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Prediction Method for Annular Pressure with Percolation under Solid Phase
Deposition in Deepwater Wells of the South China Sea
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[ Abstract] To mitigate the risk of annular pressure buildup caused by solid-phase deposition in the B and C annuli of deep-water
wells, experimental tests were conducted on sedimentation behavior using common deep-water drilling fluid systems. The sedimentation
height and post-settling solid-phase permeability of various drilling fluids were measured. Based on the parameters of solid phase
percolation characteristics, and considering the impact of annular fluid solid deposition, a predictive analytical method was established
for annular pressure under percolation conditions. Case analysis was conducted to validate the approach. Results show that the
sedimentation height follows the order: oil-based drilling fluid > EZFLOW drilling fluid > HEM drilling fluid. In contrast, the post-
settling solid-phase permeability is ranked as EZFLOW drilling fluid > HEM drilling fluid > oil-based drilling fluid, with a maximum
permeability of 2. 216 wm’. Under annular fluid solid-phase deposition conditions, reductions in annular fluid viscosity, increases in
formation permeability, and longer open-hole cement sheath sections reduce fluid viscous resistance, enlarge the seepage contact area
with the formation, and enhance fluid flow. Therefore, reducing drilling fluid viscosity and extending the open-hole cement sheath
length can improve the pressure release capacity in the B and C annuli of deep-water wells. However, the presence of solid-phase
deposition significantly restricts seepage flow rates compared to conditions without deposition, leading to a potential risk of incomplete
pressure relief following solid-phase sedimentation.

[ Keywords | deep wells; annular pressure; annulus fluid; solid phase deposition; seepage
T E RS ORI AR BT R AR W R TR R 8 R FTK R R

WIRA I IR A PR S5 S 2, Fe il g J L BRI BEA T I <O R OF T D2
FE R E R BT OK IR S R S R, S EUR A B SN HAB PR s o s AT

B HHEE . 2024-08-29; fEITHEA . 20250425

EETH. EHXRARPHES (U22A20164,52074234)

F—1EE, 2001987—) B BUR THGET A Bt % TG, BT 05 1 A TR, E-mail;wuyi_smile@ sina. com,
CEEEE. TOI(1995—) 5B, DU, WIr e, T JFm, BF 5805 . - se 8t 2w e B A 1% . E-mail ; swpu_dj@ 163. com,,

¥ F5 M HE - www. stae. com. cn



B R

Science Technology and Engineering

8484

5 1T B
2025,25(20)

Pl RR KRR R 2 EIREEEELLT 1EF
PRI BB BTl 2B B C MR H
TEARI A 77 ad Bt v B 28 B I A A T AR T B B
G AR A% M s 3 G A A 2 2E KU, DTS 2
Phzs R ) T e, ™ T M B3 A 7 e 2
Wb, 5 T R K I B 25 3L MR [ A AR i T 3R 25 T
S50 MRACTT B a5 PRI 22 4

FURIT R AR 25 B 08 B0 25 4 7™ AR S P 0 e
GREEIF R T KRBT, D @ar 7k
TS WY E S BOL A R AR 5 3 S AR
PERIBR K IR B 28l 0 ik, T 858 00
ST EETIR AR VE R B A i AR v S B f
[ RFEE PR 42 17 T ¥, Eh 3 ST B R BE A
SHTF R R 250 e (R R, S 1 25 Rt JEE | 85
RSS20 23 PR BRAS 1k 8 30 2 7 s T
BT, R RS AR AR AR
PEHSAE 57 13 T MRS T RE R Al B 3R S
FEJI TN 53k, A ) A0 BT B 23 Al R 4 A
TR R 23 12 W S 187 9 B A 00 25 O B
AR T BRI e R, AP
XHAIRFHE PR 205 AL 7= Az LA F0 5 ik B 22
A A BT WA AR BB XTSRRI R R
BE BRI | 3R A AR E AR TR 3R 28 IR )
RSN R D, T, B T HOK It B 25k
T EERGOKIE B (C RS AR AR DOAR T e i i
SRFEIXUR , T Jo i LR 7K Al WA 2R 11 A 70 AR U
1, BRATAN R B T A R TORRU 1 AR S ek, O
ST AR WA E SR, 75 R 23 Ui 1 [ AR DT
Wi, S5 A T 3R 25305 R 500 o3 A7 O s, 20 A
GO IR 23 P A AR TURR S Wl T 3025 15, AR B B
S N Y R

1 HRKHARZZiREERN

FETAIE A P B o I R %5 IR E 175, 36
5 T 1AM, SR 25 T2 P BB A % B
WA 5 2 A AL, 7 2 3R 2 B, BN T
FR 7 U S5 | PR ) M8 2 P 9 1 S A1 B
3 AR A S 5 A1 75 6, 5% 1 U5 0 B B
SO A T B2 PR Py T 27101
a, 1

Ao = JAT+ AV (1)
(1) v, Ap,, WIEHBRZS FEH , MPa; V P 3R 2
B m ;o TR, 1/ s, WA RS
HMPa ! AT VIR EER IR | °C 5 AV hFR%S 1
BUMI R m’

FERPRARIE, MK PR TR 2 bR A L

R, IS AR AT 0 3R A R B R AR R AR AL
T 2% I R R K 5 | i B9 38 25 TR D), Bl R &S
JEITR 3G, 76 2246 R #2653 S Ak &
AT EB W, W — 442 1w 3 6 3 8
iRt
P 1 9P c 0P
ek a @
(2) H P NIRARIE S ,MPa;r 248 mk B3
Foum® ;o NFLBRRE TR u HTIAEE , mPa-s;
¢ LR RAZ L, MPa ™" 5t B THTTH] s,
FEHLZ B TR AN IR 2 R s 5y
r=r,,t=0,P(r) =P,
r=0,t>t, P(r) =P, (3)
P _ qu
or 2mkh
A (3) H . P, MHLZE T, MPa;r, AR AR, my g
KB, m /s h HRRIRBERK B, m; P(r) HEEI
Hu r AT, MPa,,

r—0,t>0,r

A (3) /1%
22 2
n _ qM 477[647]1 L
L W= ) 7 Y )
4me

K(4)H.pP,, R 5H)Z R A B R %5 K], MPa;
n %%E%ﬁ,cmz/so
XFE(4) HEATRIT AT A

22,
@ A r

p - o
Po =P, 4mkh id4m (3)
4me
o SRR RECT R
SE(-x) = [ letde (6)
x X

3 (6) T E, () NRBUF AL, O,
BRI LU R R R 15 12 5
Wik kA AR B i R A

p o= [_p(r
PD Pann - 417kh Et(4’r’t)] (7>
Horh RERR T BRECAT B TT SR T 95 AL, FT R K
2 2
CE(- )= 052 Loy
4nt r 4nt
L r2 2
4 (47”) * (8)

Jﬂj%’[é(;t <0.01 1,5 (8) nIfajfb N

Py =P, = (T —0.5172)  (9)

" 47kh 2

UM AR A DU, FEE AR DU AR 36 28
JEEHR R IR S 5 MR AR E B T B, B AR T

¥ F5 M HE - www. stae. com. cn



2025,25(20)

SR, A5 F IR R 23 B AR DU R B i B0 2 4 e Tt 7 vk 8485

s AR WL, 5 FARVUBU 13025 1R ) 15
Wy FE 2 R I, U E 4R 0B e 2 2 1
e MR AR, TR

v (10)
S(10) g W IEHIBUE WAL, m'/s; Ak b T
VOB m; P, i HUBUL P55 1 J7, MPa; 4
SR MR,

SRR 0 0t 15 A1 90 A
I VR (R R, T S A 9 SR 15 0 IR
A FIREMAIBTETR ¢, UL, 18025 Y 7
RS RS AR 1
1
v (11)
SCLL) th A K355 FE ) IR A5,
Ay 8 T I 562 3 I B 2 A 31 B 25 1
jj,MPao

RIE I ARD BT, R4 78 - P
25 FE ) 01

a 1
A = AT + —
pan" a[ + a[VAV +

ApM = qu

At
va (12)

FRZS 7 He p I AR T B T R 1 R R B i | B 2
PRFRAR A R 28 T 5 R %) 3t A% o et A% AL 2 AL, 3
TR IRSS TR 748 A AR S I 3% 40 3F 530 mT 45 321 38
= IRk,
2 IREREL R BRI

SR ARAG B2 Bl AR TR AR, SR A O
SR R GE T I 23 Bl W [ AR AR DU, 3R BOA
Z AN AR TR 5 8 3 4, LA B F0) 1 AH AR
ER T 28 B i R4
2.1 XWHERAR

AR IS [R) B - R DURR AR B Ui Be 1, B
B TR [E AR S R D AEAS SR F 0 it 3
WAL, Jedrm O, Il e E i & Q HEAF &R
HOh WA O S P 22 i e, W iahe o A
El1 TR,

Bl OBl R B gl

Fig. 1  Schematic diagram of core permeability test device
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Table 3 Technical parameters of annulus string and
fluid technical
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Fig. 3 Temperature distribution in wellbore annulus
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