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I. INTRODUCTIONANDSI.IMMARY

The LIGO specification places special operational consaaints 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 the interferometer. In conjunction with Process Systems

Intemational, [nc. a plan was proposed in PSI's proposal ofJune 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 equipment, designing the fust order

mitigation treatments and analyzing performance with the teatment 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 vacuum equipment system is just being finalized. The analysis is

therefore preliminary using extrapolated 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 sources, and is anticipated to produce the

highest levels at the receiver because of tbe close proximity between source and receiver

with a minimum number of discontinuities.

The analysis ofthe vibration and shock path utilizes three different models to

predict the receiver response over the entire frequency range. The frst 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 frequency range where the influence ofthe boundaries is less important but the

response of the path structure still exhibits distinct modal peaks, a mid tequency 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 20-40 dB. The beam tube manifold between this particular 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 transmission patl/room acoustics mode I 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 Hz 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 teakage via the pass door between the two rooms.

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

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

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

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

Source measurements for the turbo pump axe 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.

il. LIGO SPECIFICATIONS

A. VIBRATION

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

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

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

tone having a bandwidth of I Hertz at any frequency between 0.1 Hz and 10 kHz'

Because acceleration sensors are used more cotnmonly than displacement sensors to

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

la as an acceleration specification by multiplying by o2(where r.l is radian frequency)

and expressing the result in lrgl\f Hz. The resulting acceleration sPectral density is shown

on Fig. lb.
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B. NOISE

The specified acoustic noise limit from 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 63 llz center frequency band and

extending to the 8 kHz band.

C. SHOCK

valve acfuation or other intermiffent device operation shall induce no more than

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

III. APPROACH TO SPECIFICATION COMPLTANCE

A. OVERAILPLAN

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

significant areas ofnoise, 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 the gravity wave

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

l. Vacuum system equipment is evaluated with respect to vendors' stated

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

impact these characteristics.

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

veriry vendor claims and to supplement vendor data wilh detailed measurements 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 treatnent design.

4. Transmission of shock, vibration, and sound from 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 treatment in place are

compared with LIGO specifications. Regions where compliance with specifications is

not achievable are identified for further review and assessment.

B. SOURCES oF EQUIPIvIENT VIBRATION NOISE' AND SHOCK

l. Mechanical Roughing Pumps

These first stage roughing pumps are not subject to vibration sPecifications'

2. Turbomolecular Roughing Pumps

Turbomolecular roughing pumps achieve their pumping capability by multi-

stage vanes rotating at high speed (approx.2?,000 RPM). Pump shafu are driven by

brushless motors. Shat bearing desigrs include ceramic ball and magnetic.

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, typically around I kHz, and its harmonics result

from magnetostrictive effects in the stator pole structure. Finally, with non-magretically

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

lubricant) is generated.

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.



C A M S R I D G E  A C O U S T I C A L  A S S O C I A T E S ,  I N C .

4. Cryogenic 80K Pumps

These pumps consist of exposed surfaces refrigerated to a cryogenic temperanre

upon which gases are condensed. The proposed pumps use liquid nitogen that boils at

atrnospheric pressure at a temperature of 80"K. 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 Venting Compressors

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

located in adjacent Mechanical Equipment Rooms.

6. Gate Valves

Gate 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 actuators :re used for various

LIGO locations.

C, \'ERIFICATION TESTING

I . Test Chambers

The background acoustic and vibration levels ofthe test areas must be equal to

or less than equipment levels being measured. 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 levels 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. llibration

When equipment levels are below the measurement capability of general

purpose accelerometers, high-sensitivity 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 731A

accelerometer (lov/g,600 gm) has a useful bandwidth from 0.1-300 Hz. The wilcoxon

Research model 9168T0-l (7.5Y1e,700 gm) provides low noise capability above 300

Hz. The equivalent acceleration spectral densities comesponding to the electronic noise

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

731A is lower than the specified amplitude. Above 300 Hz, the noise floor of the

9 I 68T0- 1 is below the specified amplitude. When a measurement equals the sensor's

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

than the noise amplitude.

Low noise measurements require limiting the electronic noise that occurs outside

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

b. Noise

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

madel2236 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. Shoe,k

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

small, lower sensitivity accelerometers such as Bruel and Kjaer model 4384 or 4366.
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4. Test Instrumentation Data Anal)'sis and Processing

a. Vibration

Vibration signals 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 signal acquired must be sufficiently long to insure confidence

in the measured spectral amplitudes. Sigrral duration criteria for autospectral density

functions are given in Ref. 3. The variance ofthe €stimated autospectral density function

( l)

where G(fl is the actual autospectral density. Therefore, a time-bandwidth product

(BT) of unity yields a variance equal to the actual function. For purposes of estimating

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

acquisition requirements of 100 seconds for a 0.1 Hz bandwidth and 10 seconds for I Hz

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

operation, and the test would have to be free from outside interference'

b. Noise

Acoustic measurements will be made using a Bruel andKjaer type 2236

precision sound level meter. Noise levels in the octave bands between 63 Hz and 8 kHz

will be recorded. This meter has a noise floor corresponding to less than NC-10.

c. Shock

Measurements of shock-induced vibration due to operation of the Sate

valves will be made by recording the output of accelerometers oriented in three

(GQ))for a band-limited Gaussian noise signal is related to the resolution bandwidth B

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

VarlGtfl - GrA
B T
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orthogonal directions and mounted on the gate valve fixture. The sigral will be recorded

during the entire duration of the closing event, and the peak acceleration amplitude will

be obtained.

D. VIBRATIONMTIGATION

l. Design Approach

The overall approach to mitigating equipment induced vibration encompasses

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

hardware. In the initial review of vendor-supplied information, recommendations w€re

provided for treatments that are easily applied to the equipment. Vibration hansmission

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 performed to predict the vibration level at the receiver.

When the source can be effectively isolated, the equipment vibrations characterize

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

being effectivety isolated, it will be necessary to supplement the vibration levels

measured on the equipment with estimates or measurements of the strucfural impedance

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

use of an equivatent 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 frequency range of interest. For simple paths analytical models

are used. For more complex paths, frrite 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 stiffiress relative to their mating sructures

provide effective vibration isolation at frequencies below the range where the elements

become resonant or wave-bearing structures. Compound equipment mounts obtained by

connecting multiple isolator stages in series can be used to enhance 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 form ofpropagating structural

waves. This mode of enerry transmission can be reduced with a combination of

"blocking" masses and damping. The 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 treatments are added to

the isolator. Damping treatments using viscoelastic materials applied to the external

surfaces ofthe isolator can be desigrred in the form ofboth unconshained 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 interGrometer by a sofi

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

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

rubber bushings and washers 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

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

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

c. Cryogenic Pumps

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

bubbles in the liquid nitrogen. An experiment using air and water to simulate the two

phase flow of the nitrogen entering the 80K pump showed that the generation of large

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

pipe above 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

generated from the boiling liquid in the reservoir are smaller and generate higher

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

reduced by low frequency isolators.

An additional source ofvibration 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 purge 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 mufflers or sound attenuators. The mid and

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

e. 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 rooms are

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

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

E. NOISEMITIGATION

l. Design Approach

Noise radiated by operating pumps and elecfonics can be mitigated by

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

accomplish this include extemally applied structural damping treatments. Vibration

isolation may also be required as a component ofnoise control.

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 Hz to I kllz

from the various 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 througb walls, doors, ductwork, and other flanking paths is also included'

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

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

sound absorbing properties ofthe room boundaries. Equipment 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 vendor's facility, if suitable, or at a commercial acoustical laboratory.

Measurements 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 oftotal noise at various locations in

l l
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the Laser and Vacuum area will be made.

Specific noise control second order options for the vacuum system components

are indicated below (note these options are not included in the current contract).

a. Main Turbomolecular Pumps

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

sheet laminated to op€n cell foam. Damping fteatrnents, discussed above, can also be used

to reduce sound radiation from support structures.

b. Cryogenic 80K Pumps

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

shroud 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 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 units can take

advantage of the noise control provisions required to adequately isolate auxiliary

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

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

the project noise goal in the 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 treatments, recommendations of the vacuum

equipment 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 valves are located in ctose proximity to the chambers. With the excePtion

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

t2
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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.

ry. SOURCEMEASIJREMENTS

At this time there is no equipment available to obtain source measurements- The

turbomolecular 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 shovm in Figure 3. For the acoustic analysis, estimates ofsound levels were

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

experience.

V. TRANSMISSIONANALYSIS

A. VIBRATION

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

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

wavelengths region the vacuum equipment and connecting manifolds 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 structural

behavior is no longer compact and circumferential shell modes exist in the equipment or

the manifold. In the mid frequency region the hansmission path is modeled with

axisymmetric finite elements. The model assumes the structure is symmetric but applied

loads, boundary conditions and displacements need not be axisymmetric' 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 impodant

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 the Nastran finite element progam

determines upper frequency limit of the mid range. Above this frequency statistical

energf analysis is performed. With this technique the strucfire 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 Frequenc]' Model

A Nastran [6] frnite element beam reprresentation of the equipment is plotted in

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

supports. Stiffeners, 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 propedies were obtain from Parsons report [7].

The upper frequency limit ofthis 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 turbo cart and at the cryopump. Observation locations were with I

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

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 tube by a soft bellows. The bellows axial spring rate (60

lb/in) is much less than the stiffrress of the pump. The pump then can be consider apure

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 Frequency Model

The purpose of this section is to describe the finite element analysis that we

performed to study the mid-frequency behavior ofa portion ofthe end-station stucture

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

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

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

of the vibration levels produced near the beam splitter due to mid-fiequency vibrations

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

The mid-frequency model consists of Nastran axisymmetic conical shell and

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

axisymmetric structures; however, the applied loads and displacements need not be

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

coordinate [6]. The conicat shell element, used primarily to model the thin shelVplating

that predominates the structure, 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 stage in the analysis,

but it would be a straightforward task in the future to model some of these features via

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

The attachment of the manifold tube to the beam splitter 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 terminating structure simulating the impedance seen

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

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

an effective axial stiffness of 6514 lb/in (specified by bellows manufacturer) and a

l 5
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negligible bending stiffiiess.

The vibration of the turbo-pump w.rs simulated by point loads in the radial, axial,

circumferential direction applied at the center point of the location of the turbo-pump.

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

was performed to 500 I{2. Higher frequencies will be computed in the future.

We obtained the radial, axial and tangential components 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

"worst" cases ofvibration transmission in Section 4.

3. High Frequency Model

a. Introduction

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

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

thin shell and plated box-like structures along this path the predominant higlt frequency

wave motion tends to be fle>arral. By high frequency we mean frequencies at which the

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

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

by

),r: 2n/k, = 6*10'r/h(inYf(H4

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

WIz., l'r-lZ.in Structurebome noise levels will attenuate as they propagate from a

noise source to a receiver. The overall attenuation is the result of both a spreading of the

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

plated structures the spreading is cylindrical with acceleration levels decreasing as r 
-rl2

(2)

l 6
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where r is the distance (range) along the plating from source to receiver. Dissipation

associated with flexural wave propagation is conveniently expressed in terms ofa

structural loss factor q . Here the associated attenuation is ofthe form

exp( k71/4) exp( nlr/2),). 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 tum the

ground via the manifold tube supports is believed to fall into this category'

Statistical energy analysis (SEA) is an analytical formulation that captures the

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

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

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

b. Statistical Energtr 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

n; Ei ltri,

where trj is power input to the subsystem, { it *t. power it dissipates and {, the

power ,,lost" to neighboring subsystems. A fundamental SEA concept is that the above

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

the subsystem, <E>. Specifically [8],

a \ i<Ej> (4)

(3)

TIi

and

l'7
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tr;i: r[tt;r.Er> - \u<E2>J

here a 2nf and q, and ,1j,t *" dehned as dissipation and coupling loss factors.

For structureborne noise

<ri,.> = @2<Ej>lM.

where (#r.> is the subsystem space-averaged squared acceleration and M, the subsystem

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

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

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

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

structure 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 ofvarious types, viz., stiffening ribs

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

changes. Power may also be transmitted through the suPPods 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 of the manifold on the other.

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

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

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

problems to be one-dimensional with a loss factor of the form 6\ij f i/Mfv:>

(s)

(6)

t 8
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where <vi> is the mean squared velocity of subsystem i. Also manifold curvature is

ignored, thus limiting the validity of the analyses to Aequencies above the ring &equency

(Q aalc I ) of the smallest diameter (44 in.) manifold section, roughly 1.4 kHz.

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

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

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

rtf t/ 
: z(kb"t/ @)2 ReIYjl/ mi

where frrr, Ko"fLna, and m, M fTna, are respectively the spring constant of the

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

circumference. II, (Zr)t l(t i)a(ph/k)/21-r is the admittance of the subsystem j

plating taken to be semi-infinite in exlent witn k, y 1/lA6iolch the flexural wavenumber

in the plating, c is the material sound speed and h the plating thickness [10]' The factor

y [l O+]1/4 is introduced to account for the stiffening of a tube owing to its curvature

as the frequency approaches its ring frequency from above [l l].

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

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

coupling loss factor is given by

oorl,j lZprlZ,,ul2 RelY)lm.

with Zr,u iamr,u 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 mode led as

l 9
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effectively infinite plates 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

6Tlrout - z(Zpr,sl M)(7eusl Zrrob

where Zr* (4/rf3@ch2), is the drive point impedance of the manifold plating assumed

to be of infinite extent !21 and Z*/2,^ (pch2)/(pch2)"*<1. is the ratio of plating to

slab point impedances.

For this preliminary evaluation, I . we let q, 0.04 for all subsystems typical of

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

excitation source is the turbomolecular pump located in subsystem 5' The input power is

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

extent, P, flor/Zog.

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

in the driven section (5) and downstream in Section 1, 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 compartment accelerance in the

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

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

one meter of the beamsptitter is plotted in Figure I l. In the low to mid frequency range

there is a 10-20 dB reduction from the drive point location. In the high frequency range

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

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

(e)
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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-frequency

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

information, the predicted levels exceed the LIGO specification by 2040 dB.

B. NOISE

L Acoustical Modelling for Airbome Noise in LVEA's Overview

The purpose ofthe 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 washinglon 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 from 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 from 3 1.5 to 8 kHz center Aequencies.

Room Acoustics of Vacuum Support 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 airbome sound transmission to the LVEA"

Room Acoustics of LVEA - acoustical treatment of ceiling and sound absorption

ofother surfaces; effect ofscattering by large equipment; distances between

sources and recePtors.

These model elements are handled by spreadsheet comPuter programs potus 123]

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

measurements performed 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 spectrum ofNC-20 applies. In Comer

stations a segment of the LIGO system may be in operation while another 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

determining the acoustic levels at critical operational vacuum components. segments.

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

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

spectrum that 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 capacity

similar to that of the compressor in ttre 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 support equipment rooms

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

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

sound absorption coeffrcients over the frequency range of the model [31.5 Hz to 8 kHz,

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

equipment there is considerable diffirsion and multiple reflection of sound waves

resulting in an effective sound absorption coefficient 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 coefficients that lie between l0 and 20%,
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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 and, in fact,

a small enhancement of the sound pressure on such a surface may occur'

Basically, the sound power ofeach source is reduced by the effective absorption

characteristic of the equipment room, taking note of any non-qualising machine

locations. It is further reduced by the combined sound transmission loss of the room

envelope components in common with the receMng 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

The most critical receiver locations in the LVEA s are Beam Splitter

Chamber vessels and beam tubes or beam manifolds which intercept the airbome

sound and transmit them [as structurebome sound or vibrations] to nearby sensitive

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 ofthe larger LVEA'�s, especially the corner stations,

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

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

relatively high absorption coeffrcients [averaging around 60%]'

Acoustic tevels from sources that are not directly adjacent to the sensitive

receptors will decrease substantially with distance, primarily because ofthe absorptive

ceiling but also because the large vacuum equipment will provide the scattering and

multiple reflection effects described above for the VSER's. 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 adjustments, as appropriate, based on

experience.
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4. Sound Transmission Calculations

The primary paths of sound transmission from VSER to the LVEA are the

common partition and the single access door. Their construction, e.9., thickness and type of

material, e.g, gypsum lvall board [GWB] determines the tansmission loss versus frequency

obtained through laboratory measurements of specific partitions. Using information on

these partitions obtained from the Ralph M. Parsons Co., the facility desigter' we can

determine the needed information even ifthe exact construction does not precisely duplicate

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

information 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 8 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. LIGO COMMSSION TESTING

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

Livingston, LA, measurements ofvibration and noise generated by vacuum system

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

following chambers: horizontal access module;rbeam splitter module;

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

made at one location on the floor within I 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-

a i
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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 representativ€ chambers during the operation

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

will be instrumented for tri-axis shock measurements during 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 of a nearbY I I 2 cm eate valve.
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T|IIE PROJECT DESIGN GOALS/REQUIREMENTS PROCEDURE

19 PURPoSE

The purpose of this procedure is to define instructions for preparing the Design
Goalsff,equirements Form for the LIGO project.

GENERAL

As part ofthe LIGO project management plan, PSI has committed to generate design
criteria for for each subsystem and major component. The design 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 design
is developed. The purpose ofthe Design Goals/ Requirements form is to assure that the
resulting design is compliant with all ofthe requirements of the Contract, Statement of
Work, Technical Specification , and good engineering/design practice.

A project Design Goals/ Requirements master file is maintained by the technical director.
As with 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 issue.
Each element of the Design Goals/ Requirements form should be signed off when the
requirement has been completed by incorporation into lower level project documents
including calculations, specifications, drawings, manufacturing, test, and installation
procedures. The Design Goals/ Requirements form is to be reviewed, updated and
issued as part of each design review meeting minutes.

ATTACIIMENTS

Attached is a list of componentVsubsystems for which a Design Goals/ Requirements
form is issued.

2.0

3.0

SPECIFICATION

P.gc --i-- ot
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Tille spEcIFIcATroN FoR RoucHrNG puMp cARTs

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, 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 supplied
for the Laser Interferometer Gravitational-Wave Observatory GIGO). 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 long 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.

SCHEDULE

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

Quantilv Date

Washineton Site: 2 sn/96

1.0

2.0

2.1

Louisiana Site:

Total Required

2 8/10/97

4

ll', Acceptances at the sites (the start ofVendor'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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SPECIFTCATION FOR ROUGHING PUMP CARTS

5 . 1

3 -Z

J . J

EQUIPMENT REQUIREMENTS

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

Deleted.

The minimum required pumping speed at the pump inlet at 1 ton is 500 cfm; at 0.1 ton
the minimum required pumping speed is 1000 cfm. The pump set shall be capable of
roughing a volume of200 cubic meters from atmosphere to 1 ton in 4 hours or less.

Vendor to speciff system performance when cart is separated (see paragraph 4.I .1).

DESIGN REQUIREMENTS

The pumpcarts will 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 evacuate the 2000 -3 b"urn tubes. For
this case the roughing pump carts will be separated by approximately l0'. It is the
intent of this specification to allow this cart configuration to be the suppliers
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 structure will house the pumping cart system. The pumping carts will
be located on the Beam Tube Anchor Foundation (see Attachment D).

Vacuum Equipment Pumping

For evacuating Vacuum Equipment during installation and maintenance, the
pumping carts will be separated into two sections. The first stage blower will be
close coupled to the Vacuum Equipment in the Vacuum Equipment room. The
first stage pumps will discharge into a vacuum header connected to the second
stage blower and backing pumps 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 structure for the final configuration of the first stage
blower will be orovided bv PSI.

lr.+
4.0
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SPECIFICATION FOR ROUGHING PUMP CARTS

4.1 Mechanical Requirements

4.1.1 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 design. Initial opemtion 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.

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

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

4.1.4 The process inlet to tlre cart shall be supplied by others. Seals shall be non-lubricated
baked Viton O-rings.

4.1.5 The process outlet fiom the roots-type pump cart shall incorporate a 10' long flex line for
cormection to the backing pump or in the future a vacuum header. This connection shall,
depending on the required tube size, be an ISO Quick Flange or Large Flange with double
claw clamps. Seals shall be non-lubricated baked Viton O-rings.

4.1.6 Provision for sealed connection to a ducted facility exhaust system shall be provided on
the backing pump outlet.

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

4.1.8 Any required utility corurections (such as for cooling water) shall be manifolded to a
single cormection point and terminated appropriately (such as with an isolation valve and
a 1/2" quick disconnect fitting). Filtered cooling water will be provided as follows:

Supply Temperature:
Supply Pressure:
Return Temperature:
Retum Pressure:

2 0  - 2 5 C
3. - 5. bara
25 - 30C
2. - 4.bara

Cooling water hose kits shall be provided to interconnect the blower cad and the backing
pump. The hoses shall be l5'long.

SPECIFICATION
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Tille
SPECIFICATION FOR ROUGHING PUMP CARTS

4.1.9 The rcots pump cart inlet nozzle shall be located at as low an elevation as possible. A
blind flange with a gauge connection and suitable volume for shop speed testing shall be
provided.

4.1.10 The acoustic noise and vibration requirement detailed in Section 5.1 of Attachment A do
not apply to the roughing pump carts.

4.2 ElectricalRequirements

4.2.1 Instrumentation Requirements

i 4.2.1 .1 There shall be Pirani vacuum gauges located at each pump inlet (both the roots pump and

I ttre backing pump). Bakeable vacuum gauges are required only for the inlet (chamber
i side) of the tools blower. A local vacuum gauge readout controlier shall be provided.
I The vacuum gauges will remain with the roots blower when the backing pump is
I remotely located.

4.2.1.2 There shall be auxiliary valved (manual valves) ports to allow cornection of a leak
detector.

4.2.1.3 All unused ports shall be fitted with blankoff flanges.

i4.2.1.4 A purge gas flow switch (or pressure switch) shall be provided to shutdown the cart when
i there is insufficient 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 ControlsRequirements

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

z
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Title
SPECIFICATION FOR ROUGHING PUMP CARTS

Description Signal Type

Pump Running (Each Pump) Dry Contacts

Auto. Valve Open Dry Contacts

Roots Pump Inlet Vacuum 0 - l0 VDC

Backing Pump Vacuum 0 - l0 VDC

iPurge Gas Shutdown 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 chamber nozzle will be provided by others. A fail closed
pneumatically actuated 6" UHV gate valve (with pilot solenoid and open and closed limit
switches) shall be provided on the inlet of the roots pump cart. The controls necessary to
close this valve on pump failure shall be incorporated into the cart controls.

l+.z.z.t

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

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

4.2.2.7 Vendor must provide in his quotation a brief description ofall operational sequences such
as startup, normal quotation, normal shutdown, safety shutdowns, etc.
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Tllle
SPECIFICATION FOR ROUGHING PUMP CARTS

4.2.3 Power Requirements

4.2.3.i Power connection to the cart shall be by an appropriate 20' long cord with twist-lock,
NEMA type plug configuration (a single cormection 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.

14.2.4 Purge cas

I Clean, dry, air will be supplied at 80 psig for use as seal purge gas for the vacuum pumps
I requiring rhis utility.

5.0 RIQLTIREDDOCUMENTATION

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 pump caxt
shall be tested for speed, ultimate pressue, leakage and operation of protective 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 V049-2-033 General
Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requriements are listed in Attachment A, Quality Assurance Requirements
Summary.

WARRANTY

Refer to Specification V049-2-034, Equipment Purchase Commercial Requirements for
Wananty Requirements
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Tllle SpECIFICATI0N FoR MArN TURBOM0LECULAR puMp cARTs

1.0 SCOPE

This specification covers the minimum requirements for 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 pan of this specification.

The specified equipment is intended 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 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 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

PSI (Westboro, MA)

Washington Site

Louisiana Site

Total Required

Ouantitv Date

2 4/r/96

4 8/1t96

4 8/10197

10

2 , 5 Acceptances at the sites (the start ofVendor's wa.rranty periods) are expected to occur on
a staggered basis, within 6 months of delivery.
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Tllle SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS

3.0 EQUIPMENTREQUIREMENTS

The main turbpmolecular pump carts are to be used to pump down large volumes from 1
ton to I x l0-" torr. The minimum speed at the inlet port shall be 1,400 l/s for nitrogen at
I x l0-r ton. The pump set shall be capable ofa throughput of ai least 5 ton-liters per
second at a backing pressure of I ton. The pump set stlall be capable of pumping a
volume ofat least 2,000 cubic meters (from I torr to I x l0- torr) wilhout overheating.

The backing pump will be used to rough pump volumes up to 70 rn' frorn atmosphere.
The cart shall be equipped with a bypass line and manual valving to allow the turbo pump
to be bypassed during early stages of pumpdown.

Vendor to specify system performance (speed vs. pressure curve) when the cart is
separated (see paragraph 4.1.1).

DESIGN REQUIREMENTS

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

1. Beam Tube Pumping

The main turbomolecular pumps will be used initially to evacuate the 2000 m3
Beam Tube. For t}ris case all of the vacuum pump components will be mounted
on a single cart (or'two frames bolted together). It is the intent of this
specification to allow this cart configuration to be the suppliers standard design.

The Beam Tube evacuation will occur prior to completion of the Vacuum
Equipment Building. During this phase, a temporary structure will house the
pumping cart. The pumping cart will be located on the Beam Tube Anchor
Foundation (see Attachment D).

2. Vacuum Equipment Pumping

For evacuating the Vacuum Equipment during installation and maintenance, the
pumping carts will be separated into two sections (by the buyer). The turbo
molecular pump will be close coupled to the Vacuum Equipment in the Vacuum
Equipment Room. It will discharge into a vacuum header connected to dry
backing 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 transmission
into the vacuum vessels and into the floor.

I
4.0
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Tllle spECIFIcATIoN FoRMAIN TURBOMoLECULAR puMp cARTs

4.1 Mechanical Reouirements

4.1.1 Each turbomolecular pump set shall consist of a 'hide range" magnetically levitated
turbomolecular pump backed by an oil-free pump (diaphragm, piston or scroll pump) on
separate carts. Also included on t}re carts are t}e accessories described below and on the
attached P&ID. Initial operation will require the turbo cart to be mounted on top of the
backing cart. Future operation will have the turbopump and backing pumps separated via
the following vacuum header: 240' of 4" diameter pipe, (6) 90 degree elbows, (l) 45
degree elbow, (1) tee (branch), 10' of 1 712" flex hose between turbopump discharge and
header.

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

i4.1 .4 The inlet connection to the turbomolecular pump will be a 12" O.D. conflat.
I Turbomolecular pumps shall be supplied with protective inlet screens.
I'4.1.5 

The process outlet from the turbo purnp cart shall incorporate a l0' long flex line for
connection to a vacuum header. This connection shall, depending 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.

14.1.6 Provision for sealed cormection 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 to a
single connection point and terminated appropriately (such as with an isolation valve and
a 1/2" quick disconnect fitting). Filtered cooling water will be provided as follows:

Supply Temperature:

Supply Pressue:

Retum Temperatue:

Retum Pressure:

20 -25C

3. - 5. bara

2s -30c

2. - 4.bua

z
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Tllle
SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS

4 .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 Beam
Tube. A blind flange with a gauge connection and suitable volume for shop speed testing
shall be orovided.

4 .1l0 Insulated heating jackets with temperature controllers for the turbo pumps and inlet
piping (flex) up to the turbo inlet flanges will be provided by the buyer. The heaters shall
be capable of temperature conhol up to 120 C.

Electrical Instrumentation ReouirementsA 1

4.2.1 InstrumentationReouirements

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

4.2.1.2There shall be auxiliary valved, (manual valves) ports to allow comection of a leak
detector.

4.2.1 .3 All unused ports shall be fitted with blankoff flanges.

i4.2.1.4 A purge gas flowswitch (or pressure switch) shall be provided to shutdown the cart when
I ttreie ii iisufficient purge gai flo* (or pressure). An adjustable 10-60 second delay timer
i shall be included in the shutdown to prevent spurious shutdowns.
I
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Tille
SPECIFICATION FOR MAIN TURBOMOLECULAR PUMP CARTS

4.2.2 Controls Requirements

4.2.2.1 Controls for local ooeration shall
wiring when they aie installed in
(terminals to be provided by the
iunction box to interface with the
ihall be orovided:

Description

Pump Running @ach Pump)

Auto. Valve Open & Closed

Turbo Pump Inlet Vacuum (2)

Backing Pump Vacuum

Purge Gas Shutdown

be provided. The buyer will interconnect tlle cart
the split location for vacuum equipment pumping
vendor). In addition, provide terminal sfips in a
future LIGO confiol system. The following signals

Signal T)'pe

Dry Contacts

Dry Contacts

0 - 10 vDC (2)

O. 10  VDC

Dry Contacts

4.2.2.2 Ttre 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 Amanual gate valve on the chamber nozzle will be provided by others. A fail closed
pneumatically actuated valve (with pilot solenoid and open and close limit switches) shall
be provided on the outlet of the roots pump cart. The controls necessary to close this
valve on pump failure shall be incorporated into the cart controls.

4-2.2.4

4.2.2.5 Pumps shall be stopped and started by pushbutton switches located on the turbo cart. The
backing cart shall be capable ofbeing started and stopped by a signal from the turbo cart.
The control system must include a safety permissive that requires the turbomolecular
pump foreline pressure to be < 2 ton before the turbo pump is allowed to start.

4.2.2.6 Vendor 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 Vendor must provide in his quotation a brief description of all operational sequences such
as startup, normal operation, normal shutdown, safety shutdowns, etc.

z
c
=
o

o

SPECTFTCATTOT{

Number -
A v049-2-002

ReY.

of



rlllc spEcIFICATIoN FoR MAIN TURBOMOLECULAR puMp CARTS

4.2.3 PowerRequirements

REQUIRED DOCUMENTATION

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

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 twist-lock,
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 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
protective 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 V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional qualiry
assurance requirements are listed in Attachment A, Quality Assurance Requirements
bummary.

WARRANTY

Refer to Specification y049-2-034, Equipment Purchase Commercial Requirements for
Warranty Requirements.
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Titler SPECIFICATION FOR AUXILIARY TURBOMOLECULAR PUMP CARTS
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Information contained in this specification and is attachments is proprietary in nature and shall be kept confidential. It shall be
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nte SPECIFICATION FOR AUXILIARY TURBOMOLECULAR PUMP CARTS

1.0 scoPE

This specification covers 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.

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 GIGO). 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 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 SCHEDULE

2.1 Equipment delivery shall be as follows:

Quantit)' Date

PSI (Westboro, MA) 2 4ll/96

Washington Site: 2 8ll/96

Louisiana Site: 2 8/10197

Washington Site: 3 9ll/97

Louisiana Site: | 3/1198

Total Required l0
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rille spEcIFIcATIoN FoR AUxILIARy ruRBoMoLEcuLAR puMp cARTs

4 . 1

2.2 Acceptances at the sites (the start of Vendor's waranty periods) are expected to within 6
months of delivery.

EQUIPMENT REQUIREMENTS

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

DESIGN REQUIREMENTS

Mechanical Requirernents

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

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

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

4.1 .4 Deleted.

|  4.1 .s
I
I
4.1.6 There shall be no oil in the pumping path.

z
3
o

I
o

Fspecrnceirol{

m Rev.
3

ol 1P.9e



TiIIe SPECIFICATIONFoRAUXILIARYTURB0MOLECULARPUMPCARTS

Any required utility connections (such as for cooling water) shall be manifolded to a
single connection point and terminated appropriately (such as with an isolation valve and
a l/2" quick disconnect fitting).

Filtered cooling water will be provided as follows:

Supply Temperature:

Supply Pressure:

Return Temperature:

Refum Pressure:

20 -25C

3. - 5. bara

5 - 3 0 C

2. - 4. bara

41.8 The process inlet to the cart shall include a flex line or bellows for connection to the
roughing ports (ISO Quick Flange or Large Flange with clam shell closure, depending on
the required tube size to meet the required pumping speed). Seals shall be nonJubricated
baked Viton O-rings. Other cormection types shall be as indicated on the attached P&ID.

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

4.2 ElectricalRequirenrents

4.2.1 InstrumentationRequirements

i4 .2.r .1
I

I
I

I

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 inlet to the backing pump shall have a Pirani
gauge. Bakeable yacuum gauges are required only for the inlet (chamber side) of the
turbopump (to 250"C). A local vacuum gauge readout conholler shall be supplied with
each cart.

4.2.1.2 Therc shall be auxiliary valved (manual valves) ports to
detector to the inlet and oulet of the TMP.

4.2.1.3 All unused norts shall be fitted with blankoff flanees.

allow cornection of a leak
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rltle SPECIFICATI0NFoRAUXTLIARYTURBOMOLECULARpUMpCARTS

4.2.2 Controls Requirements

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

Description Signal Type

Pump Running (Each Pump) Dry Contacts

Auto. Valve Open Dry Contacts

Roots Pump Inlet Vacuum 0 - l0 VDC

Turbo Pump Inlet Vacuum (2) 0 - l0 VDC (2)

4.2.2.2The pump cart shall be self-contained so that, under power failure or pump failwe,
interlocks shall prevent pumped volumes from 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 olhers. A fail closed
pneumatically actuated valve (with pilot solenoid) shall be provided on the inlet of the
TMP. The controls necessary to close this valve on pump failure shall be incorporated
into the cart controls. An automatic vent valve and associated contols 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, pressue
switches, temperature switches, safety relief valves, etc.) supplied with the systems.

4.2.2.7 Vendor must provide in his quotation a brief description ofall operational sequences such
as startup, normal, operation, twist-lock, NEMA 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 single
connection for the cart, including controllers). Required controllets and overload
protection shall be provided on the cart.

.5.0 REQUIREDDOCUMENTATION

I Documentation requirements listed in Attachment B and the Q.A. requirement form,
I euactrment A, shall be provided according to the Buyer's schedule.
I
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Tltle SPECIFICATION FOR AUXILIARY TURBOMOLECULAR PUMP CARTS

6.0 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 operati-on of
protective features. All safety interlocks shall be tested for proper operation by
simulating 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
assurance requirements are listed in Attachment A, Quality Assurance Requirements
Summary.

8.0 WARRANTY

I Refer to Specification V049-2-034, Equipment Purchase Commercial Requirements for
I Wan"dnry Requirements.
I
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Tllle SPECIFICATION FOR ION PUMPS

1.0 SCOPE

This specification covers the minimum requirements for the desigrr, materials,
fatrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of the ion pumps for the LIGO vacuum system. The ion pumps will be used to perform
the following functions :

a) Maintain an ultra high vacuum in the equipment at the comer, mid and end
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 Interferometer 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 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.
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Tille SPECIFICATION FOR ION PUMPS

2.0

2 .1

SCHEDULE

Equipment delivery shall be as follows:

Main Ion Pumos (2500 l/s)

Description PSI
Part #

Lot
r$

Qty. Delivery
Date

l 8 2500 l/s Noble Diode Pump w/2
electrically isolated sections
controlled by 2 individual
feedthroughs

v0492004 Pl L I

L2

L3

I

t 2

5

7/1/96

5/1197

l l  l l 197

r 8 2-3/4" CF Roughing Port v0492004 P2 L I

L2

L3

I

l 2

5

7/|96

5^t97

tt/ t /91

l 8 8" CF Additional Port v0492004 P3 I t

L2

L3

I

t 2

5

7nt96

51v97

ly1 l97

20 150' HV Cables v0492004 P4 LO

LZ

L3

2

l 0

8

5/t/96

5/t/97

n/v97
250' HV Cables v0492004 P5 L2

L3

t 2

4

5 / t  t97

lvt197

1 8 Multivac base unit w/Remote
Interface/Setooint Board

v0492004 P6 LO

L4

2

l 6

5/1/96

5n/97

36 Large HV Card w/programmable
voltage

v0492004 P7 LO

L4

4 5/ l/96

s/t/97

I ] Rack Adapter Kit 
I
v0492004 Pl3 LO

L4

I

t2

5^t96

5ilt97

SPECIFICATION
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SPECIFICATION FOR ION PUMPS

iCONTROLLERS CHAMBER AND BEAM MANIFOLD ANNI,JLUS ION PUM?S

I AND 75 I/s ION PUMP

i Total

43

43

i VALVE ANNULUS ION PUMPS AND CONTROLLERS 25 l/s ION PLMP

i Total

32

32

I

L0 = PSI Site; 5/l/96

Ll : PSI Sire:'7ll196

L2: Washington Site; 5i l/97

L3 :  Louisiana Site;  l l i  l /97

L4 = PSI Site; 5/l /97

75 l/s Noble Diode Pumo

2-3/4" CF Roughing Port

5^196

5/1/97

1l / l  t97

Minivac Power Supply v0492004 PtO

v0492004 Pl l25 l/s Noble Diode Pumo

5/t/97

fitv97

2-314" CF Roughing Port

5/V91

t l v97

Minivac Power Supply v0492004 Plo

v0492004 Pt2

SPECIFICATI



Tltle SPECIFICATION FOR ION PUMPS

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

Lot I (Qty l) and Lot 3 (Qty l) will be shipped on 5ll/96. Remaining controllers from
Lot 3 will be shipped as specified above.

|.2.2 Acceptances at the sites are expected 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 EQUIPMENTREQUIREMENTS

3. I Main Ion Pumps

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

Species

Huo

H2

N2

CO

CO:

CHt

He

AI

2940 Us

4700l/s

2500 Vs

2350 l/s

2940 Us

2150 l/s

295 Us

590 Vs

Table I

Partial Pressure fTorrl

5 x l0-e

5 x l0-e

5.x l0-lo

5 x l0-ro

2 x l0-ro

2 x 10-ro

5 x 10'ro

5 x 10-ro

Min. Required Pumping Speed

3.1.2 A single large pump shall be provided.

3.1.3 Noble gas diode-type iop pumps with a minimum
operating pressure of l0-" torr shall be used.

life of 40,000hours or more
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SPECIFICATION FOR ION PUMPS

3.1.4 Main Ion Prrmps (cell dqign and feedthroughs) shall be designed ro allow starting at
pressures of at least I x l0-" tbn (two feedttroughs).

For this requirement, the vendor shall provide a design that electrically connects one half
of the pump to one feedtlru, while- the remainin! cells are conn'ected to the other
feedthru.

3.1.5 The vendor shall supply a controller for each main ion pump with suffrcient curent
capability to start the pump at a prefswe of at least lxl0-o to; and run all cells of the
pump under normal operation (l x l0-" torr and lower).

3.1 .6 Dual cabling shall be provided from controller to pump.

3.2 Chamber Annulus Pumps

3.2.1 Noble gas diode ion pumps, each with a capacity of 75 Vs of air at I x 10-6 ton, 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 sufticient current
capability to start the pump at a pressure ofat least 5x10* torr.

3.3 Valve Annulus Ion Pumps

3.3'l Noble gas diode ion pumps shall be provided for each large gate valve to maintain the
arurular 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 capacity of 25l/s ofair at I x 10-6 torr..

3.3.3 The vendor shall supply a controller for each annulus ion pump with sufficient current
capability to start the pump at a pressure ofat least 5xl0-b torr.

4.0 DESIGNRXQUIREMENTS

4.1 Mechanical Requirements

4.1.1 The main ion pump shall be a single pump. The pump will be supplied with a 14" O.D.
tube on whicli a 16.5" Conflat ftange (CFl is mo'unted. The pipe or manifold on which
the ion pump mounts will be the responsibility of the Buyer. 

- -
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Tltle SPECIFICATION FOR ION PUMPS

The chamber annulus ion pumps will be supplied with a 2.5" O.D. tube on whch a 4.5"
CF is mounted.

The valve annulus ion pumps will be supplied with a 1.5" O.D. tube on which a2 3/4"
CF is mounted.

l4.r.z
I
I

, ' t . l . J
I
I
I

4.1.4 Elecrrical feedthroughs shall be protected from mechanical damage.

41.5. All annulus pgnps shall have a minimum life of 40,000 hours or more at an operating
oressure of 10'.

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

i4 .1 .7All ion pump shalls be supplied with a 2 3/4" CF roughing port.

i4.1.8 All main ion pumps shall be supplied with an additional 3" Conflat Flange (CF) afld 8"
i CF blank.
'

4.2 Electrical Requirements

4.2.1 InstrumentationRequirements

14.2.1.1 The cables to interconnect the main ion pumps and controllers shall be provided. 20
i cables will be 150' long. The remaining 16 will be 250' long.
;
14.l.l-2 The cables to interconnect the annulus ion pumps and controllers shall be provided. The

I cable length is approximately l0 feet for each pump.
I
4.2.1.3 Unused ports shall be fitted with blankoff flanges.

14.2.1.a The vendor will submit full load power requirements for each controller.
I

4.2.2 Controls Requirements

te.Z.Z: fne main ion pump controllers shall be rack mountable in standard 19 inch rack consoles
i (supplied by others). These consoles may be located up to 250 feet (cable length) away
i from the pumps. Rack mount hardware should be included with the power supplies.
I
t,+.Z.Z.Z Xtmain ion pump controllers shall be supplied with (2) HV cards installed by the vendor
i that will provide a combined capacity of 800 MA.

z
3
(D

I
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SPECIFICATION FOR ION PUMPS

14.2.2.3 All main ion pump controllers shall have remote capabilities that include the following:

Run Status Dry Contact Output

Pump Fail Dry Contact Output

Current Trip Dry Contact Output

Standby Mode Dry Contact Input

Start Dry Contact Input

Stop Dry Contact Input

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

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

4.2.2.4 All annulus pump conhollers will have a single 0-I0VDC analog output proportional to
the ion pump current.

4.2.2.5 ,\ll annulus pump controllers are not required to be rack mountable and will be located
within 10 feet of the pumps.

4.2.2.6 Vendor shall provide max. 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 first lot (Lot #1) of pumps shall be tested
for speed, ultimate pressure, leakage and normal operation, referencing Table #l located
in Section 3.1.1 of this soecification. All safetv intedocks shall be tested.

7.0 INSPECTION

The inspections called for in Attachment A & B shall be performed 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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Tllle SPECIFTCATION FOR ll2 CM AND 122 CM GATE VALVES

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparalion for shipping, shipment and deliver,
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 of this specification.

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 (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 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.

SCHEDULB

Equipment delivery shall be as follows:2.1

Tvoe

1 12 cm Valves (Electric)

1 12 cm Valves (Pneumatic)

122 cm Valves (Electric)

Deliven'Site

Washington

Louisiana

Total

Washington

Louisiana

Total

Washington
Louisiana

Total

Ouantity

t)

6
2
2

l6

2
2
2
2

8

Ends

BWFIg
Flg/Flg
BWFIg
Flg/Flg

BW,GIg
Flg/Flg
BW,TIg
FlgTlg

Flg/Flg
Bw/BW
Flg/Flg

&t16t96
9t19t97
8t10t97
3t1t98

8t16/96
9t1t97
8t10/97
3/1/98

9t1197
8t10/97
3/1t98

4

2
2

z
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flile SPECIFICATION FOR 112 CM AND 122 CM GATEVALVES

2.3

3.0

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 shall be manufactured and tested (per Section 6.0 of this
specification) as early as possible to allow design changes to be incorporated in the
production lol of valves. Additional valves shall not be manufactured until the Buver
accepts the design ofthe first article valve after testing.

EQUIPMENT REQUIREMENTS

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

4.1 .7 Valves shall be bakeable to 150 C +l- 20 C ( I 70 C marimum

4.0 DESIGNREQUIREMENTS

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

flttilgs a9 specified. Valves shall also have SS metal bello*s 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
mechanisrns.

4.1 .3 Valve body and flange leakage shall be measured to be less than 10-t0 torr liter/sec of
helium befbre shipment. Body flange faces shall be flat to within 0.010".

4.1.4 Gate valves shall have double viton gate seals and bonnet seals. Annular soaces between
gate seals and boruret seals shall bJisolatable and designed to be purnped with an ion
pugtp (supplied by others). Gate seals and bonnet seals shall be leak free to a level of
10-'ton liter/sec ofhelium. 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 actuators on top. Provision shall be made for
supporting the valves from below. It is anticipated that four attachment points will be
reoulreo.

SPECIFICATION
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Ttile SPECIFICATION FOR 112 CM AND 122 CM GATE VALVES

4.1.8 The valves (including their actuators) are exempted from the acoustic noise and vibration
requirements of paragraphs 5.1.4,5.1.5 and 5.2.1.3 of Attachment C of this specification.

4.1.9 Valve actuation shall induce no more than 0.019 peak-to-peak acceleration at any point
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 designed so that no damage occurs to the valve or to its actuator if valve
actuation is attempted while the valve is locked open or closed.

4.1.11 Valve end connections shall be flanged or butt welded as denoted in Section 2.1, above.
For valves with at least one end Ianged, the valve shall be designed with ihe gare
adjustment system facing a flanged end (accessible from that end when the valve is
closed). For butt welded valve connections, the weld stub shall be 49.12" +/-0.02" lD
with a 0.127" +l-0.007" wall thickness and a 10" length. For the two valves for shipment
8ll0l97 to Louisiana. the length of the weld stubs slall be equal and sized to provide a
total end-to-end dimension of I meter. The ends shall be souare butt with the surface
perpendicular to the tube axis and flat within 0.001". The surfaces shall be cylindrical
and unobstructed 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 oercenl.

4.1.12 Gate valves shall be capable of stroking from fully open to sealed in 5 minutes or less,
and from sealed to fully open in 5 minutes or less.

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

4.1.14 Notwithstanding Paragraph 4.1.11, above, valves shall be designed to maintain the gate
seal with vacuum or atmospheric pressure on either side ofthe gate. The valves shall also
be designed for a piping load of 21,000 pounds in addition to the pressure load of vacuum
on either side ofthe gate.

4.1.15 The clear aperture through the valve shall be not less than the nominal size (1 12 cm or
122 cm).

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

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

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.

SPECIFICATION
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rltle SPECIFICATION FOR l12 CM AND 122 CM GATE, VALVES

4.2.2 Controls Requirements

Each valve shall be provided with a controller for local open, close and stop operations.
In addition, provide terminal 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 controllers) at working height (exact
location later). Controls shall be completely assembled, wired and tested prior to
snlpment.

4.2.3 Power Requirements: See Attachment C.

REQUIRED DOCUMENTATION

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

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

SHOP TESTING

Operation ofeach valve for 20 cycles shall be demonstrated. 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 manufacturer. Each valve shall
be baked at 150 C prior to leak checking. For dual gate seals and end seals, each seal
shall 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
Ieak 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 simulate a "hard mount". Testing shall be done both at
atmospheric pressure and with the valve under vacuum. An accelerometer shall be
mounted near a connecting flange (or weld stub) on the valve housing or near the edge of
one ofthe flange covers. Separate measurements shall be taken in each of the three axes.
The Buver reserves the risht to conduct an indeoendent shock test.

5.0

6.0

6 l

b.z

6.3

SPECIFICATION
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rltle SPECIFICATION FOR l12 CM AND 122 CM GATE VALVES

7.0 INSPECTION

7.l The inspections called for in Attachment 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 recleangfl if any contamination is found. Parlial pressures of.'hydrocarbons 

greater than 2.0 x l0-'" Ton for 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.
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Title: SPECIFICATION FOR6", 10" AND 14" GATEVALVES
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Tltte SPECIFICATION FOR 6'. 10" AND 14" GATE VALVES

I .0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of 6", I 0" and 14" gate valves for the LIGO vacuum system

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

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 (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 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 otler party.

SCHEDULE

Equipment delivery shall be as follows:

2.0

2.1

PSI (Westboro, MA)

10"
|  , 1 . 1

Washington Site:
6"
10"
14"

Louisiana Site:
6"
10"
14"

Total Required
6"
10"

Quantit]' Date

0 6t1t96
4 6/1/96
1 6/1/96

4 9/1/97
16 9/l /97
12 9/l /97

3 311198
s 311198
5 3t1t98

7
25

z
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Tltle SPECIFICATION FOR 6', 10" AND 14" GATE VALVES

2.2 Acceptances at the sites are expected to occur on a staegered basis, with final acceptance
a1 Washington expected to occur about May 31, 1998, and about November 30, l99B in
Louisiana.

3.0 EQUIPMENTREQUIREMENTS

The 6", 10" and 14" gate valves (mating to 8" OD, 13 l/4" OD and 16 l/2" 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 3l6L) with CF flanges (see 3.0, above), and
SS metal bellows stem feedthroughs, and shall be designed 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 than 10-10 ton liter/sec
of helium before shipment.

4.4 Gate seal leakage shall be less than lx l0-e ton liter/sec ofhelium.

il+.t Gate seals shall be nonlubricated, prebaked Viton (DuPont Type E60C, Type 4,500 or
I Typ" 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.

4.8 Gate valves 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.
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Tltle SPECIFICATION FOR 6'. 10' AND 14" GATE VALVES

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

tr4.1I Valves shall be bakeable to 150 C +/-20 C (120 C maximum).

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

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 with a I l/2" connection 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 permit connection of an angle valve and pumping line.

4.15 Each 14" valve shall be sufficiently strong 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.

5.0 REQUIREDDOCUMENTATTON

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).
o Shock test procedure and report (including data).
o Manufacturer's standard QA reports (including final functional test reports) z

c

o

o

SPECtFTCATtOt{

NumbGr -
A vo49-2-oo6

RGv.
I

l o lP.ge



Tltle SPECIFICATION FOR 6'. 10" AND 14" GATE VALVES

6.0 SHOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment from 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 mount". Testing shall be done both at atmospheric pressure and
with the valve under vacuurn. 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 tluee axes. The Buyer reserves the right to
conduct an independent shock test.

6. t

6.2

7.O INSPECTION

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

WARRANTY

fiRefer to Specification V049-2-034, Purchased Equipment Commercial Requirements

[(attached to the Request for Quotation), for waranty requirements.
z
c
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Title: SPECIFICATION FOR VACUUM GAUGES

SPECIF'ICATION FOR

VACUUM GAUGES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL 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 to respond to the specification requirements, and shall not be disclosed to any other party.
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Tllle SPECIFICATION FOR VACUUM GAUGES

1 .0

2.0

J . U

4.0
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Tllle SPECIFICATION FOR VACUUM GAUGES

SCOPE

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

All attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied
for the Laser Interferometer Gravitational-Wave Observatory @IGO). 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 ald 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 FORMAT

Equipment delivery shall be as follows:

Quantity Date

Washington Site: 28 9/1197

Louisiana Site: 15 3/l/98

Total Required 43

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 warranty periods) are expected to occur on
a staggered basis, with final acceptance at Washington expected to occur no later than
May 3 1, 1998, and no later than November 30, 1998 in Louisiana. Portions of the
equipment will be accepted earlier.

1.0

2.0

2 .1
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Tllle SPECIFICATION FOR VACUUM GAUGES

3.0 EQUIPMENTREQUIREMENTS

3.1 General

3.1.1 The vacuum gauges shall be provided in pairs consisting of one Pirani gauge and one
cold cathode gauge to cover the pressure range from atmospheric down to 1 x 10-e torr
(nitrogen equivalent).

3.1 .2 Gauees shall have local transmitters which shall be removable for bakeout.

3.2 Pirani Ciauges

Pirani gauges shall operate from atrnosphere to lOa ton.

3.3 Cold Cathode Gauges

Cold cathode gauges shall operate from 1 x l0-r torr to I x l0-'torr.

4.0 DESIGNREQUIREMENTS

1.1 MechanicalRequiremenls

4.1.1 The gauges shall be supplied mounted on2 314" OD CF flanges on a piping tee for
installation by others on the chambers.

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

Pirani Gauges 250C

Cold Cathode Gauges 250C

z
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Tne SPECIFICATION FOR VACWM GAUGES

4.2 ElectricalRequirements

4.2.1 Instrumentation Requiremcnts

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

4.2.2 ControlsRequiremetts

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 REQUIREDDOCUMENTATION

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 wananty requirements.
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TO:

Dste:
RFQ No.96-007
Due Date:

SUBJf,CT: REQUEST FOR QUOTATION - THIS IS NOT ATI ORDER. URGENT

l .

2.

3 .

A

5.

6.

DESCRIPTION: Vacuum Gauges

The RFQ No. must be on all quotations and correspondence.

This inquiry implies no obligation on the part of the Buyer.

We welcome any suggestions regarding substitute products, materials, or designs that will
reduce price and./or technical risk.

Any deviations must be identified in bidder's quotation.

Quotations must state place of manufacture, submittal and delivery dates.

Atlachments :

a. Instruction to Bidders

b. Pricing Sheet(s)

c. Certificate of Compliance

d. SpecificationNo.V049-2-007

e. Specification No. V049-2-034

f.

Ronald B. Bento
Materials Manaser

RFQ No.96-007
Page I of ?



Date:
RFQ No.

Instruction To Bidders

1. Quotations are due by the close of business on2l7/96.

Send quotations in triplicate to:

Process Systems International, Inc.
ATTN: Mr. R. Bento
20 Walkup Drive
Westborough, MA 01581
Tel: (508) 898-0205, Fax: (508) 898-0351

2. Please submit all questions, both technical and commercial, in writing to:

Process Systems Intemational, Inc.
ATTN: Mr. R. Bento
20 Walkup Drive
Westborough, MA 01581
Tel: (508) 898-0205, Fax: (508) 898-0351

3. Quotations must be signed by a corporate officer and include a current financial
statement.

4. Quotations must be for firm-fixed pricing for the specified period of performance and
valid for acceptance by Buyer through 60 da)'s.

5. All bidders are requested to identifi major cost drivers with cost saving altematives and
technical risk areas with proposed alternatives to reduce such risk.

6. Payment Terms:

90%o upon delivery ofthe item to the specified destination.
l07o upon final acceptance of the item by Buyer's Customer.

Altemate payment terms specifring the price reduction will be considered. Payment
terms will be considered in the orice evaluation.

RFQ No.96-007
Page 2 of 1



'1 . Shipping Terms are FOB destination to specified location. Bidder's pricing is to include
freight and insurance.

8. Sales tax is to be excluded. Buyer will provide a resale exemption number.

9. Bidder to include in its quotation applicable field service rates valid through final
acceptance.

10. Bidder to specifr and price recommended spares for each site for start-up and for the first
year of operation separately.

1 1. Items will be delivered as specified in the atrached Equipment Specification. The Bidder
shall specifu the required release date to meet that schedule. Buyer will not be
responsible for cost incuned by Bidder on items not released in writing. The Bidder shall
submit a completed copy of the attached pricing sheet. Bidder shall also confirm
drawing(s) and specification(s) submittal date.

12. All quotations must be submitted in strict compliance with this request for quotation rn
order to be considered for award. Quotations containing bidder's standard terms and
conditions will be considered nonresponsive and subject to rejection at Buyer's option.

13. Quotations will be evaluated based on technical compliance with the specification,
pricing, delivery, schedule of drawings, specifications and equipment, acceptance of the
commercial terms and conditions, past experience for similar goods, management and
financial capability to execute the scope of work, and overall responsiveness and
conformance to this request for quotation including proposed pricing reductions. Buyer
reserves the right to purchase from other than the low price bidder.

RFQ No.96-007
Page 3 of 'f



14.

t <

Bidder will identi$ bidder's key project personnel, including the project manager, and
include their qualifications/resume in the quotation.

All quotations must include a signed Certificate of Compliance, RIQ/CC-95.

RFQ No.96{07
Page 4 of 7
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CERTIFICATE OF COMPLIANCE

PSI INQUIRY NO.
BIDDER NAME:
BIDDER'S PROPOSAL NO,

INSTRUCTIONS: This form must be completed by each bidder and must accompany the
quotatiotr. Any quotation not accompanied by a properly executed copy of
this form will be considered nonresponsive.

CHECK ONE BOX ONLY:

We certi$ that this proposal complies with the Request for Quotation, and
all attachments thereto, as well as all referenced industry codes and
standards.

We certify that this quotation complies with the Request for Quotation,
and all attachments thereto, as well as all referenced industry codes and
standards, except for the commentvexceptions listed on the following
page(s)

BY:
(Signature of Company Oflicer)

(Name Typed or Printed)

TITLE:

DATE:

Eacb Request for Quotation document should be addressed separately. It will be assumed
that Bidder is in complete compliance with any document not so addre$ed.

*NOTE:

RFQ/CC-95

RFQ No.96-007
Page 7 of -l



Title: SPECIFICATION FOR BAKEOUT SYSTEM

SPECIFICATION FOR

BAKEOUT BLANKET SYSTEM

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER;

D Cl t tn,u)

Information contained in this specification and its attachmenrs 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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Tifle: SPECIFICATION FOR BAKEOUT SYSTEM

SPECIFICATION TABLE OF CONTENTS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 DesignRequirements

5.0 RequiredDocumentation

6.0 Shop Testing

7.0 Inspection

8.0 Warranty

lAttachment A

lAuachment B

Attachment C

LIGO Quality Assurance Req'ts Summary

Other Technical Requirements
(V049-2-033, Rev. l)

Vessel Drawines

SPECIFICATION
Number:
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

1.0 SCOPE

This specification covers the minimum requirements for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment ofthe bakeout blanket system 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 Gravitational-Wave Observatory GIGO). 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.
Only one bakeout blanket system is required. It must be designed to work on either the Washington or
the Lousiana installation. The PLC control system and power controls will be provided by the buyer.
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

2.I Blankets shall be provided as follows:
HAM Chamber

Quantity Date
PSI (Westboro, MA) 2 911196
Washingron Site 4 911197

BSC Chamber

Washington Site
Ouantitv Date
3 9nt96

SPECIFICATION

v049-2-009

Page _3_ of _9-



Title: SPECIFICATION FOR BAKEOUT SYSTEM

Prototype BSC Chamber

PSI (Westboro, MA)

Ouantitv Date

| 4t30t96

Protolvpe Flange Covers (Per Sketch)
Ouantitv Date

PSI (Westboro, MA) 4 4/30/96

Mode Cleaner Tubes

PSI (Westboro, MA)

Quantitv Date

5 9t1/96

Beam Tube Manilold Sections

Quantit]' Date

PSI (Westboro, MA) 5 9/1/96

Washingron Site 4 9/1197

2.2 Additionally, the Vendor shall supply bakeouts for the following items. Detailed dimensions are not yet
defined, but approximate information is given.
Bellows (152 cm x 100 cm)

Ouantitv Date

PSI (Westboro, MA) 2

Washington Site 4

9t1t96

9t1t9'7

SPECIFICATION
Number:

A v049-2-009
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

Gate Valve (152 cm)

Washington Site

Quantity Date

4 9/1t97

Gauge Sets (Per Sketch) (to 250 C)
Ouantity Date

PSI (Westboro, MA) 6 9/l/96

I ong 80 K Cryopump (Per Sketch)
ll Ouantitv Date

f[ PSI (Westboro, MA) 1 9/1/96

Short 80 K Cryopump (Per Sketch)
Ouantity Date

PSI (Westboro, MA) 1 911196

Main Ion Pump

PSI (Westboro, MA)

Washington Site

Ouantitv

1

A

Date

4t30/96

9t1t97

10" Gate Valves

PSI (Westboro, MA)

Washington Site

Quantitv

I

3

Date

4130196

911197

SPECIFICATION
Number:

A v049-2-009
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Title: SPEGIFICATION FOR BAKEOUT SYSTEM

14" Gate Valves

PSI (Westboro, MA)

Washington Site

Quantit)'

I
A

Date

4t30t96

9n197

2.1

3.0

Accepiances 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
may be accepted earlier.

EQUIPMENT REQUIREMENTS

The bakeout system is used for initial conditioning ofthe LIGO vacuum vessels and components, and
for periodic reconditioning. The blankets will be used to heat the system to I 50"C + 20"C @ a rute of
1 .8'C/hr. For design purposes, the blankets shall be capable ofheating the vessels and components to
200"C in 48 hours. 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 temperatrue +l-20C for all vessel or
component surfaces. Several smaller blankets are needed for bellows, gate valves and vacuum gauge
pairs, as noted in Section 2.3, above. Also note that bakeout blankets are needed for the main ion
pumps.

The buyer will provide the programmable controls, power distribution with overload protection, and
interconnecting cables.

DESIGN REQUIREMENTS

Mechanical Requiremenls

Heating blankets shall be ofdurable construction, designed to be installed, removed and reinstalled on

4.0

4 .1

4 . 1 . 1
the vessels without degradation.

4.1.2 Materials shall be non-shedding and designed for installation, removal and storage in a Fed. Std. 209
Class 50,000 cleanroom.

SPECIFICATION
Number:

A vo49-2-oo9
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Title: SPECIFICAT]ON FOR BAKEOUT SYSTEM

i4.1.3 lnsulation sizing shall result in a cost-effective system design (2 inch min.). The Vendor shall indicate

I the design heat loss with his proposal. K thermal conductivity, Cp specific heat and density data of the
I insulation shall be provided.
iC. t.+ Components shall be identical to the maximum possible extent to minimize the number of required spare
I oarts.
4.1.5 Each blanket shall be sized (area) so it is easily installed without requiring special equipment.
4.1.6 Each blanket shall be capable ofbeing secured properly on the vessels/piping in any position (horizontal,

vertical) without sliding offits desired location.
i4.1.7 Each blanket shall be properly identified with a non-removable tag. Tagging shall be onthe blanket
i outer section. Blanket identification shall match the bakeout blanket layout configuration as shown on
I Vendor's provided drawings. Tagging numbering method shall be coordinated with PSI.
i4. 1.8 Each blanket shall have approximately a 3" x 4" removable patch to allow the installation of the TC'st - , r .u  v rw l ,q .wr r  ru  q rn

I onto the metal surface. This patch shall be in the middle ofthe blanket.
4.1 .9 Outer and inner blanket cover material shall be submitted to the customer for approval prior to

fabrication. Outer jacket shall be the low emisivity type.

4.2 ElectricalRequirements

4.2.1 Instrumentation Requirements

4.2. I .1 Type "J" , #20 AWG stranded not grounded, shielded, 300 volts, 260"C teflon insulated control
thermocouples (2 per blankeQ shall be routed in each blanket. Provide 12" ofTC wiring, on the TC side,
to allow for easy installation ofthe TC's in direct contact with the surface being heated. TC wiring (type
J) shall extend 3 feet minimum outside the blanket boundary. Also it shall be terminated in a TC (Type
J) male connector (one per TC). TC wiring shall be routed away from power wiring and shall be tension
relieved. Wiring shall be tagged.

4.2.2 ControlsRequirements

4.2.2.1 Controls for local operation will be provided by the buyer.

SPECIFICATION
Number:

A vo49-2-oo9
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

4.2.3 PowerRequirements

4.2.3.1 The system shall be powered from 277Y power system.
i4.2.3.2 Each blanket shall have its porver wiring extend 3 feet minimum outside the blanket boundary. Also it

i shall be terminated in a male power plug. Make provisions for grounding. Wiring shall be tension
relieved and routed away from TC wiring. Power wiring shall stranded copper, 600V, 260"C minimum.
Power requirements shall not exceed 8 amps per blanket, wiring shall be tagged.

4.2.3.3 The maximum BSC power available is 25 KW.
The maximum system power available is 180 KW.

4.3 AdditionalRequirements
4.3.1 Provide oversized blanket velcro and fiberglass thermal flaps. The thermal flap assemblies will ensure
i that there are no exposed air gaps between the individual heating blankets.
i4.3.2 Provide nylon straps and fiberglass strap loops. The nylon strap assemblies will ensure that the

individual heating blankets are cinched down tight against the BSC.
4.3.3 Provide two (2) thermocouple sensors per blanket as previously stated in Section 4.2.1 .1 .

5.0 RTQUIREDDOCUMENTATION

In addition to the documentation listed in Attachment A & B, the following documentation shall be
provided prior to shipment (schedule later):

o Blanket drawings detailing each blanket.
c Blanket heat transfer calculations.
. Blanket layout drawings for each bakeout configuration along with bla*et identification (TAG

number).
r Blanket tag number versus power consumption table.

SPECIFICATION
Number:

A vo49-2-oo9

Page _8_ of



Title: SPECIFICATION FOR BAKEOUT SYSTEM

6.0 SHOP TESTING

The Vendor shall perform his standard testing. The Buyer reserves the right to witness shop testing.

7.0 INSPECTION

The inspections called for in Attachment A & B shall be performed by the Vendor.

8.0 WARRANTY

Refer to V59049-2-034 (Commercial Requirements), General Provisions, for warranty requirements.

SPECIFICATION

v049-2-009
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Title: SPECIFICATION FOR PORTABLE SOFT-WALLED CLEANROOMS

SPECIFICATION FOR

PORTABLE SOFT-WALLED CLEANROOMS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

-,.,, . (l [u-tL.{-i ttl^-.-,

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.

() KL - ' l \ l1L -D 
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REV LTR. BY-DAT; APPD. DATE DESCRIPTION OF CFIANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION
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APPROVALS

PREPARED DATE
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,4 ut /s/ro
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TIIIe SPECIFICATION FoR PoRTABLE SoFT.WALLED CLEANROOMS

SPECIFICATION TABLE OF CONTENTS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 DesignRequirements

5.0 RequiredDocumentation

6.0 Shop Testing

7.0 Inspection

8.0 Warranty

lAttachment A LIGO QA Requirements Summary

lAttachment B General Equipment Requirements PSI
i Specification V049-2-033, Rev.2
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Tille SPECIFICATION FOR PORTABLE SOFT-WALLED CLEANROOMS

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of the
portable soft-walled clea-nrooms for the LIGO vacuum system.

- 
All attachments are part ofthis specification.

The specified equipment is intended 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 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 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 SCHEDULE

2.1 Equipment delivery shall be as follows:

i Cleanroom A (10'L x 16'W x 12'H) (HAM)
i (All dimensions are intemal)
I

Quantity Date

Washington Site: I 9/l/97

Louisiana Site: | 311/98

Total Required 2
z

o

o

SPECIFICATIOI{

umbar -
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TIIIE SPECIFICATION FOR PORTABLE SOFT-WALLED CLEANROOMS

I  * t
I

t 1 1

t ' ' '
I

i(All dimensions are intemal)

PSI (Westborough, MA)

PSI (Westborough, MA)

PSI (Westborough, MA)

PSI (Westborough, MA)

Washington Site:

Washington Site:

Louisiana Site:

Louisiana Site:

Total Required

quantity

I

l *

I

l *

3 r

I

1

1 +

1 0

Date

4t1t96

4nt96

811196

8t1t96

9/1197

911197

3t1t98

311198

Vith extemal attached gowning rooms

I Gowning Rooms (4'L x 4'W x 8'H)

| (All dimensions are intemal)

I
, Quantitv
I

I Washington Site 1
I

I Louisiana Site I
I

I tota Required 2

Date

9/r/97

3/t/98

Acceptances a1 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 9 months after
shipment. Portions of the equipment may be accepted earlier.

z
3
o

o
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rltle SpEcIFIcATIoN FoRpoRTABLE soFT-wALLED cLEANRooMS

3.0 EQUIPMENTREQUIREMENTS

The portable soft-walled cleanrooms are used to isolate sections of the interferometer
vacuum envelope from the Fed. Std. 209 Class 50,000 building environment when
opening chamber ports. The cleanrooms shall provide a Class 100 environment. Two

. . different size cleanrooms are required, six with an externally attached garmenVchanging
area. In addition, two stand-alone gowning rooms.ue requried.

DESIGN REQUIREMENTS

4 . 1 Mecha:rical Reqni rernents

4.1.1 Filter modules shall be ducted to one or two blower units with prefilter capability. The
blower units should be mounted to the ceiling frame design, but also have the capability
to be remotely mounted up to 10 feet away.

4.1.2 Cleanroom ceiling structures (containing filter modules) shall be designed so that they
can be lifted, moved and lowered onto the frame structure by an overhead crane.

4.1.3 Cleanrooms shall have casters (compatible with a clearroom environment) to allow
location adjustment of the cleanrooms after they have been lowered into place.

4.1.4 Cleanrooms shall be designed to mate and seal with each other to form larger cleanroom
working spaces (velcro type closures).

4.1.5 Walls shall be clear vinyl curtain (40 mil).

4.1.6 Sealed fluorescent lighting shall be provided to give adequate illumination at work
surface height.

4. i .7 Cleanroom shall be equipped with a means to seal around various diameter tubes enlering
the cleanroom. Approximate tube diameter may be from 3 to 5 ft. in as many as all four
sides (only two sides for HAM cleanrooms) of the cleanrooms. When not in use, these
holes shall be sealed with a velcro-attached niece. The bottom of these diameters shall

. have a velcro-sealed slit directly under it extending to the bottom of the wall to allow
lowering the cleanroom into place over the tube.

z

o

(D
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rllle SPECIFICATION F0RPORTABLE soFT-WALLED cLEANRooMS

14 .1 .8
I

I
I
I
I
I
I
I

|  +. r.s
I
I
I

l+ . t . to
I
I
I

Clearuooms B shall have an opening in the ceiling to accommodate a l0' diameter
chamber dome. The dome will be lifted by a crane approximately its entire length
through the cleanroom ceiling. The cleanroom design shall provide contamination
protection (e.g., bellows-sealed tube) to allow the dome to be raised to any position. A
means of attaching the crane hook to the top of the dome shall be provided (e.g., velcro-
sealed arm hole). The dome hole, when not in use, shall be closed by some form of'- 
velcro seal.

Cleanrooms B shall have some form of adjustable legs (2) that allow a reduction of height
of approx. 3' on one side ofthe cleanroom.

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

i4.1.1 1 The following shall also be supplied: (priced separately)

lTwo airborne particle counters ( to 0.3 micron)

128 remote magnehelic gauges for measuring intemal static prcsswe buildup and filter
ipressure drop
i
iEight Gowning Racks
lTwo Gowning Benches

4.2 ElectricalRequirernents

14.2.1 Controls Requirements

Separate controls shall be provided for the HEPA filtering system and for the lighting.

1t4.2.2 Power Requirements

ll A single, centrally located electrical service box shall be provided.
tl

5.0 REQUIREDDOCUMENTATION

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

. System assembly and operating manual.

o The vendor is requested to provide an itemized list of all pertinent peripherals
(apparel, etc.) for use in class 100 cleanroom.

z
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rltle SpECIFICATION FORPoRTABLE soFT-WALLED cLEANRooMS

6.0 SHOP TESTING

The Vendor shall perform his standard testing.

7.0 .INSPECTION

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

8.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Requests for Quotation), for warranty requirements.

9.0 Q.A, REQUIREMENTS

Q.A. requirements shall be provided as specified on Attachmenl A.
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DATE:
RFQ No.96-010
DUE DATE:

TO:

SUBJECT: REOUEST FOR QUOTATION - THIS IS NOT AN ORDER - URGENT

DESCRIPTION: PortableSoftwallCleanrooms

1. The RFQ No. must be on all quotations and correspondence.

2. This inquiry implies no obligation on the part of the Buyer.

3. We welcome any suggestions regarding substitute products, materials, or designs that will
reduce price and/or technical risk.

4. Any deviations must be identified in bidder's quotation.

5. Quotations must state place of manufacture, submittal and delivery dates.

6. Attachments:

a. Instruction to Bidders

b. Pricing Sheet(s)

c. Certificate of Compliance

d. Specification No. V049-2-010

e. Specification No. V049-2-033, Rev.2

Ronald B. Bento
Materials Manaser

RFQ No.96-0I0
Prgc -of -



DATE:
RFQ No.

Instruction To Bidders

Quotations are due by the close ofbusiness on 7/19196.

Send quotations in triplicate to:

Process Systems Intemational, Inc.
ATTN: Mr. R. Bento
20 Walkup Drive
Westborough, MA 01581
(s08) 898-020s, Fax: (508) 898-0351

Please submit all questions, both technical and commercial, in writing to:

Process Systems International, Inc.
ATTN:
20 Walkup Drive
Westborough, MA 01581
(s08) 898-0205; Fax (508) 898-0351

Quotations must be for firm-fixed pricing for the specified period ofperformance and
valid for acceptance by Buyer through 60 da)'s.

Payment Terms:

90% upon delivery ofthe item to the specified destination.
l0% upon final acceptance ofthe item by Buyer's Customer.

Altemate payment terms specifuing the price reduction will be considered. Payment
terms will be considered in the price evaluation.

Shipping Terms are FOB destination to specified location. Bidder's pricing is to include
freieht and insurance.

3 .

5.

RFQ No.96-010
Prge -of -



6. Sales tax is to be excluded. Buyer will provide a resale exemption number.

Bidder to include in its quotation applicable field service rates valid tlrough final
acceplance.

Bidder to specify and price recommended spares for each site for start-up and for the first
year of operation separately.

Items will be delivered as specified in the attached Equipment Specification. The Bidder
shall speci$ the required release date to meet that schedule. Buyer will not be
responsible for cost incurred by Bidder on items not released in writing. The Bidder shall
submit a completed copy ofthe attached pricing sheet. Bidder shall also confirm
drawing(s) and specification(s) submittal date.

A1l quotations must be submitted in strict compliance with this request for quotation in
order to be considered for award. Quotations containing bidder's standard terms and
conditions will be considered nonresponsive and subject to rejection at Buyer's option.

Quotations will be evaluated based on technical compliance with the specification,
pricing, delivery, schedule of drawings, specifications and equipment, acceptance ofthe
commercial terms and conditions, past experience for similar goods, and overall
responsiveness and conformance to this request for quotation including proposed pricing
reductions. Buyer reserves the right to purchase from other than the low price bidder.

All quotations must include a signed Certificate of Compliance, RFQ/CC-95.

RFQ No. 96-010
Prge -of -

10.

8.

9.

1 1 .
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CERTIFICATE OF COMPLIANCE

PSI INQUIRY NO.
BIDDERNAME:
BIDDER'S PROPOSAL NO.

INSTRUCTIONS: This form must be completed by each bidder and must accompany the
quotation. Any quotation not accompanied by a properly executed copy of
this form will be considered nonresponsive.

CITECK ONE BOX OTILY:

We certiry that this proposal complies with the Request for Quotetion, end
all attachments thereto, as well as all referenced industry codes and
standards.

We certifo that this quotation complies with the Request for Quotation,
and all attachments thereto, as well as all referenced industry codes and
standards, except for the comments/erceptions listed on the following
page(s)

BY:
(Signature of Company Offi cer)

(Name Typed or Printed)

TITLE:

DATE:

Each Request for Quotation document should be addressed separately. It will be assumed
that Bidder is in complete complience with any document not so addressed.

*NOTE:

RFQ/CC-95



Titler SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS

SPECIF'ICATION FOR

CLEAI{ AIR SUPPLY SYSTEMS

FOR

LIGO VACUT]M EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

> .(-( ll-tQ)Altp"^^

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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Tllle
SPECIFICATTON FOR CLEAN AIR SUPPLY SYSTEMS

Ouantitv

Westboro (PSI)
50 CFM
2OO CFM

Washington Site:
50 CFM
2OO CFM

Louisiana Site:
50 CFM
2OO CFM

Total Required
50 CFM
2OO CFM

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
ot clean arr s_upply systems for the LIGO vacuum system. The systems will supply clean
and dry air for equipment venting and purging, and for air showers in various vacuum
vessels.

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

fhe .spe_cified -equipment is intended for use as part ;f the Vacuum Equipment supplied
for the Laser Interferometer Gravitational-Wave Observatory (LIGO). tlCO, wtiiih is
gperated. 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 arms, a vacuurn 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 shall be as follows:

2.0

2 .1

2
0

4
1

0
I

Date

11/1/96
11/1/96

9/r/97
9/t/97

3/1/98
3/1/98

, 6
2

112.2 The first unit of each size shall be a "prototype" and shall be inspected for cleanliness
ll prior to the release for subsequent unitd. the hrst units will also be tested for noise and
ll vibration by the Buyer.
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Tllle
SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS

Acceptances at the sites are expected to occur on a staggered basis no more than 120 days
after delivery. with final acceptance a1 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 at the supply point
shall be 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 be dried 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
compressors shall be non-lubricated with filtered suction. Performance for flow,
dewpoint and particle count shall be guaranteed. Commercially packaged compressors,
dryers and filters (subject to PSI approval) used in these systems need not meet
Attachment B of this specification.

As a minimum, the following components shall be provided:

r A receiver with manual drain and automatic start/stop capbilities for the
compressor. (System operation will be continuous for periods of several hours to
several weeks, with variable flow rates.)

. Hydrocarbon removal adsorbers with sample taps upstream and downstream.

r An inlet air filter capable oftaking air from an adjacent room (piping by others).

ll' '
lt
tl
3.0

Dryer blowdown silenceis suitable for locating outside ofthe building by others.

A 0.01 micron sterile final filter with stainless steel housins.

4.0 DESIGNRXQUIREMENTS

4.1 Mechanical Requirements

4.1.1 Systems of each size shall be self-contained and identical to minimize the number of
required spare parts.

4.1.2 Any required utility connections (such as for cooling water) shall be manifolded to a
single connection point and terminated appropriately (such as with an isolation valve).

4.1.3 The acoustic noise and vibration reouiremerlts detailed in Section 5.1 of Attachment B do
not apply to the clean air supply systems. However, reasonable measures shall be taken
lo  mtntmrze vtbrat lon

n4.1.4 The final filter and all downstream materials shall be stainless steel (304,304L, 316 or
i l  316L).
tl
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Tllle
SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS

4.2 Electrical Requirements

4.2.1 InstrumentationRequirements

Appropriate gauges for local operation ald monitoring shall be provided.

4.2.2 Controls Requirements

4-2.2.1 Controls for local operation shall be provided. In addition, provide terminal strips in
junction boxes with ary contacts to indicate that the systems are running or not.

4.2.2.2Systems shall be stopped and started by hand switches locared on the system skid. The
compressors shall be started and stopped automatically based on pressure in the discharge
recelver tanl(.

4.2.2.3 Provide a receiver low pressure switch for alarm, wired to dry contacts on terminal strip
in above junction box (see 4.2.2. I , above).

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 shall be provided to allow a
silgle air inlel from an adjacent room (piping and silencer by otheri). The compressor
inlet shall be filtered.

4.1.7 Building access for installation is through 8'wide by 8' high doorways. Therefore, each
skid must be sufficiently less than those dimensions to allow adequate clearance. If
necessa.ry, it would be acceptable to remove an item from the skid firr installation, then
reinstall it on the skid. Access space will be provided by others around the skid. Skid
equlpment arrangements are subject to Buyer's approval. CAD drawings and files are
preferred, AutoCAD 12, if possible.

4.1.8 All piping shall be detergent washed and rinsed to remove all traces of oils. No
hydrocarbons shall be used on t}te process surfaces of the compressors during their
manufacture, and none shall be used in making up piping joints. All dryer vesselJ, filter
housings and other components shall be free of hydlocarbons, and inspected to ensure
that they are clean and dry.

4. 1.9 The clean air supply systems shall not introduce hydrocarbons into the air stream.

4.1.10 Blowdown from compressor unloading may be vented into the compressor cabinet if it
does not resull in a sisnificant increase in noise.

4. 1 .l 1 The ,u-pl" ,up, upro-.am and downstream of the hydrocarbon removal adsorbers shall be
valved and have 1/4" male Swaselok thread for cusiomer connection.

z
c

oo
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4.2.2.4 Provide a dryer failure to switch alsrm wired to the comp
alarm for thd compressor. 

'lressor panel. and a coryrmorllrr:t
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SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS
Tl e

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 dis_connect switch for each system shall be provided on each skid. An additional
disconnect for each dryer system shali also be provided.

4.2.3.3 All wiring,. conduits-and terminations between skid components shall be provided, with
only a single power feed necessary for field connection.

4.2.3.4 A single 480/277 V, 3 phase, 4 wire (with groundi circuit will supply power ro rhe
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 segreg-ated in separate conduits based on signal voltages
(one tlpe per conduit). Barriers shall be used to separate terminal blocks of differEnt
vollages.

4.2.3.7 The system shall meet the requirements of the N.E.C. and all local codes.

5.0 REQUTREDDOCUMENTATTON

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

. System installation and operating manual

ll ' Certified test results
tl

6.0 SHOP TESTING

The vendo,r shall perform his standard testing (tests for one system of each size to be
witnessed _by_ the Buyer). In addition, the Buyer will make measurements of flow,
dewpoint, hydrocarbons and particle count for the delivered air, and noise and vibration.

7.0 INSPECTION

I The inspections called for in Attachment B shall be performed by the vendor. Also, all
I equipment and components shall be inspected in accoidance with paragraph 4.1.8, above.
tl

8.0 WARRANTY

z
c

c,o

I
o

Refer to PSI Specification V049-2-034,
Requirements. for warranty requirements.

Purchased Equipment Commercial
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Title: SPECIFICATION FOR LN2 DEWARS

SPECIFICATION FOR

LNTDEWARS

FOR

LIGO VACUUMEQIIIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECENICAL DIRECTOR:

PROJECTMANAGER:

n. A. Lut)

Information contained in this specilication and its attachments is proprietary in nature and shall be kept confidendal. It shall be
used only as required to res?ond to the specification requirements, and shall not be disclosed to any other party.
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Tllle
SPECIFICATION FOR LN2 DEWARS

1.0 SCOPE

This specification covers the minimum requirements for the manufacturing engineering,
materials, fabrication, assembly, inspection, testing, preparation for shipping, and shipment
of LN2 dewars for the LIGO vacuum system.

All attachments are part of this specification.

The specified equipment is intended for use as part ofthe Vacuum Equipment supplied for
the Laser Interfeiometer Gravitational-Wave Observatory PIGO). 

' 
LIGO, 

'ri'hich 
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 svstem for the sensitive
interferometer components an'd optical beams, and other support flcilities.

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.

SCEEDULE

Equipment delivery shall be as follows:

2.0

2 .1

Ouantitv Date PSI PAI

10,000 Gallon (minimum net after 90 days)

Washington Site: 6

Louisiana Site: 2

Total Required 8

v0492013
P I

911197

3lr/98
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Tnle SPECIFICATION FOR LN2 DEWARS

Ouantitv Date PSI P/N

12,000 Gallon (minimum net after 90 days)

Washington Site: 2 9/1197

Louisiana Site: 2 3/1198

Total Required 4

v0492013
P2

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

EQUIPMENT RXQUIREMENTS

The dewars shall have minimum usable capacities as shown in Section 2.2, above, after
acc,ounting-for boil-off losses due to parasitic heat loads over a storage time of 90 days
without refilling at an ambient temperature of 100 F. The dewar boil-off rate shall be
noted. Each dewar shall be provided with an ambient air vaporizer with associated
controls to maintain dewar pressure at a design LN2 consumption rate of 200 gallons per
hour. In addition, a vaporiier to provide wain nitrogen at d flow of 11,000 Stfg stratt
be provided (regulators will be provided by others).

DESIGN REQUIREMENTS

The Vendor shall use his standard dewar design, subject to the requirements listed below,
indicating the design pressure and temperatuies, The Vendor shail fabricate and test the
vessels according to this specification and the attached drawings.

Dewars shall have either a stainless steel or a 9% Nickel steel (ASTM A353) inner vessel
arid carbon steel outer vessel, with skirts or legs and lifting lugd, They shatl bb designed to
be mounted on a concrete pad outdoors in a vertical position, The suggested footprint for
the anchor bolts is a circle with a 52 inch radius. Footpads mav extend bevond this circle
by a reasonable amount. The Vendor shall advise PSI wirh his-bid if thereis a significant
deviation from this requirement in his design.

The inner vessel shall be ASME Section VIII, Division I Code stamped.

Vessels shall have an electrjcal grounding connection (lug).

4.0

4 . 1

la ')

4.3

4 .4

z
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Tllle SPECIflCATION FOR LN, DEWARS

4.5 An outer vessel relief device sized in accordance with CGA requirements shall be
provided. The inner vessel relief shall meet ASME requirements.

4.6 In addition to the Vendor's standard level gauge, the 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 pressure regulator as shown on
the P&ID.

4.8 The Vendor shall provide a self contained pressure regulator for the vaporizer loop to
maintain dewar preszure as shown on the P&ID.

4.9 The inner vessel shall have a dual relief valvdrupture disc anangement as shown on the
P&ID.

i4.10 The bottom liquid draw line will mate with stainless steel vacuum - jacketted pipe
i (supplied by others). The inlet ofthe liquid draw line shall be 18" above thi bottom of the
i dewar inner.vessel, facing down, in ord-er to minimize the possibility of ice particles behg
i drawn into the line
I'4.11 

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.

4.12 The following paragraphs of Attachment B are not applicable:

5 . 1 . 4  5 . 1 . 5  5 . r . 7
6 .3  6 .4  6 .5
9 .4  I1 .3  l l .4

5.0 REQUIREDDOCUMENTATION

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

-

. 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.

z
J

o

o

SPECTFtCATtOI{

NumbcrA
v049-2-0r3

Rev,

I
olPage



Tllle SPECIFICATION FOR LN, DEWARS

6.0 SEOPCLEANING/TESTING

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,

t.O WARRANTY

Refer to Attachment d section 15.0, and to Attachment B, General provisions, Article 40
for warranty requirements.
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Tit|e: SPECIFICATION FOR VACUUM JACKETED PIPING

SPECIFICATION FOR
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and

Livingston, Louisiana
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TECHNICAL DIRECTOR:

PROJECT MANAGER:

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

/0-n-95 Relecrsed Fer DEO ooos:
PI 1 4  : < .  1 - ] l t . 4 ; ilfg u/tr'.) l'. f lLs1"-i 1 ,\-:,rn,*aa, D i!,<-.-

REV LTR. BY.DATE APPD. DATE DESCRIPTION OF C}iANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION

INITIAL
APPROVALS

PREPARED DATE

7. ?'^- 6 - tt s(
APPROVED DATE

/e+ a/.{rr
Number V049-2-016 Rev.

Page I of



rltle SPECIFICATION FORVACUUMJACKETED PIPING

SPECIFICATION TABLE OF CONTENTS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 Design Requirements

5.0 RequiredDocumentation

6.0 Shop Testing

7.0 Inspection

8.0 Warranty

Attachment A Other Technical Requirements

AttachmentB CommercialRequirements

Attachment C Isometric Drawings

SPECIFICATION

Prgc i ol q



Tltle SPECIX'ICATION FOR VACUUM JACKETED PIPING

Quantit!' Date Price

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of
vacuum jacketed piping for the LIGO vacuum system. The piping will be used in liquid
and gaseous nitrogen service at the 80 K cryopumps.

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 GIGO). 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 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 shall be as follows:2.1

Washingon Site:

Supply Line

Retum Line

Louisiana Site:

Supply Line

Retum Line

Total Required

Supply Line

Retum Line

8 9/!97

I 9nt97

4 3t1t98

4 3lrl98

12

12

SPECIFICATION



Tltle SPECIFICATION FOR VACUUM JACKETED PIPING

2.2 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 may be accepted earlier.

3.0 EQUIPMENTREQTIIREMENTS

The piping will be used in liquid and gaseous nifogen service at the 80 K cryopumps.
The. supply line piping shall have a heat leak no greater than 0.581 Btu/hr-ft for LN2.

4.0 DESIGNREQUIREMENTS

4.1 The piping shall be in accordance with the attached drawings.

4.2 The piping shall meet the Vendor's standards.

5.0 REQUIREDDOCUMENTATION

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

r Final drawings for review of layout.

6.0 SHOP TESTING

The Vendor shall perform his standard testing.

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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ritle SPECIFICATIONFORAMBIENTAIRVAPORIZERS

1.0 scoPE

This specification covers the minimum requirements for the desig4 materials, fabrication,
assembly, inspection, testing, preparation for shipping, shipment and delivery ofthe
ambient air vaporizers 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 to sites (Ilanford Reseryation, near
Richland, WA., and Livingston, LA). Each site contains laser 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.

2.0 SCEEDULE

2.1 Equipment delivery shall be as follows:

PSI PA{ Type Detivery Quantity Ends Dare
Site

V0492055 Pl 10600 SCFII min. Washington 2 MPT 8/7197
capacity

Louisiana 2 MPT 215/98

Total 4

V0492055 P2 5300 SCFH min. Washington 6 MPT 817/97
capacity

Louisiana 2 MPT 215/98

Total 8
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rltle SPECIFICATIONFORAMBIENTAIRVAPORIZERS

3.0 EQUIPMENTREQUIREMENTS

3.1 The ambienl air vaporizers lvill be used to vaporize liquid nitrogen at a supply pressure of
approximately l0 psig lbr the purpose of wamring up the LICO 80K cryopumps.

4.0 DESIGNREQUIREMENTS

4.1 MechanicalRequirements

4.1.1 The vaporizers shall be an all welded aluminum alloy construction designed to be used
outdoors, and mounted directly to a concrete pad by means ofanchor bolts.

4.1.2 The vaporizer duty cycle will be 12 hours of continuous use followed by an extended
period (greater than 7 days) during which no gas will be flowing through it.

4.1.3 The vaporizer design shall be based on the flow rates specified in paragraph 2.1, and a20
deg. F approach temperature under the following ambient conditions:

Winter: 15 deg. F dry bulb

Summer: 96 deg. dry bulb, 68 deg. F wet bulb

4. I .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

1.2 ElectricalRequirenrents
Not applicable.

4.2.1 Instrumentation Requirements
None required.

4.2.2 Power requirements
Not applicable.
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rllle SPECIFICATION FOR AMBIENT AIR VAPORJZERS

4.2.3 The following paragraphs of Attachment B are not applicable:

3 .2  5 .1 .5  s . 1 .7

5.1.4 5.2 8,2

8.4 9.3 9.4

1 1 . 3  1 1 . 4

5.0 REQUIREDDOCUMENTATION

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

o Manufacturer's standard QA reports (including final functional tesl reports).

6,0 SHOP TESTING

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 B (Specification V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requirements are listed in Attachment A, Quality Assruance Requirements Summary.

8.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirements.
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Titlc; SPECIFICATION FOR 80K PIIMP REGENERATION HEATERS

SPECIFICATION FOR

8OK PUMP REGENERATION HEATERS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston. Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

ELECTRICAL/
INSTRUMENTATION

Jnformation contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shatl be

used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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rit l" spECIFrcATroN FoR ttOK ptrMp RE(;ENERATIoN HEATEtts

I .O SCOPE

This specification covers the minimum requirements for the design, malerials.
fabrication. assembly. inspeclion. lesting. preparation for shipping. shipmcnl and delivery
ofthe 80K punrp regeneration heaters for thc LIGO vacuunt system.

All attachments are incorporated hercin by'reference and made a part of this specification.

The specified equipnrent is for use as part ofthe Vacuum Equipment suppJied fbr the
Laser Interl'erometer Gravitational-Wave Observatory (LIGO). LIGO. u'hich is operated
bl 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 knr arms. a vacuum system for tlre sensitive interferometers componenls and
optical beams.. and other support facilities.

Inlbm.ration contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required 1o respond to the specification
requirements. and shall not be disclosed to any other party.

2.O SCHEDITI,E

2.1 hqui l rncnt dcl i r .crv shal l  be as l i r l lous:

PSI P,t{ Type Delivery Site Quantit} Nozzles Date

V0492056 10600 SCFH rn in.  capaci ty  Washington 2 F lg or  BW 8, /7 i97
P I

Louisiana 2 Flg or BW 2i5l98
Total 4

V0.1920-56 5300 SCFH min. capacin' Washington 6 Flg or BW 817/97
P2

Louis iana 2 F lg or  B\ \ '  l / )198
Total 8

c
3
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riile SPECIFICATION FOR 80K pUMp REGENERATION HEATERS

3.0 EQUIPMENTREQUIREMENTS

3.1 rhe 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.O DESIGNREQUIREMENTS

4.1 MechanicalRequirements

4.1.1 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 extended period
(greater than 7 days) during which no gas will be flowing through it.

4-I.3 The heater design shall be based on the flow rates specified in paragraph 2.1, under the
following ambient conditions:

Minimum Gas Supply Temperature -5 deg. F.

Required Outlet Temperature

5300 SCFHHeater 375 deg. F

10600 SCFH Heater 360 dee. 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 the heater shall be as follows.

10600 SCFH heater 1.0 psid

5300 SCFH heater |.0 osid

SPECIFICATION
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SPECIFICATION FOR EOK PUMP REGENERATION Hf,ATtrRS

4.1.5 Nozzles sizes for the heaters shall be as follows:

10600 SCFH heater t-t 12 inch IpS inlet
3 inch IpS outlet

5300 SCFH heater t-t/2inch IpS inlet
1- 1/2 inch IPS outlet

4.2 ElectricalRequirements
Refer to Attachment B.

4.2.1 InstrumentationRequirements
Two type "K" thermocouples shall be internally mounted in the heater cavity. One will be
used for a high temperature alarm status, The other will be used as a spare.
Thermocouples shall be #20 AWG, ungrounded, and shielded. A type ,,K', female
connector and dedicated knockout, separate from power, shall be provided.

4.2.2 Controls Requirements
The Vendor shall supply a zero crossing type SCR controller for adjustment ofthe 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 applicable:

5 1 . 1  5 . t . 4  5 . 1 . 5

5 . 1 . 6  5 . 1  ' 7  5 l . l l

5 . 2 . 1 . 3  6 3  8 2

8 . 4  9 . 4  1 1  3

1 4 . 0
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rille spECIFtcATIoN FoR 80K puMp REGENERATToN HEATERS

5.0 REQUIREDDOCUMENTATION

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

r Manufacturer's standard QA reports (including final functional test reports).

6.0 SHOP TESTING

6 1 The equipment shall be tested in accordance with the manufacturer's standard shoo test.

7,0 INSPECTION

7.1 A1l 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.
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Title: SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION FOR

SMALL VACUUM VALVES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

PROCESS ENGINEER;

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. lt shalt be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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riue SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION TABLE OF CONTENTS

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 small (l 112" 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 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.
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Ttile SPECIFICATION FOR SMALL VACUUM VALVES

SCHEDULE

Equipment delivery shall be as follows:

Quantity Date

2.r

PSI (Westboro, MA)
1 ll2" HighYac
2l/2" HighYac
1 1/2" Ultra High Vac
21/2" Ultra High Vac

Washington Site:
I 1/2" High Vac
2 l/2" High Vac
1 l/2" Ultra High Vac
2ll2" UltraHighYac

Louisiana Site:
1 1/2" High Vac
21/2" HighYac
I 1/2" Ultra High Vac
2 1/2" Ultra High Vac

Total Required
1 l/2" High Vac .
2l/2" HighYac
I l/2" Ultra High Vac
2 1/2" Ultra High Vac

I
I
2
2

6/t/96
6/1/96
6/|96
6/1t96

86 9t1t97
46 9/1/97
50 9/l/97
18 9/t/97

50 3/1/98
23 3/1/98
25 3/1/98
6 3^t98

137
70
77
LO

Acceptances at the sites are expected to occur on
at Washington expected to occur about May 31,
Louisiana.

a staggered basis, with final acceptance
1998, and about November 30, 1998 in

3.0

3 . 1

) . 2

J , J

DESIGN REQUIREMENTS

Angle valves shall be 304L or 3l6L stainless steel
acceptable if the valves are unavailable in L grade SS).

End connections shall be CF flanqes.

The valves shall have stainless steel metal bellows stem

(304 or 316 stainless steel is

SPECIFICATION
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fiile SPECIFICATION FOR SMALL VACUUM VALVES

3.4 Neither the body leakage not the seat leakage shall exceed I x l0-e ton liters/sec of
helium.

3.5 The valves shall be desisned to seal in both directions.

3.6 The intemal valve mechanisms shall be non-lubricated.

1.7 Valves shall be manuallv actuated bv a handwheel.

3.8 Valves 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 orocedures
applicable to the valve service.

4.0 REQUIREDDOCUMENTATION

Engineering drawings shall be submitted 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 from 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 contamination is found.
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QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidentjal. lt 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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flile SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

SPECIFICATION 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 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, 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 (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 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 proprietara 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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Tile SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

2,0 SCHEDULE

2.1 Equipment delivery shall be as follows:

Ouantity Date

Washington Site: l2 9/1/97

Louisiana Site: 5 311198

Total Required 17

2.2 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.

3.0 DESIGNREQUIREMENTS

3.1 The valves shall be either butterfly, ball orplug style.

3.2 The valves shall be 304L or 3l6L stainless steel (304 or 316 stainless steel is acceptable
ifthe valves are unavailable in L grade SS).

3.3 End connections shall be CF flanEes.

3.4 The valves shall be desisned to seal in both directions.

3.5 The intemal valve mechanisms shall be nonlubricated.

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 REQUIREDDOCUMENTATION

Engineering drawings shall be submitted for approval prior to fabrication.
Manufacturer's standard QA reports shall be provided prior to shipment:
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rifle SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

5.0 SHOP TESTING

Manufacturer's standard testing shall be performed.

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 contamination is found.
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SPECIFICATION T'OR

LIGO CRYOGENIC CONTROL VALVES

FOR

LASER INTERFEROMETER
GRAVTTATIONAL WAVE OBSERVATORY

Job No. V59049

INSTRUMENTATION/
ELECTRICAL ENGINEER:

PROJECT ENGINEER:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

-D &, l*,tct) rL-Lta*--'

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

6 $rt zlubc -D 
tar iLU t" i t i^t re)a-+e p? L Df.)o 76 Fotr O,JO?E

REVLTR. BY-DATE APPD. DATE DESCRIPTIONOF CHANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION

INITIAL
APPROVALS

PREPARED DATE

ffiluaatp- "lut*
APPROVED DATE
-D 

\^ - rUJ  a . t t  lL

Number V049-2-062 Rev.

d
Yl

Page l of 
-?



rllle spEcIFIcATIoN FoRLIGo cRyocENtc coNTRoL vALvEs
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rille spEcrFIcATroN FoR LIGo cRyocENIc coNTRoL vALvES

1.0 scoPE

This specification covers the minimum requirements for the design, materials, fabrication,
assembly, inspection, testing, preparation for shipping, shipment and delivery ofthe
cryogenic control valves for the LIGO vacuum system.

AII 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 (LIG0). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes to sites (Ilanford Reservation, near
Richland, Wd and Livingstoq 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. I Fumished 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 SCHEDULE

2.1 Equipment delivery shall be as follows:

PSI P/N Type Detivery Site Quantity Date

V0492062 Pl Cryogenic Control Valve Costa Mesa, CA 12 8/23/96
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rille spEcIFIcATIoN FoR LIco cRyocENIc coNTRoL vALvEs

3.0 EQUIPMENTREQUIREMENTS

3.1 The control valves will be used to supply liquid nitrogen for the purpose of maintaining a
liquid level in the LIGO 80K cryopumps.

4.0 DESTGNREQUTREMENTS

4.1 In addition to the requirements in this section, 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.
Washington and Livingston, Louisiana.

4.2 Valves shall be vacuum jacketted or shall be capable of being equipped with vacuum
jacketting by the Buyer. The vendor shall state in his quotation if vacuum jacketing is
supplied with the valves.

4.3 In addition to those listed in Attachment C, the following codes and standards shall apply:

B16.25 Butt Welding Ends

816.37 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 extended 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 ouotation.

4.7 Electrical{nstrumentationRequirements

4.7 .l All instruments shall have watertisht enclosures for outdoor service.
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ritle SPECIFICATION FORLIGO CRYOGENIC CONTROL VALVES

4.7.2 Nl devices and instrumentation shall be mounted on the valve,/actuator assemblies with
appropriate heavy duty brackets. This includes transducers, positioners, combination
€lectro-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 the 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
design ambient conditions. Solenoid coil voltage shall be 24VDC. The solenoid valve
shall be a tkee way ASCO valve installed at the positioner discharge side, It shall exhaust
the positioner to atmosphere when de-energized.

47.4 Lirntt switches, as per the data sheet, shall be double-pole, double-thro (DPDT),
hermetically sealed proximity type, rated 120 VAC, 5 amps (minimum), (Go Systems or
equal).

4.7 .5 The l/P shall operate on a 4-20 mA signal.

4.8 The following paragraphs of Attachment B are not applicable:

5 . 1 . 1  5 . 1 . 5  5 . r . 6
s . r . ' t  5 . 1 . 1 1  5 . 2 . 1 . 3
6.3 8 2 8.4
9 .4  11 ,3  t4 ,O

Utilities

Refer to Attachment C.

REQUIRED DOCUMENTATION

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

Manufacturer's standard QA reports (including final functional test reports).
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rille SPECIFICATION FOR LIGO CRYOGENIC CONTROL VALVES

5.2 Process Data

'*1. Confirmation of the required Cy (or C) 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, tbe vendor shall supply
such data.

*3. A table or graph showing Cv (or Cr) versus percent ofvalve travel.
*4. Completed PSI valve data sheets.

*This data must be submitted with Vendor's proposal for evaluation prior to award
ofcontract.

5.3 Mechanical Data

l. Outline dimension drawings and weight (including operators and accessories).

2. Identification and description ofall components and accessories.

5.4 Assembly Drawings

Assembly drawings shall be prepared by the vendor shall be submitted to the Purchaser for
information only. Four (4) copies (two [2] reproducibles and two [2] prints) shall be
submitted 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
internal parts, estimated weights, and all material used for construction. Drawings shall be
certified as dimensionally correct. Certified catalog cuts are acceptable.

5-5 Drawing Review

Drawing approval is not reouired 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 deviations from these specifications
or instructions relating to the work. The Vendor shall call attention to any sucb deviations
by a separate written notice when submitting the drawings for review. Unless specific
written approval is obtained from the Purchaser, deviations are not acceptable.

5.6 Changes

If changes are made to any drawings after drawing submittal the Vendor shall furnish
copies to the Buyer showing all changes clearly identified on the drawing.
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rllle SPECIFICATIoN FoR LIGo cRyocENIc coNTRoL vALvEs

6.0 SHOP TESTING

6.1 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 Attachmenl 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

8.1 Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirements.

8.2 PerformanceGuarantee

The valves must be sized to allow the specific flow rates while operating with the
designated pressue drops.
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rltle SPECIFICATION FoR LIG0 cRyocENIC coNTRoL vALvES

Attachment B

PSI Valve Data Sheets
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Title: SPECIFICATION FOR FABRICATION of BAKEOUT CONTROL SYSTEM CABINET
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Title: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

I SCOPE OFWORK

This specification establishes minimum requirements for material, fabricatioq documentatiorq
packing, and shipping to Process Systems lntemational, Westborough, MA. of the control
rystem cabinet(s) in accordance with drawings ard attachments.

2 DRAWING AND SPECIIilCATION INTf,NT

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.

2.3 Comply with specific, detailed requirements indicated in lizu of generally stated requirements.

2.4 Portions of these Drawings and Specifications are abbreviated and may include incomplete
statements. Infer the omitted words or pkases such as "the Vendor shall", "shall be", "as

indicated on the drawings", "in accordance with details", and "all".

2.5 Drawings and Specifications do not undertake to indicate every itern 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 proj€ct
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
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rifle: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

Wire (Verb) Connect to equipment indicated and provide wiring required for connection.

Wiring Conductors, raceways, ard accessories as required for a complete installation.

4 EXCEPTIONS

Exceptions to the specification shall be specifically brought out under a schedule titled,
uSchedule 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 Q\fEC) and NFPA 79 @lectrical Standard for lndustrial
Machinery).

5.2 The Drawings and Specifications do not undertake to repeat requirements written in the above
code and standard.

6 LABELEDEQUIPMENT

Provide labeled equipment where recognized national testing company slandards, such as UL,
exlst.

7 INSTALLATIONRESTRICTIONS

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 l/8" high lettering
as applicable.

7.4 Label terminal strips as indicated using manufacturer's printed terminal strips labels.

8 SPECIFIED EQUTPMENT AND SUBSTITUTIONS

8.I The manufacturer of the equipment specified is used as the basis of the design and to establish
quality required for this project.

8.2 The description following a catalog number is basically to identiff 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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Title: SPECIFTCATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABTNET

9 WIRING SYSTEMS

9.1 POWER WIRE.480 & 277 VAC

9.l- | Provide #14 AWG or larger single, stranded copper, type MTW, conductors rated 90t, 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 WINNG IDENUFICAUON).

9.1.3 See TESTING.

9.2 CONTROL WIRING. I2O VAC

9.2.1 Provide #16 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 "AC

WIREWAY. as indicated,

9.2.2 Use colored coded insulation (ree WIRING IDENTIFICATIOIT\.

9.2.3 See T'ESTING..

9.3 CONTROL WIRING.24 VDC (discrete signals)

9.3.1 Provide'18 AWG or larger single, stranded copper conductors with Type MTW insulation rated
for 90"C and 600 volts unless otherwise indicated. Install conductors in wirewav marked "DC

WIREWAY' as indicated,

9.3.2 See TESTING..

9.4 INSTRLMENT WIRING

9.4.1 4-20mA analog signals: Provide #l8 AWG stranded copper, shielded twisted pair, single or multi-
pair cables as indicated, rated 90oC and 300 volts. lnstall in wireway marked "DC WIREWAY" as
indicated.

9.4.2 Thermocouple: Provide #20 AWG ANSI type JX, solid thermocouple extension cable shielded,
rated 105oC and 300 volts.

9.4.3 Se TESTING.

9,5 WIRINGIDENTIFICATION

9.5.1 Power Wirins

9.5.1.1 Color code 480/217 volt conductors as follows:

l i n e A . .  .  b r o w n
line B . orange
line C . yellow
neutral . . .gray
ground. . green

S P E C I F I C A T I O N
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Titler SPECIFICATION FOR FABRICATTON OF BAKEOUT CONTROL SYSTEM CABINET

9.5.2 Control Wiring

9.5.2. I Color code 208/120 volt conductors as follows:

120 VAC-line . red
120 VAC-neutral . . . white
24 VDC blue
ground. geen

9.5,2.2 Identify each single conduclor at each end with indicated wire number or designation. Use self
laminating, printed, Brady type wire marker.

9.5,3 Instrument Wiring

9.5.3.1 Shielded twisted pair cables shall have one black and one white conductor.

9.5.3.2 Identify each cable end with indicated cable number or designation, Use self laminating printed,
Brady type wire marker.

9.6 WIRINGINSTALLATION

9.6,I Provide sufficient wire lengh to permit $ouping and training the wires and cables. Where
applicable, use self-locking 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 WIRTNGTERMINATIONSANDCONNECTORS

9.7 .l Power Wiring

9.7.1.1 Where more than one conductor requires termination and terminals are not provided as part ofthe
equipment, provide screw or pressure type insulated terminal blocks.

9.7.1 2 Tighten screw type hardware in accordance with manufacturer's published torque values. If not
available, comply with UL 486A standards.

9 7 .2 Control Wiring

9.7.2,I Where more than one conductor requires termination and terminals are not provided as part ofthe
equipment, provide screw or pressure type insulated terminal blocks.

9.7.2.2 lnsrall stripped 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 ofconductors using mechanical or electric heat type stripp€r.

9.7 .3 lnstrument Wiring

9.7.3. I Where shielding is noted as "CUT AND TAPE', shielding shall be cut back and shall not be
visible, or protrude fiom insulating sleeve.

9.7 .3.2 Corl, 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
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Title: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

9.8 EOUIPMENTGROTINDINGCONDUCTORS

9.8.1 Where a ground lug is attached to a painted panel, remove paint under lug prior to the installation
ofground lug,

9.8.2 Ifa grounding stud or eisting panel mounting bolt is used, secure grounding conductor with ring
tJpe compression terminal, star tpe washer between the panel and gtounding terminal, and hex
nut.

10 TESTING

l0.l No equipment shall be energized without consent of the Buyer.

10.2 lt is the Vendor's responsibility to conduct tests without damage to equipment.

10.3 CONTROL AND INSTRUMENT WIRE TESTING

1 0 . 3 . I 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.

I O.5 SCHEDULING. NOTIFYING. AND WITNESSING TESTING

Provide the Buyer with at least seven days notification of scheduled testing. With the notification,
include a list ofproposed tests and the expected time to perfilrm thes€ tests.

II INSPECTION

The responsibility for inspection rests with the manufacturer; however, Buyer reserves the right
to review equipment at any time during fabrication to assure that the materials and
workmanship are in accordance with this specification and the code.

12 RI,LEASE FOR SHIPMENT

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 FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

13 WARRANTY

The construction of equipment shall be performed in the higlrest 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 ofplacement in service.

14 RECORI} DRAWINGS

Maintain a set of prints marking them to accurately reflect the actual fabrication. Deliver the set
ofmarked prints to Buyer prior to shipment.

15 EQUIPMENT DELIVERY SCHEDULE

I
I One cart is required May 17. 1996 .

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

APPE}TDIX T

DRAWING LIST / CART

GENER.AL INFORT''AT I ON DR.AWINGS

V049-3-014 Rev 0 PLCIPCIDaIa Acquisition Layout

CABINET I.AYOUT DRAI{INGS

V049-3-013 Rev 0 Assembly, Heater Control Cart (6 sheets)

CABINE T SCHEI''ATIC DRATTINGS

V049-3-011 Rev 0 Elect Schematig Control Systern (8 sheets)

V049-3-012 Rev 0 Elect Schematic, Heater Power (2 sheets)

S P E C I F I C A T I O N
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Title: SPECIFICATION FoR FABRTCATION oF BAKEour coNTRoL sYsTEtvt CABINET

APPETIDIX II

ITEMS FURNISI{ED BY BUYER / CART

ALIen-Bradley PLC Eguiprnent

(l) l77t-A3B 12 Slot Chassis

(1) 1785-L308 PLC 5/30

( l) 1771-DMC Co-Processor Module

(1) l77l -DRS I I MEG memory expansion for 1771-DMC

( I ) I 784-KTX DH+ PC Interface Module

(l) 1771-CP1 Power Supply Cable

(l) l77l-P7 16 Amp Power Supply

{7) 1771-OAD 120 VDC 16 Point Output Module

(1) I?71-IAD 120 VDC 16 Poinr Input Module

Personnel Conputer

(l) P5-120 Gateway-2000 120 Penrium 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- 1000.A. Thermocouple .A,cqui si tion Sys tern

(1) TEMPSCAN-IO00A Main Chassis, includes rack mounring hardware

(1) EXP/1 lA l0 Slot expansion chassis, cable and rack mounting hardware

(6) TEMPTC-32A 32 Channel T/C scanning Module for Non-Grounded T/C's

(l) RS-232 Cable PC/AT serial portRs-232/422 Cable (9/25 pin sub-D) to
TEMPSCAN-I00OA 6 feet lons

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

APPEI{DIX III

BILL OF MATERIALS / CART

BrIr OF T{ATERTATS (DWG V049-3-013)

ITEM OTY P/N VENDOR DESCRIPTION

I 2EA SOOMR.A2AS ALLEN BRADLEY PUSH BUTTON, BLACK FLUSH, 1 NO, 1 NC
2 1 E A 8OOMR.H32BLAS ALLEN BRADLEY KEY.LOCK SWITCH, 2 POS, 1 NO, 1 NC
3 l E A EOOMR.FX6A4S ALLEN BMDLEY PUSH BUTTON, RED MSHRM, 1 NO, 1 NC
4 4 E A 1492-PD3183 ALLEN BRADLEY POWER DISTRIBUTION BLOCK
5 12 EA 19$DR1 ALLEN BRADLEY 1 METER SYMMETRICAL DIN RAIL
6 99 EA 1492-UF8 ALLEN ERADLEY FUSE BLOCK, 3OA,oOOVAC
7 8 E A 1492-N23 ALLEN BRADLEY END ANCHOR
I 2 E A 97 3100 A 14S-7 S AMPHENOL CONNECTOR,3 POLE
I 35 LF 4A-0405 ANIXTER CABLE, 5/C 4 AWG, TYPE SO
1 0 35 LF 4A-1203 ANIXTER CABLE, 3/C 12 AWG., TYPE SO
1 1 l E A 4SSL 1/2 APPLETON 4" X2118" HANDY BOX
12 1 E A 2510 APPLETON DUPLEX RECEPTACLE COVER
1 3 l E A ER-16823 BUD INDUSTRIES 2.+" RACK ENCLOSURE
1 1 l E A ER-16E73 BUD INDUSTRIES 2/1" ADD-A-RACK ENCLOSURE
1 5 2EA ER-16833 BUD INDUSTRIES 24'RACK STEEL DOOR
16 2 P R PMR-9451 BUD INDUSTRIES RACK PANEL MOUNTING RAILS
1 7 1 P R AB-18s4 BUD INDUSTRIES 19" TO 2,1" X 7" ADAPTER
18 1 P R AB-1855 BUD INDUSTRIES 19" TO 24" X 8 3/4" ADAPTER
t ! , 1 P R AB-1856 BUD INDUSTRIES 19'TO 24'X 1O 1/2'ADAPTER
20 2 P R RC-7761 BUD INDUSTRIES 4'x 1 1/.t'CASTER WBRAKE

1 E A SH-2,188 BUD INDUSTRIES 2'I'SLIDING SHELF
22 1 E A PA.24O5 MG BUD INDUSTRIES 24' X 8 314' BLANK RACK PANEL
ZJ 96 EA KTK.1O BUSS FUSE, 1OA, 5OOVAC
24 1 E A MDA.2O BUSS FUSE, 20A, 250V, 1t4 X 1 114
25 2 E A MDA.8 BUSS FUSE, 8A, 250V, 114 X 1 111
26 1 E A MDA.5 BUSS FUSE, 5A,250V, 1/4 X 1 1/4
27 1 E A MDA.1 BUSS FUSE, 14, 2fiV, 1l1X 1 1t4
28 7 E A MDA.1i2 BUSS FUSE, 1t2A, 250V,111X1 1t4
29 1 E A 87+N5 EDWARDS AI-ARM HORN, SURFACE MOUNT, lzOVAC
30 1 E A 90R-N5 EDWARDS ATARM BEACON. RED, l2OVAC
31 15 EA 199 095.13 ENTRELEC FUSE HOLDER, 254, 6OOVAC
32 1 E A 116  951 .15 ENTRELEC FUSE HOLDER END SECTION
33 20 EA 115 466.03 ENTRELEC TERMINAL BLOCK, 2OA, oOOVAC
u 1 E A 118 368.16 ENTRELEC TERMIML BL@K END SECTION
35 2EA 103 002.26 ENTRELEC ENO STOP
36 2 E 231 030.21 ENTRELEC MARKING TAGS. sMM, 1-1OO

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

ITEM ow P/N VENDOR DESCRIPTION

a', ZEJ, { 234 030.27 ENTRELEC MARKING TAGS, 8MM, 1.100
38 15 EA 167 075.25 ENTRELEC FUSE SLOWIV INDICATOR
39 1 E A TED134O6OWL GE CIRCUIT BREAKER. 4EOVAC/6OA/3PH.
40 I E A TEDUVl t5E UNDERVOLTAGE RELEASE. l2OVAC
11 1 E A TEDAS2AB1R GE AUXILIARY SWITCH
12 2 E A A-LF15M18 HOFFMAN FLUORESCENT LIGHT. 12OVAC
43 1 E A 5262 HUBBELL 154 DUPLEX RECEPTACLE
14 1 E A 074-01-032 HUBBELL CORD GRIP, 1.35 CORD DIA
45 1 E A 07+01-010 HUBBELL CORD GRIP. .616 CORD DIA.
46 1 E A 2311 HUBBELL MALE PLUG, 2OA,125V
47 1 E A s60P7W HUBBELL MALE PLUG,60A, 3 PH. Y 277lI8O
48 1 E A 6531-ULM INDUSTRIAL

COMPUTER
19" RACK MOUNT FOR 17' MONITOR

49 1 E A t-l 15 ISLATROL POWER FILTER, 115VAC, 1PH. 15A
50 2EA 15295432 MoMASTER-CARR HEA\AT.DUTY STORAGE HOOK
4,1 4 E A 8890T14 McMASTER-CARR LIFTING EYE, 3/8'-16
52 112 EA 50F2741 NEWARK PLUG, 2 POLE.2OA,6OOV, PANEL MNT
CT 3 P K 50F2730 NEWARK TERMINAL, MALE, BRASS, CRIMP,IOO PCS
54 4 E A TJP.4-48J OMEGA TYPE'J' CONNECTOR PANEL. 12 X 4
55 2EA LAM2AZO-1,[-6 PANDUIT POWER LUG
56 24 LF E,I.5X3LG6 PANDUIT WIREWAY, 1112'X3
57 24 LF c1.5LG6 PANDUIT WIREWAY COVER. 1 1/? X 3"
58 12 LF E2X3LG6 PANDUIT WIREWAY.2'X3'
(o 12LF C2LG6 PANDUIT WIREWAY COVER, 2" X 3"
60 6 L F E3X3LG6 PANDUIT wtREwAY, 3'X 3"
61 O L F C3LG6 PANDUIT WIREWAYCOVER,3"
62 34 EA ARC.68-S6-Q PANDUIT ADJUSTABLE RELEASE CLAMP
63 97 EA Kl0P-1 1A1s-120 POTTER &

BRUMFIELD
RELAY,12OVAC, 277VAC 1OA CONTACT

64 97 EA 27E895 POTTER &
BRUMFIELD

REI-AY SOCKET

65 97 EA 20c2s7 POTTER &
BRUMFIELD

HOLD DOIA'II SPRING

66 1 E A SH2,l84 BUD INDUSTRIES 24- FIXED SHELF
67 Z E;A TJP.2-24.J OMEGA ryPE I'CONNECTOR PANEL, 12 X 2
68 zE"|{ A-EK46ONDH HOFFMAN ELECTRICAL DOOR INTERLOCK
69 2EA FNQ-1/10 BUSS FUSE, 1/10A, sOOV, TIME DELAY
70 2 E 35301 THOMAS & BETTS COPPER GROUND LUG, #10 SCREW
71 I E A A-VK44 HOFFMAN LOUVER PI-ATE KIT
72 l E A 1S4L-E2$.1751 ALLEN BRADLEY 25A LOAD SWITCH
73 I E A 1941-HCB-001 ALLEN BRADLEY 25A LOAD SWITCH ACTIVATOR
71 1 E A EOOMR-P16AS ALLEN BRADLEY PILOT LIGHT. AlrrBER, 120VAC
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Title: SPECIFICATION FOR FABRICATION OF BAKEOUT CONTROL SYSTEM CABINET

AIIACEMDNI-S]

PAINTING REQUIREMENTS

I 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 vapor, oxidation, slag, scale, flux, 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 fillers 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 D61-A23. Sand smooth after application.

4 FINISH COAT

4.1 Phathalo Blue. Textured Coating:
Apply Sherwin-Wlliams Polane "T', #F63TX-L-1465 (PSl stores # 300614).

4.2 Carbide Black:
Apply Sherwin-Williams Polane "T" 

, #F63-812. (PSI stores #300608)

4.3 Submit proposed substitutions to Buyer for acceptance.
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Title: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

G E H E T A I .  I E O U I I E  E X T S

1 GONSTRUCTION DOCUMENTS

l.l Process Systems International General Provisions

1.2 GeneralConstruction SpecificationY049-2-021

L3 Altachments to the Specification (see Table ofContents).

2 SCOPE OF WORK

2.1 Provide labor, tools, materials, and equipment necessary for a complete installation of the Work
as specifed and as indicated on Drawings.

2.2 Receive, store, and handle equipment furnished by others and required to be in*alled under this
Contract.

2.3 Through the PSI's representative, coordinate Work activities provided under this Contract with
work provided by others.

2,4 SLMMARY OF ELECTRICAL WORK

2.4.1 Work as indicated on the Drawings takes place at two sites. The Washington site consists of
one comer station, two mid stations, and two end stations and the Louisiana site one comer
sration and two end stations.
r Provide power, instrument, and control wiring installed in conduit or cable tray; receptacles

and outlets; and equipment connections as indicated.

r Panelboards and below grade conduits are provided by others unless otherwise indicated.

2.4.2 Install gages, switches, electronic transmitters, and other instruments tbat ar€ not already skid
mounted; control cabinets; and other equipment furnislred by others (see ATTACHMENT B:
I.' I; R\' 1 S H E I ) E LE('TRI CA L EO I' P,I I E \ T L I ST).,

4.3 Provide instrument airlgas tubing between pneumatically operated devices and supply lines and
connections as indicated. Provide process tubing between electronic transmitters and process
points and connections as indicated.

4.4 Field Tests

r Test power wiring for grounds and shorts.
o Test motors for correct shaft rotation.
r Test instrument and control wiring for point-to-point continuity, grounds, and shorts.
r Check instrument gas and process tubing for leaks.
r Field Calibrations bv PSI

3 INTENT

3.I Intent ofthe Drawings and Specification is to assist and
guide the Conlractor and to establish minimum
requirements. S P E C I F I C A T I O N
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rftle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

3.2 Drawings indicate arrangement and approximate location of equipment. When necessary to
deviate from the arrangement indicated to meet structural conditions or to clear otber work,
inform PSI's representstive of proposed deviation before proceeding.

3,1 Comply with specific, detailed requirements indicated in lieu of generally stated requirements.

3.4 Portions of these Drawings and Specification are abbreviated and may include incomplete
statements. Deduce the omitted words or phrases such as t&e Conlraclor shall, slull be,a;
irdicated on the *awings, in accorfutrce with futails, a, the, and all.

3.5 Drawings and Specification do not undertake to indicate ev€ry item necessary to produce a
complete installalion of the Work indicated or specified.

4 DEF]NITIONS IALSO SEE THE GENERAL CONDITIONS & THE NEC)

B]' Others Work not under this Contract.

Contractor Company doing electrical and instrumentation work as defined in the
Contract Documents.

PSI Process Systems International, Inc

Indicated Shown or noted.

lnstall Place, secure, and connect.

Labeled Equipmant marked with an identifring symbol authorized by a nationally
recognized testing company such as UL, FM, ETL indicating sample of product
has been tested and determined it complies with their safety standards.

Owrer US Government

Owner's Persons desigrated by Ovrmer
Representative

Permitted As by code, Contract Documents, or PSI.

Provide Fumish and install.

REuired As by code, Contract Documents, or prevailing conditions.

Submittal Information required to show ihat tbe proposed equipment complies with
project requirements.

Use Provide material or equiprnent referenced.

Work Material and equipment and their installation and other requirements as
established in the Contracl Documents.

Wire (Verb) Connect to equipment indicated and provide wiring required for connection.

Wiring Conductors, raceways, and accessories as required for a complete installation.

S P E C I F I C A T I O N
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ritle: SPECIFTCATION FOR ELECTR|CAL & INSTRUMENT CONSTRUCTION WORK

5 CODES, STANOARDS, AND PERMITS

5. I Comply with authorities having legal jurisdiction and applicable parts of the latest (unless
otherwise required) publications by the following jurisdictions and organizations:

e Applicable federal, slate, and local codes.

r Federal Occupational Safety and Health Act (OSHA)

r American National Standards Institute, Inc. (ANSI)

o National Fire Protection Association (NFPA)

r Institute ofElectrical and Electronics Engineers (IEEE)

r National Elearical Manufacturers Association (NEMA)

r Insulated Cable Engineers Association (ICEA)

. Underwriter's Laboratories (UL), Factory Mutual Engineering Corp (FM), Electrical Testing
Laboratories, Inc (ETL), or other nationally recognized testing companies' equipment and
installation safety standards

5.2 The Drawings and Specification do not undertake to repeat requirements written in the above
codes, ordinances, and standards.

5.3 Arrange and pay for necessary permits, licenses, inspections, and certificates applicable to the
performance of the Work. At conclusion ofthe Project, deliver certificates of inspection to the
PSI's representative.

6 LABELED EQUIPMENT

Provide labeled equipment and assemblies where recognized national testing company safety
standards exist.

7 INSTALI.ATION RESTRICTIONS

7 .l Do not cut structural members without written acknowledgrnent from the Owner obtained via
the PSI's representative.

7 .2 Do not weld supports and equipment to building steel without written acknowledgnent from the
Owner obtained via the PSI's representative.

7.3 Arrange equipmenl to allow accessibility to installations likely to need inspection, calibration,
repair, and maintenance.

T SPECIFIED EOUIPMENT AND SUBSTITUTIONS

8.1 The manufacturer ofthe equipment specified is us€d as the basis ofthe desigrr and to establish
quality required for this project. Unless no substitutions is stated, other msnufacturers of
equivalent equipment may also be proposed by the Contractor.

8.2 The description following a catalog number is basica y to identi$' the product, but the
description may also call for accessories, options, and
modifications which are beyond the cataloged product. S P E C I F I C A T I O N
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ritle: SPECIFTCATION FOR ELECTRJCAL & INSTRUMENT CONSTRUCTION WORK

8.3 Submit proposed substitutions to the electrical engineer for acceptanc€ via PSI's representative.
With submittal, provide details of necessary changes to accommodate substitutions. Submit
samples ifrequested.

9 PROPOSEDEQUIPMENTSUBUITTALS

Before delivering equipment to thejob site and installing it, complete the submittal process as
foUows:

9.1 Equipment List: As soon as practicablg submit for review a list of equipment proposed for
installation with each item identified by Specification paragraph number or where applicable by
Drawing number. lnclude manufacturer's name with catalog or model number for each item.

9.2 Product Data: Where required by specification ofthe product, submit catalog data sheets or
other published materials showing appeamnces, electrical ratings, performance characteristics,
dimensions, installation methods, and space requirements of proposed equipment.

9.3 Shop Drawings: Where required by specification ofthe product, submit shop drawings, drawn
to scale, indicating physical size and arrangement, construclion details, provisions for conduits,
access requirements for installation and maintenance, finishes, and materials used in fabrication.
Supplerneirt shop drawings with wiring diagrams and information as pwiously described under
product data.

9.4 Mark submittals to clearly identiff proposed equipment including accessories, options, and
features and to exclude parts not applicable to the Project.

9.5 Ifproposed equipment deviates from the Specification or Drawings, indicate those differences
and provide suffcient data to justi$ acceptance.

9.6 Provide products ofone manufacturer for each classification ofequipment.

9.7 Stamp submittals indicating that they have been checked and that they comply with Project
requirements including physical restrictions before submitting.

9.8 Submittals reviews by PSI does not relieve the contractor from the responsibility of compllng
with the Specification and Drawings.

9.9 Unless otherwise required, provide two copies of submittals and deliver to PSI's project manger.
Where practicable submit all product data and shop drawings at one time. Arrange submittal in
three-ring binders with looseleaf dividers sepamting categories ofequipment.

9.10 At thejob site, maintain the latest equipment submittals showing the action taken by PSI's
project manager. Make these submittals available to Owner's and PSI's represent&tives.

,|O TEMPORARY POYI'ER

l0.l The Ovmer will provide electrical power, without charge. Make connections to the Ourer's
system where permitted.

10.2 Provide transformers, wiring, panelboards, distribution boxes, extension cords, and accessories
as projecl needs require.

S P E G I F I C A T I O N
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Title: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

10.3 When temporary power is no longer required, remove that portion provided under this Contract.

1I RECORD DRAM'IGS

I | .I At the site, maintain a set of prints marking thern to accurately reflect the actual installation
including changes in sizes, locations, dimensions, and circuiting as the work Progress€s.

11.2 On a daily basis, trace over the prints with a highlighter (transparent marker) to indicate work
installed, Make these prints available to Owner's and PSI's represe alives.

I 1.3 At completion ofproject, deliver marked prints to PSI's project manager.

F r J | |  r P r r F X T  A l r  D  t N S t A l t A I l O l {

12 CABLE TRAYSYSTEMS

Where indicated, provide cable trays as follows.

l2.l MANUIACTURERS: PW lndustries, B-Ling or MP Husky.

12.2 TRAYS: NEMA VE I ; channel and latter type trays as indicated; latter tray with rungs on I 2
inch centers less unless otherwise indicated.

12.3 MATERIAI: 6063-T6 aluminum or 5052-H32 steel with ASTM's hot dip galvanized after
fabrication standards.

12.4 LOAD AND SPAN. rated for 50 pounds per linear foot or more ald span to suit tray supports.

12.5 ACCESSORIES:

I 2 . 5 . 1 expansion fittings in accordance with manufacturer's recommendations to accommodate building
expansion joints and thermal expansion of tray to in ambienl temperature range of0"C lo 50oC

12.5.2 bondingjumpers

12.5.3 end plates where applicable

12.5.4 drop-out fittings where conduit is not required

12.5.5 divider strips (barriers) where indicated with curved fittings and hold-down clips

12.5.6 other fittings to best suit each application

12.6 SUBMITTALS

12.6.1 Provide product data ofeach cable tray component.

12.6.2 Proide shop drawings of fabricated support brackets.

12.6.3 Provide dimensioned diagrams indicating where expansion joints are proposed.

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR ELECTRICAL & TNSTRUMENT CONSTRUCTION WORX

12,7 INSTALLATION

12.7 .1 Support horizontal and vertical trays by each rail using hold-down clamps to prevent lateral or
vertical displacement. Provide support brackets, channelVstruts, 3/6 inch or la,rger hanga rods,
end fittings to best suit installation (xe SUPPORTS, Article 22, p.l3).

12.7.2 Ensure that trays are effectively bonded to electrical equipment served by wiring in cable tray.

r Where applicable, bond tray to building steel with "2 AWG copPer conductor at two
locations.

r Bonding jumpers at expansion and adjustable fittings.

12.7.3 At approximate 2O-foot intervals, identifi power, instrument, and control cable trays with vinyl,
self-adhesive signs with one inch high lettering or, similarly, with stencil and paint.

12j.4 Al approximate I O-foot intervals, identiry channel tray with high voltage, ion pump wiring with
DANGER-HIGH''OLTAGE-DO NOT TOUCH.

13 CONDUIT SYSTEMS
GECTRICAL RACEWAY OF CIRCI'I.AR CROSS SECITO'{)

13.I RIGID METAL CONDLIIT (RMC, also RGS): Provide galvanized steel RMC conforming to
ANSI C80.1 and UL 6 standards unless otherwise specified.

13.2 INTERMEDIATE METAL CONDLTIT flMC): At indoor locationg galvanized IMC
conforming to UL 1242 standard may be provided in lieu of RMC unless otherwise required.

13.3 ELECTRICAL METALLIC TUBING (EMT): At indoor locations, EMT conforming to ANSI
C80.3 and UL 797 standards may be provided in lieu of RMC or IMC unless otherwise required.

13.4 FLDOBLE METAL CONDUIT (FMC): At connections to motors, transformers, and other
vibrating equipment and instruments, provide thermoplastic covered, liquidtight FMC
conforming to UL 360 standard and fittings to best suit application.

I3.5 ACCESSORIES:

13,5.1 Provide fttings to best suit each application-

13,5.2 Provide expansion fittings as required in accordance with manufacturer's recommendations to
accommodate building expansion joints indoors and thermd expansion of conduit in ambient
lemperature range of0"C to 50oC.

I3,6 INSTALLATION:

13.6.1 Restrictions: Where practicable, keep instrument-wiring at least 12 inches away from other
wiring and minimize paralleling instrument wiring with power or control wiring.

13.6.2 Arrangement: Make raceway offsets and bends symmarically and uniformly.

13.6.3 Supports:

o Fasten conduits to building with one-hole malleable
iron conduit clamps with screw or bolt.

r Where applicable and where two, three, or more
S P E C ! F I C A T I O N
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

conduits are routd together, provide trapeze hangers made of3l8 inch minimum hanger
rods and channelVstruts with conduit clamps.

. Support 1l/2 inch or larger suspended conduits with 3/8 inch minimum hanger rods with
conduit clamp.

o Provide supports as specified under SUPPORN, Article 22, p.13.

13.6.4 Pull boxes. Provide pull boxes required for proper conductor installation in addition to boxes
indicated.

13.6.5 Terminating conduits:

r Attach RMC and IMC to equipment by tkeading imo integral cast hub, compression fitting,
or double locknuts with bushing-

o Attach EMT with either set-screw or compression type fittings and connectors with integral
insulating liners.

13.6.6 Flexible conduit connections:

. Connect to motors, transformers, and other vibrating equipment with l8 to 30 inches
of FMC.

I At equipment mounted on vibrating isolators, provide 90o bend in the FMC connection.

. Connect to instruments with l8 to 30 inches of FMC.

13.6.7 Grounding: Where grounding conductor or bonding is applicable at locknut installations,
provide threaded bushings with insulating liner and gounding lug-

13.6.8 Close ooenings: Keep conduits closed when not accessing them to prevent rain, dirt, and debris
from entering.

14 BOXES, CONDUIT BODIES, AND WIREWAYS

14,I PIJ'LLANDSPLICEBO)GS:

l4.l.I Where indicated and as required to install wiring without damaging insulation or stretching
conductors, provide sheet steel, galvanized or finished with gray baked enamel boxes with
screw-on covers unless otherwise required,

14.l.2 Where applicable, provide sheet steel, galvanized or finished with gray baked enamel box
barriers to maintain separation of wiring systems.

14,2 OUTLET AND JLJNCTION BO)GS

14.2. I Provide cast-metal boxes with threaded hubs unless otherwise specified.

14.2.2 At outdoor locations, provide covers with gaskets.

14.2.3 At indoor localions, sheet-metal boxes may be provided in lieu of cast-metal boxes and conduit
bodies unless otherwise required.

S P E C I F I C A T I O N
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ritle: SPECTHCATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

I4.3 CONDI.]IT BODIES:

14.3.1 Where applicable, cast-metal conduit bodies with theaded hubs may be used in lieu of boxes
unless otherwise required-

14.3.2 At outdoor locations, provide covers with gaskets.

14,4 WIREWAYS AND AI,IXILIARY GUTTERS:

14.4. I Where required, provide sheet steel, galvanized or finished with gray baked enamel wireways
and gutters with screw-on covers unless otherwise required.

14.4-2 Where applicable, provide sheet steel, galvanized or finished with gray baked enamel box
barriers to maintain separation of wiring systems.

14.5 ACCESSORIES: Provide fittings to best suit each application.

14.6 INSTALLATION:

14.6.1 General requirements:

r Arrange boxes neatly and symmetrically to adjacent components and architeaural features.

. lder'tify wire and cables by tag numbers within box with indelible felt tipped marker pen or as
specified under wiring systems.

r Provide supports as specified under SUPPORTS, Article 22, p.13.

r When not accessing, close equipment to prevent raiq dirt, and debris from entering

14,6.2 Wirewa!' and guners: Bond each section of wireways and gutters with r12 or larger conductor,

14.6.3 Pull and solice boxes: Provide suppons to prevent conductors from resting on removable
bottom covers.

14.6.4 Outlet and iunction boxes: Rigidly fasten boxes directly to structure, to support channelvstruts,
or in framed constructions to bar hargers.

15 WIRE AtrlD CABLE

l5.l POWER WIRE (up through 600 volts):

I 5.1 , I Provide #12 AWG or larger single; stranded copper; type THHN, THIIN-THWN, THWN, or
XFIHW conductors rated 90PC, 600 volts unless otherwise specified.

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 IDENTIIICATON.
Article l6).

15.2 CONTROL WIRE (discrete signals):

15.2.1 l2O VAC: Provide'14 AWG or larger, stranded copper, type THIIN-THWN, multiconductor
cable rated 90oC. 600 volts unless otherwise indicated.

15.2.2 24 YDC: Provide "l8 AWG or larger, stranded copper,
multiconductor cables rated 90pC and 300 volts unless
otherwise indicated.

S P E C I F I C A T I O N
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Title: SPECTFrcATION FOR ELECTRJCAL & INSTRUMENT CONSTRUCTION WORK

15.3 INSTRUMENT WIRE (analog signals):

15.3.t 4-20mA: Provide "18 AWG or larger, stranded copper, individually shielded twisted pairs,
single or multipair cables rated 90pC, 300 volts unless otherwise indicated.

I 5.3.2 Thermocouole: Provide '16 AWG single pair and n20 AWG multipair ANSI type (as indicated),
solid thermocouple extension cable shielded, rated 105'C, 300 volts.

15.4 TRAY CABLE: In addition to above, provide cable tray installations with cable labeled for
cable tray use.

15.5 SUBMITTALS: Provide producl data of each wire and cable.

I5,6 INSTALLATION:

15.6.1 Wbere practicable, keep instrument wiring at least 12 inches away from other wiring and
minimize paralleling instrument wiring with power or control wiring

15.6.2 Without splices, install wiring in conduit or cable tray unless otherwise indicated.

15.6,3 Install simultaneously conductors and multiconductor cables to occupy same conduit .

I5.6.4 Where necessary, use labeled pulling lubricant that is approved by the cable manufacturer.

15.6.5 Use woven cable grips.

| 5.6.6 Be cautious not to exceed manufacturer's recommended pulling tension and cable bending
radius.

15.6.7 After installation" seal cables exDosed to wea.ther or other harmful environments until cable is
terminated.

15.6.8 Provide sufficient wire length at each end ofpull to permit grouping and training the wires and
cables. Where applicable, use self-locking 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.

15.7 See TESTING, Article 23, p.14.

16 U'IRING IOENTIFICATION

16,I POWER WIRE:

16. L I Color code single conductors as follows:

Line 2OEI12AV aE0l277V
A Black Brown
B Red Orange
C Blue Yellow
N White Gray
G Green Green

16.1.2 Where applicable, color code conductors using one-inch
wide colored plastic adhesive tape wrapped with two full
lurns. S P E C I F I C A T I O N
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Title; SPECIFICATION FOR ELECTRJCAL & INSTRUMENT CONSTRUCTION WORI(

16. L3 Identifo each conductor end with panel designation and circuit number or with applicable
identification to suit other type ofcircuits. Use printed adhesive wire marker strips,

16.2 INSTRLMENT AND CONTROL WIRE:

16.?. I Tag each end of single conductors and cable pairs with schernatic wire number unless othenvise
directed.

16.2.2 Tag each spare cable end with unique identification.

16.2.3 Use printed sleeve markers.

16.3 SLTBMITTALS: Provide product data of printed sleeve markers.

17 WIRING TERMINATIONS

17.1 POWER WIRE:

l7. l  . l  Sol ices.

o " l0 AWG and smaller conductors, provide insulated spring connectors.

r "8 AWG and larger conductors, provide either compression (crimp) connectors using
matctring installing tool or mechanical screw type connectors. Cover splices with insulating
material made for connector where available; otherwise, cover with at least three layers of
electrical, vinyl tape to attain insulation rating equivalent to that ofthe conductor.

| 7. I .2 Terminations:

r #10 AWG and smaller conductors to buses, enclosures, and similar applications, provide
compression (crimp) terminals.

r #8 AWG and larger conductors, provide either compression (crimp) connectors using
matching installing tool or mechanical screw type connectors.

o Where more than one conductor requires termination and terminals are not provided as part
ofthe equipment, provide screw or pressure type insulated terminal blocks.

17, L3 Motor lxads: To connect to motor leads, use split-bolts comectors. Cover splices with
insulating material made for connector where available; otherwise, cover with at least three
layers of electrical, vinyl tape to anain insulation rating equivalent to that ofthe conductor.

I 7. L4 Where applicable, tiglten screw type hardware in accordance with manufacturer's published
torque values. Ifnot available, comply with tIL 4864 standards.

I7,2 INSTRTIMENT AND CONTROL WIRE:

1'1.2.1 At instrument end of cable, strip and cutoff shielding back to edge of overalljacket. Then wrap
two full turns of electrical plastic tape or placed heat shrinkable insulating sleeve half on
mnductors and half on overall jacket . At other end of cable, secure shielding to junction box
terminal. (Shielding connects only to a single ground reference point at the clectrical source.)

17 .2.2 Coil, insulate, and label ends of spare conductors.

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

17.2.3 Remove insulation from ends ofconductors using mechanical or electric heat type stripper.

lt WRING DE\'lcES

Provide devices as indicted on the Dtawings.

19 GROUNDING

19.1 EQUIPMENT GROUNDING: Bond each end of equipment grounding conductors to the
grounding bushing, the grounding bus, $ounding lug or the enclosure, respectively.

19.2 GROUNDINGCONNECTIONS:

19.2.1 Use mechanical connectors to make grounding connections.

Completely remove paint, dirt, and corrosion down to bare metal at connection areas, and coat
surfaces with enti-oxidant electrical joint mmpound.

20 INSTRUMENTAIR/GAS AND PROCESS TUBING

Where indicated, provide the following:

20.1 INSTRI-]]VIENT AIR/GAS TUBING: Provide Vainc[ type L, or larger copper tubing, brass
compression co rectors, and copper clips.

20.2 PROCESS TUBINC: Provide l/4 inch, 0.035 WT, or larger 304 stainless steel, seamless tubing,
stainless steel compression connectors, and stainless steel clips

20.3 INSTALLATIONS: Arrange tubing neatly and symmetrically to adjacent components. Use
bending tools to make bends in tubing.

2O.4 STIBMITTALS: Provide product data of tubing and accessories.

21 EOUIPMENT FURI'||SHED BY OTHERS
(SEE - AITACHMENT A: FUff SHfD ETECTFdC,.L EetP.�nEm USll

2l.1 Receive, store (in clearl dry location), and handle equipment fumished by others and required to
be installed under this Contract-

21.2 Rig large, hea,,y equipment in place and bolt free standing equipment to floor as specified under
SUPPORTS, Article 22, p.13.

21.3 Make power, instrument, and control wiring and tubing connections as indicated.

21.4 Where practicable, keep instrumantation wiring 12 inches away from other wiring and minimize
paralleling instrument wiring with power or control wiring.

21.5 Where necessary, cut holes to accommodate conduit, cable, and tubing connections.

22 SUPPORTS

22-1 Where applicable, provide steel channelVstruts with galvanized or painted finish.

22.2 Fasten equipment and supports with conosion resistant
hardware. S P E C I F I C A T I O N
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rnle: SPECIFICATION FOR ELECTRICAL & INSTRUIIIENT CONSTRUCTION WORK

22.3 Provide support systems of suitable strenglh to hold intended equipmant in place.

22.4 Fabricate zupports from structural steel or steel channelJstruts rigidly welded or bolted. Paint
cut ends of supports with rust inhibitor matching existing finish.

22.5 Secure free-standing equipment to concrete pad or lloor with at least four 5/g inch or larger bohs.
Provide drilled concrete anchors where applicable.

22.6 Secure surface-mounted panels and cabinets with at least four V2inch or larger bolts.

23 TESTING

23.1 No equipment shall be energized without consent ofPSl's repres€ntative.

23.2 Il is the Contractor's responsibility to conduct tests rvithout damage to equipment.

233 POWER WIRE TESTING (up through 600 volts):

23.3.1 Test each new condudor installed and eltisting conductor reconnected to ground using 1000-
volt megger.

23.3.2 Provide written test report listing resistance by feeder and branch circuit.

23.3.3 Replace conductors measuring less than 25 megohm and retest.

23.4 CONTROL AND INSTRUMENT WIRE TESTING:

23.4. 1 Check point-to-point continuity of each conductor to ensur€ that wiring is intact and terminated
at the proper place at both ends. After wiring has been terminated,

L lift one conductor at a time ofrof its terminal at both ends;

2. establish an isolated return path (not ground, but may be one ofthe cable conductors);

3. check conductor continuity;

4. reconflect wire to terminals, or if defective, correct, recheck, and reconnect;

5. with highlighter, mark wiring diagram or schedule to indicate that wire and connection has
been verified. and

6. proceed to next conductor.

23.4.2 Using highljghter, indicate on terminal wiring diagrams or schedules that each wire and
connection has been verified. Make these sheets available to Owner's and PSI's representatives.

23.4.3 Replace defective wiring and retest.

23.5 MOTORS TESTING:

23.5.I Before connecting, measure molor winding resistance and ground resistance.

23.5.2 PSI will test each three-phase motor for prop€r rotary direction. Whcre neccssary, correct
circuit connections at motor box.

S P E C I F I C A T I O N
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ritl€: SPECIFTCATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

23.6 RECEPTACLES TESTING: Test polarity and grounding of each receptacle device used with
equipment furnished under this Work Repon deficiencies to PSI's representative.

23.1 INSTRTJMENT GAS AND PROCESS TUBING TESTING:

23.7.1 Check tubing and connectors for leaks.

23 .7 .2 Check gas operated valves for proper opening and closing or positioning of pneumatically
operated device-

23.7.3 Make repairs as necessary and retest.

23.8 VAL\'E,S TESTING:

23.8. I Valve cycling to veriS proper operation oflimit switches, pneumatic operators, and positioning
operators is by PSL

23.8.2 At defective installation, make electrical and pneumatic repairs as necessary and retest.

23.9 SCHEDULING, NOTIFYING, AND WITNESSING TESTTNG: Provide the PSI's
representative with at least three days notification of scheduled testing. With the notification,
include a list ofproposed tests and the expected time to perform these tests.

21 CALIBRATING-BY PSI

- E N D -

S P E C I F I C A T I O N
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ritle: SPECIITICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORI(

AITACIIMENT'A"

D R A W I N G  T I S I S

!yrs.h!q stpB Sltp -ody.
D I A W T N G  D E S C I ] P i l O X

VO49-3-OO2 OVERALLSITEPLAN

VO49-3.IOI INSTRUMENTPLAN-VERTEXSECTION

VO49-3-102 INSTRUMENT PLAN-LEFT BEAM MANIFOLD SECTION

VO49-3-103 INSTRUMENTPLAN-RIGHTBEAMMANIFOLDSECTION

V049.3.104 INSTRLMENTPLAN-DIAGONALSECTION

V049.3-IO6 CABLETRAYPLAN-VERTEXSECTION

V049.3.I07 CABLE TRAY PLAN-LEFT BEAM MANIFOLD SECTION

VO49-3.I08 CABLE TRAY PLAN-RIGHT BEAM MANIFOLD SECTION

V049.3-IO9 CABLE TRAY PLAN-DIAGONAL SECTION

VO49-3-I1I INSTRUMENT/ELECTRICALPLAN-VERTEXSECTION

V049.3-I12 INSTRTIMENT/ELECTRICALPLAN-LEFTBEAMMANIFOLD SECTION

VO49-3-I13 INSTRUMENT/ELECTRICALPLAN-RIGHTBEAMMANIFOLD SECTION

VO49-3-I14 INSTRUMENT/ELECTRICALPLAN_DIAGONALSECTION

VO49-3-I16 POWERPLAN-VERTEXSECTION

VO49-3-I17 POWER PLAN-LEFT BEAM MANIFOLD SECTION

VO49-3.I 18 POWER PLAN-RIG}IT BEAM MANIFOLD SECTION

VO49-3-I19 POWERPLAN-DIAGONALSECTION

vo4e-3-123 CDS TNTERFACE DTAGRAM---CORNER STATION (4 SHEETS)

v04e-3-124 coNDrnr sruB-uP PLAN-{ORNER STATION (2 SHEETS)

VO49-3-125 VACUUM CART INTERFACE PLAN--CORNER STATION (3 S}IEETS)

VO49.3-126 CONDTJITSCFIEDULE_{ORNERSTATION

VO49-3-I27 DATAHIGHWAY PLAN- VERTEX STATION

VO49-3-I28 DATA HIGTIWAY PLAN- LEFT BEAM MANIFOLD STATION

VO49-3.129 DATA HIGFIWAY PLAN- RIGHT BEAM MAMFOLD STATION

VO49-3-I3O DATA ruGHWAY PLAN- DIAGONAL STATION

A T T A C H M E N T  " A "
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENTCONSTRUCTION WORK

lYrs$n gtsq _S!tp _oI !y.
Dl  Awi l {  G D C S C l l P l l O l r l

v049-3-r 3l

v049-3-20r

v049-3-202

v049-3-203

vo49-3-204

v049-3-206

v049-3-208

v049-3-209

v049-3-301

v049-3-302

v049-3-303

v049-3-304

v049-3-305

v049-3-306

v049-3-308

v049-3-309

v049-3-308

v049-3-401
y049-3-402

v049-3-403

v049-3-404

v049-3-406

v049-3-408

v049-3-409

v049-3408

v049-3-501

v049-3-502

DATA HIGITWAY INTERCONNECT DIAGRAM_ CORNER STATION

INSTRI.JMENT PLAN-LEFT MID STATION

CABLE TRAY PLAN-LEFT MID STATION

INSTRLMENT/ELECTRICAL PLAN_LEFT MID STATION

POWER PLAN-LEFT MID STATION

VACLTUM CART INTERFACE PLAN-LEFT MID STATION (2 SHEETS)

CDS INTERIACE DIAGRAM_LEFT MID STATION

CONDI.JIT SCHEDULE-LEFT MID STATION

INSTRT'MENT PLAN-RIGHT MID STATION

CABLE TRAY PLAN_RIG}IT MID STATION

INSTRIIMENT/ELECTRICAL PLAN-R]GHT MID STATION

POWER PLAN-RIGHT MID STATION

CONDLIIT STLIB-LTP PLAN_RTGHT MID STATION

VACLTI.'M CART INTERFACE PLAN-NGFIT MID STATION (2 SFIEETS)

CDS TNTERFACE DIAGRAM-RIGHT MID STATION

CONDL'IT SCHEDULE-RIGHT MID STATION

CDS INTERFACE DIAGRAM_RIGTTT MID STATION (2 SHEETS)

INSTRUMENT PLAN-LEFT END STATION

CABLE TRAY PLAN-LEFT END STATION

INSTRTJMENT/ELECTRICAL PLAN_LEFT END STATION

POWER PLAN-LEFT END STATION

VACI.JUM CART INTERFACE PLAN-LEFT END STATION (2 S}IEETS)

CDS INTERFACE DIAGRAM-LEFT END STATION

CONDUIT SC}IEDULE-LEFT END STATION

CDS INTERFACE DIAGRAM-LEFT END STATION

INSTRTJMENT PLAN-RIGHT END STATION

CABLE TRAY PLAN-RIGHT END STATION

ATTACHTTIENT . ,A"

Page I of 6



ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORI(

lYnhjqstpq -S!tp .o.nly.
Dt  AWt r {  G D C S C l r P t l 0 i l

VO49-3-503 INSTRTJMENT/ELECTRICALPLAN-RIGHTENDSTATION

VO49-3-504 POWER PLAN-RIGHT END STATION

VO49-3-505 CONDUIT STUB.I.IP PLAN-RIGHT END STATION

v04e-3-s06 vAcwrl\4 CART INTERFACE PLAN-RJGHT END STATION (2 SHEETS)

VO49-3.508 CDS INTER-FACE DIAGRAM-RIGHT END STATION

VO49-3.509 CONDUITSCHEDULE_RIGHTENDSTATION

ATTACHIT IENT . .A ' '
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

!4r isje-na_ Qile- gn-ly
D t A W r i l G  O E S C T I P I I O I {

VO49-3-OO3 OVERALLSITEPLAN

V049.3-6OI INSTRUMENTPLAN-VERTEXSECTION

V99.3-602 INSTRUMENT PLAN-LEFT BEAM MANIFOLD SECTTON

V049.3-603 INSTRUMENT PLAN-RIGHT BEAM MANIFOLD SECTION

V049.3-606 CABLE TRAY PLAN-VERTEX SECTION

V049.3.607 CABLE TRAY PLAN-LEFT BEAM MAMFOLD SECTION

V049.3-608 CABLE TRAY PLAN-RIGHT BEAM MANIFOLD SECTION

V049.3-61I INSTRUMENT/ELECTRICALPLAN_VERTEXSECTION

V O49 -3.6 12 IN STRUMENT/ELECTRICAL PLAT'{-LEFT BEAM MANIFOLD SECTION

V049.3-6I3 INSTRUMENT/ELECTRICALPLAN-RIGFNBEAMMANIFOLD SECTION

VO49-3.6I6 POWERPLAN-VERTEXSECTION

VO49-3-6I7 POWER PLAN-LEFT BEAM MANIFOLD SECTION

V049.3.6I8 POWER PLAN_RIGHT BEAM MANIFOLD SECTION

V049.3-623 CDS INTERFACE DIAGRAM-{ORNER STATION (4 SHEETS)

v049-3-624 CONDT.nT STUB-IIP PLAN-{ORNER STATION (2 SHEETS)

V049.3-625 VACI.IUM CART INTERFACE PLAN.{ORNER STATION (3 SHEETS)

VO49-3-626 CONDUITSCHEDULE_CORNERSTATION

V049.3.627 DATAHIGHWAYPLAN-VERTEXSTATION

VO49-3.628 DATA HIGHWAY PLAN- LEFT BEAM MANIFOLD STATION

VO49-3-629 DATA HIGHWAY PLAN- RIGHT BEAM MANIFOLD STATION

VM9-3-630 DATA HIGHWAY PLAN- DIAGONAL STATION

VO49-3.63I DATA HIGHWAY INTERCONNECT DIAGRAM- CORNER STATION

V049.3-701 INSTRUMENT PLAN_LEFT END STATION

V0/,9-3.702 CABLE TRAY PLAN-LEFT END STATION

VO49-3-?03 INSTRLMENT/ELECTRICALPLAN-LEFTENDSTATION

VM9.3-104 POWER PLAN-LEFT END STATION

A T T A C H M E N T  . . A "
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Tiller SPECIFTCATION FOR ELECTRJCAL & INSTRUMENT CONSTRUCTION WORK

!4!ris!e_n_e_ Qile_ q4ly
o l A w r i l G  D E S C r l P r l O t {

v04e-3-706 vAcr.ruM CART TNTEFJACE PLAN-LEFT END STATION (2 SHEETS)

VG9-3-708 CDS INTERFACE DIAGRAM-LEFT END STATION

V049.3-709 CONDI.NTSCHEDIILE-LEFTENDSTATION

V049.3-8OI INSTRTJMENTPLAN-RIG}TTENDSTATION

VO49-3.802 CABLE TRAY PLAN-RIG}IT END STATION

V049.3-803 INSTRLMENT/ELECTRICALPLAN-RIGFTENDSTATION

V049.3.804 POWER PLAN-NGHT END STATION

VO49-3-805 CONDUIT STUB-TJP PLAN-RIG}IT END STATION

VO49-3-806 VACIJUM CART INTERFACE PLAN-RIGHT END STATION (2 SHEETS)

VO49-3.808 CDS INTERFACE DIAGRAM-RIGHT END STATION

VO49-3-809 CONDUIT SC}IEDT]LE-RIGHTEND STATION

ATTACHi IENT  . .A '
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ritle: SPECTFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

lry$.hj rlStg[ -4 l4p pie_n_e _S_itc.s
D r  AWt t r  G D E S C I T P i l O i l

VO49-3-OOI GENERALNOTES&LEGEND

VO49-3-OO6 ELECTRICALINSTALLATIONDETAILS

VO49-3-OO7 ELECTRICAIINSTALLATIONDETAILS

VO49-3408 ELECTRICALINSTALLATIONDETAILS

REFERENCE DRAWING I IST '

D t A W m  G D t s c i l P i l o N

v049-3-004 roN coNTRoLLER CABTNET (2 SHEETS)

v049-3-12r pNL-l00A&I00BASSEMBLY

VO49-3-122 PNL.IOOA & IOOB WIRING DIAGRAM

VO49-3.2O7 PNL-2OO WIRING DIAGRAM

VO49-3.307 PNL-3OOW]RINGDIAGRAM

V049.3-4O7 PNL-4OO WIRING DIAGRAM

VO49-3.507 PNL.sOO WIRING DIAGRAM

VO49-3-622 PNL-6OOA & 600B WIRING DIAGRAM

V049.3-'1O7 PNL-7OO WRING DIAGRAM

V049.3-807 PNL.SOO WIRING DIAGRAM

Refe lence d lawings ,  used by  o thers  !o  fabr ica !e
equ ipment ,  a re  fu rn ished to  supp lement
ins ta l - l -a t ion  de ta i l s  and i -nd ica te  rd i r inq
t e l m i n a t i o n s .

ATTACHTIENT "A ' '
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ritle: SPECIFICATTON FOR ELICTRICAL& INSTRUMENTCONSTRUCTION WORK

AIIACEMENI'!-

T U T N I S H E D  E I E C I R I C A T  E Q U I F f , I E N T  I I S T

lYachlqgtpt .Sitg -o.n !y.
4r ITEM

'  
Furn ished v r i th  accessor ies .

6 INSTRUMENT TAG/EQUIPMENT I}ESIGNATION

| 6 ,I/INDICATES VACUUM ENVIRONMENT IOCATION

| | 6 DESCRIPTION (INITICATED ON IIRAWING/SIIEET)

l Fl-104 CRYOPUMP WCPI FLOW INDICATOR (V049.3.I02)

2 Ft-154 CRYOPI.JMP WCP2 FLOW INDICATOR (V049-3-IO3)

3 Ft 204 CRYOPT]MP WCP3 FLO\ry INDICATOR (V049-3-201)

FI-2_{4 cRyopr.JMP wcP4 FLOW TNDTCATOR (V049-3-201)

) FI-304 CRYOPLJMP WCPs FLOW INDTCATOR (V049-3-301)

6 Ft-354 CRYOPUMP WCP6 FLOW INDICATOR (V049-3-301)

7 FI-404 CRYOPUMP WCPT FLOW INDICATOR (V049-3401)

8 FI-504 CRYOPUMP WCPs FLOW INDICATOR (V049-3-501)

9 LT-t00 CRYOPUMP WCPI LEVEL TRANSMITTER. (V049.3-IO2)

l0 LT-105 CRYOP|MP WCPr DEWAR LEVEL TRANSMITTER' flOAS-S-tOZ)

l l LT-t50 CRYOPUMP WCP2 LEVEL TRANSMITTER. (V049.3-IO3)

t2 LT-r55 CRYOPT.JMP WCP2 DEWAR LEVEL TRAI.ISMITTER' (V049-3-103)

t3 LT-200 CRYOPUMP WCP3 LEVEL TRANSMITTER. (V049-3-20 I )

l 4 LT-20s CRYOPT]MP WCP3 DEWAR LEVEL TRANSMITTER. (VM9.3-2OI)

l 5 LT-250 CRYOPUMP WCP4 LEVEL TRANSMITTER. (V049.3:20 I )

l 6 LT-255 CRYOPUMP WCP4 DEWAR LEVEL TRANSMTnER' (V049-3-20r)

l 7 LT-300 CRYOPUMP WCPs LEVEL TRANSMITTER' (VU9-3-30t)

l 8 LT-305 CRYOPUMP WCP5 DEWAR LEVEL TRANSMITTER. TVO49.3-3OI)

l 9 LT-350 CRYOPI.JMP WCP6 LEVEL TRANSM]TIER. (V049-3.30I }

20 LT-35s CRYOPUMP WCP6 DEWAR LEVEL TRANSMITTER' (V049-3-30 1 )

2 l LT4OO CRYOPLJMP WCPT LEVEL TRANSMITTER' (V049-3401)

22 LT4O5 CRYOPUMP WCPT DEWAR LEVEL TRANSMITTER. (VO49-3-40I)

ATTACHlU IENT 'B "
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ritle: SPECIFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

6 INSTRUMENT TAG/EQUIPMENT DESIGNATION

| 6 ZINDTCATES VACUUM ENVIRONMENTI,OCATION
I
| | 6 DESCRIPTION (INDICATEDON DRAWINGISEEET)

23 LT-500 CRYOPI.IMP WCPE LEVEL TRANSMITTER. (V049.3.50I)

24 LT-50s CRYOPUMP WCPs DEWAR LEVEL TRANSMITTER' (V04e-3-s0 l )

25 PNL.IOOA coRNER STATTON rON CONTROLLER PANEL (V049-3-l 15)

26 PNL-IOOB CORNER STATION ION CONTROLLER PANEL ff049.3.I 16)

27 PNL-2OO LEFT MID STATION ION CONTROLLER PANEL (V049.3.204)

78 PNL-3OO RIGHT MID STATION ION CONTROLLER PANEL (V049.3.304)

29 PNL4OO LEFT END STATION ION CONTROLLER PANEL ru049-3-404)

30 PNL-5OO RJGHT END STATION ION CONTROLLER PANEL ff049-3-504)

3 l PT-l0l CRYOPIIMP WCP I PRESST]RE TRANSMITTER' N049.3- I 02)

32 PT- l5 l CRYOPTIMP WCP2 PRESSTIRE TRANSMITTER' (V049.3.I03)

J J PT-201 CRYOPUMP WCP3 PRESSURE TRANSMTTTER' (V049-3-20 r )

34 PT-251 CRYOPI.JMP WCP4 PRESSTIRE TRANSMITTER. (V049-3-20 I )

J ) PT-301 CRYOPUMP WCP5 PRESSURE TRANSMTTTER' (V049-3-301 )

Jt, PT-351 CRYOPUMP WCP6 PRESSURE TRANSMTTIER. (V049.3-3OI}

J I PT-401 CRYOPIA,TP WCPT PRESST]RE TRANSMITTER. (V049-340I )

38 PT-501 CRYOPTJMP WCPE PRESSURE TRANSMTTER. (V049.3.50 I )

39 TE.I03A cRyoPUMP WCP r THERMOCOUPLE (V049-3-1 02)

40 TE-I53A CRYOPI.JMP WCP2 T}IERMOCOI.'PLE (V049.3.I03)

4 l TE.2O3A cRyopuMP wcP3 THERMOCOTIPLE (V049-3-20 l )

TE-253A cRyopuMp wcp4 THERMocotJPLE (v049-3-20 r )
43 TE-303A CRYOPLMP WCPs THERMOCOTJPLE (V049-3-30 I )

44 TE-353A CRYOPUMP WCP6 THERMOCOUPLE (VM9-3-3OI)

45 TE4O3A CRYOPUMP WCPT THERMOCOTiPLE (V049-3401)

46 TE-5034 CRYOPT.JTUP WCPE THERMOCOIIPLE (V049-3-501)

Hgs-hjngtp+ Slts-oth.
6 ITEM

Furn ished w i th  acces  so l i  es

A T T A C H M E N T  " B ' '
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ritle: SPECTFICATION FOR ELECTRICAL & INSTRUMENT CONSTRUCTION WORK

!4r$!4na.Qi{e.gnty
6 ITEM

F u r n i s h e d  w i L h  a c c e s s o r i e s .

6, INSTRUMENT TAG/EQUIPMENT DESTGNATION

I a TINDICATES VACUUM ENVIRONMENTII)CATION
I

I I r DESCRIPTION (INDICATED ON DRAWING/SHEET)

FI{04 cRyoPUMP LCPI FLOW INDICATOR (V049-3-602)
't

FI654 CRYOPL]MP LCP2 FLOW INDICATOR (V049-3-503)

FI-704 CRYOPUMP LCP3 FLOW INDICATOR (V049.3.70I)

4 FI-754 cRyoPUMP LCP4 FLOW INDICATOR (V049-3-801)

5 LT-600 CRYOPUMP LCP l LEVEL TRAN SMITTER' (V049-3-602)

6 LT-605 cRyopuMP LcPl DEWAR LEVEL TRANSMITTER* (V049-3-602)

7 LT-650 CRYOPTIMP LCP2 LEVEL TMNSMITTER* (VM9-3403)

8 LT-655 CRYOPUMP LCP2 DEWAR LEVEL TRANSMITTER (V049.3{03)

9 LT-700 CRYOPT.JMP LCP3 LEVEL TRANSMITTER* ff049-3.70 I )

l 0 t-T-705 CRYOPUMP LCP3 DEWAR LEVEL TRANSMITTERT (V049-3-701)

l l LT-800 cRyoPtrMP LCP4 LEVEL TRANSMITTER* (V049-3-E0 I )

t2 LT-EO5 CRYOPUMP LCP4 DEWAR LEVEL TRANSMITTERT (V049-3-801)

l 3 PNL.SOOA coRNER STATTON ION CONTROLLER PANEL (V049-3-616)

l 4 PNL.6OOB coRNER STAnoN ION CONTROLLER PANEL (V049-3{15)

t ) PNL-7OO LEFf END STATION ION CONTROLLER PANEL (V049-3-704)

l 6 PNL-8OO RIG}IT END STATION ION CONTROLLER PANEL (V049.3.804)

t 7 PT-601 CRYOPUMP LCP I PRESSLJRE TRANSMITTER+ (V049-3{02

l 8 PT-65 r CRYOPUMP LCP2 PRESSI.IRE TRANSMITTERI (V049.3503)

l 9 PT-701 CRYOPUMP LCP3 PRESSIJRE TRANSMITTERI (V049.3.70 I )

20 PT.E5I CRYOPUMP LCP4 PRESSURE TRANSMITTER* (V049.3-EOI )

2 l TE.6O3A CRYOPUMP LCP I THERMOCOUPLE (V049-3502)

22 TE453A CRYOPUMP LCP2 THERMOCOI.]PLE (V049-3{03)

23 TE.7O3A CRYOPUMP LCP3 THERMOCOTJPLE (V049-3-7OI)

24 TE-8034 CRYOPUMP LCP4 THERMOCOTJPLE (VO49.3.tOI )

A T T A C H M E N T  . . B ' '
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AITACEMENEE
S U B t U l l I I A l .  L I S I

Submit for review the proposed equipment submittals and reports as required under thc SPecification and
listed below:

l. Eouioment substitutions (Article 8.3. oase 6)

Submit proposed substitutions to the electrical engineer for acceptance via PSI's representative. With
submittal, provide details ofnecessary changes to accommodate substitutions. Submit samples if
requested.

2. List oforoposed equipment (Article 9.1. page 6)

As soon as practicable, submit for review a list ofequipment proposed for installation with each ilem
identified by Specification paragraph number or where applicable by Drawing number. lnclude
manufacturer's name with catalog or model number for each itern.

3. Cable tray (Article 12.6. page 7)

Provide product data of each cable tray component.
Provide shop drawings offabricated support brackets.
Pro.'ide dimensioned diagrams indicating where expansionjoints are proposed.

4 , Wire and cable (Article I 5 . 5. page I 1 )

Provide product data of each wire and cable.

5. Wiring identification (Article 16.3. oaee l2)

Provide product data ofprinted sleeve markers.

6. Instrument air/gas and orocess tubinq (Article 20.4. page l3 )

Provide product data oftubing and accessories.

7. Testing (Article 23.3.2. page l4)

Provide wrinen test report listing resistance by feeder and branch circuit-

A T T A C H M E N T  . . C "
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Title: SPECIFICATION FOR BAKEOUT SYSTEM PERSONNEL COMPUTERS

SPECIF'ICATION FOR

BAKEOUT SYSTEM PERSOF{NEL COMPUTERS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

Information contained in tiis 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 aly other party.
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Tltle spEcIFIcATIoN FoR BAKEour sysrEM pERsot\tNEL coMpurERs

l. Gateway 2000 Personnel Computers with the following :

- Intel 120 Pentium Processor

- 16 MB EDO DRAM

- 256L pipelined bwst SRAM cache
- 1.2 GB l lmsEIDEWestemDigitalHD

- PCI Enhanced IDE interface
- PCI local-bus graphics with 2MB DRAM
- 6X CD-ROM \i/ith EIDE interface
- 3.s" 1.44 MB DD

- 1'1" CrystalScan Monitor

- slots: (2) 16-bit ISA, (3) 32-bit pCI, (1) pCyISA

- Desktop Case
- 104+ Keyboard (\Q ANYKEY)

- Microsoft Mouse

- Microsoft NT Workstation 3.51

- Microsoft Office Pro 95

- Gateway Gold Premium Service(3 year on-site)

z
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Title: SPECIFICATION FOR BAKEOUT SYSTEM THERMOCOUPLE MEASUREMENT
SYSTEM

SPECIFICATION FOR

BAKEOUT SYSTEM THERMOCOUPLE MEASUREMENT SYSTEM

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARXD BY:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:
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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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Tllle
SPECIFICATION FOR BAKEOUT SYSTEM THERMOCOUPLE
MEASUREMENT SYSTEM

l. IJO Tech Thermocouple Measurement System As Follows :

a) (l) TEMPSCAN-I0o0A
Hi speed thermocouple measurement Main Chassis

b) (1)E)(P/l1A
l0 slot expansion chassis for Tempscan/IO00d includes rackmount kit and
CA-35-l master/slave cable

c) (6) TEMPTC-32A
32 Channel T/C Scanning Module for Non-Grounded T/C's

NOTE: 2 year warranty standard
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Allen-Bradley Plc Interface Modules As Follows :

l .  1771-DMC
Control Co-Processor Main Module with 256 KBYTE

2. 1771-DRS1
I Mega Byte Memory Expansion
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SPECIFICATION FOR BAKEOUT SYSTEM PLC-T/C SYSTEM
TiIIe INTERFACE SOMWARE FUNCTIONALITY

SPECIFICATION TABLE OF CONTENTS

1.0 Bakeout Co-Processor T/C Software Functionality

2.0 Software Communication And Program Failure
Protocol

Attachment-A PLC- T/C Regrster Listing
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Title
SPECIFICATION FOR BAKEOUT SYSTEM PLC-T/C SYSTEM
INTERFACE SOFTWARE FUNCTIONALITY

I.O BAKEOUT CO-PROCESSOR T/C SOFTWARE FT]NCTIONALITY

The Control Co-Processor software shall request T/C information from the
TempScanl000A unit via RS-232 (9600 baud) every X seconds (derived from system
variable SP_I33). The Co-Processor shall receive this T/C information (192 values),
range check-it and send the T/C information, T/C range alarming information and system
alarm information/heartbeat to the Bakeout PLC.

The Control Co-Processor Module (Allen-Bradley #i?71-DMC) is directly wired to the
Bakeout PLC (Allen-Bradley #1785-L30B PLC 5/30) Co-Processor expansion port and
shall utilize PLC-5 interface routines called in the C-Code software to directly access any
registers in the Bakeout PLC. The PLC-5 interface routines are contained with-in the
development software (Allen-Bradley #1 771 -PCB)

1.1 T/C Value Transfer, Range Checking, Clamping And Alarming

The TempScanl000A shall process a total of 192T/C values. Expansion capabilities of
adding an additional 32 are available (Tl-077 NB through TI-092A,r8).

1.1.1 Blanket Control T/C's

152 T/C's will be Blanket Control T/C's tagged TI-001A through TI-0764 and TI-0018

I through TI-0768. See Attach-A for a tisting
I

Each Blanket Control T/C value shall be range checked to verifu that it is a correct Type-J
I TlC value The T/C range shall be defined ai follows (See Attach-A for more details):
I

a) Blankel Control T/C low range SP_130L (Variable range ofO to 1200 Deg C)

b) Blanket Control T/C hi range SP_130H (Variable range ofO to 1200 Deg C)

NOTE: The low and hi range variables are verified by the Co-Processor passing
the variable values into indication points.

The low range SP_I30L has a verification of SP_l30LI.

The hi range SP_130H has a verification of SP_I30HL

Each Blanket Control T/C has a range check alarm point of TA-001A through T4-076A
and TA-001B through TA-0768 The following shall occur for each Blanket Control T/C
range check alarm :

a) T/C falls with-in the low and hi-range the Alarm is OK (bit set to 0)

b) T/C falls out ofthe low and hi range the Alarm is active (bit set to 1)
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INTERFACE SOFTWARE FUNCTIONALITY

This range check is performed each time new T/C information is received from the
TempScanl0O0A and prior to sending T/C values to the Bakeout PLC. See Attach-A for
a listing of alarms.

All Blanket Control T/C values transfened to the Bakeout PLC shall be clamped from
-32'l 68 to f27 67 , a valid PLC-5 Integer value,

1,1,2 Auxiliary Systems Control T/C's

32 T/C's will be Auxiliary Systems Control T/C's tagged TI-093A through TI-108A and
TI-0938 through TI-108B. See Attach-A for a listing.

Each Auxiliary Systems Control T/C value shall be range checked to veri$ that it is a
correct Type-J T/C value. The T/C range shall be defined as follows (See Attach-A for
more details):

a) Aux. Sys. Cont. T/C low range SP_130L (Variable range ofO to 1200 Deg C)

b) Aux. Sys. Cont, T/C hi range SP_130H (Variable range of 0to 1200Deg C)

NOTE: The low and hi range Variable are verified by the Co-Processor passing
the variable values into indication points.

The low range variable SP_I30L has a verification of SP_130LI.

The hi range variable SP_l30H has a verification of SP-l30HI.

Each Auxiliary Systems Control T/C has a range check alarm point of TA-093A through
TA-108A and TA-093B through TA-108B. The following shall occur for each control
T lC range check alarm:

a) T/C falls with-in the low and hi-range the Alarm is OK (bit set to 0)

b) T/C falls out ofthe low and hi-range the Alarm is active Oit set to l)

This range check is performed each time new T/C information is received from the
TempScinlOOOA and prior to sending T/C values to the Bakeout PLC. See Attach-A for
a listing of alarms.

All Auxiliary Systems Control T/C values transferred to the Bakeout PLC shall be
clamped from -32768 to 32767, a valid PLC-5 Integer value.

z
:
o

o

SPECtFtCATtOtrl

w R.Y.

o l *P!96



Tille
SPECIFICATION FOR BAKEOUT SYSTEM PLC.T/C SYSTEM
INTERFACE SOFTWARE FUNCTIONALITY

1.1.3 Gauge Control T/C's

8 T/C's will be Auxiliary Systems Control T/C's tagged TI-109A through TI-l l2A and

I 
Tf-1098 through TI-1128. See Anach-A for a listing.

I

Each Gauge Control T/C value shall be range checked to verifu that it is a correct Type-I
I TlC value. The T/C range shall be defined as follows (See Attach-A for more details):
I
I

a) Gauge Cont. T/C low range SP_13IL (Variable range ofO to 1200 Deg C)

b) Gauge Cont. T/C hi range SP_l3iH (Variable range ofO to 1200 Deg C)

NOTE: The low and hi range Set Points are verified by the Co-Processor passing
the variable values into indication points.

The low range variable SP_I3lL has a verification of SP_l3 ILL

The hi range variable SP_l31H has a verification of SP_l3lHI.

Each Auxiliary Systems Control T/C has a range check alarm point of TA-109A through
TA- 1 I 2A and TA- 1 09B through TA- I I 2B . The following shall occur for each control
T/C range check alarm:

a) T/C falls with-in the low and hi-range the Alarm is OK (bit set to 0)

b) T/C falls out ofthe low and hi-range the Alarm is active (bit set to 1)

This ranee check is performed each time new T/C information is received from the
I TempSclnl000A and prior to sending T/C values to the Bakeout PLC. See Attach-A for

a listing of alarms.

All Auxiliarv Svstems Control T/C values transferred to the Bakeout PLC shall be
clamped froh -:zzog to 32767, a valid PLC-S Integer value.

1,2 System Variables, Flags And Alarms

The data transfer interval between the Co-Processor and PLC shall be a variable (SP-133)
set from the PLC. It shall be between 10 and 60 seconds. The data transfer rate between
the Co-Processor and the TempScanl000,4. shall be at least half of variable SP-l33 (5 to
30 seconds).

NOTE: The data transfer interval variable is verified by the Co-Processor passing
the Set Point value into an indication point.

The data transfer interval variable SP 133 has a verification of SP 133I.
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SPECIFICATION FOR BAKEO
INTERFACE SOFTWARE FUNCTIONALITY

2.0

The Co-Processor software shall set the heartbeat flae
information has been sent to the Bakeout PLC. This fla
information has been passed to the Bakeout PLC. Th
process information and be reset to a 0 when complete
PLC as a communication alarm between the Co-Procer
in the PLC if the heartbeat flag is not set by the Co-Prc

See Attach-A for details ofXI_I34.

The Co-Processor software shall check the data inteeri
from the TempScanl000A. The following shall occui f
(xr_13s):

a) Data Integrity is OK, set XI_135 to 0

b) Data Integrity is BAD, set XI_135 to I

See Attach-A for details of )il_135. An alarm will be r

The Co-Processor software shall check the RS-232 cor
TempScanl0004. and the Co-Processor. The followinl
Communication Signal (XI_1 36):

a) Communication is OK, set XI_136 to 0

b) Communication is BAD, set XI_136 to 1

See Attach-A for details of) 136. An alarm will be sr

SOFTWARE COMMUNICATION AND PROGRI

The Co-Processor software shall start-un immediatelv r
Processor module, and continue to operite until powlr

The software shall continue to oDerate in the event of l
TempScanl000,4, RS-232 network or the Bakeout PL(
both-is lost the software shall continue to ooerate but n
When RS-232 communications has been re-established
Line, the software should detect this and re-establish c(

to a I after complete T/C and alarm
.q will not be set until all
ii flag will used by the PLC to
. This flag will also be used by the
isor and PLC. An alarm will be set
rcessor everv X seconds.

ty ofthe T/C information received
br the Data Integrity Signal

iet in the PLC if K_135 is set.

nmunication between the
I shall occur for the

:t in the PLC if )il_136 is set

rM FAILURE PROTOCOL

tpon power-up of the Co-

rss of communication to either the
l. If communication to either or
ot communicate to the lost node.
or the Bakeout PLC is back On-
rmmunications to the node.
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SPECIFICATION I'OR BAKEOU'I' SYS'I'EIVI PLCJI:IL SYS'I UIU
ritle INTERFACE SOFTWARE FUNCTIONALITY

2.1 Documentation And Source Code Requirements

Three (3) copies ofthe Co-Processor software source code shall provided on 3 1/2" DS
HD (MS-DOS based) Disks.

Three (3) hard copy print-outs ofthe source code shall be provided.

The source code shall be fully documented with explanations of functionality and linkages
through-out the source code to make the source code fully understandable and easy to
follow.
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rrtrc SpEctFIcATION FOR BAKEOUT SYSTEM pC _ ALLEN BRADLEY
PLC INTERF'ACE MODULE X'OR LIGO

PC - Allen Bradley PLC Interface Module as Follows:

r .  1784-KTX

DH+, DH485, REM I/O Interface Module
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nte 3B?3t$t^ftIlSilFORoBAKEour 
sYsrEM Pc - INTERFACE

PC - Interface Software running on Windows NT as follows:

A. Full Function Runtime SCADA node including:

i. Distributed Networking

ii. SCADA

iii. Object Graphics

iv. HistoricalTrending/Collection

v. DDE ClienVServer

vi. Excel Macros

vii. Batch Blocks

B. ABK I/O driver

C. Cyberlogic NT driver
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PITOT TUBE
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Hanford, Washingon
and

Livingston, Louisiana

PREPARED BY

ELECTRICAL

QUALITY ASSURANCE

TECHNICAL DIRECTOR

PROJECT MANAGER

Information contained in this specification and i$ attachments is and shall be kept confidential. It shall b€
used only as required to respond to the specification requirements and shall not be disclosed to any otller parq'.
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SPECIFICATION FOR PITOT TUBE

1.0 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 International (PSI), the
Owner - California 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 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 ofCodes and Standards

l.  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 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 organizations:

American National Standards Institute, Inc. (ANSI)

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 PITOT TUBB

Factory Mutual (FM)

Federal Communications Commission (FCC) Part l5

Institute ofElectrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code OIFPA 70)

National Electrical Manufacturers Association (NIEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized tesling companies

J..O GENERALREqUIREMENTS

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
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

Plales are to be stamped to show the following information:
a. Manufacturer's name. calaloq 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
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SPECIFICATION FOR PITOT TUBE

5.0 RESPONSIBILITY

The Seller shall be completely responsible that the equipment and/or material furnished under this
specification is ofhigh quality in every respect, with first-class workmanship tkoughout and
entirely suitable for the purpose outlined herein or reasonably inferred therefrom. Therefore, ifany
requirement of this 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 REOIJ]REDDOCIJMENTATION

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 MECHAMCALDATAREQUIREMENTS

Outline dimension drawings and weight.

5.2 MANUALS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

7.0 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 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 PITOT TUBE

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 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 ofeach crate.

S P E C I F I C A T I O N

A vo49-2-079
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ATTACHMENT B

INSTRUMf,NT DATA SHEET
FLOW ELEMNNTS

LIG'O

Rev 0
TAG NT]MBER FE-104 FE-154 FE-204 FF..254
FLOW SI{EET NO, v0494-006 v049{{06 v0494406 v0494{06
LINE NI]MBER I t27 1130 242 245
SERVICE MTROCEN NTTROGEN NITROGEN NITROGEN
FLI]ID GAS GAS GAS GAS
OPERATING PRESSIJRE PSIG l0 l0 l0 t0
OPERATING TEMPERATIJRE {15) ro 96 {15) to 96 -{15) to 96 {15) to 96
sP. GR. (MW) o.9672 0.9672 0.9672 o.9672
BASE PRESSI,]RE PSIA l4.7 14.7 14.7 14.7
BASE TEMPERATTJRE 70 70 70 70
FULL SCALEFLOW SCFH 12000 12000 t 2000 12000
NORMALFLOW SCFII 10600 10600 5300 5300
MIN FLOW SCFI{ 2650 2650 2650 2650
LINE SIZE / SCMDULE I l/2" SCH l0S 1 1/2' SCH l0S I l/2' SCH l0S I 1/2" SCH tOS
INSIDE DIAMETER OF LINE INCHES 1 . 6 1 l . 6 l l .6 l 1.61
MATERIAL 304 SSTL 304 SSTL 304 SSTL 304 SSTL
PRESSURE TAPS TYPE / SIZE I/4- MALE NPT I/4' MALE NPT I/4' MALE NPT I/4" MALE NPT

ELEMENT TYPE IN-LINE IN.LINE IN.LINE IN-LINE
PROCESS CONNECTION BUTI WELD BUTI WELD BUTTWELD BUTT WE[.D
ORIENTAT1ON HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL
INACCURACY I% FI,JLL SCALI I% FIJLL SCALT!% FULL SCALI FI,]LL SCALE

CALCTJLATION S REQD. YES YES YES YES

MANI]].ACTURER

MODEL

APPRO}'DD I'ATE NOTES
INSTRUMENT ENGINEER
ENGINEERING APPROVAT,
PROJECT APPROVAT

REVISION NO. DAItr IPP. APP. APP.



ATTACHMENT B

INSTNUMENT DATA SEEET
FLOW

LIGO
v049-2.{79ELEMENTS , R e v 0

TAG NI]MBER FE-304 FE-354 FE-404 FE-504
FLOW SHEET NO. v0494406 v0494406 v0494{06 v0494406
LINE NTJMBER 342 345 432 532
SERVICE MTROGEN NITROCEN MIROCEN NIIROCEN
FLIjID GAS GAS GAS GAS
OPERATING PRESSI,JRE PSIG 10 l0 l0 l o
OPERATING TEMPERATI.JRE -{15) to 96 -(15) to 96 -(15) to 96 { l5) 1o 96

SP. GR, (MW) 0.9672 0.9672 o.9672 0.9672
BASEPRESSURE PSIA 14.7 14.7 14.7 14.7
BASE TEMPEMTURE 70 70 70 70
FI,JLL SCALE FLOW SCFTI 12ff)0 12000 12000 12000
NORMALFLOW SCFH 5300 5300 5300 5300
MINFLOW SCFH 2650 2650 2650 2650
LINE SIZE / SCHEDIjLE I l/2" SCH l0S l l/2' scH los I l/2" SCH l0S I l/z'� SCH 10S
INSIDE DIAMETER OF LINE INC}IES l .6 l l .6 l 1 .61 l .6 l
MATERIAL 304 SSTL 304 SSTL 304 SSTL 304 SSTL
PRESSTJRE TAPS TYPE / S\ZE i/4' MALE NPT I/4'MALE NPT I/4" MALE NPI V4'MALE NPT

ELEMEI.IT TYPE IN-LINE IN-LINE IN.LINE IN.LINE

PROCESS CONNECTION BUTT WELD BUTT WELD BUTT WELD BUTT WELD
ORIENTATION HORIZONTAL HORTZONTAL HORIZONTAL HORIZONTAL
INACCURACY Z% FT]LL SCALI I% FTJLL SCALI I% FULL SCALI FI,JLL SCALE

CERTIFIED CALCULATIONS REOD. YES YES YES YES

MANI.]TAC'|LIRER

MODEL

APPROVED DATE NOTES

INSTRUMEI'N' ENGINEER
ENGINEERING APPROVAI
PROJECT APPROVAL

NDVISION NO. DATE rPP. APP, APP.



Page 3 of 3

AT"TACHITENT B

INSTRUMENT DATA SHEET LIGO
FLOW ELEMENTS Rev 0

TAG NIJMBER FE604 FE454 FE-704 FE-804

FLOW SIIEET NO, v0494..006 v0494{06 v0494{06 v049{1406
LINE NI,JMBER 692 695 I J J E33

SERVICE NTTROGEN NIIROCEN NTTROGEN NITROCEN
FLTJID GAS GAS GAS GAS
OPERATING PRESSIIRE PSIG l0 t0 l0 l0

OPERATING TEMPERATURE 'F -{15) to 96 -{15) to 96 -{ l5) to 96 -(15) ro 96

SP. GR. 0\.lW) o.9672 o.9672 o.9672 0.9672
BASEPRESSURE PSIA 14.7 14.7 14.7

BASE TEMPERATI,IRE 70 70 70 70
FTJLLSCALEFLOW SCFH 124ffi l2fin tzwo 12000
NORMALFLOW SCFH 10600 10600 5300 5300
MINFLOW SCFH 5300 5300 5300 5300
LINE SIZT / SCI{EDULE I l/2" SCH l0S I l/2. scH los r y2' scH los I 1/2' SCH l0S

INS]DE DIAMETER OF LINE INCHES l.6 l l .6 l l , 6 l l .6 l

MATERIAL 304 SSTL 304 SSTL 304 SSTL 304 SSTL

PRESSTJRE TAPS T\?E / SIZE I/4'MALE NPT 1/4'MALE NPT Y4" MALE NPT I/4' MALE NPT

ELEMENT TYPE IN.LINE IN-LINE IN.LINE IN.LINE

PROCESS CONNECTION BUTT WELD BUTT WELD BUTTWELD BUTT WELD
ORIENTATION HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL

INACCURACY I% FTJLL SCALI r% FULL SCALII% FI,JLL SCALI FTJLL SCALE

CERTtrIED CALCULATIONS REOD. YES YES YES YES

MANI'FACTT'RER
MODEL

APPROVED DATE NOTES

INSTRUMINI ENGINEER
ENGINEERING APPROVAL

PROJECT APPROVAI

RTVISION NO. DATE APP. APP. APP.



ritle: SPECIFICATION FOR DIX'Ff,Rf,NTIAL PRESSURE GAUGES

SPECIFICATION

FOR

DIIT'ERENTIAL PRESSIJRE GAUGES

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY

ELECTRICAL

QUALITY ASSURANCE

TECENICAL DIRECTOR

PROJECTMANAGER

h,r' a rlJ

Information contained in this sDecification and its attachments is in nature and shall be keot confidential. It shall be
used only as required to rcspond to the specification requirements and sha.ll not b€ disclosed to any other party.

DESCRIPTION OF ACTION

S P E C I F I C A T I O NPROCESS SYSTEMS INTERNATIONAL, INC
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ritle: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

TABLE OF CONTENTS

1.0 SCOPE

2.0 CODES AND STANDARDS

3.0 GENERALREQUIREMENTS

4.0 MARKING

5.0 RESPONSIBILITY

6.0 REQUTREDDOCT.JMENTATION

7.0 INSPECTION

8.0 PREPARATION FOR SHIPMENT

ATTACHMENTS

A) LIGO QUALITY ASSIIRANCE REQTJIRENiIENTS SUMMARY

B) DATASHEET

C) SPECIFICATIONFOREQTiIPMENTPIIRCHASECOMMERCIAL
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ritle: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

I.O 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 International (PSD, the
Owner - California 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 ofthis specification.

2.0 CODES AND STANDARDS

2.1 Priority ofCodes 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 purchase order. If more than one document applies to a technical requirement, the
more stringent requiremenl 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 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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ritle: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

Factory Mulual (FM)

Federal Communications Commission (FCC) Pafi l5

Institute ofElectrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical Manufacturers Association aNEMA)

Underwdter's Laboratories (UL) or equipment and installation standards by other
nationally recognized tesling companies

3..0 GENERALREQUIREMENTS

3.1 The overall process and mechanical requirements for this specific application are gilen
in data sheets attached to this specification.

1.2 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
maintenance manual.

3.4 Instrumentation shall be ofindustrial quality and shall be subject to the acceptance ofthe
Buyer.

3.5 External 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. catalos 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 vo4e-2-088
Page 4 of 6



ritle: SPECIFICATION FOR DIFFERENTIAL PRESSURE GAUGES

5.0 RESPONSIB]LITY

The Seller shall be completely responsible that the equipment and/or material fumished under this
specification is of high 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 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.I MECHAMCALDATAREQUIREI,IENTS

Outline dimension drawings and weight.

5,2 MANUALS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

1 ,O 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 materiats 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 DIFFERENTIAL PRESSURE GAUGES

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 The Vendor shall have a signed "Release for Shipment" form provided by the Buyer's
Quality Assurance represenlative 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
tas 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-o8g
Page 6 of 6
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ATTACHMENTIIB''

Page I of 3

LIGO
v049-2-{r88

INSTRUMENT I'ATA SHEET
DIFFERENTIAL PRDSSURE GAUGES { o

D.P. RATING TN H,O

CONNECTIONS SIZE / TYPE

GUARANTEED ACCURACY

D V0492088!{nach-C. xts



Page 2 of 3

ATTACEMENT "B"

INSTRUMENT DATA SIIEET

DIITERENTIAL PRESSURD GAUGES v049-2-0tt

Y PRESSI]RE RATING PSIG
D.P. RATING IN H,O

D V0492088\Anach4.xls



ATTACHMENT "8"

Page 3 of 3

LIGO
v049-2-0E8

INSTRUMENT DATA SHEET
DIFFERENTIAL PRESSURE GAUGES o
TAGNUMBER FI{04 FI{54 Ft-704 FI-804
FLOW STIEET NO, v049{406 v049{{06 v049-0-006 v0494{06
LINE NUMBER 692 695 833
SERVICE N]TROCEN NITROGEN MTROGEN NTIROGEN
FLIJ]D GAS GAS GAS GAS
PRESSURE PSIG l0 l0 l0 l 0
TEMPERATURE DEGREES F ( -J )  to  v ) G5) to 95 G5) to 95 G5) 10 95

MOIJNTING SURFACE SIJRFACE SURFACE STJRFACE
DIAL SIZE 4.5 inches 4.5 inches 4.5 inches 4.5 inches
ELEMENT TYPE DIAPHRAM DIAPHMM DIAPHRAM DIAPHRAM
RANGE INH?O (PSIG) 0ro25 0 1 0 2 5 0 t o 2 5 0 t o 2 5

BODYMATERIAL alumifiurn aluminum aluminum aluminum
BODY PRESSIJRE RATING PSIG 25 25 25 25
MAXIMUM D,P. RATING TN H,O 25 25 25 25
ELEMENT MATERIAL E una-N B una-N B ona-N B ma-N
ELEMENT FILL Drv Dry Dry Dry
PROCESS CONNECTIONS SIZE / TYPE t/4' NPT ll4' NPT U4" NPT y4" NPT
SCALE 0 to 12000 0 to 12000 0 1o 12000 0 to 12000
LEGEND SCFH SCFH SCFH SCFH
GUARANTEED ACCURACY zYo 2Yo 2o/o 2"/.

QUANMY I I I I

MANUTACTURER
MODEL

BY DATE NOTES

ENCINEERING APPROVAI
PROJECT APPROVAL

RTVISION NO, DATE APP. APP. APP.

D V0492088\Arbch-C.xls



SPECIFICATION FOR LEWL TRANSMITTERS

SPECIFICATTON

FOR

LEWL TRANSMITTERS

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY

ELECTRICAL

QUALITY ASSURANCE

TECHNICAL DIRECTOR
--b . C, 7*- r r-< .) <-/ - i ,-,- - . -

PROJECT MANAGER

Information contained in this soecification and its attachments is and shall be kept confidential. It shall be
used only as required to respond to the sp€cification requirenents and shall not be disclosed to any o&er party.

DESCR IPTION OF ACTION

S P E C I F I C A T I O NPROCESS SYSTEMS INTERNATIONAL, INC

INITIAL
APPROVALS

PREPARED BY DATE

b v0492089 Doc Pege 1 of 6



SPECIFICATION FOR LEVEL TRANSMITTERS

TABLE OFCONTTNTS

1.0 scoPE
2.O CODES A}TD STA}{DAITDS

3,0 GENERALREQUIREMENTS

4.0 MARKING

5.0 RESPONSIBILITY

6.0 REQIIIREDDOCT'MENTATION
.1 ,O INSPECTION

8.0 PREPARATIONFORSHIPMENT

ATTACHMENTS

A) LIGO QUALITYASSIIRANCEREQI.IIREMENTS S{.]MMARY

B) DATA SIIEET

C) SPECIFICATIONFOREQI-IIPMENTPIIRCHASE COMMERCIAL

REQUIREMENTS: SPEC.# V049-2-034
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SPECIFICATION FOR LEVEL TRANSMITTERS

1.0 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 International (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 ofthis 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 purchase order. Ifmore 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 ofFederal Regulations (CFR) Title 47, Part 15

Electrical Standards for Industrial Machinery (NFPA 79) unless otherwise indicated

S P E G I F I C A T I O N
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SPECIFICATTON FOR LEVEL TRANSMITTERS

Faclory Mutual (FM)

Federal Communications Commission (FCC) Part l5

Institute ofElectrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code Q{FPA 70)

National Electrical Manufacturers Association (NEMA)

Underwriter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

3..0 CENERALREOUIREMENTS

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
maintenance manual.

3.4 Instrumentation shall be ofindustrial 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 follou'ing information:
a. Manufacturer's name. catalos 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 vo4e-2-089
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SPECIFICATION FOR LEVEL TRANSMITTERS

5.0 RESPONSIBILITY

The Seller shall be completely responsible that the equipment and/or material fumished under this
specification is of high quality in every respect, with first-class workmanship 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 F€OUIREDDOCUMENTATION

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.I MECHAN]CALDATAREQTIIRE]VIENTS

Outline dimension drawings and weight.

5.2 MANUALS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

7.O 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 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

b v0,191089 DOC Page 5 of 6



SPECIFICATION FOR LEVEL TRANSMITTERS

8.0 PREPARATION FOR SHIPMENT

8.1 ltems 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 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 C I F I C A T I O N

A vo{9-2-089
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INSTRUMENT IIATA SHEI,T
Lf,VEL TRANSMITTER

ANACH'IAENT "8"

PRESSURD V049-2-{n9. Rev 0
TAGNUMBER LT-100 LT-I50 LT'OO LT-z50
FI,OW SI{EET NO- v049-0-006 v0494406 v049{{06 v049{406
LINE N(II\4BER

SERVICE NITROGEN NTIROGEN NIIROGEN NITROGEN
FLI]ID LIQUID LIQUID LIQUD LIQUID
PRESSURE PSIG l0 to 25 l0 to 25 l0 to 25 l0 to 25
TEMPERAT1IRE DEGREES F 15 to 96 15 to 96 15 to 96 15 !o
ADruSTABLEMNGE INH"O 0 t o 5 0 0 t o 5 0 0 t o 5 0 0 to50
CALIBRATED RANGE IN H"O PSIG)

TYPE: CAPACITANCE / OT}IER CAPACITANCT CAPACITANCECAPACITANCE
OUTPUT 4 t o 2 0 m A 4 t o 2 0 m A 4 t o 2 0 m A 4 t o 2 0 m A
READOUT inches ofH2O inches ofH2O inchef of FDO inches of HzO

ENCLOSI.IRE NEMA RATING REOD. 4 4 4 4

MATERIAL: BODY / CAPSIiLE ssr ssr SST SST SST ssr SST ssr
MATERIAL: NUTS & BOLTS Ni Dlaled CS Ni Dlat€d CS Ni Dlated CS Ni Dlaled CS
PRESSTJRERATINC PSIG 25 25 25 25
MAXIMI.M D.P. RATING INTUO 100 100 100 100
CAPSULE FILL
PROCESS CONNECTIONS
MINIMTJM ACCURACY REOD, o.25"/, 0.25V" O.25yo O.25o/o

SMART ELECTROMCS REOD. NO NO NO NO
MOUNTING BRACKET REOD. NO NO NO NO
CONDUIT CONNECTION SIZE I/2" NPT I/2'NPT I/2'NPT I/2" NPT

QUANTITY I I

MANUTACTTIRER

MODEL
BY DATE NOTES

ENGINEERING APPROVAL t v€rdor 10 adeise

PROJECT APPROVAI,

R.EVISION NO. DATE APP. APP. APP.



Pagc 2 of6

ANACHMENI "8"

INSTRUI}TENT DATA SHf,ET LIGO
V049-2{E9, Rev 0LEVEL TRANSMITTER fl'ITFERf, NTIAL PRESSURD

TAGNUMBER LT-300 LT-3 50 LT-400 LT-YX)

FI-OW S}IEET NO. v049{406 v0494{06 v049{{06 V0494-U}6

LINE NI.IMBER
SERVICE MTROCEN NTIROGEN NTTROGEN N�TROGEN
FLUID LIQUID LIQUID LIQtnD LIQI.JID

PRESSI.]RE PSIG l0 lo 25 l0 to 25 l0 to 25 l0 to 25

TEMPERATIJRE DEGREES F 15 to 96 l5 to 96 15 to 96 15 to 96

ADruSTABLE RANGE TN H,O 0 1 0 5 0 0 t o 5 0 0 1 0 5 0 0 t o 5 0

CALIBRATEDRANGE INH,O (PSIG)

TYPE: CAPACITANCE / OTHER CAPACITANCTCAPACITANCTCAPACTTANCTCAPACITANCE

OUTPUT 4 t 0 2 0 m A 4lo20mA 4 to20mA 4 to 20 trrA

READOLTT irrches ofH2O inches ofll2O inches of tuO inches ofll2O

ENCT,OSURE NEMA RATING REOD. 4 4 4 4

MATERIAL: BODY / CAPSULE SST S S I SST SST ssr SST SST SST

MATERIAL: NUTS & BOLTS Ni olated CS Ni plated CS Ni Dlated CS Ni olared CS
PRESSI,JRE RATING PSIG 25 25 25 25

MNilMIJM D.P. RATING INH2O 100 100 100 100

CAPSI,JLE FILL
PROCESS CONNECTIONS
MINIMUM ACCT]RACY REQD. O.25Vo o.25v" O.25o/o o.250/0

SMART ELECTRONICS REOD, NO NO NO NO
MO1JNTING BRACKET REOD. NO NO NO NO
CONDUTT CONNECTION SIZE l/2'NPT 1/2'NPT I/2'NPT I/2" NPT

QUANTMY I I

MANUTACTIIRER
MODEL

AY DATE NOTES

ENGINEERINC APPROVAI ' vendor to advise

PROJECT APPROVAI

REVISION NO. DATE APP. A.PP. APP.



INSTRUMENT IIATA SHEET

LEVEL TNANSMITTER

ANACHIAENI "8"

TI,{L PR-ESSURE

LIGO
v049-2{E9

Pagc 3 of 6

Rev 0

CAPACITANCE

: NUTS & BOLTS

D.P. RATING IN H2O
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ANACHMENI "8"

INSTRUMENT IIATA SHEET LIGO

LEVEL TRANSMITTER (DIFFERENTIAL PRf, SSURE Rw0

TAG NTJMBER LT-105 LT-155 LT-205 LT -25s

FLOW SHEET NO. v049{406 v049-0406 v0494.,m,6 v049{-006

LINE NUMBER
SERVICE NITROGEN MTROGEN NITROCEN NITROGEN

FLI,JID LIQI.ND LIQUID LIQTJID LIQUID

PRESSURE PSIG l0 to 25 l0 10 25 l0 to 25 l0 to 25

TEMPERATURE DEGREES F c5) ro 96 (-5) to 96 G5) to 96 G5) to 96

ADruSTABLERANGE NH,O 0 to 500 0 to 500 0 to 500 0 to 500

CALIBRATED RANGE IN H,O (PSIG)

TYPE: CAPACITANCE / OTIIER CAPACITANCE CAPACITANCI CAPACITANCT CAPACITANCE

OUTPUT 4 t o ? 0 m A 4 t o 2 0 m A 4 t o 2 0 m A 4 t o 2 0 m A

READOUT inches of H2O inches of H2O inches of H2O inches of Ij2O

ENCLOSTJRE NEMA RATING REQD, 4 4 4 4

MATERIAL: BODY / CAPSULE SST SST SST SST SST SST SST SST

MATERIAL: NUTS & BOLTS Ni Dlared cs Ni olated cS Ni Dlated CS Ni Dlared cs

PRESSIjRE RATING PSIG 25 25 25 25

MAXIMUM D.P. RATING IN II2O 100 100 100 100

CAPSULE FILL
PROCESS CONNECTIONS

MINIMUM ACCT]RACY REOD. o.25v" 0.25Yo O.25Vo 0.25o/"

SMART ELECTRONICS REQD, NO NO NO NO

MOI.JNTING BRACKET REQD. NO NO NO NO

CONDI,JIT CONNECTION SIZE I/2" NPT I/2" NPT I/2'NPT I/2" NPT

QUANTITY I I

MANUFACTURER

MODEL
BY DATE NOTES

ENGINEERING APPROVAL ' vendor to advise

PROJECT APPROVAL

REVTSION NO. DATE APP. APP. APP.



INSTRUMENT DATA SHEET
LEI'EL TRANSI}TITTER

ANACHMENT "8"

PR"ESSUNE
LIGO
v049-2489
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Rev 0

CAPACITANCE: CAPACITANCE / OTIIER

ENCLOSIJRE NEMA RATING
MATERIAL: BODY / CAPSULE
MATERIAL; NUTS & BOLTS

D.P, RATING INH2O
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SPECTFICATION FOR PRESSURE TRANSMITTERS

SPECIFICATION

F'OR

PRESSURE TRANSMITTERS

LIGO VACUUM EQUIPMENT

Flanford, Wasfungton
and

Livingston, Louisiana

PREPARED BY

ELECTRICAL

QUALITY ASSURANCE

ITCENICAL DIRECTOR ---D. a [ n  t c U

PROJECT MANAGER

Information contained in this spe€ification and its attachments is in ruture ard shall be keot confidential, It shall be
used only as required to respond to the specificalion requirements and shall not b€ disclosed to any other partt'.

DESCRIPTION OF ACTION

PROCESS SYSTEMS INTERNATIONAL, INC S P E C I F I C A T I O N
PREPARED BY DATE

6 vo.a91o9o.Doc Page I of 6



SPECIFICATION FOR PRESSURN TRANSMITTERS

TABLE OF CONTENTS

1.0 scoPE

2.0 CODES AND STANDARDS

3.0 GENERALREQUIREMENTS

4.0 MARKING

5,0 RESPONSIBILITY

6.0 REQUTREDDOCUMENTATTON

7,0 INSPECTION

8.0 PREPARATION FOR SHIPMENT

ATTACHMENTS

A) LIGOQUAIITYASSURANCEREQUIREIvIENTS SUMMARY

B) DATASHEET

C) SPECIFICATIONFOREQUIPMENTPURCHASECOMMERCIAL

REQInREMENTS: SPEC.# V049-2-034
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SPECIFICATION FOR PRESSURE TRANSMITTf,RS

I.O 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 International @SI), the
Owner - California 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 olher 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.

2.0 CODES AND STANDARDS

2,1 Prioritv ofCodes 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 purchase order. Ifmore 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 ofFederal Regulations (CFR) Title 47, Part l5

Electrical Standards for Industrial Machinery (NFPA 79) unless otherwise indicated

S P E C I F I C A T I O N

e) vo492o9o.Doc Page 3 of 6



SPECIFICATION FOR PRESSURE TRANSMITTERS

Factory Mutual (FM)

Federal Communications Commission (FCC) Part l5

Institute ofElectrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical Manufacturers Association fNEMA)

Underwiter's Laboratories (UL) or equipment and installation standards by other
nationally recognized testing companies

3..0 GENERALREqUIREMENTS

3.1 The overall process and mechanical requirements for this specific application are given
in data sheets attached to this specification.

1.2 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
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. cataloe 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 sheeQ
h. Tags may be permanently attached or attached with a slainless steel wire.

S P E C I F I C A T I O N

A vo49-2-oeo
Page 4 of 6



SPECIFICATION FOR PRESSURE TRANSMITTERS

5.0 RESPONSIBILITY

The Seller shall be completely responsible that the equipment and/or material furnished under this
specification is ofhigh quality in every respect, with first-class workmanship thLroughout 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 REQLIIREDDOCIJMENTATION

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.I MECIIANICALDATAREQUIREMENTS

Outline dimension drawings and weight.

5.2 MANUALS

Five (5) copies of operationaVmaintenance manuals.

5.3 TEST REPORTS

Calibration report.

1,0 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 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

D V0491090.DOC Page 5 of 6



SPECIFICATION FOR PRESSURE 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 siles.

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 of product.

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 ofeach crate.

S  P E C I F I C A T I O N

A vo49-2-o9o
Page 6 of 6
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ATTACHMENTB Page I of 3

INSTRUMf,NT DATA SHEET
PRESSURE TRANSMITTERS

LIGO
V049-2{90 Rev. 0

TAG NI,'MBER Pr-l0t PT-t 5l PT-201 Yt-251
FLOW SHEET NO. v0494{06 v049-0406 v0494406 v049{{06
LINE N1JMBER
SERVICE NIIROGEN NIIROGEN NITROGEN MTROCEN
FL{JID GAS GAS GAS GAS
PRESSURE PSIG 01o 25 0 t o 2 5 0 1 0 2 5 0 t o 2 5
TEMPERATIJRE DEGREES F 15 to 96 15 to 96 15 to 96 15 to 96

ADruSTABLE RANGE PSIG 0 t 0 2 5 0 t 0 2 5 Olo25 0 1 o 2 5

CAIIBP"ATED RANGE PSIG 0 t o 2 5 0 t o 2 5 0 1 0 2 5 0 t o 2 5

OUT?UT 4 t o 2 0 n A 4 t o 2 0 m A 4 ! o 2 0 m A 4 t o 2 0 m A

READOUT PSIG PSIG PS]G PSIG

ENCLOSURE NEMA RATING REOD. I I I I

MATERIAL: PROCESS WETTED PARTS SST SST SST SST
MATERIAL: ELECTRONICS HOUSING ALI,]MINUM ALI,]MIN{JM ALUMINT]M ALIJMINI,JM
MATERIAL: NUTS & BOLTS CS CS CS CS
PRESSIJRERATINC PSIG 25 25 25 25

CAPSIJLE FILL

PROCESS CONNECTIONS I/2'NPT I/2" NPT l/2'NPT V2" NPT
MINIMUM ACCURACY REOD. .25% .2syo .250 .25Vo

SMART ELECTRONICS REOD. NO NO NO NO
MOTINTING BRACKET REOD. NO NO NO NO
CONDI]IT CONNECTION SIZE 1t2" v2" v2" v2"

MANUTACTURER
MODEL

APPROVED DATE NOTES

bISTRTIMENT ENGINEER . VENDOR TO ADVISE

ENCINEERING APPROV{
PROJECT APPROVAL

REVISION NO. DATE APP. APP. APP.



ATTACHMENT B Page 2 of 3

INSTRUMENT DATA SHEET
PRESSURE TRANSMITTERS

LIGO
V049-2-090 Rev. 0

TAG NI]MBER PT-301 PT-351 PT4OI Fr-501
FLOW SHEET NO. v049{406 v049-0{06 v0494-006 v049-0406
LINE NI,JMBER

SERVICE MTROGEN NITROGEN NITROGEN MTROCEN
FLI,]ID GAS GAS GAS CAS
PRESSURE PSIG 0 t o 2 5 0 t 0 2 5 0 t o 2 5 0 1 0 2 5
TEMPERATURE DEGREES F l5 to 96 l5 to 96 15 to 96 15 to 96
ADruSTABLE RANGE PSIG 0 t o 2 5 0 t o 2 5 0 t o 2 5 0 t o 2 5
CALIBRATEDRANGE PSIG 0 t o 2 5 0 t o 2 5 0 t o 2 5 0 t o 2 5
OUTPUT 4 t o 2 0 m A 4 ! o 2 0 m A 4 t o 2 0 m A 4ao20mA
READOI.IT PSIG PSIG PSIG PSIG

ENCLOST]RE NEMA RATING REOD, I I I
MATERIAL: PROCESS WETTED PARTS SST SST SST SST
MATERIAL: ELECTRONICS HOUSING ALTJMINI,M ALUMINI,M ALT]MINUM ALT]MINIJM
MATERIAL: NUTS & BOLTS CS CS CS CS
PRESSI]RE RATING PSIG 25 25 25 25

CAPSI,]LE FILL

PROCESS CONMCTIONS l/2'NPT I/2'NPT r2" NPT I/2' NPT
MINIMT]M ACCIJRACY REOD. .25V" .25Vo .2sYo .2501"

SMART ELECTROMCS REOD. NO NO NO NO
MOUNTING BRACKET REQD. NO NO NO NO
CONDUIT CONNECTION SIZE 1t2'� v2' v2" v2"

MANUFACTL]RER
MODEL

APPROVED DATE NOTES
INSTRUMENT ENCINEER ' VENDOR TO ADVISE
ENGINEERINC A?PROVAL

PROJECT APPROVAI

REVISION NO. DATE APP. APP. APP,



ATTACHMENTB Page 3 of 3

INSTRUMENT I'ATA SEEET
PRDSSURE TRANSMITTERS

LIGO

V049-2-090 Rev. 0
TAGNUMBER PT-601 PT{5I PT-701 PT-801
FLOW SIIEET NO, v049{{06 v049-0{06 v049{406 v049{-006
LINE NTJMBER

SERVICE NITROGEN NITROGEN NTIROGEN NITROGEN
FLIJID GAS GAS GAS GAS
PRESSIJRE PSIG 0 t o 2 5 0 1 o 2 5 0 ! o 2 5 0 t o 2 5
TEMPERATT]F€ DEGREES F 15 to 96 15 to 96 15 to 96 15 to 96
ADruSTABLE RANGE PSIG 0 t o 2 5 0 t o 2 5 0 ! 0 2 5 0 t o 2 5
CALIBRATEDRANGE PSIG 0 1 o 2 5 0 t o 2 5 0 t o 2 5 0 t o 2 5
OUTPUT 4 t o 2 0 m A 4 t o 2 0 m A 4 t o 2 0 m A 4 t o 2 0 m A
READOUT PSIG PSIG PSIG PSIG

ENCLOSURE NEMA RATING REOD. t I I
MATERIAI: PROCESS WETTED PARTS SST SST SST ssr
MATERIAL: EI"ECTRONICS HOUSING ALL'MINUM ALUMINI,]M ALUMINUM ALTJMINTJM
MATERIAL: NUTS & BOLTS CS CS CS CS
PRESSI]RE RATING PSIG 25 25 25 25

CAPST]LE FILL

PROCESS CONNECTIONS l/2" NPT I/2'NPT I/2'NPT I/2' NPT
MIMMUM ACCURACY REQD. .25Vo .25V" .25o/o 2s%
SMART ELECTROMCS REOD, NO NO NO NO
MOLINTING BRACKET REQD, NO NO NO NO
CONDTIIT CONNECTION SIZE lt2" u2" 1t2" 1t2"

MANUTACTURER
MODEL

APPROVED DATE NOTES
INSTRUMENT ENGINEER . VENDOR TO ADVISE
ENGINEERING APPROVAL

PROJECT APPROVAL

REVISION NO. DATE APP. APP. APP.
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SPECIFICATION FOR TEMPERATURE ELEMENTS

r.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 - California 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 ofthis specification.

2.0 CODES AND STANDARDS

2.1 Prioritv ofCodes 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 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 organizations :

American National Standards Institute, Inc. (ANSI)

Code ofFederal Regulations (CFR) Title 47, Part 15

Electrical Standards for Industrial Machinery Nf"A 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) Part 15

Institute of Electrical and Electronics Engineers (IEEE)

Insulated Cable Engineers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical Manufacturers Association fNEMA)

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 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
maintenance manual.

3.4 Instrumentation shall be ofindustrial quality and shall be subject to the acceptance ofthe
Buyer.

3.5 External carbon steel surfaces shall be cleaned and painted. The Vendor's standard rs
acceptable if it meets specification requirements and is compatible with federal standard
209 class 50.000.

4,0 MARKINC

Plates are to be stamped to show the following information:
a. Manufacturer's name. catalos 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-o9r
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SPECIFICATION FOR TEMPERATURE ELEMENTS

5,0 RESPONSIBILITY

The Sellfr shall be completely responsible that the equipment and/or material furnished under this
specificafion is ofhigh quality in every respect, with first-class workmanship throughout and
entirely {uitable for the purpose outlined herein or reasonably inferred therefrom. Therefore, ifany

ofthis specification is deemed by the Vendor/Seller to be unacceptable or technically
he shall specifically delineate his objections and the reasons therefore in his proposal so

that thelimay be resolved before the order is placed. In all respects, the Seller, by accepting the
order, sliall be deemed to have agreed that conformance with the requirements ofthe specification
will not frejudice in any way the Buyer's right under warra.nty.

6.0

Vendor {hall furnish documentation in accordance with specific inquiry, requisition and purchase
order re{uirements. AII Vendor documents shall bear the purchase order number and PSI's

ipmefrt tag number. The following is a list of minimum documentation required:

5 r hIECHAMCALDATAREQUTREMENTS

ine dimension drawings and weight.

5.2 MANUALS

(5) copies of operationaVmaintenance manuals.

5,3 IIEST REPORTS

report.

7.0

The resppnsibility for inspection rests with the manufacturer; however, the Buyer, Owner,
and Owner representatives reserve the right to conduct a non-escort inspection of

at any time during fabrication to assure that the materials and workmanship are in
with this specification. This will include access to fabrication, assembly, cleaning and

testing {eas for the purpose of monitoring activities.

S P E C I F I C A T I O N

b v019209t DOC Page 5 of 6



SPECIFICATION FOR TEMPf,RATURE ELEMENTS

8.0 PREPAMTION FOR SHIPMENT

8.1 ltems 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 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.

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 C I F I C A T I O N

A vo49-2-o9l
Page 6 of 6
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ANACH'I'IENI "8"
INSTRUMENT DATA SHEET
TEMPERATURE ELEMENTS

LIG'O

v049-2{pl Rev 0
TACNAME TE-IO3A TE-I53A TE-203A TE-253A
FLOW SHEET NO. v049-0406 vo494-{n6 v04944ft v0494406
LINENIjMBER 189 l 9 l 328 239
SERVICE NTTROGEN MTROGEN MTROGEN MTROGEN
FLUID GAS GAS GAS cAs
PRESSTJRE PSIC 25 25 25 25
TEMPERATTJRE DEGREES F -5 10 375 -5 10 375 -5 to 375 -5 to 375

T / C OR IOO OHM PLATN. RT.D. / TYPE T/C T Ttc T Ttc T Ttc T
ALPHA COEFFICIENT tr RT.D. N/A N/A N/A N/A
SINGLE OR DUAL ELEMENT SINGLE SINGLE SINGLE SINGLE
SPRING LOADED ELEMENT YES YES YES YES
ELEMENT LENG}IT
SIIEATH MATERIAL 304 SST 304 SST 304 SST 304 SST
STIEATHDIAMETER: NOMINAL t/4" U4" U4" U4"
GROUNDED / I,JNGROTJNDED / E)(POSET GROT]NDED GROT]NDED GROI]NDED GROUNDED

CONNECTION T{EAD
CONNECTION HEAD MATERIAL CAST AL CAST AL CAST AL CAST AL
CONNECTION t{EAn NEMA Rr{TING REI 4 4 YES
E)(PLOSION PROOF HEAD NO NO NO NO
CONDUIT CONN. STTF ON HEAD I/2- NPT I/2" NPT I/2" NPT I/2'NPT

TIIERMOWELL
WELL MATERIAL 304SST 3O4SST 3O4SST 304SST
WELL CON STRUCTION TYPE TAPERED TAPERED TAPERED TAPERED
PROCESS CONNECTION 3/4" SW 3/4' SW 3/4' SW 3/4" SW
BORE 0.260" o.260' 0.260" 0.260'
'U" LENGTI.I SEE PAGE 4 2 1t2" 2 v2" 2 ltz' 2 U2"
.T'LENGT{T SEE PAGE 4 1 3t4" | 3t4" | 3/4" | 3t4'
"N' LENGIIT SEE PAGE 4 2 2'

MANTITACTT'RER

ELEMENI MODEL #

EY IIATE NOTES

ENGINEERINC APPROVAL . VENDOR TO ADVISE
PROJLCT A}PRoVAI,

REVISION NO. DATE APP. APP. APP.



Page 2 of4

ANACH't'IENT "8"

INSTRUI}IENT I'ATA SIIEET
TEMPERATUR"E ELEMENTS

Ltco
VM9-HD|. Rcv 0

TAGNAME TE.303A TE-353A TE.4O3A TE-503A
FLOW SLIEET NO. v049{}fl6 v049{406 v049-0{06 v0494{Xt6
LINE NI,JMBER 3 3 E 339 429 529
SERVTCE NTIROGEN NITROGEN NTTROGEN NITROGEN
FLT]ID GAS GAS GAS CAS
PRESSI.JRE PSIG 25 25 25 25
TEMPERAT1JRE DEGREES F -5 to 375 -5 to 375 -5 to 375 -5 to 375

T / C OR IOO OHM PLATN, RT.D. / TYPE Ttc T TIC T TIC T Ttc T
ALP}IA COEFFICIENT IF RT.D. N/A N/A N/A N/A
SINGLE OR DUAL ELEMENT SINGLE SINGLE SINGLE SINGLE
SPRING LOADED ELEMENT YES YES YES YES
ELEMENT LENGTIT
SHEATHMATERIAL 304 SST 304 SST 304 SST 304 SST
SIIEATHDIAMETER: NOMINAL t/4" lt4" r/4" v4'
CROUNDED / I]NGROIJNDED / E)(POSET GROIJNDED GROI.]NDED GROI,]NDED GROI,JNDED

CONNECTIONHEAD
CONNECTION IIEAD MATERIAL CAST AL CAST AL CAST AL CAST AL
CONNECTION I.IEAD NEMA RATING REI YES
DGLOSION PROOF I{EAD NO NO NO NO
CONDT'IT CONN. SIZE ON HEA.D 1/2'NPT I/2'NPT I/2" NPT I/2' NPT

THERMOWELL
WELLMATERIAL 304SST 304ssT 3O4SST 304SST
WELL CONSTRUCTION T\?E TAPERED TAPERED TAPERED TAPERED
PROCESS CONNECT1ON 3/4' SW 3/4' SW 3/4'� SW 3/4" SW
BORE 0.260' 0.260" 0.260" 0.2@'
"U'LENGTH SEE PAGE 4 7 117tr 2 t/2" 2 v2" 2 ltz"
"T"LENGHT SEE PAGE 4 | 3t4" | 3t4" | 314'� 1 3t4'�
'N'LENG}IT SEE PAGE 4 2" z'� 2"

MANUFACTUNER
ELEMENT MODEL #

BY DATE NOTES

ENGINEERING APPROVAL . VENDOR TO ADVISE
PROJECT APPROVAL

REVISION NO. I'ATE APP. APP. APP.



Page 3 of4

ATIACHIiENT "B'
INSTRUMENT DATA SIIEET LIGO
TEMPERATURE ELEMENTS Rev 0

TAGNAME TE{O3.A TE6534 TE-703.A TE.8O3 A
FLOW SHEET NO. v0494{X}6 v0494.006 v0494406 vo494{n6
LINE NI,JMBER 688 689 130 830

SERVICE NITROGEN NITROCEN MTROGEN NITROGEN

FLT]ID GAS GAS GAS GAS

PRESSURE PSIC 25 25 25 25
TEMPERATURE DEGREES F -5 to 375 -5 to 375 -5 to 375 -5 to 375

T / C OR IOO OHM PLATN, RT.D, / TYPE TIC T/C T TIC T Ttc T
ALPHA COEFFICIEM IF RT,D. N/A N/A N/A N/A

SINGLE OR DUAL ELEMENT SINGLE SINGLE SINGLE SINGLE

SPRING LOADED ELEMENT YES YES YES YES
ELEMENT LENGHT
SHEATH MATERIAL 304 SST 304 SST 304 SST 304 SST
S}IEATHDIAMETER: NOMINAL v4" v4" u4" t/4"
GROIJNDED / I,INGROI.]NDED / E)(POSEI CROUNDED GROUNDED CROLTNDED GROIJNDED

CONNECTION HEAI)
CONNECTION HEAD MATEzu AL CAST AL CAST AL CAST AL CAST AL

CONNECTION HEAD NEMARATING REI 4 4 4 YES
E)CLOSION PROOF HEAD NO NO NO NO
CONDTJ]T CONN. SIZE ON }IEAD I/2'NPT I/2'NPT V2'NPT V2'NPT

THERMOWELL
WELLMATERIAL 304SST 304SST 304SST 3O4SST

WELL CONSTRUCTION TYPE TAPERED TAPERED TAPERED TAPERED
PROCESS CONNECTION 3/4'� SW 3/4" SW 3/4' SW 3/4'� SW
BORE o.260" 0.260' 0.2@" 0.260'
"U"LENCTH SEE PAGE 4 2 v2'� 2 ltz" 2 rlz'� 2 lt2"
-T"LENG}TT SEE PAGE 4 I 3/4' I 3/4' | 3t4' | 3t4"
"N'ENGHT SEE PAGE 4 z'� 2.

MANUTACTURI]R

ELEMENT MODEI, #
EY DATE NOTES

ENGINEERING APPROVAL . VENDOR TO ADVISE

PROJECT APPROVAL

RE\'lSlON NO. DATE APP. APP. APP.
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Tirle: SPECIFICATION FORVACWM CONTROL SYSTEM INTERLOCKS, PERMISSMS
AND SOFTWARE ALARMS

SPECIFICATION

FOR

VACUUM CONTROL SYSTEM

INTERLOCKS, PERMISSIWS

AND SOFTWARE ALARMS

LIGO VACUUM EQUIPMDNT

Hanford, Washington
and

PREPARED BY

ELECTRICAL

QUALTTY ASSURANCE ftfiazb nodL 
, a

TECHMCAL DIRECTOR

PROJECTMANAGER

Information contained in this specification and its attachments in nature and shall be kept confidential. It shall be

used orily as required to respond to the specification requirements and shall not b€ disclosed to any other party.
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Title: SPECIFICATIONFORVACUUMCONTROLSYSTEMINTERLOCKS'PERMISSMS
AND SOFTWARE ALARMS

IABLE OF CONTENTS

l. Vacuum System Overview

1.0 Interlock / Permissive Overview
L l Software Alarming Overview
1 .2 Emergency Shutdown Overview

Page

J

J

(Attachment Index)

Washington Site Interlocksfermissives

Louisiana Site Interlocks / Permissives

Washington Site Software Alann Listing

Louisiana Site Software Alarm Listins

Attachment-A

Attachment-B

Attachment-C

Attachment-D

S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR VACUUM CONTROL SYSITM INTERLOCKS' PERMISSMS
AND SOFTWAREAI,ARMS

1 VACUUM CONTROL SYSTEM INTERLOCKS / PERMISSIVES / SOFTWARE
ALARMS

1.0 INTERLOCK AND PERMISSIW O\rERVIEW

See Attachment-A for details on Interlocks and Permissives for the Washinglon Site,
See Attachment-B for details on Interlocks and Permissives for the Louisiana Site.

Attachments A and B contain a summary of all Vacuum Control System controlled device
proposed interlocks and permissives.

I.I SOFTWAREALARMOWRVIEW

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 hardwired alarm inputs into the Vacuum Control System are listed in the LIGO
instrument list V049-1-036.

1.2 EMERGENCYSEUTDOWNOVERVIEW

A control system emergency shutdown function (ESD) should be provided at each site
to bring all controlled devices to a safe state in the case ofan emergency.

S P E C I F I C A T I O N

D v0,1920t2.D@ Page 3 of 3



ritle: SPECIFICATION FOR VACWM CONTROL SYSTEM INTERLOCKS. PERMISSMS
AND SOFTWARE ALARMS

ATTACHMENT-A

WASHINGTON SITE
PERMISSIVES

AND
INTERLOCKS

S P E C I F I C A T I O N

b AI'rAcH-A.Doc Page I of I



VO49-2.092 ANACHMENI.A REV O

Worhlnglon slle
LEGEND

BSCX Beam solitter chamber number x
WCPx Cryopump number x
WGVx Gate valve number x
LBMT Left Beam Manifold Tube
LMSBT Left Mid Station Beam Tube
LESBT Len End Station Beam Tube
RBMBT Right Beam Manifold Beam Tube
RMSBT Right Mid Stetion Beam Tube
RESBT Right End Station Beam Tube
PT-XA Pirani vacuum gauge number x with locetion
PT-XB lon vecuum geuge numb€r x with loc€tion
HS-x Hand sritch number
(ru<) PEID V04$&)oo( drawing

LOGIC. CONTROL. LEGEND
'WLl' 

Do not open valve unless the differenc€ in absolule vacuum
gauge pressure is within one decade (factor of 10 of each
other)

'WL2' Do not close valve when LASER is activate.
'WL3' Reset controller after clearing fault condition, then restart.
'WL.l" lf XY-xxx is deenergized,

then deaclivate conesponding LIC-xxx.
'WLs' lf TE-xxx is aboye TBD "F.

then deactivate conesponding JC-no<.

I of I
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V049.2.092 ANACHilENI.B REV O

loulslono rlle
LEGEI\ID

BSCx Beam splitier chamber number x
LCPX Cryopump number x
LGVx Gete velve number x
LMBT Left Manifold Beam Tube
LMJBT Left Mid Joint Beam Tube
LESBT Len End Stalion Beam Tube
RMBT Right Manifold Beam Tube
RMJBT Rlght 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 locetion
HSx Hend s\ itch number
(roo<) P&lD V049-&)oat drawing
NIC Not In Contract

LOGIC. CONTROL. LEGEND
'LLl" Do not open valve unlsss the difference in absolute vacuum

gauge pressure is within one decade (factor of 10 of each
other).

"LL2" Do not close valve when LASER is ac{ivate.
"LL3" Reset controller after clearing fault condition, then restart.
"LL4' lf XY-po< is deenergized,

then deac-tivate coresponding LIC-)m<.
"LLs' lf TE-)on is above TBD "F.

then deactivate corTesponding Joxxx.

1 o l 7
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LIGO VACUUM EQUIPMENTI V59049

O RING SPECIFICATION

PRoJECT ENGINEER 4 Z,A
I  1 7

TECHNICAL DfRECTOR ? ? i'' : r/ '-/ "':' 1'''"

OUALITYASSURANCE

PROJECT MANAGER

z

a ,/h rr/n/rt 1) s,.' t:1 a q5 REL[,1,€O Pa4 P4:6 ao3d
RgV LTR. EY.OATE APPO. OATE OESCFIPTION OF CHANGE

PROCESS SYSTEMS INTERNATIONAL INC. SPECIFICATION

INITIAL
AFPFOVALS

PREPARED OATE

,4tn ,z/zz/Ca-wyz ,'w,NurnOer
-  A v0+1-2-o+5

Rev

eage I ofA



o RING SPEC. V049-2-04s
SM LGOWWE1

SERVICE : ULTRA HlcH VACUUM SEALS

MATERIAL: MOLDED CORD STocK; CERTIFIED DUPONT VTTON E€OC

DUROMETER: 75

JOINTS : WLCANIZED SPLICE

SROSS-SECTION DIAMETER : 0.275 + - 0.006 TNCHES

DEVELOPED LENGTH : SEE TABLE 1

SPECIAL REQUIREMENTS:

1.O RINGS SHALL BE SUPPLIED SUITABLE FOR ULTRA HIGH VACUUM SERVICE.
ORINGS MUST BE SUPPLIED CONSISTENT WITH CI-ASS 1OO CLEAN ROOM STANDARDS
HANDLING AND PACKAGING TO PREVENT CONTAMINATION FROM DIRT,
HYDROCARBONS (OILS,GREASES,FINGERPRINTS ETC.),GRIT,CHIPS,
MANUFACTURTNG REStDUES,PARTICU|-ATES (DUST,HAtR,LtNT ETC.)
IS REOUIRED.SUPPLIER MUST SUBMIT HANDLING AND PACKAGING
PROCEDURES TO PSI, FOR APPROVAL, PRIOR TO MANUFACTURTNG 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.
BAKING WILL BE DONE AT 150 C (300 F) , 1 E 4 TORR.

SPECIFICATION
Numb€'A 

vo4q-2-D+5
Plge 4 ol



PART NO,

v049M016
v049M017

v049M018
v049M019

v049M020
v04sM021

v049M022
v049M023

v049M024
v049M025

v049M026
v049M027

v049M028

CROSS SECT.
INCHES

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006
0.275 + - 0.006

0.275 + - 0.006

CORD LENGTH
INCHES

337.5
328.12s

274.375
%5.125

237.125
227.75

200.625
191.25

162.5
153.125

150
140.75

106.5
97.1E8

REF. DWG.

v049-4-022
v049-4-022

v049-4-021
v049-4-021

v0494-020
VO49-1-020

V049.{-019
v049-4-019

v049-4-018
v049-4-018

v049-+017
v049-4-017

v049-4-016

104
1 0 4

84
84

72
72

60
60

48
48

44
44

O RING SPEC.

TABLE 1

v04$,2-045
SM IIGOW WBI

SPECIFICATION
NumberA vo+1-z-o+i



Title: SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

SPECIFICATION FOR

STAINLESS STEEL VESSEL PLATE

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARED BY:

STRUCTURAL ENGINEER:

QUALITY ASSURANCE:

TECHNICAL 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 to respond to the specification requtements, and shall not be disclosed to any other party.
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rllle SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

SPECIFICATION TABLE OF CONTENTS
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TIIIE SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

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 attachments is proprietary in nahre 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 AND DELIVERY

Plate shall be delivered in lots as follows:

PSI Part No.

1.0

2.0

v049M149 1
v049M150 1
v049Ml5l 1
v049M152 I
v049M153 1
v049M154 r
v049M155 I
v049M156 I
v049M157 I
v049M158 I
v049M159 I
v049P7815 14
v049P7817 14
v049M163 l
v049M164 I
v049M166 l
v049P7801 14
v049P7802 14
v049P7803 14

Date

1 July 1996

I July 1996

I July 1996

1 July 1996

1 July 1996
I July 1996

I July 1996

I July 1996

I July 1996

I July 1996
I July 1996

I July 1996

I July 1996
I July 1996

I July 1996

l July 1996

I July 1996
I July 1996

I Jnly 1996

Lot Plate Size
No,

l. 1/4 x84 x254

1.  l /4x63x254

1. l l4 x 80 x 144

l .  l /4x49x254

l .  114x62x192
1. 1/4 x 120 x229

1.  114x72x229
l. 1/4 x 99 x 120
l .  I / 4 x 9 0 x 9 8
l .  l /4x66x142
l .  1 /4x96x742

l .  1 /2x76x270
l. 1/2 x 62 x 195
l .  1 /4  x72x  154

l. 114x96x229
l. 1/4 x 88 x 154

l. r /2x97 l /2x333
l. 114 x 60 x 332
l. 1/2 x 72 x 195

Qty Destination

2 PSI, Westborough

2 PSI, Westborough
2 PSI, Westborough

2 PSI, Westborough
2 PSI, Westborough
13 PSI, Westborough

I PSI, Westborough

6 PSI, Westborough

4 PSI, Westborough

2 PSI, Westborough

I PSI, Westborough

7 PSI, Westborough

6 PSI, Westborough
4 PSI, Westborough

1 PSI, Westborough

2 PSI, Westborough
5 PSI, Westborough

5 PSI, Westborough

5 PSI, Westborough

z
3
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Tltle SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

PSI Part No. I,ot
No.

7.
z.

2.
7.
2.
2.
2.
2 .
2 .
2 .
2 .
2 .
2 .
2 .
2 .
2.
2 .

Plate Size

l /4x40x144

1/4 x 84 x 229

l/4 x 120 x 229

l/4 x99 x 120

1/4x54x192

l/4 x70 x229

1 /4x66x142

1/8 x96 x 192

l / 4 x 8 8 x 1 4 2

l l 4x96x l42

l / 4 x 8 8 x 1 5 4

l12 x76 x270

l l 2x62x l95

ll2 x9l ll2 x333

l/4 x 60 x 332

l12 x72 x 195

l/4 x 49 x254

Oty Destinstion

PSI, We stborough

PSl, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborouglr

PSI, Westborough

PSI, Westborough

PSI, Westborouglr

PSI, Westborough

PSI, Westborough

PSI, Westborough

Ilete

I November 1996

I November 1996

I November 1996

I November 1996

I November 1996

I November 1996

I November 1996

I November 1996
I November 1996

I November 1996

I November 1996

I November 1996

I November 1996

1 November 1996

1 November 1996

I November 1996

I November 1996

v049M170 I
va49M17t 1
v049M154 1
v049M156 I
v049M174 1
v049M175 I
v049M1s8 1
v049M177 1
v049M178 |
v049M159 I
v049M166 I
v049P7815 14
v049P7817 14
v049P7801 14
v049P7802 14
v049P7803 14
v049M152 I

2
2
6
2
8
2
2
2
2
i

6
6
5
5
5
J
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rille SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

PSI Part No.

v049M174 I
v049M175 l
v049M149 l
v049M150 I
v049M152 I
v049M170 I
v049M157 I
v049M156 I
v049M154 r
v049Mts9 1
v049M198 I
v049M164 I
v049Mt53 |
v049M177 l
v049M158 I
v049M155 I
v049P7801 14
v049P7802 14
v049P7803 14
v049P7817 14
v049P7815 r4

Lot Plate Size
No,

3 .  l 14x54x l92
3. 1/4x70x229

3. l/4 x 84 x254
3. l/4 x 63 x254

3. 1/4 x 49 x254

3. 114 x 40 x144

3 .  l / 4 x 9 0 x 9 8

3 .  114  x99x  I20

3. l14 x 120 x229

3. l/4 x96 x 142
3 .  l / 4x55x154

3. l/4 x96 x229

3. 1/4x6? x 192

3. 3/8 x 96 x 192

3 .  1 /4x66x142

3. 1/4x72x229
3. 1/2 x9l 1/2 x333

3. 114 x 60 x332

3. l12 x 72x 195

3. ll2 x 62x 195

3. l l2 x76x270

Qty. Destination

I PSl, Westborough

4 PSl, Westborough
2 PSl, 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

I PSI, Westborough

2 PSI, Westborough

1 PSI, Westborough

5 PSl, Westborough

5 PSI, Westborough

5 PSI, Westborough

7 PSI, Westborough

7 PSI, Westborough

Date

I February 1997
I February 1997
lFebruary 1997
1 February 1997
I February 1997
1 February 1997
1 February 1997
I February 1997
I February 1997
I February 1997
I February | 997
I February 1997
1 February 1997
I February 1997
I February 1997
1 February 1997
I February 1997
1 February 1997
I February 1997
1 February 1997
I February 1997

SPECIFICATION
NumbcrA V049-2-041



TIIIe SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

3.0 MATERIALREQUIREMENTS

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 erade of304 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 ,{-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 t}re attention of PSI for clarification.

4.0 MANUFACTURE

4.1 ThicknessTolerance

The material shall be fumished in the thickness(es) specified in the pwchase order. The' 
thickness tolerance shall meet ASTM 4-480 reouiremenrs.

4.2 Width and Length Tolerance

The plate material shall be cut to the minimim size specified in the purchase order. The
width and length plus tolerance of the finished material shall not exceed the tolerances
specified in ASME SA-480 specification, the minus tolerance is 0.0 in..

4.3 Surface F'inish

Hot rolled, Arurealed, 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.

z
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TItIe SPECIFICATIoN FoR sTAINLEss STEEL vEssEL PLATE

4.4.1 The material shall be dual certified as type 304/304L.

4.1- After final cleaning and pickting, no grinding with abrasive wheels, cloth or stones is
permitted. No iron, carbon steel or other contaminants (such as grease, cloride

_ compounds,oil 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. Also, ihe material fhall be wrapped and covered at all
times the material is not being processed to minimize possible exfosure to contaminants.
The plate shall be cleaned prior to shipment.

5 .1

MATERIAL TESTING

A 2" wide coupon_, the. width of one plate is to be supplied for each heat number supplied.
The coupon must be pickled the same as the plate. 

- -

INSPECTIONNMITNESS

The purchaser shall have the right to witness all manufacturing processes.

REJECTIONS AND REPAIR OF DEFECTS

No weld splices or repair welding is permitted to the material.

IDENTIFICATION

Identification of the material shall be maintained through 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 minimum 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 6" in from both edges
in one comer. When stacked for shipment, all markings shall be in tlre same comer for
easy identification upon receipt at PSI. The minimum marking is to be the heat/lot
number.

6.0

6.1

7.0

., 1

8.0

8 .1

8.2

8.3

z
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TIIIE SPECIFICATION FOR STAINLESS STEEL VESSEL PLATE

9.0 DOCUMENTATION

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 edees and the center ofthe plates.

1O.O PACKAGING, STORING AI{D SHIPPING

10.1 The material shall be packaged for shipment as described in ASTM .4700-94, Section
11.3.3 and Figure 56 (wrapped package on skids) with the additional supplementary
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 puchase order.

11.0 NON-ESCORT PRI}TLEGES AND INSPECTION RIGHT

Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas of the facilities where the work is being performed shall be arranged. This will
include access to all areas where material is being processed and stored.
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Title: SPECIFICATION FOR STAINLESS STEEL FLANGE FORGINGS

SPECIFICATION F'OR

STAINLESS STEEL FLANGE FORGINGS

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingstorl Louisiana

PREPARED BY:

STRUCTURAL ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECT MANAGER:

lnformation cgntained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shallbe
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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Tltle
SPECIFICATION FOR STAINLESS STEEL FLANGE FORGINGS

1.0 scoPE

This specification covers the minimum technical requirements for the materials,
fabrication, inspection, testing, preparation for shipping, shipment and delivery of the
flange forgings to tre 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 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,O SCHEDULE OF DELIVERIES

2.1 Flange rings shall be delivered in lots with sizes and quantities as specified in the
purchase order.

3.0 MATERIALREQUIREMENTS

3.1 This material shall conform to the requirements of ASME Specification SA-182 Grade F
Type 304L as given in the ASME Code1992 Edition through 1994 Addenda with the
additional supplementary requirements described in this specifi cation.

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
fot 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.
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Tnts 
SPECIFICATION FOR STAINLESS STEEL FLANGE FORGINGS

4.0 MANUFACTURE

4.1 Thickness Tolerance. + .06 - 0

The forgings 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 fumished in the diameters as specified in the purchase order.

4.2.1 The ID/OD are to be concentdc within + l/32".

4.3 Flatness Tolerance

The machined forgings shall be flat to ill32" 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 Properties

The material shall meet the chemistry and mechanical requirements as specified in SA
182 Grade F. 304L material specification. The finai content of sulflu is to be limited to
0.0060/0.

4.6 No grinding with abrasive wheels, cloths or stones is permitted. No iron carbon steel or
othei contaminants (such as grease, oil or hydrocarbons) to come in contact with the
forging after the cleaning process. Machining fluids shall be water soluble and free of oil
and sulfur.

4.7 Clear iness

The forgings me intended for use in a high vacuum application. Potential hydrocarbon
contami-nation shall be eliminated. Also, the material shall be wrapped and covered at all
times the material is not being processed to minimize possible expoflre to contaminants.
The forgings shall be steam cleaned prior to shipment.

5.0 MATERIAL TESTING

5.1 2" x2" mateial coupons for each heat of material, must be supplied to PSI for approval
prior to release for shipment. The coupons are to be cut from {he same heat number, lot
and thickness of material to be supplied.
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SPECIFICATION FOR STAINLESS STEEL FLANGE FORGINGS
Tllle

6.0 INSPECTIONAilITNESS

6.1 The purchaser shall have the right to witness all manufacturing processes.

6.2 The purchaser shall be informed 5 working days before the forging material is formed.

7.N REJECTIONS AND REPAIR OF DEFECTS

7.1 No weld splices or repair welding is permitted to the material and forgings.

8.0 IDENTIFICATION

8.1 Identification ofthe material shall be maintained tlrough all manufacturing processes.

8.2 If *.ut"T{ identity is.lost. 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 with marking fluids, die stamps, and/or electro-etching is
not _permitted. A vibratory tool with a minimum tip radius of .005" is acceptable for
marking the outside only of tle finished materials. All other maxking methods must be
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 inspectibn visits prior to
snlpment.

9.2 A record ofthe material thickness for each flange forging is required.

rO.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 in a closed trailer or tightly wrapped with a waterproof
covenng iI-shipped on an open bed.

I1.O NON.ESCORT PRIVILEGES AIID INSPECTION RIGHT

Non-escort pdvileges for Buyer, Owner, Government and Owner representatives to all
areas ofthe facilities where the work is being performed shall be arranged. This will
include access to fabrication, assembly, cleaning and test areas for the purpose of
monitoring activities.
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TIIIe SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS
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rltle SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

1.0 SCOPE

This specification covers the minimum technical requirements for the materials,
fabricafion, inspection, testing, preparation for shipping, shipment and delivery of the
heads to be used for manufacturing ultra-high vacuum boundary equipment.

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

SCHEDULE

Head delivery shall be as follows:

2.0

2 .1

ITEM NO.

I

z
3

4

)

6

7

8

9

10.

l t

t 2

t 3

t4

l )

l 6

PART NO.

v049M00t -l

v049M001-l

v049M001-l

v049M010- l

v049M010-l

v049M010-l

v049M132-l

v049M'�I32-l

v049M132-l

v049M002-l

v049M002-l

v049M002-l

v049M 138-l

v049M 138-r

VO49MI3E-I

v049M 138- l

DELIVERY SITE

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSl, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSI, Westborough

PSl, Westborough

PSI, Westborough

PSI, westborough

DATE

l5 July I996

I Nov. 1996

I Feb. 1997

15 July 1996

I Nov. 1996

I Feb. 1997

l5 July 1996

I Nov. 1996

I Feb. 1997

15 July 1996

l Nov. 1996

I Feb. 199?

15 July 1996

I Nov. 1996

I Feb. 1997

15 Apr. 1997

LD-
104.5

104.5

t04.5

104.5

104.5

t04.5

84.25

84.25

84.25

60.5

60.5

bu.)

80.0

80.0

80.0

80.0

OTY.

6

6

3

6

6

3

l 2

1 2

t2

l 0

t 0

6

6

6

6

6
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rllle SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

3.0 MATERIALREQUIREMENTS

3.1 This material shall conform to the requirements of ASME Specification SA-240 Type
304L with the additional supplementary requirements described in this specification. The
material used shall be hot rolled, annealed and pickled. If the material is supplied dual
certified to grade 304/304L, this will be acceptable to PSL

3.2 Applicable Codes

3.2.1 ASME Boiler & Pressure Vessel Code, Section II, "Materials", the 1992 Edition
through the 1994 Addenda.

3.2.2 ASTM ,4-480,'Standard Specification for General Requirements for Flat-Roll
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip".

3.2.3 ASTM ,4'-700, 'Standaxd 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
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rltle SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

4.0 MANUFACTURE

4.1 ThicknessTolerarce

The heads shall be furnished in the minimum thickness(es) specified in the purchase
order.

4.2 Circumference Tolerance + l/8"

4.J Oufof-Rourd Tolerance * l/4" for 105 in. I.D. Heads, + i/8" for 30.5 in. I.D. to 84.5 in.
heads.

4.4 Heads to be square trimmed by manufacturer to a flatness tolerance of + l/8".

4.5 Heads to be manufactured without center holes. Welding not permitted.

4.6 Surface Finish.

Cold rolled and pickled surface finish is acceptable.

4.7 No grinding with abrasive wheels, cloth or stones is permitted after final cleaning. No
iron, carbon steel or other contaminants (such as grease, oil, hydrocarbons) to come in
contact with the heads after the pickle process. Machining fluids shall be water soluble
and fiee of oil and sulfur.

4.8 Cleanliness

The heads are intended for use in a high vacuum application. Potential hydrocarbon
contamination shall be eliminated. Also, the material shall be wrapped and covered at all
times the material is not being processed to minimize possible exposuxe to contaminants.
Heads to be covered with polyethylene sheet for shipment.

5.0 MATERIAL TESTING

5.1 2" x 2" material coupons must be supplied to PSI for approval prior to release for
shipment. The coupons are to be cut fiom the same heat number, Iot and thickness of
material to be supplied.

6.0 INSPECTION/WITNESS

6.1 The purchaser shall have the right to witness all manufacturing processes.

6.2 The purchaser shall be informed 5 working days before the head material is formed.

SPECIFICATION
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Tltlr SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

7.0 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 processes.

If material identity ofthe heads is lost, they shall 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 vibratory tool with a minimum tip radius of .005" is acceptable for marking
the outside only of the finished materials. All other marking methods must be approved
by t}te purchaser prior to use. All heads shall be marked in the straight 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
shipment.

A record of the material thickness for each head is reouired. Thickness shall be measured
and recorded at both the knuckle and the center of the head.

7.1

8 . 1

8.2

8.3

9.0

9-l

9.2

1O.O PACKAGING, STORING AND SHIPPING

10.1 The material shall be packaged for shipment as described in ASTM A70O-94, Sections
12.4.9 and 12.4.l0 with the additional supplementary requirements as described herein.

10,2 The head material shall be wrapped in waterproof polyethylene and covered with a tary
immediately after all steel processing operations have been completed to minimize
contarnination. The material shall remain packaged and covered until it is necessary to
remove the covering and packaging material for further processing.

10.3 The heads shall be shipped as specified in the purchase order.
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Tllle SPECIFICATION FOR STAINLESS STEEL VESSEL HEADS

l l .0 NON-ESCORT PRIVILEGES AND INSPECTION RIGHT

Non-escort privileges for Buyer, Owner, Govemment 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
monitorine activities.
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