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Study on Mechanism of Well Washing with Negative

Pressure Pulse Jet

Jia Xuechen (Oil & Gas Well Engineering)

Directed by Associate Professor Yang Yongyin

Abstract

During the process of oil production, the borehole wall and shotholes may deposit scale,
salt and so on which affects the oil wells normal production. The technology of well washing
with negative pulse pressure jet can improve the blocking of the shotholes in oil
wells. It can stimulate the oil well production and the injection; increase the benefit of the oil
field. This paper theoretically and experimentally analyze the effect of hydraulic parameters
of the negative pressure pulse jet and the structure of oscillator on the amplitude of negative
pulse, and the diffusing characteristics of the negative pressure pulse in the blocked
perforation.

In order to study the mechanism of well washing with negative pressure pulse jetting,
use of artificial rock simulated hole sediment, many different experiments were designed, and
the result shows that the impact of negative pulse can effectively decrease the intensity of the
stemming; the negative pressure is very available to the permeability improving of the
blocked perforation; the greater the pulse amplitude and the longer the cleaning time, the
better the cleaning effect.

The simulation experiments of the perforation cleaning with negative pressure pulse jet
were taken. And the effect of the hydraulic parameters, the structure parameters of oscillator
and the character of shotholes block on the pulse amplitude was studied. The results show that
the pressure at the entrance of the negative pressure pulse jet modulator and the decrease of
the ambient pressure. By sands filling to simulate the plug level, the diffusing characteristics
of the negative pressure pulse jet in different plugging degree of shot holes were studied. The
negative pressure pulse amplitude gradually decreases with the plugging degree, and the little
the plugging degree, the more soft decreasing of pressure pulse attenuation, and the effective

propagation distance is longer.

Key words: Negative pressure pulse, Well washing, Oscillate chamber, Mechanism
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Fig3-6 Relationship of the negative pulse amplitude and oscillate chamber length
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Fig4-4 Sketch map of modulator
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Figd-5  Concept picture of self-vibration valve negative pressure pulse jet
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Figd-7 Designing picture of simulate perforation device
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Figd-8 Concrete sample used in the experiments
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Tabled-3 Compressive strength of the original concrete sample

PURAEE | NO. 1 HUEAR | NO.2 HLFRAR | NO. 3 $IRGR | B REHUR JRIY
LR %/MPa E/MPa J¥/MPa it /MPa
18ETE 6.6 7.0 6.8 6.8
284 3.9 43 4.1 4.1
M 2.8 25 23 2.5
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Table4-4 Compressive strength of the concrete samples treated with negative pressure pulse jet when
the tool differential pressure is 1MPa

S BURHEE | No.1 SURME | N0.2 SURE | No.3 BURE | KUK HIT |
HAFRT I /MPa £ /MPa fiZ/MPa SME/MPa
1#E 5.7 6.0 5.8 5.8
24 EHE 3.0 24 2.8 3.1
MEH 20 2.1 1.9 2.0
& 45 TRIEM 2MPa 50 BBk P BAC B G 6 FE UL 3 SR 80

Compressive strength of the concrete samples treated with negative pressure pulse jet

Tabled-6

Table4-5
when the tool differential pressure is 2MPa
PURSREE | NO. 1 HUAGR | NO. 2 BiESR | NO. 3 HifRolh | BREHURGRIY
HEERM % /MPa B /MPa FE/MPa #{H/MPa
THEKFE 5.4 5.7 5.6 5.5
2HFE 29 3.0 2.8 2.9
Kf =gt 2.1 2.0 1.9 1.9

#4-6 T RILF MPa SRR BAL B B FEHUE 38 L e Hodis

Compressive strength of the concrete samples treated with negative pressure pulse jet

when the tool differential pressure is 3MPa
PURARIE | NO. 1 HURSE | NO. 2 HURASE | NO.3 LR | AFFHLA )T
EHERTY £/MPa JE/MPa | iBJE/MPa | ¥J{H (MPa)
[EF=ZiE 5.1 5.2 53 5.2
WA 2.8 24 29 2.7
3K 1.8 1.6 1.9 1.8
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Fig 4-11 The relationship of negative pressure jet amplitude
and Compressive strength of the samples
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Table4-7 The effect of the negative pressure pulse amplitude on the permeability of the concrete

samples
i I Bk P
1MPa 2MPa 3MPa
AR
1#5FE 2.7% 4.9% 7.1%
2HEHE 4.0% 5.9% 8.4%
AT 4.7% 7.9% 9.8%
12.00% |'
4 10. 00% s
e =
2. 00% = —
% = o wEE
Wy 6-00% C | — (@aEE
e }:"
ke = O3#
"g 4.00% J E‘-Z‘i T ok
=5 o8
mzﬁm-fﬂﬁ N
2 2
0.00% ——== : —
1MPa 2MPa 3MPa
7 EBKHIE B/ MPa

412 HUERNEESBEERBENXRE
Fig4-12 The relationship of the negative pressure pulse amplitude and the
permeability improved ratio
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(2) Bkrbst it F B I3 AR BE R KW
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RK I GRS 2 R RV BRI 0] SR At R X BV B R R ) SR B0 B R . O IR 1 b
FE 5 R 1321 HFFHUE.
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Table4-8 Data sheet on the relation of rock core permeability and working time
negative pressure pulse jet

1 FA i (8]
10 434 20 Sr5h 30 4r%h
g =2 it
14258 7.1% 8.0% 9.4%
2HEFE 8.4% 10.2% 11.1%
JHEFE 9.8% 14.1% 16.5%

4. 00%

3 !"H R
;:, } L A ——
e

L OnER
G 'i)“au.ﬁgt
i m;‘:?

w10, 00%
"8&&
6. 00% -
4. 00%
2. 00%
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B 4-13 SRRk E IR A S 2B R R R X RE
Figd-13 Curve on the relation of enhance rate and working time of negative
pressure pulse jet
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245 R RIS SUE KM ERR B EK, NES LIS ERR&ERK, WmlnTiE
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433 HERKHERS o SHRIERBR A LRI
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FIMIELAE, AT R B S R Bk vh 5 # R A R XIS B R IR m D1 mke. SRIRRR A T ERG B
LA 3.07X 107 m® HAUEFLIEE S 20mm, BUEF H/K O ERR 25mm, FUE K
SR XA RERE VR R 2 528 20min KAFTT I4ERE, 2HEFE, AR ERNLL
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It BiRR . TR R MR 1 PSR 13, 2230, 4—12 HHHER.
%49 THER IMPa i SUERK S TR M ST LA Bea BB B R B R
Table4-9 The permeability comparison of the concrete samples treated with the negative pressure
pulse jet that the tool differential pressure is 1IMPa and pulse jet

EHER
IEZ=2=d 2HETE 3HEFE
ERBER
[RGB RSB E /mD 12.019 24.815 134.247
kb B R E Ve B BB E R /mD 12.166 25.144 136.393
R Bk ST IE TR A FEIEIE R /mD 12.344 25.812 140.6

# 4-10 THREM 2MPa M RUERKFH R MK S FE BeA s B R YRR
Table4-10 the permeability comparison of the concrete samples treated with
the negative pressure pulse jet that the tool differential pressure is 2MPa
and pulse jet

BEFERR
1HE R 2HEFE JHEFE
ERBER
45 R R/mD 12.019 24.815 134.247
Bk i B R SE E /mD 12.434 25.859 139.494
0 JE Bk 9 i T e B RE B E E/mD 12.613 26.284 144.955
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Table4-11 the permeability comparison of the concrete samples treated with
the negative pressure pulse jet that the tool differential pressure is 3MPa
and pulse jet

R
1#HE R 2HEFE HEHE
BB
IR LG FEBIE H/mD 12.019 24.815 134.247
Pk ve S T I S FRIBE 4/mD 12.698 26.14 143.072
£ R Bk b B R i T A PR BB R mD 12.867 26.859 147.368
B.00% oo
il 7. 00
BE 6. O0%

5. O0%

4. DO

3008
2. 00%

1S EEIER
ODa L P
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L Uik

fo]
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Fig4-14 the relationship of the tool differential pressure and the
permeability improved ratio
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Fig5-1 The experimental setup
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Table5-1 The relationship between the tool differential pressure and the pulse amplitude

=R 2.091 2.483 2.875
-3 3 -3 3 -3 3
TAEE /107 Xm /107 Xm /107 Xm
2.7/MPa 22 2.0 1.6
3.2/MPa 2.6 2.3 1.8 ‘
3.7/MPa 27 2.4 1.9
4.2/MPa 2.8 2.6 : 1.9
30 IH7% AR no e m®
é 25 —— 2091
o4 L - 2,483
o o 2.875
2 15L =
-’H;_ R
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W
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Fig5-3 The relationship between the tool differential pressure and the pulse amplitude
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Table5-2 The relation of The amplitudeof negative pressure pulse and the volume of the oscillate

chamber
TAEMR
2.7/MPa 3.7/MPa 4.2/MPa
Y ALY
2.287/10% X m? 2.1 2.5 2.7
2.483/10° X m’ 2.0 2.4 26
2.679/10° X m® 1.8 2.2 23
3.071/10° X m’ 1.4 1.8 1.8
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Fig5-4 The relation of pulse aptitude and volume
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Table5-3 The relation of sand Shothole and no sand shothole

HUFLIRFE
20/mm 120/mm 220/mm 320/mm 420/mm 520/mm
Bk rhiE{E
RSB {E/MPa 1.8 1.5 1.1 0.9 0.8 0.7
A HR Bk H{E/MPa 29 2.5 2.2 1.7 1.5 1.1
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Fig5-5 The relation of sand Shothole and no sand Shothole
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W, ATk SARIGAR R PR T Bk sk FERLIL T FLIL IS Fp AR 3B 0, RE B 300 M %
b, HEEBIRIR AR XS EL K. T BFEE R M8, R ERARTEIEMm, &
BB —EIRER, REEBFMIEE. Fril, MERENEIN, BERAWITER, MR
I R RIE A W R o
5.4.2 7L A BURIRIIE X A [ Bk (A &Y 220

TR R T EERAIRILIREE IR A 22em, BB K OB 2R 25mm, 3R 11K
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Table5-4 The relation of particle size and peak of pulse

B 10.15-0.2 0.2-0.22 0.22-0.6 0.6-0.8 0.8-0.9 0.9-1.25
T B Ep% /mm /mm /mm /mm /mm /mm
3.0/MPa 0.3 0.4 0.5 0.8 0.9 1.0
3.5/MPa 0.4 0.5 0.6 0.9 1.1 1.2
4.0/MPa 0.5 0.6 0.7 1.1 1.3 1.4
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Fig5-6 The relation of particle size and pulse Aptitude
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Table5-5 The relation of sand pipe depth and pulse aptitude

HOFLIRE
20/mm 120/mm 220/mm 320/mm 420/mm 520/mm
Bk riiE{E
3.0/MPa 14 1.2 0.8 0.6 0.5 0.4
3.5/MPa 1.6 1.3 0.9 0.7 0.6 0.5
4.5/MPa 1.8 1.5 1.1 0.9 0.8 0.7
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hEAHKE CER) LML

M =X
MR 1 2RENEEHEEXRINELNRE
Vil | BEE
S | B 1S | T B G /om | FHKIE om | RAE [Kibem] F 4451535 %/mD

cm’/s /mD
25 6.0 230 | 19.1 [0.3616| 11.689

1 5-1 2.5 6.0 270 | 17.2 [0.3616| 12.357 12.019
2.5 6.0 295 | 153 [0.3616| 12.010
2.5 6.0 480 | 19.7 ]0.3616| 25.289

2 5-6 2.5 6.0 500 | 184 |0.3616| 24.604 24.815
25 6.0 540 | 17.0 |0.3616| 24.551
25 6.0 230 | 20.0 | 4.025 | 137.894

3 5-8 25 6.0 240 | 18.7 | 4.025 | 134.537 134.247
25 6.0 270 | 16.1 | 4.025 | 130.310
25 6.0 235 | 19.2 |0.3616| 12.006

4 5-11 2.5 6.0 275 | 174 (0.3616| 12.732 12.344
2.5 6.0 300 | 154 |0.3616( 12.293
25 6.0 240 | 19.3 ]0.3616 | 12.325

5 5-12 2.5 6.0 270 | 17.6 |0.3616| 12.645 12.613
2.5 6.0 310 | 156 [0.3616] 12.868
2.5 6.0 245 | 194 (03616 12.647

6 5-13 2.5 6.0 275 | 17.6 |0.3616| 12.879 12.867
25 6.0 315 156 |0.3616| 13.076
25 6.0 485 | 19.8 [0.3616| 25.682

7 5-61 2.5 6.0 520 | 18.6 |0.3616| 25.867 25.812
2.5 6.0 550 | 17.6 |0.3616| 25.888
2.5 6.0 490 | 19.8 [0.3616 25.947

8 5-62 2.5 6.0 525 | 18.8 |0.3616| 26.396 26.284
2.5 6.0 560 | 17.7 10.3616| 26.509
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B %

MR 1 SENEBEHESEXENUELHRE (8D

25 6.0 500 | 199 (03616| 26.610

9 5-63 2.5 6.0 530 | 189 |0.3616| 26.789 26.895
25 6.0 570 | 179 |0.3616| 27.287
2.5 6.0 240 | 20.1 | 4.025 | 142.261

10 | 5-81 2.5 6.0 250 | 18.8 | 4.025 | 138.604 140.600
2.5 6.0 295 | 16.2 | 4.025 | 140.934
25 6.0 245 | 20.1 | 4.025 | 145.225

11 | 5-82 2.5 6.0 255 | 189 | 4.025 | 142.128 144.955
25 6.0 305 | 164 | 4.025 | 147.510
25 6.0 255 | 195 | 4.025 | 146.640

12 | 5-83 2.5 6.0 260 1 19.1 | 4.025 | 146.449 147.368
2.5 6.0 310 | 163 | 4.025 | 149.014
2.5 6.0 245 | 19.4 |0.3616| 12.647

13 | 5-101 2.5 6.0 275 | 17.6 (03616 | 12.879 12.867
25 6.0 315 15.6 [0.3616| 13.076
2.5 6.0 250 | 19.4 |0.3616| 12.905

13 | 5-102 2.5 6.0 280 | 17.6 |0.3616| 13.113 12.983
25 6.0 300 | 16.2 [0.3616 | 12.932
25 6.0 245 | 19.3 |0.3616] 12.582

15 | 5-103 2.5 6.0 285 | 17.8 [0.3616| 13.499 13.150
2.5 6.0 320 { 15.7 |0.3616| 13.368

a 2.5 6.0 500 | 19.9 (0.3616] 26.610

16 | 5-601 2.5 6.0 530 | 18.9 |0.3616| 26.789 26.895
25 6.0 570 | 17.9 [0.3616| 27.287
2.5 6.0 510 | 19.9 [0.3616( 27.142

17 | 5-602 2.5 6.0 535 | 19.0 |0.3616| 27.185 27.364
2.5 6.0 580 | 17.9 |0.3616| 27.766
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MR 1 ERENBEHZEXRHNERE (8D

2.5 6.0 520 | 19.8 |03616| 27.536

18 | 5603 | 25 6.0 530 | 19.1 |03616| 27.073 27.561
2.5 6.0 580 | 18.1 |03616| 28.076
2.5 6.0 255 | 19.5 | 4.025 | 149.060

19 | 5-801 | 25 6.0 260 | 19.1 | 4.025 | 148.866 |  149.800
25 6.0 310 | 16.3 | 4.025 | 151.474
2.5 6.0 260 | 19.4 | 4.025 | 151.204

20 | 5802 25 6.0 265 | 193 | 4.025 | 153317 |  153.127
25 6.0 315 | 16.4 | 4.025 | 154.861
25 6.0 265 | 19.4 | 4.025 | 154.112

21 | 5-803| 25 6.0 270 | 19.4 | 4.025 | 157.019 |  156.470
2.5 6.0 320 | 165 | 4.025 | 158278
2.5 6.0 230 | 192 |0.3616] 11.750

2 | 5110 25 6.0 275 | 173 [0.3616| 12.659 12.166
2.5 6.0 295 | 154 |0.3616| 12.088
2.5 6.0 235 | 193 [03616| 12.068

23 | 5120 25 6.0 270 | 175 |0.3616| 12.573 12.434
2.5 6.0 305 | 156 |0.3616| 12.661
25 6.0 245 | 193 |0.3616| 12.582

24 | 5130 25 6.0 270 | 17.6 |0.3616| 12.645 12.698
2.5 6.0 310 | 15.6 |0.3616| 12.868
2.5 6.0 480 | 19.7 |0.3616| 25.289

25 | 5610 | 25 6.0 510 | 183 |0.3616| 24.960 25.174
2.5 6.0 540 | 17.5 [0.3616] 25273
2.5 6.0 485 | 19.8 |0.3616| 25.682

26 | 5-620 | 25 6.0 520 | 18.7 |0.3616| 26.006 25.859
2.5 6.0 550 | 17.6 |0.3616| 25.888
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M1 =EMNESHBERNNERE (8D
25 6.0 490 | 19.8 103616 25.947

27 | 5-630 25 6.0 520 | 18.8 |0.3616| 26.145 26.140
25 6.0 550 | 17.9 |0.3616| 26.329
2.5 6.0 2301 20 4.025 | 135.655

28 | 5-810 2.5 6.0 245 | 18.8 | 4.025 | 135.832 136.393
25 6.0 290 | 16.1 | 4.025 | 137.690
25 6.0 240 | 199 | 4.025 | 140.846

29 | 5-820 25 6.0 245 | 18.8 | 4.025 | 135.832 139.494
2.5 6.0 295 | 163 | 4.025 | 141.804
25 6.0 245 | 193 | 4.025 | 139.445

30 | 5-830 2.5 6.0 260 | 19.1 | 4.025 | 146.449 143.072
25 6.0 300 | 162 | 4.025 | 143.323
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