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Improvements for direct sampling stochastic simulation
and GPU implementation
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2. Research Center of Oil and Natural Gas, University of Science and Technology of China, Hefei 230027, China)

Abstract: The direct sampling stochastic simulation method for reservoir modeling was discussed, the
selection of geological pattern component was improved, and a method was presented which combined the
structural characteristic information of the spatial relationship with the pattern component. CUDA
(compute unified device architecture)-based parallel strategies were also proposed for obtaining an optimal
solution within the pattern subspaces. Experimental results show that the proposition of the pattern
component selection greatly improves the large-scale continuity of the sand channels in the two-facies
sedimentary system. Further, the parallel computing method for solving the pattern subspace has small
time complexity. The parallel computational efficiency on GPU shows a 10X to 100X improvement
compared with the serial implementation with different computing parameters.

Key words: stochastic simulation; direct sampling; parallel computing; compute unified device architecture (CUDA)

Y fm HH.2013-03-29; 8 B HH#A : 2013-04-17

E£TH: HEA KRR E A4S (109320100, B % T KB % I (20112x05009-006) » [H ¢ T gl i fill OF 58 & J& (973) i R
(2011CB707305) % BA.

TEHE R . 5 .1986 &4 4. W7 AG 2L U7 7. E-mail : thirty@mail. ustc. edu. cn

BWAEE . S, #4%. E-mail: dtlu@ustc. edu. cn



% 84

Bt 09 4% B 4R AR AL B0 5 ik & GPU S 3L 627

0 5§

58 2 AR B B = A — A 2T BUR R
T RZ PRI BEAT = 4 A BT AR L R
AT XA 7 A B AL ok KRB E X il )2 v 25 T
AR 22 ) A AR 5 5G R HEAT T A A M A 3R TS B AL
R[] G AR Y AR ZE A Y, A LAl b R AT SR R I
ALK S5 Mt T IO 3 A1 23544 048 )2 9 Ak 1) o A
0. B B HRTT S B A I A Ji& 2% BF 5 2 Bk 22 1]
ik — L LR G 2 0 A 2278 B 22 MRS UL 3% ¥ O
T A= A Y BT B

IR T30 T il U 2= BEALRE AL, 32 20 BEGR
S (Gibbs BURR IR B 0 B IR | 28 ) 43 2K
R EEE | EHEIORE 1 A HC e HORE 1 X 2 ]
FR A CRP AL A 07 B SR P o 2Kt AR e i s a2
SREATBLAE ROR M. th T BRI AT E AT ik
AR T AR A B AR S A BRG] PR e 3 T
T2 05 K2 B AR A A iz

(R B DT B TR A B HURE D7 ik B S B
AR Z AL, —T7 A ) PR S R AR 2 3 S
Ap i HA R A 0 AR 23 (] 1 e B 4% 1) S5 4 1Y
FRAE. 0 BT 0 RRAH 4 B2 B i AR AR A T
R ) 522 B 50 A VRO b A B 28 S R UM
SRFigp A Xt M Joi A 20 A 8 OB A 58X 4
2R, DR A R Rl SRR AR I A 7R Bk 55— 7
T, fif 2 FP A O Ml 5 A i AT 2 AR R 1 348
T oS BCpR B TR, R A EX A
FEHURE 7 VR AT A S Bt L DAY R 3% 07 05 B9 58 A
I FH UK

AR BEMLEE LT B I A5 Tr ik B i 1
BIF 5 0 A AR SR T T 4 T A A R 1 A G
SR AR UL O 25 [ 2R AT T 2R R T
SR B 3 2l AR B 0 T AL D7 1 b B FE I Y i
23 (A48 % A0 R FATTHE T NSRS A GPU AR
o 2B AT AR A5 I 1 s ) v I A 5K
figp ek e SR FHRT 3AC 1 T AR B b o A 5 ], AT T
HRAT RSO IR AT 07 1k R AL S 06 45 SR 3R T bt )
fifp 2 [ L R A A A8k 3 1 R ADL G 2R o T 3T A ) 3
SEVERRE , HIFAT OIS T 10~100 A R L.

1 EBigfA*x

1.1 FRELFE
TR BURE R Y BUBTL O 0 Ly i

T BEHIL A2 5K M 25 A5 400 A 110 2% PR AL 38 3R B R B8, X
T NABEHLAS & Z Co) 19 5545 1A AR A ] DLk
RN
Fulzszmesrozn | (] =
Prob{Z < z,i=1,2,>,N| (w} (1)
AL N A BRRSR X (D hig N ok
AR BB A A BEHLAS S, AT
Fylzmszmsroan | (] =
Prob{Z < z | (n)} »
Prob{Z, < = | (n+ 1)} o =« »
Prob{Zy < zyv | (n+ N—1)} (2)
A N ASBERLAS 5 19 5% 18 2B A bR KR
AP — ) 7 Ik 5 O A
Z), ~ Probl{Z, < = | (w}
Z, ~ ProblZ, < = | (n+ 1)} l
(3
Zy ~ Prob{Zy << 2v | (n+ Nl)}J
1.2 EEBERFE
B 15 Hb T AR 25 [B] S, » 25 ] K/ | S, | = N Bifi
PLEEI F45 0] St s | Sy | =M= f * N,0<< f<<1, f
kA3 (R B A B9 R . S A — R B b R
B pat,, I<<isK M, EHLAZIORE J7 76 A St ik B —
AL pat; , AL AL b % Fp 82400 b BT AR B 2 A M BT
B pat. PEAT HOHR s = B0 R 0 250005 12 T 9 R b 2 —
D @ (pat;, pat.) < ¢, pat, € S H j =
min{i| ®(pat;,pat,) ,pat; € S}
@ &(pat;,pat.) > t, pat; € Suw H ®(pat;,pat.) =
min{ ®(pat;,pat.) ,pat; € S}
b, e U 2 ] BR{EL. @ (pat; , pat.) R
20 1 Y 23 24 AN R B8 3 SR T A R B K
N

®(pat;,pat,) = 2 w, | comp® — comp®™: |

n=1

4)
b, n A b B R S M SR ) B AN B comp!
comp¥'s 73 MBI pat; . pat. TSN 0
25 1 I AR B AU
AT T B AR A H) Sy RO X H bR
REACHEAT SR A LA T F 5 i R e P T2
[ 7 326 JBC LG 4810 R b TGt 1 S B30 m A X O
e TRRAE o M HEAT ROMAR 2 A8 G B 400 A, A5 2 45
] R /N Siee B4y B AN B n 8K H 43 & compl
comp’™s &R E 7% T B HCRRK.



628 T EAFHERKFFR

% 43 %

2 AEHBERFITH

2.1 BXFZESEMNAR

T2 BUBCRE 25 1) S AR pat; B n A>3 i
B Dy T e EORE A 1 R AL BBy =X 3Ry
A 75 18 3 5T A8 £ BT B W ) b B R A A 25 [R] L
Y A8 Al R AR 25 T8 B AR 25 45 R I R AR IX Sl Ak 2 1 28
(1] 722 A0 RFAE Y F 2 T2 FR AT 58 oK g AN T e |
149 745 22 R BSCHE T 2 B A% 1) S 1 A 25 RN L AT iz Bk
b BT AR S A5 ]S, 45 0] S PR RRAE. SRS R AR 22
R B AL () 25 40 15 2, >R o 45 G b BT R M Y A
[i] £ 3 7 =K

TR BUBE AR 25 8] S, 45 ) 53 P A A8 25 5
AU, 25 ] S5 P 10 A 2 A5 U 11 45 #4 SRR AE 7T T 81§ 4
FE R

Ve 0 0 1 0 0
ans - [ 0 l/ry 0 :|' ]:O COs 6 sin 6 .

0 0 1/r. 0 —sin O cos @
[cosB O sinf cosa sina 0
[ 0 1 OJ- —sin a  cos a O} (5
—sin 8 0 cos 0 0 1

APy 3 KR ERAAT R B 0. 8.0 K 3
Ae R 2 BB BERE F . X pat, HRORTAT IR BR 4 B R
AT Hefhe
W' =Lh' o h' o' ] = M« Cheshys bt (6)
Fe J 3 3 P 4 5 o e BE A b A BE S |
Fefy R pat, B9 0 AL B LB TR A
(] Sy Hh b S A X0 2% fi ] A i R 28 3 e 4 )

IEEEN A mE ST intll oot gedisty

1 #EX=EPiEEXNEQRESERN
EREREHEERESE
Fig. 1 The isotropic components and the transformed
anisotropic components of the geological pattern

in the pattern space
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Tab.1 The parameter combinations

of stochastic simulation method

S8 —4H g | =4

T3 1A LG B T 0.01 0.005 0.005
155 20 3 1T R 0.02 0.1 0.02
BILNC R Tt he'e 30 30 50




% 84

Bt 09 4% B 4R AR AL B0 5 ik & GPU S 3L 629

Ry B E 23 8] 3 0 Oy 2y ek sOR AT
DL b 3 A B0 v R AT R AT O ik I R A0 2 R
Xttt g 2 pros. W R EShE Rl A, i e
] E R A

o

(a) —H(BAT) (b) —41(H17)

o

TH(HRT)

<

d) AT

(e) =41 AT) () =410HT)
& 2 W*EITIIILIE*R%QE%??‘H‘E*D
HITIHEREIER

Fig. 2 The simulation results of the two-facies

fluvial system using the serial and parallel methods
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Fig. 3 The relation between the parameters

of the stochastic method and the simulation time
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Tab.2 The maximum and minimum speedups

in the experiments
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