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W E RERAKRLERBAKRSHHEG T ZHE Abstract The dispersion and attenuation of seismic waves

are critical physical properties of hydrate reservoirs,
o 3 A AR B FACKAEN G R AT R essential for the precise identification and quantitative
L. kA Yisfe g 5 R AERX GBS Hraid T AR K characterization of hydrate reservoirs. The coupled effects

R . of hydrate saturation and occurrence modes typically exert

3o PR 3 R iR R R B AR, R T IR B R /)5&‘ significant influences on seismic wave velocity dispersion
PR SETE RV RIKAEN A K WIES and attenuation characteristics. However, most existing
attenuation characterization theories are established based

AL EAEMRRIEL ZRAET S 71‘(5\% B R L g on assumptions of single or limited hydrate morphologies,
. _ making it challenging to accurately describe hydrate

S EA RS AR R A ML T P reservfirs with (:omﬁlexg occurrence slat};s. To addressythis S
BRI E BEOE B ){J}; Fo U TR A3 5 vg Ab K this study integrates the generalized effective medium

. . b oem s ek o ’ model and two-phase media theory to develop an
AKX 48 R R IE AR AT R F M AT attenuation theoretical model for hydrate reservoirs that

A T A T Biot 236 = BISQ 2364 30 69 4k ok 3% 8 45 4L simultaneously considers four occurrence modes: contact-
) cementing, grain-coaling, matrix-supporting, and pore-
Biot 32 #% T M 49 R M A £ & K T BISQ £ & fam 45 R. filling. A comparison of P-wave attenuation characteristics

BIS S0 & ] 7 5T RA KA modeled using Biot theory (focusing on global fluid flow in
£7 QM RAMRB A B, 2T RAKE porous media) and BISQ theory ( Biot-Squirt theory,

KA G IR R E RS KEDiof E X2 E incorporating both global fluid flow and local squirt

. " ) k2 PR ) mechanisms) under different hydrate morphologies reveals
W, BT IRATY A5 29 R M9 RAE B i AR, 5 4% #* that the attenuation predicted by Biot theory is significantly

AT K #4548 3 %) (ODP) 204 4%k 45 1247B #e lower than that of the BISQ model. This discrepancy arises
because the BISQ framework accounts for additional energy

1250F 3h 238 5 B 5 R 25 R AU, PR 3 69 Bk g 2 A loss mechanisms, such as microscopic fluid squirt between
FRE KA E XA B SRR T KRB hydrate-coated grains, which are critical in heterogeneous

A Lb:F R 2B R AR 7 i hydrate-bearing sediments. Based on the BISQ-derived
&, AT R 5 o 2 B b W I R g 4 A A AR attenuation model, a morphology-constrained attenuation
oy A BT BT BB A A M E S T B B AR A A rock physics template is developed, and a crossplot of P-

wave velocity, attenuation, and hydrate saturation is

KMt ERBETHOEREAMPERTE,EHAT R constructed to identify hydrate occurrence modes.

R s . Furthermore the developed morphology-constrained
IR T A % 5 A 5k B b Ak nore, . . , :
IR T PR AT S 5 5 S SR attenuation rock physics template is applied to logging data
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(ODP) Expedition 204. Field results demonstrate that the
constructed crossplot of P-wave velocity and attenuation
versus hydrate saturation accurately identifies hydrate
occurrence modes, and the attenuation rock physics
template aligns well with the distribution characteristics of
logging data. These research outcomes provide a new
theoretical foundation and technical methodology for
utilizing seismic attenuation attributes to identify and
evaluate hydrate reservoirs, confirming the capability of
attenuation theory to accurately diagnose occurrence states
and estimate reservoir physical parameters.

Keywords Gas hydrate; Hydrate morphology; Rock
physics; Attenuation property; Two-phase media theory
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Fig. 1

Four common hydrate morphologies

(a) Contact-cementing; (b) Grain-coating; (c¢) Pore-filling;

(d) Matrix-supporting.
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Fig.2 Attenuation rock physics modeling of the

complex-morphology hydrate reservoirs

(Adapted from Pan et al., 2022)
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Table 1 Input parameters used in the numerical modeling
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Continued Table 1
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Fig.7 Attenuation template for matrix-supporting hydrate reservoirs

(a) 1247B hydrate saturation; (b) 1247B porosity; (c¢) 1250F hydrate saturation; (d) 1250F porosity.
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