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Abstract; Whole-well circulation could not be built up for some oil and gas wells due to low pressure,
and easy circulation loss and traditional blockage removing could not be used to clean these wells. In this
paper,a novel technique was implemeneted, which involved a new plug removal technology,in which high
pressure water through an oil tube rotates the nozzle,and rotating jets were formed to break up the bloc-
king-mass. The broken blocking-mass would move up in water drive. When the leakage increased or pum-
ping stopped,the blocking-mass would deposit in the sand-tube above the rotating nozzle and be brought to
the ground with the sand-tube. A forced analysis of the blocking-mass was studied by solid-fluid mechan-
ics,and the return flow rates with different silt styles were presented. The equation for calculating hydrau-
lic parameter of rotating nozzle was derived by the moment balance theory. This plug removal technology
was applied in Well Wo—51,and the blocking-mass of 9. 98 meters was cleared in 15 min. It showed that the
removing blockage with rotating jet and sand-tube turned out to be an effective blockage removing method
for wells with low pressure and easy circulation loss. It would provide a novel means to plug removal.
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Fig. 1 Work principle of local-circulation plug removal

Jey V0GB fife 1 2 L e e e G Sk L DURD ) 2H A

R 3 28 B0 R A 55 35 ZE W 0 IR B T B T
DURD TR YA o MR A 3 JE ) 14 b 288 B 3 JE W) 1) (] 245
T JEE e 0 ) A 2R TR B U T 0 Y e e
WE Sk o ORE TR ) 0B B % Sk LR i 3 T BT =K
FEJR AL 5 48 U A JE N AR B B S %
JEE 3 FE W) HEAT R, ] B LA P R A 0 TR
. SR TR GK B B B i b A B R i T
HAR T 0] 46 38 FE 1 J2 00 FT %o I R Btk AT W Uk
R Fh 5 2 Wy 1) b & B A 38 28R, L T RE T R O CRR
VLSRR R i b T B T 2 00tk b A8 (= AL
WULHE f E 3R i) B AR W DT RRE DTRD T N . BT R
DN TG o R 8 ) LAY A S 3 0ORY U)o b 2 B R
PEATIEUE . IR B BURACR S R i 3% T H U 3 B
DU BT N A ) 56 Wi 38 AR

2 JHRAE BR T 20 A LB

2.1 MERESHRAREIE

Jay VA0 fifp 34 2 T Ao 8 A S AN R M FE W AT
BBERE R Uk o B 45 1% 8 i i K IS 0L R 3 1 R
A AL 9 S AR 0 e 2l e A 5 Sk 1 B % L JE e
FRGT R o et 4R e RE 3 T . TR ARl
GG TR AE L O T R TE LB R RE T B 8 RE
Ji@ 2 o T XS A St L B e AR R T R R S0 1 el 2 3 Ay
S AR BRI Y 3 ) B A SE S RO B e
(R BEL 7 o 2 ) @ e B2 Ry 100~400 r/min, JiEg %
M Sk 5 e e — S R AT BOE A AR T T35 2E =
o 3% 9 3 J= 32 B AR ol Iy A AR A b oy 0 AR
T IR A R ORI AR L B e 1 5 O i gk 9 A
I IR I AE Y B JE FLBE PN B 2% 5 A B
S Bi v . TR E Tl 3 2 7 A T IR R A L B K
P B TR AN TR AN W ™ DS ft o BT 348 K
JZHIBIER,

2.2 MEEHEH R ERIE

R 1 2 245 MO A 1 R B A R Y
PEVE R UURP . th I 00 2R W, BRAR T
FRKERN 2.5~4.5 m B, UL R R B b, DURD A
IS B —R f —F Z R R 2 1) B R
B UL A M T R E T LRI M,
DU 15 5 W45 =2 [ 1% 2625 1 Ry R 28 10 e 90 11 =25 i)
A VB 5 22 I g S TR R

FH 22 M3 3 J i LA 16 2 R A DORD R 20 AT LR



¢ 04 % il 4h

TS S X

2014 11 A

PR D AR T UL BEAR FI TS I ] 5 2) 350 1 As i
Yyt AT BT 38 T8 L 42 1 WO B 05 3) R EE T
DAAR R 52 PRifs ZAE B3, — i R,

2.3 BAMENE

Jr FRAE A 4 250K FH e 3 O X IR G A 2E
HEAT R 1 R Uk 5 R FH UL A A7 g 4 0 o 114 3% S ) OF
W2 2 . B SeE Sh i mis T2 Bt b
IR () AR VRORE B B 17 35 JE W) A 1 Ml 2 L 35 FE W A
LR MAER Rz 47 LT R M s B . 78 LR I
—EBYIE L Bl AR PR AR B 1S R B RE ) 1R
ARG A A B RS K FL7E KBRS B S iR
rh SR UREL 9 B 5 ) 5 9 e /1N 2 TR o™ 5 R AE S L
He 2

S 1L G e i B R A T M R s T A
A UL D) il b s T A ST SR ARG A B AT, 7 A
FE AR SR I 5 2) 38 2 DT RD 1 WO i ik iy Tk
BRI B R FR 2 (e L LR &
55— VTS 0 B (— M AE 5 m AP BIAT, 9%
T A B ORL ) B T 4 O T LA R B P
VLRSI B B — B 30~100 m, K KW/ T 8k
TR 3R s B AT AR BRI 0 T AR
THFE  FEAG T X 1 2 0995 4

3 bR WU S A

Jry TR AE B B 200 G TAE SRR DLA H Y
Ui T R ARG BR . A AR I A, T vk R b g
Wik B — e B W L SR ke . A AR TR
MR TAERK Z W G M E = — M2 m,
JCik 58 A R I R S0 B i 2 T 2% S W 5 )
ANEOLE L SO X AN [ o 28 %) 3 2 ) ST S [ R
(18 Jay BTG A Sy Je 008 A Mk B T2 0 S R R R AR T
Ja R st

Ry 6 RGBT PR S R P 3 v R Y
WY H AT J1 57 M. R AL W, #17 DUT |
BT D FE AR MR AT R B R SE W00 T )
BK T 5%, Fe T 4 i i 1Y) [ 9 G AH It Ak B L O 5 R
TR 3 28 W) 2 8] B9 AH EAE T 5 2) | 1 4% -+ 20 i i [
TR AR A A 2 PRGBS i 7 L Basset 77 . Magnus
IR, R I8 E Ty PR AR IR ) .

Rl DL b (B 5, 220 W R 1A 0 o 3 1 o R B R )
Z 1P B 2 1R IB XN

Fob+F, =G (D

ﬁEF:FD )ﬁ%ﬁﬁﬂﬁ 9N§Fb y‘j(’féjj 9N7G%J$jj ’No
Feim BT 1 TS A SR

FD:O.SC]')‘O(Uf_US)ZA (2)
Horfs G =22 (Re<0.2) (3)
Re
.24 [f;, 3Re
G =% {1+ 16 } (0.2 << Re << 500) (4)
Cp = 0. 44 (500 << Re << 100 000) (5)

K. o HIARE B, ke/m®; o 8 TAEWR LR 3
(Il bR IED) s m/ss v, h % AR B aR RE () 1 oR
1E) m/s; A BRI, m* s Co A T1 &
B Re L,

¥ Rk FE R B X 2 A (D,

L SLIET
u = v + S_Re 60 (6)
T oA 3G 0

e o, AR E L  kg/m®

TR —E R B R T RIE u KT
0o 4 v B/INIE BRE ) bk o AR L i 35 AR
1R SO R G B o, LASRAS B I A I R R
6 B 37 2% AR 16 B BN R 0S8 TR

/§§e%’,,§% oo A5 A A SRV
D

4 TReFEWESk A5 e HoK 1 280

Jie 2 W% Sk A Ry JRy AN B A 3 T2 G S R AR A
HAERER L IR B E T 3 2B i S ROR
PRI X 4 S oK T 280k AT T o3 H

4.1 mEFEBEL

T Sk Y S5 K QN ] 2 B R . e e 8 Skl - 2
LR B R A T BR A R 52 B 3 Bl R e R 2 1) Y
37 55 FH X e 5% o 3 o 2l B e A 2 i 4 B B AT
8 s e it s /0 | JEE B 7 0N (P A K AR
Ao WS TR 22 2 Y IE 1] WE W L 23 O il ce AR 3D 2
ol G I 1A R 3 A SR IR
W I g S i 22— S ) i % £ B2 SR O G L e
A B SR P 3 4 Sl 8 Sk iy BT e e L 2 RUIE B 6 U
i@ e W Sk (4 e A Bl 0 o 1 K S TR A B L HRR IR A5
o S5 07 AR 0 S b ) 624 T B R R 1 5
T1 AT 5 10T A8 4 AT R IR T I ) £ 3 o7
B D9 TR AN S AL O I K R — S
ity BF ] B e o o R RE ) a0 Z0H IS e T 47



% 42 5% 6 B

EARFH. RSN H B T L XL R « 95 -

TE—RE 3 B P SR B b 0 7 A ) Bl S sk
P14 B 452 B T3 R 0 258 P-4

| 2 3 4 2 5

oose -3 o

B2 mEHEBLEHTE
Fig. 2 Structure of the rotating nozzle
1. 42, REMUR ;3. Ahas 4. HEJIERER ;5. IR
6. BFR ;7. Bl TE I W 5 8. XTI I 5
9. JA] 3 I i g

4.2 WESLHIEREFE AR

A3 BT T 2 W% Sk #0485 ) T 2R 7 A EE 4R BEL ) LAY
5 B i R e 1 K R 2 S ERA
B IR AR Ak E A Y BT ) 4B

JEE 482 L 77 7= A T 55 B 0 B0 14 5 B BR 1 5 Mk
1] EE R BE ) 0 00 KNS %% i 2R RN % B S R

A BT 0 TR B B fih 1 g 1T ) SR AT G . BhiERIAAZ
i 3 R,

4.2.1

1
o

%

D, D, D,
B3 sh#IRZHhoHH

/ . )
Fig. 3 Force on rotating and stationary seal ring

L2 RV RIS 3. IR 4 B R I
e LR O A AR 0 0

inﬂM—DDp 7

K F o AR 1, N D, S 35 iE N AR,
m; D yg%%%lj‘]’ﬁ%am ,Pﬂg%H_‘i?ﬁﬁgH_{j} ,Pa,
Sl PRE f TED  ) h

_ F
0.257(D: — D)

s p, S ERIMEAR I T, Pas Dy JHRFRSME . m,
TE R R 5% S I 1R AR dS B AR B9 IE s
H

b (8

dFy = p,dS (9
K. S HahF MM, m®,
B RN b A B EE A TR
dF; = fidFy (10)
e e by Bl P 2 ik T R 4 R A
B i PR f 1T A 82 BH 0 R

Msz?QSDdE (1D
A D HEBERNER, m,
4.2.2 EAFKE AT AGEFEREM S 4

FH &1 2 AT R, i e 3 Sk A 2 A VR Sl 2R RN
2 AT Bk R . VR Sl R 32 B Ok R R 2
SO T8N S WO Al R 7 A Y TR A BH T AR
AT LLZW AN, DA A X i A Sk B 2 1 4
2o b A5 i VR JHAEHE 7 3R Ah R b SO g skh R i
1E FE 775 155 F 3 AR o 8 B %) 4 T AR A L 4 R Al R
A EEAEEBE TR

M, = f,FR, (12)

s fy S HE T BRI AR B 5 R R R, R ) BR K
A2E4E . m,

Bz () —12) A A BB 4 H

1 s ey DF—Di
Msum - 1275ffp(D3 Dl) Dg . D? _|_
1 2 1y
4thqRq(Dz D) p (13)

4.3 WESKMIZh 1%

SR R IR IE 7 WS 1 R 4 146 e 2 8 3 75 0 X 1o W
Hb R —EmiEe - B S5HhA R —E MR A o,
SR A S SR
F = 1.57dAp (14)
o d R IE [ BEHE ELAR, ms Ap AW N ADE 25,
Pa,
PR HE R Bh IR A -
M = wrF;sin 0 (15



. 96 - P

B
Sad

78 5 A 2014 % 11 A

A s m DA T ) M R T M ) 1% B 5 o Ay T I B gy
BB s 0 S IS 55 e e Sk Bl B0 i 5 £ 5 )

AR5 2l 3 R B 458 BH g R A OF 7 G &R RS 5K
(13)—(15) , B AT SR H I 1) g W 19 T4 L 2 3 0 B J
M.

5 B

fib 51 A7 T Kb g o A4 3 R Bl AR 3R, 1981 4F 3
A 2 A5 R 4 110. 00 m. HETZIE
AbFHE IR B, i F I AR R AT R AE R
TS R RN T 5 I HE W, T R 2, R
WK S A R R T, & IR U A
PR s = 2, A A C6) TR 5 AR W
1.6 m/s B, BB sl H A2 8 mm FIBERED L 1 m/s
MR RE R, ZIFEH NAR R 157.0 mm, AT iE
U T S TR U I = i ol T R T =
73.0 mm, JUAP AT SME 140. 0 mm,

H 2 6) A TH R 25 AR I i &4 S 8T A,
HeHE M 400 L/min B, 1 min N EERF B /4S8 mm iy ik
PP 2 60 m 1Y & L W6 2 I T 2R, AR
Hett 400 L/min 250F T . 28308 15 min S 308 38 =
JZBAK IR 7,85 mo 1y A IR V5 I AR RN A 25 U AD T
B s o R R RSB RS 5 mm X 8 mm, iffh ik R
ik 9.98 m B RIKA 2,13 m. I bR, &
PR REUR R AR RN ER L R A S 2 7, B A
A& 3.0X10" m?/d,

6 4% i

1) J e S O 1B 5 DURD 1] = 350 108 34 Mk 3% T2 g
U JEG ¥ 95t H 17 M0G0 S Ay = 0 3 JE ) AR B
it R DURR Yy 00 3 ZE 0] 8L, BAT — R 00 KL
PR R AR R R — A AT 2 A R AR R O IR
HERGES &N

2) BEXPAFI YIS ZEY) T TSN IR
Ui 4 AR 28 2 AT DAy i e S AL 1Bk DL A BT R 0
Pifige % T St B B A

3) X BEFEW KK ISR T S T IR
Ti] W5 8 5t | AR 2 o N AR S S RO T B
2o AT Ay e e W Sk B4R AR 3

2 % X #

References

(1] SKRZE R, - H IR B3 BN SRR, £

R 5 IF % ,2004,31(5) :114-116,132.

Zhang Rongjun, Pu Chunsheng. Vibration-mud acidization
treatment broken down experiment[ J]. Petroleum Exploration
and Development,2004,31(5):114-116,132.

[2] BAR, AR, R 7K ) 38 2l 12 Ak 23 2 £ R /9 BF 58 5 6 )
LI, KR A 3 B2 5 FF %, 2006, 25(2) 16567,

Liang Chun, Li Qing,Jiao Yafeng. Research and application of
hydraulic vibration for oil layer treatment[ ] ]. Petroleum Geol-
ogy & Oilfield Development in Daqing,2006,25(2) :65-67.

[3] ZRUEZR.IKEE A ZE 5. H SR SR ER AR R]
AIMA R AR ,2006,34(1) :59-61.

Zhu Jidong, Zhang Jianguo, Shi Aixia, et al. Comprehensive
supporting technology for plug removal with sonic wave[ ] ].
Petroleum Drilling Techniques,2006,34(1) :59-61.

(4] ZEfli, plarpe, Tibse, 5. 30 JF i i S R B o itk Je ().

i B k2%, 2005, 22(4) : 381-384.
Li Weihan, Yan Hongxia, Wang Shiying,et al. Developments in
applications and researches of blockage removal technologies in
near borehole zones for stimulating oil production[ ] ]. Oilfield
Chemistry,2005,22(4) :381-384.

[5] R, B AKCE I8 I BRI ATE 3 h g i AT LT .
fm R AR, 2013,41(5) :89-92.

Wang Yuxi. Application of ultra-short radius horizontal well
drilling technology in plugging removal in injectors[ ] ]. Petrole-
um Drilling Techniques,2013,41(5) :89-92.

(6] w2, X4 L 55, 4R % R A TR0 42 & M S DL 5 1

HLT]. A5 IF & . 2006,33(5) :618-621.
Huang Zhongwei, Li Gensheng, Liu Quanguo, et al. Mecha-
nisms and applications of removing blockage with oscillating jet
and acid[ ] ]. Petroleum Exploration and Development,2006,33
(5):618-621.

[7] e AL L B S W UM BI 2 T2 )], A2k,
2006,27(6):125-127,132.

Sun Yongzhuang,Du Bingguo,Shao Xuantao. Research on me-
chanical sand-bailing technology [ J ]. Acta Petrolei Sinica,
2006,27(6):125-127,132.

(8] ZERAE. Dmat, hwe R, 4. i He K 5 vt A 388 b 2% ) B 38 % ik
LI A AE4H],1998,19(1) - 96-99.

Li Gensheng, Ma Jiaji, Shen Xiaoming, et al. A study on mecha-
nisms and effects of plug removal near wellbore with high pressure
water jet[ . Acta Petrolei Sinica,1998,19(1):96-99.

(9] HERAR.Z8T7 ML, WA WL 45 AR 0 0 A oh 1) [ 0 50K 2 3 5 Y
ST B R L)), o A R 22 4 B AR R, 2007, 31(5)
55-59,63.

Dong Changyin, Luan Wanli, Zhou Shengtian, et al. Analysis

and application of model for solid particle movement in Newton

fluid[J J. Journal of China University of Petroleum; Edition of

Natural Science,2007,31(5):55-59,63.

[10] BREET, M, XI5t 55, BRI I D) 3 B BRI 9T e AE 1

IR L. AR AR . 2013,41(5) :46-51.
Chen Jianbing, Wang Chao, Liu Guiyuan,et al. Casing cutting
technology through abrasive water jet and its applications in
offshore abandoned wells[ ] ]. Petroleum Drilling Techniques.,
2013,41(5):46-51.

[11] Douglas J F, Gasiorek ] M, Swaffield J A. Fluid mechanics

[M]. London: Mining Publishing House,1979:235-240.

(%4 3 LE ]



