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Fracture porosity modeling of fractured tight sandstone reservoir:a case study of the
reservoir in Member 2 of Xujiahe Formation, Pingluoba structure, Sichuan Basin
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Abstract : Fractured tight sandstone reservoirs are highly heterogeneous. In contrast to the effect of sedimentary facies change, diagenesis and
tectonic movements play more important role. The properties and distribution of fractures are always the key factors to evaluate such type of
reservoir. The porosity and permeability parameters, which are normally used to describe reservoir properties. could not describe fractured
tight sandstone reservoir sufficiently. It is an important method to evaluate the distribution of the effective reservoir of the fractured tight
sandstone by treating fracture porosity as a random variable and using it as a key evaluating parameter. Constructing the spatial structure of the
fracture porosity is the key step for modeling, and therefore the spatial structure parameters created by using seismic properties after the correla-
tion was established. Production data indicated that frequency spectral decomposition properties of seismic could show the similar plane distribu-
tion of the fracture porosity, and could be used to calculate the varigram of the fracture porosity. However, the properties were 2D and could not
be used as secondary data in modeling. Ant tracking data of seismic and log interpreted fracture porosity being as input data and using collabora-
tive modeling method to create the spatial distribution of the fracture porosity were established and then evaluated the reservoir quantitatively.
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Fig.1 The top surface structural of Member 2 of Xujiahe

Formation in Pingluoba structure
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Fig.2 Log interpretation and normal effective reservoir

classification of Well PL2 and Well PL7
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Fig.3 Fault damage zones occur with faults

(b) B
B4 MSERENEOSHERBUSHE
Fig.4 The core with structural fracture and its microscopic

features of the thin section

3.2 HHEIBERE
3.2.1 MR A

ORI S 2R B A R R T Y 2 R BH R AR 2 AR
RN Oy B R Sy AR A R B SR IR TR Y
1R AR B T4 AR H B 783X FE (19 JF BO A5 1
TR 3OS ) H, B (R L e 2 AR B TR 25 7 L X
Tl 2 S K, SR 8 4 LI R R AT I A Uy

b= R =) ] v

m=1.5-1.0¢ (2)

HL BE 580 A R 2 A% L B RE A5 R S E
0. 124% A g AHX A8 5040 Y 42 X050 H fie R AL 4 AL
BREEZI(H N 0. 041%  —F A RRI 2 5. ERX
TP LG Y 5t R 2 o 1 5 e R LB B I BT T A B
TN TG AT e 4 o A RO o) A B 1 (QQ
B A ) g N0 S 2R L B A R 45 R B 4 B R 1R
) - 238 4 LR A R L A 46 S D ke ) i BEL 8
I i R B 2R BE FL B 5 AR D - A R 1) SR B FL B
— (5.

1.0
0.8 [
L BARME: 0.266
0.6 Hff: 0.124
& F/ME: 0.041
R
B 04 r
Bk
0.2 -
0 | | | | |
0.04 0.08 012 0.16 020 0.24
e, BEL 5 0 - A R N A FLBR B
(a) HPHERWFH
1.0
0.8
0.6
i BKRAE: 0.094
129 o fE: 0.041
Bk 0.4 B/ME: 0.001
0.2
0

0 0.02 0.04 0.06 0.08

JRABCD H i T B FL B BE
(b) BRBIH

R BEL SR 00 e R A L BRI

0 0.0.2 0.()‘4 0.(;6 O.OIS 0.10
BRI H- i T L FLBR B
(c) Q-Q ¥t
5 REBREBIEGRE
Fig.5 Interpreted fracture porosity data



574 el bl 2 Eird 2017 4 %38 %
3.2.2 LB XIE R TN L BRI BAE N B E B, R

G AU E — BT T U )2 2 DU AR
X T R4 PR AT 1Y) 2 k38 B R /NI B 45 5 A T R
Bl R 2 A B A O3 A TR L R R TR Y
PUI 533X 2 Tl B0 A [) o 24 4 Al 158 o1y P 350 A5 WD f 1) B
1T 77 (LR AL » 15 i A BB 2 R 5% 1 Al e 7 T R B 4K
R B RS JRE 7 17 45 W 208 1) — B, T X SRR L X
-V U Bk TR e 100 ms 1N 5 CF- 7% 00R 1 20—
BBt J2 Bk ] 38 85 24 100 ms) F £ 20 41 4k B, X6F 2 45
T N (20~40 Ha) Jr A 150 5 U1 339 2847 1 20 - %
IR BRY) 5 W AR L R A 7 B X B R B R
36 Hz (VIR b A7 AR 7 4 D0 B8 1) I #8201 76 ik 8
JEPEE/NT 50 BRI XSk CAn 18] 6 P& 2 ), i
ASPA RIRA IO TR AR T 50 /Y i X
BANE 6 Py 7 ) . U TEEOE S I H
TEAAVRROHEE, EIFRXN.A 5 HHRAE
BRI Bt Z B0 TR a0 WSS A P R R
BOA BB TER R A R R 2 BUAR A 2
B2y 7 TR 23 o L A SR L BT JRE A v PR T A
AR 20 S R R R T R R A e O R
TEREAR |5 L4 FLIREEAFAE IE AR OG) L A% LI R B
PR PR AT e AU A ST RS AL B
BERY ) - ThT 25 () 25 R 2500 R B A8 22 R AR

-V UG 1 0 B R O 4 380~4700 m/s ,
J2 TR 03 A B R R e LS BUR D i 2 80 % . 7 fF

Az
6 SHMEICHZ N MEMYE

Fig.6 Frequency spectral decomposition properties slice of

seismic with frequency 36 Hz

PR R A S
AZ = v/(4.0/) (3)

A TF B AR Sy 36 Haz (IR 30. 4~32. 6m,
W S A T BT A S A A V2 0 T MR R P R
S 1) B B W A RE R R oy Y A nT R B 2 .
F L0 BB 1 DT L 0 1 J5E B B A 0 R R R
AN X TR 1) SRR KR IR )2
AT [F] R R AR A T S B B N I 0 SE A (R 4y
A7 KR BN 1) 2 e R AR b 7 D 3 B T

0 S S SR A %) B 1 A ST b AR 25 UM 1A
F18 S5 ity o PR SRR S0 s O 25 IR 5 I e L i
WIZALA BTN I A B R W, i D
LYETEN 7 ii D ¢ NI WY SRS K kel (0] e - LT VETER 7
AR G B R R B R R AT RE R TR
o R 3] S P DT A A L v T 2 7 Sk 4 s T Y
W o 87 P 922 1t R D e T AS e L (0 P e 5 i SR 4K
T A o B B30 AR o T 0 S B e A L G
A S5 s TR R b sz ke DT 2 A 4 o 11 B ), O A
FHE B2 S HOER

4 BBESLBE A

il PR ASE T 3 0 B o 22 A B R PP A
AR RN TR R E M BOR R A2 IR
B AL Y 23 A1 8 I U 85 2 B 2 PR B S

K I W06 B K P ] T 2R 28 AL R AR B L A
R U ORI A S S A R A /N N oy BE R B —
Beoy i AL o — Ff AN T B 2 4% AL 9K G Bk AT R P
AL S Al T B M A TE TR G 0 8 B R 1A
I 2 Bk BOA [) L A 21 19 &5 2R 25 53 0K L T vk W] il 418
HAS T AR A S PR . 2B MR R M R
PR A Sy i 0 0 o 8 e A I Y 0 T A R R B AL B
JEE A Dy B 5 A0+ A P D v B 4 R 3k R AT SRR AL
BEHERL,

4.1 TEERY

A 8 P B Al A A S S 7 R
B AR BEBETE X G AN R 5 TR IR 7 1] 56 & 5% Ui
DURRIA L T 2 5 W7 538 28 48 55 7 A 56 1) T SR8 e i L
JET5 1) 50 3 1 — 2, S UURRTT ) 22 AR . R
Hi T4 1 5 R U )R P UG TT RO 1k Al
At 7 L FLB R 25 (] ) 254 G 2%

36 Hz 53 53t 52 & PR 7 1 2 BE Wi el 7
T = 53 A3 e AT LA R Afy 5 7K P 05 1) b 2 A A A
LI L 22 pR R 22 0 0E 25 00 % s L Bl > B R
(9 77 22 STRR R LS A 205 0 A 47,57 T 5 1 B Y



%53

BE/NIA G A TR BRI )2 AR LIRS LA 3 - 9 DU 3 25 K A B )2 Sk 1) 575

7 SR EGE BREUE
Fig.7 Ant tracking data of study region

78 2% SRR 7 E AR 137, 57U T 1) F AR 2% oK B G R AR
A 3188 m Al 1035 m (3 2), —H ¥ MERIRBIAL,
) F A AE 25 0K B0 36 Hz 4% 5 & M 1 8 i R
32. 6 m N AR AR AT R I BRIR B AL, FE S AE 2 1R
Hst o AKF 5 A 5 A B4 R08 S 0. 005,

Table 2 Variogram parameters used in modeling

A2 2 iR AL KA EAMHE Sesy R

Fifh 47.5° BRAR 1 0. 005 3188
5 i fa 137. 5° BRAR 1 0. 005 1035
) ERAR 1 0. 005 32

o 1R 2 22 R B 2 0T 00

{o. 005+C(@—0' 53h3),<o <h<a)
y(h) = a a
1,(h > a)

)
4.2 HEAEEE

M 752 WU P 73 A e i T 23 B ) 3 R SR T
R T R AEAS TR B 59 3R T 1) R A e A2 AR R
HE B URE 1R PR R A LAY A R =
2 2 (1) b A D Db TR) B < A 1 8 s

U5 SRS A BE B8 A — 2 2 (W) L S I IR J2= A el 114
JEA AL o PG A DA S A5 ) B 800 xR 4 L B JEE 1Y
23 (A3 A AT YA . IR R A 29 SRR A% AL B L 11 = ]
JEAi AR E SR RSB E. RS BN
0. 45 I . i 7 HCHE A 0 228 4% LB RE 119 24 SR T L3k 3]
AR AEAR A v, G BB A B 1 2R % 0 B 1) R I
17 P, FE O S Bl ) — Bk . R H e e i A
B30 » 05 I B Al A A S i B 8 (o ) 2 P [
o L R AT B R
4.3 HEFLIREEY

TE R F b R W 2R A A D B A A5
T AT AR AL o REER T RAEALIE S
HRRR G AN B P AN A AT A

R S BN P RO LRI F i€ RS R € 4

Y AEAAU 2 [8] v $5 8 E 1Y 00 A% 2E A7 R4 o 1 19 A
JEFJE 20 X 20 X 0.5 KLAR J5 B — > B 40 = [8] 94 4% o
HRAT A b 52 B (A — 5 A7 A8 A K dh s @ 2 7 R LA
LB AR+ R 25— 25 R0 10 A% v B A B8 S0 00 11 2 1 1) A%
W AL T 57— > B AR 5 O 4% 19 M 7E BE AL B A P 1 O
K REAT U3 R) e B it B R R S RN
% i e B 5l 5 O e o8 R ) K oK A
P R R N AT SR a g RS IR LR (E/Sh e
B RS A A L 3 R A B L A A AR A 8
RS — RS O E L IROME RO . 57
ZABAU I 5 © 8 38 SR UE L XL 52 B HEA T
B 105 o 46 07 20 1 A die B AT ARR R i 4 2R AT S (AL AL
HLL A3 B U R AN 8 Brs .

i 2 2R 4% LI 2 B B8 10 45 3R 0 O L
He MR LA R A R b R B Ok i AR BEAT R
A, R, REESLB R K T X 5 R fE

WA

BUETLBREE / %
m 0.10

1000 m I 0.05
—_
0

B8 FEMMEM_BRREABEHEMUINLER
Fig.8 Realization results of the fracture porosity modeling for

Member 2 of Xujiahe Formation in Pingluoba structure



576 PER - ¢ 2017 47 38 %
p . [4] Fhelid, 64, 200 5 . 5. BUR 2 /TR 20 ORI 77 i
5 4 ik [0, AM2EAR .2015.36(1) : 74-80.
D Xﬁ?%éﬁ‘@ﬁ%@%ﬁ%}% ’ %%’f»{ﬁ%é}%}lﬂ@ SUN Jianmeng, P.I/\N Zhilei,QIN- Ru-ibao.el al. Log-evalualion
method of fracturing performance in tight gas reservoir[J]. Acta
B B A S B, e 25 ) b e R i ik 4% FL IR (51 bl 5 24 7 B0 AL 465 T R 0T 0L P 35 R SR AE 5
JIE T TR B I VI R LB A RO AT 5 O3 B BRI B B R O D). 4 3242015361
XL S B IBCIE G T 2 4% R 1) BHIE B 5 40 B4k 1Y 25 1] 89-100.
ﬁ%ﬁ%ﬂ% ) NIU Bo, GAO Xingjun, ZHAO Yingcheng, et al. Architecture
. \ N y characterization and modeling of channel bar in paleo-braided riv-
2 {mu#ﬁg*—%%ﬁ%ﬂ“ @EKE‘EE?-%EFH ﬂ:ﬁ%%@ er:a case study of dense well pattern area of Sazhong in Daging
158 IR 3 5 PG A R A 1 2 55 B A oilfield[J7. Acta Petrolei Sinica+2015,36(1) ;89-100.
AR Z AT EAT A B G0 2 SO0 A B 4 D0 S e R R T67 B W g6 VPN . 45 [ 500 W MO 4R T 547 A1 M A e R
B4 7L R W 0 3B AL BRLEE 5 25 ) LT AR 2015.36(2) 127137.
(3 Xﬂ’ﬂ:%ﬁ% 1@ ﬁ % @ %’ﬁ%}% , XHL . 7/{ = 2’@ Hi ZHANG Junfeng, BI Haibing, XU Hao, et al. New progress and
%ﬁﬁﬁﬁ*ﬁ ﬁ% @?fi Hﬁ%%ﬁéﬁﬂiﬁi?ﬁ E"J—TF‘ Eﬁ:}’%ﬁ jj‘:ﬁE LT reference significance of ‘ovfzréeas tight oil exploration and devel-
. N . § o . IR opment[ ] ]. Acta Petrolei Sinica,2015,36(2):127-137.
ENAREREBRATHERBAREZREINES ) o o g, 5. o 2 2 b W 157 2
BRI, Ay R 3 T 2 7R 5 I A P U A B R A S PR 25— L5 LA TR 2 A LD 0. A o
= HERY T DL I SRR R AR L A D A AR A B R 2016.37(6):715-727.
H ?@*ﬁ%{i 3 WANG Ke,ZHANG Huiliang, ZHANG Ronghu, et al. Charac-
(4) %é‘@ﬁﬁ‘bﬂﬂ# S &élifﬁﬁﬁ , }FIJ HEJ_U} ﬁ teristics and influencing factors of ultra-deep tight sandstone res-
- . R . y . ervoir structural fracture:a case study of Keshen-2 gas field, Ta-
@;Fi E"Jﬁ/£ ’ @E T 5 EEFE ﬁ[jﬁ*ﬁ % % E(J %%%%:HJ ]%E rim Basin[ ]J]. Acta Petrolei Sinica,2016,37(6) :715-727.
& I‘Eﬂﬁj\%ﬁTﬁﬂ ’ ﬁﬁﬂﬁﬁﬁﬁi&%ﬁ% ) 7 [H] %%ﬁ ’ ﬁ i) [8] QU Dongfang, TVERANGER J. Incorporation of deformation
g i — 2B AT R AL LA R R 7 SR AR AL T e band fault damage zones in reservoir models[J]. AAPG Bulle-
BB BIE Y B, tin,2016,100(3) ;423-443.
[9] FACHRI M, TVERANGER J,BRAATHEN A, et al. Volumet-
FEidrE. o— 5T [K?: B R..—I ;’ﬁ VE kA FH ric faults in field-sized reservoir simulation models: a first case
% ,Qem yRH%*]%{D]IJ m H m% ,Q- m§RLLD*‘]§é'fmU m Hi study[J]. AAPG Bulletin, 100(5) ;795-817.
L Qe s e P [ B AZ T myo gy L) FIR TR TSN RO
4 R 5 A AL DL Al =4, 2009,30(2) :168-175.
E sm/s; fﬁ%ﬁ % »Hz; v (h )7§ 2 ﬁ {E‘ r Yj—( ; LI Xizhe,ZHANG Manlang, XIE Wuren. Controlling factors for
Cir\%’ﬁ ;hiﬁ“E% 7m;ai§r\\$§ s Mo lithologic gas reservoir and regularity of gas distribution in the
5 = % ® Upper Paleozoic of Ordos Basin[]J]. Acta Petrolei Sinica, 2009,
30(2):168-175.
(1] T30 B0 BI0k . 4. SR AR Rse R )] (11 BB AL WA FMLRESOR 55 6 7T 6= 2 4
ERBLE B ,2015,30(7) . 737-750. [J]. Wi < /1 ,2001,8(5) :30-32.
DING Wenlong, WANG Xinghua, HU Qiujias et al. Progress in WANG Yuezhi, TIAN Hong. Research of fracture reservoir
tight sandstone reservoir fractures research [J]. Advances in characteristics using FMI logging and dual laterolog[ J]. Fault-
Earth Science,2015,30(7) :737-750. Block Oil and Gas Field.2001,8(5) :30-32.
[2] . WRBEE RS RO G R g —  [12] TSRO R AR LI RS DK L B g A
BT A A B D A AT A 2014, E A PRS2 BT ). 7B 5 9T % 2001,27(5) 1 47-49.
LI Zhongping. Fracture characteristics, identification and evalua- CUI Yong, LUAN Ruile, ZHAO Chenglin. Volcanic rock reser-
tion of the distribution for deep tight sandstone gas pool:an case voir characteristics and prediction in Oulituozi region, Liaohe Ba-
from the second member of Xujiahe Formation in Xinchang gas sin[ J]. Petroleum Exploration and Development, 2001, 27(5):
field_ D]J. Chengdu:Chengdu University of Technology,2014. 47-49.
(3] HEFH X, F 0,45 0K 230 40 A 3t X By A R 8o (137 SRAEHE, FHAME, 5K IG5, 25, i 5% 4350 B R i i 5 o4 T8 B L3k o

WE AR B R AE LT ], A 5 KRR A BT, 2014,35(2) .
183-189.

TIAN Jingchun, LIU Weiwei, WANG Feng, et al. Heterogeneity
of the paleozoic tight sandstone reservoirs in Gaogiao area of Or-

dos Basin[J]. Oil & Gas Geology,2014,35(2) :183-189.

Sy LI AR 5 T K. 2006.33(1) :64-66.

ZHANG Yanzhang, YIN Shoupeng,ZHANG Qiaoling, et al. Ge-
ologic significance of the seismic spectral decomposition technol-
ogy and its application analysis[ ] ]. Petroleum Exploration and

Development,2006,33(1) :64-66.



%53

T/ A R PE R D S )2 AR FL B RE AR LU 1 3 - 7 IR 3 2 ) 4 B A )2 O A1 577

[14]

[15]

[16]

[17]

[18]

[19]

AR I8 PNV, S AR A, S5 R T 7R HOHIE 43 SRR T B R RS T K
HABELT]. AT b ER Y B 2011,46(4) :610-613.

CHEN Bo, SUN Desheng, ZHU Xiaomin, et al. Fracture detec-
tion in volcanic rocks using discrete frequency coherency cubes
on full-azimuth seismic data[]]. Oil Geophysical Prospecting,

2011,46(4):610-613.

B B 3 R R %E ) Hb R A0 A S50 R Ak
JE LA HUR a8 BRI 9 HF XA BT ). Al KA

200 2014,36(1) : 45-49.

YANG Shiming, PAN Xiaohui, GE Shanliang. Predicting thin
sandstone reservoir by using seismic separate frequency attrib-
ute: by taking wellblock Shun 9 of Tazhong uplift in Tarim Basin
for example[ J]. Journal of Oil and Gas Technology,2014,36(1) ;
45-49.

HOSSAIN M S, UROSEVIC M, KEPIC A. Interpretation of 3D
high-resolution seismic data collected over an IOCG deposit in
South Australial J]. SEG Extended Abstracts,2015(1) ;1-5.
SILVA C C,MARCOLINO C S,LIMA F D. Automatic fault ex-
traction using ant tracking algorithm in the Marlim South Field,
Campos Basin:2005 SEG Annual Meeting, Houston, Texas, 6-11
November,2005[ C]. Houston: Society of Exploration Geophysi-
cists,2005.

LI Yandong, WANG Jun, YANG Hao, et al. Fracture character-
ization using azimuthal AVO, ant-tracking and curvature; 2013
SEG Annual Meeting, Houston, Texas, 22-27 September, 2013
[C]. Houston: Society of Exploration Geophysicists,2013.

KR BGE B A TR B Sl R i - LS il RS
S E R BILT]. A ER Y B R . 2010, 45(2) - 278-281.
ZHANG Xin. Application of ant tracing algorithm in fault auto-

[20]

[21]

[22]

[23]

CISCRE B3 2016-12-04 g lE] H 3 2017-03-22

matic interpretation: a case study on Fangheting structure in Ping-
hu oilfield[ J]. Oil Geophysical Prospecting,2010,45(2) :278-281.
7R I SR B R R A AR T W A R R R NI L Aol R AR
SR ,2009,31(2) :257-258.

SHI Jun. Application of ant tracking technology in small fault in-
terpretation[ J]. Journal of Oil and Gas Technology,2009,31(2):
257-258.

i 545, OSADETZ K G. P44 K YT b Cardium £ 0%
BERPEA LT ). A1 B 5 0T %, 2013,40(3) :320-328.

CHEN Zhuoheng, OSADETZ K G. An assessment of tight oil re-
source potential in the Upper Cretaceous Cardium Formation,
Western Canada Sedimentary Basin[ ] ]. Petroleum Exploration
and Development,2013,40(3) :320-328.

SR PN IR A DM AR IR TR AR SO R o U = 2k
LI Al 5 % . 2015,42(1) : 76-83.

GUO Zhi,SUN Longde, JTA Ailin, et al. 3D geological modeling

fey

for tight sand gas reservoir of braided river facies[ ] ]. Petroleum
Exploration and Development.2015,42(1) :76-83.

PR RS RE A BT I WA AR s b AR [T ). VS
AR 2 2 HARBEE R, 2011,26(3) :21-25.

CHENG Chao, WU Donghao,SANG Qin,et al. Facies-controlled
geological modeling based on ant body[J]. Journal of Xian Shiy-
ou University; Natural Science Edition,2011,26(3) :21-25.

JETE BP0 E J E AAHR IS BN L K 0 R H TR 55 9 Y
IX A8 AR B LRI 1. A0 il R AR 244, 2011, 33(5) . 76-81.
LONG Xu, WU Linfang. Identification of thin-bed tuning and
AVO anomaly based on seismic spectral decomposition[]]. Jour-
nal of Oil and Gas Technology,2011,33(5):76-81.

G ERAD



