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Abstract: This paper systematically elaborates the effects of oil cracking on homogenization temperature and trapping pressure of oil in-
clusion using crude oil crack kinetic and petroleum inclusion thermodynamics modeling. The results demonstrate that homogenization
temperature shows a trend of increase and the trapping pressure shows a trend of decrease at the initial stage of oil cracking (Tx <<
13%, T<C160 °C); with the progressing of oil cracking (T(<C24% , T<C190 °C), homogenization temperature shows a trend of de-
crease and the trapping pressure shows a trend of increase, however, the homogenization temperature still exceeds the initial homogeni-
zation temperature and the trapping pressure is still below the initial trapping pressure at this stage of oil cracking. After that, the hom-
ogenization temperature continues to decrease or even turns negative values in some severe oil cracking processes; at the same time,
trapping pressure continues to increase or exceed litho static pressure. In addition. oil cracking only results in normal pressure or under
pressure during the initial stage of oil cracking (T(<C13% , T<C160 ‘C), while oil cracking will lead to overpressure (T >>40%) or
even exceeding litho static pressure (T >>70%) during the high level of oil cracking. Therefore, deeply buried reservoirs with pressure
systems from under pressure to normal pressure should be paid more attention especially when formation temperature ranges from

160 °C to 190 °C, and oil cracking gas exploration should be focused on the reservoirs with overpressure or ultrahigh pressure when for-
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mation temperature is over 190 C.

Key words: fluid; inclusion; homogenization temperature; trapping pressure; overpressure; oil cracking; thermodynamics.
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Fig.1 Typical P-T phase diagram of a petroleum fluid
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Table 1 The initial composition contents of oil inclusions

used for oil cracking process modeling

T WEERA K B
an TN Twman muan marn R
' (mol %) (wt%) (mol %) (wt%)
C 16.00 34.732 3 5.247 47.900 2 9.638 1
Cs 30.07 6.502 4 1.846 7.943 4 3.003 8
C; 44.10 6.128 2 2.552 6.0318 3.345 2
iCy 58.12 1.370 2 0.752 1.232 2 0.900 6
nC, 58.12 3.069 0 1.684 2.760 0 2.017 3
iCs 72.15 2.079 7 1.417 1.724 7 1.564 9
nCs 72.15 3.3385 2.274 2.768 5 2.5120
Cs 84.00 3.609 1 2.862 2.6125 2.759 7
Cy 96.00 3.889 8 3.526 2.8157 3.399 3
Cg 107.00 3.579 2 3.616 2.5433 3.422 2
Coy 121.00 3.308 1 3.779 2.3131 3.519 8
Cio 134.00 3.066 4 3.879 2.114 0 3.562 4
Ciy 147.00 2.026 2 2.812 1.379 3 2.549 7
Ciz 161.00 1.864 1 2.834 1.268 9 2.569 2
Ciz 175.00 1.714 9 2.834 1.167 4 2.569 2
Cuuv 311.95 19.7219 58.087 13.4251 52.666 7
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Fig.2 The evolutionary history of formation temperature
with burial depth in Dongying depression
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Table 2 Composition contents of grouped compositions of oil inclusion in Table 1
L& A ek B
Moy JEE IR 434 oy Bt o B JEE IR 53 L Iy ¥ JB i A3 A
(mol %) (g/mol) (wt. %) (mol %) (g/mol) (wt. %)
CO; 0 44,000 0 0 0 44,000 0 0
Ci 34.732 3 16.000 0 5.246 8 47.900 2 16.000 0 9.638 1
Cy 6.502 4 30.070 0 1.846 1 7.943 4 30.070 0 3.003 8
Css 15.985 6 57.500 0 8.678 5 14.517 2 56.637 2 10.339 9
Cs13 SAT 16.344 8 121.000 0 18.672 8 11.430 9 121.000 0 17.394 0
Cs13 ARO 6.713 0 117.845 3 7.469 1 4.783 3 115.664 3 6.957 6
Cu+ SAT 11.230 6 299.180 0 31.723 4 7.644 9 299.180 0 28.763 3
Cu+ ARO C 0 — 0 0 — 0
Cu+ ARO U 4.492 3 299.180 0 12.689 4 3.058 0 299.180 0 11.505 3
Cii+ NSO 3.999 0 362.157 9 13.673 9 2.722 2 362.157 9 12.398 0
Precoke 0 — 0 0 — 0
Coke 0 — 0 0 - 0

R3 HERGPTHEFTENEASERSH
Table 3 Critical parameters of compositions in Table 2 for oil

inclusion P-T calculation

M5 HHREE T.(K  wHRES Po(MPa) RN T o
CO, 304.19 7.382 0.227 6
o] 190.56 4.599 0.0115
C, 305.32 4.872 0.099 5
Cys 430.72 3.599 0.200 8
Cs13 SAT 587.96 2.518 0.400 3
Cs15 ARO 618.13 3.703 0.307 7
Cia+ SAT 813.82 1.442 0.779 7
Cii+ ARO 813.82 1.442 0.779 7
Cia+ NSO 810.40 1.009 1.0190

IR R T Cu SAT #lrfaE S m T
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{EL 2 TG K AX B2 5378 Ak 35 5 1 A58 45 2R — 3K
(McNeil and BeMent, 1996; Vandenbroucke et al.,
1999;Behar et al.,2008).
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Table 4 Assumed initial trapping temperature and pressure of oil inclusion A and B trapped at different depths
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. e
D (m) T.(°CH t (Ma) H (m)
Py (MPa) P (MPa) P 3 (MPa)
4500 m 120.0 40.0 2600.0 26.78 33.48 40.17
5755 m 117.7 43.7 2 867.0 29.53 36.91 -
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Fig.3 The composition variations of oil inclusion with the time during cracking
Hra Fl b ARFAIEIRA 4 500 m ¥R B HE AL o 5 0 T AL AR AL 3 A8 s o A d AR AR R 5 755 m BRIV AL SB T AL AR AT AR s a
¢ JEUIH 2 AE ) AR AL 43 AL R A D A d D i 0 B 2 43 S T AL R R B

(R R M Z I BE /N T 180 °C) , il A ZE AR 4] s 4l 35 TR
T3 K A5 10 7 2 BT vl 2 £ gk R v A AR Y — R
Fﬂﬁ%m Wi 5 T 2 A A R A R AT il AR —
TR A S8/ (Okubo . 2005) A, 101 A2 F5F 22 48 K,
e R H— I8 B AR AL 40 °C (& 41) A3 B2 R ) 1R
TR R 7 v, DT v 2 Aot ok R ke e A AR ) — R
O INE 4a & 4d FIE 4g PR B RS
TGEOLT WA AR ) R Al 1.0 3 K 1.5 B A~
JEr e 2 fife ack R o A S AR B — TR E AR kil 20 'C &
AR E) 30 CAEAT ;s B2 T % BB, Jt il 24
T T Y A 2 A 4 — Yk B85 2 ) A, A K. T 8] 5a, 8] 5b
HE Sc hHI IR AR R ) AN ARG 0T #2105 75 %5 % i
1.0 38R 1.2 B FE A J ik 24 i i 72 v i A 2 AR 2
— R AR R 20 C AR F] 30 CAEA.
5 A i BT 5% B ZE AR B4l AR T vl 2L i
T A R — R s e L R 5 T D R [ AR R
1 e R T 5% BE A5 A I R g R P A AR
— B AR ARG B R 10~20 °C (18 6a, 18 61), HAHY

TR AR A4 T L 2R AR A R AR b 2 — il
JE 78 AL RIS — 2 CIBT 4D 1T DL 90 4 40l 356 10 Dt oty

3% T B figp aed A i ) 2R MR B — il 2R A AT R
SO o 0160 2 A 2 e e RS SR g U i R A ik
o o 4 — kB R W) L A BT Y L LSRR A Y

TH AL B R AR /N S,

Jir it S 2 T B B A — IR R Y
PRITE (00 % 32 J5t ol 24 i 2H 9> 3 %28 G NSO Ml
Ciir AROUA 32) , SIS B0 A1 B W B
P FEA B T — 5 I AE TSR E R T, 5 —
T/ TSR BT o5 I AR R AR T, B T AR i 1Y %
JE 0L TR AS RS 00 9 2 RS I 288 I3 sl /> 114 3R
JE B TS IR T o R RR s/ B DR Ut B
TH AR IEAT VRS DR 2 B, R 4 FNIE 5 H A
FEREA L0 A7 I RS 5 DT 3 B0 A0 8 1A 38— I s A
RAAD  TEARAR B2 Sl R ol A8 v, BRAR il 24 5322 Ak
XHHE P-T AHEDLF A i (& 4 FE 5 5t i L
PG H X A AL AR A B R MR AT 52 i H:
Hy— 18 B A8 4k, iR it mT W, Okuabo (2005) A 4 Shin-
Kumoide SK-1D #:4 040~4 810 m & F&l P A6 0 2 i1 vl
A0 AR S — T B B 2 TR B I 228 (73~33 OO Y
AR AT BN 2 b TR 2L A o R T S e T I A 2
P AR 9 oy e 0 AR O 2 AR RIBRZLIL, 201D T
Shin-Kumoide SK-1D J: 4 040~4 810 m X} )i i 15 [l
H135~165 “C AR 45 A SCHHF 5 7 I U B 31 [l P Ji v 24
fiff it PR 2 T SO A B AR — TR B K.

23 FEHEABHERENERBRE ARG
R T i — 25 B R0 X b D 2 A 3 R o i 2



5510 S 75 5 A5 B 2R A R il A ) — IR R R T A 5 e R R b B 593
40 - - -
@ Pl ® P10 © P10
Peoke=1. Peoke=1.1 Peoke=1.2
§30 [ Wit RE S PR / PR /
R\_’/ J
200 g o i bl 2.3 W
B — i BRI 1) — i
Lz B st g e
10 1 1 1 1 1 1 1 1 1 1
40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180
50 - -
(d) P=1.25 (e) P=1.25 () P=1.25
40l Peoke=1.0 | Peore=1.1 R Peoke=1.2
| mthE / L W HIE ) / AR /
2 30
.R
H 3 = 211 HEs 3 g5 IRy H
20 WG L g
R R AR R
10 : L ¥ I | : y Vo ) A AN L |
40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180
60 - -
(2) P=1.5 (h) P=1.5 (i) P=1.5 ,~ N
sob par=1.0 | par=1.1 i par=1.2 o mNE
—@— 38.6Ma
2 solg PHIE / | W / K ) / —A- 32.6Ma
s —%— 14.6Ma
= —&— 6Ma
R 30 —0— 2Ma
= - 05
! e o 0 55 4 4
i ity P Lot o Ak C kK % e
ELEIN Y e 1/ KR mm HEEEY R
—y . . ) =R % K f i

10
40 60 80 100 120 140 160 180

W ECC) WRECC)

AN T —
40 60 80 100 120 140 160 180

:
40 60 80 100 120 140 160 180
HEECC)

B4 ORTR AR 3 AAS [6) A6 05 7 %5 B 40 T s A 2 AR AR 2) 3 — TR B J v T I b )22 TR 48 b ot 6 28 4 90U I 8 5 o2

AR 4 500 m FATE AR S A AR IR B IR B R AR LR O

Fig.4 The homogenization temperature and interior pressure variations of oil inclusion A (Table 2) with increasing of forma-

tion temperature under different trapping pressure and different coke density
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Fig.5 The homogenization temperature and interior pressure variations of oil inclusion B (Table 2) with increasing of the for-

mation temperature under different trapping pressure and different coke density
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Fig.6 Variation of oil inclusion A (Table 2) homogenization temperature, interior pressure, bubble filling degree and volume percent

of solid coke with increasing of formation temperature under different trapping pressures
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Fig.7 Variation of oil inclusion B (Table 2) homogenization temperature, interior pressure, bubble filling degree and volume percent

of solid coke with increasing of formation temperature under different trapping pressures
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Fig.8 Variation of oil inclusion A (Table 2) homogenization temperature. interior pressure. bubble filling degree and volume percent

of solid coke with increasing of formation temperature under different trapping pressure
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Fig.9 Variation of oil inclusion B (Table 2) homogenization temperature, interior pressure, bubble filling degree and volume percent

of solid coke with increasing of formation temperature under different trapping pressure
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