2018 4+ %42 A ¥ E G RFFR(ERFFR) Vol.42 No.5

%5 M Journal of China University of Petroleum Oct. 2018
XERS.1673-5005(2018)05-0114-12 doi;10.3969/j. issn. 1673-5005. 2018. 05. 013

A1, SER RSP =L NN E R UL VB S

wRAR, AR, BRSO R OE, F R, R

(1. F B R R, LA B 260041 2. PEGHKF(E)BmIRFER, LAFE 266580;
3.ATERFIFRE, T 100871 ; 4. b m K P ITREAFEH SR ARAZH LA P L7 100871,
5.9 B Gk 2R | 50 8] IR I A SR IT, #5% /R ¥ 841000)

FEEE R AR i i DA T A — O B A T 10 ~ 100 wm BB IR , 38 5 AOWE S 56 AT 50 R L A
BV BRI AR R, 8 R RO RESEALE] SR 2 D0 a0 3 e D AEU Z2 AL A ORI 5 SO IR
BRI OO IR BAR 52 FLBR AR R ICRCOC R o SRR Jd 5 IR L SRR 08 A8 ] S RO IR
PRI 12,39 ~99. 31 pm AL 3 MR IRF-1) T AR 55 O E LB AR O 1. 45 ~ 2. 16 B, AR E
AP I TEANE XA EEBE 7, W ORIk B2 5 a0 FLB AR ARV BC 3 o 98 35 ORI T B S B2, P R0A
KEBBEREA0.02 ~10.9 pm® FYHLZVCEC ; A IR 5 250 & Ve RIE RS XBUE SO | 5 S0 s i 0
TREL SR o Eeid o 19 07 SRS DX, A S DL SCBUR” 258 o /N FLBR A TE i 34 5 B
FEHE N, OGRS B 30, 7 AL B Ak oy 18] it 94 3% 0y =X o 4R 22 1) e 3 O s A IR0 TR e 3 B 1 AR ] A2 T 11
BRSO 1S RE R

SRR IR RO ER; BRI, VLA, BHEPLH

HRESES . TE 136. 1 XERERAERD A

SIARES e, Tk &R DGR 55 BOE IR B S R ALBE BARRIVCECOC R [T ], P E A0 R4l ( A AR
Ji7) ,2018,42(5) :114-125.

SHI Shenglong, WANG Yefei, WEN Qingzhi, et al. Matching relationship between microfoam diameter and formation pore
diameter[ J]. Journal of China University of Petroleum ( Edition of Natural Science) , 2018,42(5) :114-125.

Matching relationship between microfoam diameter
and formation pore diameter

SHI Shenglong' , WANG Yefei*, WEN Qingzhi®*, ZHAO Ji’, LI Yang’, KUANG Xiyu’

(1. Qingdao Dadi Institute of New Energy Technologies, Qingdao 266041, China;
2. School of Petroleum Engineering in China University of Petroleum ( East China) , Qingdao 266580, China;
3. College of Engineering in Peking University, Beijing 100871, China;
4. Engineering Science and Innovative Technology Development Center in Peking University, Beijing 100871, China;
5. Research Institute of Exploration and Development, Tarim Oilfield Branch Company
PetroChina , Korla 841000, China)

Abstract; In order to further understand the matching relationship between microfoam diameter and formation pore diameter,
one microfoam with bubble diameter distribution from 10 to 100 pwm was fabricated by gas/fluid flow through sandpack,
through which the effect of gas liquid ratio and sandpack permeability on microfoam diameter were investigated, and the plug-
ging mechanism of microfoam were revealed by micromodel tests. The displacement experiments were conducted using artifi-
cial core with multiple pressure points to simulate porous media, and the matching relationship between microfoam diameter

and formation pore diameter was studied when microfoam plugged formation was established. The results show that average
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bubble diameter of microfoam could be controlled from 12. 39 to 99. 31 wm by changing gas liquid ratio and sandpack perme-

ability. When the ratio of microfoam average bubble diameter to core average pore diameter is 1. 45-2. 16, microfoam shows

both good better injectivity and deep plugging capacity, which considers the microfoam diameter matches with core pore diam-

eter at the moment. The microfoam could be matched with permeability from 0. 02 to 10. 9 um® by adjusting the average bub-

ble diameter of microfoam. The microfoam would create a temporary blocking zone in high permeable region through bubble

accumulation, and the subsequent microfoam would flow through the low permeable region directly or by means of elastic de-

formation. A small amount of finely textured microfoam with smaller bubbles could occupy pore to form plugging. As the in-

crease of gas liquid ratio, the bubble quantity of microfoam increases, and the blocking mode of microfoam at pore changes

from intermittent plugging to continuous plugging, which leads to the enhancement of plugging capacity and deformability of

microfoam. The strongest plugging capacity is reached when the gas liquid ratio is 1.

Keywords : microfoam ; average bubble diameter; diameter ratio; matching; plugging mechanism
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Fig.3 Schematic diagram of microfoam fabrication
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Table 1 Results of diameter influence

factors of microfoam

N R At ke Sy =y
B J é}zfﬁﬁ/ ﬁ/féiﬁ'jzﬂjm(@ AR R
m 2/ pm
1 0.20 1.12 21.05 0.071
2 0.25 1. 12 22.41 0.078
3 0.33 1.12 23.11 0. 089
4 0.50 1.12 24.74 0.112
5 1. 00 1.12 27.10 0. 141
6 2.00 1.12 35.69 0. 199
7 3.00 1.12 42.88 0.252
8 0.20 0.21 12.39 0. 048
9 0.25 0.21 12.91 0. 055
10 0.33 0.21 13.76 0. 064
11 0.50 0.21 14.37 0. 081
12 1.00 0.21 15.21 0.102
13 2.00 0.21 18. 89 0. 139
14 0.20 0.48 15.03 0. 059
15 0.25 0.48 15.51 0. 064
16 0.33 0.48 16. 54 0.074
17 0.50 0.48 20. 85 0. 093
18 1. 00 0.48 23.86 0.122
19 2.00 0.48 26. 89 0. 164
20 0.20 4.21 34.38 0. 107
21 0.25 4.21 36. 54 0.116
22 0.33 4.21 37.48 0. 134
23 0.50 4.21 41.25 0.168
24 1. 00 4.21 46. 44 0.217
25 2.00 4.21 53.66 0.298
26 0.20 8.56 53.46 0.135
27 0.25 8.56 55.01 0. 147
28 0.33 8.56 58.08 0.172
29 0.50 8.56 61.43 0.212
30 1.00 8.56 65. 21 0.275
31 2.00 8.56 72.26 0.377
32 0.20 15.26 78.19 0. 159
33 0.25 15.26 81.23 0. 184
34 0.33 15.26 83.22 0.213
35 0.50 15.26 85. 47 0.262
36 1. 00 15.26 92.27 0.335
37 2.00 15.26 99. 31 0.447
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Fig.4 Micrographs of microfoam formed under different gas liquid ratio
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Table 2 Experimental conditions of microfoam

core displacement

- HLEASE IR EEAR S5
5 BE AR PEAm L FERE
T g B% HEpm O gy, R

1 0.021 16.47 5. 86 1. 00 27.10 4.63
2 0.048 16.19 8. 11 1. 00 27.10 3.34
3 0.097 17.27 10. 69 1.00 27.10 2.53
4 0.145 17.88 12.53 1.00 27.10 2.16
5 0.187 18.89 13. 84 1. 00 27.10 1.96
6 0.398 19.32 18. 63 1.00 27.10 1.45
7 0.613 20.91 22.08 1.00 27.10 1.23
8 0.815 21.79 24.69 1.00 27.10 1.10
9 1.021 22.28 26.98 1. 00 27.10 1. 00
10 1.229 23.56 29.02 1. 00 27.10 0.93
11 1.614 24.20 32.31 1. 00 27.10 0. 84
122,122 27.48 35.98 1. 00 27.10 0.75
13 3.098  28.95 41.75 1.00 27.10 0. 65
14 4.129 29.62 46.74 1.00 27.10 0.58
15 0.023 16.55 6.07 1.00 15.21 2.50
16 0.033 16.82 7.00 1. 00 15.21 2.17
17 0.048 16.12 8. 11 1.00 15.21 1. 88
18 0.093 17.12 10. 52 1. 00 15.21 1.45
19 0.187 18.89 13. 84 1. 00 15.21 1. 10
20 0.398 19.32 18. 63 1. 00 15.21 0.82
21 0.412  19.32 18. 88 1.00 46. 44 2.46
22 0.613  20.91 22.08 1.00 46. 44 2.10
23 0.815 21.79 24. 69 1. 00 46. 44 1. 88
24 1.620 24.20 32.31 1.00 46. 44 1. 44
25 2.953  28.95 40.97 1. 00 46. 44 1.13
26 4.113  29.85 46.74 1. 00 46. 44 0.99
27 0.198  20.01 14. 16 0.20 21.05 1.49
28 0.191 19. 65 13.96 0.25 22.41 1.61
29 0.189  19.03 13.90 0.33 23.11 1. 66
30 0.206 18.93 14. 38 0.50 24.74 1.72
31 0.214 19.58 14. 60 2.00 26. 89 1. 84
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Fig.7 Effect of diameter ratio on injection ability and plugging capability of microfoam
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Fig.8 Effect of diameter ratio on injection ability and plugging capability of microfoam
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