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Calculation of Tubing Critical Pump Rate while Fricturing by both
Tubing and Casing with Packers
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Abstract: In order to prevent packers from moving in tubing and casing fracturing due to great piston
force,the study on critical tubing pump rate which won’t cause packer motion was conducted. Through me-
chanical analysis of string,the calculation model of axial force for fracturing string was established,the an-
choal force of packer rubber was simulated by using finite element software. So the calculation model of
tubing critical pump rate which won't cause packer motion was established according to the relationship of
axial force and anchor force. The calculation results showed that critical pump rate of $60. 3 m, $73. 0 mm
and $88. 9 mm tubings is 0. 965 m’/min,0. 810 m®/min and 0.470 m®/min respectively at well depth of 2
000 m and the fracturing pressure gradient of 2. 1 MPa/100m,but at the depth of 3 000 m,the critical pump
rate is 1. 120 m*®/min, 0. 985 m’/min and 0. 680 m’/min respectively, which shows that the critical pump
rate increases with well depth,and decreases with the increase of tubing size. Furthermore,when formation
fracturing pressure gradient is 1. 8 MPa/100m, the critical pump rate of $88. 9 mm tubing was the minimum
value of 0. 460 m®/min. It is concluded that only tubing injection pump rate higher than the critical value
can the fracturing string be prevented from moving effectively, which is beneficial for insuring the accuracy
of fractured interval and depth in the operation of tubing and casing fracturing.

Key words: tubing and casing fracturing; fracturing string; force analysis; packer; critical pump rate;
formation breakdown pressure
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Fig. 1 Fracturing string assembly
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Table 1 Geometrical and mechanical parameters of packer
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Fig. 2 Contact pressure of packer rubber under 8 MPa cho-

king pressure difference of nozzles

Ao f o BB g R A N RE ) Y E T
kNG kS B a8 05 5 B8 N EER R R EG de A
EE N, mm; m, n 4B 5 R il
o i B B i Y BRI G T s hy RA @ DR OTTE R
fill A2 VLG Uy y 5 10 K BE s mm; p, RS @ S ERIT
FE 45 ol AR Y LA s 1 #2 il R 7, MPa,

W IR AR 1] 5 S N BE I R R B 0. 2,
Ry Ir Tt s O g Il B AR )R O TR AR
RGN 2 PSS R 22 8 MPa I 35t b 2% 12 i A )
7 Ak 5 A8 N RE I R Al 7, AR 212D B3
WU R 25 8 MPa IR fRT 5 548 N BE Z W] I 4 o )
4 132. 451 kN,

R TRV RE () 7 3 T LA 3] 2~ 30 MPa Mg gy
Ui 22 T 3F B i BT 55 4 N BE 22 T 9 B E ) (AL
E 3,

i R 3 AT W S R 22 2~ 30 MPa i, Bifi
o W WG 1 I R 2 P S n Al 2 ) AR S R G T, DA i
P0G L I BT i 2 1 55 WG 15 It s 22 1) 1 DG R U

f=19.413Ap— 21.155 (13)



®O# K

2014 %1 A

400 -

HisE S /KN

200

100 -

0 5 10 15 20 25 30
W 3R 22 / MPa

3 HERKREHENEHETREZENXRME
Fig. 3  Relationship between choking pressure difference of

nozzles and anchoring force of packer rubber
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Fig. 5 Relationship between critical pump rate of casing

and tubing with well depth
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and fracturing pressure gradient
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