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2/28/01 Olympia, WA Quake
! 6.8 Magnitude, 10 miles (20 km) NE of OLYMPIA, Washington
! Damage to LIGO:

» 5 (of 12 free) large optics need magnet rebonding and re-hanging
» One large optic with bent side magnet standoff
» All 7 (free) Small Optics (2 km interferometer) needed re-bonding &/or re-hanging
» All optics (2 km & 4km interferometers) required re-alignment
» Approx. 10 weeks delay
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2/28/01 Olympia, WA Quake
! Large Optic Earthquake/Handling Stops (16 total):

» Procedures did not ensure that top and bottom (8 total) stops were set to a
proper distance

» Chamfer stops (8 total) are difficult to set to proper distance due to runout,
blunt tip and coarse thread

» Have been re-worked for re-installation; Conical tip & revised procedures
» Re-design for future replacement in progress
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2/28/01 Olympia, WA Quake
! New Sensor/Actuator heads (revised to reduce laser

light coupling to local damping sensors)
! New Sensor/Actuator heads have less clearance to

the magnet/standoff assemblies – aggravates problem
! Stops now set to 0.5 mm clearance
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2/28/01 Olympia, WA Quake

! Small Optics
» Procedures did not ensure that stops (9? total) were set to a proper

distance
» Stops incorporated spring tips instead of flourel (low dissipation)
» Have been re-worked for re-installation; flourel tips where possible

& revised procedures

» Re-design for future replacement in progress
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2/28/01 Olympia, WA Quake:
Recovery Plan

! Earthquake occurred during 4 km interferometer installation at Hanford
(recycling cavity alignment was nearly complete)

! Recovery Plan:
» Transferred staff & alignment, assembly tooling from Livingston to support accelerated

re-work
» Transferred vacuum bake preparation work from Hanford to Livingston to free facility

for optics preparation
» Accelerated the planned Sensor/Actuator replacement for the 2 km interferometer

(mitigates laser light coupling to damping sensor)
» Developed procedures for alignment of the vertex with all optics installed
» Performed PSL/IO table re-layout in parallel to take advantage of downtime
» Focused commissioning staff at Livingston
» Expedited re-work of earthquake stops; Re-evaluation/re-design pending
» Long 2 km interferometer vertex exposure delays commissioning

– Focus on installation/commissioning of digital suspension controls for the 4 km input optics
and recycling cavity
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Actions Pending

! Assessment of earthquake risk, with assistance from
geophysics community

! Modeling of a representative suspension point
acceleration time series (colored by the seismic
isolation system)

! Re-design of earthquake stops
! Test of stops on shaker table with full suspension

assemblies (large & small)
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2/28/01 Olympia, WA Quake

! TRINET Installation
» LIGO has a strong motion, seismometer installed at both sites, as

part of the TRINET national network

» Provides a background (remote from buildings) baseline and
visibility for large seismic events (PEM instruments saturate)
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Earthquake time plot & spectrum

Peak at ~0.7 Hz, which is equal
to the suspension position mode

0 0.002245 -4.1809148404 0 4.180915

0.05 0.002163 -2.88692614806972+1.64047823498622i 0.004883 3.320469

0.1 0.002067 -22.0466312869642-4.71866647687014i 0.009766 22.54595

0.15 0.002271 -2.52973614063184+45.2039582024982i 0.014649 45.27469

0.2 0.002085 59.9809827948559-9.02771664782258i 0.019532 60.65656

0.25 0.002634 -27.3367123802454-78.066163370075i 0.024415 82.7141

0.3 0.002264 -94.070697954041+47.75990851943i 0.029298 105.5003

0.35 0.002002 71.3739061616515+98.3823894849291i 0.034181 121.5456

0.4 0.00281 78.3572317590419-98.8567891400531i 0.039064 126.1448

0.45 0.002242 -132.83483145227-37.516987427402i 0.043947 138.0312

0.5 0.002037 13.4496441143834+185.62159850668i 0.04883 186.1082

0.55 0.002866 239.015331837545-34.8644587196071i 0.053713 241.5447

0.6 0.002553 -13.1331292823266-280.960555361149i 0.058596 281.2673

0.65 0.001628 -243.949275380023+24.2266858030402i 0.063479 245.1493

0.7 0.00275 71.9153046794393+162.983941108158i 0.068362 178.1448

0.75 0.002981 83.7379370764738-165.019465038368i 0.073245 185.0499

0.8 0.001825 -198.336513450548-43.9489346886163i 0.078128 203.1474

0.85 0.002516 23.4267391875715+122.927071970429i 0.083011 125.1394

0.9 0.002329 114.157212281685-13.9904658284158i 0.087894 115.0113

0.95 0.002361 -152.059057879468-186.0150606559i 0.092777 240.2573

1 0.002683 -62.3179339516588+157.224013003378i 0.09766 169.124

1.05 0.00182 223.746831380714+52.7654925883219i 0.102543 229.8844

1.1 0.00234 -61.2378964863411-286.80040490506i 0.107426 293.2653

1.15 0.002551 -222.668808380024-24.0702355084158i 0.112309 223.966

1.2 0.002239 -66.1737192667973+279.652520375855i 0.117192 287.3752

1.25 0.002136 60.411239305986-48.7948688049431i 0.122075 77.65602

1.3 0.00188 130.066329030712+2.67261948800739i 0.126958 130.0938

1.35 0.002391 -164.874900009718-58.7835216062839i 0.131841 175.0407

1.4 0.002063 -131.627272632596+63.9689319096878i 0.136724 146.3481

1.45 0.001715 154.531635477633-24.8194543593473i 0.141607 156.5121

1.5 0.002163 94.6045827245873+101.430534279697i 0.14649 138.7018

1.55 0.001991 29.1871845629366-43.0178700997926i 0.151373 51.98489

1.6 0.001656 -208.503602635936+20.9352087238608i 0.156256 209.552

1.65 0.00188 107.969967002119+25.4430401310094i 0.161139 110.9273

1.7 0.00209 -4.72562126616264-128.834569364454i 0.166022 128.9212

1.75 0.001165 91.5227709899574-72.2727833118395i 0.170905 116.6181

1.8 0.001791 -81.9428419891708-36.5905382125817i 0.175788 89.74128

1.85 0.002052 118.818673979181+100.479331455017i 0.180671 155.6084

1.9 0.000559 -57.7227789386038-19.5635841926936i 0.185554 60.94795

1.95 0.001744 96.1019461878793-21.262369747797i 0.190437 98.42597

2 0.001739 61.6412019552777-53.7658290893693i 0.19532 81.79488

2.05 0.000898 -41.8623420630478-32.3685211935426i 0.200203 52.9167

2.1 0.001474 -10.8565156034066+60.9281117509197i 0.205086 61.88779

2.15 0.000979 -28.8025868305431+58.8329761928024i 0.209969 65.50502

2.2 0.001309 -22.968417273512-22.4434494850773i 0.214852 32.11318

2.25 0.00112 36.3362337662112-48.6420509632533i 0.219735 60.71549

2.3 0.000611 50.7458210577964-43.7239959980874i 0.224618 66.98452

2.35 0.001134 72.8586217311433+45.1200968675189i 0.229501 85.69832

2.4 0.000817 18.4661137980121-5.63512198236928i 0.234384 19.30679

2.45 0.000865 -13.5521267906119-43.1754636733354i 0.239267 45.25241

Olympia Earthquake at LTH 
(LIGO LHO TriNet Streckeisen STS-2 Vertical Component)
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System Info:

MultiSHEAR acquisition system -  Copyright (C) 1998 Quanterra, In

TriNET Seismic Network        Station LTH   

Location: Lat. 46.4340N  Long. 119.4496W  Elev. 161M

Data System:  Quanterra Q4128  "LIGO-TriNet Hanford"

1 digital unit = 2.38 microvolts

    Wide Band Seismometer  SEED Channels LHZ.LHN,LHE 

           Streckeisen STS_2

               Flat to Velocity from 0.00833 to 50 Hz

               Sensitivity: 1500 Volts / meter / sec
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! Maximum displacement ~ 1 cm
! Peak acceleration ~ 2% g
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Velocity Waveform
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Power Spectra
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Earthquake Risk
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Earthquake Risk

! Hanford
» 46.4551 Lat. -119.4075 Long.

» Distance to nearest grid point = 5.0 km

» Probabilistic ground motion values:

! Livingston
» 30.563 Lat. -90.774 Long.

» Distance to nearest grid point = 4.8 km

» Probabilistic ground motion values-

Probability of Exceedance
in 50 yr.

Peak Ground
Acceleration

(% g)
10% 8.5%
5% 12.3%
2% 19.4%

Probability of Exceedance
in 50 yr.

Peak Ground
Acceleration

(% g)
10% 1.8%
5% 3.4%
2% 6.7%
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% g Contours:
Probability of Exceedance in 50 yr.

2% probability 10% probability
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2/28/01 Earthquake:
Lessons Learned

! Acceleration amplitude for a future quake may be
~10 x greater than the 2/28/2001 Olympia quake
» Olympia ground acceleration peak ~ 2% g
» 0.2% probability of exceedance in 5 yr: ~20% g

! Damage was due to impact of the magnet/standoff
assembly with the sensor/actuator head

! Compliant & lossy stops set to a proper clearance will
prevent impact of the magnet/standoff

! Re-alignment will be a risk for any significant seismic
event for initial LIGO

! Requirements for mitigation of earthquake motion will
be added to the advanced LIGO seismic system


