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Abstract

The plugging effect of the ball in the perforation directly affects the success of the temporary block-
ing steering fracturing technique. To clarify the plugging law of the temporary plugging ball on per-
foration holes during temporary plugging fracturing in the horizontal wells, this paper designed an
experimental device for plugging the perforations with temporary plugging balls in horizontal
wells, and analyzed the influence of different pumping rates, the diameters of temporary plugging
ball, carrying fluid viscosities, the number of perforations, and the ratio of ball to perforation on the
distribution of temporary plugging balls and the plugging laws of the perforations. The results show
that the plugging efficiency of the temporary plugging ball decreases with the increase of the diam-
eters of temporary plugging ball and the number of perforations, and increases first and then de-
creases with the increase of pumping rate and the ratio of ball to perforation; The optimal pump
rate for experimental evaluation is 0.3 m3/min, and the optimal ratio of ball to perforation is 4:3;
With the increase of the carrying fluid viscosities, the plugging efficiency of the temporary plugging
ball first decreases and then increases, and the turning point is 10 mPa-s. The results can provide a
certain reference and guiding significance for the optimization of the temporary plugging process
of horizontal well to the fracturing ball. The results can provide a certain reference and guiding
significance for temporary blocking plugging fracturing in horizontal wells.
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Figure 1. Force analysis of temporary blocking balls in non-perforated sections
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Figure 2. Schematic diagram of the basic forces controlling the seating of temporary
blocking balls
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Figure 3. Actual image of degradable temporary blocking balls used in field operations
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Figure 4. Schematic diagram of the experimental evaluation device for temporary blocking ball perforation
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Figure 5. (a) Schematic diagram of No. 1 horizontal wellbore (6 holes); (b) Schematic diagram of No. 2 horizontal wellbore
(7 holes); (c) Schematic diagram of No. 3 horizontal wellbore (9 holes)
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Table 1. Cylindrical coordinate parameters at the center of each perforation hole in the horizontal wellbore used in the exper-
iment
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1 SIKFHAE 2 FIKFHAE 3 SIKFHAE
FLIRGw 5 AER(t, 6, Z) FLIR g5 AEFR(r, 6, 2) LR g5 AEFR(r, 6, 2)
1-1 (60, 0°, 460) 2-1 (60, 0°, 510) 3-1 (60, 0°, 550)
1-2 (60, 60°, 550) 2-2 (60, 60°, 580) 3-2 (60, 60°, 600)
1-3 (60, 120°, 640) 2-3 (60, 120°, 650) 3-3 (60, 120°, 650)
14 (60, 180°, 730) 2-4 (60, 180°, 720) 3-4 (60, 180°, 700)
1-5 (60, 240°, 820) 2-5 (60, 240°, 790) 35 (60, 240°, 750)
1-6 (60, 300°, 910) 2-6 (60, 300°, 860) 3-6 (60, 300°, 800)
2-7 (60, 0°, 930) 3.7 (60, 0°, 850)
3-8 (60, 60°, 900)
3-9 (60, 120°, 950)
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Table 2. Comparison of experimental conditions and field construction conditions parameters
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e (kg/m?) (mPa-s)
SaG FEHE 1090 2
Dt 1. 1090 40
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(kg/m?) (mm) (mm)
1412.77 13.5 60
1412.77 13.5 114.3
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0.3
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Table 3. Experimental scheme
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1 0.3 13.5 6 1 2 1:1 SR R
2 0.1 13.5 6 1 2 1:1
3 0.2 13.5 6 1 2 1:1 .
K HEE
4 0.4 13.5 6 1 2 1:1
5 0.5 13.5 6 1 2 1:1
6 0.3 15.0 6 1 2 1:1
BEERRLAR
7 0.3 11.0 6 1 2 1:1
8 0.3 13.5 6 2 2 1:1
HRFLEL
9 0.3 13.5 7 3 2 1:1
10 0.3 13.5 6 1 2 4:3
11 0.3 13.5 6 1 2 5:3 ERALEL L
12 0.3 13.5 6 1 2 2:1
13 0.3 13.5 6 1 5 1:1
14 0.3 13.5 6 1 10 1:1
HERTORG R
15 0.3 13.5 6 1 15 1:1
16 0.3 13.5 6 1 20 1:1
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Table 4. Experimental results of the effect of different displacement rates on temporary plugging ball sealing

4. TRIHE NS B ERNSINGR

fnﬁf B REREIEILITE S 452 KOREELIE S 4 3 KBTI
0.1 1-5. 1-6 1-5 1-5. 1-6
0.2 1-4. 1-5. 1-6 1-5. 1-6 1-5. 1-6
0.3 1-3. 1-4. 1-5. 1-6 1-4. 1-5. 1-6 1-4. 1-5. 1-6
0.4 1-5. 1-6 1-4. 1-5. 1-6 1-5. 1-6
0.5 1-5. 1-6 1-6 1-6
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RAL, BEHESLIRGFTE AN, FPER A thEsgin, (EEsERA 5 WALIRAE VS, 3 ECEERCR . 2R
EHEEE 0.3 m*/min, SR GRS INARIEHRR, EEERP AL IR, FIRE s T S L, HE
i T R B R AIE RS o R B LIRRAR R iy T3 0, B IR, (R E R A 5 LR Ak
e, SBCEEMCR AR, B TR S & KRR AT SR, st %, M
A 0.3 m?/min AHEHR I ARERRE

100
90 AV edy
PN e uiis)
80 —A— FEIIRESLL
FHEE R
70
<
S 60 [
& 50
%4%
y S——
30 [
20 |
10
0 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5

FEHERE (m*/min)

Figure 6. Variation in plugging efficiency of temporary plugging balls
at different displacement rates
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1-6 SALIRI B, THABAT 1-3 SALIR RS 1 i P iidst s, B ERRARE S 15.0 mm (BRLE
1Ly 1.36), BHERSLIRBCR B Rk, 33 B AR J (IR 1-5. 1-6 FFLER.

Table 5. Experimental results of the effect of different temporary plugging ball sizes on plugging efficiency
# 5. FTRIZEERNREME HKITEHNTRER

FHEERRLAE (mm) LIRS EIEILIRT S 592 IKSRIREREALIT S 58 3 RS ENEILIR T 5
11 1-2. 13, 14, 15, 1-6 1-3. 14, 1-5. 1-6 12, 13 15, 1-6
13.5 1-3. 144, 15, 1-6 1-4. 1-5. 1-6 1-4. 1-5. 1-6
15 1-4, 1-5. 1-6 1-5. 1-6 1-5

SIS AR R 7), EIHEREERCR SR g 2R E GO, MRiEH 11.0mm B £ 15.0 mm
B, SPIJEIE BRI 72.2%I18 0 F A 33.3%. iR 138 K5 38 0 1 S R 3% b 2 B BRI 2 0 I 77 KA
i, SEOLIE S R RS 71 PR — T OB AR U SE A 7] 9 1 e (k3 5 1)) ig B8, iR AR 2K
e a) it A J S FLFLHR o« ELBEAE AR IG N, B4k Al 52 46 58 70 I 3 A R I 3530 J T8 1 70 (1 e e
SECR, W/, RIS BRI S FLIRBE T PRAR . ELRLAR I i it 255 77 3 380 PR 3R R 7 Ok A% 27 3 BRAE FLIR
WhFEEME N R, BRSO IR R AR P . BT IS S ALALIRAFAE SN A Py A LG ) TR bR,
VORI RN R SFLEAA M TGy 1.25 FIE R JE T i T 280801 [22] [23].
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Figure 7. Variation in plugging efficiency of temporary plugging
balls with different ball sizes
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Table 6. Experimental results of the effect of different perforation cluster numbers on plugging efficiency of temporary plug-

ging balls
6. NEEERFLRET MG EIREIERLINER
KPR B 1 IR E LIRS 02 RS EEILIRFF S 5 3 ISR AL 5
1 1-3. 1-4. 1-5. 1-6 1-4. 1-5. 1-6 1-4. 1-5. 1-6
2 2-4, 2-5. 2-6. 2-7 2-5, 2-7 2-5, 2-6. 2-7
3 3-5. 3-6. 3-7 3-5. 3-6 3-5. 3-6

LGSk BRI 8), EIEERENENCR GHFLILIR SR UL & LM TS, HfLIREE M 6 1=
9 I, ~PEIEIEREH 55.6% 80k 2 25.9%. FETEE FRIEHFE(0.3 m¥/min) 56N, LR Ak & AL IR H0E
N2 Le 5, S EFLIRA R R RN o ARAE R T A E, M R AL AR A I A AR S
FETTIR D, TS 70 R A A T A 4 R AR R AR, BV AR I R Ry kD, R ISR
BRIAFLIRER 8l 1560, mEtERUR . dhah, EEEERAAEEFLIRG, B TFFLIRMER N, FLIR
Wb TEZEAR /)N, FEERDJI/NTI GBS JIANAE, P ECE R oy AL S RIRES i 29 tH ok, [R]INF H T Tt L AR 52 3]
HIEW, SEEHESREZE.
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Figure 8. Variation in plugging efficiency of temporary plugging balls with
different perforation numbers
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ALTTAH 1-3 SALIRWAESE 1 RIS pl i, M SR 2 ERAL AL L 4:3 B, B 1-30 144
1-5. 1-6 SFLIRAL, ALFIERH 1-2 SFLIR B Bl B s s b — D i meRfLE L 2 5:3 i), B3 akE
BEALIR DD, 130 1444 1-5 Al 1-6 SFLER M1 MeRALE LA 2] 2:1 B, BT 3EakE L FLARSL
DU, B EEERE 1-5. 1-6 SR
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Table 7. Experimental results of the effect of different ball-to-hole ratios on the plugging of temporary plugging balls
= 7. TEBKFLEEL SN0 E kI BRI SLIR 45 R

BRALK L 1 RS LI 5 52 RS LI 5 83 R LI 5
1:1 1-3. 1-4. 1-5. 1-6 1-4. 1-5. 1-6 1-4, 1-5. 1-6
4:3 1-2. 13, 1-4. 1-5, 1-6 1-2. 14, 1-5. 1-6 1-2. 13, 1-4. 1-6
5:3 1-3. 14, 1-5. 1-6 13, 14, 1-5 1-3. 1-5. 1-6
2:1 1-4. 1-5. 1-6 1-4. 1-5. 1-6 1-5. 1-6

I A RR (K 9), BRI MR SRR BRI 2 EAE RREMES, SERFLECLL 1:1 3
& 43 B, PRI E 55.6%E T RIEE 72.2%, TERFLELAREEI 2 2:1 AR 2 44.4%. 1X
f T AEARERALE LR B, BEAE TR BRI AR BT RDERAL I LU i, 2 Bk 5) 7% SR A, fLIRAE
JRIFRIEBL LG R, HE P ) AR L ML 08 FL I BRIBIBEROR, MR, REE AU/, HERFLE LR
Ll S ERAEI, BUERALEC LR 4:3 J5, ARSI RERFLELLE, S ERRS EEREm L BRIE M TR, Bk
PR JA) BRGEE R A RERE LRGN, SRR TR, Bk, @I it TN SRR
HEFF A R AL EE O 423
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Figure 9. Variation of plugging efficiency and effective utilization rate
of temporary plugging balls under different ball-to-hole ratios
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M 1SR, RGHTITT TRARIY 13.5 mm FR 8 5 BRAE A [R5 7 VBORS 52T xS £ L FL AR A 1 0
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Table 8. Experimental results of the effect of different carrier fluid viscosities on the plugging of temporary plugging balls
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Figure 10. Variation in plugging efficiency of temporary plugging balls
under different carrier fluid viscosities
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