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Fig. 2 Contour map of normalized fracture density
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Fig. 3 Exponential distribution( a;Probability density function;b:Cumulative probability density function)
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Fig. 7 Examples of planar discrete fracture network model ( a:Fracture model without density control ;

b :Fracture model with density control)

2 i G A BRI G R . Ll @R
MONREET L BRER BN RSE

2 REEWTERA = AR R AR EE M 2%

SALE T i 2 R B TG N 48 AT — A S
HH S, B A AR, =g RAEERA
PRI AL B, M2 FTE MEE 208, HA
foie) A0 AR SE A i A A5 SR L Fisher 3
15 ( Xu Chaoshui et al.,2010) f#fiid , {552 FxR N FH o 24
8 L 1) VB A7 A GG 1] VB A7) B2 2 304 . PRLIEAS
X HHEAT IR, 23 BIASALLE 1] AU A S8 i i 4L
P ARG [ A A A LT 2 R P T A
BE 2 1A
21 RENE

SABEA B P TP I R R S 4 2 R 2 T 3 [
RAE o TARATE AR BRI SR XN AR I BEAILER (2, ,2)
x .y oz MBI ST | HLYA IR A5 A 1) i S AL AS
i MR R R AL (6)  BEDLIS R 6 E R 4%
OALE G R AR 2 R A R

flx,y,z)=1/Vol
Horh Vol JgBtFe XA,

TEAE B = Yl 5% % PR AU T 2 e o R ST
SAEROAR AR FE R 11 B 7 R D R Y
PR AR A PO Hh AT RLAL , AT A B RS R A%
HO LY P10 R, B S 38 2o B i 307 Bl LSS 4004 JH:
AT = HEY R, s SCHS T S AR Y O 7 B R
(%, v, 2), XN B PO K P, #F HE F &
(%, ¥, 2, P BIEAH(E T ¥ B AT SR R R = AR Y
ZBETPIOALE (v, y,2) AEXTI Y P10, FGHERT
UL A = e R h 248 (Y ol BARODBRINE .

(6)

(1) 4 2455 % J3 1 T AT 0 22 E RRAL, 05—
)G LT
, _ P(x;,y;,z;) — min (P)

Pilxoyea) = max (P) — min (P) ;

(2) FIHIARS R #E A e 0 (x,y,2) L2y 2
ST Y | HLY IR 5] 50 A B BEAILEL

MM (x;, y:, 2, P) FEFIE TR LR (2)
Ho R i 24 4 P B (o, y, 2) A B HE R M
P'(x,y,2) 47 P'(x,y,z) >rand U A U 2448 0
PEEA R, AW TCRL, rand R IXTE] [0, 1] _E A FEHL

8
(4) B R, R AR (2) (3),
AL,

WL R A AR EE RO T I S 4%
SHUN,, BEAIFEIX P30 KT A, RS
X P32 KT B HSE,

VIR =Y () A R 25 & S e I, B FH i 24
S I IRASIRY Py BEGSASL RN P AR R R M TE 25 0 A
HgRAR A 54 R 1 B LA LA 3 2 4% oL
BHOIFHAESEIX x oy 2 J W 4 R 43 15,3020
6, GEVTREAN A v 1) 5 580, A S Xz A 1 30 1L 4
HEHIE(E8) ., FHIESMSA¥ME R (0.5, 0.5,

0.014 0 0
0.5),Bh &M H| 0 0013 0 |,
0 0  0.001

TR L IE] 8a, BEHE N O AR WAt ikt . XS B
14 28 4 5 WIS = [ DL 8D, TR v = 4 S rp s
(2, i, 2) AR AR | BICAT B B AL/ DN ] s
FRXTNL R A f A Pl B AT DU
W) A (47 T L ASE TR A v T 28] 7 ] 22 /N ) S LA



%5 W H/DTEAE . SR T T LR S IR S M 4 AR T 1 S 1307

P10

0.8

0.6

0.4

0 o X

Pl 8 LR P10 (1) = BRI (a: P10 A M FRASAY ;b P10 AU A
Fig. 8 Stereo model of fracture density P10 (a:geology model of P10;b:point cloud of P10)

BRI
22 HERAK

B AR 5 LR W] A R 1A 56, HOE
BUSRZARZ KR, Gk 45 st 1
O B A A, R e A Th
R B FRALHEA T AR A BTG S RE S Y 722
KRG, M8 2 2 3 St S0 TR A K
AR B T A )2 B I LA JE ( Gringarten,
1998) .

ZLGERIA by TAE T 5 253 M AUE AR AL i
WOBE LR A A FLI Y Y B LRI AR, U Baecher #5
RIS B Ok B 22 11 2 2 R sl
PR 2 ok RAE = 2 2455 | F N 5L PR 48 Y
REEE T2, 1RSI, A SO0 T =4
LG 5 Ry T B o DO B RAE S B A i
N TEREERIEIE R EEALAE U AN £0(0.5, ry) L ( ry,
0.5). (-0.5, r,). (r,,=0.5), r,.ry.r5.1, NIXIH
[-0.5,0.5] ERYBEHLEL, fit)= 2048 AT, Ja w2
SRR IR R T RAE Y R L eI AR 2 TR 1Y
FELHEIAG AL Dy x Bl J7 18] B R KTy b 5 o) A9 4R
JE , REZAEIEAC 58 1 AR R/ IR Al 2288 A R ey
JEGE A RN E

R AR R 2T R v,y TR Y
— AT Y4B DUAIE | Gn SR AR i A ) A R AL A
A AR R A ) P SR 4% TR 3 X LR AT e
PR BRAE | BE e BRI AE 2.3 i v P RS B A
Bte 2.4 g,

23 HEEWE

W 2LEETH (18] 9) et b O AE I AL BT AT 3

71 R ] ) SR T, 5 2 A A0 3R . DSB K HE Skl

Tiett A4 2R T 11 £ 72 (1 10b) s QPR 58
e AT L TH Y AE 19 48 R (] 10¢) .
iR e R L (7)) R MRS SRR
(x,,v,,2,,1) " =RR_ (x,y,z,1)" (7)
Foh(x,y,2) A RIBRAET ER0 (v, v, 5)
e J B4k T 1 a5, R, R SETE e 1 e 1 IR

R. 158 z BlRERE A e A M, o b 3 A W] LA

B 2.2 T AR A RSE 22 08 W TS R T e i
HAS RS N 0 TN @

1 0 0 0
0O cos —-sinf O
R, = . (8)
0O sinf cosf O
0 0 0 1

y b %

B (1,,0.5)

(-0.5,r,)

&l 9 gae2ihit
Fig. 9 Fracture polygon



1308 Mo R

it

2018 4F

Kl 10 B2 L HEFE IR (a: JRUR 2T b 58 « BhEE )5 ;o 58 = )R

Fig. 10 Rotation process of fracture polygon (a:original polygon; b:after the rotation around x axis; c: after the rotation around z axis)

cos(;T - cpj - sin(;r - qoj 0 0

R. = sin(; - goj cos[;r - goj 0 0
0 0 1 0
L 0 0 0 1]

(9)

s, 0 W BLEWA 0 e [0, m/2] R, TR 24E
WA T2 IS8 « e 0 10(b)) . @ HEikE
M@ e [0, m] R, A LA 2048 WV A7 T2 W25 -
BIHERS m/2- . 11 B T L A O — 1 2
ST (A DU B P 4 Ak AR Sk S A B
SR, 7 14 B 160 57 5 TR 91 1+ %
B IR RY PR — A2k RS A 4t
(8) () liEsfi 0 e [0, /2] @el0, m]i, 4
AL 1) F AR GRS B F S L [0, ], fH
S BN AR S 0 45 25 , W0 T {6 £ 9 W o
e [0, 2m] i Sy 3 o S 1 4 16 A 4 2
K2 BB 1] ) — R 7 2%

e A | 4 S T 6 0 4306 B R
EN( 5% 1.3 %) . S8 050 o] 1 110 434 b6
B LS50 J5I 50 2, JU R A4 A e —
AR AT W) A — o R R, O
BB R R (10) (1),

J() = ~ax) e (10)
F(x)=1-¢® (11)

R a(w) =ev , w.o VEH S IES S0 REUH 19
(BT 220 FAR T 0 %107 2948 3 B0 ff K /N, o
WL £ 43 A 1 A5 AL R FEE

2.4 BN = AER
2.3 AT WA 24k 1 B R (1] 10a) @ At
e 2 A 8 B D Ak EL AT A [ AT A Y 24 T
(E 10c) , BLET 2445 238 5 B i L SE R b i
HMEEZ NI R — TR R PR B i Ak
ZABETAL SN H) 2. 1 7 v Az Bl ) X6 o 24 4% Hpors 4
Ab, SEREAT LA S R (12) AR ia A 5E R,
(x',y",2", 1) " =Ry (x,,y,,2,,1)" (12)
X A EAbR T FoRFERE R,
1 0 0 x
0 1 0 y,
0 0 1 2z
0 0 0 1
W, (x, ¥, 20) A 2.1 T A LA 225
s, (x', Y, 7)) PR IR REE T AT A
(AL R
&l 10c H e w1 R anE 11 s,
2.5 LI
S e FH L 8 i A S 4 4 i ST AR AR AR R &

T

RS/ ESup S SoN

Fig. 11 Translation process of fracture polygon



%5 W HORAE

AR LRI B

IS W 2 AR T v 5 S 1309

RS ISRVl A T B e o (F N =
0 e [1.40,1.57] , —4 %455 Ky SE—NW J7 [, i
TEBH,ku,N,, =(0.15,10,0.79,30) ,H N
MELIETTIEI, N, RBE R HEERE. 7 —4H
j SW—NE )51, H,k ,u,N,,. =(0.15, 10, 2. 36,
30) o HEZSIBCRME 12 s, B KEZ2H0
TE R IRAT 22448 | AR )30 1 7 8 2 8 3ROR AR
SEHBEE I AN A R s ) [A] — T 2 AR R A S A
(El 12a.b) , FUASTR] F B 07 1) 24 4% 2% T 29 B )
—REERIA (& 12¢ ) B T HTE AT L) 5
Pl 8 rh sl a2 AR AT X I R 1B 8 h Ak
AL S TR R4 R, J % SRl 8 rhadsg
B PR AP R B OCR | TEAF A e gl

3 SRR 2 BRI IX S o A

AT R FHSRIR 2230 4 (B ZESE 2017 )
FI XA 2 XF BRI AT, W IXIR

P25 6 km,Fgdb 2y 6.3 km, H Y2 JEE ) 35~48 m,
i 2T e R A S AE (X A JRLAE, 2015) , BFARY
XN 6 I3, Bl 13 b 2448 % B il 25 IE FUAL IS 1)
B

T 5 DX 185 4 Y] 5] 1 AT, S8 0 A P 1) 2
B E Tl T #E Sk SR A, ] T B R
N G 5 M RS R A K 6 h)Z 4
A2 e, AR X e S HOR ISk
# L MBS RGBT I X H )2 1) SRR S5
2B NE P SR E K 6 SMZ A RS
JZREE T RIAT T it 23R8 29 1200 212455458
i AAEE ) M e K, Rk R HI)E
Kt R H s,

WL EE SR T E K 6 HE A B LA 5k,
FEGERE ARV ) G At dedb AR A JE AR AR
NG EE A E‘J%’%%‘%,@ﬁﬁ von-Mises PRZUH
A, AR (4) TS B 5k 152,

P12 =2k B HCRAE M 28 AR S (a b ] — S JC2 ORGSR B R ffy BT 5
o d TR RGE R 2 R ) AR AR R (R A AT

Fig. 12 Examples of stereo discrete fracture network model( (a and b are the same DFN model without density control observed

from different perspectives; ¢ and d are the same DFN model with density control observed from different perspectives) )



1310 Mo R

it I 2018 4F

4.6 57 ’

5.6 j/(xm‘)
x (<109 48 4 5.5

Pl 13 2428 %% B S AR R ] (a2 P10 S B b2 P10 PR%UE IO BIRIR 121

Fig. 13 Schematic diagram of three-dimensional fracture density model (a: point cloud of P10; b slice diagram of the P10 model)

3.11.0.49 .1.05.2. 18, %0 « ¥JHL 30, 24 4% il ffy
it AR AR 23 A BR BG40 TR 21K (10)
BE .o 3 1.55 F10.03, HEKE mEY
FHER B A sR U IE AT AR 2 B A 3, B85
BBBN 0.2 F 1.4, R R A K
0.2, FRMUERKEHE A 5 m, [HH LR SET
FEIX H W 2T = A d 50, AR AN &) 14 7
TNo KA Z N IY Fon 54 5 IR 58 AT E
] — R 1) 23 Fom i bl . B AT UG
AR W1 W2 W3 W4 HFE At W5, we F
BT S, MR AR E

R T R UEA AL (A RO R AR R o e sk
BE 552 bR A P BRI TS LU AT, IR S L
GErt I S ) L B B A S — Bl B SR AR, B
RS HON ISR L B FEE J6 B P9 i 4 4 200,
LK R 300 m, W1 ~W6 FHFfl T it 24 48 K 1 ik
57,69 .41 .38 .25 Fi1 30, & X0 H P =
WA 1,14 1.1.98 ,1.32 1,0. 88 £.0. 13 t F1 0. 56

W1 w2

4.9
P 14 SPIR 2 4 rh AR SE R AT O3 3 )2
= Y B R A ) 2 AR
Fig. 14 Stereo discrete fracture network model for specific

layer in the Yanchang formation in the middle of Ordos basin

t, MPIEBIAS S (B 15) AT LR, 2445 450 o
I BT ) S A R 2 Y H P R AR IE
RKZR, AR R LA N 0.81, HEEHER, i
JEIEB PGS N L= R T A AR AT S
A PR BRI S R IR T R A K
lrio

4 g

RILRGE T T 348 5 L LR e =4
IR W 248 ST i S LS Bl A R v, 2
R LG8 3 8 R s Pk O R EA TS, ATk
TERMARS B R ] LASE AU B A 24815 5., 18
T RGP AR S ) R 288 K BOREAS

2.5 " " "

HFEHE 1
=

0.5

20 30 40 50 60 70 80
REH (%)

[ 15 ZLAERERY b B I 48 2805 A P B A 2 1
Fig. 15 Crossplot of number of fracture near the wellpath in
the fracture model and the production data of the

corresponding well



%5 W /DA AR LR

HURAE M 4 AR 85 5 S 1311

TR A 0 2 AR v G T TR DL
TR 2B A i B SR DL 2E TOURE , iy HL 24 4%
M AR R aE AL 900, Y H B RIESH
ZAEAA IR (AN IE L2 ) A& i 2807
e UL BEAG T 2L 4% X 2% 1) 32 30 1, BT IR 25 8K
Ko WO, 532 AR AT A Fir G2 i, 5 H A ande] 732 2
— MR R, B AN R R R R T
8% B N7 6 45 22 30T Sk UL Jg M 2 80, X
JZHRITHEAT R4 (Laubach et al.,2009; XS B 45
2015) , A A1 J12# H )2 2% ( Mechanical Stratigraphy ) H
I E PR B SR B B )RR A R B A
il 4% e B RRIE A A0 2 P TR MR R 3 S ST
M M ELERY A A T4 HI0( Ameen et al.,2009) ,

LT 4 0 T LA R = B TR A I A
R LY A T LUAR 4 5 B 50ORHT B0 22 5l nal LA
SR P 2488 % P - T o A B AT 200 RIS S A
BEML=H = A BEHLEL x,y oz, BEBEAS T P («,y,
z) >rand HIWr RLEGENLE AR, T2 P (x,y)
Srand FIWTHA R, M2 T7 B AE7E 4R ALY
A B B8R BRE O 24N A A R R (b
VT Z) G IR ZERR,

DFN BRI b fir i K i) 54 4556 1) AR K RE |y
JEAEZHOT DL o B AR SOULER AR I I AR
WS N1 AU R AR G R AR | 4
WOCHHE AR R T ANAILIN 2 i B 25 3R A% . S By niz
TE AR E T R PR Y S R b RS v R A
] R ACRE S AT B A AN I Y R Sk
R = HEROEI (Casini et al.,2016) T ABLIR
IRk Sk 8 it A Shell T s R sk | it
MR MEE G 25 R, 2LaE i K4 ]
DL 3 A% 0 3 ( Ozkaya, 2003 ) 885 08 %R RS

PAEN R PES R (GE ) e BT R
SRR T B — A R B, WA FH 2
P PRI (97015 PR, 0 Fisher (32X (13) ) D 244
T 5 6 fl 1 1K A % BRI R (Wettstein et al.,
2012) , BRG AT 5 B — o0 A 5 A DL R, BRG
A7 PRESCRT T 22 b Sz B 2448 [ B (AR DG, (H IR AN 2
B B ARAT G iz A | T AR SE i 52 Br 4L
RN, B3 A RS By AR ORI BB S B
5

f0,9) =

K
g -
41rsin (hK)Sm
exp{k[ cosf,cosf + sinf,cos(¢ — ¢,) ]}

(13)

26, .y FBLEEPLFH RIS HL, 0 S 6,4

PUEHTEL SN, ¢ 5 @, REEHLLAE

SR 5T IS« SR 2B R0 K R

1:38

EAFTE R I, B S AR I R 1) B 15 R

FAERFEARTE o AKIE] D AN HESER R AL,

WA ST E5 R A & 2 05 R B 255510 .

TR A5 BN FH T B A A ) 45 A B A TS

iE, HATAR 22 27 3 4 3 2 [n) @l i 47 1 58

(Huang Lei et al.,2016)

5 g

AR SCTE B AL A W 25 A L ) il | S Tk

R R RLLE R T 2 TR A B L = AR R M 2 R T 1

TER 5 248 0 B I T R RS U ) 2R o

JEAR R . REEEBOL IRy . O A R 7 A 2

BEIF ARSI 4R 5 B X HAA R A T A s @

FIHIHE RO A A8 BOE S0 A S0 A 7 A AR

1 B ; @i i von-Mises 73 A3 45 73 A i s L4 5E 1]

I3 1 B L A S B 5 (D Fhy (B RS o)

A S5 3 A E S . SO A e 52 IR £ B2 X

IR RPN 1R L R SE S & T GEA —

HESLIHEAT TR0 , I X5 12488 R0 ) 3 FH P R A

RIh SR BOE AT TN, it SRR 2 i

PRHE I X AEAC A K 6 1B JZ 1Y S PR, s i%07

T ST AR B — AR G SR AR BRI

Bt B MR S BE g R P AR B TR L B
SCHE Fifiiee % 5% 2 A B H B, o e SR e B AR
SCHE R TS SR LR AR R R R

L % X @k / References

(The literature whose publishing year followed by a “&” is in Chinese

with English abstract; the literature whose publishing year followed by a

“#” is in Chinese without English abstract)

PG L, 2, XUE, fERELs. 2015, ZEAE PEAHAE )2 R AF S iy
EATTCHE . SRR, 21(2) - 306~319.

AR, I, Xu Chaoshui, B o, TXMF, HICHE. 2018. /24
HERENLARTT T . A bR B R, 53(3): 625~
641.

FEICH, XS, A, HRIER. 2016. FE T HOR SLEAF 502 1%
JEFLBREE Y Ko ORI 375 2 (4 5 M —— LA S50 K 230 43 b 14 g 7 =
BRERAK 762 R0 UL, 62(2): 502~511.

BNE, kel 20T BXDGHE. 2017, SP/R 22 17 4 b PG T b X B 20
K7 BEBUE DA 2 A VERRG. #B0E I, 63(HTI) « 79~
80.

BRIGEFS, SETR. 2013, BT DFN #2652 4% o 45 A 10 () LB PE A2
BT AURICEAR (ARFIERR) , 49(6) : 964~972.

AL, REM, Tk, BEREF. 2011, B A 2 R B2t




1312 Mo R

it I 2018 4F

REZ AT R, P Z AR (ARBIEM) |, 26(4)
1~8.

RIGER, TRIIE. 2004, ZEBUA RIS ALY = 2k B TR B I 265 2 M
BRI L) BRI I BEHLAE . 5 A 1 5 TR, 23
(12): 2015~2020.

FH, KVA = 2003, 47K = 24 2 21 2L 0 2 J Ho s g ii oy
. HiERERE, 28(5) ; 522~526.

SREUHE, BTN AR EE, SRR . 2017, Ak ih TR R R 4k I 4
B SRR, VU AR 222 i FARBRRA IR L 39(3) ¢ 121
~127.

A L, R I, KB, B OSCHE, R, XIS, kR, 28
2015. BUBETP AR A5 BT R RAE K5 AR BLLE S 1 (K R
MRS, 61(1): 163~171.

HTE, SkE T, XA, 5. 2011, S4B 4 0 45 K
B RPMA ez, 35 (6) : 49~54.

Acuna J A, Yortsos Y C. 1995. Application of fractal geometry to the
study of networks of fractures and their pressure transient. Water
Resources Research, 31(3) : 527 ~540.

Alghalandis Y F. 2017. ADFNE: Open source software for discrete
fracture network engineering, two and three dimensional
applications. Computers & Geosciences, 102: 1~11.

Ameen M S, Smart B G D, Somerville ] M C, Hammilton S, Naji N A.
2009. Predicting rock mechanical properties of carbonates from
wireline logs (a case study: ArabD reservoir, Ghawar field, Saudi
Arabia) . Marine and Petroleum Geology, 26(4) : 430~444.

Baecher G B. 1983. Statistical analysis of rock mass fracturing. Journal of
the International Association for Mathematical Geology, 15(2) : 329
~348.

Casini G, Hunt D W, Monsen E, Bounaim A. 2016. Fracture
characterization and modeling from virtual outcrops. AAPG Bulletin,
100(1) : 41~61.

Chiles J P, de Marsily G. 1993. Stochastic Models of Fracture Systems
and Their Use in Flow and Transport Modeling. Oxford: Academic
Press ;169 ~236.

Chugunova T, Corpel V, Gomez J P. 2017. Explicit fracture network
modelling: from multiple point statistics to dynamic simulation.
Mathematical Geosciences, 49(4) : 541~553.

Deng Xili, Li Jiahong, Liu Li, Ren Kangxu. 2015&. Advances in the
study of fractured reservoir characterization and modeling. Geological
Journal of China Universities, 21(2): 306~319.

Dershowitz W S.

Technology, Doctoral dissertation.

1984. Rock joint systems. Massachusetts Institute of

Dershowitz W S, Einstein H H. 1988. Characterizing rock joint geometry
with joint system models. Rock Mechanics and Rock Engineering,
21(1): 21~51.

Dong Shaoqun, Zeng Lianbo, Dowd P, Xu Chaoshui, Cao Han. 2018. A
fast method for fracture intersection detection in discrete fracture
networks. Computers and Geotechnics, 98 205~216.

Dong Shaoqun, Zeng Lianbo, Xu Chaoshui, Cao Han, Wang Shengjiao,
Lyu Wenya. 2018&. Some progress in reservoir fracture stochastic
modeling research. Oil Geophysical Prospecting, 53(3); 625~641.

Dou Wenchao, Liu Luofu, Wu Kangjun, Xu Zhengjian. 2016&. Pore
structure characteristics and its effect on permeability by mercury
injection measurement; An example from Triassic Chang 7 reservoir,
southwest Ordos Basin. Geological Review, 62(2) : 502~511.

Dowd P A, Xu Chaoshui, Mardia K V, Fowell R J. 2007. A comparison
of methods for the
Mathematical Geology, 39(7): 697~714.

stochastic simulation of rock fractures.

Fan Dian, Ettehadtavakkol A. 2017. Semi-analytical modeling of shale
gas flow through fractal induced fracture networks with microseismic
data. Fuel, 193 444~459.

Feng Congjun, Zhang Min, Li Daming, Zhao Xinghui. 20174#. Lithology
identification of tight sandstone reservoir; Chang 7 member of Upper
Triassic Yanchang Formation, southwestern Ordos Basin, China.
Geological Review. (b04) : 79~ 80.

Gringarten E. 1998. Geometric modeling of fracture networks. Doctoral
dissertation, Stanford University.

Huang Lei, Tang Huiming, Tan Qinwen, Wang Dingjian,

Liangqing, Ez Eldin M A M, Li Changdong, Wu Qiong. 2016. A

method  for

Wang

novel correcting  scanline-observational ~ bias  of
discontinuity orientation. Scientific reports, 6.

Ivanova V M. 1995.Three-dimensional stochastic modeling of rock fracture
systems. Master dissertation, Massachusetts Institute of Technology.

Ivanova V M, Sousa R, Murrihy B, Einstein H H. 2014. Mathematical
algorithm development and parametric studies with the GEOFRAC
three-dimensional stochastic model of natural rock fracture systems.
Computers & Geosciences, 67: 100~109.

Koike K, Liu Chunxue, Sanga T. 2012. Incorporation of fracture
directions into 3D geostatistical methods for a rock fracture system.
Environmental Earth Sciences, 66(5) : 1403~ 1414.

Koike K, Kubo T, Liu Chunxue, Masoud A, Amano K, Kurihara A,
Matsuoka T, Lanyon B. 2015. 3D geostatistical modeling of fracture
system in a granitic massif to characterize hydraulic properties and
fracture distribution. Tectonophysics, 660; 1~ 16.

Kulatilake P H, Um J, Wang M, Escandon R F, Narvaiz J. 2003.
Stochastic fracture geometry modeling in 3-D including validations
for a part of Arrowhead East Tunnel, California, USA. Engineering
Geology, 70(1): 131~155.

Lang Xiaoling, Guo Zhaojie. 2013&. Fractured reservoir modeling
method based on discrete fracture network model. Acta Scientiarum
Naturalium Universitatis Pekinensis, 49(6) : 964~972.

Laubach S E, Olson J E, Gross M R. 2009. Mechanical and fracture
stratigraphy. AAPG Bulletin, 93(11): 1413~ 1426.

Long J, Remer J S, Wilson C R, Witherspoon P A. 1982. Porous media
equivalents for networks of discontinuous fractures. Water Resources
Research, 18(3): 645~658.

Mardia K V, Nyirongo V B, Walder A N, Xu Chaoshui, Dowd P A,
Fowell R J, Kent J T. 2007. Markov Chain Monte Carlo
implementation of rock fracture modelling. Mathematical Geology, 39
(4): 355~381.

Nakaya S, Yoshida T, Shioiri N. 2003. Percolation conditions in binary
fractal fracture networks: Applications to rock fractures and active
and seismogenic faults. Journal of Geophysical Research: Solid
Earth, 108(B7).

Nakaya S, Nakamura K. 2007. Percolation conditions in fractured hard
rocks: A numerical approach using the three-dimensional binary
fractal fracture network (3D-BFFN) model. Journal of Geophysical
Research: Solid Earth, 112(B12).

Niven E B. 2013.Geostatistics for Naturally Fractured Reservoirs. Doctoral
dissertation, University of Alberta.

Noroozi M, Kakaie R, Jalali S E. 2015. 3D Geometrical—stochastical
modeling of rock mass joint networks: case study of the right bank of
Rudbar Lorestan Dam plant. Journal of Geology and Mining
Research, 7(1): 1~10.

Peng Shimi, Suo Chonghui, Wang Xiaojie, Lang Xiaoling. 2011&. A
modeling method for reservoirs multi-scale

fractured using



%5 W HORAE

ST I 20 TR B A I A vk S S 1313

information. Journal of Xi’ an Shiyou University ( Natural Science
Edition) , 26(4) . 1~8.

Song Xiaochen, Xu Weidong. 2004&. Numerical model of three-
dimensional discrete fracture network for seepage in fractured rocks
(I): Generation of fracture network. Chinese Journal of Rock
Mechanics and Engineering, 23(12) ; 2015~2020.

Wettstein S J, Wittel F K, Aratjo N A, Lanyon B, Herrmann H J. 2012.
From invasion percolation to flow in rock fracture networks. Physica
A Statistical Mechanics and its Applications, 391(1) ; 264 ~277.

Xu Chaoshui, Dowd P. 2010. A new computer code for discrete fracture
network modelling. Computers & Geosciences, 36(3) : 292~301.

Yu Qingchun, Ohnishi Y. 2003&. Three-Dimensional Discrete Fracture
Network Model and Its Inverse Method. Earth Science
China University of Geosciences, 28(5) : 522~526.

Zadhesh J, Jalali S E, Ramezanzadeh A. 2014. Estimation of joint trace

length probability distribution function in igneous, sedimentary, and
metamorphic rocks. Arabian Journal of Geosciences, 7(6) : 2353 ~
2361.

Zhang Lianyang, Einstein H H. 2000. Estimating the intensity of rock

discontinuities. International Journal of Rock Mechanics and Mining

Journal of

Sciences, 37(5) : 819~837.

Zhang Liehui, Jia Ming, Zhang Ruihan, Guo Jingjing. 2017&. Discrete
fracture network modeling and numerical simulation of fractured
reservoirs. Journal of Southwest Petroleum University ( Science &
Technology Edition) , 39(3): 121~127.

Zhao Xiangyuan, Zeng Lianbo, Liu Zhongqun, Lyu Wenya, Zhou Sibin,
Liu Guoping, Du Xiaosheng, Li Jian. 2015&. Characteristics of
calcareous interbeds and their impact on distribution of natural
fractures in tight sandstone reservoirs. Geological Review, 61(1) .
163~171.

Zheng Songqing, Zhang Hongfang, Liu Zhongchun, Mu Lei. 2011&.
Discrete fracture network model for fractured reservoirs. Journal of
Daqing petroleum institute, 35(6) ; 49~54.

Zhou Zhiwei, Su Yuliang, Wang Wendong, Yan Yi. 2016. Integration of
microseismic and well production data for fracture network
calibration with an L-system and rate transient analysis. Journal of
Unconventional Oil & Gas Resources, 15; 113~121.

Ozkaya S 1. 2003. Fracture length estimation from borehole image logs.
Mathematical Geology, 35(6) : 737~753.

Principle and Implementation of Discrete Fracture Network Modeling
Controlled by Fracture Density

DONG Shaoqun'* | ZENG Lianbo"* ,CAO Han” ,XU Chaoshui* , WANG Shengjiao'*
1) State Key Laboratory of Petroleum Resources and Prospecting, China University of Peiroleum ( Bejjing) , Betjing, 102249, China;
2) College of Geosciences, China University of Petroleum ( Beijing) , Betjing, 102249, China;
3) Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing, 100094, China
4) School of Civil, Environmental and Mining Engineering, University of Adelaide, Adelaide, 5005 ,Australia

Objectives: Distribution of fracture is crucial for the development of tight reservoir. Discrete fracture network
modeling is the commonest method for fracture modeling. During the oil and gas reservoir exploration and
development, many types of data (such as seismic, logging and core) can be obtained to calculate the fracture
density as the constraint condition of discrete fracture network modeling. How to make good use of these constraints
is important for making an effective fracture model. So a method of discrete fracture network fracture constrained by
fracture density is introduced.

Methods ; Based on discrete fracture network modeling using marked point process, the proposed method tries
to improve the fracture position determination algorithm. The implementation is revising the pointing process
controlled by fracture density. The fracture density constraint in this paper is obtained by sequential Gaussian
simulation using logging data and the stress field numerical model. This paper introduces the implementation of the
method in 2D and 3D from the respect of programming implementation. In the meanwhile, the applicability of the
method and parameters setting of the method are discussed, too.

Results: In order to verify the efficiency of the method, the case study chooses a practical well block near
Yanhe profile to implement fracture modeling. The results show that the fracture model is in good agreement with the
actual production data.

Conclusions; From the result that the fracture model built by the proposed method agreed with the actual
production data, the conclusion is drawn that the proposed method is suitable for fracture modeling in the tight
reservoir.

Keywords : discrete fracture network, fracture density, fracture modeling, well log, parameter determination
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