% 26 K % 5 RRAFEHZF Vol. 26 No. 5
2015 %5 A NATURAL GAS GEOSCIENCE May 2015

doi:10. 11764 /j. issn. 1672-1926. 2015. 05. 0915

STU 7y A AR ST M T 0 2 I

R B AT E R
(1. P E R RALKEN A RN IR TF LA RE, % 100083;
O RZLEWMENERARESLE LB T, T 100083;3. PEMF X, 100083)

WE A2 REAHBHEFNAA T EFORE o F ORI ATRFNFRGE L, A THER
REHORHARBRERFE NEGERBREANH TR TRIEZRBEREAHRBEF b
B FER, SE0EBERENG NI EZFZERE FER SR FTHAFIT T BLEE ZHe H/
CRF ¥, xF T BEAR MR # LR ATAF R, RAF Z I BT 3T B g3t Ro 18 i LI T xAr il
BHOZZABRREBEELRFHUHEGAEERAETRET, ERAN.BREEBTHNEEAH U~
2900, A ML 5 B BORACAR I B 0 AR AR A B R B F 0 A 2500 AT IRAN T A R 5
LAt 2R ERMINHRZET PRV BRAS BB BRI AHRKARTHEIF.AETE
WO EABRENRRAEHAEN 680mg/groc EH SIS BBt R EHSTY, FEH
8 TN A R B vl O BOR A R A BT Ry 69 4 A 0. 2005 R ) 69 B AR B
HE AFEECHFER IR ERRRNG ERRE AR R K R0 & i & 8 4 3T HE 2 2L
KA ZAEIL 18%, FF FMRAE TR ERGHFER T RERALGIT TR,

R AN B3 AR EHR AR MK )2 B

hESERS TEI22. 1 MEAREARD: A XEHS:1672-1926(2015)05-0915-07

5| A#& 3 : Chen Ruiyin, Wang Huitong,Chen Jianping,et al. An experimental method to evaluate
the hydrocarbon generation and expulsion efficiency in the Songliao Basin[ ] ]. Natural Gas Geosci-
ence,2015,26(5):915-921. [ FREGHL . FALSE PR 55, SCI0 05 VA WA F 2L 0 3 e U 1Y 2 HE R
BOR[T ], KRR MERFL 2 ,2015,26(5) :915-921. ]

Wro PR A R RO B9 BF 58 A0 EAN . DR —
{7 3t o B TR, A 4 )5S DU U R R AT

0 7l

T

Mo BT b R R AR R e e B TR W L
FHSE o i B IR NI A R 2 e i 8 M o
aod A PP AR ST A P T SRR I HE s A P
R 2 R E TR LT T ORI
AORLRE . PRI F 0 e U 1) A HEJ O T LA
BXER, HRUEINE R Z AW E—E M
JRyBRPE o AT T A B L 7 O R Sk
A 7S 1) e DR B B e 0 A Sl o i B i —
AR ESAR » R A 20 3 i AR 53X 15 3 4 O Y B I
TUAE SRR WA JE . B R R AR A
P S TR FATTXE T ik 5 IR A TR A R O Y A

I Fm HHE.2014-10-15; 18 [E H #3:2014-12-22.

R R U B B S WAL A AR O
S — AR R T A e B AR SC LA H S E R
2 g 3] M) P i A HR S S 36 T 05 X R TS AR
HERRZCR BEAT FEPPAN oA — 5 AR Ay B IR R
— BRI HR VRN B T
IR S
L1 e RSRmEs

FAIL F M Hp [ R B R R o i AR AR A B —

340y OUTE 235 ) 1 i A DB 8 3t o A R R B R B
DU DU T 3N 2 AME— FPHESH

BE€TB T h7ERE KM LT (i :2011Z2X05007-001) ¥ 5.
TEE B FEER (19762, B IR BN E R TR, 32 2\ 354 HE R A 40 52 08 5 9l <4 B 255 A ©F 58 . E-mail : chenry(@ petrochina. com. cn.



916 X KR A

3

» #A ¥ Vol. 26

WF 228 08 A . B A T 34 b RS B O 3.8~
4.2°C/100m, R A FAE R 1. T0HFU, oy b i B
J¥ 5 (5. 6°C /100m) , J& 75 LA 7E i = 3 Bl 22 28 i i &
K Z—, RV AR E .

PARTR 1 e 1o 3450 5 sl 450 780 O 2 BRES) 2 S 56
(A TR ) R AR R ) 45 #F s 2 B Lewan™™ (1 i1 7k
3o P S0 L B A S 6 I R A RO A [R] L R Sy AR A
JTCHJ1 %A T Easy Ro Wik ARG S HH,
TSR E 1 PR, b, ST R E 2
20°C PR T2 H bR LB AR 5 fE R 72 ~ 240h, g3k
£ 300~370°C Bt #EAT 10 /> 52 55 w1 (1 B 400 5 I 44 &
77 B S5 HOIA [ 25 4 7K FE R A 6 3 R S B 5
2 3 {8 8 £ 3MPa, B 7E A 0 A v A R 4 HE 4R
TLAE S SR 28 P I T R T R 2 R AR U T M
[y =3MPa jiu [l Y. SCH6 R Lk A A 11 R
FAESEE L OHRKGRE KB JEMK (R, =
0.53%) . A HLBR & il 3. 99 % BiF B 2 R 12 &
W 1. 55mg/g M 33. 08mg/g. A IE B N
829mg/groc s JB T 1 BT WEAR . 5250 1 . FF & FH 78
WKV G BRI R E R 2 30~90 H.

1.2 LK

S G A A B A TR MR R S SR
HEFRNAEHHRER RS, 4 A EZRIH AL .
TIARAT B 3 5 A A S 28 o 2R AR P B R R R AT
TR E R G s o SR R R A A s R e
3 3 T 5 014 e S S A 43 S0 R A i N AR AR AT it R
S ABE A0 Hb 22 T 37 1) W 2 T T RO 48 A R AT 8 B s
A T B HE A e S B L Sl 2 K R 2R B B Y
HEJ 4 1) L ) 2 L ok S BB DURE A6 3 2 o i fL
B i 1A T i BE S 06 R, T AL S S0 B R 4
25 A HE I s - AR T R R 5l A o SRS
I R SR R O A 2 ) ok S B S0 P A
FEYIR Sy B A R BRI RSP SR
TR P= e = TR AR =k G i e 5 e 4
MR 1] HE s il A = e e T A

Sk FE FEL TR OFRIL 100g FF & AR
R 28 N IR il 35 0N o UK 28 255 45 85 it s B 44 8%
i 1 R R 28 AN AR N il R AR A
WHRE B O R 2 R 2E B 4 B IR
M B RGBS TE A 0. 5MPa 7245 11 50 DA A 56
A5 1 % E P, 100min JEFE /N T 0. 005MPa hy 4
B SR JE A R 3 WK, LUK B B s SR
25 H s QFTIF SRV BE L OB 70 B 4E 47 — 20°C
IR 76 SE B 45 1 1 AL iy A A5 A LS 50 S A

i B AR Y, BEFR S AT IR S I A Bhis 1Tk . 81T
S A R VHER S SR BT bR A Sh AT @
S 56 45 o i R K R 114 390 I SR S R e e
VAR 2 PN AR B 3 R TR 28 AR P BE D R R A I
PR vk R S o B AR A BN ISR AT
HE B A A 5 [ AR SR v b i i ) — R e 3 3 T oh
TR B 5 T SO B0 0 SR S SR R TR
T SRR S T A TR RS R A R,
2 MRS %

DL A HE 938 T 2R 85 O R A5 PR S 58 4 R
2 AR BENE AT b M A HE R AR H S 1
G5 S — FE AT AE A REX RS K RS w3 T =
), Hoh B 15 & IR 4 5 (Cs—Cu) X T = 45
R K, G AREEFEARTRT
Cot B WA, J5 R I ZE & £ R W] K DU 55 43 42
JRU B R S B R R R e LAy R X EF R
IR TG BE i I R T i GRS B T A B K
SVE R MR A A v OO S 4 AT S5 R Y
TEE U B G e A A A A O A M A
SRR AT S0 BT 7 12 T DR BT €8 1% A 2 A B R U )
HEATAG 1 R AR 3052 56 HE VA S T
K CEAT WETEER IR G 75 BT BR K (BR
5 A5 AL B L R R R R TR R R R L AR R
To Al AL IE

FEXT UL B IR AR SRR T — BRI .
207 VA A PR A A AR A — B
HEAT . F 0. Tmg R 43 B K- %5 P FR TR T .
) 268 CLUT f RUSCER 40 W) T AR HE IR 52 30 58
DU A B4 AT 40 B WA o7 B R R - D i L 8 /N T
FRUR ST T /N R T o b KPR
R A PR A5 B K& T BE — UM R A I A T
PR 7= B A B s @i — 2 S PR HE AR B
S R R O MR EASAETE 8 T 1 4 B
BIRIRAE  IEB kK 25 vk 2 @ T LAk, DUGE F 0
AT LT B s © i 1168 % B RS RS o A
M4, B E W INRER 4 4 % B E FfR
FE Cov DA BRI AE AR 7™ SR ™= 1 4 85
B4V - 1 T BE AR B A5 R Th Rk .

BRI - O WA 43 A AR R S 56 1 R 4y
BE T E A —20°C R BEAN . DUE IS 53 B AR R
FEN I HER SR s @5 e B R L AEIRIR R RAR S
1T WSO 43 A O DR 4 B i 11, AR B (M) @
IAGE R (A BE sl S5 - R R T %



No. 5

AR S F M AT B R E M AR E 917

B IR QT80 52 5 ik R B N TR S
JZ . LR K RS A R RIE Y, 2 I R
AL 1 5 A1 BRI BV s O FT TP IO 3 WA T o
Fl o 20 BB (R 2 0 W 58 42 T 0 O i A3 1k ke
BRI W B E (M) s © X E— B 5R
T L VS VR AT O U AR AT A R T AR B (M)
O FE RN PSR LR (M), M=
M, —M,—M,

B 1 SR T 430 B O i f e A Jr ikt e
WARRMZR ., MLRIBENT &, HFh SR
1 7= 2R AR AE RN AF 3 T 7 3k 19 S0 7 A [) 3 B A
AEAE W] S AN [ i LB R B T 25 S
B, X 22 Rt TR IR R B . HAREE TS
P TR G E R AR RS HDE
HE WO EF W EAIEREEZER Co REE
W, Co—Co B RRIE AR B R WL . 4 2 <M 3% 43
Mr 5 (GC X GC—FID) 7E 12t 31 F1 3¢ 45 Aij b BRI . 4
T AT RIS AR A IR AR B A S T 45
Ja o AR SOHIT i TR AR 2 B S FR R Y AL
HYRMAE R R TS T Cr iRk
Sy iR RER. BAAGHES AREELWIT
AR EM, W LA IR SR P RE . Kb
i T BT L o B SIS0 B T e R R R
BERS R R EEIN 5% ~29%.,

700

| e
600 & AT i
ool A PR

400F

300F

200

HEHE IR F 2 (mg/g )

100f

1 1
320 330 340 350 360 370 380
SR EE,C
B 1 3#MARITEHHRSESRE

Fig. 1 Comparison of results obtained with different

0 1
290 300 310

methods for expulsed liquid hydrocarbon yield

3 RBEME

IO AE A AR R 2 A A SR IR AE SO R 1) 2 7
BN 2 BT A A S 5 3 o A et
PIRAFAE R AL, A6 52 36 3 52 W1 5 Mt i3 114 1
DU« T A AR R 01 14 55 K9 A B 3 Bk » 57 44 £k
it JBE B T I AR 3 TR - o R R 2

BT TEAR H/C 5 HR T AR ot i 4 30 1 e
RN R bR R T RS AR PR W e T s 2 T
AR A AL R TV e ) B 5 2 80 A 32 57 M A R BE 1Y
S, 5 Rock-Eval Iy {HAHEC, BN 52 75 Qo7 1y
J T TG A SE R T AR H/C T ORI
Hr SEBRAE A B AR L B B B S AR
i I [F) 2R M A a9 H/C T S Ro SE3t %
AWM LUT B H/C 5 HOAHR 2 T LB A
[F] 52 56 i E T R Bty o s 0 M 5 2 A TR TR
i Jo S AR A

Xiok B AN IL AR IIAR TR Y A A 21 > AL
AR T BRLPR A AR b 26 S FISR /K 22 W 4 b 18 A 11, 7
PEEHE A 15 A, 22 ad 1 AR w48 AR HIL IR 7 70 il 412
Ja  BEAT T RS AROG R VB SO 3 0 S AR O Ok &R
OrpTL AR 2 Pk FEEAR H/C TS Ro
I DU 5C BEAR e 9 00 S0 ok B05G AR L Bl BAJEE 1 3
. H/C 5 H s R

1207 x AT A
N A SR
1.00F P w X
. — RIA AN
> 0.80F
-
M
k% 0.60f
<
= 0.40F
y=—0.373Ln(x)+0.724 6
2—(). 909 -
0.20k R*=0.909 3
(\ 1 1 1 1 1 1 1 1 1 1
02 04 06 08 1.0 12 1.4 1.6 1.8 20 22

HUTR /%
B2 ME#EMATERH/CEFILSHAE R X5

Fig. 2 Relationship between atomic ratio and vitrinite

reflectance of geological sample’s kerogen

[RIAE 5 3% s 6 10 AN A= HE A3 52 56 3] 4 5% 3 A 5 F
ATAR BRI H T AR H/C JE 7 H . fiRdiE DL B gk As
o 1l JTRE T AR H/C JRF IS Ry K& AT LASKAS
L S 56 1L B 55 % L ) b ST R (B BUHis a3 1 i .
% Easy Ro IS & obr @ J5 i HLE Ro B &, 5550
FEP I R fE HE BT Ro fE 5 0. 2% ~0.35%, X
Ty 25 30 % DT A R DR 2 A T 17 O ) 5 AR G

4 EgREEE

T DA B 52 56 77 0 0 A o A R A
SE » AT FRATHL 1L 1 P2 FR A U 8 A [ S0 e 39
AR ALE K 3 R . B3 i ilAR R TR
B S HE R R MR R A 7 AR LB B e R R a1
BT P A HE R AR A SO A HERR SR L DA R R AR



4

U

EE S

918

3

» #A ¥ Vol. 26

SRV 1 R oy BEVE B T AR HE IR R s SR 4 o HE R K
F,OBIKE LR IL A R A TE Ro {H R 0.5%
BF IR 42,0, 890 ~ 1. 0 %0 Ik B SR e, P ke
680mg/ groc » 1. 3V6 I =R 800mg/ g » L AR
IIRERR . Hop AR R L 3% LI — B A
5 AL 100mg/ g 3 il B FE R AFE Ro fHM 0. 8%~

B

L 063k B IR K AH 220mg/ groc » Z 55 7 W FEARG 5 FHE H )
7 B A A R INTTHE Jn L 7E 0. 826 ~1. 00 eI
R i B R R IO S B W . M B AR
55 HE R AR AR AE L AT LA Y R A bR 1 i Y
I AL -5 0 B e PR AR ) I BILREAS A ] 2 ™ e S
A PR A A o

F1 EHERIBSHSBAEMRFENE
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Fig. 3 Hydrocarbon generation and expulsion efficiency of Cretaceous shale samples in Songliao Basin

Xt FHER AR A T AL R HR O B A
JEE V14 8 T 39 A A i e 0 R S0 ) 4 T e A 5 7 O
W B REX HE R 203 B I Fe 2 X HE IR S8 s e e
A B W F4IE . fE Ro fH2N 0. 8% ~1. 000 i 4=
TR W0 o e IAE X HE KRS Ry 7304 B R 4 xR
BN STV s A& R IR W B AR X HERE S8Ry 7804
ANE BRI R R AN HER R 7300, AT B
FEL T HERR R I A HE R 53 AR SC AR i e D 300
B i g K HE R kAR E S RN BlaE B A R
(5300 SR 25 F ) S 30 Yl 5 | A 9 285 s A 2
FITHAR BRI R 5T 0 RX E 2R ML i 1 R AR
R T AR i e W O ) HE SR R R

5 EAWEH

S R HERR I I R AR 22, B T A SO I A4l e
T ANHEE IR € 3220 AT e T %k A 1 S L
B 1 5 e e B R ot I R A S

KT S A AL ISR R I L BTN E TR
AR 3 BRI AIA . 3 1 BuiE ow
H/C J5F HobR € Ja Y B 5 Ro B B2 B Easy Ro fH
/N AERE S R A T BB /N2 0. 206 R AR
G2 E R, Easy Ro J& 4 T2 ROV 8l ) o7
JIA B 2 U T % A A AR Y 5 HUE T
TP AR GE o WA SCSL 0 0 B A R 58 40 T — € i

B/
n

=
w



No. 5

AR S F M AT B R E M AR E 919

JESI 4. ML HE B AR IS R LT Ry 5 Easy
R, [8] 0. 220 (12250, AT e a2 FE ) 3 B, - R 3N
Xof LS B AL ] . B 4 B R TR 10MPa
H1 100MPa #2277 2= 1 P 4 28 52 56 149 7 4 52 0
Ro 5 R &R 51 52 55 5% 8 52 00 Ro A AR R &R 51K
0.1%~0.4% ., HBCAT UL, G5 2 i 2% 1438 A2 S 56

ZEAT T 0 Xk A BSR4 R e R S AT AR R B
ORI 28 A 0 B BOW Ro BRI 28 0. 2%, A4
o B A A U B R

4.0

55| —#-10MPa

—=-100MPa

3.0F
< 250
;E 2.0F
sl

1.0k

0.5

00250 300 330 400 450 500 550 600

SRR EEPC
H4 REEHX LS AZRFME R, B
Fig. 4 [Effect of pressure on R, of sample in

semi-open system experiment

RN O PEAE IR O BRECE I R HLZ
{8 FCE R ) 24 3 A H LA B =k #) 10 4
LA b FEL RS 3 LA SR i e i 80 8 1 76 ot oy
FE IR R IR B i B R A AR A HE L, FR B
MRS R BR R AL o5 B g 500 ~29 0 i R ket
BEHUR A P el B oR Co- A AfTeE. ik
KWcaE Ao i s e o AR TR IRE E T e
RETRAFIF B R I i KR B S A YA O mbiL
Ein UEARE P NN DES N e SN iy N =R S e
S,/ TOC{HZ N 200mg/ g\ »

ALy — L LB I — 2 U 5L T e ) R S
M T HERS . SEER LGS 11 JF BB L A S —
BERES (TOC Ky 5. 08%, S, {8 Jy42. 63mg/g. Iy 18
h 839mg/ g\ ) K SE I A i o H2 R TET Y S 00 A% 1
1177 355°C By A= HEIE S 0, S92 30 5 B2 i S 30 ke v Ui
R TICE B PR — B[R] IO — 3 43 6 i B e
ATl e i (R B s ) iR R RS /N T 60 H
AR 5 R E T B 30min) A [ B[] BT A
FRE B8 e O s AL 5 TR o W O B ) A 3 L e
B G BRI 5 B ) 2 AR I R B M R
56 002 » 2 R I 5 b J5 O A A B A I 1] S 1Y)
WERERMAE,E 3 A-3ENEEREN

180~250mg/ g, o PRI, 2 B A% it i B8 e dk i ik
R I (9 A8 P AREAE S TIE 52 T g % HE S 110 532 i 4 39 ik
B SR FR I 5O i B R R I AR B L R R T b
0 I B O R S s T R AT — AN R
FHE 0 PR PR AR S 2 1) B B e 4 T 8 ok
Tl AR R 45 L i i T3 SEBR TS DL

400

w

o

[=]
T

y=—19.34Ln(x)+332.85
R*=0.908
300

2501

e (mgle,,)

1524
T

i
T

= 200k

150 1 1
0.1 1 10 10?

TR I ) /d
BS5S XREBFBREEMENEMNXR

Fig. 5 Relationship between hydrocarbon retention amout

1
1
1
1
1
1
1
1
;
)

and storage period of exmperimental sample

6 it

(DBIAEM AT E S5 H IR S F 09 £ 2 5
B, 2 R EE NG T DE AT 2 RoR L M
AR TARFTENRE A RKE, TR
O EZAFLDAEREREEEBREGRK R E
H 680mg/groc s RKIERBHEA ST . Z X G R E
A 220mg/ groc VA B

DA BB . 2R EELREP LS5 ~29%, 7T
ARERZERRERB-—ALFER., BRI FH
ER, TR A h Gt R ey 241k
1890+ 48 K Mo v 13 TR 2 HEJR 2L 0 AR .

(3) B 7y %4 HUJR 4 %, 3R A A A HI 4 L A A
W 2k R Ro 1A% 0. 200 89 Ak, & S - B89 4
HAERERAL,

(D JE A R B AR B HE R X 2 F B — A 4h o
BOHBGREGHAERAFBRG IR RE NIT R
WA EZBERE ZCHBEZA 200mg/ g £ SR
NBREHRE BRI ER ARME T R LR
GrE,RERIKABEALG T T TATRL,

2 3 3T K (References) :
[1] Pang Xiongqi. Modeling of Geologic Process| M. Beijing: Petrole-

um Industry Press, 2003 1-487. [ Jig ki #F. Hb i i F& 2 4t 65 4

[M. db5T A7 90 Tl S iR AL, 2003 :1-487. ]

[2] Hu Qingming. Exploration and development of shale gas in China



920

#*

++ Vol. 26

2

[3]

(4]

[5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

achieving a major breakthrough[J]. Energy Conservation in Petro-
leum &. Petrochemical Industry.2014,4(11).52. [# BB, 3% =
AR BT R L U R LT A7 b A7 4L RE, 2014, 4
(11):52. ]

Wu Xin,Ren Zhiyong, Wang Yong, et al. Situation of world shale
gas exploration and development[ J]. Resources &. Industry,2013,
15(5):61-67. [RE ALKT, £ 5, % R ITUE A LA
ARDID. B U5 70k, 2013,15(5) :61-67. ]

Yu Guoming, Xu Xu. Shale gas in Fuling: Historical breakthrough
[J]. China Petrochemical Industry,2014,(4);13-16. [ fy & B, %
B A DA D S PR R AT . A R, 2014, (0 £ 13-16. ]
Guo Wei, Yu Wenxiang, Liu Zhaojun, et al. The burial history of
the southern Songliao Basin[ J]. Journal of Jilin University: Earth
Science Edition, 2009,39(3) ; 353-360. [ 5 j#, 2 SC#E, XIHHE
S5 HAIL A b R A sk ()] 3 MROR 2 2 i BR B 2 R
2009,39(3) :353-360. ]

Lewan M D. Laboratory Simulation of Petroleum Formation Hy-
drous Pyrolysis| M[]. Organic geochemistry, edited by Michael H.
Engel and Stephen A. Macko. New York: Plenum Press, 1993
419-440.

Zheng Lunju, Qin Jianzhong, He Sheng,et al. Preliminary study of

formation porosity thermo compression simulation experiment of
hydrocarbon generation and expulsion[ ]J]. Petroleum Geology &
Experiment,2009,31(3) : 296-302. [ ¥B {8 2%, Z& gt oy, fil 2, 2.
MR FLBR R A HE R B S g 90 25 W L) ). A7 3ih 52 36 b T
2009,31(3) :296-302. ]
Qian Zhihao, Cao Yulan, Rong Zhengguang. Light hydrocarbon de-
termination with thermal evaporation method[ J]. Petroleum Geol-
ogy & Experiment,1982,4(4):280-284. [k 1, W F 2%, 28 1F
. AR E R R L) ). ATl S BT, 1982,4(4) :280-284. ]
Qian Zhihao,Cao Yin, Wang Congfeng, et al. The New Progress of
Petroleum Geological Test Technology [ M ]. Beijing: Geological
Publishing House, 1994 :1-194. [Ek 1 . 9 57, £ MR, %, A
b BTS00 B AT R LML L 5« 3t BT i i 1994:1-194. ]
Qin Jianzhong, Qian Zhihao,Cao Yin,et al. New techniques in
oil and gas geochemical exploration[J]. Petroleum Geology &
Experiment, 2005, 27 (5): 519-528. [ Z& ¢t fr, 4%k vk . ¥ &,
S5 B BR AL 2B ORI T vk LT ). A7 0 92 58 4 5, 2005, 27
(5):519-528. ]
Liu Weixin,Ba Ligiang, Zhang Meizhen,et al. New technolog-
ical advances in petroleum exploration[ ]J]. Petroleum Geology
. Experiment,2003,25(6) : 777-782. [ X4 7 » #0579k . 3k 35
B, 45 A 3t 5T 43 0 3 B R B i R L. A 9l S 5 3t T
2003,25(6):777-782. ]

Jiang Qigui,Chen Weijun,Jin Juchang,et al. Analysis method
of light hydrocarbon with low boiling-point from source rocks
[J]. Petroleum Geology & Experiment, 2004, 26 (5): 492-
495, (¥ 8 5t WRAE . & Mg, 5. & O IR RUR R I8 U i
Jr R 0] A SE 5 2004526 (5) : 492-495. ]

Jiang Qigui, Zhang Caiming, Zhang Meizhen, et al. Research
on the quantitative analysis method of C¢-C;5 light hydrocar-

bon in source rock samples[J]. Petroleum Geology &. Experi-

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

ment,2007,29(5):512-521. [ )5 5, ik Wl .3k 68, % &
1 Co-Cos e de e B4 7 e WF 5 LT ). 701 S5 55 3 5 . 2007, 29
(5):512-521. ]

Xiong Yonggiang,Geng Ansong.Wang Yunpeng,et al. Exper-
imental research of kerogen secondary hydrocarbon genera-
tion kinetics[J]. Science in China: Series D,2001,31(4):315-

320. [AEFK IR K2R, E My, 56, T AR R A ke ) Iy 4
WS BEEL ], sp E R D 48 ,2001,31(4) :315-320. ]
Wang Huitong,Zhang Shuichang, Weng Na,et al. Analysis of
condensate oil by comprehensive two-dimensional gas chroma-
tography[ J]. Petroleum Exploration and Development, 2012,
39(1):123-128. [ LI . iR B S U6, 4. BEHT I & — 2 <
AHETE BT LT AR 597 % .2012,39(1) :123-128. ]
Adahchour M, Beens J, Vreuls R J J,et al. Recent develop-
ments in comprehensive two-dimensional gas chromatography
(GCX GC) ; Introduction and instrumental setup[J]. Trends
in Analytical Chemistry,2006,25(5) :438-454,

Reddy C M, Nelson R K, Sylva S, et al. Identification and
quantification of alkene-based drilling fluids in crude oils by
comprehensive two-dimensional gas chromatography with

flame ionization detection[ J]. Journal of Chromatography A,
2007,1148(1):100-107.

Wang Zhaoyun, Cheng Keming, Zhang Baisheng, ez al. The study
on simulation experiments of hydrocarbon generation and expul-

sion of mud limestone[ J]. Acta Sedimentologica Sinica, 1996, 14
(D:127-134. [E IRz R n B 5K A 2L . 45, P8 K B 2R HE R
I HE T ], PIRL2E 4. 1996, 14(1) :127-134. ]

Hao Fang. Kinetics of Hydrocarbon Generation and Mechanisms
of Petroleum Accumulation in Overpressured Basins[ M]. Beijing :

Science Press,2005:1-406. [#§J57. # FE 4 b A4 S 1R 8 71 2% 5
TSR M. bR B2 Ak 2005 £ 1-406. ]

Chen Jianyu, Hao Fang. Improvement of organic petrology
studying types and maturity of organic matter[ ] ]. Petroleum
Geology and Experiment. 1990, 12(4) . 426-431. [ B & iy . /i
I A BLE A2 RS A ML 2 R A R e et (T ). i 5
I 5 .1990,12(4) :426-431. ]

Jones R W,Edison T A. Microscopic observations of kerogen re-
lated to geochemical parameters with emphasis on thermal matu-
ration M|/ /Oltz D F. Low Temperature Metamorphism of Kerogen
and Clay Minerals: SEPM, Los Angeles: Pacific Section,1978:1-12.
Horsfield B. Practical criteria for classifying kerogens: Some
observations from pyrolysis-gas chromatography[]J]. Geochim
Cosmochim Acta,1989,53(4):891-901.

Baskin D K. Atomic H/C ratio of kerogen as an estimate of
thermal maturity and organic matter conversion[ J]. AAPG

Bulletin,1997,81 (9) :1437-1450.

Braun R L,Burnham A K. Mathematical model of oil genera-
tion,degradation and expulsion[ J]. Energy Fuels,1990,4(1)

132-146.

Chandra D. Reflectance of coals carbonized under pressure[ ] ].

Economic Geology,1965,60(3) :621-629.

Hryckowian E,Dutcher R R, Dachille F. Experimental studies



No. 5 G T 2R MRS BR B AR R 921

of anthracite coals at high pressures and temperatures[ ]J]. E- study on the pressure dependence of vitrinite maturity[ J]. Or-
conomic Geology,1967,62(4) :517-539. ganic Geochemistry,1997,61(4) :2921-2928.

[27] Yang Tianyu, Wang Hanyun. Simulation experiment of organ- [33] Jiang Feng, Du Jianguo, Wang Wanchun, et al. Research on
ic matter in high temperature and high pressure[ J]. Petrole- ultra high pressure high temperature simulation experiments:
um Geology &. Experiment,1987,8(4):380-389. [ K FE, F The influence of high temperature and pressure on organic
W, Aa R AL SR RIS, A S KRR matter maturation[ J]. Acta Sedimentologica Sinica, 1998, 16
J5i.1987,8(4) :380-389. ] (3):153-160. [ Z2w, fh gt W, £ 7 &, 55, iR M e A4l 5

[28] Huang Jianquan, Zhou Zhongyi, Fan Shanfa. High Tempera- BOWF S R A T XA AL S a2 [T ). DA 4,
ture and High Pressure Experimental Study on the Formation 1998,16(3):153-160. ]
of Deep Basin Petroleum [ M]. Nanjing: Jiangsu Science & [34] Hao Fang,Jiang Jianqun, Zou huayao,ez al. The overpressure
Technology Press, 1992 244-245. [ # fidt 4>, i T %, i3 k. differently and levelly retard the organic matter evolution[ ] ].
M TR i S B L S T SR IR F Y (M. R B VIR Science in China: Series D,2004,34(5) :443-451.

HAR HMRFE . 1992:244-245. ] [35] Sweeney J J,Burnham A K,Braun R L. A model of hydrocar-

[29] Xie Qilai, Fan Shanfa,Zhou Zhongyi. Simulation experiment of bon generation from type one kerogen: Application to Uninta
pressure affecting on evolution and hydrocarbon generation of basin, Utah[J]. AAPG Bulletin,1987,71(8) :967-985.
source rock[ J]. Mineral Rock Geochemistry Bulletin, 1996,15 [36] Xiao Zhihua, Hu Guoyi, Li Zhisheng. Effect of pressure on hy-
(2):91-93. [fifJ5 ok Y838 &, 8 b k. JE 6 92 U5 2 ik K drocarbon generation of source rock in close system[J]. Natu-
PR RSB0 (], 5 A R L 5E 4R . 1996,15(2) ral Gas Geoscience,2007,18(2) :284-288. [ 1§ 24, ¥ |5 &5,
91-93. ] . BRI R R T R AR R IR A R R R M m [, R

[30] Sajgo C S, Mcevoy J, Wolef G A, et al. Influence of tempera- SR M ER B 2%, 2007,18(2) - 284-288. ]
ture and pressure on maturation process[ ] ]. Organic Geo- [37] Zhou Lihong, Yu Xuemin, Jiang Wenya, et al. Overpressure retar-
chemistry,1986,10(1-3):331-337. dation of the thermal evolution of Paleogene source rocks and its

[31] Price L C,Wenger L. M. The influence of pressure on petrole- significance for petroleum geology in Qikou Sag[J]. Natural Gas
um generation and maturation as suggested by aqueous pyrol- Geoscience,2013,24(6) ; 1118-1124. [ A 5. %% . T 274, 22 3¢,
ysis[J]. Organic Geochemistry,1992,19(1-3) : 141-159. S5 IV S S % IO R e DR A A T A P

[32] Dalla Torre M, Mahlmann R F, Ernst W G. Experimental AT RS HERFL2F,2013,24(6) :1118-1124. ]

An Experimental Method to Evaluate the Hydrocarbon Generation
and Expulsion Efficiency in the Songliao Basin

CHEN Rui-yin"?, WANG Hui-tong"? ,CHEN Jian-ping"?,LIU Yu-ying"
(1. PetroChina Research Institute of Petroleum Exploration and Development ,Beijing 100083 ,China;2. State Key
Laboratory of Enhanced Oil Recovery ,Beijing 100083, China;3. China University of Geosciences,Beijing 100083 ,China)

Abstract: The process and condition of hydrocarbon generation and expulsion has been simulated on the
Cretaceous source rocks from the Songliao Basin, based on the latest experiment platform of hydrocarbon
generation and expulsion. New hydrocarbon measurement method is used to acquire accurate data about ex-
perimental products including light hydrocarbon. The geological R, are correlated with atomic H/C ratios
of pyrolyzed kerogens from experimental solid products . Thus hydrocarbon generation and expulsion effi-
ciency in the thermal evolution process is determined. Results show that, the content of light hydrocarbon
is about 5%-29% and about 25% during the peak period of oil generation, and it increases with the in-
crease of thermal maturation. The maximum amount of hydrocarbon generation is 680mg/gr» and the ab-
solute hydrocarbon expulsion efficiency at the peak of oil generation is 57 %. Analysis of pressure factor in-
dicates that, fluid pressure does affect thermal maturation and hydrocarbon expulsion. Pressure can reduce
the maturity in oil generation phase. The decreased value of R, is about 0. 2%. Pressure release promotes
hydrocarbon expulsion, which results in the decrease of residual hydrocarbon content and light hydrocar-
bon loss from cores. Light hydrocarbon loss can cause 18% deviation of expulsion efficiency at oil genera-
tion peak. The conventional method underestimated the residual hydrocarbon amount in geological condi-
tions, and gas exploration prospect is optimistic.

Key words: Songliao Basin; Hydrocarbon generation and expulsion; Hydrocarbon expulsion efficiency; Simu-

lation experiment;Light hydrocarbon;Pressure



