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Thoughts on Hanford wind
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Brian Lantz, Nov 11, 2015

Observations, Speculations, and Suggestions  
based on data from Krishna’s Beam Rotation 

sensor and Robert’s outdoor STS-2
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Observations on  
wind-driven building motion

• wind driven motion is local to the building. (Robert’s data)

• tilt spectra on the slab is smooth, amplitude varies with 
wind speed. 

• wind seems to rock the building:

• STS-2 response < 0.1 Hz is from tilt of the slab. 
(Krishna’s data)

• STS-2 response > 0.3 Hz is from slab translation.  
(i.e. rocking about a point below the slab surface) - 
Krishna tilt-sensor data.

• amplitude varies faster than speed^1.  
Consistent with speed^2.
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Robert’s outdoor STS-2
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH

*T0=13/06/2015 06:36:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
H1:ISI-GND_STS_ETMY_X_DQ(REF1)

X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH

*T0=13/06/2015 06:36:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Y_DQ
H1:PEM-EY_ADC_0_11_OUT_DQ
H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
H1:PEM-EY_ADC_0_11_OUT_DQ(REF4)

Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH

*T0=13/06/2015 06:36:00 Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ
H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
H1:PEM-EY_ADC_0_13_OUT_DQ(REF6)

Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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H1:PEM-EY_ADC_0_12_OUT_DQ(REF7) / H1:ISI-GND_STS_ETMY_X_DQ(REF7)

Coherence

LHO log 19210,  June 17, 2015. STS-2 in a 1 m deep hole 40 m from EY

red on slab, blue outside

match at low wind

differ at 10-20 mph wind
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Robert’s outdoor STS-2
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H1:PEM-EY_ADC_0_12_OUT_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH

*T0=13/06/2015 06:36:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Y_DQ
H1:PEM-EY_ADC_0_11_OUT_DQ
H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
H1:PEM-EY_ADC_0_11_OUT_DQ(REF4)

Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH

*T0=13/06/2015 06:36:00 Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ
H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
H1:PEM-EY_ADC_0_13_OUT_DQ(REF6)

Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Coherence

LHO log 19210,  June 17, 2015. STS-2 in a 1 m deep hole 40 m from EY

red on slab, blue outside

match at low wind

differ at 10-20 mph wind
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1. data taken 24 hours apart so 50 mHz motion is likely different
2. 50 mHz motion 2-10 x better than slab, but might be contaminated
3. X difference > Y difference. Beam in Y direction. 
4. data match at microseism
5. data do not match at 1 Hz. 
6. Could be useful to use outdoor STS-2, but not a cure-all, still need indoor sensor
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Robert’s outdoor STS-2
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X-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH

*T0=13/06/2015 06:36:00 Avg=25/Bin=4L BW=0.0117187

H1:PEM-EY_ADC_0_12_OUT_DQ / H1:ISI-GND_STS_ETMY_X_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF7) / H1:ISI-GND_STS_ETMY_X_DQ(REF7)

X-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH
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Y-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH

*T0=13/06/2015 06:36:00 Avg=25/Bin=4L BW=0.0117187

H1:PEM-EY_ADC_0_11_OUT_DQ / H1:ISI-GND_STS_ETMY_Y_DQ
H1:PEM-EY_ADC_0_11_OUT_DQ(REF10) / H1:ISI-GND_STS_ETMY_Y_DQ(REF10)

Y-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH
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Z-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH

*T0=13/06/2015 06:36:00 Avg=25/Bin=4L BW=0.0117187

H1:PEM-EY_ADC_0_13_OUT_DQ / H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ(REF13) / H1:ISI-GND_STS_ETMY_Z_DQ(REF13)

Z-axis, coherence between SEI seismometer and seismometer 40 m from building, THIN: 0-2 MPH, THICK: 10-20 MPH
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
H1:ISI-GND_STS_ETMY_X_DQ(REF1)

X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Y_DQ
H1:PEM-EY_ADC_0_11_OUT_DQ
H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
H1:PEM-EY_ADC_0_11_OUT_DQ(REF4)

Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ
H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
H1:PEM-EY_ADC_0_13_OUT_DQ(REF6)

Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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H1:ISI-GND_STS_ETMY_X_DQ(RMS)

Power spectrum

Robert’s outdoor STS-2
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LHO log 19210,  June 17, 2015. STS-2 in a 1 m deep hole 40 m from EY

red on slab, blue outside

very different at 15-35 mph wind
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Krishna data

• Beam Rotation Sensor at End X next to the STS-2. 

• Brian took a chuck of data with high wind and medium 
wind and did some analysis.

• Used mccs2.m (MultiChannel Coherent Subtraction) 
tool to optimally remove tilt data from STS-2 data to 
see what we could learn.

7

SEI log 602, Oct. 30, 2014. BTL on Krishna’s BRS data from EndX
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Krishna data
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SEI log 602, Oct. 30, 2014. BTL on Krishna’s BRS data from EndX
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Krishna data
9

SEI log 602, Oct. 30, 2014. BTL on Krishna’s BRS data from EndX
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Krishna data
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SEI log 602, Oct. 30, 2014. BTL on Krishna’s BRS data from EndX

10−2 10−1 100

10−9

10−8

10−7

10−6

10−5

10−4

T240X as disp, loud v. quiet

freq (Hz)

m
ot

io
n 

AS
D

, m
/rt

H
z

 

 

HIGH wind
MEDIUM wind

10−2 10−1 10010−11

10−10

10−9

10−8

10−7

10−6

10−5

10−4

BRS scaled by 0.8

freq (Hz)

m
ot

io
n 

AS
D

, m
/rt

H
z

Gnd tilt as disp, loud v. quiet

 

 

cr
ea

te
d 

by
 p

ro
ce

ss
_g

nd
_t

ilt
3 

on
 3

0−
O

ct
−2

01
4

BRS as disp. HIGH wind
BRS as disp. MEDIUM wind

1. This data has large microseism for LHO
2. Excess motion below 0.1 and above 0.5
3. Rotation spectra are similar shapes,  
    but about 10x different magnitudes
4. Pink tilt curve used in later calculations
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Corrected motion w/ BRS
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BRS noise
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1. This subtraction works well
2. red X curve used in later calculations
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Speculations 
Can we exploit this?

• we can probably benefit by using Robert’s outdoor STS-2 at 
microseism and below + slab STS-2 at microseism and above.

• assume - 

• STS-2 outside sees ground translation.  
  (we know this is optimistic)

• STS-2 on slab sees ground translation  
+ real slab translation (above microseism)  
+ bad tilt (below microseism)

• desire ground translation + real slab trans.

• apply existing Sensor Correct using new blended STS-2 pair.

13
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Recall Robert Data
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H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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*T0=13/06/2015 06:36:00 *Avg=25 BW=0.0117187
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H1:PEM-EY_ADC_0_11_OUT_DQ
H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Recall Robert Data
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 10-20 MPH
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1. During the talk, Robert S reminded us that 
wind was in the X direction at this time.

2. The usual wind direction is Y 
3. The Blue ground motion for X and Y are 

similar, but the excess is different, and the 
excess is consistent with the wind direction 
for this time.
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High wind version
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R. Schofield LHO aLOG 19210
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
H1:ISI-GND_STS_ETMY_X_DQ(REF1)

X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187
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H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
H1:PEM-EY_ADC_0_11_OUT_DQ(REF4)

Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ
H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
H1:PEM-EY_ADC_0_13_OUT_DQ(REF6)

Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Power spectrum

T0=13/06/2015 02:20:00 Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ(RMS)

Power spectrum
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Best Case for Dual STS-2s
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Components of the ground motion
high wind, 0.3* high microseism, filter one

translation only
building tilt * 8.1 m
tilt * g/w2tilt from 20-40 mph wind

medium microseism

translation from wind
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Filter for blending
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Filter for blending
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Best Case for Dual STS-2s
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motions and correction
high wind, 0.3* high microseism, filter one

real floor motion (gnd + slab trans)
error from slab tilt
correction signal now
correction using dual STSs
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Best Case performance
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high wind, 0.3* high microseism, filter one

real floor motion (gnd + slab trans)
error from slab tilt
residual now
rms residual now
residual using dual STSs
rms of dual STS residual

this is worse
but probably worth it

this is better
(but maybe optimistic)
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Suggestions
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1. Figure out how to get the ‘good direction performance’ 
from the outside STS-2s in both X & Y, or at least along 
beam direction.

2. Move 2 of the 3 STS-2s from the LVEA to outside the 
ends.

3. (keep working on the BRS)
4. Study non-linear pain vs. windspeed observation. (Jordan 

Palamos)
5. Evaluate ways to cut the wind impact on the slab.
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100.00%
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>22 m/s
>49.2 MPH

>24 m/s
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WINDSPEED (m/s or MPH)

PERCENTAGE OF HOURS IN WHICH HOURLY MAXIMUM WIND SPEED EXCEEDED BIN VALUE
(2004‐2012, 218 DAYS MISSING FROM THE 8‐YEARS)

AVERAGE OF CS, EX, & EY

Little increase in ground 
motion
Significant increase in 
ground motion

Margarita Vidrio, LHO log 12996
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rees against

the      indWW

TT
PNW0005

A Pacific Northwest Extension Publication

Washington State University  •  University of Idaho  •
Oregon State University

windfence picture and plot from WeatherSolve.com

array of solar powered, self-assembling nano-
structured macroscopic bio-engineered 
aerodynamic damping structures

http://WeatherSolve.com
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Model performance with NO TILT (for reference)
high wind, 0.3* high microseism, filter one

sens cor performance * 1e-6
gnd x only
rms of gnd x only
perf w/ sensor correction
rms with sensor correction
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• data lives at /Users/BTL/Brians_files/SeismicSVN/seismic/BSC-ISI/Stanford/
Transfer/RobertSchofield_June2015_buried_seis_data

• https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=19210

26
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R. Schofield LHO aLOG 19210
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X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ
H1:PEM-EY_ADC_0_12_OUT_DQ(REF5)
H1:ISI-GND_STS_ETMY_X_DQ(REF1)

X-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Y_DQ
H1:PEM-EY_ADC_0_11_OUT_DQ
H1:ISI-GND_STS_ETMY_Y_DQ(REF2)
H1:PEM-EY_ADC_0_11_OUT_DQ(REF4)

Y-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH

*T0=13/06/2015 02:20:00 *Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_Z_DQ
H1:PEM-EY_ADC_0_13_OUT_DQ
H1:ISI-GND_STS_ETMY_Z_DQ(REF3)
H1:PEM-EY_ADC_0_13_OUT_DQ(REF6)

Z-axis, RED: SEI seismometer, BLUE: 40m from building, THIN: 0-2 MPH, THICK 15-35 MPH
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Power spectrum

T0=13/06/2015 02:20:00 Avg=25 BW=0.0117187

H1:ISI-GND_STS_ETMY_X_DQ(RMS)

Power spectrum


