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Outline

1) Source of the Predominant Signal

2) Generation

3) Propagation
A) Air or Ground?: Traffic, Airplanes and Helicopters
B) Velocity

C) Q, anisotropy ratio, coherence etc.

Calibration factors for scales in counts:
Seismometer: 0.076 pm/s per count
Microphone: 29 pPascals per count
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Vertical displacement (meters rms / sqrt(Hz)))
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Generation of Traffic Seismic Signal

Tested Hypotheses:
1) Generation by the engine
2) Peak frequency given by the rotation frequency of the tire

3) Peak frequency given by the axel spacing and the velocity

Test vehicles: car (no longer available for photo) and this truck




Seismic Frequency from Axel Spacing

PREDICTED AND MEASURED SEISMIC PEAK FREQUENCIES (Hz)

PREDICTED PREDICTED NUI\OAEER
EXPERIMENT FROM TIRE FROM AXEL MEASURED DRIVE-
CIRCUMFERENCE SPACING
BYS
Car at 60 mph 6.9 10.0 9715 4
Truck at 60 mph 5.6 6.6 6+38.1 5
Truck at 30 mph 2.8 3.3 3824 7

Highway 240 is rough but not grooved.




Considered Propagation Paths

1) Acoustic signal from road traffic coupling directly to
the seismometer

2) Acoustic signal coupling locally to the ground

3) Entire path through the ground







Speaker blasting seismometer and mic. with 5 Hz
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Seismometer Pits Near Y-End




Ground or Air Propagation?

Airplane on mic. and seismometer (58 Hz); car on seis. only (15 Hz).
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Passing helicopter
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No vehicles

10

— T ! T T T ! T ! ! T T E
= g IR . [—/—— HO:PEM-HAM7_MIC |=
- : : : 3 HO:PEM-LVEA_SEISZ |
: s e ' —
10 E_""' """""" ''''''''''''''''''''''''''''''''''''''''''''''''''''''' "_E
N = : 5 : 3
= - : : : -
Tt ; g :
o : : : I
D 10 o\ R R : A [
|5 - : : : A A T ke | L
S . . . A s [4 L : : . : : X
Q — : : : TV L, RN O A
O : : Pery S SN o4 -
D RS SRR L SR LELREEREES ""'i"'4‘"’!'"'.l'""":"r""';"-""? """" LSRR R b —
= : LARSUOE AR R Vs H r";""_ I L =
= o ot e 3
- ‘,~ Y . ’:d': _ﬁ_,:'-l :'-w; i BT
Frmimeme=t =" " B Ll : : i I PR " P e
10‘1 i > n’ i 1 1 1 P 1 1 [ i i ' P ! L
1

Coherence |

10
Frequency

0

1
0.9
0.8
0.7
0.6
0.5
0.4

Coherence

0.3
0.2

..................................................

................

.....

...........

L

0.1

HO:PEM-LVEA_SEISZ / HO:PEM-HAM7_MIC |

0 1 i i

T0=17/06/2000 17:39:50

10
Frequency

Avg=3

=
o

BW=0.375



Passing vehicle
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Ball Park Estimates of Ground
Displacement

Using Boussinesq's (1885) solution for depression of an elastic
half-space under a rigid and circular flat punch (DC!):

where d is the displacement, F is the total load on the punch, a is
the radius of the puncls,is Poisson’s ratio and E is Young's
modulus.

o: 0.32 (from Skagit Report via Hughes and Thorne)

E: 0.35 giga Pascals (calculated from shear and pressure wave
velocities in the Skagit Report and assuming a density of

1.8 gm/crf)




Ground depression from airplane acoustic pressure:

Assume airplane at 1000 m, a is the radius of the circular region
beneath with phase variation of less than 1/3 cycle. Measured

pressure amplitude: 1 x TtPa (at 58 Hz) :
Calculated depression: 0.25 nm

Measured rms displacement amplitude at 58 Hz: 0.1 nm

Ground depression from truck acoustic pressure:

Acoustic pressure measured at 50 m: 4% P@ (10 Hz - cor-
rected for microphone rolloff). At 2000 m (assuming 1/r): 1 X

10°Pa. Assume 2a K3, and\ = 45 m.
Calculated depression: 0.003 nm

Typical rms amplitude at Y-end for large truck: 3 nm




Summary of Evidence against Acoustic
Paths

1) Evidence against acoustic signal from road traf-
fic coupling directly to the seismometer:

a) Speaker blasting seismometer experiment.
b) Increased acoustic insulation reduces sound level
but not seismometer signal.

2) Evidence against local acoustic coupling to the
ground- path.

a) For similar amplitude seismic signals, the local
acoustic signal from road traffic is much lower than that
from airplanes and a helicopter.

b) Simple model suggests that the acoustic signal
from road traffic is about 3 orders of magnitude to small.

LEAVES

3) Entire path through the ground




Seismometer Pits Near Y-End




Maximum Propagation Velocity

Maxima in HP35670A cross correlations between sig-
nals from two seismometers were used to calculate
arrival time differences.

Periodicities in the cross correlations indicated signal
peaks of 4 - 12 Hz.

The spacing of the seismometers was used to calculate a
maximum signal velocity (actual signal velocity only if
they were pointed directly at the source).

Seismometer pairs were pointed roughly toward high-
way 240; 14 measurements were made with 4 different
seismometer setups near Y-end, giving:

492 + 62 m/s

Estimated minimum velocity: 426 m/s (pointing off by
30 degrees).




Dispersion Relation Near Y-End for Signals
Generated By Two Compacter Types:
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Probable Truck on Highway 240

Power spactrum I

2 T T LT (= o [
107 hiens HOFEM-EX_SERE f
£ Ho:PEM-EY sERZ |5
Ay HOF BM-M3_SEISE 7]
Ho:F BM-MY_SEISZ |
L] o i
L3 X 5
E X .
% 1 3 ,-'h e 2
= N FR R =
= e A -
1o =Y e |
1 10 o’
Fraquency
TO="120062000 23 :35:54 Awg=10 BW=0_375
Co herenca I
1_ ! T T T 17 T T T T T T TT
= HOFEM-EY_SEISZ { HOFEM-EX_SEISS
EEL] St Ho:PEM-LVEA_SEISF f HO:PEM-EX_SE|
o \ % Ho:PEM-M_SEIST ¢ Ho: PEMEX_SEISE
= \ Ho:PEM-MY_SEIST ¢ Ho: PEMEX_SEISE
a7E Ho:PEM-EX_SEISZ { HO:PEM-EY_SEISZ
" = \ Ho:PEM-LYEA_SEISE ¥ HO:PEM-EY_SE
o LR E H s Ho:PEM-M_SEISE F Ho:PEM-EY_SEISE
E = Ho:PEM-My SEISE F Ho:PEM-EY SEIEL
g Db - " ' e R
= = £ Wi
%] 0.4: ﬁ:{.\ I 0 1 8 .E--g:p-
0zE "I':h 1 i i
n2fE -
E Hkﬂ_ L"/;:
01E sy\\ LR
= I e o 222 I
4]
1 10 o’

TO=1205/2000 23:35:54 Awvg=10 BW=02375



Q

Calculted from amplitudes at Mid and End-Y. Assumed
trucks on 240 at an average distance of 2000 m from
End-Y for 100s periods around signal maximum.

Amid _ /Rend —TI(Ria — Rend)/ QA
= e
Aend Rmid

For 7 trucks, peaks at 4.4 - 6 Hz:

Q=68 +12
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Probable truck on 240: sample time series
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Summary

1) The largest semi-continuous off-site seismic signal in the 1-
50 Hz band is produced by traffic on the surrounding roads.

2) Seismic motion from trucks can be greater than 10 nm at the
nearest stations. Motions from cars are usually less than 1 nm.

3) Experiments with site vehicles suggest that the seismic fre-
guency is given by the velocity and axel spacing of the vehicle.

4) Data and a simple model indicate that propagation is not
acoustic with local coupling to the ground or directly to the seis-
mometer.

5) Signal propagation velocities are under 492+62 m/s and
probably greater than 425 m/s (8 Hz average peak).

6) Tamper signals travel at about 300 m/s at 10 Hz and about
75 m/s at 50 Hz.

7) Q for seven trucks in the 4.4 - 6 Hz range was 68 +12.

8) Seismic signals were about equal on all 3 axes.




Probable Truck Progressing North on Route 2
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Vertical displacement (meters rms / sqrt(Hz)))
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Seismic Signal From A Truck

Short wheelbase, two distances, no other vehicles nearby.
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Speaker blasting seismometer and mic. with 5 Hz
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