55374 5 A kR E— P E PR A= 2 4R Vol. 37 No. 4
20124 7 H Earth Science— Journal of China University of Geosciences Juy 2012

doi: 10. 3799/dgkx. 2012. 090

B i B R R4 43 Ul Ae 7 i SR ek A 3T R Y . A

FEAE RS, REF®, Thiéry Régis'
L PERRARFHES BATREKFTHELZET . HALKIL 430074
2. % B A R R B A EAT AT 2 M i AR s, H 2 M 730000
3. P EGLEA HE YA L AKRE 257015
4o FRFERERLEHTHFREEZR Y 63000

FE: TR RPN E BRI B o0 L 2 BRI 78 i i R v JEL s 2 A 3 o 38 %R 440 220 i 3k <
SR R v 20 Ak BLAT T R S AR A T A AR AR SN O 2 S R 10 A B AR R KA B 1 e 1 T 7 DT e A
FUHE S RIS, R B R AR B O SR04 T, JEA7 TSR R4 2 Sl i AR 3 — IR (The) S HAEZIR T (20 OY KA
R (F,) 5 2 BOARAE R R T 1 X e 52 Thoy MILEIRT Fy SERUE The-F. B S5 HE 425040 o) 5380 (R 4
Iy AR E MG B R EE MBI T RGO BRI B AR 3D EME— R AN E. FER R 8t
IR 145 LA IR AT Ho b =F 8 I — 3 < se v CH BeBE AR & B0 F 31 %0~ 35 %6 22 i) ) e JEL 9 <0 Bl e o2 ik e
KT 1 AR R e A S P B R S KT 60 YO # i FE R 1 H-BEAT IS0, I oA 1k — 2 i U R 2 A R
1 PVTat 2558 Hal,

SRR LI IR A )2 AR G s A T LT

hES %S, TEI22 SEHE: 1000—2383(2012)04—0815—10 RS EE: 2012—03—22

Individual Oil Inclusion Composition Prediction and Its Application in
Oil and Gas Accumulation Studies

PING Hong-wei' , CHEN Hong-han'"*, SONG Guo-qi*, Thiéry Régis"
1. Key Laboratory of Tectonics and Petroleum Resources of Ministry of Education, China University of Geosciences s Wuhan 430074, China
2. Lanzhou Center for Oil and Gas Resources , Institute o f Geology and Geophysics, Chinese Academy of Sciences, Lanzhou 730000, China
3. Shengli Oil field Company . SINOPEC, Dongying 257015, China

4. Clermont Université , Université Blaise Pascal , Laboratoire Magmas et Volcans, Clermont-Ferrand 63000, France

Abstract: The composition information of individual oil inclusion is not only important for quantitatively understanding the ma-
turity evolution of petroleum during the petroleum charging, but also significant for the precise depiction of the dynamic evolu-
tion during petroleum accumulation. However, it is very difficult to obtain the detailed composition of individual petroleum in-
clusion directly by experimental methods. Petroleum inclusions thermodynamics method is an easy and fast indirect method for
obtaining the individual petroleum inclusion composition which has been well developed in last ten years. Ten oil composition
data with different maturity are used to build the standard relation diagram of oil inclusions homogenization temperature ( The; )
and the degree of gaseous filling (F,) at room temperature (20 C) using petroleum inclusions thermodynamics method on con-
dition that firstly, match the saturation pressure and improvement of the gas and liquid mole volume calculations, then the e-
quivalent composition can be determined by comparing the measured homogenization temperature and the degree of gaseous fill-
ing at room temperature (20 C) with the standard Th.-F, diagram. The compositions of petroleum inclusions with different
maturity are quantified by a series of measurements on oil inclusions in the deeply buried reservoir in Minfeng area in North
Dongying depression including fluorescence analysis, microthermometry and 3D reconstruction of the oil inclusions volume.

The results show that both of the well Feng 8 and well Fengshen 1 happened two episodes of petroleum charging events. The
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first episode oil charging whose methane mole percent content is between 31% —35% contributed to the petroleum accumula-

tion of well Feng 8, and the second episode oil whose methane mole percent content is more than 60% controlled the gas con-

densate accumulation of well Fengshen 1. The composition prediction results facilitates further establishing the oil and gas char-

ging PV Txt history in the deeply buried reservoir in Minfeng area in North Dongying depression.

Key words: inclusions; homogenization temperature; thermodynamics; Dongying depression; petroleum geology.
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20 53 5 30 3 S A T XL S AR ) (PR AR A e A
AT LATE) B A ik A 22 A 19 25 B (Grimmer et al.
2003) ; F| FH % Y60t 1% (Kihle, 1995; Stasiuk and
Snowdon, 1997; Przyjalgowski et al. , 2005) f#37.
M5 30 21 4p 1% (Guilhaumou et al. , 1990; Piro-
non and Barres, 1990a, 1990b) &4 #7 vl 3k 15 BA A~
AR 75 VEAE B FUHEOE R A GC-MS
Y FH 5 12 AT LA B Yl A0 2R A 20 43 147 43, {H 2
IR A7 AE T A I Ak 5 W 70 1 32 BR A [) & (Volk
etal. , 2010; 1345, 2010; sk o 28, 2011). DL |
T T 52 526 S A AL AR /ISR G fige BT RS
N S 20 25 AR A R PR A A5 R TR
/B RE ETNNEA: B WE R KOE AN 41 EE R K ) N

Pironon e al. (1998) | H O I R A 4 i
BRI 1 B AR AN, Aplin ez al.
(1999) [AFEF IO ISR A5 414 W s AR5 5
(OF JUNVN T S QST O Ju SRR A ERTREN
AR ) 2252 T A AR AR B Y P 3 AL
SR D AR R R S A A B R — IR
(The) FIZE TR T (20 O WML FEHE (FO M A

T RIS T 2 S TG A T AL B AR 1 2 43 B Al
AR BB A 3 H A T Bt (Aplin et al.
1999; Thiéry et al. , 2000, 2002; Tseng and Pot-
torf, 2002; Liu et al., 2003; Bourdet et al. ,
2008, 2010). R IX Fh 77 12k T AL A1 T A ZE R 4 /K
Tl BB L3R A (Aplin e al. , 19995 Thiéry
et al. , 2000). Bourdet ez al. (2008) F] FH PIT % 44
(Thiéry et al. s 2000) HE7 T /N[ 24 7 Ji £ 44
H— BRI IR T (20 C) S Fo HBE 1Y 56 R AFEAR
LA B S0 B U e ) 30 e 6 R R ) A AR R LA A
Je I g & AR MR AR AR AL, BEE L i T SR A —
EEMERIE 2 M SHE A FEZET G4
I3 &8 (Ping et al. , 2011) X 2 DBECRHEME
— T sE AL AR 4 4 (Thiéry ez al. , 2002). 52 Pr
e BB VR AR A BEIN SRR AR A AR
ol R M AL oy BB R Gy HA S & =
D BSR4y e K R (R BN REIR
JE i 7 T e g A b 2 a7 LA PR 2 s e R U
YRR BN B AR G BE R4y S B
PR o B8 IR 2 = D) B & A G 56 & (Ping et al.
2011, X (A7) ASCEERL BRBEAM T N Tk #
10 Foft B2 E AR YR 38 K 0 1E S50 I MR R AR TR
Az T B BT A LR AN TR] B2 R 14 I3 5 4R il ik D
T B A R RIS A B EE R AR B HA fe &
ST T AN [ B2 JE T 0 S AR — R A = R
20 ORI FR I 19 ¢ R AR, #H L Bourdet et
al. (2008) FFH PIT ¥4 (Thiéry et al. , 2000) ST
PSR » AR SCTHAAL A vl A 25 1A == L T /<00 e SR A
SRR T B R A SR A SOOI A SR 2H i 4
A RABR D 20 A8 Ak B A i TR IR B
FEASA » BRI o AR ST 14 9P 4 B AR 20 4 ] AR Sk 45
RO IR L 47

1 i e R A o S S K 5
L1 FHEREASTNRE

A — R AR 22 21 0 21 R0 52 2l SBO AAR.
WL A BEAR T Bk A RESE U A i T A



543

PR < B AL PR ZE S T R A il SOSGRCA FE Hh 4 H 817

FRZH 4 o SR o 38 5 LT 2 — SeRe o I A 43 mT LAAE
UMl A A7 308 A ) 0 B A 2 R AR 38 L A R
J1 RIS L i 4n Cy .C, . C5 . Cy G5 Cs AT Cry
21 G5 Ay I AR T 1 s B A R A A T A
S SRR AR AR (R R A2 4 T AR 4 03 25 7 407
B S AR AR A T R T LA 3 R B — FE 7 (P-T) A
s, P-T H P b o o 48 0 88 o5 2% 4 Il 5L o
T RN 8 i 25 . W AT R R R R T
95 5E A B AT R (R AR S AR Ak, 0 A 28RN 8 1 2R
A1 A B D3, DA R0 VR AH X A v 2
A3 A SAE DR A L RS AR S A B R L
FUWAH X 35 DASPAE 2 5 AH 04 20 3 st B A A 3 2
AR 35— TR . AR b W S5 B A L AR AT LAY
— B AH , 7] DA — B SAH. 35— B o % A5
(A RN E s R e R [E PO S Y A =S o
F U S B IR (20 O R F A A 2R A A2
WIRZ A4S PRAR 2B, W A kB A 1R T AT, L A
PN 2R T AR A AR AR R AR (B L), 38 5 mT LA
FEE R (20 O NI SAIRFE 4> & A
IR (F ) M —EE (Th). fE4L 5y — 2 B4
P B — R EE A B L =R R (20 O) Rl
W (F) 58— 0B (Th B FM SR R
B, Z R (20 O) R s (F,) stk oK (1A
1b). WAk, Bl 5 4153 () A2 Ak, [A]— 35— I B X6 I 1)
IR T (20 ORWRIASE (F) W REE A5 148
i AR 16 IR 2 AR BT AR T — R (The) FIE
R (20 ORI (FO) 2 NS H0R T LI R
M EARAMER.

AR F FAR A A AR IS )2 i R
IE O AR A R 2 FM AL 15 Tha 5 Fo 1Y
EFR o DT FAR 5 S 07 A AR 38— R BE (T 11
FI T (20 ORI (F) 056 R I HEh AL 2
PARZE 4 o DA T8 380 100 422 T 000 S AT A 2R B A S
FIRA I H .
1.2 AHEREASTNGERITETE

A 1 AL 45 8 A o Y — TR (Tha) K
HXTRZ T (20 O eI (F) X 3 NS4
S T T B R A Ay TR ) F2 AR i ALy
FNH— R B (The) AT LA i 915015 22 44 D e xef
N IR T (20 ORI AL (F) M —fR i
WBEAIMA I 5T F, EEZ T AWM P-T
A T T VA 450/ i gl S A 0 R 0 R R
WERA AT IR TE AR P-T 4508 A F0IROAH BE
IRV BELEUI (K

30T (@
251
201
s
~
= 15F
.R
=
10F
5_
(U Té}h,——,—T T
0 100 200 300 400 500
i £ ('C)
700 (b

Fo (%)

Thy Th: Ths Ths Ths .
0 100 200 300 400 500
¥R FE(CC)

1 Al AL o B 5 38R & (M Bourdet ez al. , 2008
‘o
Fig. 1 The schematic diagram of petroleum inclusion com-
position prediction
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Table 1 The untuned crude oil composition using for petroleum inclusions thermodynamics
No. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
N2 0. 24 0.29 0. 25 0.53 0. 00 0. 00 0.41 0. 32 0.74 1. 67
CO; 0. 39 0. 46 2.19 0.12 2.13 0.77 0. 44 2. 80 2.01 2.18
H,S 0. 00 0. 49 1. 16 0. 00 0. 00 0. 00 0. 00 1. 49 0. 00 0. 00
C 5. 82 10. 75 16. 33 22. 80 31. 28 36. 20 40. 48 45. 29 51. 30 60. 51
Cs 0. 84 1. 11 6. 29 6. 45 7.51 9.74 7.74 9.11 10. 67 7.52
Cs 0.43 1. 58 7.48 8.51 6.93 6. 75 8. 20 5.50 7.12 4. 74
Cy 1. 14 3. 68 6. 09 6. 60 6. 26 4. 96 5. 45 4.13 3.61 4.12
Cs 3.01 4.03 4. 36 4.71 4. 74 3. 89 3. 64 3. 06 2. 20 2.97
Cs 4.92 4.75 3.58 4. 24 4. 37 3.29 2.83 2.38 1. 83 0. 00
Cr+ 83. 20 72. 86 52. 27 46. 04 36. 78 34. 40 31.42 25.92 20. 52 16. 29
GR. Cr4 942. 00 861. 00 880. 00 864. 00 851. 05 849. 18 845. 00 838. 06 805. 00 789. 00
MW. C;+  304.00 261. 00 249. 00 242. 00 232. 88 216. 89 210. 00 215. 89 192. 35 181. 00

7T F1 ## Elsharkawy(2003) ; F2 1 F4 #&# Wu and Rosenegger(1999) ; F3 ## Moharam and Fahim(1995); F5,F6 Fil F8 #}# Jaubert et al.
(2002) ; F7 #& Pedersen et al. (1988) ; F9 #& Neau ez al. (1993) ; F10 #& Jacopy and Berry(1958). GR. Cr+ & Co+ 20 L& s MW. Cro- i Co 24y

oy (kg/mol).



PR < B AL PR ZE S T R A il SOSGRCA FE Hh 4 H 819

#
&

®2 ATRAHEREHRFNFTENAEEHREAS

Table 2 The tuned crude oil composition using for petroleum inclusions thermodynamics

No. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
N; 0.23 0. 29 0. 25 0.53 0. 00 0. 00 0. 41 0.32 0.74 1. 66
CO, 0.37 0. 46 2.21 0.12 2.12 0.77 0. 44 2.83 2.02 2.17
H,S 0. 00 0. 49 1.17 0. 00 0. 00 0. 00 0. 00 1.51 0. 00 0. 00
C 5.55 10. 74 16. 46 22.76 31. 14 35. 84 40. 33 45. 80 51.53 60. 13
C 0. 80 1.11 6. 34 6. 44 7.48 9. 64 7.71 9.21 10.72 7.47
Cs 0. 41 1.58 7.54 8.49 6. 90 6. 68 8. 17 5. 56 7.15 4.71
o4 1.09 3.68 6. 14 6.59 6. 23 4.91 5.43 4.18 3.63 4.09
Cs 2.87 4.03 4. 40 4.70 4.72 3. 86 3.63 3.09 2.21 2.95
Cs 4. 69 4.75 3.61 4.23 4. 35 3. 26 2.82 2.41 1. 84 0. 00
Crv 83.99 72. 89 51. 89 46. 14 37.06 35.05 31.07 25.08 20. 16 16. 81
GR. C7+ 898.06 860. 15 887. 08 862. 36 847. 33 840. 70 846. 96 847.55 808. 64 784. 09

(S}
(8]
ol

MW.Cr 287.12 260. 65 252. 86 241.01 230. 14 210.71 211.57 . 64 196. 66 174. 30

x3 R1PRETEBMENRFHASTN

Table 3 The composition change of petroleum fluids in table 1 after match of the saturation pressure

Fl1 F2 E3 F4 F5 F6 E7 F8 F9 F10 AADY,
AD% '
N2 4.17 - 0. 00 - - - - - - 0. 60 1.59
CO 5.13 - 0.91 - 0. 47 - - 1.07 0.50 0. 46 1.42
H.S - - 0. 86 - - - - 1. 34 - - -
G 4. 64 0.09 0. 80 0.18 0. 45 0.99 0.37 1.13 0. 45 0.63 0.97
G 4.76 0. 00 0.79 0.16 0. 40 1.03 0.39 1.10 0. 47 0. 66 0. 98
Cs 4. 65 0. 00 0. 80 0.24 0.43 1. 04 0.37 1.09 0.42 0.63 0.97
G 4.39 0. 00 0.82 0.15 0.48 1.01 0.37 1.21 0. 55 0.73 0.97
Gs 4. 65 0. 00 0.92 0.21 0.42 0.77 0.27 0.98 0. 45 0.67 0.94
Cs 4. 67 0. 00 0. 84 0. 24 0. 46 0.91 0. 35 1. 26 0.55 - 1.03
Crv 0.95 0.04 0.73 0.22 0.76 1. 89 1.11 3. 24 1.75 3.19 1. 39
GR. Cr+- 4. 66 0.10 0. 80 0.19 0. 44 1.00 0.23 1.13 0. 45 0.62 0. 96
MW. Cr+ 5. 55 0.13 1.55 0.41 1.18 2.85 0.75 4.52 2.24 3.70 2.29
N
H: AD = | S AAD = D s o i e A A L5 5k 4 TR A N A
=1

x4 RER2FABREEAMTENAHERGARARAY—EEMEERT (20 C)SaxEEE(F)
Table 4 The degree of gaseous filling (F,) under room temperature (20 ‘C) calculated according to the tuned fluid composition

shown in table 2 under different homogenization temperatures of petroleum inclusion

No. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
The CC)H F, (20 C) (Y0
20 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
30 0.21 0. 38 0.58 0. 68 0. 96 1. 20 1. 42 1.93 3.15 6. 05
40 0.63 0. 85 1. 21 1. 45 1. 98 2.40 2. 80 3.75 5.96 10. 39
50 0.97 1. 25 1. 84 2.23 2.95 3.61 4,22 5.47 8. 47 13.97
60 1. 29 1.77 2.49 3.03 4.02 4. 85 5. 65 7.09 10. 82 16. 95
70 1.79 2. 30 3. 16 3.78 5.03 6. 06 7.01 8. 66 12. 97 19.71
80 2.13 2.71 3. 84 4. 64 6.13 7.37 8.43 10. 20 14. 97 22.19
90 2.49 3.27 4. 65 5.51 7.18 8. 64 9.83 11. 67 16. 91 24.61
100 3.24 3.85 5.37 6.42 8.33 9.93 11. 22 13.08 18. 74 26.95
110 3.43 4. 44 6.11 7.26 9.43 11. 26 12. 60 14. 48 20. 56 29.01
120 3.82 5. 05 6. 87 8.24 10. 63 12. 54 14. 01 15. 82 22.35 31.13
130 4. 43 5. 68 7.78 9.14 11.78 13. 93 15. 41 17.18 24. 04 33. 39
140 4. 85 6. 36 8.58 10. 15 12. 94 15. 27 16. 84 18.57 25.76 35. 67
150 5.35 7.03 9. 40 11. 19 14. 22 16. 64 18. 26 19. 95 27.50 37. 89
160 5.81 7.72 10. 37 12.17 15. 45 18. 06 19. 70 21.27 29.25 40. 11
170 6.52 8. 43 11. 23 13. 27 16. 69 19. 48 21.12 22.66 30. 98 42. 33
180 7.05 9.16 12. 25 14. 40 17. 96 20. 94 22.56 24.05 32.71 44. 55
190 7.56 9.91 13.15 15. 45 19. 25 22. 34 23.98 25.41 34. 44 46. 77
200 8. 35 10. 68 14. 22 16. 64 20. 56 23.85 25.42 26.78 36.17 48. 99
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Fig. 2 Photomicrographs of petroleum inclusions from well Feng 8 and well Fengshen 1 in Minfeng area in North Dongying depression
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Table 5 The data of homogenization temperature ( Thy ) and the degree of gaseous filling (F,) under room temperature

(20 'C) of petroleum inclusions in the deep reservoir in North Dongying depression

WEERS S WEm) R B gt API° Tha  Fo(20) Thaqu H AR
1 F£8 3943.0 J7 i Tk B R¥E—PE 33.8 47.5 3.1 134.3 % i
2 F8  3943.0 75 A ok A WRE—AfE 36,1 76.0 6.2 145.9 o2 it
3 F£8 41951 AymARS A WE-—-Af6 37.3 0 102,50 10.5 156. 7 o i
4 FIHD 43217  ZARPREL kg IR 38.7 128.6  16.9 151. 6 o b
5 FIRL 43217  FFAEFNHEL R)E oSk 42.4 139.3  25.6 156. 7 o — e it
6 FW 1 4321.7  HAEERIE Wk R 49.0 150.3  72.5 178.7 HTE EENT
7 FUT 4321.7 FHEPRME )AE O KER¥R 161.0~176.0 =%  RARX

Fyiihk F6 Hr WAL /R S8 AE 350 6. B/ 1T 3 4Eip

Ja 3217 mE TS T PSRRI AT Hh 4 4 o

et o7 AR L LRI i 3 B LS 0 #4302 0 10
T TS R SRR RE g o B e g 2555 M D RO
SBIRULAR FS~F9 QUM TSRS BTy wmgan 5 Fue iE 5 HOHIFS AR B — 3y
4690~5206 s 5 BERAT L B IKALN QLN T eyt s 80 24 7 1 A R
AR, T BB R AN BT BIGE g ) oo L
F10C-6090). L, HIR VMRS g enor S5 e 9ol 77 32 B
T 8 IR AT 8 gy I ST IR
LA T A T VR 1 I fgggig:zo OO RMERB F) X REH
WO S B



822 HIRB A —— i [ b B R 2R 2 4R %37 %
sor G322 5 R AR A 220 AR R ) — R —
+ s sossom "0, R — 443 — T PV Tae) S 4.
4+ E8JF 41950m
60 + F®UF43207m
49.0 JteFEARAPIE References
L F10 Ahmed, T. H. , Cady, G. V., Story, A. L. , 1985. A general-
g ol ized correlation for characterizing the hydrocarbon
& F9 heavy fractions. In: SPE 60th annual technical confer-
Fg ence. SPE, Las Vegas ,14266. doi: 10. 2118/14266—MS
9 Al-Meshari, A. A. , Aramco, S. , MaCain, W. D. , 2007. Vali-
20r gi dation of splitting the hydrocarbon plus fraction: first
11::; step in tuning equation of state, In: Middle east oil and
o gas show and conference. SPE, Kingdom of Bahrain,
% 20 80 20 160 200 104631, doi; 10, 2118/104631—MS

B E(°C)
B3 REMpgdew REFRZ2MOEARY - RESER
(20 O) MRMFTHE (FOX R
Fig. 3 The relational graph of homogenization temperature and
the degree of gaseous filling (F,) under room tempera-
ture (20 C) of petroleum inclusions in the deep reser-

voir in Minfeng area in North Dongying depression

(2)ARSCT5 75 2 5 S A B S0 T ) I SR
BT RIS A B AR E B R N L S5 81
Jh rh % 4 AR A TR S U R A G
AN TR AR A A Tl AL AR N —
EOn - BIBEE IR A EERE K it o B 2 0 5 D
RSy S i O R AR SCHE ST B 2 — IR A
A TSRS AR AT LT TN R R AR A Y
<.

(3) X2 M BG AL A R T2 A i A B AR —
IR AR N (20 O MW FEHE AT R G MK
I3 R WIZRE M B LAl B TR 2 A i A 2R A
BERE R e TR 1 ORI e R R R e T
F 8 M AT A il A AL o3 i T &5
RRUIF 8 I A — T U A AL B AR TP e R R 5 i
3T 3100~3500 Z [], 55— 3% I 78 TE I 4 (PP e
JEE IR 5 T A= 35 00) T F 8 M AUSGEE T8 1 FE
BT Wi G ST TE » 5 — e ST TE IO e EE R
FraAL T 46 26~5200 5 R ST AR BB AR
HEER T 6000 58 TR AT ISR R 1 IFEENT
TR,

(DAL ER DL B X il U 7 B
AR A SO T A R 20 43 B 5 12 7T LA GE 2
FAEH 57 Py S 30 5 3 0 il G B T A, DA T AT
LU RO VLS DX AR (LSO G I € i A B A AR 2

Aplin, A. C. , Macleod, G. , Larter, S. R. , et al. , 1999. Com-
bined use of confocal laser scanning microscopy and
PVT simulation for estimating the composition and
physical properties of petroleum in fluid inclusions. Ma-
rine and Petroleum Geology,16(2); 97—110. doi; 10.
1016/S0264—8172(98)00079—38

Bourdet, J. , Pironon, J. , Levresse, G. , et al. , 2008. Petrole-
um type determination through homogenization temper-
ature and vapour volume fraction measurements in fluid
inclusions. Geo fluids, 8 (1): 46 —59. doi: 10. 1111/j.
1468—8123. 2007. 00204. x

Bourdet., J. , Pironon, J. , Levresse. G. , et al. , 2010. Petrole-
um accumulation and leakage in a deeply buried carbon-
ate reservoir, Nispero field (Mexico). Marine and Pe-
troleum Geology, 27 (1): 126 — 142. doi: 10. 1016/j.
marpetgeo. 2009. 07. 003

Cavett, R. , 1962. Physical data for distillation calculations:
vapor-liquid equilibria. In: Proc. 27th Annual Meeting.
American Petroleum Institute , Dallas,351—366.

Elsharkawy, A. M. ,2003. An empirical model for estimating
the saturation pressures of crude oils. Journal of Pe-
troleum Science and Engineering ,38(1): 57— 77. doi;:
10. 1016/S0920—4105(03)00035—4

George, S. C. ,Krieger, F. W. , Eadington, P. J. ,et al. ,1997.
Geochemical comparison of oil-bearing fluid inclusions
and produced oil from the Toro sandstone, Papua New
Guinea. Organic Geochemistry,26(3): 155—173. doi:
10. 1016/S0146—6380(97)00004— 1

Grimmer, J. O. W. , Pironon, J. , Teinturier , S. , et al. , 2003. Rec-
ognition and differentiation of gas condensates and other oil
types using microthermometry of petroleum inclusions.
Jownal of Geochemical Exploration,78—79; 367—371.
doi: 10.1016/S0375—6742(03)00137—7

Guilhaumou, N. , Szydlowskii, N. , Pradier, B. , 1990. Charac-

terization of hydrocarbon fluid inclusions by infra-red



543

PR < B AL PR ZE S T R A il SOSGRCA FE Hh 4 H 823

and fluorescence microspectrometry. Mineralogical
Magazine ,54(375): 311 —324. doi: 10. 1180/minmag.
1990. 054. 375. 17

Horsfield, B. , McLimans, R. K. , 1984, Geothermometry and
geochemistry of aqueous and oil-bearing fluid inclusions
from Fateh field, Dubai. Organic Geochemistry, 6
733—740. doi; 10.1016/0146—6380(84)90094—9

Jacopy,R. H. ,Berry,Jr. V. J. ,1958. A method for predicting
pressure maintenance for reservoirs producing volatile
oil. Petrol. Trans. AIME,213; 59—65.

Jaubert,]. N. , Avaullee, L. , Souvay, J. F. , 2002. A crude oil
data bank containing more than 5 000 PVT and gas in-
jection data. Jowrnal of Petroleum Science and Engi-
neering ,34 (1 —4): 65— 107. doi: 10. 1016/S0920 —
4105(02)00153—5

Jhaveri, B. S. , Youngren, G. K. ,1988. Three-parameter mod-
ification of the Peng-Robinson equation of state to im-
prove volumetric predictions. SPE Reservoir Engineer-
ing »3(3): 1033—1040. doi;: 10. 2118/13118—PA

Katz,D. L. ,Firoozabadi, A. , 1978. Predicting phase behavior
of condensate/crude-oil systems using methane interac-
tion coefficients. Journal of Petroleum Technology ,30
(11): 1649—1655. doi: 10. 2118/6721—PA

Kay,W. B. ,1936. Gases and vapors at high temperature and
pressure-density of hydrocarbon. Ind. Eng. Chem. Res.
28(8): 1014—1019. doi: 10. 1021/ie50321a008

Kihle, J. , 1995. Adaptation of fluorescence excitation-emis-
sion micro-spectroscopy for characterization of single
hydrocarbon fluid inclusions. Organic Geochemistry , 23
(11—12); 1029—1042. doi; 10. 1016/0146—6380(95)
00091 —7

Liu,D. H. , Xiao, X. M. , Mi, J. K. , et al. , 2003. Determina-
tion of trapping pressure and temperature of petroleum
inclusions using PVT simulation software: a case study
of Lower Ordovician carbonates from the Lunnan low
uplift, Tarim basin. Marine and Petroleum Geology 20
(1): 29—43. doi: 10.1016/S0264—8172(03)00047—3

Moharam, H. M. , Fahim, M. A. ,1995. Prediction of viscosi-
ty of heavy petroleum fractions and crude oils using a
corresponding states method. Ind. Eng. Chem. Res. , 34
(11); 4140—4144. doi: 10. 1021/ie00038a061

Munz, 1. , Johansen, H. , Johanse, 1. , 1999. Characterisation
of composition and PVT properties of petroleum inclu-
sions: implications of reservoir filling and compartmen-
talisation. Society of Petroleum Engineers,56519; 1—
7. doi:10. 2118/56519—MS

Neau, E. , Jaubert, J. N. , Rogalski, M. , 1993. Characteriza-

tion of heavy oils. Industrial & Engineering Chemistry

Research, 32 (6). 1196 — 1203. doi: 10. 1021/
100018a027

Pang, L. S. K. ,George, S. C. , Quezada,R. A. ,1998. A study
of the gross compositions of oil-bearing fluid inclusions
using high performance liquid chromatography. Organic
Geochemistry,29(5—7): 1149 —1161. doi: 10. 1016/
S0146—6380(98)00135—1

Pedersen, K. S. , Thomassen, P. , Fredenslund, A. , 1988. On
the dangers of “tuning” equation of sate parameters.
Chem. Eng. Sci. , 43 (2): 269 — 278. doi: 10. 1016/
0009—2509(88)85039—5

Peng,D. R. , Robinson, D. B. , 1976. A new two-constant e-
quation of state. Industrial & Engineering Chemistry
Fundamentals, 15 (1): 59 — 64. doi: 10. 1021/
1160057a011

Ping, H. W. ,Chen, H. H. ,2011. Main controlling factors on
oil inclusion homogenization temperatures and their ge-
ological significance. Earth Science—Jowrnal of China
University of Geosciences,36(1); 131 —138 (in Chi-
nese with English abstract).

Ping,H. W. .Chen.H. H. ,Song.G. Q. ,et al. ,2012. Contri-
butions degree of petroleum charging to oil and gas ac-
cumulation and its significance. Earth Science— Journal
of China University of Geosciences,37(1):163—170
(in Chinese with English abstract).

Ping, H. W. , Thiéry,R. ,Chen, H. H. ,2011. Thermodynamic
modeling of petroleum inclusions: the prediction of the
saturation pressure of crude oils. Geofluids, 11 (3):
328—340. doi: 10. 1111/j. 1468—8123. 2011. 00343. x

Pironon, J. , Barres, O. , 1990a. FT-IR microanalysis of hy-
drocarbon fluid inclusions. Chemical Geology » 84 (1 —
4): 224—226. doi: 10. 1016/0009—2541(90)90220—2

Pironon, J. , Barres, O. , 1990b. Semi-quantitative FT-IR mi-
croanalysis limits: evidence from synthetic hydrocarbon
fluid inclusions in sylvite. Geochimica et Cosmochimica
Acta ,54(3): 509—518. doi: 10. 1016/0016 —7037(90)
90348—0

Pironon, J. ,Canals, M. ,Dubessy,]. ,et al. ,1998. Volumetric
reconstruction of individual oil inclusions by confocal
scanning laser microscopy. Eur. J. Mineral. , 10 (6);
1143—1150.

Przyjalgowski. M. A. ,Ryder. A. G. , Feely, M. , et al. , 2005.
Analysis  of hydrocarbon-bearing fluid inclusions
(HCFD using time-resolved fluorescence spectroscopy.
In: Proceedings of SPIE. International Society Optical
Engineering ,5826:173—184.

Rao,D. ,Qin, J. Z. , Zhang, Z. R. , et al. , 2010. Composition

analyses of individual hydrocarbon inclusion. Petroleum



824 HERB i [E B2 4l

537 %

Geology & Experiment, 32 (1): 67 — 70 (in Chinese
with English abstract).

Riazi, M. R. , Al-Sahhaf, T. A. , 1996. Physical properties of
heavy petroleum fractions and crude oils. Fluid Phase
Equilibria , 117 (1): 217 — 224. doi: 10. 1016/0378 —
3812(95)02956—7

Stasiuk, L. D. , Snowdon, L. R. . 1997. Fluorescence micro-
spectrometry of synthetic and natural hydrocarbon fluid
inclusions: crude oil chemistry, density and application
to petroleum migration, Applied Geochemistry,12(3)
229—241. doi; 10.1016/S0883—2927(96)00047—9

Thiéry, R. , Pironon, J. , Walgenwitz, F. , et al. , 2000. PIT
(petroleum inclusion thermodynamic): a new modeling
tool for the characterization of hydrocarbon fluid inclu-
sions from volumetric and microthermometric measure-
ments. Journal of Geochemical Exploration,69—70.
701—704. doi: 10. 1016/S0375—6742(00)00085—6

Thiéry,R. ,Pironon,]. , Walgenwitz, F. ,et al. ,2002. Individ-
ual characterization of petroleum fluid inclusions (com-
position and P-T trapping conditions) by microther-
mometry and confocal laser scanning microscopy: infer-
ences from applied thermodynamics of oils. Marine and
Petroleum Geology,19(7): 847 —859. doi: 10. 1016/
S0264—8172(02)00110—1

Thomassen, P. , Pedersen, K. S. , Fredenslund, A. ,1987. Ad-
justment of C;+ molecular weights in the characteriza-
tion of petroleum mixtures containing heavy hydrocar-
bons. SPE, 16036 —MS,

Tseng . H. Y. ,Pottorf,R. J. ,2002. Fluid inclusion constraints on
petroleum PVT and compositional history of the greater
Alwyn-South Brent petroleum system, northern North Sea.
Marine and Petroleum Geology, 19 (7). 797 — 809. doi:
10. 1016/S0264—8172(02)00088—0

Volk, H. , Fuentes, D. , Fuerbach, A. , et al. , 2010. First on-
line analysis of petroleum from single inclusion using
ultrafast laser ablation. Organic Geochemistry,41(2)
74—77. doi: 10. 1016/j. orggeochem. 2009. 05. 006

Whitson,C. H. ,1984. Effect of C;+ properties on equation-
of-state predictions. Soc. Pet. Eng. J.,24(6): 685 —
696. doi: 10. 2118/11200—PA

Wu, R. , Rosenegger, L., 1999. Intergrated oil PVT data
characterization-lessons from four case histories. J.
Can. Petrol. Technol. ,38(Specl. 13 ): 97—105.

Zhang,Z. R. ,Zhang,Q. ,Xi,B. B. ,et al. ,2011. On-line anal-
ysis of oil-bearing fluid inclusions with laser ablation
GC-MS. Petroleum Geology & Experiment, 33 (4):
437—440(in Chinese with English abstract).

Zurita,R. A. A. ,McCain,Jr. W. D. ,2002. An efficient tuning
strategy to calibrate cubic EOS for compositional simu-
lation, SPE annual technical conference and exhibition.
SPE, San Antonio , Texas,77382. doi:10. 2118/77382—
MS

Bt Hp 325 % STk

S S BRLTIL, 2011, 52 M A B2 A 24— B % 3 B s ol I
TR S b ERR} 2 v [ M B K 2R 2R 4, 36
(1):131—138.

SR S BRLTIL AR AT L 25, 2012, IR T RO TRk R M
L BRORE P MR OK 2 R, 37 (1)
163—170.

Bt E L AR, 4R, 2010, SRR IR LB LA AT,
THSZ LT, 32(1) ; 67—70.

MeaREE, SR, bt , 45, 2011, A SRR R LR e I il
T — S T AT SR MR, 33(4) « 437 —440.



