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This paper presents a boundary element method for wave scattering by an inclusion in

frozen porous media. Frozen porous media consists of solid skeleton, pore fluid, and

ice matrix, and is adequate to describe wave propagation in seabed layer which involves

methane hydrate. The proposed method is a frequency-domain BEM accelerated by using

‘H-matrix and ACA (adaptive cross approximation). The validity of the proposed method

has been confirmed, and several numerical examples show that S2-wave is useful in the

search for an inclusion which includes highly concentrated methane hydrate.
Key Words: Boundary Element Method, Frozen Porous Media, Wave Scattering, H-

Matrix, Adaptive Cross Approximation
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Fig.1 Frozen porous media.
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Fig. 2 The relationship between ice saturation parameter

and phase velocity (f = 100 [Hz]).

2.2, EFAHERX

HE LT Z VB RO mINEBIE T, BEEHE &OKE
AR DA IT MZEALO DS HERL L, MBI O E S ZE BT
L7, 2ok &, FEEERICE T 2EH R, R’
ThHzbh5.

g0 O M e

g6 63 a® [~ ) @ (3)
o, O)REEkERcks T 2 mEEEE L, V) B X
O a3 E R RS & OUKE RIS A U % AT I ZE L,

b 3 LU I E RIS L OB ISR S 5 ik
NOWEATERS EE£T. £,

HPD = yyeag o _ (i)(p,q)’ pg=1,3 (4)

THY, 0o T ze CHTBRMSYZRT. 725, BBREED
L, @) ICFETRE MPY 5L e cEENnD
L, R MO %, MBRFERORMECIZ T, BEEHE
35 L OKE A& B8 8 AWM AR B & oK BN 1 - TR e
Eha. —HT, B OPD 13, ZHEORKERDOBE,
S4B, KAfEIC Lo TIRESI 5.
2.3. @M RBDOEEEE

B LI 2 LB BN 2 BT 2 moM N, S1E & S2
WD 2 ODEHEE— RBGFEET L. 20 OB OERERE
i, UFOFIEICL-TRDDZENTES, £F, & (3)
OEB HBRRICEEEORZRERAL, WENESZE R
ERETS. I, BonBRROFEARMEE LD Z L
T, EAMEBOBREEEAE RS, = 2T, St Oz
IRTHME BRI, KEAFIEE I OZALITHE S AR S X
CQEDOENERRS. 7771, QEIXEBEEICIES =
FAX—DOHGEIFEERL, TOMN/NIVEE, ko E
DREVWZ EZEWRT S, LTI, A% f=100 [Hz &
LB B ORE Rz R

Fig.2 |2, KEAFE I' % 28k S W 7= 85 A OATAR S & 0 281k
BT, ZORERNS, KEFE D ONRKREL 25, S1
Wi L OS2 WO HELENB KT S Z ENHR TS, %



1e+008

1€+007 Y J— 1

1e+006

100000 [ —

10000 s e N

1000

Quality factor @

100

10

1

0.1

0 0.1 02 03 04 05 06 07 08 09 1
Ice saturation parameter I’
Fig. 3 The relationship between ice saturation parameter

and quality factor (f = 100 [Hz]).
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Fig.4 Wave scattering by an inclusion in frozen porous me-
dia.
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Fig.5 Analytical model.
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Fig.8 The amplitude of the scattered wave (Incident wave:

Sl-wave).
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Fig.9 The amplitude of the scattered wave (Incident wave:

S2-wave).
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