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Tnpics Presented

o Status of facilities construction, installation,
and commissioning ateach site

o Remaining work to be accomplished
o Cost evolution summaries for civil

construction, beam tube, andvacuum
equipment
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Overview

o Facilities scope:

Buildings and site infrastructure
Beam tubes, enclosures, support slabs

Vacuum chambers, pumps, valves, purge air system

Work is primafiIy done through a few major subcontractors (beam
tube, vacuum vessels) and many smaller ones (surveying, baffle
fabrication, etc.)

o Work is 88% complete
o Work scope and budget have remained stable (<5% cost

growth) through desigt't, fabrtcation, installation, and test
phases.

o Remaining work is primarily for installation and acceptance at
Livingston site.
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Civil Construction - Hanford

. Now have beneficial occupancy for all buildings, but have not
yet accepted all of the subsystems. Need to complete I-{VAC
vibration testing.

o LIGO staff occupancy since Septemb er 97

o Punch list established

38 of about 1000 items remain

96% complete
(all remaining items are fit and finish, mostly waiting on
replacement parts)

o Site infrastructure status

Roads, parki^g lots, landscaping installed

March 31, 1998 Mark Coles
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Flanford remaini^g items

Water system needs to be completed
re-engineer potable water system to integrate
pumps and holding tanks with keep full control
obtain state operating permits for potable water
and sewage system

Complete HVAC remote control on mid and
end stations (underground cable installation)

March 31, 1998
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Hanford- remaining work ctd

o Submit as-built documentation
. Training for HVAC system

Expect these items complete by |une 1

o Clean storage and staging building
Complete design and construct
Design complete mid April
Start construction |une
Finish construction before 3 / 99

o Sub-system acceptance
Specification require verification of ambient acoustic and structural
vibration levels

March 31, 1998 Mark Coles
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LIGO verification Testing, and operational Demonstration Matrix

Item Fumish..d lJy Installed By llldro-Tesr Shop
Certification

Sitc
Performance

Test

Site Operational
Demonstretion

Vibration I Acoustics
Tesr I t"rr

RFI
Emissions

Air or Hydro
Balancc

Ccr1ification

Rotational
Check

Elearical
Continuitv

Check

Elearical
Isolalion
Check

Elcctri<
Ground

CheclBridgc Crancs Construdion
Contrxctor

Construcrion
Conttactor

Ycs I'es )-!5

Yrs

Ycs Yes Yes
I\lono Rarls Construction

ContJactor
Construction
ContJactor

Ycs Yes
Ycs Yes

Supplv fans Constructton

Contrrctor
Construction
Contrar.lor

Yes Ycs )-cs l'es )es Yes )'cs Yes
Cooling Coils Comtruclion

Con(raclor
Construction

Conlractot
Shop )'es )'m

Yes

Chiller Units Corstruction
Conl'rdor

Comtrucfion
Contraclor

Shop Ycs 'l'es
Yes Yes Yes Yes

Humidilicrs Construction
Contfrclor

Cortstruction
Cont'rctor

)'es Ycs l'es
Ycs )'es

Electric llcatcr Construclion
Conlnctor

Comkuaion
Contrrctor

l'es )'es )-es
)'es Ycs

HVACAir
Disrribution

Construction

Contnctor
Construction
Contnclor

'l'es

Ycs

)-cs )'cs

Chillcd Water
Pipine

Construaion
Conkactor

Construcrion
Contractor

Site \-c's
)'cs

Domestic Water
Pipine

Construction
Contraclor

Conslruction
Contrador

silc 1-cs
Yc

Chilled rvater

Pumns
Comtruction
Contrrclor

Construction
Contraclor

Yes I'es ]-c's
)'cs Ycs l'cs l'es

Fire Pumps Construction
Conl'rctor

Construction Shop Yes ]'es )'es
Contrac:r Yes Ycs )

Domcstic \\tater
Pulnp

Corstruclion
Contractor

Corrslnrarnn Shop I'es )'cs 'l'es
Conlractor

Ycs
Ycs )'es Yes

FMCS Construction
Contrctor

Conslruction
Conlraclor

Yes 'l'es
)'e's )'cs Ycs

l\tedtum Voltagc
Distribution

Construclion
Conlraclor

Ycs
Contrrctor )'es l'cs )'cs Ycs

-Jcdium Voltagc
Trans. & S.G.

Construction
Contrrctor

Conslruction Yes Yes
Contrador 'i'cs )'cs Yes

{80V Poser
Distribution

Construction
Contractor

Construction
Contrador

Ycs
1'cs l'cs )'es Yes

iuotor Conlrol
Cmters

Constuaion
Contractor

Construction
Contractor

Yes Yes
Yes Yes Y6 Ycs

Ughting
Trarsformcrs

Corulruction
Contractor

Corstruction
Conlraclor

Yes Yes
Yes )'es Yes Yes

l20V Pos'er
Distribution

Construction
Contractor

Corslruction
Contractor

Yes
)'cs Y6 Yes

trPs
ed Powcr)

Construction
Conlraclor

Connruclion
Contrador

As Necded Yes
Ycs )'es Yes

Tclephone Sprem Conslruc-tion
Contraclor

Conslruction
Contrador

As Needed Yes Yes
Yes Ycs

I :\common\syscntrl\testi n g\fa9i I i ty. docngtfagility
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Fan Vibration

o Structural vibration calculations predict
maximum budget for sources due
rotating equip*ent

example: 0.5 mil max amplitude on vane
axial fans

o Develop spec for max vibration
amplitude (0.3 mil p-p on fans)

March 31, 1998 Mark Coles
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Flanford Fan Vibration
Measurements

Fan vibration measurement
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Civil Construction - Livirgston

o We are now in joint occupancy for all buildings
. LIGO staff moved tn 2 / 17 / 98
o Punch list established

1018 items

31% complete

examples: electrical labelling, overhead doors, and other workmanship
items

o Site infrastructure status
Roads, parking lots, erosion control in place

Landscaping in progress

March 31, 1998 Mark Coles
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Beam Tube Slab, Enclosures, Road

o Beam tube slabs for both arms complete
o 2000 enclosures cast (77%)
. 1300 enclosures installed (right arm complete)
o service road base course complete
o high voltage power distribution along both arms

complete

March 31, 1998 Mark Coles
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Livirgston - remainirg work

o Complete staging and storage building
foint occupancy scheduled 4 / I / 9S'1

o Complete overpass (before May 1)

o Complete modification of water system
o Close out punch list (estimate ]une 1)

o Verify as-built documentation
o Trainirg and final acceptance of installed sub-

systems (HVAC, etc.)

March 31, 1998 Mark Coles
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Livingston Remaining work ctd

o Complete casting and installation of remaining beam
tube enclosures

o Install chip and seal course on all service roads
. Install final asphalt course around corner station

March 31, 1998 Mark Coles
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Remainirg issues

Access road (provided by state of
Louisiana) needs to be completed.
Erperience indicates this should be
upgraded (requires Legislature
approval)

March 31, 1998
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Beam Tube and Slab
Budget History

WBS 1.1.3 ham Tube Enclosures and Slab

: TotalCostGrowthin K$ | tOl*i -"**-

i*"lq$-ulegffi"dtlmru-nsrsoreiffi I lP
I Tr*ol nolto 4. flnal flrmrrlh h no-olrirr on^* I 11
i*"lq$-qulssffi"dtlmtu-nstsoreu$ i "lp
I tqq! FU sr Cqt Gryu'th in {qryUlryygpe I ll
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Run Date: 25MAR98 COST / SCHEDULE STATUS HEPORT (CSSH) Page 1

C0NTRACT0R: Caltech

LOCATI0N: Pasadena, CA

CONTRACT NUMBER:

PHY-9210038

CONTRACT BI'I]GET
BASELINE

292. 100.000

REPORTING PERIOD:

31JAN98-28FE898

PROJECT FILE NAME:

LIG0 Masten Menged PMB - }{BS 1.0

PERFORMANCE DATA ( K$S )

BEPORTING LEVEL CUMULATIVE TO DATE AT COMPLETION

MPN LEVEL

BUDGETED COST ACTUAL COST VARIANCE

BUDGET

(BAC)

ESTIMATE

(EAC)

VARIANCE

(6-7)
}|ORK

SCHEDULED

}|ORK

PERFORMED

WORK

PERFORMED

SCHEDULE
(2-1)

COS]

{2-3}

1.1.1
1.t.2
t.1.3
1.1.4
1.1.5
1.2 :

1.3 :

1.4 :

: Vacuum Equipment
: Beam Tubes
: Beam Tube Enclosur
: Facility Design &

: Beam Tube Bake
Detec ton
Research & Developme
Pnoject 0f f ice

u)

35607
37378
t6663
48025

999
27352
22211
23603

(2)

36610
39815
I 7565
48964

999
2r397
22144
23603

(3)

33905
3868 I
r5261
48930

779
18698
20351
24tOO

(4)

1003
2437
902
939

0
(5s55)

(67)

0

(5)

2704
I 134
2304

34
220

2699
1793
14971

(6)

42739
47050
t9796
50605

3564
54200
23490
27574

17l

43617
47 147
19244
5177 4

37 44
53499
23489
28570

(B)

(878)
(s8)

552
(r r69l

( 180)
701

I
(ss5)

SUBTOTAL 21 1838 211097 200707 17 411 10391 2690 19 27 rO85 (2066)

CONTINGENCY 7V7777772 0 21015 (21015)'//////////)tY/////////41(/////////t '/z/4
MANAGEMENT RESERVE 23081 0 2308 I7//Z////)\V/Z///) 7/////////)tv//////z) v///z///)

TOTAL 21 r838 21r097 200707 17 Arl 10391 292100 292 100 0

C1BRA (R) by I,IST Corp.



Beam Tube Enclosure and Arms -
Remaining Cost Estimate

Cornments

Slene_4_'*"*njp""qgj-lse9rs.y:!_gs-ry:ts"9s_gnplg-t"'.9t

P':p:tsgknr-gf-QllKs*y:991e-t_t'i-:

March 31, 1998
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Buildings and Infrastructure
Bud et Flisto
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Civil Construction
Potential and Planned Contingency

-p--efer$Ld-Rn$*RsuruR$--q1*dSs{'"fi" es'liqqs

F-"p"s:rpfien Amount
Bid pke costs

ttJAS"slp**p:s*pnse-ps:rJ***-
co-pr{gtg_'!*ieg:_"lgp"h_":"p__'.Jppt}pjl"s)
Extend RMP @ La
In-house labor rate variance 126q1?_

314363

tzts539

March 31, 1998
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Mod Ha water sys

New well installation
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Civil Construction
Mujor Subcontract Cost Evolution

Total Contract Value

March 31, 1998

G980046-00-F
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Beam Tube Status

o Hanford beam tube completed
beam tube installed
aligned
A11 4 modules vacuum tested individually
Accepted - we own it!
Completion review held

o all travelers, manufacturing, installation, and test data transferred to us

o Schedule variance for complete job ^, 2 weeks.

March 31, 1998 Mark Coles
G980046-00-F
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Hanford Beam Tube, Y arm Vertical Deviations
Z Gomponent
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Module Leak Test Results

Tqnpgrqture pqs"slizsq

From Rai Weiss

March 31, 1998
G980046-00-F
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Flanford Beam Tube Status

o Beam tube at Hanford has now been insulated in
preparation for bake out (planned for 6/98)

o Procurement and installation of control and
monitoring instrumentation in progress.

. Power supplies, chillers on hand, power distribution
cable ordered

. bid out for electrical installation
o Bake out to complete by 4/99 at Hanford

March 31, 1998 Mark Coles
G980046-00-F



Livirgston Beam Tube Status

. Right arm installation complete and beam tubes
covered.

o Pump down scheduled week of 3 /30
o Left arm installation began early March
o Expect to complete installation by mid-]une
o Beam tube fabrication expected to complete by mid-

Muy
o Plan to have CBI complete all work by year end.
o Bake out planned to follow Hanford in 1999.

March 31, 1998 Mark Coles
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Beam Tube Budget Flistory
fDate

March 31, 1998

G980046-00-F

9riei++I. Fede.eq
UPgegPg-Rsgset*"

FT"9gngm9l s-ienip"e.
EIT/EITE, Wlodel
EIT Support Redeqign
Elaffle IVIa.nuf. * Qoet
Stainless De-escalation
Po'rwer Cost Transfer

FP*4--4i-r"A4gsl-t-o:ins**--".-"
Hanford I-abor R-ates
l\zlodule End Conditions

Ne'rw Elaffle Wlanuf-
IVIowe Bake Funds
I\'4iscella.ngggs
S tainless De-escal alion
Baffle Retrofit
\A/ashington Taxes
I-_ i y i n g q t_q g *I-_eb-_o"f.. Rale : """

?:9p?_3-
960006.
e6o9 r a
960,0" I
960,032
960035
?.29Q9*.
%99q5-
e_29909"
97o,o,07

N/A
*I*.r1+._*

_e*5_qQ9*1,_

970,01 |
97o,o-12
g*799*t?
97.OOt5
970018
970027
97o,oz4
97o,o29
97o,o30
?7o,*Q1r
?7W1?

I.T/AI

..lle*7._--_
5/97
5/97
7/97
7/97
7/97
7/97
t.r/?7. "..

, ?/?8
3/94

A.rnount, $I(

Mark Coles
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Beam Tube Contract Cost Summary

Amount,

$r%

Original Contract Cost:

Material De-escalation

Labor Escalation

Baffle Clean & Retrofit
Taxes

All Other Changes

39,545

(1,369)

1,,ggg

157

343

40

L00.0

-3.5

4.8

0.4

0.9

0.1

Subtotal 1,070 2.7

Latest Contract Value

March 31, 1998
G980046-00-F

Mark Coles

40,615 102.7



Estimate of remaining costs to
complete beam tube contract

Estimate does not include contingency items:

Task
Fabricate 200 remaining tube sections

Install 250 remaining tube sections

Complete acceptance tests, 4 modules
Hold completion review

Total Contract ETC

Non-Contract* ETC

Total Beam Tube ETC

March 31, 1998

G980046-00-F

Cost. $K
3,866

r,95'1.

2,056

201

8,074

392

8,466

*Includes in-house labor, Magnolia Beach electrical, alignment surveying, and in-
house travel

Mark Coles



Beam Tube -
Potential and Planned Contingency

Description Amount (K$)
LA add'l FTIR's

LA Baffle installation cleaning 20

Module end conditions 23

Mount GNB valves earlv on Y afin 25

Puchase leftover GPS eqpt 50

Rcv reimburse for LN dewars -180

Reimburse CBI for Ha leak location t 150

Taxes (WA B&O and sales taxes) 37

TOTAL

March 31, 1998

G980046-00-F
Mark Coles

130



Stability of Beam Tube
Contract Value

Beam Tube Contract Value

45000

40000

35000

30000

25000
e
Y

20000

1 5000

1 0000

5000

0

Jul-95

March 31, 1998
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Vacuum Equipment

o PSI Hanford Status

All chambers, pumps, valves delivered.
All major mechanical equipment (p.t*ps, clean air supplies)
installed
Bake and vacuum testing complete on Y mid station
Bake out underway on Y end station (now in cool down)
Staging for X arm in progress

Installation status in LVEA
o electrical work, conduits cable trays , -80"/" complete
o annulus piping -70o/" complete
o Plan to start leak test mid-April

March 31, 1998 Mark Coles
G980046-00-F



Vacuum Equipment Schedule

o WA schedule
installation (includi.g bake out and testing) should complete in
Iuly
approx. 2 months late with respect to original schedule
o due to late bldg weather delays,
o floor height fit up discrepancy in LVEA

o LA schedule
expected to complete LL/25/98 as originally planned

March 31, 1998 Mark Coles
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RGA data

Measured partial Dressure

TOTAL H2+H2O 6.758-W
1.90E-09
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Vacuum Equipment -La
. First PSI staff arrive s 3 / 30
o PSI will bring in a field crew from their New Iberia facility for

off loading. Millwrights from WA will do precision alignment
and setting at the LA site.

o Beam tubes pumps delivered and being staged for BT pump
down

o Chambers begin shipping in April
. A11 BSC's, HAM's, 80K pumps, spool pieces, LN tanks, ready for

shipment to LA
o Expect VE complete acceptance by 12/gA - as contracted and

one month later than original contract date.
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Vacuum Eqrip*ent
Budget History

Ian-96 Add fail safe valve on

*$**ru-eg*Lell..ne]"r"lglpJru:*
Mod gate valve weld stub mat'l
Add BSC removable spool pcs

Mar-96 Mod BSC floors, fewer @ incr. Load
Mar-96 Add pump cart chillers
Mar-96 Misc reduced costs

Mar-96 Pump cart mods

Change annulus conductance spec

"--"P:l-els ?"9]J*tls"- fr_en:ngk sls "

Metal seal test

A$$]ms-ess:
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Vacuum Eqrip*ent
Budget History

VE Budget

50,000,000

48,000,000

46,000,000

44,000,000

42,000,000

40,000,000

""f|.*\orstoX""1or,st"o"i.""\'as1"1/
March 31, 1998 Mark Coles
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Remaining E*penses to Complete
Vacuum Eqrip*ent Contract

Remaining Cmts Remainingbudgel totalcumcmts Total cmts plus commifinents BAC EAC

Wa eqpt & installation 4162 r0965 IM59 I57n 14935

Wa installation - in house labor & eqpt 30 5n 6n 553 650
I

Lt"l:p.t*s*dlds*
I r . , r!i La in$allation - in house labor and eqpt

i totat . allitems gsn

-*JP]
3tl

5m4 11616

tnttt ,tl-t /-t

t/io//lh , rhaullru

"2f,1
*6X_

4m9

Jp:9__

.911_._

43569
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Vacuum Eqrip*ent -
Potential and Planned Contingency Items

S$dii$sl m$ek*.
-ll 

I rn a t. IunamDer lloor elevatlon cnange

Labor rate escalation
Light duty cranes/hoists

RGA Cahb/Outgas meas sys

Shop tools

Site forklifr (La)

Stiles/scaffiolding

200

T&
200

45

50

50

50

50

Total
March 31, 1998
G980046-00-F

Mark Coles

809



SummaryI

o We are nearirg the end of facilities work
o We are carryi^g out an orderly completion of

this work through acceptance testing

o We expect costs to remain within our estimate

envelope as the work is closed out.
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