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Research on Crude Oil Thickening Mechanisms during Nitrogen Injection

in Fracture-Cavity Carbonate Reservoirs

LIU Zhongyunl, LI Zhaominz, ZHAO Haiyang3
(1. National Petroleum and Natural Gas Pipeline Network Group Co., Ltd, Beijing, 100728, China; 2. China University of
Petroleum(East China), Qingdao, Shandong, 266580, China; 3. Petroleum Engineering Technology Research Institute, Sinopec
Northwest Oilfield Company, Urumgqi, Xinjiang, 830011, China)

Abstract: Research was conducted on the thickening mechanism of crude oil during nitrogen injection in fracture-
cavity reservoirs to clarify the thickening mechanism and take corresponding countermeasures, thereby enhancing the
oil recovery of nitrogen injection. In this study, simulation experiments of nitrogen injection were performed to analyze
the influence on crude oil brought by nitrogen extraction, oxygen content in nitrogen, and mixed water. The
experiments showed that the oxygen content in nitrogen was the major influential factor. When the oxygen content was
1%, it took only more than 2 days to exhaust the oxygen, and the viscosity reached 18 000 mPa-s, which was 6 times the
initial viscosity. When the oxygen content increased to 5%, the viscosity continued to grow to 1 122 000 mPa-s within
more than 7 days, which was 366 times the initial viscosity. Emulsification with water and nitrogen extraction resulted in the
same effect on viscosity: the viscosity increased 1-3 times. The results demonstrate improving the purity of injected nitrogen
is the most effective way to prevent crude oil thickening of fracture-cavity reservoirs during nitrogen injection in Tahe
Oilfield. It has provided a theoretical basis for solving the problem of crude oil thickening brought by nitrogen injection in
fracture-cavity carbonate reservoirs.

Key words: fracture-cavity reservoir; nitrogen injection; thickening mechanism; nitrogen extraction; crude oil
emulsification; crude oil oxidization
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Fig.1 Simulation device for supercritical extraction of in-
jected nitrogen
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Table 1 Initial viscosity of crude oil in the experiment
o Aot % =t A/ (mPa-s)
e R 5w Rm WEmR T TE soc 130
WMEEA 2735 3228 2410 1628 1081 4570 686
WEB 2913 3118 2775 11.94 1081 3540 625
WMEEC 3081 3122 1738 2059 1064 370 204
D 3231 3113 1858 18.01 1087 961  37.1

1.2 AEEZEMESHRZmS T
12,1 R4

I AR 117, Horp /AR AR 10 1,
MEE A, B, CF1 D W1 LAHE L 26 1, HaxF I, 5%
R AE X TSR B i 2 m . JhAE A, B,
C 1 D By A 4 i W3k 2,

FR2 AEHBEFHEZENZ MW
Table 2 Influence of different oil samples on extraction
ke Bk AR AR fhRRY B
g (L'min) L g I, %
WA 7270 2.96 221.74 0.12 0.17
WHB 7570 3.00 230.88 0.12 0.16
WHEEC  109.10 2.97 332.76 0.12 0.11
EED  83.19 2.99 253.73 0.07 0.08
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Table 3 Influence of nitrogen injection multiples on ex-
traction in Sample A

WEEDE EAEE EAME A B S0 CHIE WH

/g (Lmin') % g t, %  (mPass) 5%k
72.95 2.90 3 0.05 0.07 5026 1.10
99.63 2.98 5 0.11 0.11 5519 1.21
72.70 2.96 10 0.12 0.17 6701 1.47
63.35 2.97 30 0.27 0.43 14 933 3.27
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Table 4 Influence of nitrogen injection rates on extraction

JEE /g A/ (L-min ") HEARE/L iR/
63.35 2.97 579.65 0.27
63.35 3.49 579.65 0.25
63.35 4.07 579.65 0.24
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Fig.2 Procedures for a high-temperature oxidization ex-
periment
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Table 5 Viscosity of Sample E after oxidization for different time in nitrogen with different oxygen contents

TFEESAAN R I 1)) A9/ (mPa-s )

P, %
6h 12h 30h 54h 78 h 126 h 174 h
1 10 020 12 600 15480 17750 18 200 18 300 18 000
5 12500 35330 62 000 98 400 228 000 453 000 1122 000
15 55630 384 000 9360 000 32750 000
A 1% I, 29 54 h 5 A SRS, B BEIL F 357
JARAE 18 000 mPas, ) e B 19 6 fif 5 5 4L I 0 —
o 5% i, SAE 174 B, JFUMERE TR 1 122 Pass, S
AT IE 16 366 i & SUREN 1S%itt, 0 AR A £ s
This, Ak 54 h 5 5 AR K ) 32 750 Pass, ZJEEh 10}
P R ot R DL S T sp MR FERRRDER
0

130 °C, £ 7] 50 MPaZc /1 T, /AR T BUR IR
M B T 5 o

222 3 RMALS R

AR E ST A A5, s F
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Table 6 Change of contents of Element C, H and N in

Sample E before and after oxidization by nitro-
gen with different oxygen contents

dliik=2 H% C% N,% S,% 0,%
THFEE 11.95 8513 0.51 1.80 0.6l
TR E 1% A I3 11.80 8499 0.51 1.84 0.86
AR 1% A IR TR 11.78 8494 051 1.86 091
AR S% A I R3IR 11.66 8471 051 189 123
B RS %R SR TR 1149 8436 049 1.86 185

MR 6 T LLE ), Rl g s iR AL s, &
TR KRR AR 1 Ak RN, R 2% 14 (Il
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A7 R foff L5 3l vl ) R 2B 43 0 D A 4L A3 /b, T B R
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LR E)/h
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Fig. 3 Change of components in Sample E with an oxygen
content of 1%
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Fig. 4 Change of components in Sample E with an oxygen
content of 5%
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Table 7 Viscosity of emulsified water-bearing samples
from Well TK1
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Table 8 Viscosity of emulsified water-bearing samples

from Well TK2
JEMFLAEIKE, % FHEEKE, % 50 CIEIMELE/ (mPass)
S ARRE 4.65 1880
10 9.16 2480
20 20.8 7500
30 33.45 13 200
40 40.1 22 800
55 53.0 44 000
65 63.5 109 000
70 67.2 78 800

BN SRR, % HLEAKE, % 50 CHINZEEE/(mPa-s)

SRR 5.51 385
10 9.82 575
20 14.35 1420
30 27.41 4337
45 4438 22590
60 56.06 273 000
70 62.55 449 000
75 67.34 212 000
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