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Geometry of LO8-pad
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from Noise to Signal

Top station

) . \ |
' ' ' . \
‘ 'n iy | .‘ 1" [
' | . il f i_'.' f I A L |i‘ Th

1 '\ Au‘ |'|' I ' \ ) | lI | .‘ ) "'{“‘ | \ | .l‘ |
| \ | .l | ! .l i “" ) | | \

| ] () | [ .‘.fl"l I J‘ ' | 1 | |

' I
Bottom station
\ | 4 |I | |
Y )""'l f '| ' k ]1’ | \ Y ‘ ". M‘ J o J l‘ ) ! ll,; \ ‘ .‘\.! | |
| [ ¢ Y ‘ I

0.0 0.5 1.0
Roel Snieﬁimatés}zrometry



Cross-Correlation
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Surface waves

(Campillo and Paul, Science;.299,.547-549, 2003)



correlation

Green’ s tensor
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(Shapiro and Campillo,
Geophys. Res. Lett,,
31, LO7614, 2004)
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Raindrop model
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Correlation as volume integral

eXp ( - LB )) dv
LALB

Cps(w) = H‘S(a))‘ f



Stationary phase contribution



Stationary phase regions

“anti-Fresnel zones”

(Snieder, Phys. Rev. E, 69, 046610, 2004,
for reflected waves see:
Snieder, Wapenaar, and Larner, Geophysics, 71, S1111-S1124, 2006)



Four derivations
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Derivation based on normal-modes

(Lobkis and Weaver, JASA, 110, 3011-3017, 2001)



Displacement response

u(r,t) ="y Un (1) (a,sinw, t + b, cosm,t)

m

G(r 1 t) = E n(DUn(") G0t x H(1)

o

Heaviside function



Velocity response

v(r,t) = ¥ u,(r)(a,cosw,t - b, sinw,t)

GY(r,r',t) = ¥ U, (1)u,(r')cosw,t x H(t)



Uncorrelated excitation

v(r,t) = ) u,(r)(a,cosm,t - b, sinw,t)

(a,a,) =F?5,,
<bnbm> = I:2(Snm



Correlation

CL(T) = (V{0 V(Fgt + 7))

V(ragot) = ) Uy (Fap)(@, COSw,t - b, Sinw, t)



Correlation as a sum of modes

Caa(@) =) Uy (ra)uy(re)
. { (a,a,)cosm,t cosw,, (t +7)
~(a b, )cosw,t Sinw,(t+7)
- (b,a,)sinw,t cosaw,(t +7)

+(bb,)sinotsine, t+7) |



For uncorrelated modes

C,(AVB) (T) = E un (rA)um(rB)
| (a,a,)cosm,t cosw,, (t +7)

cosw tsinw, (t+7)

\ZE%XSI”W 1 Cosw (t +r)
!

b, )sinwtsina,t+71) |



For uncorrelated modes

C,(AVB) (T) = E un (rA)um(rB)
| (a,a,)Cosm,t cosw,, (t +7)

cosw tsinw, (t+7)

\ZE%XSI”W 1 Cosw (t +r)
)

+(bbgsinw,t sinw (t+7) )

= COSM, T,



Correlation

Cha(7) = F2 ) U, (r,)u, (1) cosw,, T

Green’ s function

GYV(r 0 FgiT) = ) Uy (Fa) Uy () COSw, T x H(T)



Correlation

C,(A\IIB) (7:) = F i E um(rA) um(rB) Cc)";"‘O()mﬂ':

Green’ s function

GY(r,,r,,T) = Eum(rA)um(rB)Cosa)mr x H (1)

T>0——C()=FGY(r,,r,,1)



Correlation

C,(A\IIB) (7:) = F i E um(rA) um(rB) Cc)";"‘O()mﬂ':

Green’ s function

GY(r,,r,,T) = Eum(rA)um(rB)Cosa)mr x H (1)

T <0——CW(r) = F°GY(r,,ry,-7)



Correlation and Green’ s function

CO(t) = F2AGY (1 1 Tg 1) + GV (1, Fgimt) |

- sum of causal and acausal Green’ s function

- holds for arbitrary heterogeneity
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Displacement instead of velocity

2 ~(disp)
ol - 2
dt’

(disp)
F..r
GO 1y 1) = 28 a(tA’ o)

(cisp)
dC,s

(1) - F24GU) (1, 15,1) - G, 1y 1) |

Conclusion: time derivative may appear
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Seismic mterferometry
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(Larose et al., Geophys. Res:. L&tt., 32, L16201, 2005)



Seismic mterferometry on the moon!
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~dVIV (10%)

Seismic interferometry on the moon
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flux variation due to changes of the Sun-Earth distance

..
¢ s

average

Relative velocity change:

Relative velocity change: single couple of sensor
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(Sens-Schonfelder & Lar6se; Phys Rev. E, 78, 045601, 2008 )
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Why coal ash and tailings dam disasters occur

Knowledge gaps and management shortcomings contribute to catastrophic dam failures

By J. Carlos Santamarina’,
Luis A. Torres-Cruz?, Robert C. Bachus?

n 25 January 2019, the structure
damming a pond filled with iron
ore mining wastes (tailings) burst
at Brumadinho, Brazil (I), causing a
massive mudslide that killed at least
232 people. This tailings dam failure
was only the most recent in a long list of
catastrophic tailings dam accidents (see the

526 10 MAY 2019 « VOL 364 ISSUE 6440

first figure) (2, 3). Similar accidents also oc-
cur at electric power stations, where ponds
are used to store coal combustion residuals
such as fly and bottom ash. There are about
1000 operating ash ponds in the United
States (4), and coal consumption patterns
suggest that there may be more than 9000
worldwide. The catastrophic accident at the
Kingston fossil power plant in Tennessee in
2008 (5) highlights the destructive poten-

of tailings dam and ash pond failures shows
that little-understood processes such as
time-delayed triggering mechanisms are
more likely to manifest when best engineer-
ing practices are disregarded.

Failure of the containment structure
around mine tailings and coal ash is often
followed by a fast-moving mudflow, which
can run downstream for several miles, with
catastrophic consequences. This liquefac-

Rbléf zg}rﬁ@él @ﬁrfh-?étiuf@ra@er}ﬁét rg}on of the impounded materials may sug-

Drilliclhod buns AAAC

sciencemag.org SCIENCE
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Mechanisms and processes of tailings dam and ash pond failures
Many different aspects of impounded ash and mine tailings and the associated dams can contribute to dam failures and the resulting fast-moving mudflows.
The figure shows upstream construction as an example; most processes and mechanisms shown also apply to centerline and downstream construction methods.

Setthng pond Low-density fill Sun drying densifies Slurry Discharge Upstream
n —@— and strengthens sediments l pipeline embankment
y

@ Accumulated
tailings or ash

e o .—."--"‘w
- Seepage ——

Native foundation materials e

1 High water levels 2 Inherent size 3 Early cementation 4 Heavyrains 5 Compressibleand 6 Slip along preexisting 7 Internal piping erosion,
due to inadequate segregation and results in a loose can cause low-permeability weak seams in the fines migration, and

drainage facilitate layering produce a sediment structure, overtopping fines close to the foundation can lead mineral precipitation

mudflows in deposit with different which may collapse and dam embankment to global shear failure. progressively change

the event of dam hydromechanical during loading or in erosion. can reduce dam This mechanism is fluid-pressure

failure. properties in the the event of a stability. aggravated by rapid distribution and can
vertical and seismic trigger or increases in dam compromise dam
horizontal directions. dam failure. elevation. stability.

(Santamarina et"aF °Seien'cé!'364:'526-528, 2019)



Monitoring a dam

breach created by pulling a
metal rod out of the dam

(Planes et al., Geotechnique, 66, 3013122016 )coms



Change in shear velocity in a dam

(Planes et al“GebteChiique 66, 301-312, 2016)



Sensor 1 as virtual source
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(Planes et al°GebtEEHAiIGUEe 66, 301-312, 2016)




Change in shear velocity in a dam
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Change in shear velocity in a dam
Gl
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Near-surface structure from Kik-Net

free surface
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Data at station NIGH13
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Annual stacks at station NIGH13

correlation deconvolution

2000 2010 2000 2010
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Correlation vs. deconvolution
U(z,w) = S(w)e™™
correlation=u(z=0,w)u (z=D,w) = ‘S(w)‘z dle

Uz=0,w) i

deconvolution = = ¢
u(z=D,w)




When there is one source
UpA — GASS
up — GBSS

ug GasS _ Gsa
up GpsS Ggsp

D =

Independent of source signal
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When there are two sources

ug = Gas, 51+ Gas, 52

up = Gps, 51 + Gps, S

us  Gas 51+ Gag, 5

up B Glesl B GBS2S2

Source signal does not divide out

D =

Roel Snieder, Interferometry



Arrival time of shear wave
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S-waves in Niigata and earthquakes
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Tohoku-Oki

earthquake

(Nakata and Snieder, Geophys.
Res. Lett.,18, L17302, 2011)
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Time-lapse change =~
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Time-lapse change

Tohoku-OKki
earthquake

1 Mar|

1 Febr

(Nakata and Snieder, Geophys.
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Velocity change
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S-velocity changes with seasons
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Rainfall/v, for soft-rock sites
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Seismic interferometry in Millikan Library
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Deconvolution with top floor
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Deconvolution with bottom floor
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Deconvolution with bottom floor
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traveling waves
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Location of building and earthquakes
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Building and accelerometers
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Recorded motion
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Earthquake after deconvolution
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Earthquake after deconvolution
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Shear velocity from different quakes
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Velocity (m/s)

Shear velocity vs. shaking

o traveling wave
o fundamental mode|

N
0
o

N
o)
o

N
N~
o

N
N
)
I i
Y 4 ‘ ‘
2 | |
e —

Por o1 1

Acceleration of-observed records (m/sz)



When the source-timing can be used
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Displacement deconvolved with pressure
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Talsperre Eibenstock
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Ultraschallsensorik aus der Bauphase

>

Entwicklung des E-
Moduls/ Druckfestigkeit

8 Geber, 4 Empfanger
(UNG40/SW40, 40 kHz)

VEB Projektierung
Wasserwirtschaft
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