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Principle of TSM basin simulation system and its application

Xu Xuhui, Zhu Jianhui, Jiang Xingge, Chen Yongfeng, Chen Yinbing

( Wuxi Research Institute of Petroleum Geology, SINOPEC, Wuxt, Jiangsu 214126, China)

Abstract; Basin modeling describes the evolutions of basin structure, deposition as well as hydrocarbon generation,
migration and accumulation from both time and space aspects by using computer software based on physical and
chemical principles of petroleum geology, by which oil and gas resources can be estimated. TSM basin simulation is a
deterministic numerical simulation software system constrained by basin prototype and guided by a basin research
program of “3T-4S-4M”. The histories of burial, thermal evolution, hydrocarbon generation, migration and
accumulation were simulated by using a deterministic hydrocarbon response simulation module and guided by the
parallel and superposed analyses of basin prototype, in order to reasonably estimate hydrocarbon resources. This theory
was applied in the West Sichuan Depression and revealed that basin prototype changed from continental margin
depression to foredeep basin ever since the late Triassic. And the source rock generation, distribution and evolution
characteristics as well as the hydrocarbon generation, migration and expulsion of the Upper Triassic Xujiahe Formation
were also illustrated. Simulation results showed that the subsidence of depression during Jurassic was an important
reason for the difference of hydrocarbon generation and discharge in various formations. The final structure in the
middle—late Jurassic epoch controlled natural gas migration and accumulation, and formed two favorable resource
gathering areas, Xiaoquan—Fenggu and Anxian—Duck River—Dayi, reflecting the controlling on hydrocarbon generation
and accumulation by prototype basin superposition. This application showed that TSM basin simulation reveals dynami-
cally the oil and gas evolution, which means “prototype controlled sources, superposition controlled accumulation” ,
and predicts undiscovered oil and gas by fitting with the known. TSM software is an important technology and tool in
the field of oil and gas exploration.
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Fig.1 Basin system (evolution mechanism) proposed by Zhu Xia in 1983
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Fig.2 System framework of TSM basin simulation and resource classification
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Table 1 Simulation statistics of hydrocarbon generation of source rocks
of Xujiahe Formation in different periods, West Sichuan Depression, Sichuan Basin 10* m®

1] Tymt T,x” T,° Tyt Ty%° Ty 3 4 Tyt M At
Ty &K 42 406 0 0 0 0 0 0 42 4060
Ty’ K 123662 26 104 46 228 0 0 28 337 0 224 331
Jio K 298 905 53 298 92 956 35 299 44 190 55 354 26 836 606 838
Jasn R 323424 61899 104 122 38 182 44 905 65 151 27 281 664 964
Jip K 432864 101346 186 653 58 162 63 102 113 702 34 726 990 555

KK 597 336 191 180 378528 119289 114 597 215 731 61 465 1 678 125




- 736 - & & B

%39 &

R . S o/’
S BRI B K A A
WAEBEABIY, opgn ’,

0 10 20 30km
| I ——

(@]

RAEIX

R

L]

AR
(10°'m’ « km”)

P11 ) )1 P38 B 20 5 T 2
EEZRARR UK
Fig.11 Natural gas migration path simulation of main formations
of Xujiahe Formation, West Sichuan Depression, Sichuan Basin

PR 55, Je— S REAE 45 7 2 AL L A T
I DX A A DT A S PP A 2 BT AN T 12, 2
— B R B — D — R A B IR SO Tk
JE— B/ MR KU A 2 TR

TE 45 MR P 200 301 B SR BRAG TS DL T
%A G AT LR T2 i BT DR T DA O 12k
DX 5 ARG 2 BERHR , 1% A 48 AT LUE 1 PP A A
DAY AU IR, O a5 2 i (D) By
G, UM AR AN AT REM R EIX L, AT LIREE
BRI TIR BIPPY  IB 2GS AR B Y
L, MTI S AR A ) B B B A ] 951 95 U5 4
CEE PN DR TT 1 I o

5 Wig

TSM Z3 M AR ABL 50 R T 23 b 20 BT JE 4T, BU(E A
UL A ST A M TR R SRl 2 o {E T X 2 A
A A S S A HEZ LB A AR 2 | 2 A
FIASFE S B T Gni o 2 S50 3R A B — Ml BT E 2R T
7 T2 R T L L S AR TR 1) g N RN S PR
UL R ST

(1) B BRI Hl 5 A% 0 2 0K 8 73 b (B AR 4L 1Y)
SCHE, BN, g A AR R R A B Y
RT3 5 SR FH I oy PR R AN R 11, LT
FORE b CE AR A X AR R, BE T 4 R S R A
FAMM 45 AR X530 R (B F A 1E 45 S8 Hb FUIF 98 N 5
TR FB B AR AR5 10 S bR it i 4
AR ARAE— R 55 T A REIE L, o H 45 i 4h
AR 22 LR K, B, A 1 BRI
A FASBELE b T AT E A 0 R B G AL
JU3H 343 M A [ st 300 2 0 R sk fin S &R, IR 5

JiE R A i B T, AT R BT A R At L 57 S
5 Byt PR Y | IR e T S A R
SEMGEORE(R, RN 55 ) HEAT A —2k
IR Jol” B, R 55 Uk 2 4 B B AU 45
e

(2) 2T % ZHABUEBA S5 A 215 2 i
ARSI R T-Be . W TR — 2, AN [R] s ek
FEN G HBIRZ A A F R BOA R, 808 2 A e —
SE BINRZE S X 22 52 R IR T A BORH AN [R) A1
WSS AN R, TR 22 578 5 e B AU
BRI ST B RE AN ] B B A A 25 S
P22 TSM Z I BHUUR S8 h AL SRR B 1 30
SHA AT LA LA RAS [R5 52508 5 R
BRI 5 S AN [ 7 58 A ) 4 )l A
TUMZ BT AT AN [R) i O BE AR, 207
FERUARAUSS R | T XA A8 R L3 #r, 16 6 d
AR TT 58, LAB B e ARG 2 3l BT Al
BT LI AR

DAk i ) e o 2ok 5 5 2 AR DL 2R3
JO7 A AL B T B, < IH AR B IS, 1 Sk E
A T TSR] B i L

i AXER T R EE B BRI AT
B % B it A P X A R G R R AT
BTy 457, 12 00 B &7 A R A
AT & EENS BB, £ L TR

S 3k

[1] Perrodon A, Masse P.Subsidence, sedimentation and petroleum
systems[ J ] .Journal of Petroleum Geology,1984,7(1) :5-25.

[2] KB ST Al <3S MU R oo i BIR RE[ C] /7

JE BT AR 0 S M 5T 08 I SCAE L L B b B R R
#t,2001.:207-218.
Zhang Yuchang. Theoretical problems about basin hydrocarbon dyna-
mic accumulation system|[ C]//Zhou Yugqi.Application papers of oil
and gas geology theory of Zhuxia. Beijing: Geological Publishing
House, 2001 :207-218.

[3] Hermanrud C.Basin modelling techniques: An overview [ M ]//
Dore A G, Augustson ] H, Hermanrud C, et al.Basin modelling:
Advances and applications. Amsterdam; Elsevier, 1993 :1-34.

[4] Hantschel T,Kauerauf A I.Fundamentals of basin and petroleum
systems modeling[ M ].New York : Springer,2009;1-30.

[5] SRERE, A, HAEZ. A AR 0 & e BEAR 5 o4 ok J
)] AWM, 2001,23(3) :312-317.
Zhang Qingchun,Shi Guangren, Tian Zaiyi.Present developing situa-
tion and future prospects of basin simulation technology[ J ].Petro-
leum Geology & Experiment,2001,23(3) :312-317.

[6] Sweeney J J,Burnham A K.Evaluation of a simple model of vitrinite

reflectance based on chemical kinetics[ J ].AAPG Bulletin, 1990,



5 6 3]

TRIEHE 25, TSM £ HuAS L 307 125 55 1o

<737 -

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

74(10) :1559-1570.
Ungerer P.Modelling of petroleum generation and expulsion: An
update to recent reviews|[ M ]//Dore A G, Augustson J H, Her-
manrud C, et al. Basin modelling; Advances and applications.
Amsterdam ; Elsevier, 1993 .:219-232.
Wendebourg J. Uncertainty of petroleum generation using methods
of experimental design and response surface modeling: Applica-
tion to the Gippsland Basin, Australia M ]//Duppenbecker S D,
Marzi R.AAPG/Data pages Discovery Series No.7: Multidimen-
sional Basin Modeling.Tulsa; AAPG,2003.:295-307.
WU, & 2 B, AR MR RIS B R AR S IR 5T
PR 5 R3] AT FLARRRERD) L 1997,21(5) -
94-97.
Zeng Jianhui, Jin Zhijun, Wang Weihua. Status and advances of
the studies on the experimental simulation of secondary hydrocar-
bon migration and accumulation [ J ].Journal of the University of
Petroleum, China, 1997,21(5) :94-97.
BT MR8 R B S E R T M AR AE RS T ] RARR
HBRAL2: 2003 ,14(5) :337-346.
Luo Xiaorong. Review of hydrocarbon migration and accumulation
dynamics|[ J].Natural Gas Geoscience,2003,14(5) :337-346.
TRABNE , A , G W v [ VA R B 2t oy SO U 3
P ARRR ] A SRR TR, 2010,31(6) :865-870.
Xu Xuhui,Zhu Jianhui, Jin Xiachui.Method for appraising hydro-
carbon resource potential in relict marine basins in China[ J].0il &
Gas Geology,2010,31(6) :865-870.
Waples D W.Basin modelling ; How well have we done? [M]//
Duppenbecker S J, Iliffe J E.Basin Modelling; Practice and Pro-
gress.London ; Geological Society, 1998 .1-14.
RIS E S A [ M AR Al Tolk i A
1986.1-3,22-34.
Zhu Xia.Structure of petroliferous basins in China[ M ].Beijing
Petroleum Industry Press,1986.1-3,22-34.
TR ARIENE VTG, A5 SR BB ] Al 5 R A
S, 2005,26( 1) :29-36.
Zhang Yuchang, Xu Xuhui, Jiang Xingge, et al.Outlook for basin
modelling[ J].0il & Gas Geology,2005,26( 1) :29-36.
Zhu X. Chinese sedimentary basins[ M ].Amsterdam; Elsevier,
1989.
TRIBNE VU240, R AT, %5 TSM 2L A5 4L, 78 J5 AL v ik 1)
BE g F L M ]8T 5T i At 1997.
Xu Xuhui, Jiang Xingge, Zhu Jianhui. TSM basin modeling: A
case study of Qintong Depression, Northern Jiangsu [ M ]. Bei-
jing : Geological Publishing House, 1997.
Sk S S AR AT [ M) R R R
#,1997:1-26.
Zhang Yuchang. Petroliferous basin prototypes in China[ M].
Nanjing; Nanjing University Press,1997.1-26.
Magoon L. B, Dow W G.The petroleum system: From source to
trap[ M].Tulsa: AAPG,1994.
AN, RN, 25 B, 45 A RS S A S A R 23

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

I A A ] AT AR IR, 2008,29(6) - 709-715.
Guan Defan,Xu Xuhui, Li Zhiming, et al. A study on theories of
basin evolution and hydrocarbon generation and accumulation
and model of hydrocarbon generation in finite spaces[ J].0il &
Gas Geology,2008,29(6) :709-715.

B, W22V ) AR G A B S SRS R [T .00
AHBBRICR 2004, 11(1) :16-19.

Luo Xiaoquan, Chen Lan.Forming evolution of western Sichuan
Depression and its relation with oil and gas[ J ] Petroleum Geo-
logy and Recovery Efficiency,2004,11(1) :16-19.

78 C i SR I AW BUIRULE (i R AR USSR
T4 M 1] AT SRR, 2003 ,25(6) :685-693.

Yang Keming, Zhu Tong, He Li.Structural characteristics and
exploration potential of the thrust block in Longmenshan[ J].
Petroleum Geology & Experiment,2003,25(6) :685-693.
IR, X RS, KO SE. 09 )1 A O B S Ak [ M.
AL HBT L R, 1996.

Guo Zhengwu, Deng Kanglin, Han Yonghui, et al.The formation
and development of Sichuan Basin[ M ].Beijing ; Geological Pub-
lishing House, 1996.

IO , AR U G R R S LA BGRAE [ T ) A7
IS RAR T, 1993, 14( 1) :80-84.

Han Yonghui, Wu Chunsheng. Geothermal gradient and heat
flow values of some deep wells in Sichuan Basin[ J].0il & Gas
Geology,1993,14(1) :80-84.

B R N S il e = e e v S TH
A5 RIR M BT,2005,26(2) :208-213.

Yang Keming, Ye Jun,Lv Zhengxiang.Chronological characteristics
of Upper Triassic reservoirs in Western Sichuan Depression[ J].0il
& Gas Geology,2005,26(2) :208-213.

LR W, BOERE A8 VG B Hh BB R 4 R SRR
HER LA AR R IE R [ )] AR B TR 224 ( A AR B
2£/R) ,2009,36(3) :225-230.

Shen Zhongmin, Pan Zhongliang, Lv Zhengxiang, et al.The geo-
chemical characteristics of natural gas and the gas—sources trac-
ing of Xujiahe Formation in the middle member of West Sichuan
Depression[ J ]. Journal of Chengdu University of Technology
(Science & Technology Edition) ,2009,36(3) :225-230.
TR 5K BT, X DO B 1 0 ) B v B AR AR R A
SRR SBR[ )] 4, 2011,31(1) :83-88.
Shen Zhongmin, Zhang Yong, Liu Sibing, et al.Characteristics of
primary and secondary gas pool and transportation mechanism in
Western Sichuan Depression [ ] ]. Journal of Mineralogy and
Petrology,2011,31(1) :83-88.

P SN 04 4 e ol B IR BUR B R [T ] A S R
SRAUHLT, 2003 ,24(4) :322-326.

Yang Keming. Status of oil & gas resources and prospecting
potential in Western Sichuan Depression[ J ].0il & Gas Geolo-
gy,2003,24(4) ;322-326.

Pratt W E.Towards a philosophy of oil-finding[ J ].AAPG Bulle-
tin,1952,36(12) .2231-2236.

(g mXH)



