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A new method for calculating horizontal well productivity considering oil-gas—
water three—phase flow

PENG Qin, LIU Bin, LIU Chunyan, YANG Dongdong, GUO Jingmin

(Bohai Petroleum Research Institute of Tianjin Branch of CNOOC Ltd. , Tianjin 300459, China )

Abstract: The Minghuazhen Formation of C Oilfield in Bohai Sea is dominated by strong bottom— water reservoirs with slight ground
saturation pressure differences and developed by high—speed horizontal wells. The productivity prediction of horizontal wells in this type
reservoir must simultaneously consider the influence of water cut increase and degassing. Most horizontal well productivity formulas
studied by previous researchers only consider the single-phase or two—phase flow and rarely consider the three—phase flow of oil , gas,
and water. Based on the general formula for horizontal well productivity of Joshi, the three—phase seepage zone of oil, gas, and water is
processed by micro—element and combined with the fitting function of fluid high—pressure physical parameters, it is derived from the
productivity calculation formula of three—phase flow horizontal well with local degassing. The formula is well verified in the C Oilfield in
Bohai Sea. Meanwhile, by calculating the relationship curves between production pressure difference and daily oil production in
different water—cut stages, the influence degree of degassing on the productivity of horizontal wells in different water—cut stages is
obtained, which provides a basis for the productivity prediction and reasonable working system determination of horizontal wells in low
land—saturated pressure difference bottom—water reservoirs.
Key words : bottom water reservoir; horizontal well; three—phase seepage; productivity calculation; working system
SRR X, X, 4 5 BRI ASOK S ARG K RE T SB i (1], S 2%l UL, 2023, 16(4) : 444-448.
PENG Qin, LIU Bin, LIU Chunyan, et al. A new method for calculating horizontal well productivity considering oil-gas-water three-phase
flow [J].Complex Hydrocarbon Reservoirs, 2023, 16(4) : 444-448.

v C I PR AR AR 2 USRS K RN 3, BT
FAL B BRRIE T8 5 %R 6 000107 wm?, °F-
PIFLBRE R 29.3% , Hif R 22 /0N, 43 A i L 0.32 ~
2.75 MPa, RERKARBE L 58 , R FUK I &I &,
IR I 5 K TG 1228 K S R
U [ 25 B ORI AR B . H R
B P9 A0 B X DS 7K T e K S 7= BE B X F
FRUIMWEHRE, KEZEEFKR LT (0% R
J A M AR /D, B A B T 1 B AR T Y

HKAFIE P RETH R T IE RS 2 R AR AR B R
(R FE A o3BT , i 22 S 0k R i Jd < Ry 1
FERETH IR IT AR AT, AT S KRN 7 RE R
e , AN T i C A FH S b i 1 5 22 /s HLo %

Y5 H H#7:2023-03-01; 20 = H#A: 2023-06-06.,
FE—EE BN I (1986—) A1, TR, 32 A5l <
KWF5E TAE . E-mail : pengqin@cnooc.com.cn o

EETE [ 5 LI I T 28 8 4% S 4R 70 R ORI
TR ARTE” (20162X05058001) .



516 45 4 1) %55 BRI UK MR BKCE R BT R Tk - 445 -

K ETHIA T, B AT K I R T B A
KA Joshi A7 Borisov A M Giger 24304, 38 1 X
b & 30 2 Al it 3 20 Joshi A R 25 L 5 S0 BR
225/ R AR Joshi K77 RE— A 5K
TR ARSI AT IOT AR B, 25 G AR
WIS H 5 R B S T 25 08I R OK = AHE
T ACE I TR A 2, RGBT B A IR A
) & 7K B Be b AR 7= T 22 5 RE R &R, R B C
T T AR KPS 7 R TN 05 B T AR 1 2 A B 7 42
HEFIS A o
1l R OK ARG e AT
XF T LAZK Y- 3 TF S 9 2K TR, Jer 3 5 A=
— A2 T B i AT LA B A DX, M2 P
TRy P K ZAHB X, H 2 R T
PRI 3 B K EAHBRIX, HB iR s A N ]
1R

P<P,
. KL KEM

P> P, i, KPi

B ZA5RKF I H ESR AR
1.1 Y P>P B, il JKFHEERRKEHEEITE
FRAE Joshi 7K F-FH = R =X, o LA il K9

AR AP A = A 2
-0.543K, Kr,, h(P, - P,)
qo =
2 L ’
a + a — 5 Bh Bh
/.L()B(,(ln £ TlnTr“)
2
(1)

K, g, APPSR IXKCEH: H P72, m K, A
KI5 I BB 3,107 wm?; K, A K I AH R
THAH ARSI 3 /NG R ORI Z A RUREEE , m; P,
Py 43 50 A T AL 25 191 500 T R R 2 AR R T
MPa;u, JHZ FH B, mPaes; B,k 5 b 2 AR
BN 0 R 7KOE IR B R 32502 A2 m Lo
HAFIHARASE , mr, HAKCEH I A2, m; B Nk
RIS R AL VR
1.2 Y P<P M SIKZHEEREAEHAFREITE

] — 5 K B BE, i R K AR X R B

JE w, JEHAR TR R KB, AR X R K 3R R
J1 8 R, I, =B K I RE A 3N -
-0.543K,h f”h K,

(2)

K, g ZAB IS H =, m? s PRy

R, MPa; K, o8 = AHB IRl AR R X2 B4,
/N

AR SCR RO, B =X s A RUN X

S, AR/ N DI P it 0y el a0 A R, 5

AN IR B TR T, SR BEAT S, 5 R

A XN BB LT, PR 0 EE, A 5(2)
AN

~0.543K, h

L L2
2
2 K,[5,(P).S,]
e Pl p- P 3
2 ey PP

A, PO i MO R HLZ R T, MPa.

JETH 285 R, AR R B B, 4R T B PR
(P,)F1 B, (P,) T AR 95 = & 9 1 Rk [l 113545 1)
1M K, [S,(P,), S, ]2 2 SRR E 055 7K i A0 2 1) bR
B, 4y AR YRR SR K BIARAR B i 445 20 0 AH
FHXFBIERK,LS,(P) IFIK,, (S,), FEARSR A
PR AE 2533 K = A T b AR B A X5
BERK[S,(P),S, ],

W PARS A A XS E R K, LS,(P) ]
SR O S R EE 1 pRC, T S SRR S, (Py) SO T
JI eR B, B AU N B S R ) 6 R RO 5
1

AR SRS Ty B V=P R 7 F
_ Z(P)(R, — R.(P))(T +273) (@)
* 2730P

o, V(PR 1 m? Hl e 6 SR AE b2 T ok
PSR SRR, m? s Z(P) i ) PRERAR A
PR B B R R 3 0 Ry T 6 VS A A= L s fie
ML, mm? s T AL E , °C.

V,(P)




- 446 - 52 4T

20234F 12 H

REAX (DS, ~ PRRAWT
1-8,
S = . 2730B,(P)P (5)
Z(P)(R, - R_(P))(T + 273)
Ao, S, B ARANEE , /NEG S, B K ARLRIEE
IR
MR A (5T H P& SRR S,
(P,) , BR 5 FEAR 4 vl PR AR X 3 R it £k el 1

(Sg B Sgr)ng(Sg(Pi)) + (Sw - chn)Krow(Sw)

K, [S,(P).S,]=

SEAR N A AR AR X2 % 2 K, LS, (P) ]

AR ANTR] 5 7 B BORT IO 4 55 7K AR R oK
FARS L AT HRAF 2 MARAR RIS B2 K, (S,) o

CLTH AR R K AR P AR AR XS R
K. [S,(P)IHIK,, (S,), FEARHE Baker(19884F) 194
HH P8 T 7 A SRR A =2 T 5 R A A 1 v
AT S K AR AR AR S B R, 3R
bra (1l

(6)

A, S, il PIAR AR A AR A, /N
S oo F M K PIARI A A A E /NG K, D X
PARE WL I AR AR B 8 5, /NG K, Dl K P
iR MR RTHEER VDO RE Sre ST ¢S

B As(4) ((5) ((OMARXG) IR =2
TR R 8E, R4S AR (DR T
B B POKCE A R S K B BEAS R A2 77 s 22 T
7 8

2 SRR AN
I C il B UM797 044 Hb J22 & 77 7.790 MPa,

SO
o] o
1

AR5 1751 VB
I

(S, =S )+ (S, = S.)

HitJZ 40 F1E F7 6.897 MPa, B4 1 22 1.000 MPa, fi%)2
219835 %6 000x107° wm?, A B 1K 2 ik,
HJZ R BE 44 °C, b2 IR EE 350 mPass, & P
SRR AR H AT KA 020 O
BIKFBE K 300 m, A I X2 R 12 ~ 20 m, 25
A 7K 96.3%, LA H: X % H: A63H \A34H . A68H
FUAT2H A5 (UL 3) , o 2 8 BE 43 512 16 m
14 m.20 m A1 15 mo ARYE B3R B8 K H AN
A PEE 2 R R, R 2 AT LA AN ] 7K
B 225 H it s R S S bR AR P B R
L, P FEARHAT IR 2576 10% LI .

o
o0

AHXHE %N
=
>

04 0.4
0.2 0.2
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
KM/ INVEL TR/
a K AR B3R Mk b A B R 2k
B2 UM797 &Rt idik Fowh &
F1 UM797 AR EYESE
VARSI E /N HJZE J1/MPa RIS eSS N )25 B/ (mPa-s)
0.00 0.10 1.024 1143.0
6.07 1.14 1.040 978.9
9.29 2.17 1.048 829.1
11.07 2.86 1.053 736.9
14.29 4.38 1.058 555.8
18.57 6.90 1.064 320.6
18.57 7.63 1.063 350.0




516 B3 410 - 447 -
B3 UM797 Bk it & 3 o Fa
Fx2 AREEGKPFEESAFHEEITESLRE R
KB B % 4 FIKRI% JE2£/MPa SEFR H P m? FEAITFR H i /m? R22/%
A63H 1.0 0.97 131 133 1.53
A34H 9.0 2.05 329 321 243
0~10
A68H 8.0 1.29 182 171 6.04
A72H 2.0 1.54 192 196 2.08
A63H 56.3 1.39 140 137 2.14
A34H 58.6 3.08 216 206 4.63
10 ~ 60
A68H 28.5 1.46 174 160 8.05
A72H 38.6 1.54 174 165 5.17
A63H 90.0 1.45 103 100 291
A34H 88.0 2.24 68 65 4.41
60 ~ 90
A68H 78.4 1.53 125 126 0.80
A72H 72.8 1.64 136 134 1.47
A63H 97.6 0.54 25 24 4.00
A34H 95.4 3.58 115 109 5.22
90 ~ 98
A68H 92.8 0.67 36 38 5.56
A72H 98.0 0.99 45 47 4.44

LA A63H R 1], 153 [] 75 7K B B A 7 e 22
5 H M RN I 5 A BT 1) Joshi
AKEHF=RE A IR A &5 AT (WL 4) . 24
AP R 22N T L TR 22 ), AR R 25 5 H PR
BEERR, YA RERTFHIREZEE, BT
JES BT b JZ /N T ARRT R g, B e A8 i Jih A
B R ERe e A R, S B R 22 5 H PR

O R EET EL B N R A R 2R MO, O
JEG B AT 6t BT R, 77 A A BRF o BEL J A, DT
7 R i 5 2k R PR B OR , K B — E R, TOR B TR
2655 B SN B BH AR LA | = 20" BEREAS IR
AR AR RE R B AR 7 TR 22 B R 25 S R
(K- o AR IR

FEARIRI A 7= 22T, AR 25 7K B B SO0 7



< 448 - 52 4T

20234F 12 H

RERE I ) R HE AN TR] , 35 K A8 Ry , 52 0 AR X8
DR K AR PR AR BN R R R
X 7 R B Wi R 2 AR OS A0/N , R BIR  RE o IO ) A= 7
i ZE LA, AT, 25 R0 52 W) ) e 9 54 980 Wi 28
R

45071
4001

350 :/’
- 300f f
= 250 g

i 200f b

o g5 /
100 -
S0

0 1.0 20 30 40 50 60 70 8.0
L7 R 22 MPa
£,=0% (FIBIHT)
£,=90% (HIEMT)
- === = 0% (RHIEMA)
== [=90% (KBS

H4 AGH#HHERRALKHFBERIRAALFEEZL
BEmEXARAWE
PLUM797 #54 A63H JH A i (W3 3) , 24/ =
JE 2528 3 MPa it A% 5 7K By B ASR K 77 g 52
i A RN 21.9% , 8 10 B 42 3l IS o K
b2 R T A DADSL/N B SO 7 g 1 52 el T
R 1 o K B B A 7 R S Ml AR XA/, Bk 3R
KT 90%, 50 A2 BE /N T 10%, L, 55 % KBy
B, BUOIOR A 7 R 22 4 A
R3 ABSHHIELEEZE 3 MPalt RE S KME
B S 7 BE T S0

£,= 60% (G )
-£,=98% (FHIEMLC)
=== =7.=60% (RHEIERT)
- === =98% (REIEBS)

AN K () 1%
0 60 90 98
AN RS H P /m3 406 291 223 142
2 B H i /m? 333 250 203 125
AT = BE M 1 48 X (B /m 73 41 20 17

T ASRT = B A 5 I R 1% 21.9 166 10.0 6.7

3 4hip

(AR Joshi ZKP- 7= REA 3, 855 = HIB R
TAHARES 0 A B AL , (57 1 — & = MB iKF
H = BETH AR, SE PR A e sh A e S BOe T 4
RIEAFLT, P 1 AT A R LT 5E

(2) p B LT AT A5, 24 A 7 T 28 K T Hu b I
2 B SIE AR B BT, /N RE A
Je 228, T B 0 9 LA, 7 BE S T
R

(3D AR 5 K3, JBE R 7 BESE i A, 213Ut

TR0 Hs 22 /DN BRI, A= 7 AR AR 5 K B B i I s oK

THUBHRIE 3R 7 O F5 K55 B 7

P 5 W R X /N S TSR e 5 K B BEOR TR 22 4R

A=,

B2k

(1] B, ZEAL, 20, 45 1 3 KA Tl s R e 4
W HZ 0 e w7 [ ). b [ 13k <, 2008, 20
(3):173-177.

(2] BRHL LA EZk 5 R 5-2 3l H G A 77 R 22 0
& L) A i %, 2011,32(2) : 170-172.

(3] BRESHE, 22008 . b 25-1 5 Tl B R [R]85 A 3
Az IR 22 BE ST D). w1 Bk A, 2006, 18 (6):
399-402.

(4] XNEE,ZFSCLL, 2/NAR 55 M D A A W T A7 1
SAHELT ] AR, 2015,22(1):29-30.

[5] WHL, A%, E5E, 5 RO S IR sl 5
A L ). 3SR, 2011, 18(3):74-76, 89,

[6] JOSHI S D.Augmentation of well productivity using slant
and horizontal wells [C]//SPE Annual Technical Con—
ference and Exhibition. New Orleans, Louisiana: SPE,
1986:SPE-15375-MS.

(7] WAZREE  BRBEAE I RERI R R 2R [T ] A7 i P
5% ,1994,21(5):44-52.

(8] iEas T, 25Uk, IRUEE 45 4% o) S M IS AT I K P I
FeRE 2 FCLT L B S SR R, 2016, 23 (4):108-
111,116.

(9] HEMHHE, AT . /KK I 7 8 A U 5E () ] A1
R IRA A, 2009,31(3):110-114,

[10]  ®baite, skil R, 47500, 55 . S 2 Wi e s 7 )2 /K
I RE TN by B A BE AR AR T e —— AT E A
KM BT ] A=A, 2021, 42(7):948-961.

(11 AR, BRIEHT, SR AE RSk 3R K T i il
g T REOEFE LT ] A7 R 2 i (A SRR R L 1994,
18(4):43-47.

[12] 222 RRARKS R 4, 55 KF IR I 67 Ja] il Jm) & It
AU RE T i [0 ). 84 il b L 2006, 27 (1)
107-108,111.

(13] 5%, WA AR 45, 45 IR AR R P By
AR LT ] R RA il 2 sz, 1998, 22(2):24-26.

[14] JHBEE BMEA ,ZHE 2 JRBASM T 07 fei o
Jrigl]. A TR, 2011,30(2):36-37.

[15] BAKER L E.Three—phase relative permeability correl—
ations [ C]//SPE Enhanced Oil Recovery Sym—posium.
Tulsa, Oklahoma: SPE, 1988 : SPE-17369-MS.

(w3 T+ %)





