON
316 s la in less  s1€€r  mesh s l ra rne t
er€menls  av . i lab le  in  40 ,  1 ,10 .  230
5nd 440 d ic ron  s i res  e l lec t ' ve ly
r€move l3tge Pallrcle
con lamrna l io r  (Maqn i l 'ed  2x  )

S INTEf iED CONSTNUCI ION
s 'n te red  316 s la rn less  s leer  l r l l e r
e lem?n ls  in  nomlna lmrcro .  s rzes
o l  0  5  ro  90 .  l rap  pa . l ' c ! r . le
con la6rna l  o .  In  rhe  10n!ous
m.r ix  (Ma9nr i reo  t3x  )

ELEMENT MATERIALS
lilr 1er ed Elr. rr '. nrs - 316 stainless steel(0.5, 2, 7, 15, 60 and 90
mic.on availabie) - Nloy 4oO and Alloy C-276 available on
soecialorder.
!i irain.-,r Eleme nis - 316 stainless steel wire mesh, silver
brazed (40, 140, 230 and 440 micron available).

.21F. 0.m4 2.1 1h SWAGTLOK 2%2 1rh l 1

.21F4. Q 172 4.4 rh Fernale NPT 2 1 1th 1 1

.dTF. b.172 VT SWAGELoK 21W l 1

.411.F2.' 0 172 va SWAGEIoK 2 5h2 2!n 1 1

.41F2. 0 1 7 2 ,^ Male NPT 21t 1

.4TF4. 0 172 2 l t l

D 172

-6TF. 0.2r3 5.4 1I SWAGELOK 2rt1? 1r*? 2! , ,
' t . :

,6TF2 0 250 6 4 3h Male NPT 2xl3 ?1,6

.6TF-TW- 0.213 lab zqr6 1,ft l rh

,8Tr 0 250 6 4 Ih SWAGETOK 3 /.6 211 6

-8TF2- 0.250 6 4 lb Male NPT 2jt. 2qr t

8TF.TW 0 250 6 4 2 2q,6 l ,'3 1'/3

ss 2f |{1 ; Nol AvaltA8i!

ss"M._ i * *0 11 *0.
611 8rf 6f 8t ss 8f t(l

;r8%:!:ff :,sf 'lxxlffi r'$bT4.,{tt*tjn1q.l*li#+6prz"l j
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used only as re4uired to respond to the specification requirements, and shall not be disclosed to any other party.

Rt' ,zlqfql/( Q( 2/,1/t1 T-*i{.41 ra[r^re tr. ?uot..t.cr, { 1r '' r c[.o.,r,, ]€c'+6]{l
t -

REVLTR.I BY-DATE I APPD.DATEI DESCRIPTIONOFCHANGE

PROCESS SYSTEMS INTERNATIONAL,INC. I SPECIFICATION

IMTIAL
APPROVALS
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' f i r la .

SPECIFICATION FOR DERIMD VALVES FOR SOK PUMP SIJPTLY LINE

Supplier: Cambridge Valve and Fitting Co.

Menufrcturer: Nupro

Deocription: Stainless steel plug valve with swagelok ends

PartNumbir: SS-6P67

Size: 3/8 inch

Tag Nos: IIVI0O, HVl08, IM50, HVl58, HV200, I{V208, IM50,

rrvso8, HV600, rrv608, Hv650,r{v658, I{V700, rrv708, I{v800,
HV8O8

SPEGIFICATION

A V049-2-r77

Page Z of V



TABLE OF DIMENSIONS TECHNICAL DATA

' t  
f o r  a  comp ie te  0 rde f l nO  Number  uspB lo rb rass , ss l0 r3 l6s la i n l esss teB l , o r s l o r ca rbons tee lasap re f i x t o l heBas i cOrde r i ngNumber
Exam0les. B-4P4T2 sS'4P4T. S-8PGT4

@ 0imensions siown with SWA6€10( nuts fingrr-tiohl, wher€ applicable All dimensiofls are in inches {ercepl where ,r/n rs indicaled}
- f0r relerence only. subiecl lo chanoe

O Body orif ice 0.093'(2.4mm).
'o Reterence Specificatiofls: BS21 & lS0 7/1

vo41-z-r- ]J
? 5 . 9 o 1  7

| | $taldard I PlGssure Ralinq ?, I TsmDUature I
I Valve SerieE I .terial I al70'F (21'C) I Ratlno I

|  ' - '  
|  31655 I  (206bar )  |  - j0  ro  400^ f  I

| ^^- | e"" I i'%'if;Y I til+i1'"131 |I ror ---d ps!--l viron sears II  l r t rrs I  i i . iu ' , , r  r  r
@lf reverse flow occurs, diflerenlial pressure |s limited t0 150 psi (10 bao max.
In such cases, the valve should be actuated quickly to prevenl

FLOW CAPACTTY DATA

l  o . " ' .  l f f i
I oid'i,i'm | | ar 70'F (21"c) | rr 70'f {21'c} |
|  l u n b c i  l c y l 1 0  l  5 { t  l  t r  l r 0  l 5 0  l r 0 0  l
t  -2P41 10 .2 t  2 .26  |  6 .00  |  ' t0 .64  |  0 .63 t  t41  I  2 .001
l -ap4T2 | r .o lrr .ro I  ro.or I  sr.zo |  3.16 I i .07|ro.00 l
l - 2 P 4 T 4  |  1 . 0  1 1 1 3 0  |  3 0 . 0 r  I  5 3 . 2 0  |  3 . 1 6  |  7 . 0 i | 1 0 . 0 0  1
l -4p4r  I1 .4 |  1s.82 |  42.01 174.48 J 4.43 1 9.90 I  14.00 l
l - 4 P 4 T 1  1 1 . 4  |  1 s . 8 2  |  4 2 . 0 1  |  7 4 . 4 8  I 4 4 3  1  e . e o  I  1 4 . 0 0  1
l - 4 P 4 r 2  1 0 . 9  1 1 0 1 7  1  2 7 . 0 1  1 4 7 . 8 8  |  2 . 8 5  1  6 . 3 6  1  9 . 0 0  1
| -4p4r4 | 0.s lr0.i7 | 27.01 | 47.88 | 2.s5 | 6.361 9.001
| -4p4r4.Rr | 0.s I 10.17 | 27.01 | 47.8s | 2.8s I 6.361 e.00 |
l -4P4T5 |  0 .9 110.17 |  27.01 I  47.88 |  2 .85 |  636 1 e.001
l - 6 P 4 T  I  1 1  1 1 2 . 4 3  I  3 3 0 r  |  5 8 . s 2  |  3 . 4 8  1  7 7 8  1 1 1 . 0 0  1
l -6P4T-Mir  I  14125.9s |  69.02 1122.36 |  7 .2 i  |  16.26 123.00 1
l - 4 p 6 T 4  |  3 . 6  1 4 0 . 6 8  I 1 0 8 0 3  1 1 9 1 . 5 1  1 1 1 . 3 8  I  2 5 . 4 6  |  3 6 . 0 0  I
l - 6 P 6 T  I  i . 0  l 7 e . 0 e  1 2 1 0 . 0 6  1 3 7 2 . 3 9  1 2 2 . 1 4  l 4 s . s 0  1 7 0 . 0 0  1

l -8p6r2 |  2 .3 lzs.ss |  6s.02 1122.36 |  7 .27 |  16.26 I  2300 1
l .8P6r4 I  2 .3 12599 |  69.02 1122.36 I  7 .27 1 16.26 123.00 1
| -8P6T4.RT I 2.3 l?s.99 I 69.02 1122.36 | 7.27 | 16.26123.001
| -10P6T-MM | 5.7 t 64.40 | rir.05 1303.23 | 1802 | 40.31 | 57.00 I
l - 1 2 P 6 T . M M  |  4 . 3  1 4 8 . 5 e  l r z 9 . 0 3  1 2 2 8 . 7 s  1 1 3 . 6 0  1 3 0 4 1  1 1 3 . 0 0  I

0ama0e.

Plug Vahes Dftraffilo$@

Saslc@
0ldorin0
!lumber

Plio olifics

hlet 0ltlst A D & ' . G D E F G
H

ller wln. mm

.zP4ro 1/8 SWAGELOK . 1 .99 0.99 0.99

0.45 0.37 1.52 1  . 1 4 0 i 5

-2P412 1/S lilale NPT 1.53 0.76 0.76
-2P414 1/8 Female PT 0.89 0,89
-4P4f 1/4 SWA6ET-0X 2 .17 1.08 '1.08 g/16

-4P411 1i4 Male NPT 1/4 SWAGELOK2.03 0.95 1.08 9n6
-4P4r2 1/4 Male NPI '1.90 0.95 0.95
-4P414 1/4 Female NPT 2.09 r.05 1.05
.4P4T4.RT 1/4 Female ISO/BSP Taperedo 2.21 1 . 1 1 1 . 1 1
-4P4T5 1/4 [4ale NPT 1/4 Female NPT 2.00 0.95 1 0 5
-6P47 3/8 SWAGETOK 2.29 1 . t 4 1 .14 l 1 t t6
-6P4T-M tlt 6mm SWAGELoK 2 .17 1.08 1.08 l 4mm
-4P614

0 281 7.2

1/4 fenale NPT 2.38 1 . 1 9 1  . 1 9

0.66 0.56 2 . 1 3 2.49 1 5 0 1 . 1 2

-6mT 3/8 SWAGELOK 2.66 1.33 1.33 1 1 / 1 6
.8P67 1/2 SWAG€LOK 2.88 1 .44 1 .44 7t8
-8P6T2 1/2 tulale NPT 2.64 1.32 1.32
-8P6T4 1/2 Female NPT 2.88 ' | .44

1 .44
.8P6T4 RT 'l12 Female lS0/BSP Tapered(6r 3.14 1 .57 1.57
-10P6T.M[/1 1t)mm SWAGELoK 2.68 1 .34 1 .34 19mnl

.1 2P6T-lvr lV 12mm SWAGELoK 2.96 1 .48 1 .J8 22fim

a " * , d
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Title: SPECIFICATION FOR BAIGOUT SYSTEM PERSOI\NEL COMPUTERS

7

SPECIFICATION FOR

BAKEOUT SYSTEM PERSONNEL COMPUTERS
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Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

. QUALITYASSURA]TICE:

7 TECIINICAL DIRECTOR:

PROJECTMANAGER:

lnfornation contained in this specification and its attachments is proprietary in nature and shalt be kept confidentirl. It shall be

used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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rltle spEcIFrcATIoN FoR BAKEour sysrEM pERsoI{I{EL coMPurERs

)

l. Gateway 2000 Personnel Computers with the following :

- Intel 120 Pentium Processor

- 16 MB EDO DRAM

- 256Lpipe1ined burst SRAM cache

- 1.2 GB 1lms EIDE Western Digital HD

- PCI Enhanced IDE interface

- PCI local-bus graphics with 2MB DRAM

- 6X CD-ROM with EIDE interface

- 3.5" 1.44 MB DD

17" CrystalScan Monitor

- Slots: (2) 16-bit ISA, (3) 32-bit PCI, (1) PcInSA

z
q
o

o
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Title: SPECIFICATION FOR BAKEOUT SYSTEM THERMOCOUPLE MEASUREMENT
SYSTEM

SPECIFICATION FOR

BAKEOUT SYSTEM TIMRMOCOUPLE MEASUREMENT SYSTEM
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LIGO VACT]UM EQUTPMENT
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Livingstoq Louisiana

PREPARED'BY:

QUALITY ASSURANCE:

I TECHMCAL DIRECTOR:
f
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Information contained in tbis specification and its attacbments is proprietary in nature and shall be kept confidential. It shall be
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SPECIFICATION FOR BAKEOUT SYSTEM TIIERMOCOTJPLE
MEASI]REMENT SYSTEM

l. VO Tech Thermocouple Measurement System As Follows :

a) (1) TEMPSCAN-IOoOA
Hi speed thermocouple measurement Main Chassis

b) (1)E)(P/l14
I 0 slot expansion chassis for Tempscan/I000A, includes raclanount kit and
CA-3 5- 1 master/slave cable

I "l (7) TEMPTC-32A
32 Channel T/C Scaruring Module for Non-Grounded T/C's

NOTE: 2 year warranty standard

SPECIFICATION

Paee -ol
F8.99?



Title: SPECIFICATION FOR BAKEOUT SYSTEM T/C MEASUREMENT PLC INTERFACE

7

SPECIF'ICATION FOR

BAKEOUT SYSTEM T/C MEASUREMENT PLC INTERFACE

FOR

LIGO VACUTJM EQTNPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER: *1 . t] tt R-?s a Aa LE->

Information contained in this specification atrd ib attachments is proprietary in nature and shall be kept confrdential. It shall be

used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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SPECINCATION FOR BAKEOUT SYSTEM T/C MEASTIREMENT PLC
Title INTERFACE

Allen-Bradley_PlC Interface Modules As Follows : - -

1. 1771-DMC
Control Co-Processor Main Module with 256 KBYTE

z
3
(D

(D

I  SPECIFICATIOI
I

{
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Title: SPECIFICATION FOR BAI(EOIrT SYSTEM PC - ALLEN BRADLEY PLC INTERFACE
MODULE FORLIGO

SPECIFICATION FOR
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FOR
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and
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PROJECTMANAGER:

Information contained in this specification and its attacbments is proprietary in natue and shall be kept confidential. It shal b€

used only as required to respond to the specificdion requirements, and shall not be disclosed to any other party.
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?iTIA SPECIFICATION FORBAKEOUT SYSTEM PC - ALLEN BRADLEY
PLC INTERFACE MODULE FORLIGO

z
3
o

PC - Allen Bradley PLC lnterface Module as Follows:

1.  1784-KTX

DH+. DH'485. REM VO Interface Module

I

i  sPEcrFlcATlol
r _

{

[ffi? "o4s-2-os.,
Rev.
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Title: SPECIFICATION FOR BAKEOUT SYSTEM PC - INTERFACE SOFTWARE FOR LIGO

SPECIFICATTON FOR

BAKEOUT SYSTEM PC -INTERFACE SOFTWARE
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LIGO VACT'TJM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana
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I' DIRECTOR:

PROJECTMANAGER:
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SPECIFICATION FORBAKEOUT SYSTEM PC - INTTRFACE
rille SOFTWARE FORLIGO

I PC - Interface Software running on Windows NT/95 as follows:

A. Full Function Runtime SCADA node including:

i. Distributed Networkine

ii. SCADA

iii. Object Graphics

iv. Historical TrendingiCollection

v. DDE Client/Server

vi. Excel Macros

vii. Batch Blocks

I B. ABK VO driver for Windows 95/1.{T (only 1 required for entire project)

I C. Cyberlogic Windows 95 driver
I
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DESCRIPTION OF ACTION
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Information contained in this specification and its attachments is in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements and shall not be disclosed to any other party.
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SPECIFICATION FOR FLOW METER

t.0 scoPE

This specification covers the minimum requirements for the design, materials, fabrication,
assembly, inspection, testing, preparation for shipping, shipment and delivery of instrumentation
for the LIGO vacuum system.

The following specifications refer to the Buyer - Process Systems Intemational (PSI), the
Owner - Califomia Institute of technology in partnership with Massachusetts Institute of
Technology, under a grant from the National Science Foundation, and Vendor/Seller. The
Vendor/Seller is the successful system bidder.

The Vendor shall be responsible for updating any and all references to codes and other standards
to reflect the requirements ofthe latest editions in effect on date of purchase order except as
noted.

All attachments are incorporated herein by reference and made a part of this specification.

2.0 CODES AND STANDARDS

2.1 Priority of Codes and Standards

1. Codes

2. Standards

3. Data Sheets

4. This Specification

2-2 All conflicts shall be brought to the attention ofPSI for a written resolution prior to award
of a puchase order. If more than one document applies to a technical requirement, the
more stringent requirement shall have precedence.

2.3 The assembly shall comply with applicable parts of latest editions of publications by the
following organizations:

American National Standards Institute, Inc. (ANSI)

Code of Federal Regulations (CFR) Title 47, Part 15

Electrical Standards for Indusfiial Machinery OIFPA 79) unless otherwise indicated

S P E C I F I C A T I O N

A vo49-z-oi9
:, vo49lo79 Doc Page 3 of 6



SPECIFICATION FOR FLOW METER

Factory Mutual (FM)

Federal Communications Commission (FCC) Part 15

Institute of Electrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (iCEA)

National Electric Code O{FPA 70)

National Electrical Manufacturers Association NEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

3,.0 GENERALREOUIREMENTS

3.1 The overall process and mechanical requiements for this specific application are given
in data sheets attached to this specification.

3.2 The equipment shall be designed for a minimum serviceable life of 20 years.

3.3 Vendor shall specifr all bott torque requirements in the equipment operating and
'maintenance 

manual.

3.4 Instrumentation shall be of industrial quality and shall be subject to the acceptance of the
Buyer.

3.5 Extemal carbon steel surfaces shall be cleaned and painted. The Vendor's standard is
acceptable if it meets specification requirements and is compatible with federal standard
209 class 50,000.

4.0 MARKING

Plates are to be stamped to show the following information:
a. Manufacturer's name. catalog number
b. Serial number
c. Adjustable range
d. Maximum working ptessure
e. Set range
f. Output signal
g. Tag number (as listed on attached data sheet)
h. Tags may be permanently attached or attached with a stainless steel wire'

S P E C I F I C A T I O N
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SPECIFICATION FOR FLOW METER

5.0 RESPONSIBILITY

The Seller shall be compl€'tely redponsible that the equipment and,ior material furnished under this
specification is ofhigh quality in every respect, with first-class workmanship throughout and
entirely suitable for the purpose outlined herein or reasonably infened therefrom. Therefore, if
any requirement ofthis specification is deemed by the Vendor/Seller to be unacceptable or
technically incorrect. he shall specifically delineate his objections and the reasons therefore in his
proposal so that they may be resolved before the order is placed. In all respects, the Seller, by
accepting the order, shall be deemed to have agreed that conformance with the requirements of the
specification will not prejudice in any way the Buyer's right under warranty.

6.0 REqUIREDDOCUMENTATION

Vendor shall fumish documentation in accordance with specific inquiry, requisition and purchase
order requirements. All Vendor documents shall bear the purchase order number and PSI's
equipment tag number. The following is a list of minimum documentation required:

5.1 MECHANICALDATAREQUIREMENTS

Outline dimension drawings and weight.

5.2 MANUALS

Five (5) copies of operational/maintenance manuals.

5.3 TEST REPORTS

Calibration report.

7.0 INSPECTION

The responsibility for inspection rests with the manufactuer; however, the Buyer, Owner,
Government, and Owner representatives reserve the right to conduct a non-escort inspection of
equipment at any time during fabrication to assure that the materials and workmanship are in
accordance with this specification. This will include access to fabrication, assembly, cleaning and
testing areas for the purpose of monitoring activities.

S P E C I F I C A T I O N
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SPECIFICATION FOR FLOW METER

8.0 PREPARATION FOR SHIPMENT

8.1 Iiems shall b6 conipletely drained and dried.

8.2 Bolted connections shall be made up before shipment.

8.3 Aluminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable attachments to otler cormections.

8.4 Units shall be completely covered for protection against the ambient and weather
conditions expected during transportation. Units shall be adequately protected for
unsheltered storage at the sites.

8.5 The Vendor shall have a signed "Release for Shipment" form provided by the Buyer's

Quality Assurance representative prior to full or partial shipment ofproduct.

8.6 Shipping crates shall have the Buyer's purchase order number, Vendor's name and list of
tag numbers or part numbers on the outside of each crate.

S P E G I F I C A T I O N
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Specification Forms for Process Measurement and Control
Instruments, Prirnary Elements and Control Valves@tsa szo
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Specification Forms for hocess Measurement and Control
Inst!uments, Primary Elements and Control Valvesclsn szo

ROTAMETERS
lVARIAELE AREA F  LOWMETERS)

R E V I S I O N

1
2

3

q

GENEFIAL  
t̂

7
8
I

1 0
l ' 1

1 4
METER 15

1 6

1 9
20
21
22
23

FLUIO DATA 24

26

28
29

ALARM : :
3 l

38

No- of Cof|tacrs

39
40
4 l

OPT IONS

43



)ISA szo
Specification Forms for Process Measurement and Control
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SPECIFTCATION F'OR DIFT'ERENTIAL PRESSURE GAUGES
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ritle: SPECIFICATION FORDIFFERENTIALPRESSURE GAUGES
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TitIE: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

1.0

This specification covers the minimum requirements for the desig4 materials, fabricatioq
assembly, inspection, testing preparation for shipping, shipment and delivery of instrumentation
for the LIGO vacuum system.

The following specifications refer to the Buyer - Process Systems Intemational (PSI), the
Owner - Califomia Institute of technology in partnership with Massachusetts Institute of
Technology, under a grant from the National Science Foundation, and Vendor/Seller. The
Vendor/Seller is tle successfi.rl system bidder.

The Vendor shall be responsible for updating any and all references to codes and other standards
to reflect the requirements ofthe latest editions in effect on date of purchase order except as
noted.

All attachments are incorporated herein by reference and made a part ofthis specification.

CODES AND STANDARDS

Prioritv of Codes and Standards

1. r Codes

2. Standards

3. Data Sheets

4. This Specification

All conflicts shall be brought to the attention ofPSI for a written resolution prior to award
of a purchase order. Ifmore than one document applies to a technical requirement, the
more stringent requirement shall have precedence.

The assembly shall comply with applicable parts of latest editions of publications by the
following organizations:

American National Standards Institute, Inc. (ANSQ

Code ofFederal Reguiations (CFR) Title a7, Part 15

Electrical Standards for Industrial Machinery (NFPA 79) unless otherwise indicated

2.1

L . )

S P E C I F I C A T I O N
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TitIE: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

Facrory MutMl (FM)

Federal Commrurications Commission (FCC) Part 15

Institute of Electrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code G{FPA 70)

National Electrical Manufacturers Association (NEMA)

Underwriter's Laboratories (UL) or equipment and installation standatds by other
nationally recognized testing companies

3..0 GENERALREOUIREMENTS

3 . I The overall process and mechanical requirements for this specific application are given
in data sheets attached to this specification.

3.2 The equipment shall be designed for a minimum serviceable life of 20 years.

3.3 Vendor shall speciff all bolt torque requirements in the equipment operating and
maintenance manual.

3.4 Instrumentation shall be of industrial quality and shall be subject to the acceptance ofthe
Buyer.

3.5 Extemal carbon steel surfaces shall be cleaned and painted. The Vendor's standard is
acceptable if it meets specification requirements and is compatible with federal standard
209 class 50,000.

4.0 MARKING

Plates are to be stamped to show the following information:
a. Manufacturer's name, catalog number
b. Serial number
c. Adjustable range
d. Maximum working pressure
e. Set range
f. Output signal
g. Tag number (as listed on attached data sheet)
h. Tags may be permanently attached or attached with a stainless sleel wire'

S  P E C I  F  I C A T  I O N
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Title: SPECIFICATION FORDIFFERENTIAL PRISSURE GAUGES

S P E C I F I C A T I O N

5.0 RESPONSIBILITY

The Selier shall be completely responsible that the equipment and/or material furnished under this
specification is of high quality in every respect, with fust-class workmaaship throughout and
entirely suitable for the purpose outlined herein or reasonably inferred therefrom. Therefore, if any
requirement ofthis specification is deemed by the Vendor/Seller to be unacceptable or technically
incorrect, he shall specifically delineate his objections and the reasons therefore in his proposal so
that they may be resolved before the order is placed. In all respects, the Seller, by accepting the
order, shall be deemed to have agreed that conformance with the requirements ofthe specification
will not prejudice in any way the Buyer's right under warranty.

6.0 REOIJIRED DOCTJMENTATION 
. :

Vendor shall furnish documentation in accordance with specific inquiry, requisition and purch.
order requirements. All Vendor documents shall bear the purchase order number and PSI's
equipment tag number. The following is a list of minimum documentation required:

5.1 .il4ECFIANICALDATAREQI]IRENIENTS

Outline dimension drawings and weight.

5.2 -.MANUAIS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

7.O INSPECTION

The responsibility for inspection rests with the manufacrurer; however, the Buyer, Owner,
Government, and Owner representatives reserve the right to conduct a non-escort inspection of
equipment at any time during fabrication to assure that the materials and workmanship are in
accordance with this specifcation. This will include access to fabricatioq assernbly, cleaning and
testing areas for the purpose ofmonitoring activities.

b vo4to88.Doc Page 5 of -.lq-



ritle: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

8,0 PREPARATION FOR SHIPMENT

8.1 Items lhall b6 completely'drained and dried.

8.2 Bolted connections shall be made up before shipment.

8.3 Aluminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable attachments to other connections.

8.4 Units shall be completely covered for protection against the arnbient and weather
conditions expected during hansportation. Units shall be adequately protected for
unsheltered storage at the sites.

8.5 Shipping crates shall have the Buyer's purchase order number, Vendor's name and list of
tas numbers or part numbers on the outside of each cfate.

S P E C I F I C A T I O N

A vo49-2-o88
Page 6 of 6



q\.iz
.izr'i>

I+Aztt

vu
l

0)I

zrI']

t6zqJ

t
.

tFoz

e
tlJ sJlyr

u
r p

ro
ce

H

sa
lrl lsd

 ro
l

p
,b

e
g

 se
d

o
3

tsd
 ̂ q

le
 o

jd
d

v

tsd
 Iq

p
e

sse
u

l!M
'o

d
 re

u
v

le
$

ru
rq

n
s

F7!!5oDJ

zi!Fz
zo.v)

z
7

<
U

z 
tr)

F
tr

a
i

7
2

>
=

F
X

3
6

q)I7OzaF7qzotrlr.t

a
'1

>
l

<
l

>
l

>
l

3q9
l

2s.l
>

l
<

e
l

F
-A

z
9

-=
 

c4
-; 

r.I
-x 

(-)l
>

A
-

<
F

=
<

dcrr,
<

l
>

I
F

I
.il:<

l
Iol(rl
.a



Page I of 3

ATTACffMENT "B*

INSTRI'MENT DATA SHEET
DITT'ERENTIAL PNESSURE

D.P.MTING IN



Page2oI3

ATTACEMENT"B"
INSTRI'MENT ITATA SEEET
DITTENf, NTIAL PRESSI]BE

D V0492088\qfa.h4.xlt



Page 3 of 3

ATTACEMENT*B*
INSIRT'MENT DATA SEEET
DITT'ERENTIAL PNESSURE

D V0492088\Afrr.h4.ds



I

SPECIFICATION FOR LEVEL TRANSMITTERS
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Information contained in this specification atrd its attachments is and shall b€ k€pt confidential. It shall be

used only as requir€d to respond to the specification requirements ald shall not be disclosed to any other party.
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DESCRIPTION OF ACTION
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6 vo{92€a9mc Page I of -..0-



SPECIFICATION FOR LEVEL TRANSMITTERS
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SPECIFICATION FOR LE}'EL TRANSMITTERS

1,0 SCOPE

This specificaiion covers the minimum requirements for the design, materials, fabricatioru
assembly, inspection, testing, preparation for shipping, shipment and delivery of instrumentation .
for the LIGO vacuum system.

The following specifications refer to the Buyer - Process Systems Intemational (PSI), the
Owner - California Institute of technology in partnership with Massachusetts Institute of
Technology, under a grant from the National Science Foundatio4 and Vendor/Seller. The
Vendor/Seller is the successful system bidder.

The Vendor shall be responsible for updating any and all references to codes and other standards
to reflect the requirements ofthe latest editions in etrect on date ofpurchase order except as
noted,

All attachments are incorporated herein by reference and made a part ofthis specification.

2.0 CODES AND STANDARDS

2.1 Prioritv of Codes and Standards

l. todes

2. Standards

3. Data Sheets

4. This Specification

2.2 All conflicts shall be brought to the attention ofPSI for a written resolution prior to award
of a purchase order. Ifmore than one document applies to a technical requLement' the
more stringent requirement shall have precedence.

2.3 The assembly shall comply with applicable parts of latest editions of publications by the
following organizations:

American National Standards lnstitute, Inc. (ANS|

Code ofFederal Regulations (CFR) Title 47, Part 15

Electrical Standards for Industrial Machinery (NFPA 79) unless otherwise indicated

S P E C I F I C A T I O N
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SPECIFICATION FOR LEVEL TRANSMITTERS

3..0

Factory Mutual (FM)

Federal Communications Commission (FCC) Part 15

Institute of Electrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical Manufacturers Association (NEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

GENEML REOUIREMENTS

3.1 The overall process and mechanical requirements for this specific application are given
in data sheets attached to this specification.

3.2 The equipment shall be designed for a minimum serviceable life of 20 years.

3.3 Vendor shall specifu all bolt torque requiremenls in the equipment operating and
'maintenance 

manual.

3.4 Instrumentation shall be of industrial quality and shall be subject to the acceptance ofthe
Buyer.

3.5 Extemal carbon steel surfaces shall be cleaned and painted. The Vendor's standard is "

acceptable if it meets specification requirements and is compatible with federal standard
209 class 50,000.

MARKING

Plates are to be stamped to show the following information:
a. Manufacturer's name, catalog nurnber
b. Serial number
c. Adjustable range
d. Maximum working pressure
e. Set range
f. Output signal
g. Tag number (as listed on attached data sheet)
h. Tags may be permanently attached or attached with a stainless steel wire.

4-0

S P E C I F I C A T I O N
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SPECMICATION FOR LEWL TRANSMITTERS

5.0 RESPONSIBILI"I-Y

The Seller shall be completely responsible that the equipment and/or material furnished under this
specification is of high quatity in every respect, with fust-class workmanship througltout and
entirely suitable for the purpose outlined herein or reasonably inferred therefrom. Therefore, if any
requirement ofthis specification is deemed by tlre Vendor/Seller to be unacceptable or technically
incorrect, he shall specifically delineate his objections and the reasons therefore in his proposal so
that they may be resolved before the order is placed. In ail respects, the Seller, by accepting the
order, shall be deemed to have agreed tlat conformance with the requirements ofthe specification
will not prejudice in any way the Buyer's right under warranty.

6-0 REOUIREDDOCUMENTATION

Vendor shall fumish documentation in accordance with specific inquiry requisition and purchase
order requirements. All Vendor documents shall bear the purchase order number and PSI's
equipment tag number. The following is a list of minimum documentation required:

5.1 MECHANICALDATAREQI,JIREMENTS

Outline dimension drawings and weight.

5.2 'MANUALS

Five (5) copies of operationaVmaintenance rnanuals.

5.3 TEST REPORTS

Calibration report.

'7.O INSPECTION

The responsibility for inspection rests with the manufacturer; however, the Buyer, Owner,
Government, and Owner representatives reserve the right to conduct a non-escort inspection of
equipment at any time during fabrication to assure that the materials and workmanship are in
accordance with this speciication. This will include acress to fabrication" assembly, cleaning and
testing areas for the purpose ofmonitoring activities.

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR LEVEL TRANSMITTERS

8.0 PREPARATION FOR SHIPMENT

8.1

8.2

8.3

8.4

Items shall be completely drained and dried.

Boited connections shall be made up before shipment.

Aluminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable attachments to other connections.

Units shall be completely covered for protection against the ambient and weather
conditions expected during mnsportation. Units shall be adequately protected for
unsheltered storage at the sites.

Shipping crates shall have the Buyer's purchase order number, Vendor's name and list of
tag numbers or part numbers on the outside of each crate,

8.5

S P E C I F I C A T I O N
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INSTRIIMENT DATA SEEET
LEVEL TRANS]VIITTER

ATTACHMENT ''B"

PRESST]RE

LIGO
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ATTACHMENT "8"
LIGO
v049-2{E9

Page 3 of6

Rev]oilffiffi,rft:ff#

o
<.\

LEVEL TRANSNfi TTER (DIITERENTIAL PRESSURE

)

L4

TAGNI,JMBER LT-600 LT650 LT-?00 LT-800

FI,OWSIIEETNO. v049-0{06 v049-0{06 v049{-006 v049-0-006

LINENUMBER
SERVICE MTROGEN NITROGEN NITROGEN NIIROGEN

FLUID LIQI,]ID LIQI]ID LIQI,JID LIQIJID

PRESSIJRE PSIG l0 to 25 l0 to 25 10 to 25 l0 to 25

TEMPERATI.IRE DEGREES F 15 to 96 15 to 96 r) to 90 15 to 96

ADruSTABI.E RANGE INH,O 0 to 150 0 to 150 0 to 150 0 to 150

CALIBRATEDRANGE INH'O 4 l 47 4 l 4 l

TYPE: CAPACITANCE / OTIIER CAPACIIANCE CAPACIIANCE CAPACTTANCE CAPACITA}ICE

OUTPUT 4to20mA 4 t o 2 0 m A 4to20mA 4 t o 2 0 m A

READOUT Volertel Y"le\EL % level o/o

ENCIOSIIRE NEMA RATING REQD. 4 i

MAfERIAL: FLANGES / CAPSULE CS SST cs SST CS ssr CS

MATERIAL: NUTS & BOLTS SST SST SST SST .t

PRESSIJRERATING PSIG fU 50 50 50

MAXM{JM D.P, RATING INH,O f,U 50 50 f,u

CAPSTJLE FILL Silicone Silicorc Silicone

PROCESS CONNECTIONS 1/2" NPT I/2" NPT r/2'NPT

MINIMIJM ACCIJRACY REOD 0.25v, 0.25o/o 0.ZsVo 0

SMART ELECTRONICS REOD. NO NO NO NO

MOI.INTING BRACKET REOD. YES YES YES YES

CONDUIT CONNECTION SI7-F I/2" NPT 1/2" NPT I/2'NPT 'NPT

QUANTITY I I

MANUFACTI,RER Rosemormt Ros€mout Ros€qormt

MODEL 1l51DP 4 E 52 Rf Q4 us lDP4E52BrQ4 l l5lDP 4E 52 Bf Q4 115 lDP4E52B4

BY DATE NOIES i

TNSTRUMENT ENGINEER

ENGINEERING APPROVAL
PROJECT APPROVAL

REVISION NO. DATE APP. APP. APP.
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Title: SPECIFICATION FOR PRESSURE TRANSMITTERS

SPECIFICATION

FOR

PRESSTJRE TRANSMITTERS

LIGO VACTII]M EQUIPMENT

Hanford, Washington
and

Livingstorq Louisiana

PREPARED BY

ELECTRICAL

QUALITV ASSURANCE

Tf,CHNICAL DIRECTOR -D a. lr^- t tr) "i'L-teu;

PROJECTMANAGER

Information contained in this slecification and its attachmeots is in nahrc and shall be kept confidential. It sball be

used only as required to respond to the sp€cification requirements and shall not be disclosed to atry other party.
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SPECIFICATION FOR PRESSURE TRANSI\{ITTERS

2.0

This speciication covers the minimum requirements for the design, materials, fabricatio4
assembly, inspectiorl testing preparation for shipping, shipment and delivery of instrumentation
for the LIGO vacuum system.

The following specifications refer to the Buyer - Process Systems International (PSD, the
Owner - California Institute of technology in partnership with Massachusetts kstitute of
Technology, under a grant from the National Science Foundation" and Vendor/Seller. The
Vendor/Seller is the successful system bidder.

The Vendor shall be responsible for updating any and all references to codes and other standards
to reflect the requirements ofthe latest editions in effect on date ofpurchase order except as
noted.

All attachments are incorporated herein by reference and made a part ofthis specification.

CODES AND STANDARDS

Priority of Codes and Standards

I. Codes

2, Standards

3. Data Sheets

4. This Specification

All conflicts shall be brought to the attention ofPSI for a written resolution prior to award

of a purchase order. Ifmore than one document applies to a technical requirernent, the
more stringent requirement shall have precedence.

The assembly shall comply with applicable parts of latest editions of publications by t]le
following organizations:

American National Standards Institute Inc. (ANSD

Code ofFederal Regulations (CFR) Title 47, Part 15

Electrical Standards for Industrial Machinery (NFPA 79) unless otherwise indicated

2.1

) , )

b V0492090.DOC

S P E C I F I C A T I O N



SPECIFICATION FOR PRESSURE TRANSMITTERS

Factory Munial (FM)

Federal Communications Commission (FCC) Pan 15

Institute ofElectrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical Manufacturers Association (NEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

3..0 CENERALREQUIREMENTS

3.1 The overall process and mechanical requirements for this specific application are given
in data sheets attached to this specification.

3.2 The equipment shall be designed for a minimum serviceable life of 20 years'

3.3 Vendor shall specify all bolt torque requirements in the equipment operating and
rnaintenance manual.

3.4 Instrumentation shall be of industrial quality and shali be subject to the acceptance ofthe
Buyer.

3.5 Extemal carbon steel surfaces shall be cleaned and painted. The Vendor's standard is
acceptable if it meets specification requirements and is compatible with federal standard
209 class 50,000.

4.0 MARKING

Plates are to be stamped to show the following information:
a. Manufacturer's name, catalog number
b. Serial number
c. Adjustable range
d. Maximum working pressure
e. Set range
f. Output signal
g. Tag number (as listed on attached data sheet)
h. Tags may be permanently attached or attached with a stainless steel wire.

S P E C I F I C A T I O N

A vo49-2-o9o
Lr vo492o9o.Doc Page 4 of 6
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SPECIFICATION FOR PRESSURE TRANSMITTERS

5.0 RESPONSIBILITY

The Selier shall be completely reiponsible that the equipment and/or material furnished under this
specification is of high quality in every respect, with fust-class workmanship throughout and
entirely suitable for the purpose outlined herein or reasonably bferred therefrom. Therefore, if any
requirement ofthis specification is deemed by the Vendor/Seller to be unacceptable or technically
incorrect, he shall specifically delineate his objections and the reasons therefore in his proposal so
that they may be resolved before the order is placed. In all respects, the Seller, by accepting the
order, shall be deemed to have agreed that conformance with the requirements ofthe specifcation
will not prejudice in any way the Buyer's right under wananty.

REQUIRED DOCUMENTATION

Vendor shall fumish documenlation in accordance with specific inquiry, requisition and purchase

order requirements. All Vendor documents shall bear the purchase order number and PSI's
equipment tag number. The following is a list of minimum documentation required:

5.1 MECIIAMCAIDATAREQI]IRE}dENTS

Outline dimension drawings and weight.

5.2 .:MANUALS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

INSPECTION

The responsibility for inspection rests with the manufacturer; however, the Buyer' Owner,
Govemment, and Owner representatives reserve the right to conduct a non-escort inspection of
equipment at any time during fabrication to assure that the rnaterials and workmanship are in

accordance with this specification. This will include access to fabrication, assembly, cleaning and

testing areas for the purpose of monitoring ac'tivities.

6.0

7.0

S P E C I F I C A T I O N
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SPECIFICATION FOR PRESSIJRE TRANSMITTERS

8.0 PREPARATION FOR SHIPMENT

8.1 Items shall be completely drained and dried.

8.2 Bolted connections shall be made up before shipment.

8.3 Aluminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable attachments to other connections.

8.4 Units shall be completely covered for protection against the ambient and weather
conditions expected during transportation. Units shall be adequately protected for
unsheltered storage at the sites.

8.5 Shipping crates shall have the Buyer's purchase order nurnber, Vendor's name and list of
tag numbers or oart numbers on the outside ofeach crate.

S P E C I F I C A T I O N

A vo49-2-o9o
a :. V0492090.DOC Page 6 of 6
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GAS
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15 to 96
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SPECIFICATION FOR TEMPERATI]RE ELEMENTS

SPECIFICATION

FOR

TEMPERATIIRE ELEMENTS

LIC,O VACTIT]M EQIIIPMENT

Hanford, WashinSon
and

Livingsto4 Louisiana

PREPARED BY

ELECTRJCAL

QUALITVASSURANCE

TECHMCAL DIRECTOR

PROJECTMANAGER

Inforrnation contained in this specification and its attachments i5 and shall be kept confidential. It sha be

used only as rcquired to rcspond to the specification requirements and shell b€ disclosed to any other party.

1r- t J,, * i t t
DESCRIPTION OF ACTION
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SPECIFICATION FOR TEMPERATURE ELEMENTS
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SPECIF'ICATION FOR TEMPERATURE ELEMENTS

I .O SCOPE

This specification covers the minimum requirements for the desig\ materials, fabricatioq
assembly, inspectio4 testing, preparation for shipping shipment and delivery of instrumentation
for the LIGO vacuum system.

The following specifications refer to the Buyer - Process Systems International @SI), the
Owner - Califomia Institute of technology h partnership with Massachusetts Institute of
Technology, under a grant from the National Science Foundation" and Vendor/Seller. The
Vendor/Seller is the successfirl system bidder.

The Vendor shall be responsible for updating any and all references to codes and other standards
to reflect the requirements ofthe latest editions in effect on date of purchase order except as
noted.

All attachments are incorporated herein by reference and made a part ofthis specification.

2.0 CODES AND STANDARDS

2.1 Prioriw of Codes and Standards

1. . .Codes

2. Standards

3. Data Sheets

4. This Specification

2.2 AII conflicts shall be brought to the attention ofPSI for a written resolution prior to award
of a purchase order. If more than one document applies to a technical requirement, the
more stringent requirement shall have precedence.

2.3 The assembly shall comply with applicable parts of latest editions of publications by the

following orgadzations:

American National Standards Institute, Inc. (ANSI)

Code ofFederal Regulations (CFR) Title 47, Part 15

Electrical Standards for Industrial lvlachinery (NFPA 79) unless otherwise indicated

S P E C I F I C A T I O N
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SPECIFICATION FOR TEMPERATURE ELEMENTS

Factory Mutual (FM)

Federal Communications Commission (FCC) Pan 15

Institute of Electrical and Electronics Engineers (IEEE)

Insulaled Cable Engineers Association (ICEA)

National Electric Code Q{FPA 70)

National Electrical Manufacturers Association CNEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

3..0 GENERALREOUIREMENTS

3.1 The overall process and mechanical requiremenls for this specific application are given
in data sheets attached to this specification.

3.2 The equipment shall be designed for a minimum serviceable life of 20 years.

3.3 Vendor shall specift all bolt torque requirements in the equipment operating and
maintenance manual.

3.4 Instrumentation shall be of industrial quality and shall be subject to the acceptance ofthe
Buyer.

3.5 Extemal carbon steel surfaces shall be cleaned and painted. The Vendor's standard is
acceptable if it meets specification requiremenls and is compatible with federal standard
209 class 50,000.

4.0 MARKING

Plates are to be stamped to show the following information:
a. Manufacturer's name, catalog number
b. Serial number
c. Adjustable range
d. Maximum working pressure
e. Set range
f. Outout sienal
g. Tag number (as listed on attached data sheet)
h. Tags may be permanently attached or attached with

a stainless steel wire.
S P E C  I F I C A T I O N

A vo49-2-091
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5.0 RESPONSIBILITY

The Seller shall be completely reiponsible that the equipment andlor material fumished under tlis
specification is of high quality in every respect, with first-class workmanship throughout and
entirely suitable for the purpose outlined herein or reasonably inferred therefom. Therefore, ifany
requirement ofthis specification is deemed by the Vendor/Seller to be unacceptable or technically
incorrect, he shall specifically delineate his objections and the reasons therefore in his proposal so
that they may be resolved before the order is placed. In all respects, the Seller, by accepting the
order, shal1 be deemed to have agreed that conformance with the requirements ofthe specificafion
will not prejudice in any way the Buyer's right under warraffy.

REOUIRED DOCIJMENTATION

Vendor shall furnish documentation in accordance with specific inquiry requisition and purchase
order requirements. All Vendor doflrments shall bear the purchase order number and PSI's
equipment tag number. The following is a list of minimum documentation required:

5.1 MECHANICALDATAREQTIIREMENTS

Outline dimension drawings and weight.

5.2 MANUALS

Five (5) copies of operationaVmaintenanoe manuals.

5.3 TEST REPORTS

Calibration reoort.

7.0 INSPECTION

The responsibiiity for inspection rests with the manufacturer; however, the BuyeE Owner,
Govemment, and Owner representatives reserve the right to conduct a non-escort inspection of
equipment at any time during fabrication to assure that the materials and workmanship are in
accordance with this specification. This will include access to fabrication, assembly, cleaning and
testing areas for the purpose ofmonitoring activifies.

SPECIFICATION X'OR TEMPERATURN ELEMENTS

S P E C I F I C A T I O N

b vo492o9l.Doc Page 5 of 6



SPECIFICATION FOR TEMPERATURE ELEMENTS

8.0 PREPARATION FOR SHIPMENT

8.1 Items shall be completely drained and dried.

8.2 Boited connections shall be made up before shipment.

8.3 Aluminum plate shipping covers shall be attached with bolts to flanged connections, and
with suitable attachments to other connections.

8.4 Units shall be completely covered for protection against the ambient and weather
conditions expected during transportation. Units shall be adequately protected for
unsheltered storage at the sites.

8.5 The Vendor shall have a signed "Release for Shipment" form provided by the Buyer's

Quality Asswance representative prior to full or partial shipment of product.

8.6 Shipping crates shall have the Buyer's purchase order number, Vendor's name and list of
tig numbers or part numbers on the outside of each crate.

S P E C I F I C A T I O N
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Page 1 of4

ANACHMENI "8"

INSTRI]MENT DATA SEEET LIGO

TEMPERATIJNX EL,f,,MENTS V049-2491. Rtr 0

TAGNAME TE.103A TE.I53A -TE-203A TE.253A

FLOW SHEET NO. v049-0-006 v049fi06 v049-0406 v049-0{06

LINENUMBER lE9 191 32E 239

SERI'ICE MTROGEN NTIROGEN NTIROGEN NITROGEN

FLTJID GAS GAS GAS GAS

PRESSTIRE PSIG 25 25 25 25

TEMPERATURE DEGREES F -5 to 3?5 -5 to 375 -5 to 375 . J T O J / J

T/C OR IOO OHM PI.ATN. RT.D- / TYPE Ttc T Trc T Ttc T Ttc T

ALPHA COEMCIENT IF RT.D. N/A N/A N/A MA

SINGLE OR DUAL ELEMENT SINGLE SINGLE SINGLE SINGI,E

SPRINGLOADED ELEMENT YES YES YES YES

EI.EMENT LENGTIT
SHEATHMATERIAL 304 SST 304 SST 304 SST 304 SST

SHEATIIDIAMETER: NOMINAL v4" v4' v4" U4"

GROIJNDED /I]NGROTJNDED i E)(FOSEI CROTNDED GROI]NDED GROUNDED GROUNDED

CONNECTION I{EAD
CONNECTION HEAD MATERIAL CAST AL CAST AL CASTAL CASTAL

CONNBCTION I{EAD NEMA RATING RE 4 4 YES

E)OT,OSIONPROOFHEAD NO NO NO NO

CONDUIT CONN. SIZF ON I{EAD I/2'NPT 1/2'NPT 1/2" NPT I/2" NPT

TIIERMOWELL
WELLMATERIAL 304SST 304SST 304SST 3045ST

WELL CONSTRUCTION TYPE TAPERED TAPERED TAPERED TAPERED

PROGSS CONNECIION 3/4" SW 3/4' SW 3/4" SW 3/4'�SW

BORE 0.260' 0.?ffi" 0.260' 0.260'

ITLENGTH SEEPAGE 4 2 v2" 2 Ln'� 2 vz' 2 tn"
,T" LENGIIT SEE PAGE 4 | 3t4'� | 3t4" 1 314'� | 3t4"
.}I" LENGI{T SEE PAGE 4 7"

MANTJFACTURER
EIEMENT MODEL #

BY DAIE NOTES

ENGINEERING APPROVAi, * VENDOR TO ADVI$E

PROJECT APPROVAL

REVISION NO. DAIT APP. APP. AFP.
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rifle: SPECIFICATION FORVACWM CONTROL SYSTEM INTERLOCKS, PERI{ISSMS
AND SOFTWARIAI,ARMS

bEo# orss
DESCRIPTION OF ACTION

S P E C I F I C A T I O NPROCESS SYSTEMS INTERNATIONAL, INC
*7T8ryPREPARED BY . OATE

SPECIFICATTON

FOR

VACWM CONTROL SYSTEM

INTERLOCKS. PERMISSWES

A}ID SOFTWAREALARMS

LIGO VACTJIIM EQUTPMENT

Flanford, Washington

PREPARED BY

ELECTRICAL

TECHhIICAL DIRECTOR

PROJECTMANAGER

Information contained ia this soecification and its attachmenB h naure and shall be kept confidential. It shall be
used only as required to rcspond to the specification requiremeds and shall not be disclosed to any other party.
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ritle: SPECIFICATIONFORVACIIUMCONIROLSYSTEMINTTRLOCKS'PERMISSMS
AND SOFTWAREALARMS

TABLE OF CONTENTS

l. Vacuum System Overview

1.0 lnterlock / Permissive Overview
1.1 Sotware Alarming Overview
1.2 Emergency Shutdown Overview

Page

5

.5

(Attachment Index)

\ilashington Site Interlocks/Permissives

Louisiana Site Interlocla / Permissives

Washington Site Software Alarm Listing

Louisiana Site Software Alarm Listinq

Attachment-A

Attachment-B

Attachment-C

Attachment-I)

S P E C I F I C A T I O N
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SPECTFICATION FOR VACTIUM CONTROL SYSTEM INTERLOCKS, PERMISSTVES
{,ND SOFTWAREAI,ARMS

r VACUUM CONIROL SYSTEM INTERLOCKS / PERMISSIVES / SOFTTYARE
AI.ARMS

1.0 INTERLOCKANDPERIflSSIVEOVERVIEW

See Attachment-A for details on lnterlocks and Permissives for the Washinglon Site.
See Attachment-B for details on Intedocks and Permissives for the Louisiana Site.

Attachments A and B contain a summary ofall Vacuum Control Systern controlled device
proposed interlocks and perrnissives.

1.1 SOT'TWAREALARMOVERVIEW

See Attachment C for a detailed Software Alarm Listing for the Washington Site.
.See Attachment D for a detailed Software Alarm Listing for the Louisiana Site.

Attachments C and D contain a listing of Vacuum Control System proposed software
generated alarms onlY.

All hardwhed alarm inputs into tle Vacuum Control System are listed in the LIGO
instrument list V049- 1 -036.

1.2 EMERGENCYSHUTDOWNOVERVIEW

A control system emergency shutdown flrnction (ESD) should be provided at each site
to bring all controlled devices to a safe state in the case of an emergency.

S P E G I F I C A T I O N
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ritle: SPECIFICATIONFORVACIIUM CONIROL SYSTEMINTDRLOCKS' PERMISSIVES
AND SOFTWAREALARMS

ATTACHMENT.A

WASHINGTON SITE
PERMISSTVES

AND
INTERLOCKS

S  P E C I F I C A T I O N
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vo49-2-092 AnACHIiENT-A REV 0

Woshlngion slle
LEGEND

BSCX Beam splitter chamber number x
WCPX Cryopump number x
WGVx Gate valve number x
LBMT Len Beam Manifold Tube
LMSBT Leff Mid Station Beam Tube
LESBT Leff End Station Beam Tube
RBMBT Right Beam Manifold Beam Tube
RMSBT Right Mid Station Beam Tube
RESBT Right End Srtation Beam Tube
PT-XA Pirani vacuum gauge number x with location
PT-XB lon vacuum gauge number x with location
HS-x Hand evitch numb€r
omo P&lD V0490-)oa( drawing

LOGIC. CONTROL. LEGEND

\rlt|-l" Do not open valve unless the difference in absolute vacuum
gauge pressure is within one decade (factor of 10 of each
other).

ryl,l-2' Do not close valve when LASER is activate.

, 'llr|-3' Reset controller after clearing fault condiuon, then restart.
'1\rL4' lf XY-r<x is deenergized,

then deac{ivate conesponding LIG)oo(
'1llL5" lf TE-roo< is above TBD "F,

then deactivate conesponding JG)ofr .

ATTACH-A",rL 1 o f  I
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VO49-2-092 AilACHiIIENI-B REv 0

Loulsirno slle
LEGEND

BSCx Beam splitter chamber number x
LCPX Cryopump number x
LG\k Gate.valve numb€r x
LMBT Lefi Manifold Beam Tube
LMJBT Left Mid Joir Beam Tube
LESBT Left End Station Beam Tube
RMBT Right Manifold Beam Tube
RMJBT Right Mid Joint Beam Tube
RESBT Right End Station Beam Tube
PT-XA Pireni vacuum gauge number x with location
PT-xB lon vacuum gauge number x with location
H$x Hand s vitdt number
()ooo P&lD V049-G)oo( drawing
Nlc Not ln Contrac't

LOGIC. CONTROL LEGEND
"LL1' Do not open vafue unless the difference in absolute vacuum

gauge pressure is within one decade (factor of 10 of each
other).

'LUl' Do not close valve when LASER is activate.
'LL3' Reset cont|Eller after clea.ing fault condition, then restart.
"LL4' lf XY-:oo< is deenergized,

then deactivate conesponding LlGtoo<.
'LLs" lf TE-ro< is above TBD "F,

then deactivate conesponding JGloo(
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SPECIFICATION FOR PIPING DESIGN Ai[D MATERIAL

SPECIFICATTON FOR

PIPING DESIGN AND MATERIAL

FOR

LIGO VACUUM EQUIPMENT

llanford, Washington

And

Livingston, Louisiana

' 4 /
PRocESsENGwnnn /1aie'-h / /a^

PROJECT ENGIIIEER:

CIWL/STRUC. ENGINEER:

MAI\ruT'ACTI]RING ENGIITTEER: .

QUALITY ASSI]RANCE ENGIIT{EER:

PROJECTMANAGER:
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Number
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL
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4.0 EXAMINATIONAI.{D TESTING

5.0 LINENUMBER SYSTEM

6.0 VALVE AND INSTRUMENTNT,]MBEPJNG SYSTEM

7,0 PIPINGDESIGNANDMATERIALSPECIFICATIONS

lBI 150#CLASSSTAINLESSSTEEL3O4-CRYOGENIC
IB2 I5O# CLASS STAINLESS STEEL 304 - NON-CRYOGEMC

. C2 TYPE 'L' COPPER TUBING - GENERAL NON-CRYOGEMC

TI 316 STAINLESS STEEL TUBING - CRYOGEMC

T2 3O4STAINLESSSTEELTUBING-GENERALNON-
CRYOGENIC

T3 3O4L STAINLESS STEEL TUBING - VACIJIIM

T4 3O4L STAINLESS STEEL TIIBING . ULTRA HIGH VACWM
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Title SPECIF'ICATION FOR PIPING DESIGN AND MATERIAL

I r.0 scoPE
7

The following piping and material specifications define the piping and fittings to be used
for the LIGO Vacuum Equipment.

2.0 CODES AND STANDARDS

.'2.1 Priorif ofCodes and Standards

Priority of documents shall be as follows:

1. Codes Qrighest priority)
2. This specification

2.2 Applicable Codes and Stanilarils

ANSI - American National Standards Institute

B3 1.3 Clemical.Plant and Petrolewn Refinery Piping (for process
plpmg ofly)

B31.5 RefrigerationPiping
B36.19 Stainless Steel Pipe

, 816.5 Pipe Flanges and Flange Fittings
' 

ASTM - American Society of Testing and Materials

4380-88 Standard Practics fol Qleaning and p"56aling

. Stainless Steel

F427-71(81) Standard Practice for Testing for Leaks Using the
Halogen Leak Detector

E493-73(80) Standard Practice for Testing for Leaks Using .t

Mass Spectometer Leak Detector in tle inside-Out
Testing Mode

E498-73(80) Standard Test Method for Leaks Using the Mass
SDectrometer Leak Detector or Residual Gas
I'nalyzer in the Tracer Probe Mode

E499-73(S0) Standard Methods of Testing for Leaks Using the
Mass Soectrometer Leak Detector Probe Mode

z

(D

o

I
I
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SPECIFICATTON ['OR PIPING DESIGN AND MATT,RIAL

Specifi cation Compliance

The equipment shall comply with any drawings, data sheets, specifications, codes
and standards (latest editions) referred to or attached as part of this specifrcation.
State or local codes or regulations, if applicable, will be provided as an
attachment to this specification. The Vendor is responsible for compliance with
such standards, specifications, codes and regulations, if attached.

3.0

J . l

MATERIAL/]VIANUF'ACTTJRING REQIJIRX,MENTS

A11 materials used to manufacture the piping, tubing, flanges or fittings, as designated per
this specification, axe to be of U.S.A. origin and manufacture.

EXAMINATION AND TESTING

Examination and Pressure Testing as required by ANSI 831.3-1990 Chapter VI.

LII\IE I{TJMBER SYSTEM

4.1 Lines shall be numbered according to the followilg chart:

Insulation Mat'l
(See Section 5.5)
Service

HC FP3

- Insulation code
(See Section 5.4)

- Insulation Thickness

Piping Specification
Designation (See Section 5.3)

Numbet

(See Section 5.2)

Size (Nominal Pipe, inches). (Copper tube desiguated by nominal size, not

- Sequential

Fluid Service Code

- Line
oD)

SPECIFICATION

ol  39-



Tille SPECIFICATION FOR PIPING DESIGN AND MATERIAL

5.2 Fluid Codes

Code

IA
CA
cws
cwR
NGS
LN2
GN2
PV
PW
VA
N2
N

Fluid

Instrument Air
Class 100 Clean Air
Cooling Water Supply
Cooling Water Return
Nanral Gas Supply
Liquid Nihogen
Gaseous Nitogen
Process Vacuum
Process Ultra High Vacuum
Vent and Relief To ATM
Nitrogen Gas
Nitogen @ither Gas or Liquid)

53 Piping Specifi cation Designation

4.4.1 "X" First Digit Identifiers

t =150#  ANSI

4.4.2 "Y" Second Digit Identifiers

A = 6061 T6 Aluninum
B : 304 Stainless Steel
C: Type L Copper Tubing
T: Stainless Steel Tubing

4.4.3 "2" Third Disit Identifiers

I : Cryogenic
2 : Non-Cryogenic
3 : Vacuum
4 = Ultra High Vacuum
5 = Class 100 Clean Air

5.4 Insulation Senice

Insulation

HC
c
PC
PH
VJ

Insulation Service
Hot and Cold
Cold Conservation
Personnel Protection COLD
Persorurel Protection HOT
Vacuum Jacketed

z
=
(D

I

["*[ roo--ort
ReY.
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Title SPECIFICATTON FOR PIPING DESIGN A}tD MATERIAL

f,.5

Typ"

GVHV
GVUH
AVIIV
AVIIV
IRV
VJV
BVCR
BVCA
GLV
BVU
vsov
vsoo

Insulation Material Codes

FP3 1" Fiberelass Inner
FP3.5 1" Fiberlhss Inner
FP4 l" Fiberslass lnner

2" Polyisocyanurate Outer
2 l/2" Polvisocvanurate Outer
3" Polyisocyanrrate Outer

6.0 VALVE AND INSTRIJMENT NIJMBER SYSTEM

Control valves, manual valves and associated instruments shall be designated according to
P&ID Drawing Symbols. If the required designation is not specified on the drawing, rhen
ISA-S5.1. Table I will take orecedence.

If no insulation material code appears in the line number then it shall be
understood that no insulation is reouired.

A B B
t i-Sequential (Loop) Number
lL Station Identification

Functional ldentifi cation

Manual valves that do not carry an instrument ioop numbers (described above) shall be
assigned one ofthe following valve type descriptions, preceeded by the valve size in
inches.

Description

Gate Valve, High Vacuum, SS, Viton Seals, Handwheel or Lever, CF Conn.

Gate Valve, Ulha High Vacuurl SS, Viton Seals, Handwheel, CF Conn.

Angle Valve, High Vacuum, SS, Viton Seals, Handwheel, ISOKF or K Conn.

Angle Valve, Ulta High Vacuum, SS, Metal Seals, Ilandwheel, CF Conn.

Instument Root Valve, SS

Vacuum Jacketed Valve, SS

Ball Valve, Cryogenic, SS, 3 Piece

Ball Valve, Class 100 Clean Air, SS, 3 Piece

Globe Valve

BaIl Valve, Utility, Brass or Bronze

Vacuum Seal-Off Valve, SS

Vacuum Seal-Off Valve Operator, SS

2
3
o

o

{

lffih *.'r't Bev.

o l  z o



SPECTFICATTON FOR PIPING DESIGN AND MATERIAL

VSOV Vacuum Seal-OffValve, SS

VSOO Vacuum SeaI-Off Valve Operator, SS

181

PIPING DESIGN AND MATERIAL SPECTFICATION

Service: Cryogenic

Primar,v Rating: 150# ANSI 304 SSTL

Design Conditions:
Pressure 0 to 192 psig
Temperature -320oF to 350'F
Conosion Allowance Z,ero

Pioe:

12" and smaller ASTM .4312 TP304

Pipe Schedule:
1 1/2" and smaller Schedule 10S SMLS
8" and smaller Schedule l0S SMLS or EFW
lO'tbru 12' Schedule l0S EFW

Note: Vacuum jacketed piping will be designed and fabricated in accordance witl the
manufacturer's standard, and PSI spec. V049-2-016.

Fittings:
1 1/2" and smaller Socket Welded 3000#
2" and larger Butt WeId

ASTM A4O3 WP3O4 WPS, WPW
O'Let's ASTM A182-F304

I Flanees: Not allowed, except on atmospheric vent lines as indicated on P&ID's.
t-" 
Valves: Valves shall be fimished under their own unique specification-

Continued on Next Pase

SPECIFICATION
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Tltle SPECIFICATION FOR PIPING DESIGN AND MATERIAL

)

1Bl

Branch Cormections:

Run
Size "

% 04 04-Tee
% 06 04 05 - Sockolet
| 12 06 04 06 - Tee Then
l% 05 05 06 04 Reducer or
2 05 05 06 06 04 ReducingTee
3 05 05 05 05 06 04 12 - BW O'let
4 0 5 0 5 0 5 0 5 t 2 0 6 0 4
6 0 s 0 s 0 s 0 5 t 2 t 2 0 6 0 4
8 0 5 0 5 0 5 0 5 t 2 1 2 1 2 0 6 0 4
10 05 05 05 05 t2 12 L2 12 06 04
12 05 05 05 0s 12 12 12 l2 12 06 04

BranchSize % % | lV' 2 3 4 6 I 10 12

z
3
o

I
@

{
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Title SPECIFICATION FOR PIPING DESIGN AND MATERJAL

PIPING DESIGN AI\ID MATERIAL SPECIFICATION

Service: Non-Cryogenic - Clean

Primar,v Rating: 150# ANSI 304 SSTL

Design Conditions:
Pressure 0 to 192 psig
Temperature -20>'F to 350'F
Corrosion Allowance Zero

Pipe:

12" and smaller ASTM A312 TP304

Pipe Schedule:
I 1/2" and smaller Schedule 10S SMLS
8" and srraller Schedule 10S SMLS or EFW
l0'thru 12' Schedule 10S EFW

Fittings:
I l/2" and smaller Socket Welded 3000#
2" andJarger Butt Weld

ASTM A4O3 WP3O4 WPS, WPW
Elbow O'Let ASTM A182-F304

Flanges: 2" aad larger ANSI 150#.RF, ASTM 4'182 F304, Weldneck with o-ring gaskets.

Gaskets: O-ring, Viton non-lubricated, cleaned and sealed for shipment.

Valves: Valves shall be fumished under their own unique specification.

Continued on next page.
z
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SPECIFICATION FOR PIPING DESIGN AND MATERIAL

Branch Connections:

Rrm
Size "

% 04 04-Tee
% 06 04 05 - Sockolet
| 12 06 04 06 - Tee Then
L% 05 05 06 04 Reducer or
2 05 05 06 06 04 ReducingTee
3 05 05 05 05 06 04 12 - BW O'let
4 0 5 0 5 0 5 0 5  1 2 0 6 0 4
6 0 5 0 5 0 5 0 5 t 2  1 2 0 6 0 4
8 0 5 0 5 0 5 0 s t 2  1 2  1 2 0 6 0 4
10 05 05 05 05 t2 12 12 12 06 04
12 05 05 05 05 12 12 12 12 12 06 04

B r a n c h S i z e Y , % 1 7 V 2 2 3 4 6 8 1 0  1 2

Note: 
t

1. Piping and fittings to be intemally cleaned, dryed and ends sealed during shipping, storing
and installation.

2. ID ofpipe and fittings to be free ofhydrocarbon contamination, or dirt. of any kind.

3. Surface finish to be standard white pickled ID and O.D.

4. Tube Bending - The following is not allowed: Sand packing, Mechanical scratches on
tube I.D., Any type of lubricanl.

5. Material manufactr.ues certificate of compliance to applicable ASTM specifications are
required and must accompany shipment.

6. Tubing, flanges and fittings to be etched or stamped with manufactuers name, pad
number and material type.

lB2
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SPECIFICATION F'OR PIPING DESIGN AND MATERIAL

PIPING DESIGN AI{D MATERIAL SPECIFICATION

Service: Gaseous Nitrogen, Cooli-ng Water, Instrument Air

Design Conditions:

Pressure 200 PSIG
Temperature -20oF to 150'F

. Corrosion Allowance Zerc

Tube: All sizes Type "L" Copper - Hard Drawn ASTM B88, 8280, Copper Tube
designated by its Nominal sizes, not OD on P&ID's and piping
drawings..

Note: Copper tube and fittings are to be specified on PSI BOM's by the actual O.D. of
the tube.

Fittings: All sizes Wrought Copper ASTM B75
All Fittinss to be female solder cuo ends.
Brass Parfter CPI tube frttings (or iqual).

Unions: 
'' 
1,14" to l" Brass Parker CPI tube fittings (or equal) may also be used.

Valves: Valves shall be fumished under their own unique specification.

Soldering: Ali joints in wrought copper fittings shall be soldered using 95-5 Tin-Antimony.

Notes:

1. Tubing is to be intemally cleaned and the ends sealed during shipping' storing an4
installation. Spools are to have all flux residue, grit, splatters or dirt removed before'installation.

2. Fittings are to be cleaned after manufacturing and sealed in plastic during shipping, storiry
and installation.

SPECIFICATION
ilumberA vo4g-2-or7
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Tille SPECIFICATION FOR PIPING DESIGN AI{D MATERJAL

I

t r r
PIPING DESIGN AI{D MATERIAL SPECIFICATION

Service: Cryogenic

Design Conditions:

Pressure 0 to 300 psig
Temoerature -320oF to 350"F
Conision Allowance Zerc

Tube:

All sizes ASTM A269 GR 304L SMLS
Tube sizes designated by OD dimensions.

Tube Size (OD): Minimum Wall Thickness (Inches)

714" 0.035"
3/8" 0.035"
ll2" 0.049'

| 314 0.049'
t  i i l

I l" 0.06s"
,

I f inioes Atl Fittings to be Parker Weld tube fittings SA479 or ASTM 4276 GR TP316 and

I ASTM4'182 cRTP316, orequal.
I
I Valrres, Valves shall be fumished under their s1v1 rrnique specification.

z
q

T
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Tltl€ SPECIFICATION FORPIPING DESIGN AAID MATERIAL

T2

PIPING DESIGN AI\D MATERIAL SPECITTCATION

Service: Non-Cryogenic

Design Conditions:

Pressure 0 to 300 psig
Temperature -20oF to 350'F
Corr6sion A]Iowanc e Zero

Tube:

All sizes ASTM 4269 GR TP304 SMLS
Tube sizes designated by OD dimensions.

Tube Size (OD): Minimum Wall Thickness (Inches)

714" 0.03s"
3/8' 0.035"

I r/2' 0.049'
I ztq" 0.049'
I t' o.o6s'
I
I pittings: All Fittings to be Parker A-LOK tube fittings SA479 or ASTM A276 GR TP3l6

| *d ASTM Al 82 GR TP316 or equal.
I
I Valves: Valves shall be furnished under their own unique specification.

z
I

@

I
o

I
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Title
SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T3

PIPING DESIGN AND MATERIAL SPECIFICATION

Process Vacuum

Vacuum 10-5 Ton to 2 psig
-20'F to 150"F
Zero

)

Service:

Design Conditions:

Pressure
Temperature
Conbsion Allowance

Tube: (Tube sizes designated by OD dimensions)

All sizes up to i"
| 7/2" md,laryer

ASTM 4269 GR TP3O4L SMLS
ASTM A26 GRTP304L SMLS or Welded.

Minimum Wall Conflat

)

Tube
Size
(op):

1t4"
3/8.
712"

3t4'�

1  

| 1/2

2 U2"

6'

10'

12"

14"

Thickness
0nches)

0.035"
0.035'
0.035'

0.035'

0.065"
0.065.

0.065"

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Flange No. B.C.
Size Bolts Dia-

I 1/3"Nom. O.D. 6 1.062"
I 1/3"Nom. O.D. 6 1.062"
1 1/3"Nom. O.D. 6 1.062"

2 l/8" Nom. O.D. 4 1.625"

2 3/4" Nom. O.D. 6 2.312"
2 3/4" Nom. O.D. 6 2.312"

3 3/8"Nom. O.D. 8 2.85"

41/2"Nom. O.D. I 3.628"

6"Nom. O.D. 16 5.128"

8"Nom. O.D. 20 7.128"

10"Nom. O.D. 24 9.128"

Thru
Hole
Dia.

.172-

.172"

.172"

.265"

.265"

.265"

J ) Z

.132"

- tJz

-))z

. ) )z

12"Nom. O.D

14"Nom. O.D

32 11.181- .332'

30 12.810" .390"

16 1/2"Nom. O.D. 36 15.310" .390"

Flanges: A11 Flanges to be Conflat, ISO Large Flange or KF tube fittings 304L Stainless
Steel.

Continued on next page.
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Tille SPECIFICATION FOR PIPING DESIGN AND MATERIAL

)

Fittinss:

Valvgs:

Notes:

All fittings to be 304L butt weld or flanged O.D. tube, wall thickness to match tube
wall thickness listed above.

Va.lves shall be fumished under their own unique specification.

1 . Tubing to be internally cleaned, dryed and ends sealed during shipping, storing and
installation. Tube ID to be free ofhydrocarbon contamination.

Fittings to be cleaned after manufacturing and sealed in plastic bags during shipping,
storing and installation.

Tubing surface finish to be standard white pickled I.D. & O.D.

Tube Bending - The following is not allowed: Sand packing, Mechanical scratches on
tube t.D., or any type of lubricant.

Material manufactures certificate of compliance to applicable ASTM specifications are
required and must accompany shipment.

Tubing, flanges and fittings to be etched or stamped with manufacturers name, part
number and material type.

Conflat.flanges to be made from either electo slag remelt, vacuum remelt or cross forged
matenal.

a

3 .

4.

5.

6.

7.

z
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Tille SPECTFICATION FOR PIPING DESIGN AND MATERIAL

z

T4

PIPING DESIGN A}[D MATERIAL SPECIFICATION

Process Ulha High Vacuum

Vacuum l0-lo Ton to 2 psig
-20'F to 150'F
Zero

)

Sewice:

Desisn Conditions:

Pressure
Temperature
Corrosion Allowance

Tube: (Tube sizes designated by OD dimensions)

Ali sizes up to 1"
1 ll2" andlarger

ASTM 4269 GR TP3O4L SMLS
ASTM .{269 GRTP304L SMLS or welded.

Tube
Size
(op):

t/4"
3/8"
r/2"

) 
3/4"

1 -
I t/2,

I
|  21/2"

l o -
l .
I
l a "
I to-
I
I tz"
I
| 14"

MinimunWall
Thiclaress
(Inches)

0.035"
0.035'
0.035'

0.035'

0.065'
0.065'

0.065.

0-065"

0.083"

0.083

0.120

0.t20

0.120

0.120

Conflat
Flange
Size

I 1/3"Nom. O.D.
I 1/3"Nom. O.D.
I 1/3"Nom. O.D.

2 1/8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Nom. O.D.

3 3/8" Nom. O.D.

4 1/2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

10"Nom. O.D.

12"Nom. O.D.

14"Nom. O.D.

16 1/2"Nom. O.D.

No. B.C.
Bolts Dia.

6 r.062"
6 1.062"
6 1.062-

4 1.625"

6 2.3t2"
6 2.312"

I 2.85"

I 3.628"

16 s.r28"

20 7.128"

24 9.128"

32  11 .181 "

30 12.810"

36 15.310"

Thru
Hole
Dia.

.t72-

.172"

.172

.265"

.265"

.26s"

. J )Z

, J )Z

. J )Z

.332

. JJL

) )z

.390"

.390"

Continued on next oage.
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Tltle SPECIFICATION FOR PIPING DESIGN AND MATERIAL

T4

All Flanges to be Conflat, 304L Stainless Steel. Flanges with 1/2 nipples to have a
minimum wall thickness per table (page 16), also see note 7.

All fittings to be 304L butt weld or flanged O.D. tube. Wall thickness to match
tube wall thickness listed in Table (Page 16).

)

Flanges:

Fittings:

Valves: Valves shall be firmished rmder their own unique specification. Valves \ryhose
seats form part of the tlHV boundary shall be all metal.

Cleaning: Surfaces exposed to vacuum shall be cleaned and protected by PSI approved
procedures zuitable for UlfV service.

Note:

1. Tubing to be internally cleaned, dryed and ends sealed during shipping, storing and
installation. Tube ID to be free ofhydrocarbon contamination.

2. Fittings and conflat - i/2 nipples to be cleaned after manufacturing and sealed in plastic
bags during shipping, storing and installation.

3. Tubing surface finish to be standard white pickled I.D. & O.D,

) 4. M"tg.i"l rranufacturers Certificate of Compliance to applicable ASTM specifications are
- required and must accompany shipment.

15. Tubing, flanges and fiftings to.be etched or stamped with manufacturers name, part
I number, material type and customers PO number on the outside surface.
I

6. Conflats shall be made from 304L material zuitable for ultra high vacuum service.

7 . All welding exposed to vacuum shall be done by the tungsten-arc inert-gas qlQ) nrocfsg.
Exceptionsmay be allowed zubject to PSI approval. Welding techniques shall be made in
accoriance with the best ultra tiigh vacuum practice to eliminate any virtual leaks in the
welds; i.e., all vacuum welds sha-il be, wherever possible, 

' 
,"* .oU.oolinuot'l; all

exemal wbHs added to these for stuctural purp6ses shall be intermittent to eliminate
trapped volumes. Defective welds shalt be iepiired by removal to sound metal and
reurelding. All vacuum weld procedures shafl include steps to avoid contamination ofthe
heat affdted zone with air, hydrogen, or water. This requires that inert purge gas, such as
argon, be used to flood the vicuum side of heated portions. Vendors to provide weld
procedures, with weld cleaning procedures to PSI for approval.

\

z

Efo

a

I seecrFrcArrol) {

ReY.
?

ol



Tltle
SPE,CIFICATION T'OR PIPING DESTGN A}{I) MATERIAL

T5

PIPING DESIGN AJ\D MATERIAL SPECIFICATION
)

Service:

Design Conditions:

Pressure
Temperature
Corrosion Allowance

Class 100 Clean Air

Vacuum to 2 psig
-20"F to 150"F
Zero

ASTM .4269 GR TP3O4 SMLS
ASTM .4269 GRTP304 SMLS or Welded.

Tube: (Tube sizes designated by OD dimensions)

AJI sizes up to 1"
i l/2" and larger

Tube
Size
(oD):

1t4'�
3/8'�
1tz'�

\ 3/4
f

1'�
1 U 2

2"

2 r/2"

+

6'

10"
I
I  t . -
t "
I
I 14'

MinimumWall
Thickness
finches)

0.035'
0.035'
0.035"

0.035"

0.06s'
0.065'

0.065'

0.065"

0.083"

0.083

0.120

0.120

0.120

0.120

Conflat
Flange
Size

1 1/3"Nom. O.D.
1 1/3"Nom. O.D.
I 1/3"Nom. O.D.

2 1/8"Nom. O.D.

2 3/4"Nom. O.D.
2 3/4"Nom. O.D.

3 3/8"Nom. O.D.

4 1/2"Nom. O.D.

6"Nom. O.D.

8"Nom. O.D.

10"Nom. O.D.

1?'Nom. O.D.

14"Nom. O.D.

16 1/2"Nom. O.D.

No. B.C.
Bolts Dia.

6 r.a62"
6 1.062"
6 1.062

4 1.625"

6 2312"
6 2.312',

8 2.85"

8 3.628"

16 5.128"

20 7.128"

24 9.128"

32  11 .181 "

30 12.810"

36 15.310"

Thru
IIole
Dia.

.172"

.172"

.172"

.265"

.265*

.265"

. ) JZ

. t ) z

- t ) z

.332"

. t t z

J ) Z

.390"

.390"

Continued on next page.
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SPECIFICATION FOR PIPING DESIGN AI{D MATERIALTille

Flanges: All Flanges to be Conflat tube fittings 304 Stainless Steel.

Fittings: All Fittings to be 304 butt weld or flanged O.D. tube. Wall thickness to match the
tube wall thickness.

Valves: Valves shall be fumished under their own unique specification

Cleaning: Intemal surfaces shall be cleaned and protected by PSI approved procedwes
suitable for Class 100 air service.

)

Note:

1. Tubing to be intemally cleaned, dryed and ends sealed during shiping, storing and

I i*t"llation. Tube ID to be free of hydrocarbon conlamination.
I
I Z. Fittings to be cleaned after manufacturing and sealed in plastic bags during shippilg,
I rtoring and installation.
I
| 3. Tubing surface finish to be standard white pickled I.D. & O.D.
I

L +. Material manufactures Ceftificate of Compliance to applicable ASTM specifications are
I required and must accompany shipment.
7
I S. Tubing, flanges and fittings to be etched or st mped with manufacturers name, part

I number and material t1pe.
I

I O. Conflat flanges to be made fiom either electro slag remelt, vacuum remelt or crossforged
I material.
I

I
I
I

I
I

I
I

I
I
I

I
I
I

I
I
I

z
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fitle: SPECIFICATION FOR PIPING DESIGN AND MATERIAL

cl

PIPING DESIGN AND MATERIAL SPECIFICATION

Service: Cryogenic

Design Conditions:

Pressure l5O PSIG

Temperature -320oF to 350'F

CorrosionAllowance None

Tube:

All sizes Type "L" Copper - Hard Drawn
'' 

ASTMB88, 8280, copper tube designated by its

nominal sizes, not OD (UOI.D

Fittings:

All sizes Wrought copper

ASTMBT5

All fittings to be female solder cup ends.

Valves: Valves shall be fumished under their own unique specification.

Brazing;

:!1. joints $4 b: brazed using brazing alloy BCup-S (American Welding Society
Designation). No flux is required.

SPECIFICATION
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Title SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

7

SPECIFICATION FOR

STAINLESS STEEL VESSEL IIEADS

FOR

LIGO VACUUM EQUIPMET,{T

Hanford, Washinglon
and

Livingston, Louisiana

PREPAREDBY:

STRUCTTJRAL ENGIITIEER:

QUALITY ASSURAFICE:

TECHMCALDIRECTOR:

PROJECTMANAGER:

D. curtis >, d^"tr*

lnformation contained in this specification and its attacbments is proprietary in nature and shall be kep confrdential. It shall be

used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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Tille SPECIFICATION F'OR STAINLESS STEEL VESSEL IIEADS

1.0 SCOPE

This specification covers the minimum technical requirements for the materials,
fabrication, inspection, testing, preparation for shipping, shipment and delivery of the
heads to be used for manufacturing ultra-high vacuum boundary equipment.

Al1 attachments are incorporated herein by reference and made a part of this specification.

Information contained in this specification and its auachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDI]LE

Head delivery shall be as follows:

2.O

2.1

ITEM NO.

I

z
3

4

)

6

-PART NO.

v049M00r-l

v049M001-l

:v049M001-l

v049M010-1

v049M010-l

v049M010-1

v049M132-1

v049M132-l

v049M13?-r

v049M002- I

v049M002-1

v049M002-1

v049M138-1

v049M260- 1

v049M138-1

v049M260-1

v049M138-1

v049M260-1

v049M138-l

va9M260-l

7

8

o

l0

1 l

12

I J

1 4

l 5

l6

t 7

l 8

l 9

?0

ut
104.5

t04.5

104.5

104.5

104.5

104.5

84.25

84.25

84.25

60.5

60.5

tlu.)

79.5

79.5

79 -5

79.5

79.5

79.5

79.5

79.5

OTY.

6

tt

3

6

b

3

1 2

1 2

1 2

l4

8

o .

3

3 .

3

3

3

3

3

3

DELIYERY SITE

PSI, Westborough

PSI, westborough

PSI, Westboroneh

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborougl

PSI, Westborough

PSI, Westbomugh

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, westbomugh

PSI, Westborough

PSI, westborough

PSI, Westborough

PSI, westborough

PSI, W€stborough

DATE

19 July 1996

I Nov. 1996

I Feb. 1997

19 July 1996

1 Nov. 1996

I Feb. 1997

19 July 1996

1 Nov. 1996

I Feb. 1997

19 July 1996

I Nov. 1996

I Feb. 1997

l9 July 1996

19 July 1996

I Nov. 1996

I Nov. 1996

I Feb. 1997

I Feb. 1997

15 Apr. 1997

l5 Apr. 1997

z

.D

o

SPECIFIGATION
Numb.rA Rcv.

+
,-"}"=-a a



rille spECIFTcATIoN FoR srArNLEss srEEL vESsEL ITEADS

I

)

3.0 MATERIALREQUIREMENTS

3.1 This material shall conform to the requirements of ASME Specification SA-240 Type
304L with the additionai supplementary requirements described in this specification. The
material used shall be hot rolled, arnealed and pickled. If the material is supplied dual
certified to gtade 3041304L, this will be acceptable to PSI.

i.2 Applicable Codes

3.2.I ASME Boiler & Pressure Vessel Code, Section II, "Materials", the 1992 Edition
tlrough the 1994 Addenda.

3.2.2 ASTM A-480, *Standard Specification for General Requirements for Flat-Roll
Stainless and Heal-Resisting Steel Plate, Sheet, and Strip".

z l
= l

o

o

{
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Tille SPECII'ICATION FOR STAINLESS STEEL VESSEL IIEADS

)

4.0

4.1

MANUFACTURE

Thickness Tolerance

The heads shall be fumished in the
order.

minimum thickness(es) specified tle purchase

A 1

4.3

.t.rt

Circumference Toierance + 1/8"

Ourof-Round Toierance = within l/2o/o of head I.D.

Heads to be square trimmed by manufacturer to a flatness tolerance of+ 1/8".

Heads to be manufactured with or without center holes as specified in P.O.

Surface Finish.

Cold rolled and pickled surface finish is acceptable.

No grinding with abrasive wheels, cloth or stones is permitted after final cleaning. No
iron, carton steel or other contaminants (such as grease, oil, hydrocarbons or chlorides) to
come in contact with the heads after the pickle process. Machining fluids shall be waler
soluble and free of oil and sulfur.

Cleanliness - After Pickling

The heads are intended for use in a high vacuum application. Potential hydrocarbon or
chloride contamination shall be eliminated. Also, the material shall be wrapped and
covered at all times with polyethylene sheet, for protection.

MATERIALTESTING

2" x2" mateial coupons must be supplied to PSI with shipment. The coupons are to be
cut from the same heat numbeq lot and thickness of material to be supplied.

INSPECTIONiWITNESS

The purchaser shall have the right to witness all manufacturing processes.

The purchaser shall be informed 5 working days before the head material is forrned.

4 . )

4.6

4.7

4.8

5.0

5.1

6.0

b . l

6.2

z

I
o

SPECIFICATION
I llumb.t -
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#
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spEcIFIcATIoN FoR STATNLESS srEEL vESsEL HEADs

)

REJECTIONS AND REPAIR OF DEFECTS

No weld splices or repair welding is permitted to the material or formed heads.

IDENTIFICATION

Identification of the material shall be maintained through all manufacturing prccesses.

If material identity of the heads is lost, they shal1 be requalified by making all tests that
were required for the material or as indicated in this specification.

Marking the finished heads with marking fluids, die starnps, and/or electro-etching is not
permitted. A vibralory tool with a minimum tip radius of .005" is acceptable for marking
the outside only of the finished materials. All other marking metlods must be approved
by the purchaser prior to use. All heads shall be marked in the staight flange area 2" up
from the edge.

DOCUMENTATION

The Certified Material Test Report (CMTR) shall be provided to the purchaser with the
shipment of the material and available for review during inspection visits prior to
snlpmeff.

A record ofthe material thickness for each head is required. Thickness shall be measured
and recorded at both the knuckle and the center ofthe-head.

1().O PACKAGING, STORING A}tD SHIPPING

10.1 The head material shall be wrapped in waterproof polyethylene and covered with a tarp
immediately a"fter pickle processing operations have been compieted to minimize
contamination.

10.2 The heads shall be shipped wrapped in waterproof polyethylene and covered with tarps to
prevent any roadway contamination.

11.0 NON-ESCORT PRIVILEGES AND INSPECTION RJGHT

Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas of the faciiities where the work is being performed shall be arranged. This will
include access to fabrication, assembly, clearring and test areas for the purpose of
monitorine activities.

7.0

7.1

8.0

8.1

8.2

8.3

9.0

9.1

9.2

z

o

? SPECIFICATION
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Title: SPECIFICATION FOR STAINLESS STEEL FLAIIGE FORGINGS

)

SPECIFICATION FOR

STAII\TLESS STEEL FLANGE FORGINGS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingsto4 Louisiana

PREPAREDBY:
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QUALITY ASSURANCE:
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PROJECTMANAGER:
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TittE SPECIFICATION FOR STAI}ILESS STEEL FLANGE FORGINGS
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TiiIE SPECIFICATION FOR STAINLESS STEEL FLANGE FORGINGS

I.O SCOPE

This specification covers tle minimum tecbnical requirernents for the materials,
fabrication, inspection, testing, preparalion for shipping, shipment and delivery of the
flange forgings to be used for manufacturing ultra high vacuum bor:ndary equiprnent.

Ali attachments are incorporated herein by reference and made a part of this specification.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

2.0 SCHEDULEOT'DELIVERIES

2.1 Flange rings shall be delivered in lots with sizes and quantities as specified in Attachment

3.0 MATERJALREQUIREMENTS

3.1 This material shall conforrn to the requirements of ASME Specification SA-182 Grade F
Tlpe 304L as given in the ASME Code 1992 Edition through 1994 Addenda with the
additional supplementary requirements described in this specification.

3.2 Applicable Codes

3 .2.1 ASME Boiler & Pressure Vessel Code, Section II, "Materials", 1992 Edition
through 1994 Addenda.

3.2.2 ASTM 4-700, "standard Packages for Packaging, marking, and Loading Methods
for Steel Products for Domestic Shipment".

3.3 Any apparent conflicts between the requirements given herein and the applicable ASME
Specification shall be brought to the attention ofPSI for clarification.

SPECIFICATION

ol lo



t
ritle SPECIFICATION FOR STAII\LESS STEEL FLAI\GE FORGINGS

\

) +o MANUFAcTuR-E

4.i Thickness Tolerance. + .06 - 0

forgrngs shall be rough machined to the thickness(es) specified in the purchase order.

4.2 ID/OD Tolerance. ID -.06+0. OD + .06-0

The forgings shall be furnished in the diameters as specified in the purchase order.

4.2.1 The ID/OD are to be concentric within + l/32".

4.3 Flatness Tolerance

The machined forgings shall be flatto +7132" across the diameter.

4.4 Surface Finish

The surface finish ofthe forgings shall be 250/500 RMS on four sides.

4.5 Chemistry and Mechanical Pmperties

I fn" material shall meet the chemistry and mechanical requirements as specified in SA
, 182 Grade F. 304L material soecification. The final content of sulfur is to be limited to

0.0060/o.

4.6 No grinding with abrasive wheels, cloths or stones is pemritted. No iron carbon steel or
other contaminants (such as grease, oil or hydrocarbons) to come in conlact with the

I forging after the cleining proiess. Machinin! fluids shail be water soluble and fiee of
I oil, sulfir, and chlorides.

I
| 4.7 Cleanliness

I The forgings are intended for use in a high vacuum application. Potential hydrocarbon
I contamiriation shall be eliminated.

z

(q

I

r rl

I irumb.r - V049-2-040
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Tltle
SPECIFICATION FOR STAII\ILESS STEEL FLAI{GE FORGTNGS

6.0 INSPECTION/WITNESS

6.1 The pwchaser shall have the right to witress all manufactruing processes.

6.2 The purchaser shall be ir:formed 5 working days before the forging material is formed.

7.0 REJECTIONS AI\D REPAIR OF'DEFECTS

7.1 No weld splices or repah welding is permitted to the material and forgings.

8.0 IDENTIF'ICATION

8.1 Identification ofthe material shall be maintained tbrough all manufacturing processes.

8.2 If material identity is iost, the forging shall be requalified by making all tests that were
required for the material or as indicated in this specification.

8.3 Marking the finished materials wirh marking fluids, die stamps, and/ot electro-etchin, g-is
not permitted. A vibratory tool with a minimum tip radius of .005" is acceptable for
mar[ing the outside only of the finished materials. Al1 other marking methods must b€
approved by the purchaser prior to use.

9.0 DOCUMENTATION

9.1 The Certified Material Test Report (CMTR) shall be provided to the purchaser with the
shipment of the material, and available for review during inspection visits prior to
shipment.

9.2 A record ofthe material thickness for each flange forging is required.

1O.O PACKAGING. STORING AND SHIPPING

10.1 The material shall be cleaned and protected from contamination prior to shipment. The
material shall be shipped covered ii a closed trailer or tightly wrapped with a waterproof
covering if shipped on an open bed.

11.0 NON-ESCORT PRIVILEGESAI\ID INSPECTION RIGHT

Non-escort privileges for Buyer, Olvner, Govemment and Owner representatives to all
areas ofthe facilities where the work is being perforrned shall be ananged. This will
include access to fabrication, assembly, cleaning and test areas for the purpose of
monitoring activities.

z
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rifie SPECIFICATION F,OR STAINLESS STEEL FLANGE FORGTNGS

Sheet 1 of4

ATTACITMENT'{B''

Schedule of Deliveries in Lots with Sizes and euantifies

Fiange rings shall be delivered in lots as follows:

PSI Part No.

v049M003-1
v049M004-1
v049M133-1
v049M136-1

v049M135-1 I
v049u243-l'' t

V0491\D44-1
v049M245-l

Y049M242-1
vM9M241-1

v049M250-l
v049M246-r
V049\/n47-1

I .D.xO.D.xThk
@imensions in Inches)

704.25x 112.5 x 1.5
104.25 x 172.5 x1.25
84.0 x92.25 x7.63
83 .75x92 .25x1 .38

60 .0x68 .5x1 .63
60 .0x68 .5x1 .25

44.0x52.25x1.5
44.0x52.25x1,25

48 .0x56 .25x1 .5
48.0x56.25x1.25

56.3 x72.5 x 1.25
72.00x80.25x1.63

Qtv. Destination l)ate

4 PSI Westboro i July 1996
4 PSI Westboro 1 July 1996

12 PSI Westboro 1 July 1996
12 PSI Westboro 1 July 1996

30 PSI Westboro I July 1996
26 PSI Westboro I July 1996

14 PSI Westboro 1 July 1996
6 PSI Westboro 1 July 1996

Lot
No.

1

1

1

I

1

I

72.00 x 80.25 x 7.25 6
Total 142

PSI Westboro 1 July 1996
PSI Westboro I July 1996

PSI Westboro I July i996

PSI Westboro 1 July 1996
PSI Westboro 1 July 1996

12
4

z
10

1
1
1

SPECIFICATION

o t  ID
1t /88



ritle SPECIFICATION FOR STAINLESS STEEL FLAI{GE FORGINGS

Sheet 2 of4

PSI Part No.

v049M003-1
v049M004-1
v049M133-1
v049M136-1

v049M135-l
v049M243-l

Lot
No.

I .D.xO.D.xThk

(Dimensions in Inches)
104 .25x112 .5x1 .5
104.25x112.5x1.25
84.0x92.25 x1.63
83.75 x92.25 x 1.38

60 .0x68 .5x1 .63
60 .0x68 .5x1 .25

44.0x 52.25x7.5
44.0x52.25 x7.25

72.0 x80.25 x1.63

Otv. Destination

4 PSI Westboro

4 PSI Westboro

10 PSI Westboro

10 PSI Westboro

Date

1Nov. 1996

1Nov. 1996

1Nov. 1996

1Nov. 1996

2
2
z

2

2
2

24 PSI Westboro I Nov. 1996

26 PSI Westboro I Nov. 1996

14 PSI Westboro 1 Nov. 1996

4 PSI Westboro 1 Nov. 1996

4 PSI Westboro 1 Nov. 1996-m-

v049M244-t '2

v049M245-1 2

v049M246-1 '. 2
Total

SPECIFICATION

Pegrc --3- ot to

r€.997



SPECIFICATION F'OR STAINLESS STEEL FLANGE FORGINGS
Title

Sheet 3 of4

PSI Part No.

v049M003-l
v049M004-1
v049M133-1
v049M136-1

v049M135-1
v049M243-1

Lot
Nq

I .D.xO.D.xThk
@imensions in Inches)

104.25x 112.5 x 1.5
1M.25x112.5x1.25
84.0 x92.25 x 1.63
83.75 x92.25 x1.38

60.0 x 68.5 x 1.63
60.0x68.5x1.25

44.0 x 52.25 xl.5
44.0x52.25x1.25

48 .0x56 .25x i . 5

56.3 x72.5 x 1.25

72.00x80.25x1.63
72.00 x80.25 x 1.25

Qqt Destination

PSI Westboro

PSI Westboro

PSI Westboro

PSI Westboro

Date

I Feb. 1997

1 Feb. 1997

1 Feb. 1997

1 Feb. 1997

3

3
3

4

4

8

I

3
3

21 PSI Westboro 1 Feb. 1997

11 PSI Westboro 1 Feb. 1997

v049M2M-1 3
v049M245-1 3

l 0

2

I

PSI Westboro 1 Feb. 1997

PSI Westboro 1Feb.1997

v049M242-l

v049M250-1

v049M246-r
v049M247-1

3 PSI Westboro I Feb. 1997

PSI Westboro I Feb. 1997

-f

J

12 PSI Westboro I Feb. 1997

8 PSI Westboro 1 Feb. 1997

Total 93

z
=
(D

I
o
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ritle SPECIFICATION FOR STAII\LESS STEEL FLANGE FORGINGS

Sheet 4 of4

PSI Part No.

v049M003-1
v049M004-1
v049M133-1
v049M136-1

v049M135-1

V0491v1244-l
v049M245-r

V0491v1246-1

Lot
No.

4

4
A

+

4

A

4

A

I .D.xO.D.xThk

@imensions in Inches)
104 .25x112 .5x1 .5
104.25x112.5x1.25
84.0 x92.25 x1.63
83.75 x92.25 x 1.38

60 .0x68 .5x1 .63

44.0x52.25 xl.5
44.0x52.25x1.25

72.00x80.25x1.63

Qtv. Destination

3 PSI Westboro

3 PSI Westboro

6 PSI Westboro

6 PSI Westboro

10 PSI Westboro

10 PSI Westboro

2 PSI Westboro

2 PSI Westboro

Date

15 Apr. 1997
15 Apr. 1997
15 Apr. 1997
l5 Apr. 1997

15 Apr. 1997

15 Apr. 1997
15 Apr. 1997

15 Apr.1997

Total 42

z
J

o

u

rl
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SPECIFICATION F'OR STAII\LESS STEEL VESSEL PLATE

1.0 SCOPE

This specification covers the minimurn technical requirements for the materials,
fabrication, inspection, testing, preparation for shipping, shipment and delivery of the
plate to be used for manufacturing ultra high vacuum boundary equipment.

Al1 attachments are incorporated herein by reference and made a part of this specification.

Information contained in this specification and its attachments is proprietzry in nature and
shall be kept confidential. It shali be used only as tequired to rcspond to the specification
requirements, and shall not be disclosed to any other party.

2.0 SCHEDULE AI\D DELIVERY

Plate shall be delivered in lots as follows:

PSI Part No.

v049M149 1
v049M150 1
v049M151 I
v049M152 I
v049M153 1
v049M154 1

I volgtr.ttss t
I

v049M156 1
v049M157 r
v049M158 1
v049M159 1
v049P7815 14
v049P7817 14
v049M163 I
v049M164 I
v049M166 l
v049P7801 14
v049P7802 14
v049P7803 l4

Lot Plate Size
No.

l. 1/4 xE4x254
l -  v4  x i JJ  x  l J4

1. 1/4 x 80 x 144
l. ll4 x 49 x254
l. t /4x62x1,92
l. l/4 x 120 x229 '

l. 3/8 x96 x230
l. 1/4 x99 x 120
1. Il4 x90 x98
l. ll4 x66 x142
1. l /4 x96x142
1. 112x76x270
1. l l2 x62x 795
1. 114 x72x154
1. 114 x96 x229
1.  1 i4x88x  154
1. 1/2x91 1Dx333
1. 114x60 x332
1. 712x72 x 195

ary Destination Date

1 July 1996

1 July 1996

1 July 1996

1 July 1996

i July 1996

1 July 1996

i July 1996

1 July 1996

i July 1996

I July 1996

1 July 1996

1 July 1996

1 July 1996

1 July 1996

I July 1996

I July 1996

I July i996

I July 1996

I July 1996

2
2
2
2
2
I J

I

6
A

2
I
7
5
4
I
z

5
5
5

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborouglr

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborouglr

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

SPECIFICATION
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Tllle SPECIF'ICATION FOR STAINLESS STEEL VESSEL PLATE

)

PSI Part No. Lot
No.

2.

Plate Size

114x40x144

ll4 x84 x229

114 x 120 x229

114 x99 x 120

1/4 x 57 x 192

7/4 x70 x229

1/4 x66 x 142

318 x96 x 192

l./4 x88 x 142

1/4 x96 x142

1 / 4 x 8 8 x 1 5 4

l l2x76 x270
'Ll2x 

62 x 195

112x91 1/2x333

1/4 x60 x332

Il2 x72 x 195

1/4 x49 x254

Qty Destination

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

Date

I November 1996

1 November 1996

I November 1996

I November 1996

I November 1996

I November 1996

1 November 1996

1 November 1996

I November 1996

1 November 1996

1 November 1996

I November 1996

I November 1996

I November 1996

I November 1996

I November 1996

1 November 1996

v049M170
v049M171
v049M154
v049M156

I vonsN{tz+
i

v049Ml7s
v049M158
v049}i{r77
v049M178
v049M159
v049M166
v049P7815
v049P78t7
v049P7801
v049w802

I V049P7803
7

v049M152

2.
2 .
2.
2.
2.
2.
2.
2.
2.
2.
2 .
2.
2.
2.
2.
2.

2
2

I

I

1

1

1

1

1

1

I

14

14

14

t4

I4

i

2
6
2
8
2
2
2

2
2

6

6

5

5
5
3

I

z

o
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t _

, {

ReY.

3
olP.9e



Tltle
SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

)

)

PSI Part No.

v049M174 1
v049M175 I
v049M149 1
v049M150 1
v049M152 1
v049M170 1
v049M157 i
v049M156 1
v049M1s4 r
v049M159 I
v049M198 I
v049M164 1
v049M153 1
v049M177 r
v049M158 1
v049M155 1
v049P7801 14
v049P780214
v049P7803 14
Y049P'7817 14
v049P7815 14

Lot Plate Size
No.
3. Il4 x57 x192
3. ll4 x70 x229
3. 114 x84 x254
3. 114 x63 x254
3. 1/4 x49 x254
3.  l l4x40x l44
3 .  1 / 4 x 9 0 x 9 8
3. 1/4 x99 x 120
3. 1/4 x 120 x229
3. ll4 x96 x 142
3. l /4 x 55 x 154
3. 114 x96 x229
3. 1/4 x62 x 192
3. 3/8x96xI92
3. 1,/4 x66x 14?
3. 3/8x96x230
3. 12x9l 1Dx333
3- 114x.60x332
3. 112x72x195
1. 112 x62 x 195
3. 1/2x76x270

Qty. Destination

1 PSI, Westborough

4 PSI, Westborough

2 PSI, Westborough

2 PSI, Westborough

4 PSI, Westborough

6 PSI, Westborough

2 PSI, Westborough

6 PSI, Westborough

16 PSI, Westborough

2 PSI, Westborough

2 PSI, Westborough

I PSI, Westborough

2 PSI, Westborough

1 PSI, Westborough

2 PSI, Westborough

1 PSI, Westborough

5 PSI, Westborough

5 PSI, Westborough

5 PSI, Westborough

7 PSI, Westborcugh

7 PSI, Westborough

Date

1 February 1997
i February 1997
1 February 1997
1 February 1997
1 February 1997
1 February 1997
I February 1997
I February 1997
I February i997
I February 1997
1 February 1997
1 February 1997
1 February 1997
1 February 1997
I February 1997
I February 1997
I February i997
1 February 1997
1 February 1997
i February 1997
1 February 1997

I

z
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ritle SPECIFICATION FOR STAII\ILESS STEEL !'ESSEL PLATE

I. 3.0 MATERIAL REQIJIREMENTS

3.1 This material shall conforrr to the requirements of ASME Specification SA-240 Type
304/304L with the additional supplementary requirements described in this specification.
The material is to be dual certified to meet tle material erade of 304 and 304L.

3.2 
' 

Applicable Codes

3.2.1 ASME Boiler & Pressure Vessel Code, Section II, 'Materials", the 1992 Edition
with the 1994 Addenda-

3.2.2 ASTM A-480, "Standard Specification for General Requirements for Flat-Roll
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip".

3.2.3 ASTM 4.-700, "Standard Packages for Packaging, marking, and Loading Methods
.for Steel Products for Domestic Shipment".

3.3 Any apparent conflicts befween the requirements given herein and the applicable ASME
. Specification shall be brought to lhe attention ofPSI for clarification.

\
) a.o MANUT'ACTURE

I
I a.t Thickness Tolerance
I
I nre material shall be fumished in the thickness(es) specified in tle purchase order. The
I thickness tolerance shall meet ASTM 4-480 requirements.

4.2 Width and Length Tolerance

The plate material shall be cut to the minimim size specified in the purchase order. The
widG and length pius tolerance of the finished material shall not exceed the tolemnces
specified in ASME SA-480 specification, the minus tolerance is 0.0 in..

4.3 Surface Finish

Hot rolled, Annealed and Pickled (IIRAP) mill finish is acceptable.

4.4 Chemistry and Mechanical Properties

The material shall meet the chemistry requirements as specified in SA 240 Type 304L'
and the mechanical requirement of SA240 Type 304 material specification.

z

o

f
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TiIIe SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

6.0

6.1

7.0

7.1

8.0

4.4.1 The material shall be dual certified as tvpe 304/304L.

4.1- After final cleaning and pickling, no gnnding with abrasive wheels, cloth or stones is
permitted. No iron, carbon steel or other contaminants (such as grease, cloride

. compoundsroil hydrocarbons) to come in contact with the plate.

4.6 Clea: iness

This material is intended for use in a high vacuum application. Potential hydrocarbon
contamination shall be eliminated. Also, 

-the 
material iliall be wrapped and covered at all

times the rraterial is not being processed to minimize possible exposure to contaminants.
The plate shall be cleaned prior to shipment.

5 .1

MATERIALTESTING

A 2" wide coupon, the widtl ofone plate is to be supplied for each heat number supplied.
The coupon rrust be pickled the same as the plate.

INSPECTTON/WITI\IESS

The purchaser shall have the right to witness all manufacturing processes.

REJECTIONS A}ID REPAIR OF DEFECTS

No weld splices or repair welding is permitted to the material.

IDENTIFICATION

Identification of the material shall be maintained through all manufrctwing processes.

If material identity is los! the plate shall be requalified by making all tests that were
required for the material or as indicated in this specification.

Marking the finished materials with marking fluids, die stamps, and/or electro-etching-is
not petititt"d. A vibmtory tool with a miiimum tip radius of .005" is acceptable for
-urkiog one side only oi the finished plate. AII other marking methods q*t be
upprou6d by the purchaser prior to use. A[l plates shall be marked 6" in from both edges
iri one comer. 'iitren stacftd for slipment" all markings shall be in the same corner for
easy identification upon receipt at i'SI. Tne minimum marking is to be the heat/lot
number.

8 .1

8.2

8.3

SPECIFICATION

)  o t i
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TiIIe SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

u 9.0 DocUMENTATToN

9.1 The Certified Material Test Report (CMTR) shall be provided to the purchaser a
minimum of 48 hours prior to shipment of the material.

9.2 A record of the material thickness for each group of materials is required. Thickness' 
. shall be measured and recorded at both edges and the center of the plates.

1O.O PACKAGING, STORING AND SHIPPING

10.1 The material shall be packaged for shipment as described in ASTM A700-94, Section
11.3.3 and Figure 56 (wrapped package on skids) with the additional zupplementary
requirements as described herein.

10.2 The plate material shall be wrapped in waterproof polyethylene and covered with a tarp
immediately after all steel processing operations have been completed to minimize
contamination. The material shall remain packaged and covered until it is necessary to
remove the covering and packaging material for further processing.

10.2 The material shall be shipped as specified in the purchase order.

. 11.0 NON.ESCORT PRWILEGES AI\[D INSPECTION RIGIIT

7 Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas of the facilities where the work is being performed shall be an'anged. This will
include access to all areas where material is being processed and stored.

I
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TitIC:

LIGO VACUUM EQUIPMENT: V59O49

O RING SPECIFICATION

PROJECT ENGINEER

TECHNICAL DIRECTORa .o .

PROJECT MANAGE
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Tl e

o Rfr,rc SPEC. VO49-t{45
sM L|GOW.WBI

SERVICE: ULTRA HIGH VACUUM SEALS

MATERIAL: EXTRUDED CORD STOCK; CERTIFIED DUPONT VITON A-5OO

DUROMETEF : 70-75

JOINTS : VULCANIZED SPLICE

CROSS-SECTION DIAMETER : 0.275 + - O.OOG INCHES

DEVELOPED LENGTH : SEE TABLE 1

SPECIAL REOUIREMENTS:

1,O RINGS SHALL BE SUPPLIED SUITAELE FOR ULTRA HIGH VACUUM SERVICE,
ORINGS MUST BE SUPPLIED CONSISTENT WITH CLASS 1OO CLEAN ROOM STANDARDS.
I{ANDLING AND PACKAGING TO PREVENT CONTAMINATION FROM DIRT,
HYDROCARBONS (OILS,GREASES,FINGERPRINTS ETC.I,GRIT,CHIPS,
MANUFACTURING RESIDUES,PARTICULATES (DUST,HAIR,LINT ETC,I
IS REOUIRED.SUPPLIEF MUST SUBMIT HANDLING AND PACKAGING
PROCEDURES TO PSt, FOR APPROVAL, PfiIOB TO MANUFACTURING O RINGS.

2. O RINGS SHALL BE INDIVIDUALLY PACKAGED IN SEALED PROTECTIVE POLYETHYLENE
PLASTIC BAGS.BAGS SHALL BE PUNCTURE RESISTANT AND AIR TIGHT.
BAGS SHALL BE MARKED WITH PART NO,,FLANGE SIZE,CORD LENGTH, AND LOT NO.

3. O RINGS WILL BE VACUUM BAKED BY PSI TO REMOVE (OFF-GAS} WATER,
VOLATILE COMPOUNDS, AND GASSES, REMAINING IN THE BULK VITON.
EAKING WILL BE DONE AT I70 C (338 FI IN A PURE N2 ATMOSPHERE,AT A PRESST,IRE
= t TORR,FOR A 12 HOUR DURATION.AFTER BAKING,THE GRING PART NO.

WILL HAVE THE SUFFIX 'V' REMOVED,{SEE TABLE 1 I

4. PRIOR TO OBTAINING A RELEASE FOR SHIPMENT,VENDOR MUST CERT1FY THAT ALL
SPLICED JOINTS HAVE BEEN VISUALLY INSPECTED AND TESTED IN ACCORDANCE

WITH ASTM STANDARD D2527-83(REAPPROVED T992},JOINT CLASSIF]CATION
rs clAss 3.

5. THE O-RING VENDOR WILL SUPRY UNBAKED O.RINGS WITH THE SUFFIX
.V" ADDEO TO THE PART NUMBER.{SEE TABLE I }
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6-niHc sppc. Vo4t2445
| 

*t'*-'n'"t

I too. t
I

I lranr no. pARr No. FLANGE srzE cnoss sEcr. coFD LENGTH BEF. DwG.
I IUNBAKED BAKED INCHES INCHES

I

lvof9M0l6v vo49M016 104 0.275 + -0.006 337.5 VO49-4422
lvo49M0r7v v049M017 1O4 0.275 + -0.006 328.125 VO49-4-O22
I

fV049M0l8V V049MO18 U 0.275 + -0.006 274.375 v0/.g4-O2l

lvo49M019v VO49MO19 84 0.275 + -0.006 265,125 V0494-021

lvo+grvrozov v049Mo20 72 o.a75 + -o.ooo 237.125 v0/t9-4-02o
lv049MO2rV V049MO21 72 0.275 + -0.006 227.75 V049-tl-02o
I

lvo+guoazv vo49Mo22 60 0.278 + -0.006 2oo.6zs vo49-4-0tg
1v049M023v v049M029 60 0.275 + -0.006 t91.2b v049-4-019

fvocsruoa+v vo49Mo24 48 o.27s + -0.006 162.b v049-4-0tg
lvo49M025v V049M025 48 0.275 + -0.006 153.125 V049-4-018
I
lvo+sirozov v049M026 44.2s o.27b + -0.006 160 vo49-4-ot7

f vo+srurozzv vo49Mo27 44.2s 0.278 + - 0.@6 140.78 vo49-4-or7
I

fvo+gilrosov r vo49Mo3o o.27b + -0.006 213 v049-4-06? ,
lvo+suoarv . vo49Mo3r . 60 0.27s + - 0.006 203.7b vo49-4-067 |I
l l
lv049Mo32v v049Mo32 44.62s o.27b + -o.ooe 151.25 vo49-4-132 |
Iv049Mo33v vo49Mo33 44.62s 0.27s + -0.006 203.75 v049-4-132 |
r l
1 l

z
3
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Title: SPECIFICATION FOR STAINLESS STEEL RINGS CUT OUT OF PLATE

,

SPECIFICATION FOR

STAINLESS STEEL RINGS CUT OUT OF PLATE

FOR

LIGO VACI]I]M EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

STRUCTURAL ENGINEER:

I QUALITYASSURANCE:

TECHIIICAL DIRECTOR:

PROJECTMANAGER:

L

I.a. tucd tfuu-'

Information contained in this specification and its atachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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ritle SPECIFICATIoN FoR srArNLEss STEELRTNGS cur our oF PLATE

1.0 scoPE

This specification covers the minimum technical requirements for the materials,
fabrication, inspection, testing, preparation for shipping, shipment and delivery of the
plate to be used for manufacturing ultra high vacuum boundary equipment.

All attachments are incorporated herein by reference and made a part of this specification.

Information contained in this specification and its attachmenls is proprietary in nature and
shall be kept confidenlial. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

2.0 SCIIEDULE AI\D DELIVERY

Rings shall be delivered in lots witb sizes and quantities as specified in Attachment "8".

3.0 MATE.RIALRSQUIREMENTS

3 . 1 This material shall conform to the requirements of ASME Specification SA'240 Type
304/304L with the additional supplementary requirements described in this specification.
The material is to be dual certified to meet the material grade of 304 and 304L.

3.2 Appiicable Codes

3.2.1 ASME Boiler & Pressure Vessel Code, Section II, "Materials", the 1992 Edition
with the 1994 Addenda.

3.2.2 ASTM A-480, "Standard Specification for General Requirements for Flat-Roll
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip".

3.2.3 ASTM A-700, "standard Packages for Packaging, marking, and Loading Methods
for Steel Products for Domestic Shipment".

3.3 Any apparent conflicts between the requirements given herein and the applicable ASME
Specification shall be brought to the attention ofPSI for clarification.

4.0 MAI\UT'ACTURE

4.1 ThicknessTolerance

The material shall be fumished in the thickness(es) specffied in the purchase order. The
thickness tolerance shall meet ASTM 4-480 requirements.

SPECIFICATION
Nunbcr -

A vo49-z-r34



4.2 Diameter Tolerance '

I fne ri"gs to be flame cut to the following tolerances:
t "

ID -1/4" + 0, OD + U4" - 0

| 4.2.1 Surface flatness per ASTM A.480.

4.3 Surface Finish

Hot rolled, Anneaied, and Pickled (HRAP) mill finish is acceptable.

4.4 Chemistry and Mechanical Properties

The material shall meet the chemistry requirements as specified in SA 240 Type 304L,
and the mechanical requirement of SA240 Type 304 material specification.

4.4.1 The material shall be dual certified as tlpe 304/304L.

4.5 After final cleaning, no grinding with abrasive wheels, cloth or stones is permitted. No
iron, carbon steel or other conkminants (such as grcase, cloride compounds, oils,
hydrocarbons) to come in contact with the plate.

4.6 Cleanliness

This material is intended for use in a high vacuum application. Potential hydrocarbon
contamination shall be eliminated. The plate shall be cleaned prior to shipment.

5.0 MATERIAL TESTING

5.1 A2" x2" wide coupo4 is to be supplied for each heat number supplied. The coupon
must be pickled the same as the plate.

6.0 INSPECTIONAMITI\TESS

6.1 The purchaser shall have the right to wimess all manufacnring processes.

7.0 REJECTIONS AND REPAIROF DEFECTS

7 .l No weld splices or repair welding is permitted to rhe material.

SPECIFICATION



ritle 
spECIFIcATIoN FoR srArNLESs srEEL RrNGs cur our oF pLATE

) IDENTIFICATION

Identification of the material shall be maintained tlrough all manufacturing processes.

If material identity is lost, the plate shall be requalified by making all tests that were
required for the material or as indicated in this specification.

Marking the finished materials with marking fluids, die stamps, and/or electro-etching is
not permitted. A vibratory tool with a minimurn tip radius of .005" is acceptable for
marking one side only of the finished plate. All other marking methods must be
approved by the purchaser prior to use. All plates shall be marked 2" in from the O.D.
When stacked for shipment, all markings shall be in the same comer for easy
identification upon receip at PSI. The minimurn marking is to be the heat/lot number.

DOCUMENTATION

The Certified Material Test Report (CMTR) shall be provided to the pwchaser shipment
of the material.

A record of the material thickness for each group of materials is required.

8.0

8.1

8.2

8.3

9.0

9.1

9.2

1O.O PACI(AGING, STORING ATID SHIPPTNG

l0.l The material shall be cleaned and protected from contamination prior to shipment. The
material shall be shipped covered in a closed trailer or tightly wrapped wilh tarys if
shipped on an open bed.

NON-ESCORT PRIVILEGES AND INSPECTION RIGHT

Non-escort privileges for Buyet, Ovrmer, Government and Owner representatives to all
areas of the facilities where the work is being perforrned shall be arranged. This will
include access to all areas where material is being processed and stored.
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ritle spEcIFIcATroN FoR srArNLEss srEEL RrNGs cur our oF pLATE

Sheet 1 of2

ATTACHMENT 48"

Schedule of Deliveries in Lots with Sizes and Quantities

Rinss are to be delivered in lots as foliows:

PSI Part No.

v049M251-1
V0491l[252-t
v049M253-1

V049M254-1,- 1
v049M255-1 I

V049jvt256-l I
v049M257-l i
v049M258-1 1

v049M248-1 1

LD.xO.D.xThk
@imensions in Inches)

214.9x80.3x1.25

48.5 x68.5 x 1.25
48.5 x 68.5 x 1.25 with
48.5 hole offset from O.D.
center line by 5.88 in.

30 .8x68 .5x1 .25
60.8x72.5 x1.25

60 .8x80 .3x1 .25
44.9 x68.5 x1.25
30 .8x68 .5x1 .63

60.25 x72.5 x 1.63 with
60.25 hole offset from
O.D. center line by 1.97 in.

60.25x72.5 x 1.25 with
60.25 hole offset from
O.D. center line by 1.97 in.

Lot
Ns

1
1
I

Qtv, Destination

6 PSI Westboro

6 PSI Westboro

2 PSI Westboro

Date

15 July 1996

15 July 1996

15 July 1996

v049M249-1 1

A

i

PSI Westboro 15 July 1996

PSI Westboro 15 July 1996

2 PSI Westboro 15 July 1996

2 PSI Westboro 15 July 1996

4 PSI Westboro 15 July 1996

2 PSI Westboro 15 July 1996

2 PSI Westboro 15 July 1996

SPECIFICATION
Numbat -
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SPECIFICATION FOR STAINLESS STEELRINGS CUT OUT OF'PLATE

)

ATTACIIMENT 4B''

Schedule of Deliveries in Lots with Sizes and Quantities

Rinss are to be delivered in lots as follows:

Sheet 2 of2

PSIPartNo. Lot
Nc

v049M251-1 2
v049M252-1 2

v049M254-1 2
v049M255-1 2
v049M2s9-t .2

v049M258-1 2

I v049M248-1 2
I
I
I

lv049M24e-1 2
I
I

I .D.xO.D.xThk
@imensions in Inches)

44 .9x80 .3x1 .25
48 .5x68 .5x1 .25

30 .8x68 .5x1 .25
60.8x72.5 x1.25
48 .5x80 .3x1 .25

30 .8x68 .5x1 .63

60.25 x72.5 x 1.63 with
60.25 hole offset from
O.D. centerline by 1.97 in.

60.25 x'12.5 x 1.25 with
60.25 hole offset from
O.D. centerline by 1.97 n.

Oty. Destination Date

4 PSI Westboro 1 Feb. 1997

2 PSI Westboro I Feb. 1997

2 PSI Westboro I Feb. 1997

2 PSI Westboro I Feb. 1997

2 PSI Westbom 1 Feb. 1997

2 PSI Westboro 1 Feb. 1997

I PSi Westboro I Feb. 1997

I PSI Westboro I Feb. 1997 z

6

a

{

I xumle
| 
'"-*'A 

nonr-r-lro
ol


