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Pre-stack fluid identification for fractured-vuggy carbonate reservoir in
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Abstract ;: The reservoir space of the Ordovician carbonates in Tazhong area,Tarim Basin, is mainly composed of fractures
and secondary dissolved pores and cavities,and its seismic responses are bead-like reflections. The fact that the reservoir
is covered by surface dunes and buried in depth leads to a relatively low signal-to-noise ratio of seismic data and the poor
imaging precision for the reservoir. The oil-water contact is complex in the reservoir, making it hard to effectively identify
its features by using post-stack hydrocarbon detection method. These problems have seriously restricted the progress of ex-
ploration and development of carbonate reservoirs in this area. In order to address these problems,we conducted research
based on high-density seismic data in Tazhong area. As the high-density seismic data have higher signal-to-noise ratio and
reservoir imaging precision , they are beneficial to study pre-stack hydrocarbon detection method for fractured-vuggy reser-
voirs. Firstly ,more accurate P and S wave velocity can be worked out by Rock Physics Model. Secondly, AVO forward
modeling of oil/gas and water wells is conducted , showing discrepant responses from different wells as a result. Therefore ,
the AVO attributive analysis technique can be used to identify liquids in carbonate reservoirs. Finally , pre-stack simulta-
neous inversion technique is used to quantitatively identify fluid types in reservoirs in the research area; The predictions
are in turn compared with the results of formation testing, revealing an accuracy of liquid predictionsof 83. 3% , which
manifests that this method provides effective technical support for improving the success rate of drilling and reducing risks
of hydrocarbon exploration.

Key words: rock physics modeling, AVO forward modeling, pre-stack inversion, fractured-vuggy reservoir, carbonate

rock, Tarim Basin

YRS HEA:2017 - 11 -03;18iT H#8:2018 - 10 - 18,
E—AEER A MR (1981—) ) Bk TR, BRI R & 2 K JifA . E-mail:xq2977@ 163. com,
EETE : EFRHHE AL (20162X05053 - 17) .



513 fif 5, S B DCRR R ER 4R R 2 B iU AU 197

Za 3t JUAFE I SR S m A 5Y , R B ik
TR B8 BLR 2 3% v b DX 1) 2 e BR k5 i 2 S vk L
VAR . AEAET ARy T — B RE TS R
TEMREZE R, A I T ILANE R @ 8 b i X 3%
BEVDTE TG, MR TR MR LUAIG , X LA S i AR T
MY TEE ;@ B b X A 2 TR (> 6 000 m) | fifi4E
23 (0] BN EE R A, 2 B B PESR ;B il
SEIR BRI , 25 5 S A T2, M LA B A5 45 TR A% )2 Y
G\ BB Ih 2, MR 2t AT AVO JE 3, XELLAf
SE S ik 2 R R R AR 9 AVO IR B

X 7R R M AT B () T, SR /N T TG | R 2
JEE b 2 SR A AR SR N 1) Ab B AR REAR 48 1) e D s 7=
BRI 5 W E AR A 2 BN I 25 55 ), M il 4%
WRGE RN o kAR E SR, FLBRER K (>
30% ), i I U PRI ME o T E A ) R, i AT A 2
WEoE A 5k S B IE T 8 IE R Xu-
white A0 T DL e TN 44 1) 75U £ SR IR B, Xu-
white H 500 T FL BRI A0 R0 R0, W TRk R R
T T A R I TR R — e A 22 A
DEM 081 JE 47 B R 56 Rk ke F93 00, 000065 38 ¢ v
RS T DEM A5 %0 5 Self-consistent A& 7116 A
R B BEEAE R PR AL, DEM B7Y 5 41 &
AN FEA %, Self-consistent K7 1.5 ¢ 5 9y 15 T 54
HT L AR T Self — consistent KA AT i1 15
W, 5Z LRI/ INFZ M A /IN 3 o P R L R & A o] LU F
FLBREE AT SR AL BRI 7 W A

AVO IF 38 A F7 i [ i) 52 38 A BE 8 B Al & Zoep-
pritz J5 fi K FAE R [ R 454 T 1 & fb. 1985 4%
Shuey X Zoeppritz J5 FE#E AT T HHT#E T 5 1L, ¥ e
ZIAM AR 5 A B A S R B A R A I T
Shuey 81" 75 F, Shuey 375 FE 5 S B0 Hi S ke
T YW SIS RS A F B m A R S
A5G Z . Connolly 41t T bk e BT 2 36 ( E)
1% ; Whitecombe 25" $52 3 74 55 3k B 470 Sz 38 ( EET)
D7, IF R T WA R PE I ; Li Yongyi 25 A Fl
FHAVO J& 1, %NS PG B 2 R B TR 8 AT T &
PTG 5 22 A ) P I TR DL S5 6 DA % 5 i i
P RELC S 8 B A i Dy 1 0 00 ik P2 8 i J2 1) I AR
o5 4 B R B T SR R o B T S e 7R
AT T B R A I 5 sam R R AVO 3
TR T 1 v b KRR R R o S S

bbb SRR, 7E T AT R IERE , 223070 B b b
DX T J 5 T 0 W B AR 0 S R ARG . W5 e
Rk O B AR T IR B AT T 0T, RGBT

TSR AVO i i 55 2 1 A4 A6 I i) T A7
Ve, B ZTTRE T & A I SE 56, I %R DN 45 R 247
TR S U

S WEE7/FL N ey s

HAO Y PRV AR S HURR N AR R . A
PR A 7 AR A 2 R S R R o N 2 () Y O
Al A TE AT R AT, BT Ik i
PARZAE AT M R M RO 18 52 0, R i M A 3 3l R AR
U 7 =2 TR F % 137 56 2R 1 DT 3804 52 5 14 T A7 P8
PO R BUE SR o A P P A S B AL R P
7T R P A

1.1 #&Ei

A R RPN | DA Y /AN W v o o R S
Pickett' "/ Castagnam] FF 22 H A T AR YK
— B 1 0GR, LR 2 WY I T R A LR 2
IR OC R o A X B PR £h 2 2 2 DA ) 48 45
RA LB g 32, P 28 30 8 Sk A7 I P00 A7 AR R
B2, FIX A X GE TR R 2 R i P 7 32 64T T 3k
MHIE IE . — 7 T2 K 223 Self-consistent 15171 8%
# Xu-white F5 | Self-consistent #5551 /] DL 0 L Bt )&
KT 30 % it 2 AR IR 832, 33 Xof AR IXCJIR) 7 HR A J2
PEIMICAAF o 53— 7 TR 25 B 2R e A
A e R, i 3 Viogt-Reuss-Hill 7343155
RAT PR B RS PR 5 = FIH Self-
consistent F5EHY 38 52 I8 5704 AR D\ LK S B IR
SAUE BRI ER A MR R A S e, TR T A
SRR, S DU, AL Wood AR 15T 1E—E R
I ORBE W AEE KA T IR A TR R 2 SO i
B )i, M Gassmann J7 F21 ') 15000 3 15 A B4 1A
PR 50 TR XT 7 14 A 0 T

FIFH 3R T 2%, 75 S AR R 3 32 T A S )
TIN5 2R 5 S th 4R W& B o TN A2 A S 2R
BEFZIAARC, T Y o 5 S A S AR R R — 3
JRFRAA RS o XA SRR W I ) AR X A T A
TR A R
1.2 =AYESHEREER

TR AR B AR AL B R AR, 23 B 4 35 A )
DA IR X A P AR i 1) 28 A 5 RS AR e I 3 32 1Y)

AL, B RE BT AR AR AL 5 L Y L 2 0 1 A A4
AR A 2.0 J& Gassmann J7 #E . 7E | 1 A A1 4 B



198

Al 5 KRR

M %5 40 &

AR b B A AR SRRy R R A
BUARAS  BfLBR EPE/‘J/}ILM:

5T XN AEZ R 6 500 m ZEE TS Y 2
Y Sy R AT AL, M L 29 2 000 = 1, HAZHL)ZE R
F14 60 MPa, M )25 B K20 140 C, H 2K 18"
fL.BE 80 000 x 10 ¢,
AR B E LB R R A LRI 2 4% 40 %

(0 I 6 B R B R A T s LR AR AR AR R
(2% ~30%, Jiy & o] Lhik 2] 100%) o fi#f )2 4 Pk L
WA R E L EPEIIE@%F& K 2.71 g/em’, BHLAT
$717 300 g - ¢ o AR TR
FE A F&f‘&ﬁﬂﬁ/gﬂﬁﬂﬂ l’§l2 % T R

A XA ARG B kR 52,5 g/em’ BT FFEH] 12 000 g + em” + m - 57 /2
Ao GRS (v,) 1 6 359 m/s TF%?M 700 m/s, |

2.80
2.75
2.07
~ 2.65 S
5 -
g 260 8
.Ega 6°° ¢ ﬁ
" 255 <ty
. R
2.50
245 90
2.40 _
12 000 12 600 13200 13 800 14 400 15000 15 600 16 200 16 800 17 400 18 000
HPIPPEBL/(g-cm™-m-sT)
JEfE )= RN = R AE R
PIL B v DX 5 BT S &
Fig. 1 Cross-plot between density and P-impedance in Tazhong area
2.0
.
1.9
ava/r @ 88 &30
<18 et
5 ° e ° ®_©° L0 08 ..p °
5 « BN ST DONE, % F CR g =
) SN B
= 17 . ot &
gg ° ° . ° ﬁ
o . 3 a0 4z
I e o *
5 1.6 oo O
° ° ° e o -70
2000 ° . . . d
15 se® o°°° 30
. p—
90
1.4 100
12 000 12 600 13 200 13 800 14 400 15 000 15 600 16 200 16 800 17 400 18 000

PP FEPL/(g-cm™ m-sT)

O O

ERE AkGEE EWUER
P2 S X Gk 18 b S5 B s

Fig. 2 Cross-plot between v /v, and P-impedance in Tazhong area



51 fif G, S 8 DX R kA A T TR 2 S mT A AR TR 199
u/(m-s™) v/(m-s™) v,/ v, FLBREE/ % ErmERE/ %
1000 6 000 1000 4000 O 1.5 2 0 15 30 0 50 100
6400 T T T T T T T T T T
{
d ( ——
6410 + &
6420 ) %
TR TR T E TR T
6430 {
g
5 D
6450 -
6460 [
6470 - é
J& J& % J& oAl Ji&
} L=
6480

B3 35t ISR U
Fig. 3 Fluid substitution for gas well in Tazhong area

(E TR @SR S A B AR, OS2, (2 i BRI BINES SR o)

R B2 Ry 25% o R % THRE (v,) 3 200 m/s T [ 3]
2700 m/s, FREIRE K 15%. v/v, 1 1.91 F %)
1.55, FREIRE R 21%.,

FEBR RS , S AL se i K il 14 3
D AR AN AL B 5 A, P e B R
Koo ANTSFLBR 5 A ] Fh e A4, 1% i ol B R A AR fh 55
INo AR AR SR BT, IO A A 2 R S 4
Lo BAAL A A BELAT e LA DX 46 J2 v B i A, 8
1o A 1 25 AR A 2 10 3810 LA R e A B 4 1 56 T
YIS I TR ) LG D AT LA R X i AR S K
PRI AT DA B -5 e 8 1) o LA R R S 5t AT

TR
2 AVO Hip JLIE T

AVO TE 78 S0 A e e 5 B il 2t A, A
Zoeppritz J7 BT 5 — DB ATIEE . 27X A B dl
TE A A Ot B 122 A 19 5 &R AT LB . AV O i J
R T IR BRI AVO IE 3, 7] DL i 40 B

TARAZAE XS AVO i 7 B 52 R, e ¢ 592 B B ¥ Y 0]
FrEorr o

ARSCHE T XN B T il 5K H #E4T AVO IETH,
IEFEE R 4 Pl B AVO w0 2 IR i BE D 75
G RGO, TP S oK H: (8 AVO i J37 2 i 1 i
P3G RIEARAE AR K o A [FIZERI ( HAB
B 2257 09, AT AR AVO FRFE sk & S ariE 48
PEFEAR XTT 2 PER IR AR ST

3 B
3.1 EEREMEETUNRGERME

MR R 2 WL 25 G A B% R AS 7 1 S, 5
B CDP JE IR 75 AR (i B 1007 B0 A AN 38 50, o
Mo BEAIR B8 Fi 58, 110 /0 Ol A2 -5 K Ml A2 B AR B 535
B TR R AL PR , £ RS 2 e i T A T 1 AR
ARBETRAMEE WML B0 R X T A N IR IR R AT R
5/ MESET AR B A NI T REEIH — 1k, XA T ik



200 145 KRR R 5 40 &
v,/ (m-s™) B/ (g-em”) v/(m-sT) AVOIE} F3ECRPIE & {EEHE/m
-'1][][]“ . ()?H[] 2|2 . 2[8 IIHOH 3(:“(7 75 675 1475 1 H 7 (0 ] (7 21 (0 31 U 39 0 4750 350, 1 350, . 255'0 3750 4550 5]750
o - B 5 _F T P
== . = i ¥ | .
5‘;‘- ‘;' ll I | ’ { w F.,';.nm»mwl iiblilm"ﬂ UL
35501 3 '.!I ||" il ”
T =‘ AR ;, i .|....»;!me»»~
™3 5 0D mhl ||I|i Ml i\ |.,rr
35751 E
= wg»»twmwnlmuwlmm%»
L, 3600} —ﬁ
§. _‘?.} / |l ilv [ 3600 - n o
,% E, Ill I ﬂ%‘l Iﬁ 1
£ 365l 3 £ i 1'1 i )3 ;“I"lr.)l i
_:_» T lI||l || |l \I '.i wm' r '. F 'ml’mh' '»
¢ I " vW
3650|- —— 7 T arse s e et 111 111 g H m‘ wﬂ”"“lr IhH ”"!h‘wli‘ P‘u
[ '|I|,‘|.I||||[ |I’|l _ v
36751 FHH n|'||l| | “Lh“‘“\«\
| | | . _H"“\._,_
I ' | - .
3700 - -' o
B4 B Xk AVO IE3#H
Fig.4 AVO forward modeling for oil well in Tazhong area
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