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Abstract For the purpose of identifying the “sweet spots” of rich shale gas in the Longmaxi-
Wufeng target Formations of Dingshan area of Sichuan Basin, this work investigates the key

indexes of shale, such as content of total organic carbon (TOC), brittleness, porosity, microfractures,
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etc. We analyze on the rock characteristics and perform rock physics analysis, and the results
show that the sweet spot areas exhibit high TOC, high porosity, low density and high brittleness
(high quartz content). Furthermore, Ap (product of the first Lamé constant and density) ranges
in 18~30 GPa+ g » cm *, Poisson’s ratio v ranges in 0. 18~0. 22, and shear modulus 4 ranges in
13~ 18 GPa for those reservoirs. According to the rock physics properties of reservoir, by
considering the impact of porosity, crack aspect ratio and mineral components on the sensitive
elastic parameters of high-quality shales, EIAS (equivalent inclusion-average stress) model is
adopted to establish 3D rock physical templates for shales, and the reservoir porosity, crack
aspect ratio and quartz content are predicted. Based on the log data, the constructed 3D rock
physics templates are calibrated, and the calibrated templates are applied to the work area. For
the 2D seismic test lines (crossing the three wells) and a 3D seismic dataset, porosity, crack
aspect ratio, and quartz content are quantitatively estimated. Compared to the actual data
analysis, it is concluded that the range of the predicted porosity for high-quality shale reservoirs
are in good agreement with the log data. The gas production data for the target layer of the three
Wells are consistent with predictions. The characteristics of high porosity, low crack aspect

ratio, and high quartz content of rocks of target formation effectively indicate the spatial distribution of

high-quality shale reservoirs.
Keywords
prediction; Rock physics template
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Longmaxi to Wufeng Formations in Dingshan area
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FLIRBE S5 A% 0 SR A T 8 S T L 25 5 PR Tl i X7,
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2.1.1 Voigt-Reuss-Hill 22

A SO B A A T PR AR R D Voigt-
Reuss-Hill -4 (Hill, 1952) , B 7] 15 31 3 8 19 £
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N
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st g (K — KDy
Kie Ks+71_¢(1_y)7 (6)
#Eéziﬂs(l_w, , (7
1—¢(1—2)

H A (Berryman, 1980a; Mavko et al. , 2009),

y= Q=P +Ps ¥ =1 —0Q +Q,» (8

_ K. +4u/3 _ K.
P = Ki+4u/3" " K+ nafn’ )
Ql - 1+/l\/gs
1 8. K +2u/3 (10)
Q= 5 |:1+Tra(/1>+2ﬁ’m) e K + nafn ]’
_ . 3K, + ps :&.9K3+8#5
ﬁm Ms BK\+4/A\’ g 6 AK\‘FZ*#\ D (l])

Horp Py QX R FERIZ AL 10 P A1 Q. 3 AR AS i
i T PR SR BT K L6 2 ROA BEORS i ) FRR 5L E T
LGB L 9 s PR ERA o 42 45 BRIE AL B AR B

1
p-inan Hro-t
Forp Ty RO T 5 FRORMBRRAR AP 18 A2 5 35 5]
75373 N A% 375 FH 5% 1Y) 5k & (Berryman, 1980b; Mavko
2£,2009).

AR T AERE AN A AL ZS )3k 2P A R A
o AT 0 A B A FRURE  FD T D) B & (Endres
and Knight, 1997)%

T., ) . (12)

oK .(K; — K7,

Kiy= K.+ —
(1— (K, —Kp +[K; + ¢(Ks— Ko Iy,
(13)
P S A St 2 (14)
1— ¢ — Zo)

i
Yo = (1 =Py + Py Xo = (1 —Qu + ¢Qus »
(15)
P, = 1+% P, = nfﬁ (16)
Q= Q. Q.= t[1+ W%}
(17

I H.,
P,=P.(Ki=0), (n=1,2), Q, = Q. (K;=0),
(n=1,2). (18)

iR Ty R S TARAUCIR A5 B 3RO A8 LA A
ST X TR LN T 1R ERIE AL, X A5
R BT s (12 R (18 15 2. FLERJE ¢ 2>
M FLBRE 6. AL FEFLBRE ¢ CRFLERD . 5
e ] % 35 5 11 A BB A A B WA i 4 I KR e
FL B2 (] rpa] DR T 8 333 70 U A o O A M RS it
h Ko BRI LA o PO, BRI R Ry ¢ =

%, 2 B0 L R AL B R

X1 TWASER (Mavko et al. , 2009)

Table 1 Mineral component properties

(kg e m™)  HRBEE(GPa) BT UIE A (GPa)

g 2650 37 44
A 2540 47 24
B 2630 76 26
B 2630 147 133
J5 A 2710 77 32
H=A 2870 95 45
TEEAR 1300 2.9 2.7

it 2500 21 7

= 111 0. 04 0
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Fig. 8 The rock physics template by elastic parameters under different influencing factors

(a) The effect of porosity and mineral component on the rock physics template; (b) The effect of crack aspect ratio and mineral component

on the rock physics template; (¢) The effect of porosity and crack aspect ratio on the rock physics template.
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Fig. 11

Target layer profile of the seismic inversion results of crossing-well 2D test line

(a) S-wave impedance inversion results; (b) P-wave impedance inversion results; (¢) Density inversion results.
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(a) Ap inversion results; (b) x inversion results; (¢) v inversion results.
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(a) Porosity; (b) Crack aspect ratio; (¢) Quartz content; (d) Brittleness index.
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