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1.Introduction

l.l Scope

恥 Desttn COnflguration Control Doculnent(DCCD)establiShes a baseltt and is a

c o n f l g u r a t i o n  c o n t r o l  d o c u E l e n t 般o m  w h i c h  d l e  d e s i g n  o f t h e  F a c ユi t y  e v o l v , s . A s  t h e  d e s i g n

e v o l v l s , t h i s  d o c u m e n t  i s  u p d a t e d . 軸s  d o c m e n t  w ユl  c o n t i n u e  t o  b e  t h e  s o u r c e  f o r

conflguration control httHnationゃr the direcdon of the design process.It is also the
baseline for the design erort.

■五s Preliminary Design Report CDゆ―Drat consists of the following docttEttntS,

● Volume I―Design Conflguration Control Doc1lment

● Volumeエ ーConsmction SpeciflcttonS

● V o l u m e 回‐A ― H a n f o r d  C o n v e n t i o n a l  B u i l d t t  D e s i g n  C a l c u l a t i o l l s

● Volume IH‐ B― L市ingston Conventiollal Bunding Design Calculations

_●   Vohlne III―C― Science―Related Perfomance Predictions

● Volume IV‐ A一 Hanford Consmction c6st Estと B封●

● Volulne IV― B― Livingston Collsmctlon COSt Estimate

・ v011lrne V‐A― Hanford Preliminary Design Drawlngs

● Volume V― B一 Livingston Pre地闘血圧y Design Drawmgs

This dOcument is Volume I.The contents of this Volume lnclude dle的 1lowhg key

discusslonsi

Slction l――Introduction

Section 2-Design Requttments and Criteria

Section 3-‐Design Descnption

Section 2 establishes baseline design requttments and crlteria for dle Iレiser lnterferolneter

Oravitational―Wave Observatory● I(X))Fac工iけDesign.Tは s baseline mmation is

developed最 oHl:

● Appendよ es A,B,and C ofthe LICO FacJity Request for Proposal No.YM 193

● Exhibitl ofthe LIGO Vacuum Equipment Request for Proposd No.MH 178

● Tiger‐tenth meetings

●  Comments on previcusly submtted dranぉ of this document

● 90%Concept Deslgn Report

● Final Concept Design RepoH

ParSonsoLIGO牲
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● Fac工 ity and beam mbe enclosure tade smdics

● Caltech and Parsons techniCal interchange meetmgs

e Our understanding of LIGO prdeCt needs

●  Indusw standard design and● onsぃ ction pFaltiCes dlat will lneet or exceed dlese

needs

By reference,cnterねprovttedぃAppendixes A,B,and C Ofthe LICO Fac述Ⅲ Request for
Proposal Number YM 193,and Exhibtt l oしIGO Document l100003)ofthe LICO Vacllum
Equipment Request for PropOstt Number MH 178 constitute an element of血S dOCunent and

are therefore c6nsttred an element ofthe FacnⅢ
's10ntrolled design conflguration.

Concept sta判田m deSign approaches presented h dlese RFPs are not an element of the
c o n t r o l l e d  d e s i g n  l o n f l g u r a t i o t t  h o w e v e r , d l e  l a y c u t t  o f t h e  V a C u u m  E q u i p m e n t  t t  d l e
LVEA and VEAs are ccllsidered a c6ntrolled design conflguration.

Section 3 does not reiterate deslgn requrelnents or crlteria. Its purpose is to illustrate our

design solutions that meet the requrelnents and crlteria established in Section 2. 1阻五s

S e c t i o n  d i s c u s s e s  d e s i g n  s o l u t i o n s  f o r  b o t h  S i t e s  g e n e r i c a l l y . I f  t h e r e  a r e  d i f e r e n c e  t o ? u r

design solutions ibr the two Sit●s,the diSbrences are exPlained.

1.2 Facilitt Ovettiew

T h e  L I G O  p t t e C t i S  a  p ゃn e e r t t  e t t i  t o  d e s i とn  a n d  c o n s t t c t  a  n o v e l  s c 拒証血 f a c ユi t y 一a

gravitatiollal,wave observattry―dlat wユl open a new observatibnal window on dle ll■
lverSe.

LIGO wユ l consist of two"ServatOry facttities.One wユl be located tt Hanford,

WashingtOn)and the other at Livingsttn,Louisiana.コ陀se facユ北ies will incorporate L―

shaped vaclluHl systemミwith alns of 4 km length.The vacuum systems Oy OtheTS)W工 1

盤温鵠鷲鮎Fe鑑繍麟縦艦讐甜格盤者盟ぎ翻 o″=
C o r r e l a t i o n  o f  d a t a ±o m  m t e r f e r o m e t e r s  a t t h e  t w o  S i k t t  w n i  a H o w  i d e n t m c a t i o n  o f

g r a v i t a t i o n a l  w a v e s , a n d 山北 s o u r c e s  a n d  o r i g h  h  s p a c e . L I C O  w n i  b e c o m e  t h e  f r s t  p a 車

of a plallned worldwtte network of gravitational‐wave detectors loordttЙttd to Operate as a

S地にObServatory complex.Current pltts are to beと血observatory operatiolls by dle year
2000.

CoIIsmcted Facユ止ies at each Site include the mah Corner StatiOn,with dle large Laser and
Vacullm Equipment Area C'W■均,End,and Mid Stations Gttid―POint Pmp血唱Station at

uvhgstOnj On each Beam Tube arln,and a Site SettCe Area wtt cttlers,pumps,water
tank,and other ancユlary mamtenance components.Bunding WoⅢ血ludes;"t iS not

l面ted to,earth work,power distribudon,lighting,secunty systemミ,fre protecdon,
commuIIcatiolls,control system,access platfoms,clean env■onTnents,cranes,heating,

vent工ating,and att cond並 lomg,and cable raceways.Each She wユ l have two Bealn Tube

Enclosure structures,each 4 km longo Sitework for the Vttgin Sites includes grading,

ParsoIIs―L16o(進
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drainage,roads,parking,landscap晩 ,water suPply deVeloped■om we■ s,s畑拘呼 facdities,

waste water treament and disposal and pOwer distribution住om area udttities.

Facuiけ design w■l address special bun血噌 requttlnents for dle Laser and Vacuum

Equipment Area located at the CoHler Station,and Vaculim Erqulpment Areas at dle Mid,and

End Statiolls.

● Both Sites were selected based on the±low ambient background vibration levels.

Vibration isolation and reduction is requ故●d山l order dlat tranミmitted vibratioh energy

i s  a s  l o w  a s  p o s s おl e  g i v e n  t h e  b u d g e t a r y  c o l l s t r a m t s , T h i s  r e q u r e s  s e i s m i c  E l a S S ―t y p e

mttOns for cri敵泌l scientnc equttment,and separate foundations and reIIlote
locations for vibration―producmg equlpment and ocCupancy.

・ 晩 ser and vacuun equipment w担 l be located h a large open space of high volulne and

provided with cleanroom― we fmiShes but servね 調 by“ conventional"ar changes and

quality.

・ コ に laser mterferoIIleter detecttr is serlsitive tt EMI ettects and wユl require special

design for powlr,lighting,卸o contr01Cittuitsto m diSmrbances.

1.3 Scope Exciusions

T h e s e  s y s に述 a r e  d e s i g n e d , p r O v i d e d , a n d  i n s 協1 l e d  b y  O t h e r s  a n d , h  g e n e r a l , c o n s i s t  o f  t h e

followttg ttlns.

1.3.l Bealn Tube Systeln

BeaIII Tube Settn低

Exparlslon Bellows

Pumpmg Ports

Bttes Cnteml的 Beam Tube)

Bett Tube Support and B,veltt Subsystem

Bake‐cut Subsystem

C P S  P o s■l o血鴫 a n d  A l i g n m e t t  M O m t o r m g  S u b s y s t e m

ａ＞

り

ｃ＞

Ｏ

ｅ＞

０

９

1.3.2 Vacuum Equlpment System

a )  V a C u u m  c h 夕m b e r  S u b s y s t e m

b)  Pumpmg Subsystem

C)  ValVe subsystem

d)  Vent and Purge Subsystem

e)  Bake― out Subsystem

ParsOIIs―LIGO牲
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Modtor and Control Subsystem

1.3.3 Detecttr System

a) Interferometers

め    herS

ii)  OptiCS

iめ  料 ignment and Bttgth Sensing SysteEls

市)  SeiS■ゴC Isolation Systemミand Suspensi9ns

Control and Data System

Phystts Mo血 OFlng

Support Equゃment

1.4 Preliminary Design Report ExclusioIIs

Due tt late並luslo■of requirements the followtt items are lttly to be lnclu4ed in the next
subrmttal of design docRlThents,but are not included ttL位止s subttHttal.

a) Restroom/Shower Room revision in Operations Support Bunding

b)  Extent of monorail tt Lttgl ltem Access Area

c)  Doors between Large ltem Access AFea and Laser and Vacuum EquipEle車

Area● VEA)

Chiller Yard location at Mid and End Statiolls

Powcrin LVEA and VacuRlm Equゃ ment Areaい 電A)for VaCum Equipment

KVE)and COntrol and Data Systtm(CDS)interfaces

Site欧〕wer by Power Utttity DistriCt口UD)at HanfOrd

S血 ,eyewash/shower,hose bibs,and floor dratt in the LVEttVEAs

C i v i l  g r a d t t  a n d  r o a d w o Ⅲ t o  l o W e r  p a d s  a t  a n  S t t t i O n s

Tum‐ arounds atthe Mid and End Stations

Relocation of the LN2 tankS at all Statio述

り

ｃ＞

の

●

　

ｅ＞

0

g)

ゆ

1)

j)
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1.5 Growth and Fle卜ibility

l.5,l Laser and Vacuuln Equiprlent Area

T h e  c u r r e n t  F a c 狙町 d e S i g n  d o e s  n o t  p r e c l u d c  e x P a n s l o n  o f t h e  v a c u u m  e q u ゃm e n t  a r e a s  t o

accommodate dlree additional血 俺rferometers at both Hanford and Livlngston Sに s.

For dle CoHler StatiOns the current design accommodates山 偽 POSSお工ity h tWO Ways,Fttst,

■にa v e s  a  s t a y ギl e a r 抑距 血l i n e  w i t h  t h e  t t u t  a n d  o u t p u t  s e c t おぃ 。f  t h e  i n t e r f e t t m e t t r

a1lowtt up to a 40‐meter mode cleaner assembly within the current Facnitt design and

a1lowing up to a 100-meter mode cleaner through exp学lon of the curent Facility design.

Second,it a1lows for consmction of an addidonal LVEA space attacent to the cuFently

deslgned LVEA to house up tt dlree more interferometers for both Hanford and L市れ拶ton

Stts,However,dle current design and consmction package dOes llot ttludc any

foundations,的mcttres,mech倒直cal capacities,or由由msmcmre requted for tds expanslon.

For the End Stations the currett design allows fOr exparlslon of the VEA spaces to

a C C O E I n O d a t e  u p  t o  f l v e  c h a m b e r s  e a c h . H O w e v e r , d l e  c u r r e n t  d e s i g n  a n d  c o n s m c t i o n

PaCkage does not include any sittWOrk,fOundatiollS,stmcture,mec脇
面 cal capackies,or

intastructtre requlred at曲偽 tlne for d宜s expanslon.

1.5,2 operatiOFIS Support Building

The current Facility design also does not exclude the expttnミlon of the Operations Support

Buil血噌 (OSB)・ コエS iS accOmplished h the current design by plal的5 flXed mnctiOns

(reStrool述,kitChen,electrical,etc。)tOgether in the area core,a1lowlng the bundhg to

e x p a n d  i n  m o S t  d r e c t i O n s  W i t h  m m m u m  i m p a c t  t o  t h e  l x i s t i n g  F a c i l i t y . T e m p o r a r y

ぞ 棚 と 品 艦鮒 麟 襴 野

Parsons―LIGOR進
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2.Design Requirements and Criteria

2.l General

a) UtttS Of measurement aFe eXpressed h the English system.

b) VariOus Federal speciflcatioぃw■l be used as the Guideline ConStruction

Speciflcatio五.

2.1.l Fabrication and Collstrucdon T61erances

T h e  A ―E  w l l  p r O V i d e , h  t h e  d r a w i n g s  a n d  s p e t i n c a t i O I l s , a l l 的1 1 r a n c e s  f o r  f a b r i c a t i o n ,

cOnsmctiOn,and installation.

2.1.2 Service Life

2.1!2.l Facttity Design Life

Facility deSign will be for a 30-year service life.

2.1.2.2 Systems and Equゃment Design Life

Operating systems and equlpment design wユl be ttr a 20-year service life.

2.1.3 Corlstrllction Category

T h e  L I C O  p r d e c t  i S  C a t e g o r i z e d  a s  p e r m a n e n t  c o l l s t m c t i o n  h  a c c o r d a n c e  w i t h  U n i f o m

Buildhg Code(UBC)and standard Building Code(SBC)。

2.1,4 0ccupancy

E a c h  L I G O  p r d e C t  S i t e  Wユl b e  d e s i g n e d  f o r  a  m a x H l u n  s t t i  p o p u l a t i o l  o f 4 9  p e o p l e . T h e

b r e a k d o w , o f  a n t i c i p a t e d  p e r s o m e l  a n d  t h e r  c l a s s i n c筑1。n  i s  a s  f o l l o w s i

Staff Quanti呼

T e d 航c i a n s  a n d / o r  O p e r t t r s10

Tec出 由cian Specialists 3

EnEttrs 3

Site A山血山占tration 2

Scientiflo Sta賊 3

Visiting Scientists 6

Intems and/or Visitors 9

Mainterlance Personnel 4

Table 2.1-1-Staff List

ParsoIIsoLIGO牲
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h  a d d t t i o n  t t  t h e  o c c u p a n t s  l i s t e d  a b o v e , o t h e r  v i s t t y s , m e l u d t t  t o u r  g r o u p s  o f  s t t d e n t s ,

educators,scientists,and dignttaries,w工i vistt the Facユity on a regular,asiSi

2.1.5 Design

D e s i g n  o f  t h e  F a c t t i t y  w 工1  1 o m p l y  w i t h  t h e  i n d u s w  s t a n d a r d s  a n d  s p e c i i c a t i o n s  r e f e r e n c e d

hereh and good design princゅLS・The Facility wユl be designed for low rもk and ease of

m a i n t e n a n c e  a n d  o p e r a b ユ町,

2.1.6 Safety

cOnsmction ofthe Fac工ities wユl comply w■h OSHA-29 CR,and applicable local codes

●.g.,Washington hs軸阻確of Safety and Healdl Administtadon dttSHA)at the Hanford

Site).

2.1.7 Security

Security of the Facnities will comply with goodと遭ustrial practice.Tttc mttor seCurity enbrt

w i l l  b e  t o  d e s i g n  t t r  E m m u m  p o 俺虻i d  h m s l o n  i n t o  t h e  S t a t i 6 n  b u ■d t t S  a n d  B e a l n  h , c

EnclosureS.

2.1:8 Material Selection

2,1.8.l Flame Spread

All Elaterials w工l be non combustible or llave a name spread ratmg of 25 or less h

a c c o r d a n c e  w i t h  A S T M  E 8 4 .

2.1.8.2 C】leanliness/Contammation

mtt f0110wing is a list Of design criteria i悔田s that shall be appltt to all intettor spaces.

a)  Design wユ l use non‐corrosive and/or corroslon resistttnt material as requよ,d.

b)  Exclude use of fraylng Or otler material that could contri也は悔的 COnta― ation

h the■aser and Vaculirn Equipment Area c押■A),Vacuuln Equゃ Inent Areas

碑 As),and all clean e畔 士onrnents.

O  PreClude ledges that may trap dtt and mmmlze o』
leakage住om lnechanisms

and mechanical equipment.

d)  COnSideration wll be giVen tt outgassing and Partに le generation of dle

m a t e r i a l s . A s  a  d e s i g n  g o a l , a l i  m a t e r i a l  s e l e c t i o l l s  s h o u l d  b e  m a d e  t o

― ― e Non Volatile Residue ONVR)depoSitiOn in the LVEA,and VEAs.

Parsons―LIGOく使
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e)All matedtts w』 悦 compatible widl the deanlttss requirements of the

room's classiflcation(see SeCtiOn 2.4.9).

2.2 Ciヤ11

2.2.l General Civil Requirements

Civ工requrements inchde site preparation and earthwork,hydro16gy and drattge,roads
and pavmg,p就曲噌,udites,wastewater treament,and other Site improvemen低.Area

contours shall be proヤided by Caltech's surveying C6nsultant ttr each Siに,

C a r e t t  a 仙捌直o n  w ユl  b e  p a i d  t o  d e v e l o p l n e n t  o f t h e  S i t e  t o  t h e  S p e c i t t  n c t t s  o f  L I G O  a n d  o f

the indiv遇胡 site characteristたs.Establis血噌 and mmtaining alig画時nt are mportant

COIISlderatiolls at both Sites.

Caltech's shall provide soil reports and allowable design parameters.

2.2.2 Coordinate Control

2.2.2.l Hanford

The mに rsection of the two centerlines of the propery ams is located at latittde 46°27'

18.5'N and longl仙de l19°24'27.1"W.The northWest arm is at a bearmg of N36.8°W and

the southwest arm is at a beartt of S53.2°W缶 om the origh oftheを10bal coordimte

SySteEn. For alrther coordmate and Site boundary infomation see Figure 212‐1.

2.2.2.2 Livmgston

The ttrsecdon ofthe two∝ nterlines ofthe propery amsおlocatt at htimo●30°学
'

46,0"N and longinde 90°46'27.3"W.The soudleast arm is at a beaFing Of S18PE and the

southwest a..ll is tt a bearing of S72°W住 6m the origin ofthe global●Obrdinate sysゃ理・For

mHher cOordinate and Site boundary mmatiOn see Figure 2.2‐2.

ParsonsTLIGO牲
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2.2.3 Site PreparatiOn and Ettwork

Rcads and graded areas shall be latt outto tt envコ 叩田距ntal AttTnnge.Namral

dramage pⅢ俺mS Shall be mintatt to the mxi田 1lm eXtent possble.Ali Site areas w■l be

graded away ttom bundings.

E a r t h w o r k  s l o p e s  a n d  g r a d i n g  s h a l l  b e  h  a c c o r d a n c e  w t t  d l e  r e c o m m e n d a t i o n s  o f t h e

gcotechnical reports and the fo1lowmg:

O  Cut S10pes shall be 2:l for Hanford and 2:1位血血皿ゆ for Li的噌ston.

b)  F述 l slopes shall be 2,l for Hanford and 3:l for LivhgstOn.

c) Graded area pads shali be sloped 2%prefered胡曲側皿 fOr dramge.

d)  At Livlngston a― lElurn teeboard of 2 feet shall be used aboVe the loO―year

stO■」はleVel.

e )  T t t C  B e a l n  T u b e  a r m  e m b a n k m e n t s  f o ェA L  a n “L " s h a p e  t h a t  w 工l  a c c o m o d a t e

the LIGO interferoIIleter ard.The two arn lie along two ntersecting lmes

oriented Pcrpendicularly tt one another,and deflne the plane of the

interferometer. The Beam Tube arm embanmentt shall be flat― graded with

respect tt this plane(aS CPpoSed to the nomal grading practice that is relative

to tte朝正rs curvamre).In Order to accomlnodate local ttpography and

■1lniTnize earthwork,the crientation of d工s plane may be modifled by aS Inuch

a s却 。3 1 x 1 0 ' 3  r a d i a nミw i t h  r e s p e c t  t o  a  t a n g e n t  t o  t h e  l駒曲
' S  S u r f a c e ( 1 . e , , a

theoretical sphere)atthe center ofthe squre plane ofthe Beam Tube aェ胆S.

The drectiOn of the component of the hterferometer plane norElal,Which lies

h the loctt horttntal Jane Kat the∝nter of the square),Can po面h any

compass dttection.

O   The Beam Tube ettbankments shall be designed tt mmmlze settlement to less
than 2血 hes over dle service life(see Section 2.1.2)of the Facility.

2.2.4 Roads,Paving,and Parking

軸 ぶ ite roads collsiSt Of a ttul access road tt the Faciliies and a perlmeter road around the

Facilittts that alSO tie面o the Beam Tube Enclosure● TD ServiCe rOads.The bituninous

surface tFeated BTE service loads along each arm provide access to the Beam Tube at 780-

foot(237.74-mettr)intervals as well as access to the End and Mid Stations.For fre

deparment access,4S Wel1 4s acceSS tO the“backside'ofthe Facユ並ies during consmction,a

road bridgng over atleast one Beam Tube near the Comer Station is requred.

A ttost penetration depth of 24 inches lnaxlIIlllm and 12 inches averago shall be cOnsidered

for the Hanford Site.
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2.2.4.l Roads

T h e  r o a d  g e o m e t t  a n d  c r o s s‐s e c t i o n a l  d e s i g n  s h a l l  b e  i n  a c l o r d a n c e  w i t h  t h e  f o l l o w i n g :

a )  R o a d s  s h a l l  b e  d e s i g n e d  t t  p o s l i V e l y  d r a n  w i d l  a  p r e f e r e d  E l l―u m  c r o s s

slope of 2%whenever possible.

Rcads shall have a shoulder width of 4 feet mlnlmum(3 feet―mum for

Bean Tube Service roads)widl a Cross slope of 47。,

Roads shall be two―lane where possible.

Road side slopes shall generally be 2:1的r HanfOrd and 3:l for Livings的早.

COFner radよshali be no less↑httn 35 feet.

Road centerlitte radius shall be as required for Sitβ vehicles and consmction

equipment and deliveries(1.e,9 Beam Tube segments)

Road prottle grades shali not exceed 6%wheneVer possiblず。

b)

C)

d)

e)

0

g)

2.2.4.2 Pavmg

P a v i n g  d e s i g n  f o r  t h e  F a cユiけr O a d s  a n d  P a r k i n g  a r e a s  s h a l i  b e  h  a c c o r d a n c e  w i t h  t h l

following:

a)  The pavements shall be designed to provide a11-weather access.

b)  All access roads sllall be flexible pavement unless operational coIIsiderations

dictate otherwise.

c) BeaFn mbe Service roads shall have a ttultiple bimminous surface tteament.

d)  Axle 10ading for roads shall be AASHTO H‐ 20,

e )  C a l i f O m i a  B c a r i n g  R a t i o  C B t t  V a l u e  f o r  p a v e m e n t  d e s i g n  s h a l l  b e  p e r

ge。俺cmcal repo曲.

Paving shall be as nat and sm。。th as possiblet No speed bumps,manholes,
lane divider bumps,gratmg,etc.

2.2.4.3 Partthg

Parking sPaces shall be provtted and designed h accordance with the的1lowi曜:

a)  Parking for the LVEA/OSB Facユ 並ies(COrner Statioゆshall be ttr:

1)  コ 批守rSeven emPloyees,visitors,and Tnttmtemnce vehicles

il)  TWO handicapped

b )  P a r k i n g  f o r  t h e  E n d  S t a t i o l l s  s h a l l  b e  f o r :

l Bridge overpass will e、
ceed 9%grade.
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め  F市 e emp l o y∝s(in c l u d瞳配 並 nanCe  v e h i c l e , )

C )  P a r k i n g  f o r  t h e  M i d  S t t t i o n s  s h a l l  b e  f o r i

l)  Five employees KinCluding maintenance vehiclls)

錨 盤 端
錯縄 棚 麒 盤翠線    d

hydrology smdtts.

2.2.5。l E)itches

Sheet drれ血ge的 Open ditches wll be used to the maxi田いm eXtent possible.Ditth Side

灘鷲鮭鱗
S翻

紺網 盤品私路路艦塩  温
r8甜

slopes at 2:1.

2.2.5。2Pや es

Pipes Or closed condutt will be used for dratte when呼あditches htlrfere win the

mtended use of the area.

2.2.5,3 Culverts

Culverts shall be provided under roads or tt Bearn Tube embanment and whenever the

natural drainage pattem is inteHupteo,CulVerts shall comply with the following
requ並呼 ntsi

つ   Minimum diameter=151距 hes.

b)  Minimun gradient=1%.

c)  Alignment shall be h the d山 韓 dOn Of SttHェ ェユOw and as nearly perpendicular

的rOadS,embanments;Or ObsttcdOns as possゃle.

d)  コ 障 prefered cuivert matedal shall be reinforced concrete plpe or concrete
b o x  s e c t i o I I s  a t  L 市唯 s t o n  a n d  c o r r u g a t e d  m e t a l  p i p e  a t  H a n f o r d .

2.2.6 Utilities

The domestic Water supply and the sanitary sewer system for the Corner Station

cⅣ E t t O S B ) s h a l l  b e  d e s i g n e d  t t r  4  t O t a l  w o r k  f o r c e  O f 4 0  o n  d a y  s t t i  a n d  5  e a c h  o n  S W i n g

a n d  g r a v e y a r d  S h i i S . F i t t  g a 1 1 0 n s  p e r  p e r s o n  p e r  d a y  s h a l l  b e  u s e d  a s  a  b a s i s .
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W a t e r  a n d  s価拘呼 SeWer  r e q u■emen t s  f o r  t h e  M i d  S t a d o n s  a n d  E n d  S t a t b n s  a r e  f o r  1 0

p e r s o m e l (■Ot C O n c u r r e n t  w i t h  t t  a t  t h e  C o r n e r  S t a t i oゅ.

2.2.6.l Potable Water

つ  W aⅢ r  S h a l l  b e  p u m p e d  v i a  u n d e r g r o u n d  P i p e  t o  a  p n e l i t h a t i c  s t t r a g e  t a n k  a t

the Corner Station to accommodate Fac工 i守requttementS and to mmEMe Well

pump staJsttp主

Ba s e d  o n  w a t e r  q u a lⅢ d a t a  m m  w e l i  t e s t t  t h e  w a t e r  m a y  t t q u t t e  t r e a t t e n t
for p6table use.

Potable water shali be distributed急om dle tank to all Facユities at dle Corller

Station via an underground system.

■澄potable water distritttion system shall be in accordance With the
followng:

i) Design velocity shall be 5い,wm a lnaxttuFn of 10～s,

il) Minimm earth cover shall be 3 feet.

iti)Bac期 ow preventers will be provided at comections with the

possibdity of contamination.

iV)  Water supply shall be designed ibr the combllled peak flow

requrement.

2.2.6.2 Fttёwater

a)  Fre hydrants w工 l only be placed around the Corner Station as requ士ld.

Hydrant spachg shall be 300 feet lnaxlnuln.At branch lines to fre hydrants,

gate valves shall be provided.F士l hydrants are not requtt along the Bealn

T u b e s  E n c l o s u r e s , c r  a t  t h e  M i d  a n d  E n d  S t a t i o r l s .

b)  Buttdings equipped witt sp的 はたrs,wttl be provtted with post indicator valves

at each build士雄:'s sPJと出der coIHlection.

C)  ValVes fOr fractional isolatiOn of the flrewater system will be prOvided if

necessary.

d) The rlrewater systen wユl be designed in accordance with bocal requrements.

2.2.6.3 Sanitary Sewer

Sanitary sewer pittlineS W■l be designed h accordance witt the followⅢg:

a)  側 脱 mthinHFn line鋭校 wユlbe 4山劇陀s diameter.

b) Design Velodけ w■l be a ninimuIIl of 2特sユo章魂 at half deptt or 3特s

when clean■ ng ls dirlcult,

C )  S e t t e r s  wユl  h a v e  s t r a i g h t  r u r l s  b e t w e e n  m a n h o l e s ( l f  E l a n h 0 1 e s  a r e  n e e s e d ) .

Parsolls―LIGO【進
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C l e a n ―o u t s  w i l l  b e ■s " f O r  c h a n g e s  i n  d i r e c t i o n  o f 胡m r  s e w e r  l a t e r a l s  a n d

bunding CO呼 tiOns,

To help eliminttte Vibration sources,tna n_h01es shall not be located in road or

p逮 堪 10t Surfaces br other ttarlc ttas.

2.2.7 Wastewater Treatment Facil■ ies

FedeFal,State,and Local codes regardtt collection,treament,and discharge of sanltary

wastes wnl be mete Sewage collected飲)m dle LICO Fac工並ies at Hanford w工l be treated by

a septic tank system with emuent disposおthrough a leach flend syskttne Sewage collected

住om the LIGO Fac担止ies at Livmgston w工l be procesSed through a package tertiary

wastewater treament plant ttm emuent discharge to namral waterwayso SIudge的中both

cases wili be picked up by Local Contractors.

2.2.8 Miscellaneous Sitework

2.2.8.l Sol組 Waste Disposal

Solld waste Ktrash)Shall be collected by a locally contracted solld waste disposal fmm frOm a

Facility location near dle main road outside dle 200-foot nontcritical tta賊拒exclusion zone.

2.2.8.2 Pipeline Crossmgs

There are twb right―of―ways for oil company plpelmes crossing the Livingttton Site.Tttse

pipel血s will be protected h a lnaIHler acceptable to both oil c6mpanles and LIGO.

2.3 Stttcmral

2.3.l General Strucmral Requirements

2 . 3 . 1 . l  S t e e l  D e s i g n  a n d  C o n s t r l l c t i o n

Steel sttcmres and componentt w工l be designed and consmcted in accordance with the

AISC Speciflcation for Smcmral Steel BundingS,A1lowable Stress Design and Plastic

D e s i g n , a n d  t h e  A I S C  C o d e  o f  S t a n d a r d  P r a c t i c e  t t r  S t e e l  B u ユd i n g s  a n d  B r i d g e s . A l l

sttiCMal Wel血噌 W■l be in accordance widl AWS Dl.1,A2.4,and A3,0.

2.3,1.2 Concrete DeSign and Consttction

Concrete smcmres and components will be designed and consmcted h accordance with ACI

318.M的血阻uin t01erances for concrete construction and materials will be per AC1 117,

Parsorls―LIGO牲 Design ConflgHation Control Docllment
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・
Standard Specttcation for Tolerances for Concrete Smcmres and Materials",unless noted

otherwise h ttds docliTnent,

2.3.1.3 Concreに Reinforctt Sttel

Steel remrcement wユ I ccnfoll.tt the requrements Of ASTM A615,Grade 60,Detaning,

fabrication,and placelnent w■l be in accordance witt CRSI-1.

2.3.1.4 MasoHy Design and Construction

MasoHy smcmres and components w工 l be designed and collsmcted h acCOrdance with ACI

530.

2.3,1.5 1nspection Requirements

hspection requittments,along with acceptance criteria,for steel and concrete smcttres and

components wユ l be cLarly specined by the A―E tt the drawings and speciflcations.

Inspections w工l be h accordance with UBC for Hanford and SBC for LivingSt叫

2.3.2 Loading ConditioIIs

smcmral systems and components wili meet or exceed requttements ofthe UBC code for

Hanford,and the SBC for LivいgstOnt

2.3.2.l Mttum Floor Livelし oad

me mmmum f10or live load will be as follows:

う  250 psf for storage and receiving areas

b)  100 psf for control room,Shops and LVEA/VEA areas

c) 50 psf for ottCe area

2.3.2.2 Seisllic Load

a)  SeiSmic loads w紅 l be applied and the smcmre anttlyzed using o呼 of dle

methods described h dle ttC for the】 工anford Site. Seis迂工c loads will be

applled and dle smcme analyzed usmg the equivalent static method per SBC

foT the Livhgston Sitet

b )  A t い o  H a n f O r d  S i t e , t h e  s t r u c m r e  i s  l o c a t e d  t t  s e i s m i c  z o n e  2 B  p e r  L F B C . A t

the Liv並唱StOn Siに,the seisEttC 1lassiflcation is Hazard Exposlre Group I,

perfo― nce category A,per SBC.
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2.3.2.3 Wind Loads

W血 直loads,for the Hanford Site,wユlbe d引回岡血Ⅸ対in accordance with UBC using a design

w i n d  s p e e d  o f  7 0  m p h , e x p o s u r e  C  a n d  i m p o m n c e  f a c t o r  I = ■0 。W i n d  l o a d s , f o r  d l e

L i v h t t t O n  s i t e  w ユl  b e  d e t e m i n e d  h  a c c o r d a n c e  w i t h  S B C  u s 現吾a  d e S i g n  w 血ユs p e e d  9 f  1 0 0

mph,exposure C;and mportancl factOr I=1.0.

2.3.2.4 Forklitt Loads

Desttn w工l a1low a 10,000-pound capadtt forkltt to operate anywhere widlin the followlng

areas of dle Comer,Mid,and End Stations.

● hspecは on/Shipping/Rciving

● Cleamg Area

● LVEA/VEA

●  Active Storage Area

●  Long―TeェェュェStorage Area

213.2.5 Volcattc Ash]Loads

The F【anford Site smcmres will be designed for a volCanic ash 10ad of 2 psf.

2.3.2,6 Load Combinations

L o ▲d  c o t t b i n a t l o n s  w i l l  b e  i n  a c c o r l a n c e  w i t h  t h e  t t C  f o r  t h e  H a n f o r d  S i t e  a n d  S B C  f o r  t h e

Livhgston Site.

2.3.2,7 Cranelし oads

The Comer,Mid,and End Stations w工 l be designed for appropriate capacitt Crane loads.

See Section 2.5.6 and 3.5.6 for conflguratbn of bridge cranes and mollora工s.

2.3.2.8 Serviceabilitt RequireElentS

Deflections due to llVe,Wind,or seislttc 10ad W五l be ll述悔d as fol10ws:

a)  MaXmum al16wable live load denecはon will be L/240,cxcept for elements

suppor的堪 plaster cedmgs or Wall,h which case dle ElaX田
】um deflection

under Crane loads shan be l■nit●dtO L/480。

b)  S e i S m i c  o r  w血ユI配uce d  l a t e r a l  d r i t t  w i l i  n o t  e x c e e d  t h e  r e q u r e m e n t s  O f  O . 0 0 5

t i m e s  t h e  s t o r y  h e i g h t .
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2.3.2.9 Beam Tube Foundation and Enclosure Requttelnen低

a)  血 血ial Bettm Tube slab“sttaight line"variance of fmish floor w』l be limited

t o±l  i n c h  f o r  t h e  e n t r e  l e理的 o f  a 1 l  B e a E I  T u b e  a r m  e i s t a n c e = 4拍m )

b)  L五 tial slab tttraight line"varlance of fmish floor Wdl be l位nik対tO±1/8上にh

h10 feet.

| ) T h e  f O u n d a t i o n  l  t h e  B l a E I  T u b e  s u p p o ■m l l s t  b e  c o t t t r u c t e d  t t  a  t t l e r a n c e  o f

±1/2 inch between the successive supports(abOut 65丘)。

d) The 10ng― te..u dittrettial Settlement iS limited的革ぬ nCheS Witt reゃrence to

t h e  B e a m  T u b e  a x i s .

C) BeaEI Tube teminus vttves where amospheric pressure can OxiSt On one stte

only,require support缶om a found倒はon to react to the combmation of all

applied flxed support loads.

9   BTE,and doors at service entrances and emergency egresses to the BTE,will
be capable of sttppmg penetration of a stray bullet. The parameters to be

used are as follows.

Item Propery

Caliberi 308

Weitth住 180(3ra施

Velocity at hpact: 2900 Feet Per Second

Energy at lmpact: 2800 Foot―Pounds

MateFiali Lead Core,Fully Jacketed with Copper

Tおle 2.3-1-BTE Prdectile Data

2.4 Arctttecttral

LIGO is composed ofa Fac工ity for tte Corller Station contalang a“Clean Env±oment"

(SCe Sectio■2.4.9)for the LVEA.取 止s clean lllvttonment is not requ血遵to meet Fギeral

Standard 209 requlrelnents.The C01mer station als6 contalnミthe OSB for mantenance and

寓批問hおtrative mnctiOIls. Other Facユ並ies are the Beam Tube Enclosures,Mid and End

Statiolls,and utility compOnentt tttt provide conditioned a士,Power,and water/waste

treament.These smcmres are tt be located at both Hanford,Washington,and L市 唯 ston,

L o u i s i t t n a . T h e  M i d  S t a t i o n s  a t  L i v i n g s t o n  a r e  s i m p l e  M i d ―P o t t  P u m p  S t a t i o r l s  t h a t  d o  I I o t

houSe any speclal vacuunl equlpment chttrnbers,

2 . 4 . l  L a s e r  a n d  V a c u u m  E q u l p m e n t  A r e a

The LVEA is designed to house high‐precision,sensitive mterferometer components

OrOVided by Odlers).The interferometers requtt a relatively clean and controlled
envttonlnent widl a― um Of diSturbance最oEl aCOustic noise,ground vibrations,

electrornngnetic mterference,and omer 10calized disttrbances, Each lnterferometer uses one

Parso述 ―LIGO牲
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or more wgh‐pOWer lasers wttch will be located within this area.Many ofthe
mにrferOmeter components are contai瓜対wittn a high vacuum env1lope generally referred的

as dle“vacuum equゃment・
"

The vacuRlm equゃ ment OrOVided by Others)iS COmposed ofa netWOrk ofvacu1lm chambers,

wttch house sensidve h使途 rometer components,and血俺rconnecting beam‐mbes wttch

facttitate tranミmsslo■of laser beamミbetween the chamberS.Highovacum gate Valves arl

provided between oper京lontcdtical sections of dle interconnecting mbmg to isolate ditterent

portions ofdle vaculFn system for diagnosⅢs,mantenance,or upgrades wtte other

portionsゃ団Ⅲ Operable.

Relocatable vacuum pumps orovided by Others)are deployed where needed by overhead
c r a n e s , a i r  p a l l e t s , o r  c ぃ, a n d  c o u p l e d  l o c a l y ゅv t t v e d  P o t t  f o r  p m p ギO W n t  S t a t i o n a r y

h i g h ‐v a c u u m  i O n  P m p s  a r e  a t t a c h e d  t o  i n d i v i d u a l  c h a m b e r s . L i q u i d  n i t r o g e n  c N 2 ) p u m p s

筑 dle ends of the調 降 Cent BeAfn Tube血 Odules pttvide additiOnal pmpmg capacity.

The vent/purge subsystem oroVided by Others)generates and disttibutes flltered,dry ar for
backfllling chambers when dleす雫 的晩 Opened.This subsystem aso pr9vitts inteml

fdtered ar shOwers to lnamtah cleanlhess while wor蜘鴫血ide the chambers.

A  b a k e ―o u t  s u b s y s t e m  o r o V i d e d  b y  O t h e r s ) , C O m p o s e d  o f  r e l o c a t a b l e  h e a t e r s , i n s u l a t i o n , a n d

power comections,allows vacum baking ofind市idual valved―o付sections 6f the vacuum

equipment.ThiS peHdtS removal of contammants and reduction of out―gas的噌 When

required.

In addttion tt lasers and vacuum equipment,this area contains electomcs racks‐,cable ttays,

and cabling for dle mにrferOmettrs;組l provided by Others.

The LVEA is not class血 ed as a cleanroom,however the design mtent is to

acl出eve a“Clean Env±ollIIlent"(See section 2.4.9).

酌 9  L V E A  s h a l l  b e  a c c e s s i b l e  b y  b o t h  S t a r  a n d  e q u l p m e n t  v i a  t h e  C l e a n i n g

AFea.

The LVEA cedings have heights to aCCOmmodate overhead crane systtms to

facnitate moveIIlert of equipment components for repar,rnttmtenance,and

r e p l a c e m e n t . C e ユ地 s  t o  b e  C O m p o S e d  o f  2 ‐f o o t  b y  4 i f o o t  l a y ‐i n  p a n e l s  w i t t  a

smooth no■‐naking washable surface and的止sh.

LVEA walls have a 8‐foot ttgh metal wainscOt mde of durable,cleanable

鋭r f a c e  o f  t t  i n o r g a n i c  a n d  n o ぃg a s s t t  f m i s h  O r  c o 狂i n g  t o  a t t  t h e

mantenancc of cleadiness.LVEA wa1ls shall be painted ab6ve waittcot With

a high gloss latex and in acCOrdance with Section 2.4.7.

The血 直sh floor elevation ofdle LVEA is nominally 2 feet 10抽dtts loWer

thttn the fmish floor elevation ofthe attaCent BTEs.F19ors in the LVEA are

to be a sealed concrett with smooth,non,a魂,was脱'le surface的工Sh,and

c o m p a t b l e  w i t h  C l a s s  5 0 , 0 0 0  m a t e r i a l  p r o p e r t i e s .

a)

b)

C)

d)

e)
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2.4.2 0peratiolls Support Building

2.4.2.l Fac工ity Control Roo叫

コ瞳 Facnitt cOntrol Room is the operational center ofthe Fac工iけ。■proVttes an ottce

qually environlnett for the operations crew.The Fac工iけCOntrol Room equipment consists

中ぶ述y Of desktop computmg workstations and rack‐mounted electrottcs.Ttts room also

provides sPace for dle Facnitt Modto血噌 and Control SystemぼMCS)PttClS,Fiた Alam

and Control Panels KFACP)!persomel access control,and h由血噌 survellanCe via a low―

light level closedtcttcu止悔levision system.

a )  T h e  F a cユiけCOntr o l  R o o m  i s  a p p r o―atel y  8 6 0  s q u a r e  f e e t .

b )  T h e  n 0 0 r  s h a l l  b e  a  2 4  i n c h  r a i s e d  a c c e s s  f l o 6 r  s y s t e mやith a n t i‐stat i c  c a r p e t

Oer SeCtiOn 2.4.7.1).

|)  W41lS are pamted gypsum board

d) Cd的 堪 height is 12 feet with suspended acoustic t工e systtm.

e) The Fac工 iけCOntrol Room is provided with a fre detectiOn and suppress19n

SySteEl that wユl use a gaseous suppression compatible with the occupancy and

type of equゃment tttalled.

2.4.2.2 Computer Users Room

T h e  C o m p u t e r  U s e r s  R o o m  i s  s i m i l a r  t o  t h e  C o n t r o l  R o o m . T h e  s p a c e  w ユl  p r o v i l e  a n  o f 「l C e

q u a l i t y  e n v■on t n e n t  f o r  d a t a  a n t t l y s i s , s o t t w a r e  d e v e l o p m e n t , a n d  c o m m u n l c a t i o n s . T h e

Computer Users Room equipment consistt minly Of desktop computing workstatioぃ,

prmters,plotters,scannerS,and reference areas.

The Computer Users Room is approximately 460 square feet and is acccssible

的 t h e  C O n t r o l  R o o m .

The n00rs are 24 inch raised access aoor syStem with antiⅢstatic carpet as

described in Section 2,4.7。1.

Walis are pamted gypsuln board.

C e i l i n g  h e i g h t  i s  1 2  f e e t  w i t t  s u s p e n d e d  a c o u s t i c a l  tユe s y s t e m .

2.4.2.3 Computer and M4SS Sttrage Room

The Computer and Mass Storage Room house rack‐mounted computing equlpment,mass

sttrage u述低,and perゃher"S(diSk and tape drives,eに.),as well as sttrage cおinets for

m a g n e t i c  t a p e s . P o 立l o n s  o f  d t t s  a r e a  w ユl  h a v e  a c c e s s  a 0 0 r i n g  t o  a l l o w  e a s y  c a b l 晩。1 随

e q u やm e n t  f O r  t h e s e  a r e a s  c o n s i s t t  m i n l y  o f  d e s k t o p  c o m p u t i n g  w o r k s t a t i o n s  f o r  t h e

diagnostics portion 6f the operationt

a)

b)

C)

d)
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The Computer and Mass Storage Ro6m is approxmately 420 stuare feet,and

is accessible tt the Control Room.

WallS aFe pamted gypsum board.

F l o o r  s h a l l  b e  a  2 4  i n c h  r a i s e d  a c c e s s  a o o r  s y S t t mやm an t i _ s t t i c  c a r p e t  K p e r

Section 2.4.7.1).

walls are pamted gypsllm board.

Ceiling heigtt is 12 feet with suspended acoustic t』e system.

2.4.2.4 Tape Room

■工S area Wユl have access aooring tO a1low easy cab地唱・The room w担 l be provided with a

g4SeOuS fre suppression sysⅢm.The Tape Room w■ l be dle on―site repository for all data

tapes.A duplicate,o鮮 stt storage space shall alsO exist.

a)  me Tape Room is approxllnately 350 square feet and accessible to the Control

Room.

b) Floor are 24 inch raised access floor system with anti‐static carpet.

C)  WallS are pamted gypsum boardⅢ

d)  Ceiling height is 12 feet with suspended acoustic tne system.

e)  The Tape Room is provided wiⅢ  a rre detection and suppresslo■system that

will use a gaseous suppresslon compatわle with the occupancy and ttpe 6f

equipment installed.

O   The Tape Room is a two― hour flre rated room.

2 . 4 . 2 . 5  S t a f f  O f f l c e s , L o b b y , a n d  V i s i t o r  A c c o m m o d a t i o n s

Tはs area lllcludes Staばofflces,Administrat市e Assistant,Storage,and co― on areas,such

as Multi―Use Ro6m;Rest Rooms,Kitchen/Break Room,and Conference Room suitable for

the peHnanent and visiting S協翻 Scientis低.In addition,this area,rOVides space for general

visitors.The Facnity entrance for employees,users,and visittrs is through Vestibule and

Multi―Use Rooln,and is controlled ttЮm anン蛇臨由由stration Assistant area. The conference

r o o m , a l l  w o r k s p a c e s , a n d  a l l  o 郎c e s  h a v e  p r o v i s l o n s  f o r  c o m p u t e r  n e t w o r k i n g .

2.4.2.6 0ptics Lab

ll近s lab is deslgnated tt provide support for inミpectiolls,cleamg,testmg,and stormg of

optics reⅢW ttr Operating the experiment.This w■l also be the location of an opticS

techniClan.

a)  The Optios Lab is approxmately 960 square feet and attacent tO the Vacuum
prep and Assettbly Lab,and the Cleamg Area.

Parsorls・LIGO燈
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b) Mate拭 als and flnishes are durおle and cleanable,consiStent wtt Clean

envttonElent Consmction(See Section 2.4.9).

c) The Lab wユl be a clean envronment(Sitntiar tt the LVEA―Section 2.4.1)

for assembly of 6明ectt up to l Eleter cubed and weighing up tt sevcral

hundred kユogram.

2.4.2.7 Vaculim Prep and Asssembly Lab

ms Lib prOviOes fOr the assembly and disassembly ofvacuRlrn components and subsysteぃ

for cleanng with solvents and deⅢrgents,and bake‐out and out―gas的噌 CertncatiOn Of new

components.Ttts市 五l also be the location for mechanical engineer and technician mnctiOIIs

a t  w o r k s t a t i o n s  a n d  w o r k b e n c h e s .

a)  The lab wユ i be a clean envttonment(simllar tO the LVEA―Sg110五2.4.1)for

assettbly ofotteCtS up to l meter cubed and weighing up to several hundred

kilograrnミ.

b ) T t t S  a r e a  i s  a p p r o x l l n a 的8 0 0  s q u a r e  t t e t , 瑚a ●1 証t O  t h e  O p d c s  L a b , a n d

accessible to the lnspectlon and Clett Areas.

C) Materials and的 五shes are durable and cleanable consistent with clean

envttonment consmction(See Secdon 2.4.9).

2.4.2.8 Electtonics Test and Mahttllance Shop

This shop provides the space to repar and assemble electro述cs and cお地堪,and the spacl to

perform measuring,calibration,and troubleshooting of the electronic componetts of the
l a s e r s  a n d  m t e r f e r o m e t e r s いうt h  n e w  a n d  e x i s t i n g ) . O t h e r  a c t i v t t i e s  t t l u d e  t h e  d e s i g n  o f  n e w
e l e c t r o n i c s  n e c e s s a r y  t o  s u p p o r t  t e s t m g  a n d  e x p e r l n e n t  a c t i v i t i c s . T h i s  W ユl  a l s o  b e  t h e

10C苺10■Of electro述cs engmeer and te価 cian ttnctiolls.

a)  The Electronlcs Test and Maintenance Shop is approximately l150 square

f e e t .

b)  WallS are pamted gypsum b6ard.

C) Ceiling ttight is 12 feet w血4 Suspended acoustC tユe system.

2.4。2.9 Mechtthical Shop

T h i s  s h o p  p r o v i d e S  d l e  s p a c e  t o  c h e c k , 田阜m t a i n , a n d  r e p a r  m t e r f e r O m e t e r  a n d  F a c n i t y

equやEle証.The mechanical shop contains sma11-sctte mchining and weming equゃ距証

OrOVided by Others)such as drtt preSSes and latheれ
皿 1地 mac血 使 S,fOr lnantai直 曜 Or

mOdtting interferometer"vaCuum equlpment components.

a)  The MechniCal Shop is approximately 700 square feet,
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Walis are pahbd gypsum board.

cemtt height is 12 feet with a suspended acoustic tile systtm,

2.4.2.10 1nspection/Receivmg/Shipping

Equipmett that arives atthe LIGO Fac五 Ⅲ loadtt area w担l be processed through this area

h a manner that helps ensure dle mllgrity Of the llean envlronments.Packages that arrive at

t h e 崎通唯 雫 a w 皿 晩 c l e a n e d  e x t e m a l l y  b e t t r e 悦唾 m O ヤ配 m  t h e  h s p e c t o B / R e c e 市i n g

a n d  S h i p p t t  A r e a . T h e r e , t h e y  a r e  u n p a c k e d 危o m  t h e  o u t t r  s h i p p i n g  c o n t a t t r  a n d  l n O v 配

to the Cleamg Area.

a)  InSpection/Receiving/Sttppi理 算s apprOxmtely 5範 square feet in s～後 and

accessible to the Cleaning Area and the loa的鴫 area.

b) 駈 Cening height is 20 feet●血血呵 widl a Suspended ce工ing system.

●) An overhead equゃ IIlent door is provided債om ou低ide the LIGO Facilities for

access and deliveries via the loading areao See Section 2.4.|.2 for adttitiOml

並近omation.

d)  Materials and fmishes are durable and cleanable.Walls have a hard‐ surface,8

feet high metal wainscot.

e ) M O V e l n e t t  o f l a r g e  t t e C t S  t t o m  t h e  L a d t t  D o c k  o r  C L a n i n g  A r e a , t o

lnspectica/Receiving/Shipptt shall be by a grOund‐based sysにm● y Others).

O  cening Supersmcmre wユ l have provisions for mmre 5-中n monOrail at the

centerline of the access corttor.

2.4.2.1l C)leamg Area

Equipment destmed for the LVEA is noved館om the mpectiOn/Receivttg/Shipping Area to

de cleaning Area.Hcに the imer packagingおremoved and the contents ie ttpeCted and

cleaned,Doors cottectmg through this area w』l be opened one at a time to prevOnt outside

dust or particulate contamlnatio■ridtt on packagttg般om reaching the LVEA.

a) 批 にCleaning Area is approxirntttely 4範square fect in size and accessible to

t h e  L V E A  a n d  t h e  l n s p e c t i o n / R e c e 市地 / S 蜘, i n g  A r e a .

b)  The Ceiling height is 20的  (minimumjwtt a suspended ceiling system.

c)  An overhead equipElent door is provided to a1low direct access to the LVEA

由om dle Cleaning Area.See Section 2.4.8.2 for add並 lonal infomttdon,

d) Materials and的 速hes are durable and cleanable.Wぶ ls have a hard"surface,

8',0"酎 gh metal walnミcot.

e ) M O V e m e n t  o f l a r g e 弱∝低住O m  t h e  L o a d t t  D o c k  t t  t h e  C L a n i n g  A r e a  s h a n

b e  b y  a  g r o u n d ―b a s e d  s y s にm .
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Ce工ing supersm卸旺ewユl have provisions for nHure 5,ton monorail at the

centerline of the access coコridor.

2.4.2.12 Active and Long― Tei■lェStorage

コにse areas wユl be used to sttre parts and components mtegral to the comIIlon lnamtellallce

of Facnity and equipElent.

つ   The P地 位ve Storage is approxmtely 600 square fect.

b)  Long Tett Storage is approxlmately 620 square feet.

C)  WallS are pahbd gyp酎 lTn bOard.

d) Ceユ itt height is 20 feet with a suspended acoustic tile system.

2.4。2.13 Change Room

A l l  p e r s O m e l  w i l l  e n t e r  t h e  L V E A  v i a  t h i s  s p a c e . T h i s  s p a c e  w工l  c o n t a t t  s m a 1 1  l o c k e r s  a n d

benches to facilitate the gow回明g―up process prior to entermg the LVEA.

a )  T h e  C h a n g e  R o o m  a c c o m m o d a t t s  5  p e r s o m e l , s h a l l  b e  a p p r o x E I l a “主y 1 0 0

square feet,and iS accessible to the LVEA via the Cleamg Area.The d00r

exiting the Cleaning Area,towards the LVEA,is controlled by the Facility

Operator located h the FacniけcOntrol Room.

b) The room iS equipped with storage lockers and po血 ble benches.中 kers

shall be used for clean smocks,booties,gloves,and other necessities for clean

env±ollment entty and work. Disposal bins shall also be provided.

C)  Material and fmish are consistent witt clean env±olment constnction(See

Section 2.4.9).

d) The Ce工 ing height is 9 feet(8 feet述血測 m).

2.4,2.14 Shower and Tc』 et Rooln

A udsex shower and的工et rOom is located a句走ent to the oFlce and c6ntF01 areas of dle

OSB, lrhe roOEl aCCOmmodates one person at a tlne,is approxlIIlately 140 square felt,and

is equipped with storage lockers and Pottble benches,

a)  The CCユ ing hettht iS 9 feet with a painted gypstlln board fmish

b) 批 峰a00rs are certtmlcはle.

C) WallS are ceralnlc tde tt a heigtt of 4 feet.
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2.4.3 MechaniCal Room

This杭出dttg proVidls space for equゃmentsuch as HVAC,and other mechadcal and

electrical equiplnent associated with the Fac工ity operations,It also proVides space for

equipment provided by dle Vacuum EquipIIlent o電)Contractor.

口随 Mechantca1/Utuity Room is vibrationally isolated ton dle LVEA and is settiCed by a

remotely located c闘阻er plant to的 Vibration ttanミfertO the LVEA.Att handling

面 ts are designed fOr minimllm induced vめr4tion and acoustic noise.

2.4.4 Chiller Plant at Comer Station

The Comer,M過 ,and End Station cttled‐water plants provide cttled water tt the ttVAc

systemミ,and,at dle Comer Station,the closed-loop cooling Systemミfor the lasers,Cool地

for dle lasers iS provided by ttHiv畑岨 c16sed-loop water C001mg systems orovided by

O t h e r s ) w i t h  h e a t  e X C h a n g e r s  t h a t  a r e  c o u p l e d  t o  a  F a c ユi けC h i l l e d ‐w t t r  l i n e . T h e  c h i l l e d ―

water plant sllall be located to minimize transttiSSlon of vibration and acoustiCs tt the LVEA.

2.4.5 Mid and End S協 ェtion Facilities

Facユitt areas shall的1loW height and material criteria for like spaces of dle Corner Station.

T h e  b u 』d 並鳩s  f o r  t h e  E n d  S t a t i o n s  a t  b o t h  S i t e s  a n d  t h e  M i d  S t a t i o n s  a t  d l e  W a S 血導O n  S 推

are of ttmilar design,but differ in thett vacum equゃment layout.The ttnctio呼1

requrements and designs are slnllar to those of the Corller Stations,except that the vacllllm
equおment in these Stations is much simpler and there is w need for persome1 0飢ces.

Thesl Stations hClude a VEA,Support Servlces Area,Change Room,Cleamg Area,

Inspection/Shipp“ g/Receivmg Area,Experiment Equipment AFea,TOilet,Janitors Closet,

Mechanical Room,and remote chilled― water plant.Access to the buildngs and the vEA is

c o n t r o l l e d  a n d  m o n i t O r e d 般o m  t h e  F a c 工k y  C o n t r o l  R o o m  i n  t h e  C o H l e r  S t a t i o n  b y  d l e

Facility operator.

All fよ工sh floor elevation of dle Mid and End Stations are nornin分1ly 2 feet 10 1山
ches below

the fmish floOr elevation ofthe attaCent BTE.Fと ish floor elevatlon of the Mid―Pottt Pump

S t a t i o r l s  a t  L i t i n g s t o n  a r e  t h e  s a m e  a s  t h e  f l n i s h  a o o r  e l e w a t l o n  o f  d l e  a t t a c e n t  B T E .

The design and construction approalhes of VEAs are simttar to those used for the LVEA山

the Comer StatiOn.These areas contatt vacu1lm chambers,Pumps,and valves orOVided by

Others)whiCh are serviced by an overhead bridge crane.It also encloses electronics racks

OrOVided by OtherS)and aSSOCiated cabll堪
for control and data acquisttion.

T h e  M i d  a n d  E n d  S t a t i o n s  c o n t a i n  a r e a s  f o r  u n p a c晩,l E I S p e C t i o n , a n d  c l e a m g  o f

i n t e r f e r o m e t e r  a n d  V a c u u m  e q u i p m e n t . T h e y  a l s o  l n c l u d e  a  s m l l  W O r k  a r e a  f O r  m a m t e n a n c e

a n d  s e r v i c i n g  m t e r f e r o m e にr  c o m p o n e n t s  a n d  o p t i c s . I f  t h e s e  i t e I I l s  n e e d  a  d e a n  w o 熊地

env±oment,then they will be bagged and inoved to the Comer Station OSB.
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An amched utェ的 roo甲,Widl separate foundation for vめration control,hOuses mechanical

(1.●.,HVAC att handler units,|“ュ),and electrical equipment(i.e.,mOtOr COntrol centers,
e t C . ) .

C h i l l e r s  a r e  l o c a t e d  a t  a  s e p a r 4 使a n d  r e m o t e  y a r d . T h i s  y a r d  i s  s e p a r a t e  t t O m  t h e  M i d  a n d

End Statiott and is of sintiar design tt the Comer Station yard.Chilled water w工l be

required for the HVAC system onIす的障 there are no駈ghとpower lasers m mtte StatiOIIs.

2.4.6 BeaIIL Tube Enclosures

□瞳 BTE at each Sitt are made up of four similar 2‐kilometer long modules.コ随 BTE

protects the high―vaculim pettm Tube walls tom vおration ttduttd by wind.In add並10n,■

protects the tllbe walls最om mecLanical impacts wttch cOuld rel●ase bursts of gas llto the

血峰rferometer bettmミ,thereby contributing 80iSe.The enclosure provides a moderate
a m o u n t  o f t h e m a l  s t a b 工i t y  f o r  t h e  B e t t r n  T u b e s , r e d u c i n g  t h e  v a r i a t i O n  i n  r e s i d u a l  g a s

pressure.It also provides protecdon agalnミt Aamage to dle Beam Tubes nЮtt stray bullcts.

A potential lonflguration is shown in the Figure 2.4-1.

Tttc foundation at the Bettm Tube support IIlust be constructed to a vertical tolerance of±1/2

血 h between the successive supports(abOut 65 feet apart). Bearll tube supports will be

amched to the foundation with anchor bolts(all provided by Others).TⅢ fOundation must

be designed to田血山血湾 Settlement and to take static―and vacumarelated loading of the

Beam Tubes and their various components. See Section 2.3,2.9 for additional Criteria on this

Facility component.

rigure 2.4-1-Cut‐Away of Beam Tube Enclosure

The BT,s are nOt OCcupied spaceS;however,acclss is required for ocCaslonal mamtenance

and sCientiflc activides. The enclosure conflguration provides adequate room for alceSS tO
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repatt leaks,attuSt ttignment ofキ博Bean Tube,and conduα occas10nal Beam Tube bake―
outs.Entrtts tt the BTE are required at 780‐foot intervals ttr itttalling and servici理丼he

mmre vaculin・pumps. The enclosure provides space for iltemal dis旬占budon of slgnal and

Pcwer cお leso Mml peHnanett lightttg is required.Udiけ oudetS are provided tt the

780-foot endes,

つ  SettiCe access to the enclosuFe iS 10cated at every 780‐feet.

b)  Emergency egress館 om the enclosure is at a maximm of every 500‐feet(152‐

づ aS requtted by ttC Section 1003.4,Travel Distance for a l‐Hour F故●

Rated Smcture.

O   m e  e n c 1 0 s u r e  i s  n o t  e q u i p p e d  w i d l  p e m a n e n t  t t nミ. L I G O  O p e r a t i Oぃw■1

have to pttvide proper Ⅲmporatt Ventilation to meet health and safety

requreIIlents prior tO human aCCess口

d) The enclosure smcmre is llot 100%water‐tig駈,but alljo血低are tO be sealed

to preventinmsion of water,dust,Vemm,and insec低 . irhe enc10stlre is also

resistant to penetration of bullets(see Secdon 2.3.2.9).

2.4.7 Finishes

つ   All arctttecmral flnishes shall be 16mpatわle with the mttHlal and exteml

envttonHlents described in SectiOns 2.1.8,2.5。2.1,and 2.5。2,2.

b)  All pamts and coatmgs shall conform to the local Air Pollution COntr01

District requremetts h the States of Washington and Louisiana.

2.4.7,l Floor Fとishes

LVEA noors wnl have a durable surface to widtttand occaslonal forklift

traf「lc,and inect the ntent of C)lass 50,000 noor surfaces.

Odler exposed mterior concrete nα〕r surfaces shall have a slnooth,Steel

trowelled fmish with a surface hardener.

FaciliけContr01 Room,Computer WserS Roo口 ,Computer Matt StOrage

Room,Diagnostics Support Room,and Electronics Shop shall have acCess

floormg witt anti"static carpet.

03ほces,lobby,and recepdo由 st areas shall have carpet.

A1l other interior spaces shall have resilttnt n00r t■e except the toilet facilities

which shall have cer分付1lc tile.

Exterior concrete floor surfaces shall have a broom fmish.

Special fmishes shall be desttnated for the min entt to the OSB.

Jo血t rlller and sealer mterials resistant tt theず絶cts of the ttdu∝d

env±oment as required shall be used.

a)

b)

C)

d)

e)

0

g)

め
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2.4.7.2 Walls

a)  Exterior wa1ls w■ l be composed of proven architecmral materials and will be

insulated,weather‐resistant materials prov遇血唱an a士‐and water‐tight,

mtti血悔nance―free enclosure.

b)  Exterior walls shall be durable,mmHIlal―mamtenance materials witt an

expected minitnuFn life expectancy of 30 years,

C) hteriOr wぶ lS fOr the“clean envttonments'shall be smooth,non―shedding,

and compatible with each room's mtended use and classiflcation(if any),

d) InteriOr wa1ls for todet areas shall be water―resistant(WR)gypsum board with

4 foot ttgh certtmlc tde wainミcot.

2:4.7.3 Celhg F面 shes

a )  C e d i n g s  s h a l l  b e  s u s p e n d e d  a c o u s t i c a l  t i l e  h  g e n e r a l  a r e a s  s u c h  a s。価c e s ,

Conference,Computer Roornミ ,StOrage,Shop Areas,and ttb Areas.

b) SuSpended ceilitts shall be used h clem areas to be compatⅢle wiい山競
respective area classiflcation(if any).Materials shall be selectec as requred
的 Ineet acoustic requlreElents as described in Sectlon 2.8,Acoustics.

C)  Other areas,such as To述 et facnities,Locker Rooぃ,and Janitor's ROoms,

shall be suspended hard,surfaled cellings.

d)  Exposed ce■ ing/roof smcmre shall be used in other areas such as mechanical

rooms,and utility spaces.

e )  W R  g y p s t l m  b o a r d  wユi  n o t  b e  u s e d  f o r  c c i l i t t  a p p l i c a t i o r l s .

2.4.7.4 Paよlthg T‐General

All exposed and untreated materials requring protection shall be neld painteo.

Surfaces shall be fmished,cletted,and dry prior to receiving painting.

Materials shall be primed with one coat,0.5航ls dry丘血 thickness,of pa面

prllner.

Materials shall receive one mte.mediate loat and one fmish coat of pant. The

intemediate coat shall be a ditterent color than the rmish coat.Each coat

shall be a E止止的酎lln Of 3 mlls dry flh thick■ess.

S u r f a c e s  n c t  t o  b e  p a m t e d i

ａ＞

り

ｃ＞

d)

1)

ii)

iil)

iv)

Parsolls―LIGO牲
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v)  Factory靖 五shed推 述

VD  Itemミ specifled h lonsmction docurnents as surfaces not to be pamted

Ali colors shall be selected in accordance wtt the color palette as establisled

by the嗣 にct and the Caltech Technical Representative.コ障 mSh C6at of

all pamゎd mteriOr clean env±oment surfaces shall be white.

2.4.7.5 Shop and Field Paht綺唱cMetalS)

C)

d)

e)

All exposed危章ous and llonferous metal to be installed and used for nashing,

raユings,louvers,doors and tames tincluding copper and galvanlzed surfaces)

shall be shop or ield painted.Ferous metal surfaces preparation shall be h

accordance with Steel Smcmes Pamt山 堪 CounC五 (SSPC)SpeCincatiOIls.

Blast cleanng shall be的駐accordance writh SSPC‐SP‐10, In areas where sand

blastmg is not a1lowed,surfaces shall be prepared in accordance witt SSPC―

SP,2 and/ol SSPC‐SP-3.

Ferrous metals shall be painted with one coat,3 EttS dry丘血 岨ckness.

Nonferrous metals shall be prlmeモCated wi由 0.5コ直ls dry丘脱止hickness of

prmer.

Ali ferrous and nonferrous metals shall receive one lnteェュlediate c6at and one

fmish cOat. The mte■■ilediate coat shall be a diSbrent color tthttn the flnish

coat, Each ccat shall be a mnlmum of 3 mils dry fdm thickness.

Surfaces not to be panted:

1 )  A士 俺min a l s●ig h t a i n g  P r o t e c t i o n  S y s悔o

il)    晩dder rungs

iil) Chain ralls and hoist polnts

iV) Bridge crane whee1/wire rope/中 d interfacing surfaces

v) Lightning connectors/down cable isolation blocks

Vl)  S“ inless steel,brass,and bronze

Vユめ  TOp surface of aluminum floor plates

vili)  Aluminum handrails

よ) Handra工 post SOCketS

X )  W e a r  s u r f a c e s  o f  h i n g e s  o r  m e c h a n i s 述

X l )  W t t h  C a b l e  d r u m s

xil) Factory&dShed ite恥

All C010rs shall bc lompatible with the established color palette as stated h the

Section for Patting‐General,

a)

b)

g)

ParSorls―LIGORき
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2.4.7.6 Caulk and Sealant

Caulk/tape/sealant used h each type of clean envronthent shali be COmpatible With the

classncatiOn Of the clean envronment.

2.4.8 D6ors― ・General

a)  The Clean lnvttOnIIlent door ope回 判g lnechanisms design Wili m血
止対豚多the

amount Of contarninants generated by thett opcradon.

b)  All doorS in the clean environment pedmeter wa1ls wユl be equlpped with

weather―strips and seals h order to mlnilnize att leakage′loSS最om clean

envlronElentS and contttrninttt10n,

2.4.8,l Equipttent Doors

a)  All equipment dOors wよ l be 6 feet wide by 9 feet high,1‐3/4と正h ttick,

遮 ulated hollow metal doors.

b)  All control area rooIIIs,eleCtronics shop,lo,g―teェェょェstOragO,and shipphg and

receivmg areas shall have“equlpment size"doors.

2.4.8.2 Large AcCeSs Doors

All large access doors are metal unless otherwise noted.

AIHarge access doors will be power acmated(with provisiolls for mttnual

overide),inSulated at exterior exposures,and wユl provide a fmished clear

o p e m g  1 2  f e e t  w i d e  b y  1 6  f e c t  h i g h  t o  t h e  O S B  s t t p p i曜/ r e c e i v i n g  a r e a , 8

feet wide by 12 feet high inside the OSB 6r between the OSB and LVEA,and

1 4  f e e t  b y  3 0  f e e t  h i g h 最o m  t h e  L V E A  t o  t h e  o u t s i d e , S e e  S e c t i o n  2 . 6 . 1 l  f o r

door control requirements.

The large acclss door between the Cleamg Area and LVEA shall be 90
m i n u t e  m o t o r i Z e o  S l l d i n g  d o o r  t o  c r e a t e  a  2 ‐h o u r  f r e  s e p a r a t i o n .

Aよ1 large acccss doors will be installed per NFPA 80.

In c10sed poSilon,all edges of large access doors shall be sealld to prevlnt

面 ltration of outside alr,1■ミlcts,a― als,and dust and to prevent pressure

loss iom mterior spales.

2.4.8。3 Personnel Doors

a )  P e r s O m e l  d o o r s  w述l  b e  3  f e e t  w i d e  b y  7  f e e t  h i g h  t t s u l a t e d  h o l l o w  m e t a l

doors.

b)    All doors will be l-3/4 inches d工ck.

a)

b)

C)

d)

C)
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UBC,SBC,and NFPA requirements wユ l be applied when fre‐rated doors are

requred.

Door hardware w』 l comply witt lndusw COdes and StandardS.

When necessary,special協 調 door hardware wm include automated ent呼

control andね 也■sion detection devices,door‐mounted COmblnation locks,dead

bol低 and padlocks,leveretype hardware,exit hardware,electrlc

strikes/1atches,llectrたpower tranミfers,heavy―duty door closers lneeting

vibration requlrements,lock cylinders,sound or weather seals,automatic door

b o位o述 ,晩 e s  w i t h  n O n r e m o v a b l e  p i n s , a n d  a s s o cねd  e q u l p m e n t .

2:4.8.4 0fflce Doors

a)  Doors atthe OSB w工 l be 3 fect wide by 7 feet high wood Vencer doors with

metal億 分Thes.

b)  All doors will be l‐ 3/4山置陀s thick.

c)  Door hardware will comply witt lndusw CodeS and Standards.

d)  Doors at one― hour exit lo古idors will be 20-minute fre―rated doors with Code

compliant exit hardWare.

2.4.8.5 Thresholds

Thresholds will be a maxlmuln of 1/2血 h above Fmish a00r.

2.4.9 “ Clean Environlnent"Interior Design

To assist in mamtamng a clean envirollment,mterior surfacls of these areas will be deslgned

to the followmg criteria,This is ttquttd h the LVEA,VEA,Optics Lab,and Vacuum

Preparation and Assembly Lab;however,these areas are tt classifled as“cleanrooms"by

Federal Standard 209.

O  M i n i m i z e  h o r t t o n t a l  l e d g e s  a n d  s u r f a c e s

b) Fully enclosc all smcmral shapes

c)  Linc all necessary pockets and recesses with cleanable shapes

d)  COVe all inside corners

e)  PrOVide seams that will not retah soil or dust

O  PrOVide smooth,non― aa直曜 and washable surfaces and fmishes

g) PrOVide closed chases for pipes and conduits where possible

h) PrOVide access for clea側 鴫 all surfaces
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P r o v i d e  f l u s W s u r f a c e‐m o u n t e d  h g h i n g  r x m r e s

2.4.10 Roofs and Cutters

Roofmg destt fOr smcmres理 l IIleet the requrelnents Of ttC and S,C.Roof

penetrations wtt be 1lithinated if at all possible.Raい
,water will run or dttectly over tte

roof edgl.

2.4.1l Life Safety

T h e  L I G O 酌韓 c t  W ユi  b e  d e s i g n e d  i n  a c c o r d a n c e  w t t  t h e  U B C  f o r  t h e  W a s m t t O n  F a c ユ的 ,

a n d  t h e  S B C  f o r  t h e  L o u i s i a n a  F a c ユ的 ・T h e s e  c o d e s  w n i  b e  f 0 1 l o w e d  t t  p r o v t t e  e m e r g e n c y

e x l t s  a n d  e t t  a c c e s s  w a y s  a s  a p p l i c a b l e  f o r  a l l  F a c ユ■i e s 血〉l u d t t  t h e  B T E s .

2.4.12 Energy CoIIservation

9'1」"values for ro6fs and exterlor walls will be detemined m accordance with the govettg

s t a t e  c o d e s  i b r  e n e r g y  c o n s e 声a t i o n , o r  w i t h  A S H R A E  d e s i g n  g u i d e l 並s .

2.5 Mechanical

2.5.l General Mechanical Requirements

2.5。1.l Mechanical SysteIIl and Component ldentiflcation

Mechanical system and component identiication shall comply ttith requttettEnts stated h

ANSI A13.l for lette血鴫,colors,band…widt魅,Mrker locations,and vieWing angles.

2.5。1.2 Wind Loads

All exPosed mechanical equlpment and plumbtt piping systems are to be designed to

withstand w皿loads as specifled Ⅲ AScE 7‐88.

a)  For noncrttical systemミ,the httortance Facttr equals liniけ.

b)  For crliCal systeTnミ,the h叩omnce Factor equals l.1.

2.5。1.3 Corroslon Control

Corrosion control lneasures include cathodic protection systen,copperifmned coils and

tubes,as well as the use of protecdve coatings.

a) TttC use OfProtective coatings w工 l be in accordancc wtth NACE‐RP-02-75.

ParSOILSoLIGO燈
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b)  PrOtectiOn w■ l be proviよ対agamst,orrosお n caused by galvanic action due to

physical contact of dissilnilar metals.

2.5.1.4 Factory Pamt

a)  Unless odlettise specifled,all ferous and nonferrous metal to beいtalled

inside the Fac工ity w工l have surfaces prepared h aCCOrdance with SSPC―SP-10

and shop‐pr山通d with twO‐Part,orgttdc zinc‐五lh epoxy fOr ferrous metals,or

organlc zmc‐Hch chromte prmer for nonferous metals.

b)  Fttld Pamtitt will be in accordance widl SectiOn 2.4.7.5.

2.5.1.5Vめration Control

a)  All lttjor rOtating equゃment wttl be statically and dyhttmttally balanced as a

complete assembly.

b) MaXimun diSPlacement amplinde of any団 "r pieCe Of rotatmg equゃ Hlent

wil be less than 2 mils peak―to‐peak,証all sttady state opertting speeds,

2.5。1.6 Motors

Ali motors wユl be ttghモrlciency type,non―overloading h accordance with Section 2.6.|.

The HVAC fan mOtOrs will be synchronous,type motors with position/phase control between

the motors located witth a血噌le nechanical room.コ 陀 fans w工l have attustable piⅢh

blades to contr01 att flow‐rate.The HVAC fans and motors wni be sttd‐mounted to pemit

each fan and mOtOr patt to be vibratiott isolated館om dle mechanical room fOundadon.

2.o.1.7 Safety Requttements

Pro↓ide the followmg safety requrements:

つ  BeltS,pulleys,chains,gears,promdtt set screws,keys and other rotatと
堪

parts will be的1ly enclosed or properly guarded in accordance with OSHA 29

CFR 1910.219.

b) High― temperature equipIIlent and piping so loCated as tt endanger persome1 9r

create a fre hazard wili be pFOperly guarded pr COVered widlとAulat10nt

° 濫憾咲総総錨盤憾 '甜∬縛
距成' F °宙徒

2.5,1.8 Redundancy

a)  PrOVide redundancy by including a standby unit fOr all cr瓶
cal areas that are

s e r v e d  b y  o n l y  o n e  a i r―h a n d l h g  S y s t e m .

め 挑 1錯胤話鼻磐縄,昭灘属諸盛温農史汗R温鑑温:詳措還階賦≧靴晋
tS°f
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f a n s , c o o l i n g  c o ユS , a n d  h l r n i d i f l e r s  a r e  r e q u t t e d  t o  h a n d l e  t h e  m a x l I I l l l m

requred 10ads.Two 100%畑Us w工l supply att to the LV,A.

For chillers,boners,punps,and ar cOmpressors,there wユ l be at ieast one

standby unlt.This requrement wユl be met with three 507。cttlers for the

C o r n e r  S t a t i o n  a n d  t w o  1 0 0 % u n i t s  f o r  t h e  M i d  a n d  E n d  S t a t i o n s .

Ali redundant equlpment wtt be provided with automatic start capabユity and

manual override.

S輸∝ argon‐ion lasers may be chosen for dle experiment rather thttn more

erlciett Nd:YAC lasers,provisiolls wtt be lnade for one possible ttmre

addition of add並lonal water chiller at dle Corner Statio■.Ths is d9ne to

account for dle mture POssibユ的 of the SigniflCant泣距rease in c001ing for the

argon―ion lasers.

2.512 Heating,ventilating,and Air Cond■loning Systems

The HVAC Systemミ w■l be designed for optimum energy conservation and operaticnal coSt

with minimllln Vbration tranミIxllSSiOn to the LV"S.Centralセ ed automatic contr61 and

system survelllance will be provided by the Facdity Monitoring and Control Systemぽ MCS)・

In  r e s p o n s e  t o  t h e  v i b r a t i o五an d  t t o u s t i c  r e q u i r e l n e n t s土呼os e d  b y  t h e  i n t e r f e r O m e t e r s i  t h e

HVAC system w工 l incorporate the followmg feamres:

a)  The 10Cati。 ■ofIIlacmry,chiller plantS,high‐ velocity exhausts,etc,Will be

chosen to linit tranミmssion of vitlation and noise.

b) Equゃ ment Wユl be provided with vibration isolators and nexble cOnnectors for
ducts,electrical condui低,and piping to avoid smcmral tran鉱直sslon of

vibratlollS and acoustic nolse.

Dimsers,gr虹ls,魚ぃ,heating and ventユatitt u述低,and otherゃquゅment Will

be c症 価 ly Selected to IIleet or exceed■oise criteria for the Serviced area,

Excessive velociけand ttrbulence in ductt and Piping w単l be aVOided

everywhere.

Tol価 t noise trnnミコ五ssion through the ventilating ducts,mtraduct ac9ustic

a t e n u a t o r s  w i l l  b e  i n s t a l l e d  w h e r e  n e c e s s a r y .

2.5。2.l Climatic Design Criteria

C)

d)

e)

C)

d)

C)
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Lti位 徒 47°N 30°N

酌 ngimde 119°W 91'W

El●vation 532&above sea level 160■ above sea level

SllTnmer Outdoor Deslgn Temp. 96°Fdb,68°Fwb 93°Fdb,80° Fwb

Da■y Temperamre Range 30°F 19 PF
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Cleamess Number,Smmer

Cieamess Number,Wnter

Dlsign wind Velocity,Su―er
Wtt Velocity,Winter

Table 2.5-1-Cl山 拡tic Design Crittria

2.5。2.2 1nside Design Cond並 lons

Space Desittn Temperamre/Pressure Att now rate

LVEA and VEAs

値 ig h―an d  L o wもay  a F e a S )

72± 3.5°F

O,15"wgおove ambと型

2 cattysf

いEPA Fd使中と里irj

Optics Lab

Vacuum Prep&Assmb,Lab

72± 3.5°F

O . 0 5 ' w g  a b o v e  a t t a c c n t  a r e a

2 caEysf

い EPA iltered a士)

Electronics Test/Mattt

Mechanical,Shop

72± 3.5°F

O.05"wg abOve ambient

2 cttsf

Cleanmg Area

Active Storage

Long TeェュェStorage

ChangmE Room

72± 3.5°F

O,05"wg above ambやnt
2 cttsf

血 pecti6n/Sttppmg/
Rece市地

72± 3.5°F

O.05'wg above ambient

l cttsf

Facility Control,Computer

users,Tape Room,

Computer Mass Storage,and

Dia宮.SuDDOrt

72± 3.5°F 2 caぼysf

Cleamg Area 72± 3.5°F 2 cttSf

0虻lces 72± 3.5°F As requred

Main Lobby 72± 3.5°F As requtted

Conference Room 72± 3.5°F As requtted

Multi―use/ViSitors Area 72± 3.5°F As requ士ld

Mec航血)a1/Elec.Room 72± 3.5°F As required

Admin.Assisね nt 72± 3.5°F As required

Lounge/Conf./1盟 b 72± 3.5°F AS requtted

Toilets 75± 3.5°F 2 cttsf exhaust

Beam Tube Enclosure 雨o temperature,hulttdity,or

pressur逆ねdOn requrements

No ventilation

requrements

Table 2.5-2-■ side Design Conditions
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2 . 5 , 2 . 3  S p a c e  H l l m i d i t t  R e q u l e m e n t s

A l l  o c c u p l e d  s p a c e s  i n s i d e  t h e  F a c d i t i l s  a t  H a n f o r d  a n d  L 持i n g s t t n  w 五l  h a v e  a  r e l a t i v e

humidity range壺 om 20%to 70%RH.

2.5.2.4 1nsulation Systemミ

All therIBal ttulation matertts wユl be non combustble as defmed by ANS1/NFPA 220.

2.5.2.5 Penetrations

Erective sOund stoppmg,non‐ vibration―tranミmlttmg,vaporす dust,and ve― slaling,and

adequate operating。learances w■l be provided tt prevent smcmre contact whett dul低and

由障 penetrate walls,aoors,Or cenitts mtO occupied spaces,

2.5。2.6 HVAC Aよ Systems

HVAC ar systemミ design wユl comply widlthe U由的ェ上ェMechanical Code d』 MC)fOr

Hanford and the Standard Mechanical Code(SMC)fOr Livingston;applicable S¥ACNA

publications,並 luding but not limited to,HVAC Duct Collstruction Standards―Metal and

Flexible;Rectangular lndustrial Duct Consmction stanAardS;Round lndustrial Duct

cOnsmction Standards;Accepted lndustry Prac血海fOr hdustrial DuCt Consmction;HVAC

systemミDuct Desttn;and HVAC Att Duct Bttkage Test Manual.

2.5.2,6。l Att Handl血 g Units

a)  AHUs wnl have automatic restt capabdity h the event of Site power failure.

b)  AHUS wili not be mounted on the roo島 and Other roof penetrations w工l bl

avoided.

c)  Rettigerant co■ s wiu not be usゃd in clean env±onment system,since CFC is a

contaminant itself.

2.5.2.6。2 Ductwork

D u c t w o r k  w n i  c o n f o m  t o  t h e 的1 l o w m g  r e q u r e m e n t s :

つ  Duct system will be capable ofttidlStanding s“tiO pressure variation+10%
without pulsa由堪,

Fire dmpers wユ l be pr6vided at duct penetrations through fre―rated walis,

cettmgs,and partitions.

Ductwork materials wili meet the requrements of Section 2.1.8.

b)

C)

Parsons―LIGO牲
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2.5。2.6:3

a)

b)

2.5.2.6.4

a)

b)

Air Fnters

All fllters wユl be fre―retardent,non auergenic,and ttЮn toxic,With no

detectable odors.

Dry ttter gaskett wユl be closedrcell foamed neoprene or urethane elastomer of

suttcient hardness to compFeSS nOt more thttn範%of orlgmi thiCkness when

the rdter is h posttOn.

High‐Ettciency Particulate A士饉EPtt Fユter

l) HEPA ilters w■ l be capable of wittstanding rninimHrn 90%relttve

血胡dity dettmined dynttTnttany betvfeen 70 and 100 degrees.

め  HEPA fllters wユ l bear nmbered Unde闘高俺r'sLおoratories label

Ce■1守mg the fllter is L/L586 classind.

ili) HEPA ttters wユ l provide,as a― uth,a99・97%overall erlciency

on O。3 Httcron particles.

iv) Dlocけ lphalate oOP)tested HEPA fllters are not acceptablet DOP

EttSt iS a COnta― ant.

Hulttdiners

Humidiflers will be electric,evaporative,or clean stealn.

Electric and evaporative humidiflers will uttize reverse os】nosis water as

water source unless a flustt system is incorporated mto the humidiflCation

unit.

Electrodettug‐けpe hHrnidtters are not acceptable.

2.5.2.7 HVAC Hydro述 C SystemS

C)

C)

2.5.2.7.1

a)

Chillers

ln general,each cttler wユ l be a compleに,factOry―tested,watertc皿 1地

package consistng of COmpressors,capactt cOntrol syste理 ,water C001er,

re士七erant condenser,starters,disconnect swiに h,and steei base,

C t t l e r s  w i l l  b e  r a t e d  i n  a c c o r d a n c e  w i t t  A R 1  5 4 0 .

C h i l l e r s  w i l l  c o m p l y  w i t h  t h e  A S M E  C o d e , S e c t i o n  V I E .

Control Panels wユl be provided httgral to the dよ1ler unit.

C o n t r o l  p a n e l s  w工l  h a v e  t h e  c a p a bユi t y的血悔r f a c e  w鯉H h e  H V牟C  a n d

Contr61 System(SeC Section 2.5.5。 2).

Chllers wユ1 0perate smoothly within the 15%to 100%Capacity range withOut

surge or excessive vibration.

b)

C)

0)

0)

0
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Chillers will have an autolnadc restart capお工ity hthe event ofsitt pOWer
fanllre,

The contracttr w工l supply the lnost cost‐ず控1直ve chillerけpe u的噌 an

a c c e p t a b l e  a l t e m a t e  r e t t i g e r t t t ( N o  C F C s ) a s  a 1 1 0 W e d  b y  d l e  C i e a n  A i r  A c t .

Complyやith the rettigeration equipment room requttments specineo in
ASHRAE Standard 15-1992,and safett Classttcatio■of rettigerants based on

ASHRAE Standard 34‐ 1992.

No rettigerant w■l be present inミide the llean att flow streaIIl,by design,

s泣唱le―p6int fanwe,or accident.

Chillers will be atttcooled type.

Electric Heaters

Elec廿拒heattrs shall be sheathed type.

Heaters shall be UL listed.

H e a t e r s  s h a l l  b e  p r o v i d e d  w i t h  a l i  n e c e s s a r y  s a t t t y  d e v i c e s .

Heaters shall be Silicon Control Rectifler(SCtt COntr01led(1.|.,modulating

type control).

Water Treament

lf aus血唯 water is not available,then Reverse Osmosis保0)dettralセ ed

water wユl be的コ直shed to provide a source of water for humidiflcation.

b)  Chilled water will be treated for closed system application.Chilled water will

utiizeとlyc01 1nlxttre to avoid ieeZing tt wmter.

2.5.2.7.4 Pmps

g)

め

ゆ

2.5。2,7.2

つ

b)

C)

d)

2.5.2,7.3

つ

a)

b)

Pumps wil be capable of aCCOmodating static pressure variⅢ1011S ofplus or

minus 10%.

P m p s  w i l l  h a v e  t t  a u t o l n a tたr e s t a t t  c a pおユi t y  Ⅲ t h e  e v e n t  o f  S t t  p o w e r

fa工ure.

Design ConflttratiOn control Doclinent
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2.5.2.7.5 Chilled Water

a)  Piping ttrger than 4-inch diameter w■l be black steel,schedule 40 or

polyethyllne.

b) Piping 4‐ inch and smaller wユl be copper ASTM/ANSI B88,hard‐drawn,Type

K Kunderground and exposed use)and Type L(abovegrOund and concealed

uSe).

C) COpper a“ mgS Will comply win ANS1/ASME B16.29;joints‐ ANS1/ASTM

B32,Solder Crade‐ 95TA.
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C)

0

g)

Route pゎing parallel witt bunding l並s Wiい bFanch runs extended iom the

t o p  o f t h e  m i n s  a n d  w i d l  p ぃ廿a n s 紙6 述 h  d l e  e c c e n t r 絶崎 a v o 遇c a v i t a t i O 五

and facnitate venting of a士.

P r o v 敵) V e n t s  a t  t t g h  p o m t t  a n d  d r 泣歴 a t l o w  p o m t s .

Provide u述olls or nangcs at equゃment COnnectionS tO faCilitate removal and
IIlamtenance.

U n d e r g r o u n d  t t i n g  S h a l l  b e  t t u l a t e d  w i t h  p o l y e t t l e n e  j a c k e t .

2.5.2.7.6 Valves

a)  ValVes wni be angle,ball,check,gate,globe,and autOmatic or市
究nual

balancingぅ電湾S・

め   ValVes will have点的噌 Stems and open when mmed counterclockwise.

i i )  P r O V i d e  v a l v e s  t t  p e m l t  i s o l a t i o n  o f  b r a n c h  p i p t t  a n d  e a c h  e q u i p m e n t

絶m to pem五 t bal如血噌 of the sysにm.

ユil) All valves 2 inches or smaller will be bali valvcs.

b )  A s  a ― u m , m a n u a l  a n d  c o n t r o l  v a l v e s  w 』l  c o n f o ェュi  t O  t h e  f o l l o w m g :

i)   BrOnze Cate,Check: MSS SP80

11) CaSt lrOn GaⅢ :MSS SP70

ili)  Butterfly:MSS SP67,ASTM A126,and ANSI B16.1

iV)  Bal■  FED"STD WW― V‐35 or MSS sP72,Class 150,ュ anged

V)  CaSt lrOn Check: MIL― V‐18436,Class 125

vi)  Globe and Angle:MSS SP80

Vil) Standard Check:MSS SP80 or ASTM A126

viil) Non― Siam Check:ASTM A278

C) COntrol valve acmators wユ l cOnfoェ..l tt the followingi

め   W』 l be electric,pneumatic(large acmators only),or electronic for

dttcct digital control.

ユ1)  Will have a feamre that a1lows cOnVerSion to acCept new controller

o u t p u t  s i g n a l 宙t h o u t  t t v 理的 r e p l a c e  t h e  m o t t r  t t m a t o L

宜め VttVe acmtors w阻 晩 皿 usda grade,spring retum,or no酎 甲ring

remm type.

d) Balance valve wユl be a Clrcuit seter or an automtttic balancing device such as

variable Oriflce,precisely calibrated,and able tO preset,balance,and meter

the floW,and w■l have dle followmgi

i)  POSitiVe cuto鮮

Parsons―LIGO牲
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il)

ユil)

iv)

Flow memory

Readout ports l

Vent connection

2.5。2,7,7 Pipe supportng Elements

With the exception that C→lampS Wtt not be us胡,側ppoHing elements wm compけwぃ dle

requrements 6f ANS1/ASME B31.1,ANS17MSS SP‐58,and MSS SP-69.

2.5.3 Pluttbing Systems

2.5。3,l Potable Water

2.5,3.1.1

a)

2.5,3.1.2

a)

b)

C)

Flushing Water

Wihin the LVEA provide a potable water comection(Standard 3/4-inch hOSe

bめ)tO Supply s gpm(mh.)at 50 psig Kmax.).

b)  PrOVidl a potable water connection(standard 3/4-inch hose bib)血a wash_

down area outside the LVEA attacent to the exterior d00r to sぃpply 5 gpm

Kmin.)at 50 psig Kmax.).

Backflow Prevention Devices

Provide bacldow prevention device tO prevent contammation of potable Water

supply system.

Backflow preventeF W工l be a reduced presstlre prittiple bacttow type h

accordance with UPC,Section 1003 genOral requⅢmentS:ASSE 1019-1971.

Provide doEleStic cold and hot water to all restooIIIS.

2.5,3,2 Drattls and Vents

2.5。3.2.l Floor E)rallls

a) prOVide a00r dratt with traps.

b) PrOヤ de auttmatic tap prm山 堪 device.

c)  All requred Water drains wユ l be routed tt an appropriateヤaste collection

sysにm,as required by耽,al drectives.

d) PrOViCe drainage for all res廿oOmS,

Parsons‐LIGb牲
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2,5。3.2.2 Plumbtt Materials

Select materials based on water qudtt that confom to the minimum ttqu士IIIlents h UPC.

2.5.3.2.3

a)

Emergency Eyewash and Shower Equlpment

EyewasWshowers wユ l be a combination―呼pe single‐head elnergency shower

and eyewash.

1 )  N u m b e r  o f  i n s t a l l a t i o l l s  w■l b e  b a s e d  u p o■th e  n u m b e r  o f  p e o p l e  a n d

me stte Of dle hazardous area.

ii)  USe IIlaterials that wユl resist coroslon.

iil)   Provide emergency sign,hand and foot control.

b)  Design supply血 陀 ustt a m― um water pressure of 30 psi or an acceptable

poHnble system.

Eyewash/showers will comply with ANSI Z358.1.

Eyewashた howers requtted wユ i be placed outside ofthe clean enviroment,

attaCent to emergency exits.

2.5.4 Fire Suppresslon and Detection Systems

The deslgn,血 協1lation,and ttsting of the fre suppresslon and dettcdon system will be in

alcordance with NFPA 14.

All fre alaェュェェ,detection,and flre suppresslon systelns will be interconnected,and momtored

by central flre reporttt systelns h accordance with NFPA Standard.Ftte suppresslon

systen for Facility Control Room,Computer Uslrs Room,Diagnostics Support Room,and

Computer Mass Storage Room will be suitable for use ttith computers and7 0ther electrottcs.

Hand―held fre ettt的騨ishers shall be placed in all bu祖血噌s and ro鉱ぃ h ac●ordance W血

NFPA 10.

2 . 5 . 5  F a c i l i t y  M o n i t o r i n g  a n d  C o n t r o l  S y s t e m s

The stams of all maior fanミ,pumps,hoists,vents,dampers and other Facility equlpment

which can produce vttration,acoustic noise,or electrical interference is reported to the

F a c i l i けM O d t O r i n g  a n d  C o n t r o l  S y s t e m s  K F M C S ) a n d  u p d a t e d  p e r i o d i c a l l y . T h i s  a l l o w s

operators的廿4Ck pOSSible insmmentation mterference problems to speciflc pieces of Fa11lity
equipment,lven if that equゃment is activated autonomously or mterIIllttently.

ｃ＞

　

の
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Data reported to the FMCS w工 1時 StOred ttr subsequent repoHing.Repoぃ w工1血 加de a

10g of all duty cycles of all connected equlpment.As a rninitn1lth,the duty Cycle datalw工1

並 lude the tttE when equipment starts or stoPs murn of l second accuracy and sを 血,le

rate;mxlmuE1 0f 10 second accuracン and Sample rate),and any out of ttlerance

perfomance〔ュg.,eXCess vbraton,voltage nucmtiOIls,low aoW rate,etc.).

2 . 5 . 5 . l  C o n t r o l  S y S t e m  D e s i g n

O  コ 随Sequence of operation w工l be presented clearly and concisely.

b)Each mtte of operation tt speci3 operatt rangtt valVe w dmper

positions(fan open Or closed)for the的1lowng anctiOns:

め   Hea曲 屯

ユ1)  HumidiflCation

iil) Dehttiflcation

iV)  C001土 唱

v)    Econottr

2.5,5。2 HVAC Controland Mo述 toring System

2.5,5.2.1

a)

Con廿01 Devices

Provide all sensor or tranミmltter control devicls as a comple●ly asse血,led
llnit,Inallufactured and assettbled by one supplier,witt calibr年lon tracёable

to National lnstimte of Standards and Technology cNIST,fOmally NBS)

standards,

Sensor or tF姉ミmltter assemblies wtt be facttry assembled,calibrated,and

Sttped as a single αldty.

Assembly wユ l be compatible with the HVAC control and modttring system.

1)  All control devices w■l be selected for minittHm accuracy 6f l%,

lxcept temperature and dew pomt sensors w工l have a mlnmlitn

accuracy of O.5%ovlr the control range.

i i )  C O m p o n e n t s  w i l l  b e  s p e c i f l e d  W i t t  r e g a r d s  t o  t t n c t i O n a l  a t t i b u t e s  a n d

not solely on manufacrer EnOdei nubers.

Iil)  COntrols w工 l be housed in enc16sures that are ventilated and w工 l be

mounted indoorS h an airtcond並loned envttonment.

b)

C)

2.5。5。2,2 0perator lnterfaces

Operator mterface will be prOvided for stams monitorng from the Facnity control Room

that provides oい1並OperttOr ttracton,supervおおn,coordttdon,and contrd.
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2.5.5。2.3

a )

b)

0)

Control POints

駈 sysⅢm wil contnrd di sittflcant po曲 Of the∝ntrd Chiner and bo■er

plant and the attThttdl泣鳩systtEIS.

コ〕l system wtt lnterface with dle envむonmental control and monlto地

system.

The monltor and control pomts for the HVAC system w虹 1地にlude,but llot bc

limited中,the followttg.

1)  Temperamre cOcal and remote)

iめ  Humidi呼 (10Cal and remote)

iユi) FloW― rate(ar and hydrOdc systemミ)

iV) Presttre

v) Remote start/sttp stams,and run time

vi) Filter di師 Orential pressure indication

vii) Dew― pomt monitormg

Viiめ System On‐ o付operation(local and remote)

よ)  ChangeOver control

x)   All necessary boiler,chユ ler,pump,cOndenser,and damper controls

(stamSj run tlme,and operation selectiOゆ

Design Conflglation Control Docllrnent
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2.5。5,3 Particulate Monitorhg system

There is no requttement ttr partiCulate modtoring by the Facility sysゃ
Ins,POrable

particulate modtors(if any)Will be provided by LIGO.

2.5,6 Cranes

2 . 5 . 6 。l  G e n e r a l  C r a n e  R e q u i r e m e n 低

a)  Electric under―hung bridge cranes and mollora■are requtted as descrittd in

Section 3.5。6.

め 竹距Sand mmmnい低W工
提釧域端抵縦貯鑑試錯意瑞品路sC M A A , A S M E  H S T  M 4 , A N S

D 1 4 . 1 .

C )  C r a n e s  a n d  m o n o r a n  h o、ぉw出 op e r a t e  h  a  n o n―ha z a r d o u s  e n v±o□me n t .

d )  C r a n e s  a n d ■O n o r a n  h o i s ぃw ょl  h a v e  a  2 0 - y e a r  d e s i g n  l i f e  b a s e d  o n  C M A A

class HCW SerViCe.
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The hoist for each crane and monoraユwnl be electtiC Wtte rope type and w半1

confoェ..lto the requirements of ASME HST M4,

The cranes coverng the LVEA and VEAs will be a speClal design.The three

crane manufacMett that have the capおユ狩 的 manufachre these cranes tte

American Crane&Equゃ ment lnc.,Cranenectics,and HeCO Paciflc.

2.5.6.2 Crane Cap41ity

The LVEA and VEA cranes w工 l have a rated capacity of 5 tons.

2.5.6.3 Litt Height

The hook height fbr the cranes is 26 feet 6 inches.

2.5.6.4 Crane Electriicadon

Crane electriflcation will be by the EleanS of bus‐わar or festooned system.

2.5.6.5 Hoist Reevmg and Wire Rope System

a)  コ 瞳 hOiStS市ユl have a double reevmg system and me vertical lii capability.

b)  The ropes for the hoists wユ l consist of one right and lei regular lay and will

be sized for a minimum 5:l safett faCttr.

2 . 5 . 6 . 6  H o i s t  B r a k e s

Hoists will be equゎped with a double br水挽ェSysttm.The emergency h01ding brake wili be

applied automatically when power to the brゃs is removed.

2.5.6.7 Crane Drives

a) HOiSt drives w工l have aヤariおle speed to ElaXmuth 25ゃm wtt Creep mode

CⅢab工ity.HOiSt drive wユlinchde“soi"start and sto,feattre.

b) Tr01ley and bridge driVes w立l have two traveling speeds,20～m and 80特m

and wユ1血 hde拘 闘 唯
'Capabェ

ity.

2,5。6.8 Crane Control

The cranes wユl be operated by a pendant control station suspended iom億,bridge.An

emergency stop button w■l be的にorporated h the pendant wHch will set all brakes and stop

all crane lnotion when depressed.
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2.5.6.9 DrゃPttnミ

All cranes w工l be prO↓iced Wtth staよ』ess steel drtt panミHIStalled under motOrs,gear boxes,

hoist drun,and any other components where lcakage of grease,0』 ,Or other conta― ants

cOuld occur.DTip palls wni b・designed to pemlt easy removal of c01lected

lubricants/contaminttn低.

2.5.6.10 Manual Load Lowering Capab■ ity

口陀 crane hoist Will have an emergency load lowermg capability such dlat h dle event of a

pOwer failure or any other equipment failure,the crane operator has the capab工
町 Of

manually loWering any load up tt dle rated lapacity缶om any hoOk ttig駈.

2.5.6。11

0

b)

C)

d)

Special Requirements

A visual wa― g device w■l be provided on the crane to Caution the personnel

when either the lroll●y or the bridge is in mOtiOn,

An overload sellSOr and alarm light w工 l be pr9vided tO halt the hOiSt地

operation and alarm dle operator when the 10ad exceeds the preset lnaxmum.

Ra工s and wheels will not create particulates such as pamげcoatmg Chips,rllst

particles,etc.

I n t e r l o C k S  a r e  r e q u r e d  t O  p r e v e t t  m t e r f a c m g  c r a n e s位o m  c o l l i d i n g

2.6 Electrical

2.6.l Area ClaSsittcation

There are no areas h tttS Facility dlat are defmed by dle NFPA as“HazardouS Locatiorls"!

The contents and proCesses used h this Facility do no,neceSSitate using equわ
ment Or

installation practices suitable fbr hazardous loCations.

2.6.2 Site POWer

RE electrical System receives power館om the local serviCitt utlity,or a Rural

艦遇撥
棚 亀艦漢鑑陥e器謎艦
on.
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2.6.3 Electrical Equipment

a )  E l e c t i c a l  e q u i p m e n t  s h a l l  b e  d e s をn e d  Ⅲ午C O r d a n c e  w i t h  A N S I  C 2  a n d  N ギP A

70 oNEC).

b )  M O t O r s : F r a c t i O I l a l  a n d  i n t e g r a l  h o r s e p o w e r  m o t t r s  S h a l l  C O n f o .ュェ的 N E C

Articl1 430‐7 code letter G or better,NEMA MGl,叫,and NEC,contittous

duty ittluction type.Mctors shali meet or exceed nominal的11‐load eFlciencン

of 91%.

c) Electrttal equゃ ment that contalns electronic devices or sub―assemblies shall be

able to meet the electomagnetic mterference cMI)。述SSiOn limitt expressed

h FCC Rule 15 subpartJ,Class A.

O  TranSient voltage suppresslon devices or equipment that provides ttanミient

suppresslon shall comply with UL l招9 requreElents.

e) E降 1廿ical equipment and cttcuitt shall be located tt the Facility so as to

mininize inauences upOn the LICO experiment and da協―handi取I equipment.

2.6.4 Receptacles

Receptacles h ofFlce areas shall be distributtd with a―um of One duplex receptacle on

each wall,widl spacmg not to exceed 12 feet on center,unless otherwise indicated.

Receptacles for polにどble lighting and sm角ll electrically powered tools will be provided around

the perttleter of the LVEA/VEAs at 80-foot httrvals.

2.6.5 Lighting

2.6.5.l 11lumination

llhimintttiOn levels shall be as specined h this paragraph for each OCCupancy type.LighⅢ堪,

instruments,and ixttres shall be distributed and arranged to reduce glare and spectral

reflection.

Occupancy 11lumhation Level[fC]

Cenera1 0rlces 50

Workrootnミ 50

Co成 間orS 25

Storatte Areas 10

Lslr and Vacuum Equipment AFea 5

2 Noェ
ェょェa10perations at a mmlnum of 5 footとcandies.Portable work lights will be provided for

operations that rlquire more nillmlnation.
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Occupancy 1111lmintttiOn B3vel EfC]

Cle鶴血耶【Area and hspecdon Areas 100

Mecttntcal Equipment Rooms 25

Table 2.6‐1-■ 11lrnintttion I々vels

llllimination ievels shall be measured at 30血dFs above fmish floor(AFF)

u旺』eSS Odlettise spec出品ed.

Interior ligh位唱color Shall have a C91or Rendett hdex(CRD of75 or

greater as rated Per dle nhlrnittting Englneers Society of North Amenca

い NA)Handb00k.

Lmp selecdon shali be based on curent hdusw standards ttr power

ettciency ratings.

L i g w 理飲出r e s  w n l  b e  s e l e c t t d  W t t  a  c r l t e d a  t h a t  f a c t o r s  l u m e n  e t t c i e n c y ,
beaEI COntrd,cに adttSs,acousdc noisl,and EMI shieming rrfOrmance.

酌 w Pressure Sodium● PS)lighting shali not be used.High Pressure Sodiun

CIPS)lamps with a CRI greater that 60 wユl be used outdoors.

Areas that are的述 shed With lamps ettdbtting non‐mstant‐on operating

characteristics Shall include auxiliary lamps that prOvide reduced ilhHロエnation

levels durmg the period that the maln lamp achieves血1l brightness.

2.6.5。2 Controls

a)  Lighttt COntrols for ottce and corridor type spaces shall be local,unless

otherwise specifled,and attuStable to provideおproX血確ly 1/3,2/3,価d Ⅲll

ユlumination levels.

b )  L i g h t i n g  c t t c u i t t  i n  t h e  L V E A , M i d  a n d  E n d  S t a t i o n s  w i l l  b e  r e m o t e l y

controllable via the FMCS.

C) Bghting controls for closets and for spaces under 100 sqRl力
re feet shall

provide one level of ligtting only.

2.6.5.3 Emergency Lighting

S e l f r c o n t a 皿●a t t e r y  p a c k ) e m e r g e n c y  l i g h t t t  i n  a c c o r d a n c e  w i t t  O S H A  S t a n d a r d s  a n d

NEC ttcle 700 shall be used in all oCcupied areas, There are no pl角
nミto have on―sit●

power generation due tt the vibratiolls enana位 唱 般om a reciprocatmg mternal combustion

engllle.

a)

b)

C)

d)

e)
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2.6.6 Crane

The LVEA crane electrical power,controls,and readout systemミsha1l meet the requrelnents

of the clean envttonment, The power electromcs m the crane drives Shali not introduce

excessive EMI into dle LVEA.

2.6.7 Electrical PoWer Characteristics

Elec廿拒拭power shall be prOVided by twO distinct systems(1.e.;Facdity,叩
TeChnical

Power Supply),Lttge mO的 r loads such as arhand地堪 equlpmett and Vacullrn rOugl山堪

pumps and l二ghting wni be fed体om the facユity power network.Sensitivl electr?nil

equipment w工l be fed ttom a technical power network.The two networkS dinLr by the
amolint of electrね拭おol筑lon and trttnミient voltage suppression that is provi4el.

2.6.7.l Facility Power

Facttiけolectrical power characteristics shall be in accordance with ANSI C84.1-1982 and
ANS1/1EEE Std.141-1986,and shall meetthe fbllowng mmmum requrementsi

Parameter Range

120ヤolts■o・inttl 108 to 132V ei10%)

480 volts noTninal 432 to 528V(± 10%)

Voltatte Harm6述 c Content 5%■ otal Hamlonlc Disttrtion CHD)

Frequency 6 0  H z ±l  H z

Table 2.6-2-Facユ ity Power CharacteristicS

Trttnミients shall■ot exceed+10%of the specifled voltage for a duration dbt exceeding 200

Tnlcroseconds.

2.6.7.2 Technical Power

Technical electrical power w■l be derived ttЮm dle Site Power network.

Technical power shall be ava工able to台町述sh sensitive electrodc equipme車

OireCdy related tt the LIGO experment.

Technical power feeders shall be isolated from Fac工ity power feeders by ushg

ultraぃisolator tranミfolners and tanミient voltage sぃ屯e suppressors at the power

distritttdon panels.

Tαttdcが power shall nct be cottmOn with any other Facnity 10ads that are
480V or loWer.

ａ＞

　

り

C)

d)
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コ腫 power quality of the technical power system shali meet the perfomance
levels indicated in FBS PUB 94 and shall meetthe followmg― um

礎quirelnents.

Parttmeter Fヒ河叫ge

120 volts nornin分1 110 to 125V(+470,‐ 8%)

480 volts nomin分1 名O to 500V(+4%:-8%)

Voltage Hamo並

Content

5%THD for nonlinear loads

Frequency 6 0  H z ±l  H z

Table 2.6-3-Tecttal Power Characteristics

2.6.7.3U嵐 httrruptible Power Supply Power

The UninteHuptible Power Supply cPS),SerVhg the FMCS power equゃ ment Sllall meet the

followlng requlrelmen低.

a)  Safe shutdown power for the FMCS shall be pFOVided by a UPS located at tte

Comer Station. This UPS will be applied for the central system located h dle

F a c i l i けC o n t r 0 1  R o o m  o n l y .

b)  If requtted,tFPSs for the Detector System's Control and Data System(CDS),

and the Vacuum Equipment System's Monitor and Control Systemで MCS)are

specifled and provided by C)thers.

Parameter Range

RF EmissiOIIs In accordance with FCC Part 15,Subpart J,C14母 sA

Cottmon Mode NRR ‐120 db up to 100 kltlz

Volta宮I Hamomc Content 5%THD

Trallsverse Mode NRR ‐60 dB up to 100 kHz

Surge Protecti6n IEEE 587/ANSI C62,41 Category B

Acoustical Noise 晩 ss than 50 dBA at one lneter distance

Total Ha..H6nic Disttrtion 57。for nonlinear 16ads

Voltage Regulation ±270

Frequency 60 Hz± l Hz

Table 2.6‐4-UPS Power Characteristics

2.6.7.4 Backup Power

There is no requrement to provide backup power for this Facユi守・
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2.6.7.5 Power Disdbution System

つ  25%spare capacity shall be provtted throughout the Fac■ity and Technical

‐    Power distribution systems.

b) POWer disdhtioll panels and equゃment wユl be clearly identifled.

C)   POWlr distribution diagralns and crcuit schedules of the distribution panels
wili be provided.

O  H g h t t t  a n d  r e c e p t a c l e  c i r c u i t t  w i l l  b e  s w i t C h e d  b y  l o c a l  w a l l …m o u n t e d  t o g g l e

switches and remotely‐acmated contactors or clrcuit breakerS,aS appropriate.

2.6。7.5.l Electric Oudet Reference Designator

A n  t t e n t l i c a t i o n  d e s l g n a t o r  s h a l l  b e  p r 血峰d  a n d  a r l x e d  n e a r  e a c h  e l e c t r i c a l  o u d e t 的遇e n t 的

dle crcuit breaker panel,clrcuit breaker designator and voltage.

2 . 6 . 7 . 5 . 2 C 虹弱 i t  B r e a k e F  R e f e r e n c e  D e s i g n a t o r

A unique identiflcation designator shall bc prmted and aFlxed near each crcuit breaker

corelating wtt the oudet reference designator.

2.6。8 Materials

a)  COpper cOnducttrs,buses,and transfo■Iner w皿堪 shall tt used throughout

t h e  O l e c t r i c a l  s y s t e m , e x c e p t  t h e  1 3 . 8  k V  c t t u i t t  a n d  s w i t t h g e a r  w i l l  u s e

aluminum conducttrs

b)   Aユ l ar plenllm and cable chase cables shall be s■ieldcd,and rated as a士

Plenum type.

C) 'laStiC ittulated and jacketed cお les shall be h confolnance with NFPA and

IEEE smoke evolution and flaIIle spread requreIIlents.

d)  POlyIIleric materials shall not httoduce Volatne org4nic cOmpoundsば OC)

。r  o u t ‐g a s s i n g  p r o d u c t s  i n  Ⅲe  C n c 1 6 s e d  s p a c e s .

e)  COnduits and raceways caHymg 480Y/277 V and 208Yれ 20 V Power shall be

made of galvani夕ed steel.

216.9 Grounding

T h e  F a c i l i t t  s h a l l  h a v e  a  p o やe r  e q u i p m e n t  g r o u n d m g  s y s t e m  h  a c c o r d a n c e  w i t h  N F P A  7 0

(NEC).
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|

2.619.l FacliけGround Subsystem

っ  The Facユity grounding subsystem wユl provide a“green Wire"safett ground
血 compli価 使 with the National El∝dcal Code‐ NFPA 70.

b) The facility power shall be grounded ody atthe ttuttal of the tansfomer血

accordance widh the NEC.

2!6.912 Technical Glround Subsystem

a)  The technical ground subsystem w工l provide a“quiet"ground that iS

c o m e c t e d  t t  t h e  F a c i l i t y  g r o u n d  s u b s y s t e m  a t  o n l y  o n e  p o m t . E a c h  g r o u n d  i n

t h i s  s u b s y s t e m  wユl b e  l o n n e c t e d  t t g e t h e r  w i t t  a  s i n g l e  c o n n e c t i o n  o n l y  t o  t h e

F a c i l i t y  g r t t n d  s u b S y s t e m .

b)  The dC resistance between the fac工 ity and technical ground cttcuits shali be at

least i meとa-Ohm wttn the singにcomecdOnおo障n→irCuited.

C) 馳 Varittsにchnictt power and ground subsyste】述 shall have dC iSOlation

resistance of at least lEnega―ohm between each other.

d) All sttle― phase and threerphase tansforHlers shaH haVe grOunded neutrals in
accordance with the NEC.Ground的 吾shall be loW‐resistance type.

2,6.9,3 Signal Reference Ground Subsystem(Sttgle‐ Point Ground)

a)  The Signal reference ground subsystem is isolated館om all other ground

crcuits and is to provkよぅa“quiet"equi‐pOtential plane for insmment signal

reference.Ttts subsystem is conllected to the Facユity ground at one pomt

only.

b )  T h e  S i g n a l  r eゃre n c e  g r o u n d  s u b s y s t e m  s h a l i  b e  d e s i g n e d  a s  a  s i n g l e―po i n t

groundmg collnection pohtibr ins― ents thatなe sensitive to ground loops,

2.6.9.4 Lighttg Protection Subsystem

う  The lightning protection subsystem fott a gttdle around each of the bundings
and Physicttly clrcumsc北海s a1l other grOundmg subsyste述.This ground

network is to dissipate the charge and cwent that results館om a lightning

strtt to any ofthe bu工dings.

b)  Lightning prOtection shall be designed in accordance with appropriate

provislons of NFPA 78,UL 96 and UL 467.

C)  肋 r夕″滋Ir筋夕,切 ″ 昴わ夕E″c″θs″/2ざ所 JJ″θrう夕P″ 成能 aw,筋 どを乃初J″g

P拘″cr,θ湾.
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2.6.9.5 Equlpment Fault Protection Subsystem

m s  g r O u n d i n g  s u b s y s t e m  i s  p a r t  o f t h e  F 苺工士y  g r o u n d  a n d  i s  p r o v i d e d  i n  c o m p l i a n c c  W 士|

N F P A  7 0 . T h i s  g r o u n d  s y s t e m  i s  a l s o  r e f e r r e d  t t  a s  d l e“g r e e n  w r e " g r O u n d .

2.6.9.6 Resistance to Earth

a )  T h e  d C  r e s i s t a n c e  t t  e a F t h命O m  a n y  p o n t  o f  t h e  C r o u n d i n g  S y s t e m  s h a l l  b e  1 0

ohms or less.

り  W h e r e  l o  o h r n ミc a m o t  b e  o b t a l 面W t t  b a s t t  e l e c t t o d e  c o w g u r 筑1 0 n  Ⅲe t 9

駈gh sou resistvity,rock fomations,or other terrain feamres,altemate

methods for reducmg the resistance to earth shali be considered.

2.6.9,7 Groundhg Plates

a)  TeChnical ground Plates shall be provided h each mttor area in the LVEA.

駈 connectiolls between the ground Plaにs and the groundmg cabl■g shall be

bolted,的al10W for isolation and testing,These ground plates shall be is01ated

缶om the Facnity grOund with appropriate hardware.The dc resistance

between these grounding platts and other grounds shall be l呼gar01m or

more when opellrcircuited

b) The grOunding plates shall be 3/8 inchいCゆby 2i距随s(Wide)by 18 inches

(10ng)minimum copper bar with s破 non tapped 3/8W holes.

C)  The grOunding plates shall be located appropriately tO a1low movemPnt Of

equipIIlent in the LVEA.They wユ l be mounted 12 inches仰血.)お。Ve the

f l o o r  a n d  4  i t t h e s  t t o m  m o u n t t t  s u r f a c e s  o n  t t u l a t i n g  s u p p o r t s  o r  o t h e r

appropriate devtteS.

d) TeChnical and Facttity grounding plates shall be provided at workbench

locatiolls and Spaced筑12 foot intervals e血血r山。 around the per血 俺r of

the Diagllostics Suppoi Room,Optics Lab,and Vacum Preparation and

Assembly Lab.

2.6。9.8 Bond土唱

A1l metal‐to‐metal bonds withh the Facユ貯 Shali be in accordance with NEC requreElentS

f o r  e l e c t r i c a l  e q u ゎm e n C  a n d  d e v i c e s 肛軍A S H R A E  r e c o m r n e n d a t i o l l s  f o r  d u c t w o r k  a n d  a r

handlhg equゎment.
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2 . 6 . 1 0  F i r e  D e t e c t i o n  S y s t e m

A  FⅢ Det e c t i o n  S y s t e m  h  a c c o r d a n c e  w i t t  N E C  A r t i c l e  7 6 0  a n d  N F P A  7 2 E  h  c o n c e r t  w i t h
the Ftte SuppreSsion systeIIl defmed tt Secdon 2.5.4 shall be provided.

2.6.1l Doors and Controls

つ   P6wer shall be proVided as requittd for motorized doors.

b) Door Contr01 Stations shall be attacent tO the door opemg and provided on
b o t h  s i d e s  o f  t h e  w a l l . P r o v i s l o n s  f o r  m a n u a l  o v e t t i d e  s h a l l  b e  p r o v i d e d .

C)    The ability to lockout the operation of eidler door control shall be provided.

d)  The abユ ity to switch control最om either door control station to the other shall

be provided.

2,6.12 0ptics and VacuuIII Preparation and Assembly Labs

晩 s e  L a b s  w i l l  b e  p r o v i d e d  w i t h  p o w e r  a n d  g r o u n d i n g  h  a c c o r d a n c e  w i t h  t h e  U t i l i t i e s

Ma廿 よ ShOWn as Table 3.5-1.

2.6.13 Facility Control Room,Diagnostics AFea,COmputer Users Area,

Computer and Mass StOrage Room

a)  POWer in the Faclitt COntrol Room shall be technical power.

b)  Lighthg shall be iltered,and electromagnetically shelded.

C)    TeCMCal ground,lateS Shall be provided.

2.6.14 Beam Tube Enclostres

,  The BTEs shall be prOVided with minim分
1 lighting,extt signs,and 12-VAC

cOnvenience power receptacles at Servlce Entrances only.

b )  P r O V i S i O n s  s h a l l  b e  m a d e  t o  f e e d  a  n o - 1 5 - k W  o f  e l e c t r i c a l  p o w e r  t o  t h e

Service Entrances which are located at Bettm Tubeヤacuwl ports at 780-foot

h t t r v a l s  a l o n g  t h e  B e a m  T u b e  l e曜山. T h i s  5 -【W  p o w e r  i s  f o r  t t m r e  v a c u u m

pumps,a CDS rack,and bake―out for the vaculltn Hlanlfold.

c)  For Hanford,dle Bealn Tube bakeout power requittments shall be satisied

witt pomble transfoュェェlers provided at applicable Service lEntrances of the

Beam Tube Enclosure,This equゃInent and work is provided by Others.
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For LiVingston,the Bcam Tube bakeout powlr requirements Shall be sⅢiSied

with polable generators.This equIPment and work iS prOVided by Others.

T t t c r e  a r e  n o  p r o v i s i o n s  f o r  g e n e r a l ユh i r n i n 分はo n  h g h t i n g  i n S i d e  d l e  B T E s .

This wユl be accomplished with poHable work lights as requttd,and provided

by LIG0 0per江 lolls.

2.6.15 Electromagnetic CompatibiliけcMC)

LIGO mに rferOIneter equlpment is seぃMve to stray electromagnetiC fleld interference,

particul年ly tt radlo宜equencies.Attention will be paid tt stray ttagnetic loops宇Om pOWer

distributtn l地uits,grounding networks,and EMI般om lightitt and POw,r SuppliPs and
equlpment power controllers.

T h e  F a c ユi けS h a l i  b e  d e s i g n e d  t O  a c h i e v e  E M C  w i t h i n  t h e  F a c ユi t y  i n  a c c o r d a n c e  w i t h  M I L ―

STD-461D Section 6.3.

Overhead cranes wユl be mtered to reduce RFI emissions from the power feedmg cttcuits and

t h e  c r a n e  m o t t r  d r持e e q u i p m e n t  m o u n t e d  o n  t h e  c r a n e  b r d g e  s m c m r e s o  S l i d t t  c o n t a c t s

K t h i r d ―r a i l s ) w 工l  b e  n o t  b e  t s e d  t o  d e l i v e r  p o w e r  t t  t h e  c r a n e s .

2.6.15。l Perineter PenetratioIIs

Vents,ducts,louvered openings,plpes,conduit,etc。,that penetrate the Facili呼
'S perとmeter

(1.eo exterior walls and roo9 W工l receive the following special tteament to reduce conducted

RF sigrlals hat may enter the buJdi鴫・Open penetations will haVe a length to diameter

ratio greater than 7 so dlat the penettation ttnctiorls as a w4veとguide beyond lutoff.

Screened or honeycomb vents may be requred.

Att handling ducts that penetrate the perlmeter ooof or exteriOr wa1ls)W■1

contain non―conductive sections positioned witttn 6 inches of the inner

(SeCure)side ofthe wall oT roof.

Wireways,raceways,and conduit wlll lontain non―conductive sections wl血h

6血 曲es of the血 礎r(seCure)Sよ 絶 Of a wall and roof.Electrical ground

contmuiけwユlbe ma血伍ined,

M e t a l  p i t t  p e n e t t a tおn s  wユl  b e  t r e a t e d  w i t h  l e a d  w r a p  f o i l , 1 / 8血c h  t h i c k  f o r  a

distance of 12 inches,on the lnner(seCure)Side of a wall or roOf.

2.6.16 Communication Systems

T h e  F a c i l Ⅲ W ユl  b e  s e t t e d  b y  a n  l n t e m a l  c o r n m u d c a t i o I I s  s y s t e m  w t t c h  I I l a y  m v o l v e  a
combintttion of telephones and mtercolns.The system will provide suttcient capabllity tO
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serve the needs Of widely diSpersed tettrnミworking on coordtty正9d iコstallation and integration

tasks.

The equipment w工l consisl o丘

●  無 血Ⅲ sは■iveにlephones widl on‐sitt and ottsite access

●   Public address and area wammg system

・  T拒 ―述 to a Local Area Network that serves the entre FacilⅢ

・  The ttlephone and CDS orovided by LIGO)will be separated iom each other

2.6.16.l Condui低

ぅ  Ali colmumc筑 lon condutt shali be routtd Separately ttOm Otter condu施.

b)  Materials shall be galw正協調steel,of mteェェIlediate metallic Condutt grade or

heavler.

C)  COnduit and raceWay netWOrks Shall be bonded and electrically contttuous in

accordance with NEC.

2.6.16.2 Distribution B6Xes

All distribution boxes shall be supplied with a nontconductive,fre―
rettstant back mounting

panel,

2 . 6 . 1 6 . 3  F a c i l i t y  D a t a  N e t w o r k

A data netwOrk shall be proVided to cary sigMlS Ofthe FMCS. ms network sh41l be

isolated from the CDS flber―optic backbone.The network cable shall cOnnect ali Station

bundhgS,and C駈 1ler PlantS,and provide mterfacmg with possible ttmre needs along the

BTEs(e.g.,every ServiCe Entrance).

2.7 Vibration lsolation

The Facユi守Vibration crlteria for dle Hanford,Wa的血事on Site and the Livingston,

Louisiana Site are defmed in AppendよC,SpeCial Bunditt Needs,of the LIGO Facnity

淵 艦 鑑 靴 盤 品 認 さ闘 魂 胡 器 予斜 路 艦 謎 程

fourおOVe t h e  n a t u r a  b a c k g r O u n d . T h i s  i s  t o  b e  a c c o m p l i s h e d  O V e r  t h e  t t q u e n c y  r a n g e

命om O。11セ t0100 HZ,measured at the foundatiOn for the Lser and VaCuum Equlpment

Areas CVEA/VEAs).Exceptioぃmay be allowed over narrow ttquency bandS aboVe 10

H z , t o  p e m i t  s p e c i n c  O p e r t t l n g  e q u ぉm e n t  t t  e x c e e d  t h e s e  l e v e l s  c a u s e d  b y  a  s p t t  i n  t h e

foundation PSD at the opertting ttequency of Speciflc equやment・

Parsons―LIGO＼進
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コ拒 LIGO Standard Spec― い S)hm/WHZ iS shOwn h Figure 2.7-1.The measured

displacement specmm shall■ ot be exceeded by a factor of two eXCept fOr sp推能 quencies

above 10 Hz.

靭襴艦襴麟靭ら灘
e

s i t n i t a r  t o  d l e おo v e  l 血t s .
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2.8 Acoustics

2.8.l Laser Facilitt and End Stations Bac【grOund Noise

TЪc acoustic background level dul to mechanical equipment associated with the bu工ding

Fac工ity wユl be limited to a PNC 50 creferred Noise Criterion)abOVe 63 Hz.The f01low地

table describes the low fにquency requirements at 10 feとtabOvethe LVEA and VEA ttSh

a00r levels.

2 . 8 . 2  0 f r l c e s  s p a c e  B a c k g r o u n d  N o i s e

ORttce space background noise envttonIIlent、v■l be designed to a PNC 35.

2.8.3 Reverberation Times

ln order to control reverberant noise the LVEA and Vacuim Equlpment AFeaS at the Mid

and End Stations wili be designed to a reverberation tlne of no more dlan 2.5 seconds at tle

midtequencies(500 and l,000 Hz.).

2.8.4 Exteribr to lnterior Noise Control      i

Exterior to mterior noise reduction wユi be approxlmately 50 dB at theコ直d―frequencies.This

w工l be designed for a source located on the ground outside the Facility such as a heavy mck

as measured h the LVEA and Vacullm Equlpment Areas atthe Mid and End Stations.

The deslgn wll not ttElude control of ram‐ generated noise・

2.9 Veriflcation and Testmg

l■直s section describes the veriflcation process of the design perf0111iance requrements

contained in preceding parts of this Section 2,and identines additiOIlal testing beyond that

already speoifled.
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Q  d B述 2 x 1 0・d y過

f=31.51乾

f=16 Hz

Table 2.8-1-LVEA/VEA Acoustic RequreIIlents



2.9,l VlriflcatiOn Methods

2.9.1.l Analysis

T h e  d e s i g n ずb r t  w 工i  b e 説明e C t  t t  a l l a l y s i s  b y  c ( 四p u t t d o n , b y  a p p l i c 4 d O n  o f  e x p e r i e n c e  a n d
e理弟距erttgjudgment,or by adoption or correlation of test and/or perforlnance data
docmented on odler sirnilar prdec低・It iS mandatory that such analyses be documented for

the LIGO Fac工 ities in a manller read工y understood. 並 h docmentation wユ l indicate tte

s o u r c c ( s ) i f  b a s i c  d a t a  w a s  u s e d , t h e  m e t h o d  o f  c o m p u t a t i o n  o r  t h e  f o m u l a s  u s e d , t h e  s t e p ぃ

by,step analytical pTocess used,and the concluslon.

2.9.1.2 1nspecti6n

mpection is the visual detemlaation oftm item・s qualitative or quantitative properties such

as tolerances,flnishes,and identifleation.

2.9.1.3 Dettonstration

Demonstration is the dete―atlon of qualitative and quantitatiヤe properties and perfo・ェェェance

of an item,and lIIvolves pr00f―by_dOing without use of external resources.It is normally

accomplished h cottunctiOn with a test activi呼.

2.9.1.4 Standard Test

The standard test detemmes the qualitative and quantitative properties and perfo―nce

accor血鴫 to standard test specincatiOns and procedures specmed h applicable accepted

standards,manuals,regulatloIIs,and/or codes,

2.9.1.5 Specinc Test

The speclflc test de中― eS the qualitttive and quantitative properties and perfomance

accordlng to nonstandard test specincatiOns and procedureso SpecincatiOns wll泣Elude

requireElentS,procedures,and planミ for speciflcにStS.

W h e r e にs t  r e s u l 低, e x p e r i e n c e , o r j u d g m e n t  i n d i c a t e s  t h a t  a n  i t e m ' s  m a l m a c t i O n  c O u l d
signincantly impact performance of real propel守facnities and equゎment,Or results h

l l・ミaf e  c o n d i t i o l l s  f o r  u s e r s , o p e r a t o r s  o r  m a m t a i t t r s , d l a t  i t e m  w i l l  b e  s t t t e c t  t O  C O r r e c t i v e
範tion.

2.9.2 Requiremetts and Procギures

Special test requttements and procedures as well as standard inspection and test procedures

necessary to meet the veriflcati6n requrements m 2.9,3 through 2.9.7 will be developed.

N e c e s s a r y  s p e c i a l  t t m c t i o I I s  r e l a t i v e  t o  t e s t s  a n d  i n s p e c t i o n s  w i l l  b e  i d e n t i f l e d , M a t e r i a l s
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and certah equlpment,as well as pavement and concrete IIu designs,W工l alsO be identifled

within the collsmctiOn spec温lation aS itett tO be submitted for revttW by the COIIsmction

M a n a g e r  a n d  a p p r o v e d  b y  t h e  A‐E ' s  E n g i n e e r . T e s t  p r t t d u r e s  a n d  t e s t  r e s u l t s  w d l  a l s o  b e

generated by dle CollsmctiOn Contractor and subEItted to the Consttuction Manager for
revttw.All labor,equipmeぃ ,and mated狙 hvolved in perfommg and dOCumentmg the

tests w工l be dle respollsibユi守Ofthe Consmcdon Contractor.The Consmltion Manager

wユl witness the test tt ensure compliance witt approved procedures and revlew

documettLdon of test results.

2.9.3 Mechanical

2.9.3.l Testng,Attusdng,and Balanctt of Bunding Systems

Testing and balanc血唱of bu』ding HVAC and Hydrodc systeThミwill be conducted by frms

certifled by Associated Att Balancing Council KAABC)in thOSe testitt and balancing

d i s c i p l i n e s  s i m i l a r  t o  t h o s e  r e q u r e d  f O r  d s  p r t t e c t .

2.9。3。2 HEPA Fユ ters

Field certirlcation tests on地述talled HEPA fllters will be perfoimed m accordance with IES―

RP‐CC‐006-84-T,“Ambttnt Particle Aerosol Challenge and Att Particle Counter―

DowllstreaHI Futer Scan Test Medlod."

2.9,3.3 Fire Protection

The rre suppression and detection systems wユl be tested h accordance witt NFPA 13A.

2.9.4 Electrical Tests

A l l  t e s t  r e s u l t s  w ユl  b e  r e c o r d e d  a n d  s u b t t t t e d  t t  f o ―l  d o c u m e n t a t i o n  b y  t h e  C o n t r a c t o r  f o r

review by dle CotFISmCtion Mallager.

2.9,4,l Ground唯

Faclity grounding ttstt wtti be conducにd h accordance With the recommendations in EEE

Std 81-1983 and IEEE Std 81.2-1991.

2.9。4.2 ElecttoELagnetic lnterference

コ陀 FacdiけW工l be“sdred"fOr sources of EMI.RFI and EMI thatis within the LICO

experHコent pass‐band wili be remedied on a case‐bytase and cost‐efFective mmer.

Methods of remediation上にlude but are not limited to ttitering,韻五eld土唱,障location,or

bOnd魂 ・
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2.9.4.3 New Equlpment

New equゃment Wユi beにsted for operation as recommended by dle manufacmreF and UL
674.

2.9.4.4 Short Cttcui低

Equゃment and conductors rated at 600V and less w工l be tested tt ensure that the wtting
system and equlplnent is nte般OIn short cttuits and魚om grounds odler fhttn requred

grounds.

2.9.4.5 Conthuity

All w― g will be tested for conductor contmuity.

2.9.4.6 1nsulation Resistance

Ali new conductors will be tested for an inミulation resistance value of l mega―ohm oT

greater,with respect to the nearest grounded meセ11.

2.9。4.7 Power Cables

Conduct tests of 5 kV and higher voltage power cables as follows:

つ  C a b l e  m a n u f a c t t r e r  w i l l的m i s h  c e t t i f l e d  t t s t  r e p o r t s  p e r  A E I C  C S  5 , C S  6

and UL 1072,for all tests perforIIled.

b)  The COmpleted cable will be tested for Corolla Discharge and will comply with

the AEIC requreIIlents.

C)  High V01tage DC ield testhg befOre and a■er inミtallation using test voltage(s)

as recommended by AEIC S‐ 68-516,CS 5 and CS 6.

2.9.4.8 1solation Resistance

T h e  g r o u n d的喜Sub s y s t e】益 iso l a t i o n  r e s i s t a n c e  w』l b e  t e s t e d  f o r  l  m e g a―oh m  i s 6 1 a t i o n

between each other.

2.9.4.9 Electric Power Characteristics

To ensure compliance widh 2.6.7,the A‐E will take requtt lneasurementt of Site―available

p o w e r  a n d  s u b m i t  a  f o m a l  r e p o r t  f o r  r e v i e w  a n d  a p p r o v a l .

Parsons―LIGO牲 Design ConflgFatiOn Control Docllment

Revision 2-とNovettber l, 1995
c: いヽgoXieぶCdrit08 tヽe江.doc 2‐56



2.9.4.10 Phase Rotation

Phase rotation wユlbe per NEMA.All panels,3‐ phase outlets,3-phase equipmPnt,mOttrs,
etceteras wnl be tested for correCt rotation.

2.9.4.1l Alaェ上i Systems

Au alaEII Systemミw■l be tested for each alam cond並lon.

2.9.4.12 Con廿 ols and lnterlocks

Aユl controls and interlock crcutts will be tested for proper and safe perfomance.

2.9.4.13 Motor lnsulation

Motor insulation resistance will be lneasured before energlzmg per IEEE Standard 43,

2.9.4.14 111umination

Lighting and i1lmtiOn cOmpliance with Section 2,6.5.1,wili be dettmined by fleld

measurement.

2.9.5 Architecmral

2.9.5。l Paihtmg

Aユ l shOp and fleld paindng wユ l be inspected and appr9Ved by a National ASSOCiati9n Of

Corroslon Engi恵ぅers(NACE)certifled地ぷpector.

2.9.6 Vibration Testing

All rotating Oquゃment meeting a specifled vめratiOn criteria shall be shop ttsttd and the ttstS
shall be w的距ssed by the OWnerS representative.The vibration tests wユl mdude steady‐state

and廿角nミient(1.e.,Start―up)operatmg speeds.恥vibration l血直低Shall be met atお1

spectted ttquencies.Sttd lnounted rottting equipment shall beた sにd to demonstatt that

the specifled vibratio五比述ts on the skid and the specned vibration transmttssibnity Of the

skid isolatiott systtm has been met tt all spec置にd ttquenctts.Ttt shop testt wユ1血 〉lude

the attects of aH lquiPIIlent amchments such as electrical londuit,fluid piping,etc.that may
“
short cttcuit'the skid iSolatio五system.

In addition,fleld acceptance tests wユl be requ飲対 to demonstrate that the fleid的西talled

equやment satisfles the vibration requirements and these tests will be winessed by the
Owner's Representative
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2.9.7 Acoustics

2.9.7.l HVAC Background Noise

With all HVAC systemミ On h thett nomal operating condilon,the sOund pressure level

lneasurements shall be made at the center of the c五tical areas to deter―e the octave band

sound pressure levels.Mlasurements shali be made with a type l sound level甲eter and

associated octave band ilter.Octave band levels shall be taken at center l随quencies ranging

舟om 4 Hzto 8 kHz.

2.9.7.2 Reverberation Times

Reverberation tme lneasurements shall be made in the 500 and l,000Hレoctave nequencies.

They shall be made near the center of dle critical sPaces.
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3。Hanford Design Description

3.l General

3:1.l Laser and Vacuum Equipment Area

The LaseF and Vaculim Equゃ Inent

Area● VEA)located at the CoHler

Station contalnミma30r laser and

vacullm equゎment OrOvided by
Odlers)on anお01ated mat foundatlon

within an ullclassifled clean

envmIMIlenti Tttc equlpment

arrangement provides adequate space

for the operation and mamterlance of

the laser and vacuunl equlpinent for

two mterferolllleterS. Solne

p r o v i s i o l l s  f o r  u p  t o  t h r e e  a d d i t i o l l a l
interferometers are provided for h a

mmre attacent Strucmre that would
be located northeast to the plan.

Provisions are made for dellvery of

large equipttent through two large

overhead do6rs and an alrlock at the

p14n east end ofthe LVEA.
MoveIIlent of equlpment witt the

LVEA is by an overhead cralle

system(sel Section 3.5.6).

― L ofBeam Tじ be

LVEA

Area 2

LVEA
Area 3

LVEA
Area S

LVEA
Area 4

Mechanical
Room

律′。t TC SCarep

Figure 3.1-1-Layout of LVEA Areas and

Mcchanical Room

3.1.2 0peration Support Building

T h e  O p e r a t i o n  S u p p o r t  B u n d i n g ( o s B ) i S  1 0 C a t e d  a t  t h e  C o r n e r  S t a t i o n , a n d  c o n t a i n ミt h e

aministtative,control,and mamtenttnce and Service areas for support of equゎment and

operations of the Facility,These areas are arrangld ttto related groups for eitheF SI即iCeS,

controls,or a血 □由五strative activities,

恥 Tntthttnance and support areas conta醜Ⅲe OptiCS】防b,Electronic Testing and

Mahに nance,VacuRlm Preparation and Assembly Lお,and Mechattcal Shop are groupeギto

b e  t t c e s s おに的 t h e  l n s p e c d o 」S t t p i n g  a n d  R e c e 市i n g , a n d  d l e  C L a n i n g  A r e a 主駈 O p ぃ

Lab and VacuuEI Preparation and ASsettbly Lab spaces are clett envttOnments(strnllar to

the LVEA― Section 2.4.1).Access to the Optics I盟b,Vacuum Preparation and ASsembly

Lab,Cleaning Area,and LVEA(via dle Clett Area)areas is through a Change Room

and a clean vestibule.
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T h e  F a c n i けc O n t r o l  R o o m , D i a g n o s t i c s  S u p p o r t  A r e a , C o m p u t e r  U s e r s  R o o m , a n d

C o m p u t e r  a n d  M a s s  S t O r a g e  A r e a s  a r e  g r o u p e d  a n d  l i n k e d  w i t t  a  c o ―o n  a C c e s s  a 。。r

s y s t e m ゃr  e a S e  O f  e l e c t t o n i c  c o I E l e C t i o n s . T h e  T a p e  S t O r a g e  i s  l o c a t e d  a t t a C e n t  t o  t h e

Computers Users Room h a 2-hour fre‐Tatd enC10Sure.

□陀 Orlce area contains orlCes fOr scientists and management persollnel are grouped

between the cOntrol areas and the lobby areas.

me 10bby areas containing a MuM‐Use Room,Rest Rooms,Conference Room and Kitchen

facユ並ies are groupeC to the plan soudl ofthe o対lces areas.コ脱Mutti"Use AFea iS Sized的

accommodate exhibi低of the LICO operations with video presentations as well as

conferences for up to 50 paⅢiCipants.コ随 Conference Room doubles as a lounge and

library.

Entrance to the non―public areas ofthe Facility is through the Multi―
Use Room via a door

a t t a C e n t  t O  t h e  A的山五st r a t i o n  A s s i s t a n t ' s  O t t C e .田正S p r o V i d e s  a  c h e c k  p o i n t  f o r  e n t e r i n g

other areas of the Facility. This door can alsO be locked般 om outside access to provide a

conference area for the public that ttEludes not o述y the Multi―Use Room but also the

Conference and Kitchen facnities,See following table for spatt square footaget

Space Name PSF」 AS「 CSFD

Multi…Use Room 1200 1530

醜rge StaばOttces←) 6 0 0 6 0 0

Small Staff Ottces(12) 1200 1152

mstrative Assistant's Orlce 120 216

Conference Room 600 550

Storage 80 216

Kitchen 480 216

star cubicics(12) 1200 1200

Control Room 900 890

Diagnostics SuppOrt Area 630 580

Computer Users Room 460 480
~COmputer Mass Storage RoOm

480 442

Tape Room 400 355

h p e c t i o 」R e c e 市i n g  a n d  S t t p i n g400 560

Cle樋山旺!Area 4 0 0 605

V a c u u t t  P r e p . & A s s e m b l y  A r 生720 720

Optics Lab 9 0 0 9 0 0

Electrodcs Test Lゑb 1290 1200

Mechanlcal Shop 9 0 0 734

3 PsF―‐Program Square Footage
4 ASF―‐Acmal Square Footage
S6sF… Gross Square Footage(hclddes walls)
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Space Name PSF' AS】「 CSゴ

Change/Smock Roo血 200 100

Acdve Storatte m 573

ha貿 ゴre....Storatte 6 0 0 6 4 0

MedMnica1/Electical Room 420

Men and WoElell Toユ ets 410

Jtttor's Room 60

Totalsi 14,360 15,349 18,810

Table 3.1‐1-OSB Square Footage Smmary

3.1.3 Mlchanical Equipment Rooms

Tttc Mechanical Room at the Comer Station provides distribution of conditioned 4士to the

LVEA.Air is supplied by ducts h the ceding through registers and remHled dttough near―

ユoor level ducts which h mm remm ar dlrOugh wall plenums to the air handling iniぃ血the

Mechanical Room.

The Mechanical Equttment Room is located attaCent to dle LVEA.

3.1.4 Chiller Plants and Uttity Buildings

The Chiller Plant for the Corner Station is remotely located ttom dle LVEA to reduce the

v b r a t i o n  a n d  n o i s e  m p a c t s . コ陀 p l a n t  c o n t a i n s  e q u i p I I l e n t  f o r  c H l l i n g  w a t e r  u s e d  t t  c o o l 地
att supplied to both the LVEA and OSB.

Other utility buildねgs necessary for tte operaはo■of the Corner,Mid,and End StatiOIls

include a Maintenallce Shop,Electrical Substation,Hazardous Storage Building,and Trash

Enclosure.

3.1.5 Mid Station and End Station

The Mtt and End Statiolls are scaled―dow五 operations of the COmer Station used only for

pedodic Ela山峰nance of血俺rferometer coElpOnents housed inside vacuum chambers located

in the Vacull南Equlpment AFea rEA)I The VEAs are not llassifled as cllanrooEIS,but
material selection and sealing w五l reflect a cleanroo血4pproach;and HEPA ttlters will be
u s e d  h  t h e  s u p p l y  a t t  s y s t e m o  S u p p l y  a t t  i s  r o u t e d  t o  t h e  V E A  b y  d u c t w o Ⅲ血t h e  c e 工i n g

and retumed through noor_level wall rettrns to air handlers h the mecttcal equipElent

r o o m . N 6 r o o I B ミi n  t h e  M i d  o r  E n d  S t a t i o n s  a r e  1 l a s s t t e d  a s “c l e a l r o o I I I s . "

A I s o  t t h d e d  h  t h e s e  S t a t i o t t  a r e  t t  l n s p e c d o n , S h i p p i n g  a n d  R e c e 市魂 , C L " 唯 A r e 各

E x p e r i m e n t  W o r k  A r e a , C h a n g e  R o o m , T O ユe t , a n d  M e c 脳直c a l  R o o m s , L a r g e  o v e r h e a d

door access to the VEA is through tねC Inspection,and Shipping and Receivmg,and Cle魂

AFea.
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3 . 1 . 6  G l o b a l  a n d  L o c a l  C o o r d i n a t e  s y s t e m  R e f e r e n c e

A t  e a c h  S i t e  t h e r e  w担l b e  a“G l o b a l  C o o r d i n a t e  S y s t e m , " a n d  f l V e“L o c a l  C o o r d i n a t e

Systtms."A Loc"CoOrdinaにSysttm wtt be established fOr each of the nve sation
BIations(1.e.,cOrller Station,2 Mid Stations,and 2 End Stations),The C10bal Coordinate
S y s t e m ( 1 . e . , X G , Y G , Z 6 ) i S  d e f m e d  b y  t h e  b e a m  m b e  a r m ( 1 . e . , X G , Y G ) W i t t  t h e  z G  a X i S

u p  a n d  n o m a l t o  t h e  X G , Y G  p l a n e .

Local coo配臨狙にS(1.e,,XL,YL,ZD are dete― ed by ZL bemg plumb at each station,4nd

the XL and ZL tteS are h tte same vedcal plane as the longind血1ぶ isば theにspecdve

bettTn mbe and ZG・

The{0,0,0}pO面 Of the loc41 coOrd挽旋 system at the Corner Station is coincident with髄

hにrsection Pont ofthe two Bearn Tube A― .Ttts is located at the vertett pont of the

primary mterferometer, ■狛c fmish a00r elevation is 6 feet 4 inches below that pomt.

酎m‖ arly the(0,0,0}pOint Of the locお coordinate system tt the Mid and End S囲 1011S is at

the centerline ofthe beam mbe,at specifled loCations in the Mid and End Stations,Mid and

End Station f■工sh floor elevation is also 6 feet 4 inches below the beam mbe centerline.

The establisttnt of these local and global coordお 】lte systernミprovide a reference system

that establishes Fac工iけfeamreS(e.g.,nOor elevation,column locations,ctc.),and Vacuum

e q uやm e n t  f e a t t r e s  c . g . , V a c u u m  c h a m b e r s , e t c . ) . T h e  V a c u u m  e q u i p m e n t  w i l l  b e  s e t  a t
thett correct locations in the LVEA usmg the Sites'global coordinate system,and the

Stations will be bullt accordttg to the relevttt Local coordとyHe systtmミ.

Note that even though the global and local coord地脇俺systernミshare a common prigh,the

p l a n e  d e i n e d  b y  X L  a n d  Y L  W i l l  n o t l i e 血山e  s a m e  p l a n e  a s  t h e  X G  a n d  Y G  a X e S  u n l e S S  t h e

ZG aXiS is also plumb(1.e.,nomal tt the surface of the Earth)at that origh.Ttts mcans

that over a distance of 4000 Eleters,the planes defmed by XL and YL Wユl direr,with respect

to rotation rotate about the YL aXeS,by O.6214x10‐
3 radians:

4000″crタパキ328083け'/″)

4000″ガルs(夕研協'ざアα力な)中5280o1/″デル)

3 . 1 . 7  B u l l d i n g  C o d e  A n a l y s i s

B u i l d i n g  c o d e  a n a l y s i s  w a s  p e r f o m e d  u S i n g  t h e  a c c e p t e d  r e g l o n a l  c o d e  h  t t e  w e s t e m口
n i t e d

States,dle 1994 Udfo■HェBu■d輸嘔COde cBC),and applytt the lStablished guideline

requirements fOr a one‐story buttdhg for occupancy classiflcatiolls(Chapter 3),dle

cOnsmction ttpes(Chapter 6),dle 10Cation on the properけ (hapters 5 and 6),the al10Wable

n00r area(chapter 5),al10Wable area ttreases(Chapter 5),and height and number of

stories(Chapter 5).The building occupancy classiflcation for the Corller Station,Mid,and

End Stations is ClaSSifled as a Type F‐2 occupancy(Section 306.1),hOWever the occupancy

classiflcation for the OSB at the Comer Station is Type B.
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The CoHler Sセ ition LVEA is 40 feetidgh with an area of 34,340 square feet. Based on

Table 5‐B ofthe LE〕C witt the allowable area increases ioln SeCtiOn 505,1.2,the lnaxlnum

allowable area ofthe LVEA is 36,000 square feet with a maxttuEl a110wable height of 55

feet.The consmcdOn type a1lowable is Type II―non―rated.A two hOur occupancy

separation wau will be consmcted between the LVEA and dle OSB.

The OSB has a maxlnuEl height of 28 feet and an area of 18,620 square feet. The is based

On Table 5-B with the allowable areaよrreases iom Section 505。 1.2.駈 maximum

allowable area Ofthe OSB is 24,000 sqRl身re feet witt a mxttEum allowable height of 55 feet.

The coBsmctiOn type 4狙 。Wable is Type l non‐rated.

Based on these sceaarios,the optimliTh approach for the Corner StatioEl is to build to the

foHowng

a )  S t t C t u r a l  S t t e l 住a m i n g  w i t h  n o  f r e p r o o f m g o ねb l e  6 ‐A ) .

b )   E m e r g e n c y  e対 低 a r e  a  I I l a x l E l u m  t r a v e l  d i s t a n c e  o f  1 5 0  f e e t ( S e c t i O n  l o 0 3 . 4 ) .

C )  P e r I I l a n e n t  p a r t i t i o n s  a r e  o n ―h o u r  c o l l s t r u c t i o n ( T a b l e  6 , A ) .

d)  Roof and ceユ ing assettblies are non―rated(Table 6-A).

c)    All consmction is non― cottbustible(SectiOn 602.1).

The helght of the Mid and End Station sttuctures is below the allowable 55 feet a1lowmg

them to be Type H― Non―Rated.The square ibotage allowable for this consttuction and

occupancy type is a basic area of 18,000 square feet,

Based on these scellarios,the optlHluIIl approach for the Mid and End Stations is to build to

the following requremetts,

a )  S m C t t r 4 1  s t e e l 館価 地 W t t  l 1 0  f r e p r o o 「m g ( T a b l e  6 - A ) .

b)  Emergency exitt are a lnaximum travel distance of 150 feet〈Selt.1003,4).

C )  P e r m a n e n t  p a r t i t i o I I s  a r e  o n e ―h o u r  c o n s ぃc t i o n ( T a b l e  6 - A ) .

d) RooPce批 曜 assembliOs are non―rated cおle 6‐A).

c)  A1l consmction is nontcombustible(Sect.602,1).

3.1.8 Bullding Slcurity

S t a n d a r d  m e a s u r e s  f o r  b u工d i n g  S e c u r i t t  a r e  c o n t r o l l e d  w i t t  t h e  d o o r  h a r d w a r e  a n d  a  l n a s t e r

keymg systemo Exte占 or doors at dle LVEA have electrottc sensors to detect whedler a door

is in the open or closed posklon fOr the purpose of rnttmtaining att pressure,cleanlmess,and

security.Ttte control panel for these sellsors is locⅢd in the Fac工ity Control Room and iS

a n  e l e m e n t  o f  t h e  F a c n i t y  M O d t o r l n g  a n d  C o n t r o l  S y s t e h  c M C S , S e e  s e c t i o n  3 . 6 . 6 . 1 ) . S e e
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並 don 3.6.5.5 for Closld C止弱it Video for visual observation of detector equlpment and

securlty.

Bealn Tube Enclosure cTE)doorS W工l have locks tO prevent enw but not ex■.The BTE

doors wユl have provisions for installation of inmsion detectors h the mmre.

3.2C市 11

3.2.l Potable Water Supply and Treatment

P o t a b l e  w a t e r  f o r  t h e  H a n f o r d  S t t  w 』l  b e  o b t a i n e d  t t o m  a n  e x i S t i n g  w a t e r  w e n  a t  t h e  e n d  o f

dle southwest bealn mbe arm,ms well was used Ⅲring the p五or rough‐grading phase for

cOnsmction water and also wni be used d面唯 subSequent c側飽 蔵 on phases.恥 鈍 xist魂

pump wni be used tt supply water through a new 6‐inch PVC Pipeline to a pne1lmntic Potable

water tank and pump at the Corner Station.

P o t a b l e  w a t e r  f o r  t h e  L i v m g s t o n  S i t e  w ■l  b e  o b t a t t d 館o m  n e w  w e l l s  d l a t  w i l l  b e  c s t a b l i s h e d

on the Sit●.

The water wユl be treated usmg chlorination,Potable water wnl be distributed tt the LVEA

and OSB through a 3-i駅)h PVC Pipeline.The average dany water requirement of 3,000

gallons is based on a tttal of 60的tal personnel over a 3-shi■2年hour period using 50 gallons

each.

Potable water is supplied to the Mid and End Stations by tanker mck.Al,000-gallon

pneumatic Potable water tank and pump witl a chlorination systeln is provided at each of the
Mid and End Statiolls.

3.2.2 Sanitary Sewage Disposal

Sanitary sewage from the OSB will be collected and ttansported by a 6‐inch PVC pゎel並 tO

a4,000-gal16n septic tank.E側 呼nt般om the septt tank wユl be disposed of h a leach ield,

charged periodically by a dosmg pumpe Sludge and scllm aК)Fn the Septic tank will be

collected by a contracted service.The Mid and End Stations will be serviced by 500-gallon

holdttg tanks which wユi be collecにd by a contracttd settice when requ撤翼.

3.2.3 Firewater Supply

The requttlnents for flrewater avaユable foF the LICO pttect are based on Table A―III―A-1

of the UnifoェェェェFtte Code.For tte Comer statiOn,based on approxllnately 50,000 square

feet of building and a Type II…l hoursmcmre,a baseline fre flow of 3,250 galions per

m 血胆悔 f o r  a  p e r i o d  o f  3  h o u r s  i s  s e , ・U n d e r ▲―亜 ―A ‐3 . 1 , a  d e c r e a s e  I I l a y  b e  a l l o w e d  f o r

i s o l a t e d  b u i l d i n g s  o r  a  g r o u p  o f  b u i l d i n g s  h  r l l r a l  a r e a s  o r  s m l l  c o ―u t t t i e s  w h e r e

d e v e l o p I I l e t t  o f 的1 l  f r e " n o w  r e q u t t e m e n t s  i s  i m p r a c t i c a l . T a k i n g 血s  i n t o  c O n s i d e r a t i o n , d l e
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r e q u t t e d  f r e  a c w  h a s  b e e n  c u t  h  h a l f t o  4  r a t e  o f  l , 6 2 5 g 狙l o l l s  p e r  m t t u t t  f o r  a  p e r “d  O f 3

h o u r s  f o r  t h e  C o m e r  S t a t i o n . A t t h e  M i d  a n d  E n d  S t a t i o n , t h e  r l q u t t m e n t  t t r  f r e w a t e r  h a s

be 6mitted based on the isolated namre of the approxmately 5,000‐sqlure‐foot Smcmres,

and that the fact bu皿地 s will be clastted as Type―II NR smcture buユ t of nonrcombustible

IIlaterials,they cOntah nontcombustibles with the excepdon of a small amount of electronic

equipment,and they are nOHnatty unoccupied.

Fttwater shali be supplied tt the Corner Station般om a 300,000‐ga1lon freWater tank dlat is
fdled ttom the water wells discussed h Section 2.2.6.1.This iS enollgh water tt Supply fre

hydrants spaced apprO―ately 300 feet apart along an 8-inch ductile iron pゃloOP arOund

the Facユ狩 at a mintrnHm nOw rate Of l;625 gallclls per mmute for A period of 3 hours.

軸 sW■l be actteved with three or‐the_shelf l,000 ga1lons‐per―mlnute pmps(1.e.,two

d∝ 宙拒 and one propane,廿 aner―mOunted and provided by Others):

3.2.4 Access Road

A t  H a n f o r d  t h e  e x i s t i n g  3 0 - f o o t ―w i d e  a c c e s s  r o a d  t t  t h e  S i t e  i s  g r a d e d  w i t h  4  i n c h e s  o f

aggregate,but unpaved. I壮よs access road will reElain throughout collStruction. A surface

teament may be provided du血 噌 consmction to rnttmtah its integrity to dle extent possible.

ARer coIIsttCtiOn,the road wユ l be re―graded,crushed stone aggregate base course added,

and paved with 3 inches of asphalt cOncrete,24 feet wide(with 3-foot shoulders),tO fmal

lines and grades.

AI Livingston the existng access road is being paved under a separate contract.This road

wユl be IIlamtattd by the Contractor during cttmction and repared at側 的 letiOn of

c O n s m c t i O n  t o  m e e t  s p e c 温c a t i o l l s  t t r  q u a l i け, s m 0 0 t h n e s s , a n d  t o l e r a n c e s ,

3.2.5 Site Roads

Aユl Site roads around the LVEA and OSB wユl be 20 feet wide,with 4‐foot shoulders,and

paved with 3血 hes of asphalt concrete underiah by 6 iコches of cruShed stone aggregate base

course.Roads ttyond Where two― way宙 4賊やiS neCessary w■l be pavld 12ゃ海t wide but

graded for a 20‐foot wide,4‐foot sh6ulder road. Bealn Tube Service roads wili be 20 feet

wide,bimmm回 暉_treated witt shoulders wide enough to accommodate a ttmre 2‐lane road if

required. Shoulders may need stabilЙdon also due to consmctiOn use. ‐

A ramped overpass over the BTE on the southwest arm provides access to the backside of the

LVEA and the Meduttical Room. The overpass uses a coHugated Eletal cuivert‐we

smcmre Overthe BTE.

3 . 2 . 6  P a r k i n g  A r e a s

Parking areas wni be paved w血2血 hes of asphalt concrett underlain by 6 itthes of

crushed stone aggregate base course,
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3.2.7 Grading and Draillage

Crading wユlP対marily corlsist of fmish grad晩of eXiSttt rough―graded Facユ中 pad prior to

consttlction of Fac■ity or road pa苅噌.Ptty tO pa苅噌 and or pad c6nsmction,testitt w工1

be done tt ensure the upper 6 to 12 inches of material have been compacted to 95%

mxmun dry density in accordance with ASTM D 1557,with possお le proOf rolling

requtt if llot achieved.

For the LVEA an approttrna中?f00t10 mtt excavation is required due to dle d田とential

b e t w e e n  t h e  B e a m  T u b e  s l a b  e l e v a t i o n  a n d  t h e  f l n i s h  a o O r  O f t h e  L V E A  e l e v a t i o n ,

addttiollally a 5 foot 8 inch excavギ0■fOr the concrete foundation wユl be required wihねthe

existmg graded pad.The Mid and End Statiolls(at Hanford and End Station only at

Lhなngs的ゆ Will alSO requre gradmg attuSmentto accommodate tts 2 foot 10 h●h

direrential.The material obtained館om this excavation w工l be used h areas that requ並●

add並lonal earthwork beyond ttt already rough‐graded,as wen as for dle ramped BTE
crossover.駈 se addilonal areas wユl be cleared,wbbed,backfllled,and compacted血

accordance with the geotechnical repo■recolnmendatioBs strnttar tO the pゃvlous rough―

grading package.

All drattge will be d旋lted away館om the Fac工ities.Roof drains will be dischargld to

grade.

3.2.8 Erosion Protection

Erosion protection at Hanford is prtthar■y for wttxl and ram,and w』1●onsist of 3 to 6

血 hes(depending on locttioO of Clean aggregate.In some areas,prmarユy dle access road

e n t r a n c e  a n d  e x t e H l a l  t o  t h e  O S B , g r a s s  l n a y  b e  u s e d  f o r  e r o s i o n  c o n t r o l  a s  a n  a t t u n c t  t O 施

pr― ry purpose oflandscapmg.

Erosion protection at Livmgsttn is primarily for ram,and wユl consist of seeding with

grasses to hold the soil.                                   ャ

3.2.9 Fencing and Gates

F e n c t t  w ユ1 呼止E 由にd  a t  b o t h  S t t s . 軸e r e  w 工l  b e  a n  e n t r a n c e  g a t e ( 2 4 - f o o t , d o u b l e ―s w i n g )

and 100 feet of fenc理on eaCh Sitt of the entrance access road.There wユl be switt am

barriers linitmg access to dle backside serv19e roads, Other Facilities requrng fencmg and

g a t e s  a r e  t h e  e l e c t r 拒狙s w i t c h y a r d , c 皿降r  y a r d , h a z a r d o u s  s t o r a g e  a r e a , e t c t

3.3 Stmcttral

T h e  s u p e r s t r u c m r e s  o f  t h e  C o r n e r , M i d , a n d  E n d  S t a t i o l l s  a r e  a l l  t t a m e d  a n d  l a i d  o u t  h  a

slmllar fashion,Mttor Superstructtre columns are all on a 20‐by-20‐foot grid and the

住aming system chosen for the roof and wall is the sane.Ttts approach mtroduces
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ecollomies and erlciencies of scale simぅe many ofthe common steel tta― g members(e,g,,

gい ,purlins,roof gttders,etc.)wユl be the sttme size and length.

Metal roof deck挽3 Spanミ10 fed between roof girders over the LVEA,and between purlins

for a1l other smcmres.A horizontal bracmg system is provided at dle F00f level的prOVide

diaphrattn 4CdOn that tranミfers lateral seismlc loads to the exterior wall的にs.

Extedor walls contah a vertical brace system betweln collヽrnnミ的 trttnミfer lateral loads to dle

foundation level.G士低are sPaced at aコ臣Ⅸlm1lm veldcal distance of 8 feet with twO sag rodS

at dle one d」rd pomts.The interior gtt wュ l support a 25二gauge metal smd wall which h
tllm suppcIおthe httrior wau material.

3.3.l Chiller Plants

smcmres that are requred at the chiller plants(e.g.,pump housmg)for dle corner,Mid,or

End Statiolls w工l be pre‐engllleered metal smcmres.

3.4 Architechral

3.4.l lnterior Materials and Finishes

Materials and的 直shes selected for the LVEA,OSB,and other support buildings are

COIISistent with dle ttnction and usage ntended for that area. Systelns are selected for ther

quality,durabユiけ,and perfomance.See the followlng table for rnttterials selected for the
roomミ and spaces.

Space Name Floor Walls Cetting Other

mlti_use Room Carpet GB/ptd6 Exposed

Lartte Star Ottces“) Carpet GB/ptd ACT′

Sthall Staば0飼 ces(12) Carpet GB/ptd ACT

AAministBrative Assistant's OfFlce Carpet GB/ptd ACT

COnfeFenCe Room Carpet GB/ptd ACT

Storage vc■8
GB/ptd ACT

臨tchen VCT GB/ptd ACT

Sta鮮0範 ces(12) Carpet GB/ptd ACT

Facilitv Control Room Access Flr GB/ptd ACT Anti‐Static Carpet

Diattnosttts Support Area Access Flr GB/ptd ACT Anti―Static Carpet

Computer Users Area Access Flr GB/ptd ACT Antiestatic Carpet
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Space Name Floor Wa1ls Ceiling Other

3omputerな こMass Storage Rm Access Flr GB/ptd ACT

rape Room VCT GB/ptd ACT 2 Hour Walls

魅pecはon/Receiving&Shipping Sealed Conc GB/ptd ACT 8'Wainscot

01eanmg Area Sealed Conc GB/ptd ACT 8'Wattcot

V a c u 1 l m  P r e p & A s s e m b l y  A F e aSV9 GB/ptd ACT

Optics Laboratory SV GB/ptd ACT

Electronics Test Laboratory VCT GB/ptd ACT Anti―static

M主駒減Oal shop Sealed Conc GB/ptd ACT

Ehange/Smock Room SV GB/ptd ACT

Active Storage Sealed Conc GB/ptd ACT

Loni―TeェュェSk)rage Sealed Conc GB/ptd ACT

Mechanica1/Electrical Room Seded COnc GB/ptd Exposed

Men/Wolnen Toile低 Cer TIU Cer T GB/ptd

radtOrs Room VCT GB/ptd GB/ptd

Table 3.4‐1-―Room Fむ 工sh Schedule

3.4.2 Exterior Siding

The exttrior envelope is prermished,Insulated,veコはcd and horセontal metal sandwゃh panel

stting that帝皿 seal against hmsion of water,a士,dust,insec低,and anlmals.

3,4.3 Rooflng

R o o f m g  i s  a ゃa V y ―d u t y , s i n g L 】y , r 0 0 f m g  l n e m b r a n e , w d d ‐s e t t e d  a n d  m e c M a i c a l l y

fastened tt both the insulation and metal roof deck.The large roof areas for both tte LVEA

and OSB are mnmally s10ped at one―quarter inch per foot for proper dralnage. The roof

sllrface at both Sites slll Withstand ttgh wttd conditions,particularly at the Louisiana Site

where wmds have exceeded 109 mph during hurricane condidons.Roofs w工l meet

U n d e r w r i t e r s  L a b o r a t o守いり C l a S S  A  f o r  f r e  r e t a r d e n c y  a n d  F a c t t r y  M u m a l  c M )

Standard Spcciflcation Class I-90 for wind conditions.

9SV…
Sheet Vinyl

1 0  C e r  T …
C e r a m i c  T l l e
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3.4.4 Clean envirolllnents

3.4.4.l General

The Cわ dCS Lab and the VacuuEII Preparation/Assembly Lab are clean ew± 9nElents(s山 工lar

t o  t h e  L V E A ―S e c t i o n  2 . 4 . 1 ) . T h e s e  r o o F n ミw i l l  b e  a t t a c e n t  t O  e a c h  o d l e r  a n d  a c c e s s e d

t h r o u g h  a n  h t t r l o c k e d  C h a n g e  R o o m  a n d  V e s t i b u l e  a r r a n g e m e n t .

LVEA and Cに aning Area in the OSB areおso“clean env■onments."Mttriぶ selection and

sealtt lnethOdS Wユl IIleet the由にnt of a clettnroom design.Atthe Mid and End Sttdorls,

d l e  V E A 弾週 C にa n i n g  A r e a s  w t t  b e  t r e a t e d  h  t h e  s a m e  m a n n e r  t t  t h e  L V E A .

Supply a士的 all rooIIls/areas mentioned h dlis Section is flltered by HEPA ttters.料1

penetrations are的1ly Sealed with stticone sealant to provide a leak―proof Surface.

3.4.4.2 1nterior F士五shes

lnterior ttshes ttr areas that are classifled as“clean envttonments"are eppxy patht on

g y p s u m  b o 軒d  p a n e l s  f O r  t h e  w a l l  a n d  c e i l i n g  s u r f a c e s . A  m e t a l  w a l s c o t  w i l l  a l s o  b e  a p p l i e d

t o  w a l l s . T h e  f l o o r s  a r e  s e a m l e s s , I l o n t c o n d u c t i v e  r e s i l i e n t  a o O r 理.

3.4.4.3 Att Locks

A double d90r SysteEl prOVides tt a±lock between clean areas and the exterior. This iS

血甲leIIlented ttr both persolmel and large equipment doors.A clean vestibule servmg the

Optics Lab and the Vacuuln Preparation and Assettbly LゃalSO ttnctiolls as an a■lock.

S山近lar arlocks are prOvided at the Mid and End Stations cven though the VEAs are not
“cleanr001nseF Persollllel doors ttr these arlocks Te prOViCed Witt gasketing and automatic
doOr bO柱OEIS fOr bOth the interior and exterior doors to se▲l and preserve the pressurlzation
a n d  d e a n l i n e s s  o f  t h e  t t a c e t t  T h e  l a r g e  e q uゎm e t t  d 0 0 r s  a r e  p a i r e d  W i t h  a n  i n s u l a t e d  l n e協1

coiling door at the exterior opemg and a rapid roll‐up,fabric―type door for the interior
openlng.

3t4.4.4 Change R6om

The Change Room provides a gowmg area and a trttnミition mto clean arease Cle狙

g a H I l e n t t  a n d  s h o e  c o v e r s  a r e  d o n a e d  p r i o r  t O  e n t e r 山堪 t h e  c に如 a r e a S . A  p a s s l t h r o u g h  i s

provided for sIBall,clean ottectt tO be tanミported into the clean areaS without gowmg.

A bench is provded for ease Of gownng and ungoや血曜 with loCkers for sttrage of

llmecessary itemミand clothing.Twelve lockers(1.●.,2 tiers high by 6 wide)are provided

for a moderate aIIlount of clothing,shoes,etceteras that may need to bc stored prior to

g O W逸 ―up an d  e n t e r m g  t h e  c l e a n  a r e a s . T h e s e  l o c k e r s  a r e  e a c h  1 2血hes d e e p , 1 2血hes

wide,and 36 inches l止gh.
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3.5 Mlchanical

□にfollowing ttatrix lllustrates the types of Facllity supplied utilities that are to be provided for each area listed h the leR hand column.

)uter Users Area

も _
repe早?p早_____ 二__ 十~~~~~~
0 1 碑 , い 0 公 中 ■ _ _ _ _ _ _ 一 一 ― 一 一 一 ― 一 一

尼rep豊埜壁mbly空望

Test&l明 amtenance shop

ShOp_______

ctive Storage

〕nd Terin storage

一獅
一獅

一

208

208

Table 3.5-1-Utility Matrix
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ProyF」er ThrOughowt UO肘     L '20 χ X χ χ χ X X X

Vacuum EcuiDment Area      r 208 X X X X X X 0.15 X

Mo企 hanin角1′t,tilities Ecutoment Room 208 X X X X X X X

lnsnection Area′ Receivinc a ShioDing 208 X X X X X

Cleaninc Area X 0.10

ExDettment EcuiDment Area 208と 480 X X X X 0.10

Change Room X 0.05

Bea″ ,rtrDe Fncrosure 208 X X X

cヵ,,rer Pra"rs r5たoca百o船ヴ 208&480 X X X X X X X X X

T a b l e  3 . 5 - 1 ( C o n t ' d ) 一U t i 拍呼M a t r i X
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3,5。l lnteri6r EnvironHlental Control

3.5,1.l Chillers

At the Corner Station,three screw―or scroll‐type artc601ed chillers are placed outdoors and

outstte dle 300-foot exclusion zone ttorn dle LVEA.Each cl田ler wnl be sized for 50%of the

d e s i g 五l o a d , a n d  o n e  c t t l e r  w ユl  a l w a y s  b e  i n  s t a n d b y  m o d e . T h e  M i d  a n d  E n d  S t a t i o n s  h a v e

s i m i t a r  a r r a n g e m e n t s  o f  e q u i p m e n t  3 0 0  f e e t 缶o m  t h e  V E A s . T h e  l o c a t i o n  a n d  d i s t a n c e  a r e

selected的― ― e dle ttcts of both vibration and acoustic noise on the LVEA,VEAj and

thett foundations,Screw―or scroll―type chillers generate less noise h low―fにquency range

(iゃe.,below 63 Hz).High― 缶equency lloise will be dispersed over the distance.The Corller

Station Chiller Yardよx】udes provisions for insセ11lation of a foulh cttler if argon‐lon lasers

are selected.

Chillers seiected are based on perfomance using R-22 rettigerant.For Scroll―type machines,

R‐22 cttlers o鯨研a varilty of size and range.R‐134a rettigerant chillers are limited in s挽,

r a n g e , a n d  l n a n u f a c t t r e r s , a n d  a r e  4 0 % l e s s  e f「l c i e n t  t h a n  R・2 2  c t t l e r s . I n  a d d i t i o n , o e r h a p s

d u e  t o  i t s  n e w  e n t t  i n  t h e  m a r k e t ) w e  a r e  u n a b l e  t o  f l n d  a n y o t t  W i l l i n g  t o  c o E m e n t  O n  t h e
r e l iおi l i t y  o f i t h e  n e w  t t a c止距. C a t t i e r  C o r p o中t i O n  w工l  m a k e  i t s  f r s t  s c r o l l  c t t l e r  u s l n g  1 3 4 a

rearigerant by the end of 1995.

M a n u f a c t t r e r s  a d m i t  t h a t  t h e  t e c h n o l o g y  o f  H F C‐13 4 a  r e t t i g e r a n t  t t  c h i l l e r s  i s  n o t  s u f F l c i e n t l y

developed.All manufacttrers will still guarantee parts and services foF the life of R‐22

chillers` i「he ratiOnal of selecting the lR-22 cttlers is cost and perfomanceゃ

Water chllers serVmg ttc Mid and End Station,will be 10-ton scrol卜type chillers,Two

chillers sized for loo%of design load each,will serve each Mid and End Station;therefore,

one will always be ln standby mode in caSe oflnamtenance downtlme on the other.

3.5,1.2 Water lDistribution

CoHler Station cttlers are located outside the 300‐foot exclusion zolles. Chlled water plpmg

is routed into the Mechanical Room via buritt plpes.Cl週led water pipes are l■
ミulaⅢd,Mid

and End Stations have similar arrangettlents and routmgt

3.5,1.3 Air Handling Units

Each att handlhg udt(AHU)will COnsist of a vaneaxial fan,prefllter,90%eば iciency fllter,

coollng coil,hu正遠diflers,and mlxlllg box. Vaneaxial fans are selected for dle±lower acoustic

noise below 63 Hz.High aに quency noise is attenuated with duct s工encers.Aユ l fanミare

dmttt_driven to avoid the erects Of bett slおPage Or misalignme正.All fans be opertting at he

same speed and“ in―phase."
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3.5。1.4 Att Disttibution

3.5。1.4.l LVEA and VEAs

Supply ar is ducted館om the AHUs to a double wall duct,c6nstant vohime‐type system,and

ducted tt abovetceiling ductwOrk ofthe LVEA and WEAs.Att is then distrihted with

nexible ductt to HEPA fllter modules located h the∝iling surface.Att temperattre leaving

t h e  t t I U s  w m  b e  c O n t r 6 1 l e d  t t  m e e t t h e  m o s t  d e t t w i n g  Z O n e . 軸s  i s  d o n e  Ⅲ c O n s e r v e

e n e r g y  a n d  m l n t a i n  c o n s t a n t  a t t  n o w . D u C t  h e a t e r s  w i l l  b e  p r o v i d e l  f O r  f m e  m n i n g  t h e  s p a c e

t e m p e r a m r e .

LVEA a士 おremmed via a wall plen1lTll provided by the envelope of the double wall.□阻S

establishes a uddttectional downward flow pattem across the LVEA.The remm ar regiSters

are placed at floor level h the walぃarOund the permeter of the spacei

Supplemental duct sdencers are provided tt the m分血supply ar ducts h the fan room as
necesSary to attenuate any noise ulthe ar ducts downstrealn of the AHUs.

Two 100%畑 US wユl be used to supply ar to the LVEA.Each AHU wよ1的にlude two fans,

tWo C001士 唱 COユS,and two hllmidiflerst Components will be selected such that 3 sets of

components out of the 4 w工 l be handle the peak load.

A i r  d i s t r i b u t i o n  f o r  t h e  V E A s  o f  t h e  M i d  a n d  E n d  S t a t i o r l s  a r e  s i r n t i a r , S u p p l y  a n d  r e m m  a士

is provided the sarne way.There will be one AHU per Mid and End Statio五 .AHUs are built

h  d u a l  c e l l s ( e a c h  W i t h  1 0 0 7。ca p a c i t y ) W i t h  O n e  c e l l i n  d u t y  a n d  t h e  o t h e r  i n  s t a n d b y  m o l e .

3.5.1.4.2 0peration Support Bunding

The tec血直cal area ofthe OSB w述 l be selved by a built―up AHU.The tec面 cal area wユ1

血 lude the Facェitt COntrol Room,Computer Users Room,COmputer Mass Storage,Tape

R o o m , D i a g n o s t i c s  S u p p o r t , O p t i c s  L a b , V a c u u l n  P r e p a r a t i o n , a n d  E l e c t r i c & M e c h a n i c a l

M【amtellance.

S u p p l y  a r  i s  d u c t e d  a r o m  t h e  A H U  t o  d o u b l e■距t , v t t i a b l e , v o l l l m e  m l x i n g  t e m i n a l s  a n 4

ducted to the above‐ce工瞳 ductWOrk.Double‐ duct,variable volume mlxmg temmal provide

zoned temperattre control wi価側t rehe筑"母 TttS process will c9nserve energy and ut拡立ea

COIIIInOn air handling system for all zo邸ぉ.Att is then distrihェ悔d with nexible ducts tO a士

dittsers located tt the ceuing surface wm HEPA ttiters.Remtt att will be via remm a士

grユles located at aoor level.A collstant‐a士―volume system lnay be providld tt the roornミ

wttCh requtte att pressurization relative to the surrounding rooIIls.

The Administative cttcゃs wttl be served by A single"zone varlable att vollllneげAV)ar
h a n d l■g  s y s t e m .駈V A V  t t m i n a l s  wユl  b e  p r o v i d e d  w i t h  d u c t  h e a t e r s .
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3.5,1.5 Space Heating

A life cycle cost(LCC)analysis revealed that elecdC resistancc heaters are more econottcal
than propane,heating od,and namral gas.Electric heaに rs wtti be located士述ide tt AHUs.

An inexpensive power Fatei and ttgh initial costs ofbonlrs,pumps,pゎing,and mamtenance

of boilers are the mh factors for the lower LCC of elecric heating.In addition to the low

LCC of electic heat血唱,electicity is cleaner energy and w■l not generaにvbrations.

3.5。1.6 Hm回 宜diflcation

T h e  h u m i d i f l c a t i o n  m e t h o d  c h o s e n  i s  e l e c t r i c  t t W  W i t h  r e g u l a r  d o m e s t i c  w a t e r  a t  t h e  C o r n e F

Station,and Reverse Osmosisは 0)dttraliZed water atthe Mid and End Stations.RO

water is nettssary at thl Mid and End Stations smce there is no domestic water supply tt flush

the h出□敵ユiflers.

Huttidiflcation is pFOVided to erlsure a― um relative hunidity of 30 percent.

3.5,1.7 Dehuttudincation

Dehttdiflcation is aclieved by cooling the ar thrOugh the cold att deck in the AHUs.The

c o l d  a r  d e c k _ u m  a O w  w i l l  b e  s e t  a t  2 5 % R H  t o  e n s u r e  h u m i d i t y  c o n t r o l  d u r 瞳

moderate seasolls or hours.Hunidity will■ot exceed 70%RH.

3.5。1.8 Supply Air Filters

All fresh outside ar and recrculat士唱air is fllⅢred With a preniter and a 90%efflciency air

fllter.In addition,the supply air is flltered with 99.97%eFttiency HEPA ttlters before bchg

distributed to clean environlnents,LVEA,and VEAs.HEPA ttlters are located h the cei地 堪

surface.

3.5。1.9 Pressurization

The LVEA and VEAs are to be Elalntattd at a nominal positive pressure of O。15 inch w.g.

In practice,actuュl space pressure is detettd by wttdward inflltration and leeward

exflltration. Other rooms lllthe OSB and support areas ofthe Mid and End Station are also

pressurized but at lower levels. See Table 3.5…l for additional information on pressuru繁
ition.

3.5.2 House Cleattng Vacuum System

Vacuum cleamng m all Cllan areas of the LIGO Facnities is to be accomplished With a

pOmble cleanroo■ l compatible vacuum cleaner. This item will be provided by Others,

Parsons―LlGO牲
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3.5.3 Clean/Dry IIIstrument Air

hs― ent att will be provided for the HVAC control system.Duplex att COmpressors w■l be

located h the Mechantcal Rooln and mounted on a common receiver. ThiS Systeln w工l include

a距 館とerated air dryer and contrd,anel・

3.5。4 Fire Protection SysteIェs

3.5.4.l General

Since the Comer Station is a Type I,One Hour bu工d嘘 ,and the Mid and End Stations are

Type E Non―Rated bundings,nO flre suppression system is required.H9WeVer,fre

suppression is provided h the Fac工iけCOntrol Room,Computer Users Room,Diagnostics

Support Rooln,and Computer and Mass Sttrage】RooEl aS described in 3.5:4.4.

3.5。4.2 Frewater supply and Pmpmg

The fre prOtection system for the Faciliけshall COIlsist of a dedicated frewater storage tank,

apprOximattly 300,000 gallons,providing a sttady supply Of Water to three 50%frewater

pmps,cach capable of delivering 1000 gpm tt the requttd pressure.One of the frowattr

punps is driven by a propane engine and two are electril driven.The two electic pumps
serve as the prllnary frewater pumps,while the propane engme pump operates as a spare and

is maintattd and hooked up by the Local Fire lDeparment as requred. The propane pump is

also relied upon in tE case the Facilitt power is not available,

T h e  f r e w a にr  p u m p s  s h a l i  b e 血ね1 l e d  p e r  t h e  r e q u r e m e n t s  o f  N F P A  2 0 , 叩t h e  f r e w t t e r

t a n k  s h a l l  b e  i n  c o n f o m a n c e  w i t h  N F P A  2 2 . A n  e l e c t i c j o c k e y  p u m p  i s  p r o v i d e d  t o  m a m t a h

required frewater systeln pressure at all times.

3.5。4.3 Fttewater Distribution

An underground frewater diStribution system is provided,Ttts distribution system provides

f r e w a t e r  t t  t h e  C o H l e r  S t a t i o n  o n l y . T h e r e  a r e  F r e  t t d r a n t s  s p a c e d  a r o u n d  t h e  C o H l e r  S t a t i o n

ata ma― um of 300 feet,

Fttc hose stations are provided insidl the Comer Station per NFPA 14.These frl hos●

s t a t i o n s  a r e  s u p p l i e d般o血a w e t  S t a n d pゎe s y sⅢm.

3.5,4‐4 computer Room Area Ftte Suppression System

A  C l e a n  A g e n t  E x t i n g u i s h i n g  S y s t e m●. g . , I n e r g e n  o r  F M 2 0 0 0 ) s h a l l  b e  p r o v i d e d  i n  t h e
FAciliけCOntrol Roo血,COmputer Users Room,Diagnostics Support Room,Tape Room,and
Computer Mass Storage Room.Each ofthese rooms shall be protected by a separate ire

suppresslon system.
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E a c h  s y s t e n  i s  a  v o d回8  t y p e  r e q u r m g  a  s e c o n d  d e t e c d o n  o f  a  f r e  p n o r  t o  r e l e a s e  o f  f l r e

extlaguishing agent.Release of agent α 期呼sポ花ra2‐rninute delay ttm the pomt ofthe

second fre detection. Tlls delay is provided for personnel to evacuate the area. An audible

alam is sounded at dle pomt ofthe frst detection.

Act市adon of a tnttnual pull sセ注lon(10Cated by the d00rs to each of these roolns)shall

discharge dle fre extmguishing agent for that room without delay.

3.5.4.5 Ftte Extinguishers

Handとheld fre exdコguishers are placed h all bu■dings and rooEIS in accordance wtth NFPA

10。

3.5.5 Pluttbing Systems

P l m b i n g  s y s t e I I I s  W ■l  b e  p r o v i d e d  a s  i n d i c a t e d  t t  T a b l e  3 . 5 - 1 .

3,5.6 Mechanical Specialties

3.5。6,l CoHler Station LVEA Bridge Cranes

One lnonora1l with 5iton

electric hoiSt h the

晩ぽge IⅢm Access

A±lock,and four S―ton

capacity,under‐hung

brldge cranes are

provided in the LVEA,
コ陀 crane system is

p血 担y used for

servicing various

VaCuuEl equlplnent in dle

bu工dinge Cranes

operate m a nOn―

hazardous enVlroment

and are rated fOr class
“
C"service,as defmed

h the CMAA‐ 70.

Each hoiSt iS operated by

a pendant control station

缶。m a00r level. The

pendant control is
suspended J■om a

比sonS‐HGO牲
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宙aVel血唱‐type廿oney that may be moved ttong the bridgl,血dependent of the hOiSt.The

pendant control station lncludes all control pushibuttolls required for operation of the bridge
crtte.

Each bridge and trolley has a double‐speed―type drive witt a ttaveling speeds of 20 and 80

фm.

3.5.6.2 Comer Sttdon Crane and Monora工 Locations

3.5.6.3 Mid and End Station LVEA Bridge Cranes

Each Mid GIanfOrd Only)and End Station includes one 5‐ton capacity,under―hung bridge

c r a n e  t o  s e t t i c e  t h e , S C  a n d  o t h e r  c o m p o n e n t s  h  t h e  v a c u u m  e q u i p m e n t  r o o m .

3.5。6.4 Mid and Ett Station LVEA Bridge Crane Locations

R o o m  N o .

KArea No。)

Description Hook

Height

Span Approx.

Travel

101 and 102

(Area l and 2)

5-的n electric under―hung bridge crane.

One crane covers both roomミ

26'-6" 41'‐6イ 196'-0''

103

(Area 3)

5-ton electric under―hung bridge crane 26'…6" 55'-6" 126'-0"

104

K A r e a  4 )

5‐ton electric inder―hung bridge crane 26'-6" 35'‐6" 100'‐0"

105

(Area 5)

5‐ton electric under―hung bridge crane 26'‐6" 35'‐6 120'-0"

106

KArea 6)

5-ton monoral with electric hoist 15'-0" 35'-0"

Sセition and

R o o m  N o .

Dcscription Hook

Height

Span Approx.

Travel

Mtt Statおn

RooE1 202 and 402

Each rooEl haS One each 5‐ton under―

h u n g  l r a n e

26'‐6" 33'-6" 75'‐0'

Mid Station

Room 204 and 205

Roomミ w止l have one comrnOn 5-ton

under―hung hoist witt monorall

26'‐6 36'‐0"

End Station

Room 302 and 502

Each room has one each 5‐ton under―

h u n g  c r a n e

26'‐6" 33'‐6 55'-0''

End Station

RooE1 504 and 505

Roo恥 will llave one coHInon 5iton

under‐hung hoiSt with monorall

26'‐6" 36'-0"
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3.6 Electrical

3.6.l Electrilal Power Distttbutお n

P r i m a r y  p o w e r  w n l昨b r O u g t t  t O m  H a n f o r d  R e s e r v a t i o n  A r e a  4 0 0  t o  t h e  S t t  v i a  o v e r h e a d

t r a nミr n l s s 1 0 n  l i n e  a n d  t h e n  w n l  d i v e r t  t O  u n d e r g r o u n d  a t  t h e  t t g h w a y  c r o s s i n g s , P o W e r  f O r  t h e

Liv士唱ston Site w工l alSo be supplied by the Local electrにal supply company(1.e。,Entergy).

E l e c t r i c a l  p o w e r  d i s t r i b u t i o n 市担l  b e  a t  t h e  t t h e s t  v o l t a g e  p o s s b l e , w h i c h  i s  t h e  u 胡中

voltage,13.8 kV.Disdtttion w工 l be via al1lFninum muttirconductor cable that is installed by

plow techniques.駈 cable wtt not be protected by concrete or conduit,except witt a 300

foot radius of the Statiolls,The plow―buried cable wユl He at tle edge ofthe roadway fanest

的 m the beam mbe enclosure and parallel to the bettrn mbe.Power wユl enter mto the cudoor

metal―enclosed swiにhgear near the Operatiolls Suppoi Buttding(OSB)and then be distibuttd

的the various buildtts h a single radial system wtt ut工Ⅲ pad‐mOunted tansゃmers

attaCent的山e oudying bulldings.Distribution cable redundttcy is not provided,

Power inside each of the buildings wユl be at 480Y/277V and 208Yれ 20V as needed,with

tranミfoェ上工erS as needed.

3.6.1.l Facユity Power

The table below represents the estinated Power requttments for the LIGO equゃment in the

LVEA for both Sites.●ata最Om Strawlnall and Caltech interchanges.)

Equipment PeakHい め Average12ば w)

Bealn mbe rough vacuum pumpmg 33工
」

Chamber rough vacum pumpmg 331う

Ion vacuum pumps(duritt frst year of

operatioゆ

6

I o n  v a c u u m  p u m p ( s i t e 的1 l y  o p e r a t i o n a l ) 6 3

Electrodic equlplnent 180 100

Shop and servicc equlpment 6 0 28

ChムTnber bake―out heaters 160よ
う

晩sers(血mding c001ingガ 180・
'

180

Table 3.6‐1-Power Demands for lnterferometer,Vacuuln Equゃ ment,and Beam Tube Systems

鵠縦辮縛鞘器ス・
14 AccoIIlmOdate power demands for 2 1asers Plus l Spare. Lasers are 6 or 60 kW each at 480 V

Parsons―HCO牲
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3.6.1.2 Technical Power

Equl耳nent Of moderate sensttivity to over‐voltages and surgesヤエl be isolated宜Om the

Facniけ power system via isolation trttnミfomers and trttnミ拒nt voltage surge suppressors

C「VSS).

3.6。1.3 UPS Power

Unintemptable power wtt be provided at the Corner Station to support critical Facユity

c o m p o n e n t s  o n l y ●. g →d l e  F M C S ) . T t t  l n t e r f e r o m e t e r , V a c u u m  E q u ゃm e 正, a n d  B e a m  T u b e

S y s t e m ミw 並l  p r o v i d e  t h e i r  o M l  U P S s  a s  r e q u i r e d .

3.6.2 Grounding

Groundhg wili be conflgured in a“ground tree"topology.コ随 Overridtt p賦losophy is that

heavy power loads and thett commOn mode and swiにhing tranミients wili be isolated■om

sensitive equlpment and ttsttRHコents. 1ほeavy power loads lie at the base of the tree,along with

the lightning protection grαm的 噌.

Higher sellsttivity instruments and equlplnent wユl be colmected to higher pomts h the

grounding tree as appropriate.Cenerally,shgle―point grounding p皿osopttes w工l apply.h

extreIIle cases,ins―ents will be opto―isolated宜oln electrical noise sources.

3.6.3 Light由 ng Protection

The BTEs w工 l llot be protected般om ligh価上唱.Lightt protection w工 l be provtted for

Facユiけbu』d地噌s only.This is accomplished by 4 combination of Franklh att termmls

conllected to 4 ground counteFpoise around the Facility bundingS,

3.6.4 Lighting

Hghting l敵的res Wttl be shielded and gasketed types,ゅreduce dust contaminatitt and

e t t s s l o n s  o f  e l e l t r o m a g n e t t t  r a d i 紅o n t  C o l o r  r e n d 並l o n  i n d t t e s  a r e  g e n e r a l l y  h g h  d u e  t o  t h e

mttnded use Of metal haltte and high CRI auorescentlamps.A mnlmlltt number of high

Pressure sodllm lamps will be used outdoors toユhi品inate lxterior d6ors and loading docks.

3.6.5 ComlnunicatiOns

3.6.5。l Facユity Ethemet/Local Area Network

A local area network eAN)w』l be ins協1led to suppo■the data collection ttnctions ofthe
F a c t t i t y  M o d t o r t t  a n d  C o n t r o l  S y s t e m  o ィC S ) ・T h i S  i S  1 0 0 % i n d e p e n d 9 証o f  d l e  L A N

provided by the Control and Data System(CDS).
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3.6.5.2 Telephone

w r e d  d i g i t a l  t e l e p h o n e s  w i l l  b e  p r o v i d e d  h  a r e a s  t h a t  a r e  n o m a l l y  o C C u p i e d . P r o v i s i o n s  w i l l

b e  l n a d e  t o  a 1 l o w  t e l e p h o n e s  t o  b e  i n s t a l l e d  a l o n g  t h e  B T E  a t  d l e  S e r v i c e  E n t r a n c e s .

3.6.5,3 Wtteless Trallsceiver

R a d i o  t e l e p h o n e s  a n d / o r  w a k i e 伍臨 e s  w 』i  n o t  b e  p r o v i d e d  a s  p a r t  O f  t h e  F a c n i t y . ェt w 工l  b e

User的匝dshed if desred by the user,

3.6.5。4 Public Address System

Public address pagtt Will be provided tt the Comer,Mid,and End StatiOns.No public

address capabiltty wユl be provided for the BTE.コ五s system w工l be based on 70-volt

tranミfomers and related devices(1.e.,L‐Pads and switches).

3.6.5.5C16Sed Cttcutt Video

A r e a s  o f  c r t t i c a l 血はアe s t  t t  t h e  e x p e r l m e n t a l  o b s e r v e r s  w ■l  b e  m o n i t O r e d  b y  c l o s e d  c t t c u i t

video(CCTV)・ Areas of coverage include the LVEA;VEA,酌 adittg Docks,and exterioF

entrances,and parking areas as requested by the USer.

3.6.5。6 Slcurity System

The per士距悔r of the bullding will be monitored with the use of magnetic dOor swiにhes.

Noェェェェally unoccupied areas of the Facility w■lbe mon宜ored by occupancy detectors,cither

と」磁ared or uttraSonic,as applicable. Intrusion Or occupancy detectio■wni be enunciated on

dle centrally located FMCS operator's console.

The BTE will have田田コmum provisions for an mmsion detection systeEl tt be ttstalled tt the

mmre.This w■ l consist of access tt the FMCS Local Area Network CAN)cお le tllat rtlrls

dle le理由 Of dle BTE and corlnects all Stations.All doors on the BTE w』l have keyed

hardware to preVent entry but not exk ttom the BTE.

3.6.6 1nstrumentation and Controls

3.6.6.l Facility Monitormg and Control

There are two maJor data systeEIS at the Site. '「he science experment and all science―related

data are collected h the COntrol and Data System(CDS).ThiS System iS bemg designed by

the LIGO Statt and does not mterface with the FMCS.
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馳 FMCS is the other data system and is part ofthis Facnity Design package.枠purpOSe

o f  d l e  F M C S  i s  t o  p r o v i d e d  c e n t r a l  c o n t r o l  a n d  m o n i t o r i n g  c a p a b 工町 f O r  a 1 l  o f  d l e  F a c d i t y

related equlpment and systernミ. This includes:

● Mec駒 直cal Att Handl血唱EquipElent

e Rettigeration and Heating Equlpment

● Pctable Waにr Equlpment

, C t t l e d  W a t e r  C t t u l t t i o n  E q u t t I I l e n t

● Electrttal Power Distribution EquiPIIlent

● Electril狙 Light山唱and Receptacle Branch Cttcu施

● Flre Detecti6n and Alarln System Supettislon and CoTnmon Control

・ SiⅢ  Security and Access Control Supervision and Comrnon Control

● Bridge Crane(on/0め

The FMCS wユ l have a centrally located coIIsole in the Fac工ity Control Rooin ofthe OSB so

t h a t 狙1 回巧o r  F a c ユi t y  c o n d i t i o n s  a n d  o p e r 筑l o l l s  c a n  b e  C o n t r o l l e d  a n d  m o d t o r e d . T h e  F M C S

w工l be electrifled缶om technical power system(See Sections 2.6.7.2 and 3.6.1.2)and baCkTup

power is supplied by a UPS system(see Sections 2.6.7.3 and 3.6.1.3).

T h e  a r c t t t e c t t r e  o f  t h e  s y s t e m  wよl  f o l l o w  a  d i s t r i t t t e d  m o d e l . T h i s  a 1 l o w s  e a c h  o f  t h e  v a r i o u s

s i b―s y s t e mミ, l i s t e dおo v e , t o  h a v e  t h e  a b■i t y  t t  s t a n d  a l o n e  h  t h e  e v e n t t h a t  d l e  F M C S

backbone coElttHnにatiOns network fans.Each of the disttibuttd subsysttms shall ttwe a

compatible data protocol so that the system can be se究・1lessly mtegrated.

The corninunications backbone w出l be accessible at required P9mts on the Site,sO that the

的 nctioIIs of the IIlaster c6ntrol coIIsole Can be reproduced at these pomts.

The FMCS w工 l silmmar携 ,and make ava工able to the Operator,all conditions‐of―state for the

equお車ent that is controned or mO車tOred by the FMCS.
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3.6.6.1.l HVAC Monitoring and Control System

駈 HVAC Monitoring and Control System is a subsystem Ofthe FMCS.The purpose of曲 よs

subsystem is to control and monltorぃec早低e inventory of ttAC―related equlpment.F6T

example,dle chiller plant and indivi的問 electric ttater units will rece市e commands for

balanced heatitt and cooling loads mm the IIvAC Monitoring and Control System.

C敵予ulation pumps and f10w balancing valves wtt aiso receive sta」stop and modulation

commands ttom the FMCS.

Htth-level staJstop coI回 理mぃ ,and_g Stams of all motor― driven equipIIlent,wユ i be

t e l e m e にr e d  t o  d l e  F M C S  s o  t h a t  g r a v i t t t i o n a l  w a v e  e v e n t s  c a n  b e  v e r n e d  a g a i n s t  F a c 工i t y

events.

3.6.6.2 Fire Detection and Monito血 噌 System

The rre detection devices h the LVEA wi1l consist of smoke detectors placed witt dle

remm ar ductwOrk.The Mechattcal Room,OSB,and Mid and End Stations shall be

protected with photoelectric smoke detection and thttnual pull statiolls.The design ofthe
detection system shall confoェェェito the ttqulrements of NFPA 72,and tte mぁ

nual pull statiolls

s h a l l  c o n f o ェl ■l t o  N F P A  1 0 1 . D e t e c d o n s  a r e  r e p o 嗣t o  t h e  F t t  A l a r m  C o n t r o l  P a n e l  G A C P )

located in dle Facility COntrol Roo印.Status ofthe FACP and alarm pomts that are momtored

by the FACP Wttl be reported to the FMCS.

The CDS orovided by Others)w工 i not mterface with the FACP orthe FMCS.

3.7 Vibration

The prmary vibration criteda for LIGO is not to increase the ambient vibration level by a

f a c t t r とr e a t e r  t h a n  f o u F  f O r  t h e  P S D  s p e c t a  m e a s u r e d  a t  t h e  H a n f o r d  a n d  L i v i n g s t o n  S i t e s ,

over the l髄●quency range from l ltlz t0 100】工z.

The initial ambient PSD curves for the two Sites are shown in Figure 2.7-1.MOre recent

ambient PSD measurelnents were mde for dle Hanford Site in December,1994 and are shown

h Figure 3.7-l and Figure争.7-?.Additioml ambient PSD Ineasurements wil be mde at dle

Livhgston Stt during 1995,As noted h the lneasured ambient PSD curves,the vbration

levels within the ttequency range缶om l Ett to 10 Hz are very low and ttdicate thatthe Sites

are extremely quiet.The vibration criteria for dle LIGO Facユ ity also states that narrow band

spike vbrations can be peH■ ltted at the operatmg最●quency of various equlpment components

at ittequencies abOve 10 Hz.

The dyrlamc soll properties for the Hanford Site are given h the gectecllttcal report by

E)をInesどこMOore,February 10,1995. The surface layer is 13 to 20 feet thick with a shear

wave velocity of 890 feet/second,a nomnal son unlt weight of l10 pounds/cubic foot,and a

Poisson's ratio of about O。4, The dyrlamc soil properties for the Livttgston Site are given h

the geotecttcal report by Woodward― Clyde,January 6, 1995. The soil below the surflcial
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layer is relatively unifom to a signiflcant depth.The shear wave velocity ofthe son is 700

feet/second,with a nclninal unlt soil weight of 120 pounds/cub拒ゃot,and a POiSSon's Ⅲ10 0f

O,4.These soI Properties w工l be used in developing dle dynttmic sO■stittSses for the
modal―■equency analyses ofthe foundatiOns supporttt the SCttntiflc equlpment.

A2とinch 4士gap w工l be used tt help decouple the LVEA foundation館6m tt Supersmcmre

飾阻血d o n s . T h e  2‐i n c h  a r  g a p  wェl  b e  r e v i e w e d  t o  a s s u r e  t h a t  t h e r e  w工i  b e  n O  m t e r f e r e n c e

between the components.NoⅢ that veHical se“lement should not signiflcantly皿距nce the

slze of the att gap,

The chiller plant will be located several hundred feet館om the LVEA foundation atthe Comer

S t t o n  w m  d l e a v aェぉにe対s t i n g  g r a d e d  l a n d . C皿陀r  J a n t S  t t r  t h e  M遭叩 E n d  t t b述

wユl be located a sttitiar distance章om the critical scientirlc equlpElent foundation in a

d t t e c t i o n  a l o n g  d l e  B e a m  T u b e  t o回由主口位々 t h e  r e q u r e I I l e n t t  f o r  a d d i t i o n a l  l a n d . T随中出le r

plant equゃment wェl be onおolated skids that w工l provide an attenuation争的r of+湾ut 100・
This attenuation is due to the isolation system with a namral frequency of about 5】Hz and the

ro協血唱components in the的 ユler with a ttquency of about 60 Hz.

Thc HVAC equlpment h由 I Mechttnical Area風瑚aCent to the criical scientiflc equlpment is

supported on isolators tt reduce the vめrations tanミIIlltted iom the equlpment to d陀

mechttntcal equlpment foundationi The equlpment isolation system c9nsists of a stiばskid that

supports the various ro協曲埴 equlpment components,sulh as fans and motors.The sprmg

isolators tte conventional rotatmg equlpment suppoHほ.For LIGO,equlpment mttnufacmrers

will be requred to demonstrate that the isolators provide the op血田m iSOlation and attenuation

of the equlpment vibratiolls by conducting acceptance tests at the factory Sites,and at

c6mpletion of itttallation.These testt are coIIsidered to be criical smce they w工l demOIlsttate

dlat the operatiollal coflguration of the equipIIlent,skid,and isol狂lon system sttistt the

attenuation requrements RT the vibrations produced by the rotating equipment.
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There are scveral possible equipment isol筑lon systems that COuld be used to reduce the

transmission of vbrations館om the rotating equゎme述 的 itS fOu田ね,10n,through the

intercoanectmg sott media,and mto dle foundations ttr the crittal sttntiflc equlpment.

Standard mechanical sprmg isolattrs provide an inexpensive and ettcient means of isolat地

rotatmg equwIIlent vおr京lons tom the supporting fountttion.HoWever,more erlcient

i S O l a t O r s , s u c h  a s  p n e u m a t i c  i s o l a t o r s , c a n  b e  u s e d  a t  a  S i g n i f l C a n t  m c r e a s e  m  p n c e . H i g h

perfomance pneumatlc isolators will increase the cost of an is61ated equlpment sttd system
by S20,000。00 to S50,000。00. Aldlough dtts opdon could be includPd at some nlmre time,it

does not appear that such 4 cost lncrease per equipment skid was justitted to reduce the spike

amplmde caused by various rotatmg equipment components.

3.7.l LVEA,OSB,and Associated Superstructtre

3.7.1.l Ground Trallsmission of Vibratiolls to the LVEA Foundation

S e v e r a l  f m i t e  e l e m e n t  m o d e l s  w e r e  d e v e l o p e d  t t  e x p l o r e  t h e  a m p l i f l c a t i o n  c h a r a c t e r i s t i c s  o f

o n e ―m e t e r  a n d  t w o ―m e t e r  t h i c k  f O u n d 証l o n  s l おs  f o r  t h e  p r e v l o u s  L V E A  a n d  M t t  S t a t i o n  a n d

End Station scientiflc equゎment as shown in the Facユ並たs9079 Concept Design RcPort・ The

current LVEA foundation thickness is 68‐山citts and the results of the fmite element analysis

will be presented at the PDR presentation.

3.7.1.2 PSD Analysis of LVEA Foundation

F血 te element beam models fOr the one‐meter and two―Ineter thick LVEA foundations were

anttlyzed uslng tte LIGO Standard PSD curves shown for the Hanford Site in Figure 2.7-1,

and Figure 3.7‐2.T独 3 results of these ttnttlyses were shown in the Facilities 90%Concept

D e s i g n  R e p o r t . □随 c u r r e n t  L V E A  f o u n d a t i o n  t t t c k n e s s  i s  6 8 - 血h e s  a n d  t h e  r e s u l t s  o f  t h e

fmite element analysis wili be presented and the PDR presentation.

317.1.3 Frequency and Modes of dle LVEA Foundation

The LVEA found筑lon mode shapes and ttquencたs were described in dle Fac』ity 90%

Concept Design Reporte One and tWo meter thick foundation models were made for the

previous conflguration of dle LVEA foundation slab.

The current LVEA foundation is 68‐inches ttick and is solid,WithOut voids.Ttts central

area is 57 feet by 77 fect h plan view.The other areas ofthe LVEA foundation are 37 or 57

feet wide and 80 or 120 feet h le理由.

3.7.1.4相晩通Induced vibratiOns

The wttd induCed wibratlon analyses of the exteriOr buildittg for the LVEA and VEA

e n c l o s u r e  s t r u c t u r e s  i n d i c a t e  t h a t  t h e  w W  i n d u C e d  v i b r a t i o n s  a r e  r e l a t i v e l y  s m a 1 l  a t  w i n d
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speed less↑h力n30 1Bph. Measurements werP made by Caltech at tle MOSes Lake JAL

Hanger indttate that the ambttnt PSD is only a鯨賛ted slighdy by ttinds less fhttn twenty

m p h . E s t i m a t e s  o f  d l e  w 皿血 u c e d  v i b 血O n s  e t t c t s  o f t h e  L V E A  f o u n ねt i O n  w 工l  b e

presented a the PDR presentation.

Other concerns regar血鴫 the namre ofthe ettcts produced by wind suCh 4S the varytt ar

pressures produced vrithin dle smcmres over the LVEA and VEA foundation Slabs is be唯
considcred by Caltech.Future c五悔ria may evolve mm these investtgations that coull

requtt changes h the wtt panel and r∞ f panel ttquetth

R is requtted that wind,rain and other envむOnmental erects do not prαttEe acoustical or

vibrational lrects that exceed the design requttements more thAn 5%of the t血̀

3.7:2 Chiller Plants

3.7.2.l C皿lёr Plant Location

Ci』ler plant rotating equぉment generally produces severe vibratiolls.It was dete―ed that

chilled water supply could be easily transported through a piping system to the HVAC

mechanictt rooms without s推算遠iCant cos低.Therefore the chiller plant wユl be loCated

several hundred feet住om the LVEA smcttres mrdertO mm― e the dismrbances最 om

the chiller plant on the criical scientttc equipment located in the LVEA.

E s t 血使s  f o r  t h e  t r a n ミ血 s s i o n  o f  r o t a t m g  e q u i p l n e n t  v めr a t i o I I s  f r o m  t h e  c h i l l e r  p l a n t  t t  t h e

LVEA foundation are based on the surface wave tranミ EmSS10n allalyses developed by G.N.

Bycro丘
“
Forced Vibrations of a rigtt circular Plate on a Sen遠―Inflnite Elastic Space and on

an Elastic Strat削中
",Phi10sophilal Tranミ

action Royal Soclett London,and P.Bo MaCCalden

TCOupled Respollse of Two FoundatiollsF Fitt WOrll COnference ott Earthquake
Engineer血唱,Rome ltaly.Volume Ⅳ ofthe 90%Concept Design Rep6主,C41Culations,

Figures Bl‐26 shows the attenuation tEt can be expected as a編Enction of the diStance缶om

dle vibrat的堪foundation.Chiller equiPIIlent foundadon is approximately 30 feel by 40 feet
c o n c r e t t  s l a b  W i d  a n d  E n d  S t a t i o l l s  h a v e  2 0 ' b y  2 0 ' s l おs ) . , a S e d  O n  t h e  a b 9 v c  r e f e r e n c e s ,

e s t m a t e s  f o r  d l e  v i b r 4 t i o n  l ●v e l s  p r o d u c e d  b y  t h e  c h i l l e r  e q u i p m e n t  a t  t h e  L V E A  w ユ1 昨

presented in the PDR presentatio■.

3.7.2.2 Ch工 ler Plant EqulpIIlent lsolatio■

□瞳 chiller equゃment rOtatlng sped is 3600 RPM,K60】セ).The cttler equiplnent Weighs

21,400 pounds and wユl be mounted on a sprmg is01旋d sttd.Typttany the fOundation

s h o u l d  b e  a b o u t  i v e  t l n e s  d l e  e q u i p m e n t  w e i g h t  t t  r n h i n t , e  V i b r a t i o l l s . T h u s  a  t w O  f o o t

dlick ch述11r foundation is recommended that wユl be at least flve tmes the weight ofthe

chiller equipment and skid.The取たal Sprmg isolators have a llattral ttquency ofおOut 4

Hz to 6】Hz so that the static deflection of the sprmg lsolators are O.25 to O.50 iIIches. Based

on Figure Bl‐27(of the 90%Concept Desttn Reporty,the is。1筑Or attenuation,ctOr should

b e  a b o u t  O . 0 1  b a s e d  o n  6  H z  i s o l a t i o n  t t e q u e n c y  a n d  a  6 0  H z  r o t a t t t  e q u t t w n t  o p e r a t m g
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■equencye r the vbration曲述t ofO。10 g is met at the rotating equlpment skid,the inertia

f o r c e  o n  d l e  v i b r a t t t  s k i d  i s  a p p r o x ―t e l y  2 , 1 勺p o u n d s . O n e  p e r C e n t  o f  t h i s  f o r c e  i s

transmitted through dle isolation system tt the foundation w駈lh results in a chiller

equlpment foundation accelerati?n OfO・2 milli‐g foundation ttceleration for an undamped
isolator or a l.OE立111‐g foundation acceleration ibr a less erlcient isolation system.

3.7.3 Mid and End Stations

恥 m i d  a n d  e n d  s t a t i o n  f o u n d a t i o n  f o r  d l e  s c i e面n c  e q u i p m e n t  h a S  p l t t  d i m e n s i o l l s  o f  3 5

feet wide by 77 and 57 feet long respectively and is expected to be 68‐inches.

3.7.4 Equipment lsolation Recorllnendatio】 ぷ

3.7.4.l Spring lsolator RequireElentS

It is proposed dlat all of the rotating equlpment sttds be supported on sprlng lsolators as the

standard meanミOf aChievtt vibration isoャtion・HOWever,■ is recogtt that pneRlThntic

isolation of dle equゃmett Skids would tt mOre eredive but Would have high cost,The

option to use more erective pneumatic isolation of the equipment skidS w出l be considered

when obta闘唾 VendOr quotations般om the equゃment mnufacttrers.It may be possible that

some equipment vendOrs have developed ttgh l館ciency iso脇二on systemミthat only have a

modest mpact o五the cost of the equゃment and sttd support system.It has been generally

d e t e n 血劇 t h a t  a  s t t d  d e s i g n  a n d  i s o l a t i o n  s y s t e m  d e s i g n  p r o v i d e d  b y  t h e  F a c 述町 d e S i g n e r

for each equlpment component would llot be cost erective since the coSt IEpaCt Would be in

the range of S20,000 to S50,000 per component. I壮工s cost is based on a pneumtttic isolator

cost of S2,000的S5,000 cach plus the cost of mOdi母由g and Sti3陶1山軽the equipment sttd

base.

I n  g e n e r a l  i t  i s  e x p e c t e d  t h a t  t h e  s p r m g  i s o l a t o r  n a t t r a l  t t e q u e n c y  f o r  t h e  s k i d  m o u n t e d

e q u i p m e n t  w i l l  b e  h  t h e  r a n g e  o f  4  H z  t o  6  H z . T h i s  i S 0 1 a t i o n  t t q u e n c y  i s  c o n s i d e r a b l y

higher dlan the typical pnematic isolator sysにm dlat has itt frst mode fttquencies in the

r a n g e  o f l  H z t o  2  H z . T h e  t t g h e r  i s o l a t i o n  l 随q u e n c y  o f  t h e  s p r m g  l s o l a t 1 9 n  s y S t e m  m e a n s

dlat the static denecdon of the spring isolators is COnsiderably less than that of the pneumatic

isolator system.HoWever,the sPrmg isolattr provides less vibraton attenuation for,kid

v おr a t i o n s  t r t t n ミm i t t e d  t o  t h e  f O u n d a t i o n  o f  t h e  l n e c h t t n t c a l  e q u ゎm e n t  r 0 0 述.

3,7!4.2 Short Circuit Prevention

コhe standard sprmg lsolatOr deslgn iS provided for attnost all roセにと堪 equlpment skids.The

reason Some of these systelns do not perfoェェェl as designed is due to the lack of attention paid

的
“
ShOrt clrcuits"h the vibration isolation system. T触多se“short crcui低

"include sttdS that

are heavier than sPcCined that result in the sprmgs belng“botomed out"as a result of

overloading.In HVAC equipIIlent it is possible that nexぉle connections h the duct system

are too stifF or not properly aligned so that excessivl Vbrations are trallsdtted ttom the fans
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to the downstrettm duct system,All ellctrical systernミare prone tt havmg rigld electical

conduit“short cよぅuit"the vibration isolation system by rlg通ly attching the elecrical

c o n d u i t  t o  d l e  e q u i p m e n t  s H d  a n d  t o  t h e  F a c工ity s m c t u r e o  S t r n t t a r“Shor t  c i r c u i t s " c a n  a r i s e

m m  c 0 0 1 地血 過 o r  l u 脱弱 唯 f l u t t  p ゎi n g  b e t t  d g t t l y  a m c h e d  t t  t h e  e q u ゃE l e t t  S t t d  a n d

the Fac工w smCture.Each of these cond並lons can be elirninated by factory acceptance
teS位唱Of the ro協晩 equゎment,f01lowed by neld(On‐ S掩 )軒 Ceptance testing,血 ludttg the

止澄tauation 6f all anc■1よ呼 componentt that mlght potentially=short circu■
"or overlo4d the

equlPInent isolations system.

3.7.4.3 Highくコality Balancing Requirements

M o s t  r o t a t i n g  e q u l p m e n t  i s  b a l a n c e d  s o  t h a t  t h e  b e a r m g  s u p p o r t  v i b rおO I I S  a r e  l血配 的p l u s
o r  m i n u s  o n e  m i l  C . 0 0 1血h e s ) . T h i S  r e q u i r e l n e n t  c a n  b e  c o m p a r e d的4  m a x m u m  v i b T a t i o n
limit of plus or minus 5皿s which isけpiCally the maxinum vibration levels pe―tted

before thAndatory shudown is lnltiated for mlntenance and re―balancmg the equlpment.

High speed equipment that rotates at ttequencies above 2000 RPM o魚加 is的直悔d tt an

accelcrati6n比述t ofO。10 g tt initiate mttmtenance and re‐balanci軍算o prevent vbratory

damage to the equlpment,Thus a well‐balanced IIlachine should not produce bearing support

pomt accelerations lll excess of O,10 g with an expected vibration iev,1 0f about O.05g.
T y p i c a l  e q u I P m e n t  V i b r a t i o n  l i m i t s  a r e  s h o w n  h  V o l m e  I V  o f  t h e  9 0 % C 6 n c e p t  D e s i g n

Report,Figure Bl‐ 45 wttch is found on page 313 of“ Vibrations of Sons and Foundations"

by F.E.斑 chart,Jr.,J.R.Hall,Jr.,and R.D.Woods.h most cases there iS an

opp6mnlty tO ttrove the new equipment vibration levels by strttdy enforcing the vibration

levels durmg factory acceptance of the equlpment. A reduction in the equlpment vibration

levels by a facttr of O.5的0。3 can be achieved by rigorously enforcing the vibration

qualiflcation speciflc苺lonS,

3.8 Acoustlc

3.8.l lnterior Acoustics

ln order tt moderatt dle reverberant Sound in the mtt spaces,acousttal absorpdon wユi be
included in surfaces血益hes,The ce工ing materialヤ■l be a cleaMbleたoustical t工e havi曜

a n  N R C  o f  a p p r o x m a t e l y  O , 6 . I n  a d d i t i o n■wユl  b e  n e c e s s a r y  t o車g  a d d i t i o n a l  a b s o r p d o n
on dle walls in the foHn ofpaneis to make up the diヨわrence in the requ故●d absorpdon. At

血 s Point appro苅団崎ly 5000,1000,and 750 square feet of absorptive panels are ttticipattd

fOr dle cOHler Station LVEA,and Mid and End Station VEAs,respectively.

3.8.2 HVAC Noise Control

Based o,the rloise requttments and premmm劇 りfan sOund power levels,the supply duct

work w工 l have a crcular cross‐section wherever possよ減e, Forthe LVEA,noise lontrol

requlres slencers IIIs“にCaCh AHU and perforattd―lined cttcular duct館0理 the AHUsto

HEPA fllにrs located h the ceilings ofthe LVEA.Ducts will be stted so As的強減tthe now
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velocities to control noise due to mbulent flow. Refer to Section 3.5。1.4 for additional

detaus On the methods used to reduce HVAC nolse.

3.8.3 Exterior‐ to lnterior Noise Control

■le exteribr building shell w工l be ttulated lnetal panels,The roof wnl be single‐Ply

r o o f m g . T h l  m t e r i o r  s h e l l  w i l l  b e  b u n t  O f  2 5 ‐g a u g e  E l e t a l  s m d s  w i t h  5 / 8 ‐i n c h  d r y w a l l . T h c

ceilng wユl be a ttgh TL acoustical tile,Selected areas of dle inte五or wall will be lined wi血

2‐血ch ISB 150 board for acoustic absorption.

3.9 1nterface

S e v e r a l  s y s t e m s  a r e  d e s i g n e d , p r o v i d e d , a n d  i n s t a l l e d  b y  O t h e r s  a n d , m  g e n e r a l , c o l l s i s t  o f

the lに1孤liSttd below,■速 Seαion discusses only the pttsica血俺rfaces between each

SySteEl and the Fttnity. In addition to this,design coordmation between all design

contractors for layout of these systems wユl escalate dtt the F血江Design Phase.

Refer to Table 3.9-l for a ma任ょ descrゃtiOn Of血はIfaces between the Facユity and

equipHlent fuコ直shed by Others.

3.9.l Vacuum Equipment System

The Vacuum System consists of the followtt subsystems.

● Vacuuln Chamber Subsystem

e Vacuum Tube Manif01d Subsystem

● Pmpttg Subsystem

●  Valve Subsystem

● Vent and Purge Subsystem

● Bake― out Subsystem

● Monltor and Control Subsystem

3.9.1.l lnitial Del市ery of Equゃment

At the pott of“Joint occupancy"dle LVEA wttl be accessible and ready to start lnstallation
of“Equlpment Fumished by Others"h a condidoned environTnent.A Lrge ltem Access

A±lock is provided for controlled and 4士ect access tt the LVEA via tt a±lock space.

The End and Md Stations on each Beam Tube am w工 lbe hdv過 胡 ly accepted h a

complete cond並lon with的1ly operating systems and transferred to the Vacuum Equゃment

Contractor for tttallation work.A large equゃment enw dlrough dle hspection/Receiving

and Shippmg and the Cleamng Area provides access to the VEA for inRtaliation.
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The VacuuHI Equipment lnstaller w■ l prOvide all necessary hand“ng SySten tt mOVe large

pieces lfvaCuuEl equiplnent and their components into the LVEA at the Corner Station,and

dle VEAs at dle Mid and End Sttdclls.The 51ton mOnOraa in dle Large ltett Access

Airlock w工l be avanable for use by the VE Contractor durmg their inミtal半tiOn process.

3.9。1.2 Strucmral lnterface

The LVEA slab atthe Corner Station and dle VEA slab atthe Mid and End Stations will be

nat and level.“Lんvehess"wユ l be detemlned by the“local"coordmate sy,tem at each

Station.Local and global coordh4te systernミare defmed h Section 3.1.6.

Anchor bolts for the vacullrn chambers,valves,and vacuum pumps will be provided,located,

a n d  t t t a l l e d  b y  t h e  V a c l l u E I  E q u i p m e t t  l n s後工er.

Thrust reaction anchors and foundatiolls are required where gate valves are located.These

a n c h o r s  r e q u i r e  s t r判難 and  S側随 ss t o  r e s i s t  t h e  l a r g e  a x i a l  f o r C e s  t t P o S e d  b y  a t t o s p h e r拒

pressure when the valves are closed and vacllllln iS On only one side of the valve.

s m c m r a l  s u p p o r t  w i l l  a l s o  b e  F a c工的 prOV i d e d  f o r  t w o  L N 2  S t t r a g e  t a m  t p r O v i d e d  b y
Others)located Outside the Corner Station,two LN2 StOrage tanks or9Vided by O的lrs)
located outside the Mid Stations and one LN2 StOrage tanks OroVided by Others)10Cated

outside the End StatioIIs.

3,9.1.3 Electrical lnterface

Electrical power and groundmg wユl be supplied from the FacユiけOr technical power systems

to several vacuum equlplnent components.See Table 3.9-l for的ぱbrIIlation on individual

components.

Power and ground for the Monitor and Control subsystem is proVided by the fac述Iけp9wer

and ground system.AnunmteHuptable power sup1ly GPS)iS not provided ttr dliS ittm.

Power fOr the VacuRlm Equゎment Bakeout subsystem and ali vacuum pumps is provided by

the Fac工iけpOWer system.Crounding is to the faciltt ground.

Lttge gate valves may be powered by eitter electriciけOr by other mealls.This wユl be

detemined by the vacullln cquお呼 nt deSigner.

3.991.4 Mecttcal hterface

The Facditt bridge cranes w述l support most ofthe components ofthe Vacullm Equipment

System.See SeCtion 3.5.6 for ttrther discussion on matedal handlと堪.

The only physical interfaces are wor血唯 enve10pes and dimenslonal issucs.Mechanical

u t t t i t i e s  a r e  p r o v t t e d  b y  t h e  V a c l l u m  E q u i p m e n t  C o n t r a c t o r  f o r  t h e  o p e r a t i o n  o f  d l e  V a c u u m

ParsoIIs-lLIG10＼ミニ
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Equipment System.This includes a liquid ttrogen Sttrage and disl直悦tion subsystem and a

vent/purge subsystem.CoOrdinadon of planning and layout of these sibSystemミis required

d u r i n g  t h e  F 血l  D e s i g n  P h a s e  o f  t h i s  p 珂∝t .

3.9.1.5 1nst― lntation and Controls lnterface

The FⅢユⅢ dOeS nOt血lrfaCe with the ModtOring and COntrol System that is provided by
dle Vacuum Equlpment Contractor.

3.9.2 Bearn Tube System

T h e  B e a m  T u b e  S y s 俺血 c O n s i s t t  o f  t h e  f o 1 l o W t t  S u b S y s に述 如 o  l o m p O n e n t s .

● Blam Tube Se即 随nts

● Expanミlon Bellows

・  Pmpmg Ports

● Baば les

● Beam Tube Support and Lttvel理SubsyStem

●  Bake―out Subsystem

3.9.2.l Strucmral and Physical lnterface

llx)beaHl mbes connect to the vacuum equipment at ternmus valves located inside the

LVEA and VEAs,Nextto each ttmmus valve is a flxed suppoi that anchors the ett Ofthe

bealn mbe modules to a concrete mat foundation. These attundatiOnS are decoupled ilom the

LVEA and VEA foundations and will have su:温cient mss and stimesS tO―
lze

movement of the te― us valves when load is applied.

Load Amount

Vertical eOwnward) 8,000 pounds

Axial Cither dittctioゆ 40,000 pounds

Lateral(either drectiOo 3,000 pounds

温 樹 麒 韻 艦 繊 帯 船 鷺f船 1総 ど鮒 縦 鮎 ,檻 e

vibrati6n and temperature ttansfer,and provide a tight seal to ml―
lze infdtration of ar or

dust and emmょBtt aCCess for lseCtt and antrn角ls.

3.9.2.2 Electrical and Groundhg lnterface

At Livmgston,poWer for的 止ial bakeout ofthe bealn mbe will be般om poHable generatOrs

鷲品摂婿艦路堪麓挑譜:iF:]モ艦総警群括挑盤盤浦野∬
的血Cables
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A t  H a n f o r d , P o w e r  f o r  i 宜t i a l  b a k e c u t  o f t h e  b e n r n  t u b e  w i l l  b e  n К) m  p O ねb l e 廿角i ミf O r E l e r S

p r o 輸礎d  b y  t h e  B e a m  T u b e  c o n t r a c t o r . A c c e s s  t o  t h e  b e a F n  m b e S  i s  p r O v i d e d  S O  t h a t  c おl e s

缶Om poHable ttanミ foェ上lerS Can be connected to dle beam mbe bakeOut System‐  PoHム ble

tanミfo■mer are attached to buried power vaults supplied by Public UtilitttS District eLttD).

COnneCtiOn and discomection is done by the Benlm Tube contractor.

During and attr dle Start‐Up Phase of LICO,Fac工Ⅲ POWer and grounding w■l be proviⅢd

at the vacuum port 10catiolls(1.e.,every 780 feet along the beam mbes)for pOWer supply中

vacu 1 l m  p u n p s , r e l a t e d  b a k e o u t , a n d  o n e述― entat i o n  r a c k  a t  t h o s e  l o c a t i O n s . L i g h t

f l x t u r e s  a r e  t t s o  p r O v i d e d  a t  t h e s e  l o c a t i o n s , P o w e r  d e m a n d  f o r  t h e s e  t h r e e  i働述 iS

estithated at 5 kW and all Service Entrances.

3:9.3 Detector System

The Detector System consistt of the following subsysteIIIs and components,

a) Interferometers

i)  Lttsers― Pre―Stab■ized I盟ser

il)  OptiCS― Input/Output optics and Core Optics

面)Alttlllnett Setting and Contrd,晩 ngth Senstt and Contrd

iV)   SeiSEdC IS01ation and SuspeIIsiorls

b)  COntr01 and Data System

C) PhySiCS Monltormg

d)  Support Equipment

3.9,3.1亜tial Delivery of Equttment

htia dd市 ett of徒 位 tor system equゃ Inett W皿 晩 via theゅ ad地 0∝ k ttt ettrS the

s h i p p i n g  a n d  r e c e 市雄 雫 a  o f t h e  o S B , a n d  M t t  a n d  E t t  S t a t b 述. m s ぉ r e ぃ 胡 的

I n a i n t a h  d l e  c l e a n l i n e s s  o f  t h e  L V E A t  S 血1 釘s t e p s  a r e  t t q u i r e d  t t r  e q u t t m e t t  e n t e r i n g  t h e
“
clean envttonIIlent"areas ofthe OSB.

3.9.3.2 Electrical I五悔rfaCe

Electrttal power wtt be provided tt the components of曲直s system Via hardとwired

connectioIIs or,血 soIIle CaSes,w411 0r a00r receptacles for equゃ ment that is movable.In

most cases tec拘直cal power and ground土唱Wユi be provided.

コ陀 Con t r o l  a n d  D a t a  S y s t e t t  i s  n d  p r o V i d e d  w i t h  F a c工it y  S y s t e mモPS  P o W e r .

3.9,3.3 Mechattcal lnterface

Ltters have a selftcontained coding system that cottiStS Of a dosed loop of circul筑地

delonized water.Ths closed loop w工 l interface市i山a Facility哉田led Water c士lutt near the

location of the lasers.The血悔rface will consist of a water―tぃwater heat exchanger.The

heat exchanger is provided by the Detector Systeh C6ntrよctOr.The FaCility―pFOVided c瞳1led

Parso耐 ―LIGO【 進             Design Conflダ 述∝ COntrd D∝ uEle駈
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water的 障 that mterfa∝s with the heat exchanger ttust supply cooling capacity for two 14sers

runa■ng concurrendy.The pOwerload is shown m Table 3.6… 1.

3.9。3.4 1nstruIIlentation and Controls lnterface

口陀 Facnities'insmmentation and controls do not mterface witt the Control and Data

systew(cDS)that iS provided by the Detector System Contractor.

Erec臼げca′ Mec力 a″′ca′

System,Subsystem′ or Co加βone,t

Ｌ豊

ミ

主
ヽヽ
Ｏ
Ｆ

、
Ｑ
質
ざ
こ
電
ミ
ミ
ミ
０
せ

ヽ
ミ
０

ミ
０
お
母
ミ
０
ミ
ゃ
、】リ
ミ

お
ミ
０

電ヽ
０
」ミ
ミ
０
世

ヽ
ミ
０
心
ミ
ｏ
辞

也

ミ
０
＞

”
り
、
電
ミ
軍
酎

０
ミ
Ｈ
、
ｅ
ミ
革
受
ミ
奏
ふ

ｔ
Ｏ
鮮
き
り

軍ヽ
母
豊
Ｓ
仏

せ
０
丹
き
り

電ヽ
豊
ミ
的
長
首
革

０
０
ｎ
や
京
ヽ
ミ
ヽ
ヽ
電
ミ
０

リヽ
ミ
Ｏ
Ｒ
ミ
６

ィ,DerecrOr sySrem

1.l Control&Data Acquis碇 ion System X X X X

1,2 Physics Monitoring X X X X

1.3 interferometer Subsystem X X X X X X

1.4 SuDDOrt Equipment X X

2.yacwtrm宮 9切わ何θttr Sysre何

2.l BSC Chambers X X X

2.2 HAM Chambers X X

2.3 Monitor and Controi Subsystem X X

2.4 Main Roughing Pumps X X

2.5 Cryo Pumps X X

2.6 Main io,Pumps X X

2.7 Anhulus Pumps X X

2.8 Valves X X

2.9 Vent and Purge Subsystem X X

2.10 Bakeout Subsystem X X

2.1l Turbo Motecular Pumps X X

2.12 Backing Pump System X X X

2113 Vacuum Tube&Beam Manifold Supts X X

2.14 LN2 Tank X X X

2.15 Portable Ciean Room X X

3.Bea何 万げbe Sysre何

3.l Beam Tube Supports&Leveling X X

3.2 Vacuum Pumps Subsystem X X X

3.3 Vacuum Pump Bakeout Subsystem X X

3.4 Beam Tube Module X X

Table 3.9‐1-hterface with lnterferomeに r,Vacuum Equipment,and Beam Tube Systelns
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4.Referenced DocuIIlents

4.l Federal Standards

Number Title

FED‐STD-209 Cleanr00m and Work Station Requirements,contr0111o_EnvttonEle証
FEDoSTD‐ 595 Color and Number ldentiflttdon

狙性 2 9  C F R Federa1 0ccupadonal and Hdth

OSHA 2207 COnsmcdon lndusw… OSHA Safety and Health s処

4.2 Military Standards

Number Tme

肌 おA R Y i m ― A R D S

MILcSTDG461D G r o u n d i n g , B o n d i n g , a n d  S闘に1曲ng f o r  E lαtt o n i c s  E q u l p m e n t  t t n d

F a c t t d e s  A p p E t t d o n s

MIIrSTI)‐ 1246 Product Clg渡 問hess Levels and Contamination Control PTogram

M田 レVo18436 Val▼es,Check:BrOnze,Cast‐ Iron and Steel Body

4.3 hdustry Standard Codes

Number Tme

IIndustylSmdard Codい
ASME Codes Pressure Vessd Codes,Section VIH&IX
‐B16.29 Wrought Copper and wrought Copttr A1loy Solder Joint Draittge

Fttings

,B31.1 Povfer Pわ虹
―Sectibn WIII Rules for Collsmcdo五of Pressure Vessels
,Section EX ASME Bo■ er and Pressure Vessel Code

BOCA B岨曲噌o価cials and Code A的山曲貯ators―Standard for the
DResittl and lnduatiOn Of the ntt suppression System for LiFe SaFety

SBC 挽 dard Bu出晩 Code

UBC Unifom Buttd&ntt Code

UTC UniFo口m Ftte Code

UMC Ul耐泣m Mechanical Code

U P C UnifO口阻Plumbing Code

Parsons―LIGO牲
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4,4 1ndustry Standard SpecincatiOns,and Cuidel上Es

Number

AASET0

Manual

SpeCiflCation

SpeciflCaton

SpeciflCatiOn

ACCA

M a n u a l  D
もfor Commercial

Summer and Winter
Manual Q

ACCIH Am9直 can COnference OF Gわ Vernmentalニ ュロtlsE田 出 I■Jちに Lい い

―Chapter 2 General Ventユation

Amartran rnTlrFpte rnsばtllte
ACI

smcmtts and

ガヽら十合ri力1ミ

- 1 1 7

戸

-318 Bund止 唱 COde Requrements 10r Kα
nTorcalし ulヽ 工●に 4Huし υ■■■■出しエエ四 エプ

60
、古__S― 、A‐ .…… n_月

‐530 Bunding COde Requrements lorじ onc時こじ y su

AEIC r檻1描品乳野的T_CS 5

=^1月 ▲rt lDハit,ar

‐CS 6 濫空培!協皆艦 協穏ド
に耐

__====ニ ニ===ニ ユニー_――――T卓■TT― ―~=中 ~~rTTir害 =F~丁 工工王「万百=こ t_r__'r_n_

―S-68二516 Ethylene Propylene Rubber lnsuiatcc WIじ 祖肥し4υによΨ… と

and Distibution Qf Ettctr統l Energy

A F B M A 京百“_Friction lk忠 ゴbtt M劇 酎田agLurerS ASSO明 ユロOn

‐9

AISC

AISI

AMCA
,99

‐
2 1 1

‐
3 1 1

-500

ANSI
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Number Ttte

‐A13.1 Scheme for the ldentttcation of Pお地 Systems
‐A53 Speciflcation for Pipe Steel,Black and ttot Dゃ辞 ,ZinC COated,

Welded and Seamless
‐B16.3 Malleable lron Fittings
―B16.5 Pitt Flanges and Flanged Fitthgs

とB16.9 Factow Made WrouEht Steel Butt Woldtt F血地 s

‐B16.29 Wrought Copper and Wrought Copper A1loy Solder JO血 D勲的 gl

FttinEs
"B30.2 Safety Code for OVerhead and Ganw Cranes
‐B30。10 Hooks
―B31.1 Power Piping
‐B32 Standard Speciflcation for Solder Metal

,B88 Spec温cation for Se狐」ess Copper Water Tube

・C2 National Electrical Safety Codlび「ESC)
―Z358.1 Eyewashes and Showers EquゎInent,Emergency
‐

900 Test Performllce of Air Fユter Units

A R I 粒 Con価 oint and Refrttadott Lttdt政

イ10 Force Cttculation Att Cooling and Att Heating,Coils
-430 Central Station Air Handl地 UnitS
-530 Method of Measurmtt Sound And Vbration of Rettigerant Compressors
-540 Method for Presentation of Compressor Perfoェ.llance Data

ASCE Ame高 can Society oF Civtt Engineers

o7‐88 Minimurn Design Loads for Buよ 血鴫s and Other Strucm中 呈

ASHRAE Amedcan Society of Heating,Refrigerating and Air ConddoI山 lg

Ettα rs
‐

1 5 MechanicaI Code ttr Rettgeration
‐52 Method of Testing J位‐Cleaning DeVices Used h Cenerお Ventm10n

的r Removtt Particulate Matter
‐34 Number Designation and Safety Classiflcatio五of Rettigerants

o1989 HDBK Fundamentals

ASME Codes Pressure Vessel Codes,Section VIII&IX
‐B16.29 Wrought Copper and Wrought Copper A1loy s01der Joht Drainagl

Fitts
‐B31.1 Power Pわing
‐Secdon WIII R u l e s  f o r  C o r l s m c t i o n  o f  P r e s s u r e  V e S s e l s
―Section EX ASME Bo出 er and Pressure VesSel Code

ASSE 舶 Cattety OFStt Engineers
‐1013 Reduced Pressure Princわle and Pressure

AS蜘 A m e H ― S o c i e t y  f o r  T l 闘h t t  a n d  M a t e r i a l s
‐A36 Standard Speciflcation for Smcttral steel

ParsoIIs―LIGO牲 D e s i g n  C o n f l t t a t i O n  C o n t r o l  D o c l l m e n t
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Number Tide

mustyl鞠 弱 1帥 廷生査豊い離1陣‐ ‐ 工土
‐A53 亜醜iflCation for Pipe,Steel,Black&HOt Dipped,

and Seamless

Zinc Coated Welded

‐A123 Standard Speciflcation for ZincはOt Dtt Galva直 究d)CcatttS h

Iron and Steel

―A126 Speciflcation for Cray lron Coatmgs foF ValVes,Flanges_
―A278 Standard Speciflcatio五 for Cray lron Castings and Pressure,Containing

Pam for Temperamre

‐B32 ミ也ndard SDeCiSにadon for Solder Metal

:叩des,_Copper WateF Tube‐B88
‐B280 Speciflcatお五やr Seamltts COpper Tube調 粒 CO配 拒Oning配

Rettgeration Field Service             __二

tC553

‐lD2737

Surfa"酌 闘 唾 Charac俺 isticS of聖 璽 墜 Mated狙 s
‐

E84

‐F50 Standard PracdCe for ContmuouS Stting and Countmg ofAirborlle
Particles h Dust―Controlled Areas Usmg hs―ents Based Upon

r iohtミとattering PrixぅiDleS

"F328 Standard PractiCe for Detem■ nmg countmg ana slzmg ACCuTacy ol

Airborne Parti1le Counter Using Near‐Monodisperse Spherical

Particulate Materials

411

‐F649 Standard PractiCe for SecOndary Calbration of AirboHle Partttle

Counter Using Compar     S

AWS Amattα in Wddhtt Societv

―A2.4
‐A3.0 ミFandard Weldintt Tems and lDerlnltloas

Standard for Welditt Procedure and Perfomanc)e QualiflCation―B2.1

‐Dl.1 孔 mcmra W1lding COde‐―s餃1
―D14.1 speciflc斑16n fOr Welditt lndu母重al and M工l Cranes

BOCA B t t d i n g  O t t c i a l s  a n d  C o d e  A m a t o r S ―鋭皿d a r d  l o r  t h e

Desittl and lnmllation Of thゃ_Ftt Suppression System for耳 ゃSaFety

CCA arllnhr岱碇d Cas Assciation

面誘面頭率酌ment fOr oxygen Serv位____‐
4 . 1

CMAA Crane ManuFamers Associadon of Anedca
-70 SpecincatiOn地王至1∝直C ttVettead Traveling Cranes

CTI ttB助

D H I Door Hardware ttHi輸 配e

WS〕 Pub 94 Gttdeme On El卸面cal Power for ADP InmllttOns

EEE c a l  a n d 醐〔難 価 C  E n g i n e e r s

‐43 R e c o ―e n d e d  P r t t t i c e  f o r  T e s t t  l n s u l 筑l o n  R e s i s t a n c e  o f  R o t a t m g

Machinery

田 SNA HDBK Illuminating Engineertt SOCi的ドo理些里堅塾里里型理型瑳
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Number Title

IES 血 曲 陀 o F  h北 o n m e n t a l闘 読 占 , R e c o m m t t d e c P r a c t i c e s
―RP‐CC‐001 HEPA F工 にrs

―RP‐CC‐006 TestinE Cleaarooms
‐RP―CC-013 高嘉石雨高誘面調両璃罵面再百誘瓦巧画面面覇両画面託iration or Validation

比ocedures

MSS ManuFamers standarttzadon Society
―SP58 Pipe Hangers and Supports
―SP67 Butrflv Valves

とSP69 Pipe Hanger and Supports,Selection and Applicatbn

―SP70 Cast lron Cate Valves,Flanged,and Threaded Ends
‐SP72 B a l i  V a l v e s  w i t h  F l a n g e d  B u t  W e l d e d  E n d s  f o r  C e n e r a l  S e r v i c e
‐SP80 Brollze Cate,Clobe,Angle and Check Vttvl呈

NACE‐ STD National Association of Corrosion Emα うrs cathodic Protdi6n
‐lRP-02-75 Applicatio五6f Org卸随 Coating tt ExterElal Surface of Steel,ゃe fOr

Undergound Service

NASA Nadonal Aeronautics and Space Adninistradon
,NSS/GO―

17範 .9

N E M A Nadonal Elg上 高cal ManuFamers Association
―MCl Motors and Cenerators

N F P A N a t i o n a l  F t t  P r曲賊 on A s s o c i a t i o n
=13 Installation of Sprinkler Systemミ
-13A Inspecはon,Testing and Maintenttnce 6f Sprinkler Syste耳述

‐54 NatiOnal FucI Cas Code
‐70 National Electrical Code
-72E Automatic Fire Detectors

‐78 LitthtninR Protection Code
-80 Fire Doors and Windows

‐85B S t a n d a r d  f o r  P r e ミミ 。n  o f  F u m a c e  E x p l o s l o n s  h  N a t u r a l  C a s ‐F t t e d

Muldple Burner Boler
-90A Install▲don of Air Cond描oning and Ventユating Systens
‐

99 Standards for Health Care Facttides

NIOSH T e c h n i c a l  R e p o r t : G u i d e  t t  l n d u s t r i a l  R e s p r a t O r y  P r o t e c t i O■

NIST National酎 的俺oF Standards and Technology

NSS National SaFetv ttdards

SBC Standard Bttd臨 宮COde

SMACNA Sheet Metal and▲士‐Cond間 血 Contractors Nadonal AsNttiatioB

Hね由Pressure Duct Consmctiott Standards

Low Pressure Duct ConsmcはOn standards

GuidelineS for Seis配た Restramtt of Mlchanical Systems
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TtteNumber

Round and Oval Duct Consmction StandardS

Architecttlral Sheet Metal

S S P C SteelSmmes P油 1位曜 Cm

‐SP‐2 srace Prepttation,Hand T001毀

‐SPと3 Surface Preparation,Power T理 l Cle肛血唱

‐SP…10 Surface Prepartton,Near‐覇施掩 Blast Cleaning

UBC U面 olm Buttdmng Code

UFAS Uniform Federal Accessib出 守 Standards

trFc Unifom Ftt Code

L I L Unt通前 kriS Labora的直es
‐96 Litthtt Protection Syste述

‐
1 8 1 :里二呈
-467 Grounding and Bonding of E4uipment

-555 T£akage ttted DamDerS fOr USe ln Smoke COntroi Systems

y Particulate,Att FJter U述低-586

-900 Test Perfomance of Att Fユにr Units

‐1072 Medim Voltage Power Cabll呈

UMC rTnttnrrn Mechanid Code

Uniform Plumbhtt CodeUPC

USCSA lrnited states General tt「たcttAmad側U述 俺d States General t

Certiflcation Test for Air Flow MeaSu由噌 StatiOns
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4.5 Site Specinc Reference DocllmentS一 General

Nuber Tide

RFP―YM 193 Appendi∝ sA,Bi and C Ofthe Requlst for ProPosal No.YM 193 for

LIGO Facnitv Desitt and Consmction Management Support

Was血 拘田崎n DOT S t a n d a r d  S p e c i F l c a t i o n s  f o r  R o a d  a n d  B r i d g e  C o n s m c t i o n

W益 町 on DOT Standard Plans ttr Road and Bridge Consmction

941208‐01 ,L160 Facnity,LIGO

Document l100003 of dle LICO Vacuum Equlpment Request for

Proposal No.MH 178

941220‐02 B e a m  T u b e  M o d u l e  S p e c i f l c a t i o n

941228‐11 Beam Tube Enclosure Statement of Work and,ean Tube suppo車

Detans

950104‐01 Uttity Conduit Design Calculadons and Drawing

4.6 Site Specinc Reference Documents― Hanford

Number Tide

srrEisPECHCIREFERENCEIDOCmENTS

OSHA/MSHA Wa的 山郎on lnstimte Of Safety and Health A位述dstration

Washin4on DOT Standard Speciflcations for Road and Bridge ConstuctioE

Was血 尊on DOT Standard PlanミfOr Rcad and Bridge Consmiction

941219-01 Hanford― Land Use Pemit

941219-02 Hanford一MemOrandRlm Of Understanding
941219-03 Hanford― Envttonmental Assessment

941219-04 Hanford i Finding of No Sig拭置にant httact
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