%34 K% 14 % W 223 8 i3 A Vol. 34, No. 1
2006 % 1 A PETROLEUM DRILLING TECHNIQUES Jan., 2006

GLHSFR P

EXNRERBERS SR
WEEN S M FEE N EH R

CEEh

T A SR B HORT U 736202)

By

Clo B0 B TR 2 i Ot Jo % T ke e I 5 o o 92 2 3 DY 1

EWE? F;HF

610059 2. v sy FH S TT R WF 58 B, I REIE B 45700153, 7

B E: ARAEARETHAGEAEFRAKRSE., $MENAEZRNAK, BFTERAKREEBLIRLITHE LW
FPHENSHFRY, FRBFTHRMEAB. 2WTEXARGRIENBESEEN>HTAH A, AT R ENH
B, ZREXARWENFRPEHARES, HIFTHBBRALFGTRANAX, 2 HTEHFRFEHARE
AW AR F ik, FEE@BmBMAF M AXtaE, 2REW, MG EFRAIHRT SN LER LA —

LR

KW, A M BIHES; SR HFER
XEHS. 1001-0890 (2006) 01-0056-03

HESES: TE3I2 XERARIRED . A

A il 6 M 2 T A I Bl B AT AR A ORI R R
FA R s DU . IR 288l (4378 s A7 AE — 3 3 s
BRI BT NAYHIE5E B AR 5 18 T ) 3l I 0 B B A 5
EIF B A 75 18 A Il R AT RO s E AR (Bl gl of
) MAERGAFRIES (REsia fE ) .
B, EFEMES T DRI AR AR AR ARG R TR
100 A W B BRI BEAT TR M. B8R B I 1 B
JE . maE e s g F k). HES T ORI
T R L A 7 R T AR

1 EAnHm#iFREnE L RYER
L1 FEHERERENSH

DU IR SRR 5 B R e
%. FIEEEZANROAMEBER K 54 0R
WS i LAY TR A P58 5% . R A TR 4% 15
B AR

= VT TR TV
L
ﬁé%T)} (D
XFAEREBR, H:
AW%T:H(ﬁy,mt) (2)
ﬁﬁﬁﬁﬁ:v<w>=%9§
(1—G, H) Vﬁr%%Vfi-Vp:%?%g (3)
X - T AR 1] 9
VH:%I:a%ﬁﬁ/ar):“ (8p/18r)2 37? “
Té?T:HCLy,mt) (5)

., _10p, 9°p
VP r <8r+rar2> (6

X G W, B M (6) BESLfR.

'p 1 op Gy $ucod

8r€+7 87];77:%87‘? "

X (D B ENRAEEERESEL T, Pl
WP E S A kX, ZaRAEw E Sy, HAEa
H R TR IR . EEXPMBR. LR EE. N
TG E P RS AR 1A g AT A AT T SR B
1.2 FEEFERPBFHER

{7 o o 1 W P SN R NS B S K e o I
2 W A T T R 4 P AR AR 0 EE VR . TR SR T S
LN, M2, R4 H AR .

1 0 ,0p\ _Gi_ducop
r 8r< 87’) r K ot
p (e O] o=0p reSsr<r. (8)

p (r, t)\,;rW:])w

p (r, z‘,)‘,.:,.e:pC

Xof A% 1] A A >R FH AR 2 B O A%, K A2 1] I 45 B ) A%
TN Mg RS, 2 x=1In G/r,), WL (&)
5

847)*Gorwex+maip . . 22x

ox” K o "™ ¢

Jp 2y O] me=0p o<@<m§s (9)

w

p (19 t) x O:pw
p (oo D] =p.

KR EHE: 2005-05-12; K EIHE: 2005-09-21

EERN: MHW (1973—), F. @l F A, 2004 %
FYREMAF (£F) wABFLEL, AWML,

BEZMEIE: (028) 66161215



AR & |

THAF . BTG ERES R EEN 5 HFBE R A= A « 57 -

E RN L E R O - SR [ E WA
P 2PN P L e PP TN

Ax? K At
Gyry e (10)
prtapyt il =d, an
Hrr, a;=—2—f; di:*@])?—Q_GoVweNAXAXZ;
s s Puc Ax”
IBI':”CVGZA %% AC
RBEHN TS E TS . LB E ™,
PN tan  pR T pe=dn (12)
XF NS SEAERT N 2255
—pu TP =G, (r.—r,) =d, (13)
REERE T RE N -
—1 1 Dw d,
1 a 1 pit d,
Iay. 1 P dn-2

I an PR dy— = p.
(14)
1.3 HEHIHH

S H L Z B S8 R AR ro =200 m;
WBHRES p.=10.0 MPa; 248 r, =0.12 m; JH#E
JERE h=5.0 m; Kiff =062 mPa+s; BiZEHR K=
0.05 um’; Ja sh & 1 & & G, = (0.015 ~ 0.05)
MPa/m; 7" Q=15 m’/d; & N=30,

A c=30 d B, FE I A B LA KL 1,

—— ;=0.015
—=— i
——(;=0.02
——G=0.05

ML / MPa

100 150 200
it fm
1 =30 dEHNSFHEIMER
M =90 d i, HIE A i ah R WLIE 2.

12

10

8

=
26 -
= ——(=0.015
; 4 —s— Pl R
——G=0.02

2 ——(=0.05

0

0 50 100 150 200

HEBE fm

B2 t=90d HEASGHEBLER
mE L, A2 lEY: EEFE. ©AHRE

TN AREIFHAL . J5 3R B R I A
PEASER) T R A 0N . BIVRT  A  2E R
JA B T B AR R, A 7 i DB, H il R R
JEMUIN . B AR R 2R . ST A B B IR AR
iR B/

2 EHrfFgmn
2.1 FERETAER

VPR BN AR R SR . Mk
{1 FE 1 B8 /N T8 B EE A BB SR . MR R . Rk
B 7% M J2 R — 12 72 I8 2 L FE B E 19 43 A
BN WEEEG. AR, HI. fER
WA (r) BAAEAE—ANTE Sy BERE . L %5 T R
SIE S . . 30 FE A AT 3 B /N T A
HIENME, RARRS. ERFXA r N "B
W N 3) . BEARROIE IR R 38 3 R JE
F17, P FEG R DT S RE T A S, o
R AR R R AR RUREE B
HAR, SHRIE ST R RE MR RE ), T R A
BAHRIES.

B3 ExhaRrEE
Xt T AR . RS R s B P —
FUA I o AR SR 22 U AR B RE T 25X
N

q=2mth L (bu=pw) =Gy Gru—r.)]

rm
luBll’l (K)

SCik L2 BT B0 8 8 13 3l A AR R L B
JE 3Ry T5 AN ST b 208 3 59 30 2 R 1 1 Ui Ak 1) S
MR35 X AE SR B AR D i, AR BLSE . N
B TS S A 43— iR Dy 2 ) W 1 g i Bt
BRI T
2.2 BBl

B R &S B Ml R =200 m;
BHRIET] p.=10.00 MPa; HJEJEI] p.=3.00 MPa;
H2A2 r,=0.12 m; SR h=15.00 m; ¥ 4EHK;
J =062 mPa « s; BB % K=0.05 pm’; Ja 3 &7
#E G,=0.015 MPa/m; B=1.1,

M M2 T ) A A R R 1,

AWML 2 A2 Oy 200 m, R HAR Ol 30 A
] s DA ) A 25 Ky
_re_200__

N 30

(15)

6.7 m,



.« 58 & bzl 45

®OO#® £ 2006 4 1 A

®1 EHAMEENTHEER

H—ijj//MPa
6.79  13.49  20.190  26.80 33.5Q  40.29 46.99 53.60 60.30 67.00 73.70 80.40 87.1P 93.8~201D
1 8.22 8. 64 9.33 9.98 9.99 9.99 10. 00
5 6. 40 8.39 9.37 9.77 9.84 9.96 9.98 9. 99 9.99 10. 00
10 5.69 7.59 8. 80 9. 46 9.77 9.90 9.95 9.97 9.98 9. 99 9.99 10. 00
30 9.90 9.95 9.97 9.98 9.99 9.99 10. 00

T ORizshkm, m,
AR 1L 5, 10 F1030 d A B4R 4 B
o =3r;=20.1 m;
Tps = 0r;=33. 5 m;
7o =67, =40. 2 m;

Fmso —87; =53. 6 m,

PEITEARILE 2.
2 EhEAAMMBIETESER
i [ /d 1 5 10 30
i gl AR J1/ MPa 9.33 9. 84 9. 90 9. 90
B4R /m 20. 1 33.5 40. 2 53.6
jei/md e d! 6.93 6.23 5. 86 5.52

TEHEZHOR R OLT » AL A 95 5L I 1 54 ot
THI 1 B P AR A Y
Q2mkh (p.=p.)
@M(%)

A (16) MITFELG R R 7.52 m*/d,

(16)

SRR VA A Bl I A I R s g A 5
A TC K, H7%5 5& 1 IR 3l B BE 1 18 43 A1 Bl I [8] 4
ARV AN R] 38 B RS 2l Hs 5 368 8 i ik 5 s g o0 A A
R B S 520

2) BB SR ds g s s AR
Sy HESE T DO AR ik R 7 RE T A
I 55 3 I R 7 BE TN A AR F A, SRR WT. R
Sy s AR Rz B A % RE A BT A W
YR

3) S H . 4 s g AR s gl
15T 3 R 8T A NS

SR
e NIBBIHF IR, my oro RGN R ER,
m; o, FIFIREAR, ms po HEGH AR JT . MPa;
P HIBEN AT, MPa; p. HIFIEE ), MPa;
p HREBE, mPa-«s; K HBER, pm’; h Rl &

Hig el W, s s A Ml % B is s F 1
WRARA —E 220 . X BRI iz gk filie
g1 B T B o Bl AR I TR RE A . R ]

B, m; Gy WIH S E BB, MPa/m; Q Jj= &,
m®/d; ¢t NEFE, ds ¢ MALBREE; ¢ NMES R B

e - ‘ ~' TR R EL
S| RN N £ = | ]V UNSD = ) DS S 59O e 5 = % &
B RE T AT — 2 I [U] LR . BB hE [M] . s o RHE BA K% G
#. 1999.
3 & i (2] (UL HEH. . . HH A T O

A [J] . AR5 R, 2003, 10 (5): 55-57.
(3] ikaE . B@ERAE % [M] . IWRKRE: A MK AL,
1994. [ Zm&]

1) 7 T 2 D0 PR A A I v 8 A AR A 8 T e
(4 PR 3 43 A B AR L O R T o 2 40 A 200 HESR 1
THUERE . SN T AE = 30 d R 90 d R A A

A Mathematical Model of Stratum Pressure Distribution in Heavy-Oil Reservoir
with Non-Steady State Bingham Fluid and Productivity Prediction in Vertical Wells

He Yongming' Wang Yuncheng' Jiang Shuxia’® Guo Ziyi’

(1. State Key Laboratory of Oil and Gas Reservoir Geology and Ex ploitation » Chengdu University of Technology . Chengdu, Si-
chuan, 610059, China; 2. Exploration & Deverlopment Research Institute , Zhongyuan Oil field , Puyang, Henan, 457001, Chi-
na; 3. Drilling and Production Institute , Qinghai Oil field , Dunhuang, Gansu, 736202, China)

Abstract: When flowing in the formation heavy oil always reveals non-Newton rheological behavior. As-
suming heavy oil as Bingham fluid, a mathematic model of non-steady pressure distribution of Bingham fluid in
formation pores is derived, and its numerical solution is obtained. In addition. the effect of startup pressure
gradient of Bingham fluid in stratum pressure distribution are analyzed. Based on the startup pressure gradient
and accounting for aspects of moving radius and moving boundary pressures, productivity prediction equations
of heavy oil reservoirs in vertical wells are derived, methods for calculating moving radius and moving boundary
pressures are presented also. Comparisons of the productivity-prediction equations with conventional vertical
well ones show that non-Newton flow behavior of heavy oil affects productivity prediction to a certain extent.
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