%39% %6 ik ¥ 5 R B F R Vol. 39 No. 6
2017 5 11 A Journal of Earth Sciences and Environment Nov. 2017

= v KT - /)3
XERS:1672-6561(2017)06-0807-19 BeAaMAE: http://jese. chd. edu. cn/

7K 3K [ it 28 43§ 3 B M EK 44 S im Rz A 12 I B 2=

%’%751,2,%}&%&%1’}_ 'bﬁlal /7%‘%9’[? BE\]?JS
(1. INRBHE 2 Mk Al2E 5 T2 IR HE 2665905 2. 5 S ERE SHARE RS E W T BIRITN
S5HMERERNGELRE UK H5 266071 3. P EALHEFHES>ARSEHAF LR KE 257001

W OE.AKRFAAFTAGRIOKERAR, KRIE B4 P ERAK, RSB EEFT Do KBk, A
Boib-K-B AR ARG REES BT RA BB ZHRGHRE, BHTHTHEEM
A ZHI M AFR B ETRIER B AR IEFRAEDFRED . FREMRI . 2B S
B RIS Z 0 BACHAE . MIEK TR TR P RSEAE R AW G MAER e & EAE R AE B4 IE £ 57
BZAREELFEFBENAE FETE AN RGAS G Frabdl foik A Y, & &3 KIKT
BYRERZTL RbAD NG L LKL B L5 KIFEL A AN G- AT 8 18] T4 0 A AE
oMy AR E R AN T RS ERABE, WEEM SRS A P AR NAFE SR AR T L
SRR EEBERERB T ANERE KRG R R KK kP4 EE R R AT
BRI ML R R AN A TS X FHE,

KEEIR R EAL T R IR R R AR EAE R i BB & ER N AR R R E
mES %S .P618. 13; TE122. 1 Xk tRERD A

Geochemical Alteration of Waterflooded Oils and the Controlling Factors

CHANG Xiang-chun'?, SUN Ting-ting', WANG Yue', WANG Tao’, CUI Jing®
(1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590,
Shandong, China; 2. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071, Shandong, China; 3. Luming Branch.,
Shengli Oilfield Company, SINOPEC, Dongying 257001, Shandong, China)

Abstract: Waterflooding is one of the most commonly used methods for enhancing oil recovery.
Due to the long-term contact of injected water, crude oil and reservoir rock during the water
flooding oil process, the interaction of oil-water-rock may cause oil compositional modification,
which becomes the research focus of reservoir geochemistry. Combined with the results of the
laboratory modeling and case study, the dynamic variation of oil property, bulk composition,
saturate biomarkers, aromatic biomarkers, carbon isotopes of whole oil and oil fractions were
summarized. The affecting mechanism and altering yields of water washing, biodegradation, geo-
chromatography, different reservoir characteristics and wettability on the oil compositions during
the process of water flooding were comprehensively reviewed. Allowing for the complex relation
between those controlling factors and the waterflooded oil flow, three critical issues, such as
distinguishing the superimposed effects of biodegradation and water washing in shallow

waterflooded oil reservoir, defining the key points for the inversion of reservoir rock wettability,
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depicting the microscopic process of water flooding and changing regularity of oil composition

were proposed to be preferentially resolved, coupled with three techniques including the

characterization of oil composition by comprehensive two-dimensional gas chromatography/time-

of-flight mass spectrometer, the quantitation of the in-situ reservoir wettability by nuclear

magnetic resonance, the evaluation of the altering effect by the association of physical simulation

experiment and dynamic production surveillance.

Key words: reservoir geochemistry; waterflooded oil; water washing; biodegradation; reservoir

wettability; geo-chromatography; compositional alteration; controlling factor
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Fig. 1 Correlations of Bulk Chemical Compositions for the Waterflooded Oils Sampled in Different Time
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Fig.2 Dynamic Correlations of Terpanes and Steranes for Waterflooded Oil
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Fig.3 Dynamic Correlations of Aromatic Fractions for Waterflooded Oil
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Tab.1 Hydrophobic Parameters for Aromatic Hydrocarbons

L& W 4 ik Bi K S 4L L& ¥4 %5 BiK S %L L6 4 ik Hi K 25
% 3.361 3-Z. 33k 5.598 3-FEEY) 4. 850
2-H L% 3. 950 2-Z. 33k 5.598 2-W I 4.874
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Fig. 4 Isotope Type Curves for the Waterflooded Oils Sampled and Their Fraction in Different Time
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Fig. 6 Biodegradation Scale of Crude Oil Based on Differing Resistance of Compound Class to Microbial Attack

EWIR B A Y 1 2 3 4+
We i 1E P25 2 E T B B E EE

e

8 | \ =>

5Tk | ‘ —)
| | l

Q-0

ETkE
Rk

EH B
Ly apod =
KRR =IE
ZEE ZHE.FER L
i 3 2R b i L
1E M 0 S # s 0 ' —
KRR

#R(Ch)

AR IR mMEwy

Jifi

FU S b

C~C, HE %

Co~Coo T It

=k

BT S

i 2 i e

BRI

[ONN O ¥

=R b

S b

HHEE b

25- P 3 e (4 0 B AR A2 AR
W7 7 H (2 0 B A 2R )

AR

-0

HEm O

ﬁ,@w“w..uullvll le

-0

b Tl

L~ A W R A A ) A5 U705 3 Sk 4 /s AL W S B0 Ul 32 4R ot (R ) 9 Tk 19 T AR O 6 95 00 A 58 4 T B R ) i 3 7 5
FESI A SCRRCT]
B 7 $5E 5 FE B RE A Y PR 72 B Y 0 T 0E BR B — AR M F

Fig. 7 Generalized Sequence of the Removal of Selected Molecular Groups at Increasing Levels of Biodegradation
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Tab.2 Summary of Selective Biodegradation Observed Within Compound Class
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Tab.3 Summary of the Effects of Petroleum Alteration Processes on Oil Geochemistry
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