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Analysis of blowout shut-in caused water hammer and calculation

of water hammer wave velocity

SHI Fuquan
(CNOOC Ltd., Tianjin, Tianjin 300452, China)

Abstract: The blowout preventer is closed immediately once the oil or gas well overflows or blows out. During the
well shut-in period, the blowout preventer will withstand the water hammer pressure generated by shut-in. Based on
the analysis of the physical characteristics of water hammer propagation in shut-in wells, this paper derives the
formula for calculating the direct shut-in pressure from water hammer. With comprehensive consideration of the
factors affecting the water hammer velocity such as gas content in the wellbore fluid, gas-liquid two-phase flow
pattern, solid phase type, the calculation formula of the propagation velocity of the water hammer wave in the
three-phase mixed fluid of gas, liquid and solid is deduced with the influencing factors of the water hammer wave
velocity analyzed through an example. Calculations show that the water hammer wave velocity is very sensitive to
changes in the gas content: when the gas content in the drilling fluid is 0~0. 001, the water hammer wave velocity
changes abruptly. The water hammer wave velocity is only 385m/s when the gas content is 0. 001, indicating a
decrease by 67% compared with that in the pure drilling fluid; while the solid phase content in the drilling fluid, the
inner diameter and the wall thickness of the casing have less influence on the propagation velocity of the water
hammer wave.

Key words: blowout; shut-in; water hammer pressure; water hammer propagation velocity; multiphase flow; oil or

gas well
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Fig.1 Schematic diagram of shut-in water hammer

pressure wave propagation
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Table 1 Physical characteristics of shut-in water hammer pressure wave propagation
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Fig.2 Diagram of direct water hammer pressure variation at BOP

Wb T AR e R O AR A A L R e B A K i
RGBT A2k . Ry 1 43 A e OC I 1 AT & e, B
T KI5 B A A R ) i AR A BT R R
P — 5 0L 2 A e A 55 b )2 0 e ) AR Ak
1.2 K& B 532

T AT T 38 P9 2 BJ 8 s 7 I3k ] DG A 7 A= 19 7K i
TIEAEFFAE B 52 B - By W% 85 02 AN 7] BE7E Bk 18] ¢ FA]
(8 X T — N B/ 1 56 P o AR R 45 77 A — > A i
7K o I, JF 4 IR LR R AL 3G . DR AN
) 1 7K o 3 B J2 B — R 3 AN ) & R B B K i R
1% 55 2 B N 25

M ARG W R A LR KR E &
e — e B W RE, S5 = KA UG
TAKEBARLRE T — e, famtE L/a )5,
B — A K T U B K A A B R ) 7 S R S U
FEUE . G 2 B mE s 04 G P B R N T — AN A 2L/
a » 55— R U 3 i B) 36 B I A AL, 3BT BT I A
T 2858 4 OGP, L B B 1% 25 Ak 1) 7K s TR D 3K 31 R K
B X G LK o B B0 Sy K . 2R B A
K FA ] R F— A K 2L Ja s I8 4 AR 5 — A IR
W 30 35 By W5 25 ), B I 2% 340 1 58 42 K P, X AR — ok,
Ul Y 2% IR 4 — 38 40 5C P By I 4 7 A= 1 4 R
W A K A 2338 B 3K i R 8 X Fhig
K T B4 B ] K

32 20K 5 55 i GO B0 19 5% W, BE B Hh
JE R AT B 98 AL S S R 2 L e S Y
JIN o i DA i HG Al 48 T A e K K o R R L B S
WE /N, BEKE SR KGR, TR E—
P I B G FILR 1R 110G P Oy =X o R A K
JEJ1. th R Hr e g, [ K & 5 K AR
JT b A 220 R B D s T R A

F 3P ke A A L (ELTRL K o e 7 A5 4 v ok
dT T8 RO S 2 i i A A B R L
KRNI R ELE RBZ .,

2 HEKFEAME
AW L 98 SR G A B I &% L 7E TR /Ny Ar
BF ) P S0 B S J2 R As 1 — 28 e
51k T Bl X Tz 2 B W B & E B B an
T
WA 1 TR BRI — K As BIEERIA 120K
HEMNI—1 AN 2—2 KGR EN o, B
Wit 2—2 &b WTE B AR TI R p o TN o, TAK
BN p, Wi 1—1, ERZ B2 N A+
AA L pF+Ap v+ Av,p+Ap,
TE At I BEN L As B i 1A i) 8l 38 158
(pt+20) (A+AA) (v+Av) As —pAvAs=A(pAv) As
As BOm iR 240 718
PA—(pF+Ap)(A+AA) —pgAdscosd —z, X, As
~—A(pA) —pgAdscosd—7,X,As
HAJE ) i HAG .
— [A(pA) +pgAAscosO+1,X,As]As
=A(pAv) As
— [(pAA+AAp) F+pgAAscosd+1,X,As ]
=a (pAAv+pvAA+AvAp)
(D
KA Ap AA AHXTTF Ap HLEL/IN L BCAT L Z0g AN
URECELE
— [AAp +pgAAscosd+7,X,As ] =apAAv

7apA Av+pgAAscosl+1,X,As
A

Ap =

7o X o As
A
7o X o As
A

S0 Bl B B AR TR ) U RE 4 A S
HyK e R IR Hod, o AW 2 — 2 kb A
JE o AW 1 —1 Abim R B, Hy kel WL, K
J Ap EEEKEPHE o AR o Ui JE 22
(v—0" VA I, 52 5 J) UM EE BETUH AR/,

MR B AR Rk, BIVIRL T Bl s ) 7E BE
() G P B BT AT 1— 1 Ab A "Ry 0, e B 75 5
HEKGEIHEARIT . Ap=apv. BT,

= —apAv—pgAscosl —

:a‘o(v*v/)*pgAscos@* (2)



40 W TR CE 4858 TR 2020 4F 11 H
Kb TR 7 3 B 5k o I L T R R O A e A WA b o 2RO AT A
*, o do
Ep—d—DD
3 EFkEHEETE TR
3.0 oKk D E A P AL ALl o
DLROUE B 1 3 B e B A K o I 4
SO S S B L VA LT O B WA
1A R 5 2 2 T 1 B 1 A A R e %¥¢:%%L:g%%:g
16 Ac I ] L T A BT B B MR R B R P P AP ey
pAv AL, T T B R 5% I I "
(p+20) (A+AA) (v+Av) At T ED
E,e

TEA I T B AR T 2R
pAvAt — (o 20) (A+AA) (v+Av) A == — AlpAv) A
(COMELNRIN s
(p+2p) (A+AA)As —pAAs=A(pA) As
AR 4l B 5t~ A
—A(pAv) At = A(pA) As
—A(pAv) =A(pA)a
—A(pAv)  pAAv+vA(pA)
ACpA) A(pA)

a=

HIFE
~ pAlv
A(pA)
A a >v, AT R .
~ pAlv
ACpA)
Av=—Ap/(pa) VA 15
_ pALD
a_paA(pA)

- 1 - 1
CA(A)  AdptpAA
AAp AAp

b O FR B AR 7K o 8 R =

1
a= (3)

1do, 1dA
J“pdﬁw)

WARRYFAE R B E AR 50k 2 H0E SCT

atv=

2
a

I

~dp
1—pP a
BT RECON E, RN e RN D, NAZ
N o I AR R [ r g o ST A
»D
T2

E

e

Z TR WO HORAS T K B A W b
fEREHE R 1200 m/s £ 47,
3.2 K& WA R PR

W T, 50 KA 2 S 0 A% 35
C, AT LT A

C,=C, (T,/T)* (5)

K. C, TRy T B, 7K i e 7 BAR AU i)
EREHE ,m/s; T,—RE K,

TEH R AT K P A 25 AP AL 4 ol
258 340 m/s.
3.3 K& WA M AR

ER R EZ M. FREEAR K E
APk i K o D AL 1 R X A AOR AR R R
T, D I AR 2 i AT K R /N T Al
a4l S P AL IR . YK Il SRR R AR A 4R
(LSS R7 R SRR o N o 7 - AP B N 8
AR AR AL RE I, SR Ry A B S 46 1 B AR T A% 7%
s

KT Z MR R C aa A2 E ity
T SCE MBS AT L IF ST T A SRR A
3.3, SR IR e g AL R S5 E oY

VU 22 A8 38 R 2 22 A i 1) 5% B 0 S 00 2= 6 R 0 U
FERT RN 0~0. 7 i [ P 04 A9 PR AH 9 R 3k F i
AT AT TEN L, U as L ikl 3. & 4
FRHeTIE

SCIGEE SRR TR S AR 0B
A e, U LT 2 kA T 9848 78 &% % <<0. 05 |,
Bl B AR K R T I T BE SR T R 2 A RR
=>0. 05 LUG » =70k il il A8 AL AR 15 2218 . % Ttk
Wi M ARAE 0. 25~0. 5 B B Sk i e A |77




AT B 11

SR A WS K i e AT oK i i 41

255 _
250£ 4 0 w=57Hz
2451 ‘ A ©=126Mz
+ ©=314Hz, j=0.5m/s
.. 8or ' # ©=314Hz, j,=1.0n/s
"o * ©=314lz, j=1.5m/s
= Huang 7 ™
Z 60f
=
R 40t
=<
201
1 1 1 1 1 1 1
0 005 010 0.15 0.20 0.25 0.30
HRE
B3 BRETENEEEEESENTWK

Fig.3 Pressure wave propagation velocity vs gas contents
for the bubbly flow
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Fig.4 Pressure wave propagation velocity vs gas contents

for the slug flow
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5 Water hammer wave velocity vs gas content in the drilling fluid
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Fig.6 Water hammer wave velocity vs solid content
in the drilling fluid
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Fig.7 Water hammer wave velocity vs casing inner diameter
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Fig.8 Water hammer wave velocity vs casing thickness
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