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Abstract ; Shallow water flow (SWF) can greatly influence the safety of deepwater drilling. In this study, the occurance and
its potential risk of SWF on drilling safety in the northern slope of the South China Sea was analyzed based on SWF formation
conditions and paleogeological characteristics. A numerical simulation model of SWF blowout was established, and the effects
of the over-pressure, geologic parameters and the size of SWF formation, and penetration rate on water blowout were investi-
gated. SWF hazards were then classified quantitatively according to water blowout rates. The results show that there are pa-
leogeological conditions for the formation of SWF in the target area. However, the scale and pressure of SWF formations
would be low so that there are low probabilities for serious SWF hazards to be confronted. SWF blowout is characterized with
spontaneous release of water and pressure, and the water blowout rate and volume can be up to 70 m’/h and 60 m’ during

drilling through a typical SWF formation with a formation pressure coefficient of 1. 15 using sea water as drilling fluid. SWF
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blowout is mainly controlled by its over-pressure and the size of the SWF formation.

Keywords : deepwater drilling; shallow water flow (SWF) ; quantitative evaluation; numerical simulation; hazard control
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Fig.1 Formation process of shallow water flow

Phig 522 % R v AR T SR 0 o b R 2% PRI 4
Bt 5e R M, AL ity i SR K 3l ) 2
L SIV-a-E~ PNl S SN TS FNL|E5- > PN
HURIRE B W), IR A B R LR B K B DU,
PRSP B TR K AR R BRI Sy AL B JE 1 it
TR M DXL I LK £ 9B AR A DT AR
HAT R4 B AR, al o s ok = 4R 1 R 4
MEE )=, [, iz XA o it Lok, TR 3 A8
R SR I, DU A0 54 ~ 450 em/a, A
TR AL 254, LA, g T L P i e v 2 A7
KRAEFRIRZUKEY, 7oy He R B RK SRR
A Gy 1 SRR, AT REF AR oK A4, e, et
INEIE S Gumusut—1F H85 - 8 458 27,



F4 K F4H

ALFBAR 5 ¢ A 3R I MR AR R IR A BOR KA R 5 8 H sk - 101 -

JERRE T, LR 7755 0. 7 MPa, tAIERA T R I
VOB T RE 7 AE K 2 IR I R VRK X
FETETE IR B 7 M0 26 1, (8135 4 DK
KT O, T BLHE, o AR 1
e HK TR , (81 MK 2 BB /N, R ) 3R 4
(<1.2) B, e 5 A P 1 K R
e
2 RAKEBHBERMERERSX S

%
2.1 ok AR
2.1.1 ABAVEIE

(1) Wb B AR B KPR 414, Tk
P S R DT AEBKGE RS . TS Br
A X S K A R P R, Pk
U i e 2 B R e, K 3
AUHIXHBI LR, 55 PR AT LA 2 T 3l
e

(2) BRI £ kT s

(3) WS/ I
212 KR

AT RESFAR 7 B o
VPKW“V@ﬂuy{ngW%&» (1)

w

DR R ST 1 A R

P25 o) = 2 () 2)
Rk MK TR 4B B, 107w’ K, A K
BOAXT BB A K RS BRI B B R p, WK
i ,g/cm3 3P, RS % , g/cm3 s, R IK B , mPa
< sy, NIREP BT, mPa - s;p MIRIKIRIZEETT,
MPa;g K E SN R B2 FARX &, mye A H
B K Z A S E] s 5 @ R E K Z FLBR
S, R KA S, AR A,

2.1.3 FEREHZBAGILEZMMFR-EHE

p=¢,(1+C(p-p;)), (3)
(e

k_ki(soij ’ @)
Py :P\V;(1+CW(P—p;) ) , (5)
ps:psi(1+cs(p_pi>>‘ (6>

X, o, HEIKIRZWIIGFLBREE ; €, MEP I 46 R
B, MPa™ 5p, MIERIKIEZ R E J1, MPas k, oK
VR4 X5 5% ,107 pm’;n HIEERE  n=
330 HPIURE ST FIK B BE o/ em’ €, K R4
FE MPa 5o AHWIIR R TP B E g/ em’
2.2 RAKREEEUHSR

BP 2\ Al Je S TR i B XK e ik
37504, E 2 Bk,

< o <&/

B L[i %78 RS SRS Y
HIFBORE G R e HhiFF NG e ZRY L, BE SRR L, i ERENEE LW,
B3 5 e 32 R I8 FI|K 5 ] F2 JRE T H RT3 mBA T F A EE BT 3 m I PR TR 830 m
KIFHEE <16 m*/h KU #EEE16~40 m*/h 7K 3% B 40 ~95 m/h KPS ~180 m¥/h  JK Y& F > 180 m¥/h

B2 &RKREESR

Fig.2 Classification of shallow water flow hazards

54 v AU A5 ST Y BRI AR RO 1
ZARV SRR S A Y 2 5 Wt g BE XS IO, A
FIHET /K RT3 3 A TR OK I G T 2 G R
W (<16 m’/h) fREHF (16 ~40 m*/h)  H D)

(40 ~95 m*/h) B (95 ~ 180 m’/h) DL K M &
L (>180 m’/h) o AIERAE A A it v i ) v 25 L
T RK TSGR T BE AR T I R
HIRIDE I 4,



- 102 - b E G KR ( 8RR 2017 %8 A
3 EEEREERAREEEEITMG ot U oomwen ”
31 BRI A 2 S £ W P

AR R R K MU ) RO (45 swof [} Jo 3
28 ST F BRI BRI K U & B, JURE A E N I E
SHCAT 1300 m BARREENRAT 00~ E ol [ AN e
700 m, B 3 um’, VBRI 0. 10, K 5 i S ol 1o
1.035 g/cm’ , RAKILZHAL 400 mx100 mx 100 m, 0/ : . . . o
FLISUE 0. 40, /K HIRIEE 0. 90, /2 V¥ 1K /7 28 MPa Cor N 0"
(FEIZEB1.15) , KJELE R 80 4.557x107" MPa™" | (a) 10 i 5 0 1 B
WP B 2. 600 g/cm’ 283r

WK R LB AL K R 1208 25 MPa, %) T e
FE 7120 28 MPa (K J1 RECM 1.15) BUERK I Z, & g 2751 \
RN T, S A RO IS ) 5 TRk g mop |
J1(25 MPa)3.0 ~5.0 MPa, B4k ot #2 th oA 2 g o 265[
FE 35 B KR I ) AR P it ot P PR 2 ® a0} \
K ER ST A FE— R R X1 S
TR Bl Bl 1o R P 2 Ao AL P TR K R 2 1 S e e
SR LRI, SRR I RER I | P TR R R R o

(b) #1271

THETHIZE S 8 kA Bk mms s F 0k, Mk
WZE T 28 MPa, B J) ZEGE T 1. 15 B, &5
Pri AR P R AT RE & AR KR e
3.2 ShHBEILERGKFERE S

iz PR KU L M st AR AR A0 18 M R YK
T2 BB IR R K s A, AR H
RS R R AR AR 3 s

M 3 el LIE 7R RZBON 1,15 I 5&F
TS LA, T R R T IR IR
3, K T T AT K S R G T
F£0.5 h B, KW H A FIE(H 70 m’/h, 5%
AR BN A B0 B v R R g P R i
W, 22 S5 K R BRI, #E 2.5 h B, B
MK H ik E] 60 m*, AN A R ICA A, 7] B 1 A%
FEA B IR S, T LAE Y EOK e & B
“ R 7 7K G [ e RS (O ARRAE ot i )2 R
MR BRI
3.3 kARBEHHZmMEZE

MK R S 28 MPa, Bl ) 2280 it
115 B M2 D06 & T IR A R0 J7, itk i 7
HRITTRE & ARG E . AR R R K T
ZZMHA R, LU BT EROK I E T R 5 R
B FLIB A LA Bl 8 3 B s 28 e K i J2 e R v
K R Sk o — 2 P K O e HR K
Pg , E 4 s,

3 ShIFRIE L TRER S % K R M i 72 gt i
HE BHEMMEE T
Fig.3 Variation of water blowout rate, cumulative
water blowout and formation pressure with time

after circulation stop

I 4 AT LUE H - oK 2 R s K
Ko ERDREGEE 1.5 AT KR H
ARUE(E AT 15 200 m®/h, K5 RSB R 37, B T
KB AT 34 120 m* 575 2 3 19 - 90
i, ) R BOGHOK ME SRR K ) R A
THiE5 10% 2K RS 200% 2k i J2 L1
TR K AR A B RO, WK BB g, VROK 2 R N
I 10% , 23 AR U M Y 2 B2 (B 42 R 15% , WK 4
THE1 30% 5 Mt 7K 5 Bl FL IR A2 325 32 0 184 i
i, (HCHSE I AR5/ K2 LB TR 10% , 7K
T M T 5 10% , WK T 15% 5 615
T T R K IR 2 B8 v il A R 2l K A s o R
JEWEAEAT —E R YL AT, IX 2 N 4R M Bl e R
— 0 Fsf [ PN 23 i T JE ) e /K 2, A K U s o R
JE WA 4R T, )R — 5 91 L DA 4R v ol 1 ] R /K
DILBE R R VAR A — o TR B B R i TR
Bl T B 2 K J2 i P IR TR 8 > | 7 Gt i 14 338 i
IR B 2 BT 19 )2 50 K AR TIOR3 K
TAMBE AR K B IR N 3 22 PP A7 A BE 22 KA



BAl A F4Y AEBBIR 5 . o AL 30 R AR R IR A BOR KA B s ak - 103 -
2000 1600 e hES2
) —— ESIRH2 F T Raten s
~ l60f —— EHE¥13 —— EHEXKLS
= —a— KN RH1.4 L 120 .
"a —— KRS E
S 120 ]
E::d
b § 80
£ %0 &
5 B
® 40
40
0 0
0 0.5 1.0 15 2.0 25 0 05 1.0 1.5 2.0 2.5
i [ /b I ] /h
() W2 R 1 RS
80 [—a— ¥R/KILZEE60 m
—e— WKW IEEE60 —a— WAKRE 100 m
~ o RS0 m | AR 120 m
= —a— WAKWEEEE100 m . 60
% —v— WKW EE120 m £ o
= g
= =
= i?{ 30
= -
X 20
10
0 4 e e e 4 t 1 0 1 1 1 1 1
0 05 1.0 15 20 25 30 0 05 1.0 15 20 25 30
i [/h i 8] /h
(b) H )2 JEE
90 70 —=— ©=30% , k=2.0 pm?
—o— ©=35% , k=2.5pm?
801 —s— ©=30%, k=2.0 um? 60F —a— ¢=40% , k=3.0 pm?
~ 70k —o— ©=35%, k=2.5 pm* —v— @=45% , k=4.0 pm?
jg —a— ©=40% , k=3.0 pm? - 5ol
T 60 v p=45% , k=4.0 pm? &
% 50} g 40}
f’gf{ 40F & 30f _
B 30t B
'{’ 20 -
20}
- 10F
0 1 1 L 1 0 1 1 1 L 1
0 0.5 1.0 15 2.0 2.5 0 05 1.0 1.5 2.0 25
i ] /h i 18] /h
LB %M
sor 70
70 F 60 - —a— &5 FFHAE40 m/h
—s— 453 40 m/h —o— 45 PE60 m/h
=~ 60 —o— 45 FEH F60 m/h —a— E53F 3 80 m/h
= —a— HiJFH 80 m/h g 0T
S sor % 40
5 wof :
= < 30f A A s dma
& 301 E;’?
£ L
2 20} 20
10 10
0 \ b 0 . , , , ,
0 0.5 1.0 15 2.0 2.5 0 0.5 1.0 1.5 2.0 25
i []/h i ) /h
(d) BBk B

4 fERE RSSO R KRB H B R0

Fig.4 Effect of reservoir and drilling parameters on water blowout
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