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Study on identification method for gas channeling
of CO, flooding in low permeability reservoirs
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(Exploration and Development Research Institute ,Shengli Oilfield Company ,SINOPEC,
Dongying City , Shandong Province 257015, China)

Abstract: During the development of CO, flooding in low permeability reservoirs, the most serious problem is gas channel-
ing. At present, there are no quantitative gas channeling identification standards, and the existing calculation methods of
gas channeling volume are not practical. The dynamic variation characteristics of CO, content in the produced gas are ana-
lyzed, and the types of gas channeling are divided into the obvious gas channeling and the weak gas channeling. The calcu-
lation method of gas breakthrough time is determined, and the identification and evaluation criteria for gas channeling are
established. On this basis, gas channel volumes from the injection side and the production side are calculated respectively
by using the principle of material conservation. In order to eliminate the influence of single well fluid production ratio or
pattern shape factor on the gas channel volume, the gas channel volume is corrected by the gas channel volume intersection
diagram. The calculation method of gas channel volume has strong operability and practicability according to the results of
gas channeling wells in a tight reservoir. On one hand, this method realizes the qualitative evaluation on gas channeling
type and gas channeling degree. On the other hand, this method realizes the quantitative calculation of gas channeling vol-
ume and gas channeling horizontal area. It can provide theoretical basis for reasonable design of plugging measures and dos-
age of plugging agent in the later development stage.

Key words: low permeability reservoirs ; CO, flooding; gas channeling evaluation standard ; gas channeling volume ; identifi-
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oo SRR
e
. i 1;: DCO, & KT 6%;
JENO A A& PO T 1 5
Cx m R A DMK T 34
T ORI R R
" N DCO, Tt 0.5%~6%;
S DA AP T 20 dy
() o R & A OISR T 61
- @5 TR R AE 22 52 )
R ) Y » » .y
2 EEIES IRk

AR o0 < fE SR, AR IO A ae e v iy S B A
7l AR, RIVRT B G A AR A U T
R TR AR A A T LT 248, e = T AR
JEREST UE R ) H B SR, WO i E A T R
T AR A R o



278 A1

KA B A2 3% R CO 3R A I 1B R )y vk -103-

21 SEEBHEHER

AR AE 77 20 25 50008 S 38 = s MR BRI 77 7
25 THT ) ST AR — R AR T BRI
BUHY , Bl R B = AR B Y . U
T AR BT E E EEAN 1R

Bl SEREFERYRTERETE

Fig.1 ~Schematic diagram of mass conservation
of gas channeling volume
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Fig.2  Shape factor of fluid swept volume between injection wells and production wells
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Fig.3 Schematic diagram of correction method of
gas channeling volume
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Fig.4 Variation curve of CO, content in produced gas in Well M
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Table2 Evaluation results of gas channeling characteristics in Well M

I

AR IR X DRI

CO, 75 14 0.5%~6% Xif I3 i} [7] B
CO, 1 0.5%~6% A 10 KA 558

2014-03-28—2015-01-20
299 d, 146 545 5
O ATRE CO, 2 35 AT MIE R IR Y 3, 1 CO, il 5

518 %f;? ©2013-06-25 FFHATE O, A HTFA97E A
CO, % 1t 4 0.5%~6% st B A HHE B 5.5 ud, T A 11,1 vd;
(32013-07-19 FF i &I, B P45 14 A
5.9 vd, RBP4 A EE 7 15.6 vd
CO, & HE T 6% % Rj I [a] B 2015-01-26—2015-04-13
CO, B KT 6% X0 KB 5 % 78 d, 16 - Hdk 5

2P HH d < (D2015-03-26 1513 CO, , T H T F- 275 Ak

(12%) B9 6.9 vd, SR E] P-4 A 13,1 v/d

CO, & KT 6% W Bh A FEHE

22015-03-29 5L LI, A AT 2 A
BEA 141 ud SRR A E R 10.9 vd




B2k 1M KA B A2 3% R CO 3R A I 1B R )y vk -105-

Fz3 MHAZBREMERILKEE

Table3  Gas breakthrough time at each gas channeling stage in Well M
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Table4 Inversion results of gas channeling geometric parameters in Well M
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R R B ) B T R R e T
SR PGB EE IR i 290 R H R P

PR T L, R AR B s 0 0 B R A DL
EJE i T EEAFAE 1 1) SUE N, HLAE ™ i a4
K, P EURZL LR R ARR, PR A B
BEAREZZNS o ST e A B Be ™ U
CO, I 5 o FEAR A N [i] A AR AL T A B AR AR S
AOEEECRRE TRE . BT A B s
8 AR R 3 b oA BEAT R R, — 7 T S )
TR AR R AR A E PRV, ) — T S
BT 0 AR B T R R A Y E
5.

4 5B

FRYE = AR CO, & R, 8 CO, 3R &
AR EM IR R E R AR I B E (] 2R
)RS E D RRE)MIE, DAkt
CO, B & Bk 5] 6% F10.5% , 4 R %143 W i < 8
IR B AR R B e

B T LA R e S, 2 T UL AR TR A Y
FIWT 77k o X T oA R AR AL R 28, LA a) A
HIE] N CO, B i 19 - Y T Xof g 14 i) 5 %o
AP PR AR A A 2R LA ] A5 A ASEs IR Y Co,
B R 2 B8R TGS IO A ) 25

Iy o < 1 DA 380 3 A i AR e A
B A AR A B AR AR R RS 2 IR T BR
TV EL ) 2 B X AR PR o< T R AR
GREESIFA S PORRW- BRI R N AL v e
AHA R I R R R A

T 3 0 SR B MO R A R e
ZOT R B BRI B E TR A S M O IR A

THERESEIE A ) P P A

HEmE

Vi AR T8 A i T 5545 3 09 8 58 B AR, m?;
Vg MR 4 d 1SR4 ) ) B B AR, m® s L——<
B G ESIZHIE, m; V,,—— NI R ERE W
ARFE] AT AY COLARTR, ms V, ,—— M I iR R B A
LR 5 AT A RS IR AR T, m® s C——2 77 W 1L 431
FH, N MR TE R S A WA 8] 5 R B 1y 7 i e
q, M TSI LE T WO BE Y L] £ Q, e —— MIFIRIE AR
AU DA R SR CO, BRI AL, p,——TE A €O,
LT 2%, gfem’; Q, yy—— M IT RS A 08T UL 1) 05,
AR R FREA 1, —— A RE 0™ H K Y
W%, g/om®; V, . —— NI IR A E A WA ] 25 AT
B JEIIAAR TR, m® sV, o—— AT AR R 2 A LA R] T
Y AR TR, m? s a——JF [ 17 g KO AR IR 7, Sk I
V) e T T R S T A2 1o e e 2 TR AR LU AR 5 Q, AT
R R LR R] S AT R R R AR a1
QM IF IR T 208 DA ) S 1 1 SRR K i
P, 2 R B ¢/ em?; Vi, AUE TR, m?;
Ay E BB, m% A, —— B EIES A
FER T A, m?; b —— )2 I FLBRE | f5 S, —— R4l /K 10
BE 5 S,—BRARMIBANEE  f;S, —BRAR IR 1,

S 3k

(1] FEm, MR, MBI .CO TR ARIRARE = I il R R A BT SR
T JERTSE LT ] AT TR AT, 2010,29(2) :4-7.
WANG Li, BU Xiangfu, WU Ruidong. Research status and devel-
opment prospects of CO, miscible flooding enhanced oil recovery
[J].Petrochemical Industry Application,2010,29(2) :4-7.

(2] IRZE B, Rh 06, 45 TRAHGKAR A R SR BOR M T 5
KeJeLT]. gt A T,2010,36(17) : 81-82.
TU Jun,ZHAO Nan, LU Xiaofeng, et al. Application and develop-
ment of miscible flooding to improve oil recovery[ ] ].Inner Mongo-

lia Petrochemical Industry,2010,36(17) : 81-82.



-106- moR M R

5

R oMo

20204F 1 A

(4]

(6]

—
—_
(=]

[

[11

[

YU Hongwei, SONG Xinmin, YANG Siyu, et al. Experimental and
numerical simulation study on single layer injectivity for CO,
flooding in low permeability oil reservoir[ C |.SPE 144042,2011.
Ee LT sKEE B AR B I T CO, U TR IR IR &
WA KAEREPPA [T ] b S 5T 5 R 0%, 2018,25(6) : 71-77.
BI Weiyu, ZHANG Panfeng, ZHANG Yang, et al. Development
and performance evaluation on CO,-soluble surfactant foam sys-
tem for low permeability reservoir[ ] ].Petroleum Geology and Re-
covery Efficiency,2018,25(6) :71-77.

T3 K, SV eI, 42, 2 RS TR CO, 9K SF Bt AR
BRSEBROTIEL T ] VY AR 2 A HAARIER, 2011,33(5)
141-145.

WAN Guofu, LIU Tongjing, ZHU Kui, et al. Experiment of micro—
size amount SF¢ tracer for CO, flooding in low permeability reser-
voir [J]. Journal of Southwest Petroleum University: Science &
Technology Edition,2011,33 (5):141-145.
FEREWAE, KA, 55 AR 2 ST A A ik T SR
BT[] ], ERBHE 2 B2 4l FAR B2, 2018, 20
(4):49-52,73.

YUAN Yufeng, GONG Ruxiang, ZHANG Wei, et al. Research on
gas channeling law of offshore heavy oil reservoir multi—compo-
nent thermal fluid huff & puff development[ ] ].Journal of Chongq-
ing University of Science and Technology : Natural Sciences Edi-
tion,2018,20(4):49-52,73.

XUZR 3R AAE, EIKEL, 55 BERT ~ORBR PR B R 7 ik
LT ] RARSEMR 5T 4, 2008,31(4) :27-29,36.

LIU Dong, ZHANG Jiucun, WANG Yonghong, et al.Gas channel-
ing discriminant methods of cyclic gas injection in condensate gas
reservoir and its application [ ] |.Natural Gas Exploration and De-
velopment,2008,31(4):27-29,36.

XA, TS, SR WIS BENT SRS (97 REARR E A b S
HEARHHABCRPEAT L) ] BT i K28, 2008, 4(4) :81-84.

LIU Dong, ZHANG Jiucun, ZHANG Mingliang. The influence of
gas breakthrough on productivity feature of condensate gas well
[J]Xinjiang Oil & Gas,2008,4(4):81-84.

B AR LR TSl R A S N A S E YIS S
Fhit O, 2018,25(3) : 82-86.

LI Chenglong. Gas channeling influencing factors and patterns of
CO,~flooding in ultra—low permeability oil reservoir [ ] . Special
0il & Gas Reservoirs,2018,25(3) : 82-86.

RS R IDESE  RHT L 45 L BERT LTI R T P —— LAk
AR T AL 11 1) ] 3 TS R 1R, 2010, 17(4) - 77~
79.

ZHAO Lun, ZHAO Xiaoliang, SONG Heng, et al. Gas break-

through research of condensate gas—cap reservoir—case of Zanaro
T reservoir [J]. Petroleum Geology and Recovery Efficiency,
2010,17(4) :77-79.

KSR, AL AR, 45 B TAL T WO 1 i 18 il
VI AR L] AR R T.22,2017,39(4) :393-398.
LIU Yigang, WANG Chuanjun, MENG Xianghai, et al. Quantita-
tive method of channeling—path by diffusion theory in high perme-
ability reservoir[ J].Oil Drilling & Production Technology, 2017,
39(4):393-398.

[12]

[13

[

[14

[

[15

[

[16

[l

[17]

[18]

[19]

[20]

PRAF R, A 9000 6 45 T O 0] Sl A el M A AT
FEEIE [J ] RHEROR S TR, 2014, 14(26) :41-44.

CHEN Cunliang, NIU Wei, GUO Longfei, et al. Characterization
of thief zones using interwell dynamic connectivity in low permea-
bility reservoir| J ].Science Technology and Engineering, 2014, 14
(26):41-44.

VRS, DB, XUARAS , 45 . R 80 TR S B A 3408 il
HRH R L R AR S TR, 2013,13(5) 11 155-1 159.
WANG Lushan, GUAN Yue, LIU Chengjie, et al. A method of de-
scribing preferential flowing path by reservoir engineering princi-
ples [J]. Science Technology and Engineering, 2013, 13 (5) :
1 155-1 159.

XERI, SRLLFE , E AT, SF IR O R S B B
HOPEDIELI ] P AT 24 1 ARBERR, 2006,30(6) -
55-58.

LIU Huiqing, ZHANG Hongling, WANG Shulin, et al. Optimiza-
tion design of profile control parameters for steam injection wells
in Jinglou Oilfield [ J].Journal of China University of Petroleum :
Edition of Natural Science,2006,30(6) :55-58.

TRLLFY XV, E R, 45 2R T R SR B
FE[J ] AR ,2007,28(2) : 105-108.

ZHANG Hongling, LIU Huiqing, WANG Han, et al. Optimization
design of profile control parameters for steam stimulation wells
[J].Acta Petrolei Sinica,2007,28(2):105-108.

RS L X ERIE, ZR T, A5 ECTE K R A I 1 E )
TP A IREOR 2012, 40(4) 1 92-95.

ZHENG Qiang, LIU Huiqing, LI Fang, et al. Quantitative identifi-
cation of breakthrough channel in water flooding reservoirs at lat-
er stage[ﬂ.Pelr()leum Drilling Techniques, 2012 ,40(4):92-95.
KR8u X KR K SRR R I AR T L R AR
TF#,2012,12(28):7 194-7 197.

ZHENG Qiang, LIU Huiging. Calculating the interwell connected
volume in waterflooding reservoirs [J]. Science Technology and
Engineering,2012, 12(28):7 194-7 197.

KRt , X EI, AR08, A 2R VKR VO R T R [ ]
Blaz  HARE2=,2013,43(6) :684-688.

ZHENG Qiang, LIU Huiqing, LI Fang, et al.Quantitative descrip-
tion of steam channels after steam flooding [J]. Scientia Sinica
Technologica,2013,43( 6):684-688.

ok ok R AR ZR G PG R U R o, UEs
WE [T ] R L B 5 T %, 2018, 37(6) : 116-120.

LI Chenglong, HAN Hao.Identification of the gas channeling by
grey—fuzzy complex judging method at the early stage of CO,
flooding [ J ]. Petroleum Geology & Oilfield Development in Daq-
ing,2018,37(6):116-120.

AW S, AR I, A 2 R B R T AR R
RO RE R 5 TR, 2019,19(14) 1 146-151.

ZHAO Chuanfeng, CAO Bowen, DENG Weibing, et al. Gravity—
override=driven volume calculation of gas channeling paths in
gas—flooded reservoirs [ ] ]. Science Technology and Engineering,

2019,19(14): 146-151.
mE FiHE



