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Experimental research on injection volumes optimization
of CO, huff and puff in horizontal well group in
fault block reservoirs with edge water
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(1.Unconventional Oil and Gas Institute , China University of Petroleum(Beijing) , Beijing City, 102249, China;
2.College of Petroleum Engineering , China University of Petroleum (Beijing ) , Beijing City, 102249, China)

Abstract: Problems like small swept volume and short effective period of CO, huff and puff for single horizontal well in the
fault block reservoirs with edge water. Laboratory physical simulation experiments is conducted to optimize CO, injection
volumes of huff and puff for a horizontal well group, and to analyze the performance of water controlling and oil increasing
of CO, huff and puff in the fault block reservoirs with edge water. A 3D physical model of a horizontal well group is de-
signed to model the process of CO, huff and puff for a horizontal well group. Changes of soaking pressure with injection vol-
umes of huff and puff are analyzed and production performance during production period are discussed. Combined with
physical properties of CO, and high—temperature and high—pressure physical properties of crude oil and CO, , the impact of
CO, injection volume on CO, huff and puff for the horizontal well group in the fault block reservoirs with edge water is un-
derstood and the CO, injection volume under the experimental conditions is determined. Experimental results show that
when the CO, injection volume is increased from 0.07 PV to 0.14 PV, the decline of composite water cut of well groups
drops from 0.72% to 5.93%, and increase of oil production rises from 31.4 mL to 148.7 mL. Increase of oil production

through CO, huff and puff is obvious by enhancing injection volumes. When CO, injection volume is increased to 0.14 PV,
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the recovery increase is up to 22.36% , but cumulative gas production is up to 8 050 mL at standard conditions, and the gas

utilization efficiency drops. The main mechanism of water controlling and oil increasing by CO, is that the decrease of CO,

isothermal compressibility at certain pressure makes it possible to inject gas with relatively low energy loss and enlarge

swept volume. Meanwhile, the crude oil intends to be more flowable with the increase of CO, composition in the crude oil.

The swept efficiency of the injected gas may be improved with the increase of injection volumes.

Key words: injection volume ; horizontal well group; CO, huff and puff; fault block reservoirs with edge water; gas utiliza-

tion efficiency
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Fig.1  Core holder of 3D radius flow model under high—pressure
and 3D actual model of horizontal well group
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Tablel Basic physical parameters of physical models of

CO, huff and puff experiments with
different injection volumes

Sy AR OMRBU FLBRIREL SLEREE AR
s (MPa) (mL) (mL) (%) FE(%)
1 3.0 5652 842 14.90 65.32
2 5.0 5652 839 14.84 66.61
3 75 5652 810 1433 64.56
4 10.0 5652 845 14.95 68.69
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Table2 Calculated injection volumes of CO, huff and
puff experiments for different
horizontal well groups
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4 10 33.431 0.14 13.803 5
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Fig.2  Pressure changes during soaking of CO, huff and
puff in horizontal well group with

different injection volumes
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Fig.3 Production curves of horizontal well group with different CO, injection volumes after soaking
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Fig.4

Comparison of recovery increase of each horizontal well
with different CO, injection volumes
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Fig.5 Relationships among CO, injection volumes,
recovery increase and oil exchange
ratio of a horizontal well group

oI N IR NGl N U E Sy & T o1 I 7
A} 9.719 4 PV B, 21 T8 R AR X BRAR, <
RFH R R . MEA RN, Z iR A
& VE VORI B, 45350 007 28 77 O R R B 1 e A
B, TG 1k T 43 e FE 7K AL U [R) ek A I 35 24 7
S R A SORE AT R AT G T
v, FLBR 22 0k 1 el ORIk G U T R ) A o 2R
FEE 22 RO R Y )2 R R B A B AR
7o, SRR, Bk, A &5 Co,EA
I, M2 BE AT B TT R 58 HE 1 321 KA 1] 5 S g
REAR I /K LT 5 76 TFH 2 P2 ad B v, CO, 783 H by
18 o B P, ORIE S TR A% T T o B, R R Bk
B BEAE T, (0 45 30007 2 7= Pe R A T A
AL KA R AR} 0.13 PV,
24 AEESEHT CO,ELHHE

AL AT, CO, B9 A =3l o 3R it
AR, TSR S N ARG S R
a3 DRI e PR S LR 46 AR K X R S Ak
TR EFTHFGE . R (K 6) R, M E T

0.40

<
w
=N

<
w
)

256 R 47 B0 (MPa™)
=) =)
[\S) (3]
S~ oo}
T T

1 1

4 6 8 10
VEUE 71 (MPa)

6 60 CTFCO,EBEHFRBEEANTL

Fig.6  Change of CO, isothermal compressibility with

<
o
S

[\S}

experimental pressures at 60 C

i 3 MPa F+ 1 2 10 MPa i}, CO, B9 %576 6 40 R 500G
KIE T B G222 s 4RSI 3~8.5 MPa
i, CO, I 45 il 45 224 0.377 16 MPa™ e flfF 2
0.205 47 MPa™ , {H 24 15 S Sy it 5 MPa Ji5 [ i A%
%, 1) CO, B R ) T ARFRAR L R BRAG ; i ATy
L 8.5 MPa i , SR 4 R R E . R,
SE S 5 MPa 5, CO, M2 A S B Wi A8
I TR, WA B & A kA . B €O, it 72
H, BB TS S R TR Z 0], A 55 A
LRI A CO, Ty AR R g MR AR, Al i<
TR A RE AR N R AR TE A M ZERAL
2.5 CO,&ExTitEFEiHYIERI NG

Sy itk — 250 COLTE A X 4L 77 ik ROR R
W, AT T S R SE 5, 73BT CO, & 1 5 b2 i
FEYIER R . BRI AT MR AT, Rl A
LU i 22 KBt 74 ik D0 HR %) CO, 2 R 388 i
M CO, Bk F] 30 mol %, B AR R ik 2 Kt =
1.083 5., B4 CO, 4 A it , b )2 Ji 9 A RS2 i o 1]
o [, A COJR M2 24T SR A AR A
e T2 9.389 MPa, il L3 % 35.5 m¥/m®, J@ it
PR AR SN AR, £ CO, W R AE JEIh
JECHE I A Sk o AR IR R B B TR 1 B
R, A 1 SR 3 AT R T O R A I R
M7 BEAR T B BB, 30 R sh i, A A R
MRAIIE

#x3 AECO,EETHERHNSEYHETK

Table3  PVT changes of in—place oil with different
CO, mole fractions

i PRTRE TR T St
(mol% ) Jik Z 5k (MPa) (m*/m?)
0 1 7.189 0

5 1.013 8 7.604 5.9

10 1.0277 7.995 11.8

20 1.0555 8.714 23.7

30 1.083 5 9.389 35.5
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