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LIGO Facilities

MIel Weingart

Preliminary Design Review

Present航lon
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uttOSe and OttectiVe

> P u r p o s e…Pr e s e n t  L I G O  D e s i g n  T e a l n ' s

evaluation ofthe prtteCt and the 300/0
design that has developed to meet prdect
requirements.

>0明 eCtiVe_Reach a consensus baseline

facllity design thtt will develop into the

rlnal design and consl併uction bid packages.

Parsons口LlCO牲 2



eslgn TiEleline

>Pro〕ect St例止: Janua/ry9 1995

> 3 0 0 / O  C o n c ёp t  R e v i e w i  F e b t t a r y , 1 9 9 5
>Presented 6 1nterferometer Arrangelments

>600/O Concept Reviewi March,1995

3Parsons口LiCC)〈巡ニ



arsons TiHleline(Continued)

> 9 0 0 / O  C o n c e p t  R e v i e w i 又節 r i l , 1 9 9 5

■P r e s e n t e d  C o n s匂阻ct i o n  C o s t  E s t i m t t e

> E s t i m t t e  f o r  6  1 n t e r f e r o m e t e r s  E x c e e d e d

Budget Constraint

>Prttect Direlted Trade Sttdies:May,1995
>Design Teal岡と]Directed to Proceed with Final

Concept(3 1nterferOmetOrs)

Parsons―LiCO牲



arsons Tilneline ｄ
ｅｕｎ

“伍ｎＯＣ
／
１
＼

>Descoping Exercise,July,1995

> P r e l i m i n a r y  E ) e s i g n  R e v i e w i  N o v . 9 夕1 9 9 5

>Authorization to proceedi Nov.15,1995

5Parsons口LiCC)《ミこ



genda

Topic Presenter Time

Introduction

Requirements

Design

口Overvlew

口3D Model
口

 C i v i l

―Architecture

M.WeingaJし  9:00 am-9:10 am

J.Hermann  銑 10 am-9:25 am

To Melott

R.Carbone

J.Blasius

S.Ford

9:25 am- 10:00 am

10:00 am-10:25 am

10:25 am-10:50 am

Breをk 10:50 am口 11:00alm

6Parsons口LiCC)〈モ、



genda
ヽ
コ
ノ

＋
し

，

ｎＯＣ
／
Ｅ
＼

Sttctural

Material Handling

Mechanical

F.Dickens

T.Melott

A.Atia

10:45 am―

11:15am―

11:30 am―

11:15 am

ll:30 am

12:00 am

Lunch 12:00pm-12:30 pm

Electrical

Technology Sttdies

口Acoustics

口Vibrations

K.Ralnsing  12:30 am口 1:00 pm

M.Long     l:00 pm口 1:20 pm

P.MacCalden l:20 pln口2:00 pm

7ParsonさoLiCC)《モ、



genda
ヽ
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卒
し
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ｎＯＣ
／
‥
＼

Construction Cost Estimtte
―Basis ofEstimtte
―Httford Summary
―Livingston Sulmlnary

Wo Messzik 2:00 pm-2:30 pm

Review Colnmitec Mtg. M Coles 2:30 pm― Closing

8Parsons‐LlGC)《巡こ



echnical Presentation FoHtttat

>Elach technical discipline will present the

following info]阿nation:

>Requirel岡tents

> P r o p o s e d  A _ p p r o a c h

> O u t s t t t l d i n g  l s s u e s  t t l d  R e s o l u t i o n s

Parsons口LlCC)〈ミヽ



eslgn Review Approach

> E a c h  d i s c i p l i n e  w i l l圧L a k e  a  p r e s e n t a t i o n

>QueStiOns will be entertained tt any time

dlring the present航lon

>For tty comHlents or issue arises that need

dispensation,f11l ollt a conllnent fom and

pass ittO the Review Board Secretary

Parsons口LlCO牲 10



esign Review Approach

Continued

>At the concluslon ofthe presentatio■s,the

comment fon岡 is will be screened.

>ComlmLents which require resolution will be

read夕and individuals resp6nsible for action

identifled.

>All resolutions will be agreed to by the

COHllnentOr and the respondent.

Parsbns口LiCC)〈ミ、 々
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Desigtt Rёquirements

JeffHemann

Parsons‐LiCC)〈ミニ 12



可or DCCD Updates

>Two lnterferometers

> R e v i s e d  V i b r a t i o n  C o n t r o l  C r i t e r i a

>Less Than 4 TiHlesthe LIGO Standttd PSD

>Peお魚Amplitudes E)eflned

>Ren住oved Cleanroolns

>Ch肛 ェge in Lasers:Argonilon to Nd:YAG

Parsons口LiCC)(モ、 13



aJor TD酌生s Received

300'Radius

200'Radius

|  |

_ジ |
路:1獄窃ブ
ー       ー  ー ー 才

/

Base,侑 θ
(12・Cutfor Pad)

Top of Grade

Elevation 533' Proposeび
(Pad at Existing Grade)

>Relocation ofChiller Plants

Parsons‐LiCC)〈巡ニ 14



relinninary ICD Infomation…

Rlcelved

> P r e l i l n i n a / r y  l n f o m 航l o n  o n  L V E A  L a y o u t

>Telephone Requirel阻ents

>Preliminary Clean Work Benches

>BTEttacility lnterfaling Dimenslons

>Plumbingin LVEA and VEAs

>Layow ofLVEA Power Distribution

Parsons‐LICC)〈ミニ 15



Prelinninary ICD Infomation…

Received rContinued

>Cooling Water Systelns forthe LVEA

>Fume Hood in the OptiCS Lab

Paisons_LICC)《モニ 16



relinninary ICD Infomationニー

conlln

> O s B  R o o m  L a y o u t s

>Grounding and Shielding Requirements in

LVEA/VEAs

> C r y o g e n i c  P i p i n g  a n d  S t o r a g e  D e w t t s

Parsons‐LlCO牲



Design Overview

3D CAD ModelModel

Tiln Melott and

Randy C劉 ibo■e

Parsons口LiCO牲



esigtt Considerations

>Mceting the Technical and OpeTational

Criteria

> D e s i g n  t o  C o s t

> E X p 餌l d a b l l i t y

ParsonsコLiGb牲 19



aJor Deslgn Features一General

>Hanford Facllity will Accommodate One

Full Length and One HalfLength

Interfero】meter Housed within a Co】阻er

Station with Mid and End Stations Along

Each A皿

> L i v i n g s 1 6 n  F t t c i l i t y  w i l l  A c c o m m o d a t e  T w o

Full Length lnterferometers Housed within

a Co】mer St抗lon attd End StttiOns Along

Each Am
Parsons口LiCC)(ミこ



5or DesignFeatures
LVEA/VEAs

>H[ouses the Lasers and Wracuunl Equipment

>68口inch Technical Foundation Separated

from the Superstructure Foundatlon with a

2-Inch Air Gap

>Finishes Consistent with Cleanrooms

>HEPA Filtered Air Supply

>Mechttical Room attacenttO the LVEA

>5-Ton Crane System

Parsons‐LiCC)《ミニ 21



可or Design Feattres…OSB

> H o u s e s  C o n t r o 1 / C o m p u t e r  R o o l n s 夕L a b s タ

Shipping/Receiving/1nspection,Change

R o o m , C l e a n i n g  A r e a t t  O f f 1 0 e s , K i t c h e n タ

Restrooms,and Visitor Support Functions

>Has a Multi口Use Space for Visitor Displays

加d for Conferences with up to 50 People

Parsons口LlCC)《ミニ



5or Design Feattres
httaintenance Bulldin

■Support Services SOt 300 Feet from the

Comer St航 lon

>Maintenance Bullding Housing Support

Shop Functions,Fir9 Pumps,and Electrical

Syste!圧LS fOr the Chillers

>Chiller Yard

>Fire Wtter Storage Tank

>Potable Water System

ParsonきoLiCC)〈ミ、



Mttor DeslgnFeatures―ロ

酌質id and End Stations

>In addition to a F`EA夕 the Station Houses a

Mechanical Roo■ 1,

Shipping/Receiving/1nspection Areas,

Change Rool阻夕Air Lock夕Lab Space,and

Restroom Facility

Parさ。ns_LlGC)《モ`



Items notlncluded in PDR

Packa

> C h i l l e r  P l a n t  R e l o c 航l o n  t t  M i d / E n d

Stations

>Grading around Mi(yEnd Stations

>Site Power Distribution

>OSB Detalled Arrangement

>Power lnterfaces in the LVEA

ParsonsELiCC〉《モヽ



Civil Review

John Blasius

Parsons口LlGC)＼ミこ 26



Site Work

>Grading

>Drainage

>R、oads/Paving

> P t t k i n g

>Access

> L a y o u t  F e a t u r e s

> L a n d s c a p i n g

Pa俺研孟£窪id WaSte

>Potable Water

>Firewater

Distribution

>Chilled Wtter

Aligttment

>Sewage System

>Irigation

27



itework Requirements

>Minilnize settle]岡tent

>Laser level site along bealm attms

洋200 foot trafflc excluslon

>300 foot vibration excluslon

>Interferometer alignment/mount

>Bridge to“ backside"for flre protection

■Minilnize cost,stay functional

Pよrsons口LlGC)(ミ当 28



Corner Station―Hanford

roach

>Civll Sitework Description

>Grading/Drainage(Rough&Final)

> O v e r e x c a v航l o n & C o m p a c t i o n

> E x c l u s l o n  Z o n e s

>Roads/Pttking/Paving

>Bridge Over Beam Tube

>Utilities

Parsons―LICO燈 29



and End Stations_Hanford

roach

> C i v i l  S i t e w o r k  D e s c r i p t i o n

> A t  L o w e r  G r a d e  T h a n  B e a m  T u b e

>Chiller Move to 300 Feet Away

>Access to Nitrogen Tank(s)

>Utilities

>Potable Wtter

>Sewage

>Chilled Wtter Alignlment

Parsons―LiCC)《ミ単



ivingslon Siteworkノ生pproch

Generally the same look as Hanford

Rough Gradingだ 比Drainage

>500 Yettr Flood/Freebottd

>Proper Compaction to Minilnize Settlelment

>Minimnize Flll

> L a s e r  L e v e l  S i t e

>Property Boundtwies

>Sewage Treatttlent

Patton鍋調描ter



LIGO Architecttre

Santta L.Ford

Parsonも口LiCC)(巡こ 32



VEA… Requirelments

> D e s i g n  t o  C o s t  G o a l

>Interlor Clean EnvironHlent

>Minilnulm]Disturbance froi□ L Acoustical

Noise夕Ground Vibrations,and

Electromagnetic lnterference

>Low Risk夕 Ease ofMaintenttce,概 ld

Oper施 1lity

=Bullding Code Requirements

Parsons‐LlCO牲 33



VEA… Proposed Approach

>Architectural Philosophy

>Exterior Bullding Facade

>R、oof Syste]阻

>Interior Clean Environment Materials and

Finlshes

> B u l l d i n g  C o d e  l n t e r p r e t 航l o n

> E x p e d i e n c y  o f C o n s t t t c t i o n

Parsons‐LiCO牲



SB… Requirelments

>Design to Cost Goal

>Low Risk夕 Ease ofMaintenance,and

Oper施 1lity

>Quality Environment for Personnel

>Facility Monitoring and Control

>Accessibility to the Disabled

> B u l l d i n g  C o d e  R e q u i r e m e n t s

Parsons―LlGO牲 35



SB―H Proposed Appr9ach

>Architectural Philosophy

>Exterior Bullding Facade

>R、oof Systel狙

>Entry Facade

> M u l t i口Us e  V i s i t o r s  C e n t e r

>Comfortable&Quality Work Environment

> B u l l d i n g  C o d e  l n t e t t r e t a t i O五

Parsonま石』]ぜedienCy OfClonst回既ction



Mid and End Stations―“

Recuirements

> D e s i g n  t o  C o s t  G o a l

>Interior Clean EnvironHЮ nt

>MinilnuHl]Disturbance froi□ L Acoustical

Noise,Ground Vibrations,and

Electromagnetic lnterference

>Low Risk and夕 Ease ofMaintenance and

Oper施 1lity

>Bullding Code Requirements

Parsons―LiCO牲 37



Mid and Ettd Stations――

Pro osed roach

>Architectural Philosophy

>Exterlor Bullding Facade

>Interior Clean Environl阻ent Mtterials&

Finlshes

> B u l l d i n g  C o d e  l n t e t t r e t a t i o n

> E x p e d i e n c y  o f C o n s t r u c t i o五

Parsons―LiCC)〈ミ単



ssues and Resolutions

> L V E A

>Detalled lnformttiOtt for the Final Dlesign

> O S B

>Detalled lnfomm航 lon for Final Design

>Functional Require]岡tents for Offlce Floor Pl加

> C o m p u t e r  L o o 航l o n s

> F a c i l i t y  C o n t r o l  R o o 早R e t t i r e m e n t s

> C 6 m p u t e r  U s e r s  R e q u i r e m e n t s

Parsons口LiCO牲



ssues and Resolutions

>Mid and End Stations

>D)etailed lnformation for Final D)esign

>Computer Loc航 lons

>Work St航 lons

Parsons‐Ll(3C)《ミこ



Structural Revlew

Freddy Dickens

ParsOns口 LlGC)(巡 当



Cbrner、Midland End

uirel【]【]とentS

Stations―“

>Structural Design Meets UBC/SBC

>Isol航e Bullding Foundation Froltt LVEA

and VEA Foundations

>5-Ton Under― Hung Cranes

Parsons‐LiGO牲



Corner6 Mid End Stations一

osed Desl roach

>Metal Decking Welded to R、 oofBea]圧LS

> H o r i z o n t a l  R o o f B r a c i n g  T r a n s f e r s  L a t e r a l

Loads to Vertical Bracing

>Vertical Wall Bracittg Transfers Ltteral

Load to Foundations

>Isolated and Combined Footings for

Supersl肝ucture

Parsons‐Lit30牲



Cornera 狂ヽid and End

osed Desl

Stations

roach

>Standard Framed Connections

> O S B  M a i n  E n t r a n c e  a n d i M u l t i 口U s e  A r e a

Roofis Made ofOpen Web SteelJoists

Parsons‐LlGO牲



ssues/Resolutions

> L V E A  a n d  V E A  A i r  G a p  L o c a t i o n  B e t w e e n

Technical and Superstructure Foundations

>LVEA and VEA TechnicalF6und航 lo五

Thickness

Parsons口LiCC)〈ミこ 45



Material Handling ReView

Ti□とMelott

Parsons‐LiGC)＼ミ` 46



equirements

>5 Ton Capacity System(Lttge ltem)

>26 Foot 6 1nch Hook Height for Cranes

> A l l o w  C r a n e  C o v e r a g e  o v e r  L V E A  a n d

V E A  A r e a s

>Selmi口Cle例阻Systelm

>Vをriable Speed E)rive

> S m a l l l t e m  H t t d l i n g  S y s t e m ( l  M e t r i c  T o n )

ParsonsTLiCO牲 47



roposed ALpproach

>Multi口Bridge Systern with Laydown Areas

Required in the LVEA and VEAs

>Monorall Cr鋼 にe Within the Lttge ltem

Access Airlock

>Ground Trttsfer System(by Others)fOr

tr肛lsfer between the LVEA ttld the Lttge

ltem Access Airlock and for Smallltems to

and froln the OSB

Parsons‐LlGC)《巡上



roposed Approach

>Possible future addition ofup to a 5,ton

m o n o r a l l  s y S t e m  w i t h i n  t h e  S h i p p i n g /

Receiving/1nspection and Clea4ing Areas of

the OSB and Mid/End St航 lons

Parsons‐LlCC)〈ミ単



Mechanical Systems Review

Atia Y.Atia夕P.E.

Parsons‐LlCC)《巡こ 50



VAC Systems二 ―RequireIIlents
●

>Energy Efflcient Systei圧LS and Equipment

>Stお le Space Temperature(72+/口 3.5°F)

>Facility Monitoring and Control

>Humidity Control

>Meet UMC and State Energy Code for

Washington Site

>Meet Standttd Mechanical Code for

Louisiama Site
Parsons‐LlGO牲 51



VAC Systems… Requirements
,

>Vibr筑 lon Mitig筑lonto LVEA and VEA

>Noise Mitigation to LVEA and VEA

> H i g h  S y s t e m  R e l i a b i l i t y ( 2 4  H r . O p e r a t i o n )

> L o w  C a p i t a l  C o s t

>Cleを阻Environment

Parsons口LiCC)《ミこ



Outdoor and lndoor Conditions

Condition Washington Loulslana

Outdoor DB(Summer) 99F 95F

Outdoor WS(Summer) 68F 77F

Outdoor DB(Wttter) 5 F 25F

lndoor DB 72+/_3.5「 72 十/_3.5「

血door RH 30°/O Min.

700/O Max.

30°/O Min.

700/O Max.

Parsons口LlCC)《巡単



イヽibration Mitigation―甲

Prooosed roaches

> E l i m i n a t e  R e t u r n  F a n s

>Wrane Axial Fans

>Rotating Equipment,No Reciprocttting

>High Denectiott spring Vibr航 lon lsol航ors

工Loctte Chillers&Pumps 300'from Bldgs.

>All Rottting Equipment will Run航20 Hz

or Higher

Pars。十五還で
Chr°nizing Fans at Comner Station

54



Noiseい江itigation――

Prooosedノ生ooroach

>Double Wall Perforated Ducts for LVEA

and VEA

> L o w  A i r  D u c t  V e l o c i t y

>Sound Attenuators on Supply and Return

Air

> V i b r 航l o n  l s o l a t o r s  O n  D u c t s  a n d  P i p e s

Parsons‐LiGC)《ミこ 55



system Reli施1lity
Prooosed A roaches

>Standby Chillers and Pumps for All

Bulldings

>Standby Fans for Mid and End Sta此lons

>Multiple Fans for LVEA

>Multiple Fans for OSB(TechniCal Area)

Parsons―LlCC)《巡こ 56



ystem Reli施 1lity

osed A Cont'd

IndustriallGrade Equip□Lent

Continuous Monitoring

Scheduled Preventive Maintenance

E l i m i n t t e  R e t u r n  A i r  F t t s

Parsons口 LICC)(巡 差



Sttble Space Temperattre……

Prooosedノ生ooroaches

>Retunl Plenum ln Walls and Cellings

>Individually Controlled Thei肛nal Zones

> T h e m■a l  l n s u l抗l o n  O n  W a l l s  a n d  R o o f s

>Isolated Foundation Perilneter

Parsons口LiCC)〈巡こ 58



Humidity Control―

Pro osed roach

■Washington

>Dehumidifying by Chilled Water Coll

> S t e a m  H u m i d i f l e r s ( E l e c t r i c ) , O n  S i t e  P o t a b l e

W t t e r  f o r  C o m e r  S t筑l o n  F a c i l i t i e s

> S t e a m  H u m i d i f l e r s ( E l e c t r i c ) , O f f ―S i t e  R e v e r s e

Osmosis Wtter for Mid ttd End St航 lons

Parsons口LiCO牲



>Loulslana

>Dehumidifying by Chilled Water Coll

> S t e a m  H u l m i d i n e r s ( E l e c t r i c ) , O n ―S i t c  P o t t t l e

Wtter for Colmer St航lon Facilities

> S t e a m  H u m i d i n e r s ( E l e c t r i c ) , O f f  S i t e  R e v e r s e

Osmosis Wtter for End St航 lons

>250/O Min.Air Flow Through Cooling Coll For

Hul■idity Control During Modertte Ambient

Parsons口LiCC)《ミこ 60



Air Handling System…

Prooosedノ生ooroaches

>Concrete AHUs Enclosure for LVEA,OSBタ

Mid and End St筑lons

>Vane Axial Fans(TWO Stage)

>Supply Fans Only tNo Return Air Fans)

>Direct Drive Fttts

>Ducted Supply ttd Plenum Retum

Parsons‐Li(3C)(ミ｀ 61



C l e a n  E n v i r o nment― ―

Prooosedノ生ooroaches

>HEPA Fllters at Supply Air Outlets for

LVEA夕 OSB夕 Mid and End Stations

>900/O Efflciency ln AHUs

>Retum Air Registers Located Near Floor

>Air Locks

>Pressurized Bullding

Parsons‐LICO牲 62



System Application――

osed A roaches

>Constttt Volume夕 (Face ttd Bypass)for LVEA
with Duct Hetters

>Constttt Volume,(Face ttd Bypass)for Mid ttd

End St航lon with Duct Hetters

Constttt Volume,(Double Duct)fOr osB

VAV with Terminal Hetting for Offlces

Electric Hctting

Parsons―LiCC)(ド、 63



ヨnergyConservation…
Pro osed A roaches

>Energy Efflcient HVAC Systems(CVVT)

for LVEA夕 MID and End Stations

>Minimizing Outside Air

> N o  R e h e t t  E x c e p t  F o r  H u m i d i t y  C o n t r o l

>High Efflciency Motors and Chillers

>Insul引↓ed Ducts and Pip9s

>Insul射しed Walls and R、oof

PとrsOn』i言3(こTight C°nstructi9n 64



aCil■yM[Onitoring&Contr61-
osed A roaches

>Direct Digital Controls(DDC)for COntrols,

Monitoring夕 E)iagnostics,and Scheduled

Maintenance

>DDC for Security Systems夕 Fire Al釘m夕肛ld

Enuncla向lon

>Pneumttic Drives for High Reliability

Parsons口LiCC)＼ミこ 65



ssues

> E x p e n s i v e  D D C  C o n t r o l  a n d  M o n i t o r i n g

>S600,000 for DDC Control and Monitoring

>S400,000 for DDC Contro1 0nly

>S300,000 for Pneumttic Contro1 0nly

Parsons口LICC)〈ミこ



Water Supply and Sewage― ―

RcGuirements

>No Potable Water at Mid and End Stations

>No Sewage E)rain at Mid and End Stを 荒lons

>Meet Unifottn Plumbing Code for

Washington Site

>lMieet Standttd Plumbing Code for

Louisiana Site

Parsons‐LlCO《ミニ 67



Water Supply

Prooosed

and Sewage― ロ

roaches

>Potable W引 ↓er Supply for Comer Station

>Waste E)rainage System for Comer Station

>Pressurized Storage Water Tanks for Mid

and End Stと荒lons

>Holding Tanks tt Mid&End St筑 lons

>Point ofUse Electric Wtter Heaters

Parsons‐LICC)〈ミニ 68



Fire

Re

Protection H―

uire]側tents

>Meet Uniforln Fire Code and NFPA

Standards for Washington Site

>Meet Standttd Fire Prevention Code and

NFPA Standards for Louisiana Site

Parsons口LiGC)《ミ`



Fire Protection――

Pro osed A roaches

>No Sprinkler Syste早

>OnHSite Water Storage,Comer Station

>Two Electric Fire Pumps l,000 GPM ttaCh

for CoHner Station Fire口Hydrant Lo6p

>One l,000HGPM Trallerable Prop肛 崎ロ

Powered Fire Pump Provided(by Others)tO
Local Fire Dep例 此□Lent

Parsons口Ilcc)〈ミニ



Protection―“

osed A roaches rCont'd

>Fire Hose Cabinet for OSB

>Clean Agent(FM 2009)Gas for Critical

Rooms ofOSB

>Portable Fire Extinguishers for All Facilities

Parsbns口LIGC)〈ミこ 71



Electrical Systel圧Is OveittFie帝

Kai Ramsing,P.E.

Parsons口LlCC)(ミ単 72



lectrical Requirements

>Mitigate vibration

>Electro]岡tagnetic Coupling夕Noise and

Grounding

> S y s t e m  R e l i a b i l i t y

> E n e r g y  C o n s e t t a t i o n

>Site WrectOr lnputs

Parsons―LIGO牲 73



>Minimize Vibrtting Equipment(1・ e.タ

Switchge釘 夕Transfomaers,etc.)within

Excluslon Zones

>Flexible Couplings between Supersttucture

and Technical Foundation

>Locate all High口Bay Ballasts in the

Melhanical Equipment Room

Parsons口LiCO牲



Hitigate Elёctromagnetic
Couolin roach

>Highest Possible Distribution Voltage

>Separate Grounding for Utility and Facility

4口Wire Wye lsolation

>Triplex Direct Burial Cable Geometry

>Distance Sources frol岡 L ViCtinl Syste]ELS

T  R o u t i n g  O f E l e c t r i c a l  C i r c u i t s

>Fel『ous Conduitto Provide Shielding

Parsons口とlGC)《モ`



Electrolmagnetic Coupling夕Noise

and Groundin Continued

>Technical Power lsolation TransforttLerS

■Tree TOpology Grounding

>Single口Point Ground for Technical Systelms

>Grounding Counte]甲 )oise for Bulldings

>Equipotenti。l Screen Under Computer

Rooms(Signal Reference Grid)

>Delta口Wye Transformations to Mitigate

Power Frequency lttal肛■onic Conduction
Parsons‐LlCC)(ミこ



Electrol側lagneticCoupling,Noise

and Groundin Continued

> S p e c i f y  L o w  H t t n o n i c  D i s t o r t i o n  E q u i p .

>Tuned Circuits atthe Motor Te]陶 住inal Boxes

Control Voltage Spikes

>RFI Lenses on Fluorescent and Metalロ

Halide Fixtures

>Transient・Voltage Surge SupressOrs

Parsons―LiCC)《巡こ 77



ystem Reli施1lity…

osed A roach

>Single Utility Company Owns ttd Operttes

the Distribution System

>Mldium Voltage,Simple Radial System

Architecture

>Silnllar and Simplifled Systel側LS fOr Each

Bullding

>Conventional Manufacturing and Lilnited

Custol阻Components

Parsons‐LiCC)《モヽ 78



ヨnergy Conservation…
Prooosed A roach

>Energy Efflcient Motors

>Energy Efflcient Lighting

> E l e c t r o n i c  B a l l a s t s

>Occupancy Sensor Switches

>Phase―controlled Ele9tric Hetting

>Facilities Monitoring and Control System

Parsons‐LiCO牲 79



SiteWrector lnputs――

Pro osed roach

>Cuttent Sensors in Electrical Equipment

>CDS Collects Sensor Data

>CDS Processes and lntettrets the Data

>CD)S Real口Time Clock Synchronized

Parsonsoとlcc)〈ミこ 80



ssucs

>Facilitiesい江onitoring and Control System

>Telecommとunict流lons

>Laser Equipment Power

>Bealn Tube Lightning Protection

>Cost/Beneflt of・Vttiable―Speed State―

Vector Controlled Motor― Drives

Parsons口LIGC)《巡ニ 81



Acoustics Review

M劉 『shall Long

ParsoAs‐LICC)《ミ、 82



L V E A t t E A  A c o u s t i c s…

uire]岡lents

>Sound Pressure Level

「requency SPL

f>63 Hz PNC-50

f=63 Hz 66 dB

f=31.5 Hz 64 dB

f=16 Hz 61個

f=8H[z 57 dB

f±4 Hz 55 dB

ParsonsoLlGO牲 83



L V E A / V E A  A c o u s t i c s…

Considerations

>HVAC Systems

>Duct―Bome Noise

>Flow Velocities

>Duct Rumble

>ExterioriNoise

>Exterior Source一 TRttks

>Rain ttld Wind

Parsons‐LiCO牲 84



L V E A t t E A  A c o u s t i c s…

ected Results

>HVAC

> R e v e r b e r航l o n  T i m e

> E x t e r i o r  t o  l n t e r i o r

Parsons口LICC)(ミこ 85



L V E A t t E A  A c o u s t i c s…

osed A

>HVAC

>Vtte Axial F餌革一High Frequency Noise

Components

>Synchronous Motors with Phase Control

>Duct Silencers

キConcrete Block Wall Enclosures to Reduce

Well Vibrations

Parsons‐LlGC)〈ミニ 86



L V E A / V E A  A c o u s t i c s一

roach rCont'd

>HVAC

>Round Ductto Reduce Tin― Cttning and

lncrease Translmisslon Loss

>Double Walled Lined Duct

>LOw Flow Velocities

>Vibr航 lon lsol航lon

Parsons口LlCC)〈ミこ 87



L V E A / V E A  A c o u s t i c s…

osed A

>Interior Acoustics

>Acoustical Tlle on Celling NRC=0.6

>Additional Wall Panels

> E x t e r i o r  t o  l n t e r i o r  A c o u s t i c s

淳Do u b l e  W a l l  C o n s匂阻ct i o n  w i t h  A b s o r p t i o n

Between

>High TrをIISnllsslon Loss Acoustical Tlle

>Lttige Air Spacё Between lnterior ttd Exterior

Parsons―LiCC)｀tS!ブ
rallS



L V E A t t E A  A c o u s t i c s一

Issues and Resolutions

>Low Frequency Data… HVAC

Very Little lnformatiOn Below 63 Hz

> M o d e l i n g  t t  L o w  F r e q u e n c y  L i m i t e d

>RLain and Wind Noise not Controlled

Depending on 50/O Criteria

Parsons口LICO《ミこ 89



/ヽibration Review

Paul MacClalden

Parsons"LIGO牲



oundation Analyses

>Vibr航 lon Criteria

>Found航 lon Conflgur航lons

>Acoustically lnduced Vibrt北lons

>Thettmally lnduced Distortions

>Ambient PSD Induced Vibr航 lons

>HVAC Equipment Vibr航 lons

>Chiller Equipment vibr航 lons

>Wind lnduced Vibrt流 lons

>Found航 lon Thickness Trade Study

Parsons‐LICO牲 91



ibration Criteria

>Broad― Bttd Vibr筑 lons

>LIGO Stttldttd Power Spectral Density(LSPSD)

>Acoustic lnduced Vibrations Less Thtt the

LSPSD

>Ambient Ground Excited Vibrt荒 lons Less Th加

Four Tinles the LSPSD

Parsons‐LlCO牲 92
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ibration Criteria…2 nd

>Nttrow― Band Vibration Requir9ments

NarrolwEBand

Vibratton Range

RSS of Three Axes

Shall Be Less Than

Fron1 0日l HZt0 1口O Hz 2。4x10口
7 m/SeC2

From l口 O Hzto 50 Hz 5日OX104 m/sec2

Above 50Hz 3日O X10‐
25{F/1 Hz}9m

Parsons‐LlCC)くミニ



ibration Criteria口3 rd

Acoustic Requirettlents― SPL

>Mtttishall Long's Presentation Slldes

EnvironttLental Effects

> A c o u s t i c  a n d  V i b r 航l o n  L e v e l s i M u s t  N o t  B e

Exceeded More Th例 &50/O ofthe Tilne

>Includes Wind,Rain,加 d Other Local

Environl阻ental Effects

Parsons口LICO牲 94



oundati6n Conflguration
く

>LVEA Foundation

>68 1nch Thick――Solld Reinforced Concrete

> P l a n  V i e w  X ―S h a p e d

>277 Feet By 300 Feet……Overall Plam

Dimenslon

>37.5 Feet and 57.5 Feet――Typical Floor Widtts

>2 1nch Air Ga/p Around Perilneter ofFloor

Parsons‐LiCC)〈ミこ
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oundation Clonflguration―-2nd

>Midコ Station…VEA

>68 1nch Thick――Solld Reinforced Concrete

> P l 加 V i e w  R e c t t t g u l 釘

>35 Feet By 77 Feet

>2 1nch Air Gap Aroulld Perilneter ofFloor

Parsons‐LIGO牲
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oundation Conflguration―-3rd

>End“ Station H―VEA

>68 1nch Thick―Solld Reinforced Concrete

>Plan View一 Recttmgul釘

>35 Feet By 57 Feet

>2 1nch Air Gap Around Perilneter ofFloor

Parsons‐LlCC)(ミこ
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coustically lnduced F`ibrations

>Inputs

> L I G O  A c o u s t i c  C r i t e r i a  t t  L―S P L

>M劉 附hall Long's Predicted SPL‐ML―SPL

> L V E A  R e s p o n s e s

>1/7 th of Criteria at L―SPL

>1/50 th of Criteria】;ML―SPL

>Mid“ StttiOn Responses

>1/5 th ofCriteria at L―SPL

Parsong口LIGどRこ
/50 th ofCriteria at ML―S]PL
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he]阿nally lnduced Distortions

>Inputi 2

Hour

>Themmal

>0。280F

>Goal=

OF Air Temperature Change in l

Response ofFloor in 10 Minutes

at Surface,0。00 0F at 3 inch Depth

50 Nano―Radians Over 2 Meters

ParsonsoLlCC)(ミ単
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Thttllal Distortions-2 nd

onse Over 2 Meter E)istancё

>12 Meter Floor Span

>Exceeds Goal航l Meter Frolm Center

>45 Meter Floor Span

>Exceeds Goal航14 Meters From Center

>95 Meter Floor Span

> E x c e e d s  G o a l 航3 7  M e t e r s  F r o m  C e n t e r

Parsons‐LiCC)(モヽ 100



ient PSD Induced｀Fibrations

>Criteria王4 x LIGO Standard PSD

>LVEA夕 Mid and End Station

> A l l  F o u n d 航l o n s  S t t i s f y  C r i t e r i a

>Signiflcant High Frequency Reductions

Parsons‐LiCO牲 101
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AC Equipment Vibrations

>Isolated Concrete Fan R、oom

>Minilnun1 5 Hz Fan lsolation Skids

> L V E A‐ S i x  F a n s  O p e r t t i n g  C o n t i n u o u s l y

>Mid and End Stations=One Ftt Operates

>0。lg Unbalanced Fan Vibration Source

>1800中 ■l Fan Speed

Parsons口LICC)〈巡ニ 102



VAC Equipment Vibr航 lons…

>Proposed Spike Criteria=1.4x10口 8 m at30

Hz

>LVEA Expected Displacemnent

>2.5x10-8m

> M i d & E n d  S t a t i o n  E x p e c t e d  D i s p l a c e m e n t

> 5 . 7 x 1 0 - 8 m

Parsons‐LlCO牲 103



hiller Equipment ■ヽbratiotts

>Chillers筑 300 Feet From LVEA内 /EA

>Minimum 5 Hz Rottting Equipment Skid

>0。lg Unbalanced Vibration Source

>3600中 m Rotational Speed

>Proposed Spike Criteria at 60 Hz

>3。Ox 10-9m

>耳 XpeCted Displacement(LVEA and VEA}

>5.6x10-9m
Parsons口LlCC)《ミこ 404



ind lnduced百Fibrations

>Wind Exceeds 20 mph lessth鋼 [50/O ofTime

>SideLSWay Bullding Frequency 2.54 Hz

> S i d e H S w あy  V i b r 航l o n  t t  R o o f = 0 。0 0 3  1 n c h e s

at 20 1mph

>LVEA Found航 lon Vibration=2.3x10口6m

■Spike Amplitude CTiteria=2.Ox 10口
6m

>Moses LakO Wind Measure]岡 tents

>Intelnal Pressure Fluctuations―TBD
Parsons口LiCC)《ミニ 105
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oundation Thickness Study

>68 1nch Thick Foundation Meets Criteria

>With a Substtmtial Factor of Safety

>36 1nch Thick Foundation Meets Criteria

ガWi t h  N o  F a c t o r  o f  S a f e t y

>18 1nch Thick Foundation Exceeds Criteria

Parsons口LlCC)〈ミこ 106
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