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Quantitative Analysis Method of Remaining Oil Based on Fluorescence Microscopic

Observation of High-Pressure Mercury Lamp

LI Zhongcheng”?, BAO Zhidong’, WANG Hongxue', ZHANG Dong’
(1. Research Institute of Exploration and Development, PetroChina Jilin Oilfield Company, Songyuan, Jilin, 138000, China;
2. College of Geosciences, China University of Petroleum(Beijing), Beijing, 102249, China; 3. School of Petroleum Engineering,
Northeast Petroleum University, Daqing, Heilongjiang, 163318, China)

Abstract: In order to clarify the distribution of microscopic remaining oil in different oil displacement stages and
guide the exploration of remaining oil potential in the late stage of water injection development in mature oilfields,
cores with different permeability levels from typical blocks were selected for oil displacement experiments. Liquid
nitrogen refrigeration technology was used to prepare core slices, and high-pressure mercury lamp fluorescence
microscopy was used to analyze the microscopic remaining oil occurrence status during the saturated oil stage, the
initial water breakthrough stage, and the post water flooding stage. Through image processing, the occurrence state of
remaining oil were further categorized, and the proportions of remaining oil in different states were calculated. The
results show that water flooding in medium-permeability core mainly utilizes free-state residual oil, and there is more
free residual oil remaining after water flooding, which can be used as a potential target for further exploration. The free-
state microscopic residual oil in low-permeability cores was further reduced during the water flooding process, and then
the membrane-shaped residual oil in bound state and the throat-shaped residual oil in semi-bound state after water
flooding can be used as alternative development resource. The microscopic observation method by high-pressure
mercury lamp fluorescence provides a new quantitative approach for the remaining oil analysis and a good reference for
the exploration of remaining oil potential in mature oilfields.

Key words: fluorescence of high-pressure mercury lamp; microscopic remaining oil; quantitative analysis; occurrence
rule; water flooding
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Fig.1 Distribution characteristics of oil, water, and rock
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Table 1 Physical parameters of experimental cores
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%i  mD % o MEL % xagspnok ARs RS
1 505.6 25.2 66.3 39.0 63.4
2 226.6 234 69.9 353 57.6
3 12.4 16.6 54.6 36.7 56.7
4 4.6 17.0 53.9 35.7 51.8
5 16.4 17.0 53.1 38.2 54.4
6 11.9 22.0 51.9 35.7 524
7 4.5 15.6 48.3 36.0 50.0
8 4.6 18.4 57.7 35.6 51.1

132 XEF %

K RV REL R WIE A 0, JREE/N T
0.05 mm, LUkEA b1 J2 ORI BAR RS, an &l 2
TN o VIEIE O B ash i v 359 R VR R o o L



114 « % B 4k

EES H K 202445 A

G A P P ECE O TR AR K, PRIESP TS
R 1 o

- DOORARAEr & -
eeeeeeescst:

~~~~~ i

(a) WL 7 ik

(b) VR TR A5 ik

B2 #HIRBENERE
Fig.2 Comparison of core slice preparing methods
SR P00 B 6 45 RIS 1) 0 A TR
F, S8 UR A WU, 20 B AE O B9 T A S L o ]
Ui | R S EOR 2 em E O U R, SR TR S b
R B, RV R R A R AT, O R
GRS W X010 ) RV 28 el o g PRAIE 375 Bl R
FALBR RS A, o0 D) R 75 R T ge g it 4% | L AL
KRR VI e 08 O T P o P 4 R T 28
KIS, 125 RAT, FE K 58 4 T4 s #47
JEE R, B Rk AR b BUURE 5, U R 4
PRS-, BETBOR N 1. R A 09O EIME R 4
AGWAEEBE R, ARG B E A DR ORAT
PG R AR E AL (WA 3) .
SOCRMGE

L

B3 mLRAEGRERS

Fig.3 Core fluorescence image acquisition system
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Table 2 Pore proportions of different types of microscopic remaining oil at different displacement stages (core #1)
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IR B RS RSy S EEEES
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WAHETE. 113 10.90 0 0 2.15 0 22.35 28.56 0 0 34.91 0
KIRZERIUIK 423 10.90 0 225 215 0 6.42 12.85 0 0 3491 26.29
TKBRE, 4.04 10.90 0 223 215 0 221 2.53 0 0 3491 41.03

(b) AR

5 H01FLERARKHEIRA GEFRMED
Fig.5 Identification of remaining oil in the pore space of
core #1 (saturated oil)
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Fig.6 Identification of remaining oil in the pore space of
core #1 (initial water breakthrough stage by water
flooding)
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Fig.7 Identification of remaining oil in the pore space of
core #1 (post water flooding)
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Fig.8 Pore proportions of different types of microscopic
remaining oil at different displacement stages
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Table 3 Microscopic quantification results of remaining oil in the cores of low-permeability blocks

AREIB B R RAIIE AL, %

Fl IRIMRAS IR, %
Ha R B 7KK 2247 UL 7K TKIREE PR
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AR 14.69 17.87 17.50
Hil4 S SRR 3.62 5.14 5.11 52.20
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S PR 2.69 422 4.17 54.04
HHAS 36.82 11.60 4.13
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