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Introduction and Summary Energy Equalization for Point Explosion Equalized Source Moments vs. Equalized Wavefield Energies
It has long been established that the amplitudes of seismic waves radiated from an Selsmlc SOurCeS : : : : : : —
underground explosion can be reduced by detonating the explosive within a fluid-filled | | | o Point explosions in three homogeneous wholespaces Point explosions in rock-, water-, and air-filled
cavity of adequate size. Significant amplitude reduction occurs because the reflection 1) Moment density tensor for a point explosion seismic energy source: (rock, water, air) spherical cavities within a rock wholespace
coefficient at the fluid/rock interface (i.e., the cavity wall) is large. In fact, the DC . with M = moment magnitude scalar (N-m) and
frequency limit of the reflection coefficient for a spherically-diverging seismic wave mij(X’t):_M ﬁ w(t) 5(X—Xs) B J Pressure traces recorded at range r = 400 m. Pressure traces recorded at range r = 400 m;
iIncident upon a concentric spherical interface is —1.0, independent of radius of curvature Cavity radius = 45 m.
and all material properties! . . . . -
w(t) = moment waveform (dimensionless and unit amplitude). This is a 2"d-rank . .
- - : - - L iSE)’ZFOpiC tensor with S unit((N-m)/m3 = J/m3 = Pa P ) Equal moment magnitudes (Mgok = Mo = Mg = 1 N-m) Equal moment magnitudes (Mgok = Myjp0 = Mpg =1 N-m)
In order to quantify to the degree of amplitude reduction expected In various realistic '
scenarios, we are conducting mathematical and numerical investigations into the so- - . . . . S : :
called “cavity decoupling problem” for a buried explosion. Our working tool is a 2) Usual seismic wave propagation modeling _approa_lch IS t(? assign M and w(t). But, momer.1t 1 5606 - E‘;:H | 10-06 - ;i‘;:ﬁ -
numerical algorithm for simulating fully-coupled seismic and acoustic wave propagation M depends on medium parameters! In an isotropic elastic solid (P-speed ., S-speed ): ol AR | | AR
In mixed solid/fluid media. Solution methodology involves explicit, time-domain, finite 3 | o _ 56-07 | o
differencing of the elastodynamic velocity-stress partial differential system on a three- M = 13 E, where Eyis an intrinsic energy measure for the explosion source. = | N - | > S
dimensional staggered spatial grid. Conditional logic Iis used to avoid shear stress 'B_ | _ | | | @ 0 E o — \é@
updating within fluid zones; this approach leads to computational efficiency gains for How to assign moment magnitude M is a fluid medium with § = 0? . / = | / |22
models containing a significant proportion of ideal fluid. Numerical stability and accuracy o | o _ _ | Rock pulse 5e-07 - Rock pulse 25
are maintained at air/rock interfaces (where the contrast in mass density is on the order 3) Seismic wavefield energy (kinetic and potential) radiated into a homogeneous whole- e8] | | =3
of 1 to 2000) via an FD operator “order switching” formalism. The fourth-order spatial FD space from a point explosion source: | -1.66-06 - - o0 - Water pulse
operator use_d_ t_hroughOL_Jt the bulk o_f the earth model is reduced to second-order Iin the M2 * o | | wﬁ / S . . . . . . .
|mmed|ate V|C|n|ty Of a hlgh'ContraSt |nterface. EW — 4 - IW (t) dt Wlth p = mass denS|ty. %g.;_ y -100 0 100 200 300 400 500 ED[jI[ {?D[;I a00 900 1000 1100 1200 1300 1400 1500 -100 0 100 Ef[; } 300 400 500 600
ﬂpa b §c=6 ms ms
Point explosions detonated at the center of an air-filled or water-filled spherical cavity 2@
lead to strong resonant oscillations in radiated seismic energy, with period controlled by 4) For point explosions in a fluid and in a solid, activated by the same moment waveform =
cavity radius and sound speed of the fill fluid. If the explosion is off-center, or the cavity w(t), equate the radiated wavefield energies E,, to obtain moment magnitude relation: 5o Equal energies (Egox = Ejpo = Ear iMmplying Equal energies (Exox = Eyp0 = Ear iMmplying
IS non-spherical, shear waves are generated in the surrounding elastic wholespace. : £ S Mgrok = 1 N-m, M, = 0.081067 N-m, Mg = 0.000067 N-m) Mgrok = 1 N-m, M, = 0.081067 N-m, M, = 0.000067 N-m)
Equilibrating the moment magnitudes of explosions for differing fill materials leads to Pavid | Xsuid e
misleading results in the amplitudes of the radiated elastic waves. The proper procedure M fig = o M oiig Z \ 1e-08 T————————— e 1e-08 : : : : : - :
entails equalizing the intrinsic energies of the explosions. Numerically-calculated results Psolid /\ Zsolia WATER WATeR
are in reasonable agreement with a theoretical model based on acoustic and elastic Hence, if M4 Is specified (typically equal to 1 N-m), then Mg,y can be calculated. e 00 AIR | . AIR -
spherical wave propagation from a point center of symmetry. | \ j (\ > 5
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Seismic Wave Propagation Equations and Y T Modelina P 5009 Al pulse | 5009
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Staaaered Soatial Grid 1) Seismic Energy Source: { (ms) { (ms)
Velocity-Stress System for Isotropic Elastic Solid: gg+ P > Vy Point explosion activated by a Gaussian pulse, centered at t = 0 s, with characteristic
x r.: p v . . . _ . . . .
Nine, coupled. first-order, inhomogeneous, s ‘ N - ILez;\qtl:ﬁg(ik//a%/%fIi_lezld g/lnoerpentEm?s?gmdgﬁ;e%re either equalized to 1 N-m, or variable such These are the correct amplitudes for cavity de-coupling!
partial differential equations: +z r~ v z gy Ew q '
, ¢ Gxx Gw
p?—v-ﬁ —f+V-m_, Vv WV ¢ Gy 2) Spatial / Temporal Gridding: Elastic/Acoustic (Solid/Fluid) medium parameters:
ot & R f A Oy 651 x 501 x 501 spatial grid; AX = Ay =Az=2m: At=0.28 ms: 5895 timesteps Rock: Vp =3500 m/s, Vs =2021 m/s, Ro=2200kg/m3; Water: Vp=1500 m/s, Vs =0 m/s, Ro=1000 kg/m3; Air: Vp=350m/s, Vs=0m/s, Ro=1 kg/m3
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Wavefield Variables: Elastic Earth Model Parameters: «— pAt—> - . eC S O aV| y eO m e ry
Vv(X,t) — velocity vector p(X) — mass density ° O>—o——C—0——eo —eo> +t Four CaVlty Geometrles
o(X,t) — stress tensor A(X) — Lameé coefficient <& = all velocit t ® -, st t ] .
1(x) ~ shear modulus T e st V, (vertical particle velocity) Timeslices nawniomwnoespece. W, (horizontal rotation rate) Timeslices
Seismic Body Sources: = 3 medium parameters Z \ y
f(x:t) — force density vector -500 -250 X(Dm) 250 500 -500 -250 )((om}I 250 500 -soo\ 250 X([]ml 250 500 -500 -250 ><(0m) 250 500 Spa’[ial gridding
m(X,t) — momentdensity tensor (with symmetric and asymmetric parts) 50 | | | | 500 | ' | ' 500 | | | | | | 500 ' | ' | | | induces S-waves
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Point explosion in an Point explosion at center = y ‘ 250 | [ 2501 20
AC k N OWI ed g emen tS an elastic or acoustic of spherical cavity. 1 tesoms | | X100 w1 1somel | X100 1 csoms | | X100 [ w1 to1s0me| | X100
WhOIeSpace' 200 Point source, elastic wholespace Polint source centered In air-fllled, =00 Point source, elastlcwhulesba_ce Point source centered in air-filled, =00 " Point source, elastic Luholesba_ée ' Point source centered In air-filled, =00 " Polnt source, elastic inholesb;:e ' Point source centered In air-filled,
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