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Study on Vertical Differential Velocity and Transverse Scope of Nitrogen Injection in

Carbonate Reservoirs with Fractures and Vugs in the Tahe Oilfield
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Abstract: The fractured and vuggy carbonate reservoirs of the Tahe Oilfield suffer a deteriorating water flooding
development due to the large development scale and pattern uncertainty of fractures and vugs, coupled with a high
degree of heterogeneity. In order to provide references for gas injection development, the vertical differentiation
velocity after nitrogen injection in those reservoirs and its effect were analyzed. Based on the mechanical relationship,
the vertical differentiation velocity analytical equation of nitrogen was established under the conditions of fractures and
vugs. A physical test model was constructed from 3D printing technology, and the verification of numerical simulation
was based on the physical simulation test. The influences of nitrogen injection rate, crude oil viscosity, oil-water
interface, and gas-water ratio on the lateral distribution of nitrogen in reservoirs with fractures and vugs were studied in
combination with numerical simulation. The study results suggested that lateral sweepage area of gas will increase with
the increase of injection rate, along with a decrease of crude oil viscosity and the elevation of oil-water interface.

However, the effect of gas-water ratio on the lateral sweepage area of gas is irregular.
Key words: vuggy reservoir; carbonate reservoir; gas injection development,; nitrogen; injection rate; vertical
variation; transverse scope; Tahe Oilfield
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Fig. 4 Schematic diagram of test devices
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Fig. 7 Schematic diagram of reservoir with single vug

Numerical simulation results

I i 1] PR AR A e R AL o i T B (A
P, AT G A B | s 28 R R K S TR

AHE VTR HRE 1) SR A ) B2
3 FEHHFE—TE.ESEEARE

FH U 00D B2 AR AR T i R A D
TMEEE N 20 mPa-s, BAUAS [F] 13 A B T AR
I T e ) R A, 25 R UL 8,

AN TR A BT AU ) A% 1 i BT i an 1 9
7R o AN TRV ACHBE T AR 1) 060 7% 1) B30 M i an
Kl 10 PR .

Hi 151 9 FRIE] 10 AJ 1. B 3G 8 OB RIS K, Rl
P4 A o) GBS R A 25 1 K5 BB 235 SR 5 e e 1 A



FATHE B AN

X P E 5 B B R A AR R o BROE N R AR ) ik B R ) kR B AR

79

=
L)

Sococooooooccooooooo— S

RBLUEL

£
0 2000 mm I

(a) TEAHE 5 m¥/h

ORI B BN I000000D U
PSS AN N NS A ASAS T
D o =

NONONSNOSNSNSNONSNS U

e e e e

LSS

il

&

0_2 000 mm
(d) A HE 30 m¥/h

COCCCOCOCCOOOOO0OOO0— JL
OB AN I0000 00D
NOULONOSNONSNSNCUNSHSNS

(b) FEAHEE 10 m*/h

4

14: }A/

0__2000 mm I

pami

%

== DI B NN NI-IC00\ONOD tp
NONONONSNONSNSNSSNDS

0__2000 mm

e e

(c) HEAESE 20 m¥/h

-
B
D

ORI B I A NN IO O
FONSHSNSNSNS NSNS NSNS

#

bt

=

=

0__2000 mm

OO

(e) TEAJE 35 m/h

8 TRIEFSZEETHRASRES

Fig.8 Nitrogen distribution at different gas injection rates
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Fig. 9 Analytical solution of nitrogen lateral displacement
at gas injection rate

101

y=1.27x+2.29
8 -
£
2 6F
i;i
= 41
=
0
5 10 20 30 35

TR/ (mh )

10 FAEPESEE TRSEELB R ER
Fig. 10 Numerical solution of nitrogen lateral displace-
ment at gas injection rate

P I A — B, KUE L 9 22501 S 2k [ T B
14 1 AL BB (R 25 8 s B ad i O i & OF, 5

AR A T S B T 5K ) RE R R, BT Sh
SR, 3R T R AN 1) P R

32 FREE—E.RHHMERE

BEVE Ay 20 m’/h, BERRUA () S50 56 1 R A
STV AR 1) R A, 45RO 1,

AN [ S et T R0 ) 5 % 1 A AT A dn 141 12
JE 7R o A TR) D vt 285 BE T AU AORE [l 2 B 1) 51 i
13 s o

P & 12 R R 13 ] s il A T AR T e, A
V4 A8 1o e R 0 R 2 /) 5 R AR UL 235 2R 5 it o e 11
AL AR — B (BEUE BRI, FE R
ST PR A P R R R S R A G I R,
TR TR AN R E , T U K B M T, e
R T AR B A v I, A R 1) R 32 3 1 R )
TR (A, A7 2k H R X SR R 15 0 o

FSEEMEBME—E.HKREARRE

P A HE S 20 m'/h, KB N 1 mPass, JEI
ZH BN 20 mPa-s, ARIUAS [R] K BT AR I TR
TR ) R A, 25 R UL 14,

AN T 7K S T R BT RUORE ) 52 8 1 R AT
15 Frs o A Ak S T BT 0 A0RE ) 6 B8 1Y
BUA R A& 16 s

3.3



2019 % 7 A

« 80 e % it 4k
R UNGAT ¥
1.00 1.00
0.95 095
0.90 0.90

© 08 085
1080 080
075 075
070 0.70
060 060
035 035
0:30 0:30
045 045
040 040
035 035
030 030
025 025
020 020
010 2 o010
005 0_2000mm 005

(a) J5UM AL 30 mPa-s

PRI
i
0

0
0

=
ORI A NN ONI~IO000OND

>
NONONONONONONSNONOND

0 2000 mm

O

(d) JEmZE 100 mPa-s

(b) JEMZl#£50 mPa-s

=
ey

oooosoocooooosoooooo— SH

o~—mmwwpbmm@dhhw®bbb&:

NONSNONONSNONOSNONSNS

0 2000 mm 0 2000 mm

() S AL 70 mPa-s

ami

IR

S
P2

e e

O bR LI I R NGNS ~I0000ONOD tt‘
FONSHSIhSHONSNONSHhSRS

0 2000 mm

() IS %200 mPa-s

11 FEFEHEMHETRSHERRS
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