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Statistical method series for the resource assessment of petroleum accumulation system
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Abstract : Based on the principles of petroleum accumulation system, this paper systematically summarizes and perfects
the traditional techniques of petroleum resource assessment,and expounds the connotation of resource evaluation under a
petroleum accumulation system. On the basis of a deep understanding of the controlling factors of petroleum accumulation
and the principles of statistical models,we defined the key objectives of resource assessment at various exploration stages,
categorized and standardized the most popular mainstream approaches used in the industry and academia,as well as me-
thods evolved during the development of PetroV (a petroleum resource evaluation system of Sinopec ), and proposed a
methodology framework for resource assessment of a petroleum accumulation system. The categorized five methodology se-
ries include 1) probabilistic inference or analogue approaches for frontier targets,2)Monte Carlo approaches for conceptual
plays,3) statistical methods for established plays in early exploration stage ,4 ) probabilistic reasoning models for targets in
mature plays and 5) discovery process and spatial statistical models in well explored regions. We elaborate the objectives
of assessment and the suitability of statistical methods under a variety of exploration scenarios through real examples. In
practice ,the proposed assessment framework can effectively reduce the sensitivity on parameter selections and the impact
due to differences in the geological models on output,thus enhancing applicability of the statistical methods. In addition,
the proposed framework may also provide useful information for direction on future methodology development.
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Table 1 Explanation of the methods based on probabilistic analysis
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Table 2 Explanation of the statistic methods based on Monte Carlo simulation
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Table 3 Explanation of the statistic methods based on statistical theory
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Table 4 Explanation of the statistic methods based on probability inference
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Table 5 Explanation of the statistic methods based on discovery process
VS H M /NN i T
L(g) =t ”fu>E[f[———ﬁL——f]<wﬂm
IS Y B R (N=m) L0 L L b, + Y8, 4 4 1B AR B CHESHL, B =0, W R
& i B2 AR 2 TR —Fh A PR G A BEA T AL R AL 2ot

XN A
HE 7 A7 B R FE )
L

P L(0) TSR R ;S j Al =OBORAE Ey S EE Y O
S BB RO 3 N R BR800 378 B 28 R BT

By g I BRI T, Fr B A

INIRBCR (RN RSN R Z L)

T, SIS, ARSI S A 2 BRI e 35 A
Wil 345 B >0, JU) A B aod At — Tl A i SR A
TR, SRAENG O 1) T AR B4

o © % 3L A i

SRR S BRI R | 22 Horvitz-Thompson 557 T 11 U ALBES 21 (450 51
IF 4 4174 5 AN | ML AR P G R RO (AR R R i —
A 7 0 W0 | e T BB 0 P B R D B b 2

AL, AW
X 7 A DX Y
R ST S 9.0}
S 3 T U A Y
T {E

m;(i) = max{m;(i - 1) - ¢ (i -1),0} (21)115)
IttP:m,-(iHJ%j‘zki%ﬁ%i%zﬂﬂﬁﬁﬁﬁ;iﬁ%iﬁéﬂ;qjm%
55 UGEARER | A b BA

MWLM AEAS JEAT 5 BRAT 25000 23 4, 2 GSC
FES B0 P it PR TR AR L K ) 2 A 7Y
AT M BT I S B 0 R A s 47
(AT A AL K RHE ST 4 X A Y
530710 ) RREAY LA R A (A T S 2
A B HER

F(PetroV) , SERE #5213k 2R 51 ORLIA 2 3 ¢
VPO Tk FHE— s A9 B I8 PR — ARk |
P I A — R LU B S B — A o A B i
TR RAC A BOR - B8 5 38— A Ak ] 3L Ay X A

XG5 IR H AR BB A B — AL, SRl AR IR
BRI S S P uE e U N AV P N ]
BRI BEal e Ve B B, il i VR S PP A R S A R
A F b ok IO B4 XS ASE R ([ 25 3l BT IR AT C) L B TS



46 4]

TSI, A5 R 2 I R PN h g O A R R 833

T (AR BT R AL o1 2 A L ) A R 28 B A 8L (3
PG AT AR LA BRI i e KAL) , SEBUMZE H E i
SR, 3] DA BT IR A R, 3 R DA B R TR, B3
il BT EA, 2 A A 8 — Ml 2 R
PRSI R s BT — IR S BUE 7 T15 BB 5K
(BT A K , S BB AR 5 R F A B, SR R A ST
TR S PR R AR . b PP R — A
AR B — AN SCHEPR Y L, o] 20 e AL 3R AN [ SB R
B DXl il A A 1) 22 S5 RIS [R) G 1 07 vk s
Loy A e B B i S S RO U M g — e
F T 1) BAGTRR 1A 28 301 BT IR B GE T TR R o
AR Z M B T IR R R AR Y, AL S
DO B IRPP O A B —E B BUR AR R, dlad
PetroV X 7k R 2 W BEAR S B, A i 5 52 71 & 51
AT J7 12 5 BOR T2 A O B o
S IRT G R A B, KT EmRREL
FEURE R il R ZR A0 AZR T T AR [ B 2R 4R
M A B 2R3 SR b, M 30 5 3] 2 7
T BRI 23413 SE I B A A A B e S
B QFET 2 U M ik B il OB BT . SR T
C IR T T, — A IO 2R I SR A FR BT
K73 A PR i R B AR S i — R T D RETT R
M ILR XU RV RN R RS W oS
PR SR T U & P s B A R R AL RS T
WIFHN AKIZ T L2 A B 2 A b T XURS: 340 25
Heo QT AR M 57 5 5 B i 5 it RS 7 23
SR - A7 TERCHE S A B, S T UGG R O 2k
25 SR T B R A5 R RS, LB AT Z 1Rl A AR
HARHE 23 A, A DL R ] BEMEHERLEOR  BEAS
AL RN AN [F] 3t S5t 3 S AR -5 Bl A O T A9 R
BB R | B R B AOSOR AE i R . @ T
PR 2R ) AR A R A ST o i AR R A B A
JE, BUBAR 2R BE HE T A S U B R LB R R LK
ES RS VDTN (YRS P iyl M SO S e v e N
Ir A M 5 M BRI R A OC R A R
A i e TR AR , A5 3 ) s TR R AR R 3R 0K
(SR T LU FIAS AT AR 4 F 5 Fr g ¢ e 0
MI5E o Feo 2% 18I/ AR KM OIS | T A5 A 1 512
o M J A A, X2 36 P R FE R A A il 1 B I B
WAk B A AR A T T B M S SR ST
FROPATRIRY iAo [ P9 22 K0 X TR ) i B RSAE A AS TR A
PRI R T X R0 AR S 0 A AR | 3K Y S 4T A A
UCRDEERTE /S SESiigh yos: Wael N iRl EAR N e B 04

4 4t

A TRATH BT DXl B IR AR G BT PR,

BT U A R BRSSP RS FE — ARl R RPN
A (PetroV ) FF RSP RGN T WA & Il < 5%
TEPEH TR OS2 T ARG IR PR B 2. il e,
BEXFAS R R BSR4 2 9 5% PP b B A5 AL R PE AR
FFR2E 51, B2 T 4o it J7 ik i B LR HL L, PetroV
BOAATHHIAZE TN R ERGt ik D | F 5
EGEPHOR & T I ] SRR R BRI g
BARR I TARE G I I R 1) MR )
B ZR 0 B T 1850 XS <A T2 ) 52 IR &
S REAE PR 25 HH R A DX 0 1 R M v 0 0 s 3) K
PRGE T ZR 90 AL 3t W 3R T A JG A DX e | G S0 5 o R
AT SEPE 4) SRR AERE R 5 A RE 2 4 36, e T H A AN g
8 5 I e PR A 2 AH [) B A 3 o 4 TG 55 ) &
PRIk R 2R 9 (el A5 ol 2 DX GG S0 i 25 4, L 2R ) o3 A
WO SCA AT RE . S5 2L, A A SR I ) E RS O i
BCPRIAL ] S P B8, AT U4 B 3R AT s i —
AAEAF G HE T Ty ), 5 3 EAFFE T |
BT IER , N GE T2 AR OB 28 B IR b i
i E— BT T RAFEA

2 % X #

(1] @28, ske L BT IEIEN BOR (M. JEat: 30 Tl i i
#1,1999.66 - 71.
Jin Zhijun, Zhang Jinchuan. Petroleum resource assessment tech-
niques[ M ]. Beijing : Petroleum Industry Press,1999 .66 -71.

(2] &8, 5k WL S /AR [ M. Jbst: £ih Tolk
i, 2003,
Jin Zhijun,Zhang Yiwei. Hydrocarbon accumulation mechanisms and
oil/gas distribution[ M ]. Beijing ; Petroleum Industry Press,2003.

(3] ST ALZR, K230 XA AR il BN Jr i a0 ]
f1ih%44,2003,24 (1) .9 - 14.
Zhang Xiangning,Ren Hongbin,Zhang Xuewen. Discussion on resources
assessment of PetroChina methodology in cooperation projects with fo-
reign oil company[ J]. Acta Petrolei Sinica,2003,24(1) .9 —14.

(4] [ LB UAR 0 RIS DT 0. B — 484 Bl S BT [ M.
L ;b TR A A, 2009 :66 - 71
Strategic Research Center of Oil & Gas Resources , Ministry of Land
& Resources. Petroleum the latest national petroleum resources as-
sessment[ M ]. Wuhan: China University of Geosciences Press,2009 ;
66 -71.

(5] TEFM,BOCE, IR =, 55 T E AR BRER A il < H
SRR RMATHRREL T ] A5 RAA I, 2013 ,34(2) 153 - 160.
Wang Zecheng, Zhao Wenzhi, Hu Suyun, et al. Reservoir types and
distribution characteristics of large marine carbonate oil and gas fields
in China[ J]. Oil & Gas Geology,2013,34(2) ;153 —160.

(6] MAHNT, 2%, 8T, 55 IR BOR R UGB LT ] Al 5K
SR MLJFT,2013,34(5) :573 - 583.
Zhao Jingzhou, Li Jun, Cao Qing, et al. Hydrocarbon accumulation
patterns of large tight oil and gas fields[ J]. Oil & Gas Geology,
2013,34(5) :573 —583.

(T4% 854 W)



854 £l 5 KRR R 434 %
physical Prospecting for Petroleum,2009 ,48(4) :368 —376. Song Xiaowen,Ma Shizhong, Qin Qiuhan, et al. Application of spec-
[14] 2B, BN, 5. BT SR MR SN LT ]. tral decomposition in deep tight conglomerate reservoir prediction
AT R A HE I, 2010 ,45(1) 35 - 39. [J]. Oil Geophysical Prospecting,2012,47(3) ;107 - 113.
Huang Rao, Chen Xiaohong, Li Jingye, et al. Spectral decomposition [18] Castagna J P,Sun S, Siegfried R W. Instantaneous spectral analysis:
based gas reservoir identificaition and its applicaition[ J ]. Oil Geo- detection of low-frequency shadows associated with hydrocarbons[ J].
physical Prospecting,2010,45(1) ;35 —39. The Leading Edge,2003,22(1) ;127 - 129.
[15] #&te, EM, 22700 & SR AR e HoAe A B A v < [19] Mitchell J T,Derzhi N,Lichman E et al. Energy abosorption analysis ;
TR AR [ T] . RIR SRR ,2010,21(5) 822 - 827. a case study [ Z]. Expanded Abstracts of 66" Annual International
Yang Zhanlong,Sha Xuemei, Li Zaiguang, et al. Hydrocarbon detec- SEG Meeting,1996:1785 —1788.
tion and application in lithologic reservoir exploration [ J . Natural [20] Lichman E, Goloshubin G. Unified approach to gas and fluid detec-
Gas Geoscience ,2010,21(5) :822 —827. tion on instantaneous seismic wavelets [ Z |. Expanded Abstracts of
[16] k2B aie i, SEag il 25 R i o A SUR A 5 F ) 2 e A 73" Annual International SEG Meeting,2003 ;1669 — 1702.
PERZIN L] AR Y BB R, 2010,45 (3 ) :343 - 349. [21]  wmipe, g, Xt 45 &5 s ah AU E AR SR N LT 77
Zhang Huixing, He Bingshou, Jiang Xiaodian, et al. Utilizing attenua- ¥R ,2006,45(4) :385 —389.
tion characteristic of seismic wave in dual-phase medium to detect oil Gao Jianhu, Yong Xueshan, Liu Hong, et al. Post-stack seismic hydro-
and gas[ J]. Oil Geophysical Prospecting,2010,45(3) :343 - 349. carbon detection technology and application[ J]. Geophysical Pros-
[17] REOC, S ZRRKTE , 45 W o il BORTE 2 BUR 5 U pecting for Petroleum,2006,45(4) :385 —389.
R T R LT Y. A i R IR, 2012,47(3) 1107 - 113. (%3 ki)
(L% 833 W)
(7] FE:EMG, elfeay , #LEE, 55. SilR BUHm SORBE IR B T < R [13] Loeliger H A, Lustenberger F. Probability propagation and decoding
S H M X[ T]. A S KRR T ,2013 ,34(4) 1421 -430. in analog VLSI[ J]. IEEE Trans actions on Information, Theory,
Huo Zhipeng, Pang Xionggi,Du Yijing, et al. Oil-gas shows from de- 2001, 47(2) :837 - 843.
struction oil/gas reservoirs in the petroliferous basins of China and [14] Casella G,Robert C P. Monte carlo statistical methods,second edition
their geological significance[ J]. Oil & Gas Geology,2013,34(4) . [M]. New York:Springer,2004.
421 -430. [15] Lee P J. Statistical methods for estimating petroleum resources|[ M].
(8] WIZE =, SRBKME, L1, 4. R as (8] 20 A T 5 [ T ] ity London ; Oxford University Press,2008.
W5k ,2007,34(1) ;113 -117. [16] Chen Zhuoheng, Undiscovered petroleum accumulation mapping using
Hu Suyun, Guo Qiulin, Chen Zhuoheng, et al. A method of predicting model-based stochastic simulation[ J]. Mathematical Geology,2006,
petroleum resource spatial distribution and its application[ J ]. Petro- 38(1):1-16.
leum Exploration and Development,2007,34 (1) :113 - 117. [17] US. Geological Survey World Energy Assessment Team. US Geo-logical
[9] White D A. Geologic risking guide for prospects and plays[ J]. AAPG Survey World Petroleum Assessment 2000—Description and results.
Bulletin, 1993 ,77(12) :2048 —2061. US Geological Survey Data Series DDS-60,4 CD-ROM,2000.
[10] Rose P R. Chance of success and its use in petroleum exploration[ C] // [18] Zipf G K. Human behavior and the principle of least effort| M ]. Cam-
Norman H F,Edward A B. The business of petroleum exploration. AAPG bridge, London ; Addison-Wesley, 1949.
Treatise of Petroleum Geology , Handbook of Petroleum Geology, 1992 . [19] ¥ogl. A THALML e[ M]. dbat . & #F 1 et ,2001.
71 - 86. Jiang Zongli. Introduction to artificial neural networks[ M ]. Beijing:
[11] B0, @28, XU/NF sy i s = R b SO0k 5 0E BT China Higher Education Press,2001.
Bl Al S RIS J]. 2004,25(5) :544 —547,602. [20] @28, TRHM SRR AT AL LA L 1] A7 24,
Chen Shanyong, Jin Xhijun, Liu Xiaoping. Quantitative evaluation of 1995,74(3) ;12 - 15.
Tertiary petroleum accumulation systems in Huanghua depression Jin Zhijun. A comparison study on five basic oil and gas pool size
[J]. 0il & Gas Geology,2004 ,25(5) ;544 —547 ,602. probability distribution models and its significance[ J]. Acta Petrolei
[12] B b, SR 2. Wl P/ DT i o XUR: 230 B [ 1] A o 244k, Sinica,1995,74(3) :12 - 15.
1997,18(2) :49 -53. [21] Kaufman G M. Statistical decision and related techniques in oil and

Lv Minggang, Zhu Xiangdong. Geological risk analysis of trap and
play[ J]. Acta Petrolei Sinica,1997,18(2) :49 -53.

gas exploration[ M |. Englewood Cliffs, USA ; Prentice-Hall ,1963.
(% & %)



