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Derivation and comparison of the GASD productivity calculation
formula of steam flooding in dual-horizontal
well for recovery of heavy oil reservoirs

CHEN Yuangian

(PetroChina Research Institute of Petroleum Exploration & Development , Beijing City, 100083, China)

Abstract: For the development of heavy oil reservoirs, the recovery principle and method of steam injection in dual—hori-
zontal well for the heavy oil reservoirs proposed by BUTLER in 1991 has been paid more attention by the experts and schol-
ars at home and abroad. However, the definition of SAGD is inappropriate, because the gravity drainage contributes less
than the injection pressure during the process of SAGD. Therefore , the definition of GASD ( Gravity—Assisted Steam Drive )
was proposed. In the process of BUTLER s derivation of the productivity formula, steady flow of the Darcy’s law has been
mistaken as differential flow and several wrong solutions existed during the formula derivation , which results in the inaccu-
racy of SAGD productivity calculation formula. Based on the model of movable oil formed by steam chamber proposed by
BULTER, the tilted linear flow formula of Darcy’s law was used to obtain the GASD productivity calculation formula for du-
al-horizontal wells. At the same time, important results were achieved and show that the GASD productivity is in direct pro-
portion to the sin @ and is in inverse proportion to the vertical distance between the dual horizontal wells.
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Fig.1 3D scheme of steam flooding in GASD recovery element
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Fig.2 3D scheme of the tilted flow of movable
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Fig.3  Vertical cross—section of GASD recovery
Ly FEEA R A SR, nlhim iR sh m

AR 6L o BUE (e AR VRV [F)— 7K 1T _E i
A%, X ()15 2 GASD SRk 8h 7 FE ok

_SLK(_dp dz
B ,u( ds .8 ds] @)
HE 3 LI, BT ds=dz/sind , H L, A]K:
X (4) ek
q,= 5LKZIZHO( dp+pugdz) (5)
XF(5)sreg s AR B RIS
7&%(}1@ de==["dp+pg[dz (6)
B0 (6) BT BB )5 , 15 GASD il it 25 1 7= g
I AR
q,= ;jf([i%ln@[pl pz +p, g(zl Zz)] (7>
%z -2,=b , () HN
q, =%[(1}1 —p.) +p.gb] (8)
K () A E R
q9,=9:%q, (9)
Hrp
0= BLK(pl —p2)51n0 (10)

b



H25% H3M WRTC T RUKF- I 2803 TT R F B GASD 7 REH S A2 HE S 5 Xt L -79-
.= Ok, sind () PG T AT R R B RO L

M,

NS4 3K (10) S B A 7 3K Bl 4 AL i
AP RETH A 285 20 (1) Sy B 5 7 9K sh 3 1L
(1) 7K 7 3 7= B T 5 2 2, T I R 25 KT S Y
GASD F=RERTTRE AN

Q0.=2q, (12)
B (U AZ (12)15 GASD F=RETHHE AR N
Q.= w (pr—p>) +p.gb] (13)

3 (13) AT LA Y, GASD AU/~ fiE 5 sin 6 WL IE
Eb, 5 6 B EL . A SCRRL 17 J00 By A 45y 2
Hy STl LA SR e 1= (13) , B0k STl 3752 H
HFIR , I T S = RE TR A U

0.1738LK sin 6
OZT()[)SHI[(pI—pZ)+O.OlpOb] (14)

1 20 (14) FT A5 Hy v AT ) 3K 3 A ) SR 3l 4
PR RETT I A
B 0.1738LK(p, - p,)sin 6

: ,B,b (15)
_1.73%1078LKp, sin 6
Q,= B (16)
B[R (145 R
Q,=Q,, sind (17)

Hrr

0.1736LK
Qo = W[(Pl -p,)+0.01pb]  (18)

2 BUTLER X} ik Vi o HE A0 i 7 S H:

220

2.1 BUTLER & B ERHIRE

T£ BUTLER 1Y % % (Thermal Recovery of Oil
and Bitumen) M &5 7 2 {Steam— Assisted Gravity
Drainage>> A Darcy s law G PEE ) — 157, REAFE
AT BRI b %) B AR AR S, W I i 1 3K 1Y R
5 H 1 A BT AP B BE (530K unity thick-
ness) (7= BETTH Al

_ (déx1)Kp,gsin6

dg, (19)
1 M

£ BUTLER By 35 1, 30 (19) A 3505 2 %
BAEM . [Fm PR, 2 (19) 45 i it il i
PTG dé 1) & (The rate of drainage of oil) , J{-48
1 dg, JE— 5 i (differential flow) , 3% 4515
(Y, AR R 3R P RS W Y &A% o T BUTLER
P 3R T A AR OE T, 1R R PR I A T

foqdq =q Ml foqqdq = q2/2 o (19 H 1Y dg, BN

q, > dE TR & 1N L, BVASA SO 2 R i 19K 5)

ERIR = Re A A (1),

2.2 $#iZBIBULTER’s SAGD FrREiTE AR
ER (19) i BLAl |, BUTLER Z8 5t 4 SCHk [ 18—

19 FE A P e 2 R 55 15

FHY SAGD PP RETHT A A XK

Jqub(s‘,, -S,)p.gah

mu

0,=2L (20)

AHSCER 17 1758 K i ST R A BLA7 7R
(2 (19) A Hy ST 37 5 F B s BT 28
XA

0,=0.082L

Ko(S,-S,.)p,ah
j“mJW (21)
miL,

3 JTiERHRR L

ORI TS B 35 - vl sh il A 0B B R N
100 mD, 7K F-HBeA B 4 500 m, MUK SF-FH 22 ] i) 28
FLIFE R 10 m, )2 EBE R 25 m, A Sl IR 2
m, M 2 A FE O 1 o/m? bR RS B R 20
mPa-s, JFHARFZRECN 1 RmY/STm? , (5RHR 3 1 7K
AR A 450, T ATKE RT3 MPa, 2K
KA I 1 MPa, A 2% FLER 9 0.33, 5
AR A 0.75, FR AT AR O 0.13, #uf%
0 0.07 m'/d, IR BEFEECH 3.5, 1R A S GASD 1Y
Q, f1Q,, Q, MoK FR, LK BUTLER [ SAGD 1Y
Q, 1E.
B E S EEC A (14) , 1548 3CAHY GASD 7=
[HED))
0, = 0173 x2X 500X 100X 5in 45" ,
° 20x 1% 10

[(3-1)+0.01x1x10]=128.4 m'/d  (22)
PR E IS HUANA(16) BRI H R E
JIHRE 7R

_1.73%107° x2%x500 % 100 X sin 45° _ 3
0,= 01 =6.1m’/d

(23)
¥ eS8 M AR AKX (21, 1 BUTLER B
SAGD J*RE N
(,=0.082x 500 x
J100><0.33 x(0.75-0.13)x 1 x0.07 x25 _
3.5%20
29.3m'/d (24)




-80- o M

Jit

5 % o x 20184F5 1

B E S HER AR (18) , £S5 4 3C GASD 1)
RIS AN
_ 0.173x2x500% 100

Qe 20x1x10
[(3-1)+0.01x1x10]=181.6m*/d  (25)

FRRE Q.. HIRA(17) AT 15
Q,=181.6sin6 (26)

H1aC(22) AT LIE Y, Q, 5 sin IE L. R4
A (26) 221 Q, ORISR ML (K 4) . 4TI,
BEA T A ZEIR RS NI OR BN , GASD B 7 g Rkt

TR
200
i"? 150
E
=
#2100
R
R
B 50
%
0 1 1 1 1 1 1 1 1
90 80 70 60 50 40 30 20 10 0
KF A/ C)
El4 GASDHIQ, 5 0MIXE
Fig.4 Relation between (), and 6 of GASD
4 5w

BUTLER #& t B SUK R B a2
TR R 3, WE A2 B)7E AR 1 3R sh VR, )32 3]
IR SIE R, M BT R R, R E R
1o PRI, 28 380 R Hodiir 44 S J 7 4 B 28 VR BT Ry £
P AR B SR

BUTLER #& th i) Z& VR I )= 8 i i vl 2
TSR SR E A B ANE A S o SR,
BUTLER F| i i shA 78 , 42 H 5 SAGD /K- 7=
RETTR 2, HIPR G 35 v S AR L I I i A E 2
XTI P AATE R A TR, 30T A4S
o ZEHHT BUTLER YR Bl it shBEAY , 1 FH ik
PO R R sl R, 153 2 19 GASD =BT
NE, NZ B BT S . GASD B9 77 R &
sin@ JIE e, 5 00K -F 2 18] 1 2 R A
S NEEWBEIE IR . a2 R, AL
) GASD 7= RE A 128.4 m*/d, Forb & J1 RS 7= fiE >
6.1 m*/d, 5 B RERY 4.75% 5 11 BUTLER ) SAGD 7=
ABALN 29.3 mYd, 24 3C GASD 7 BEI) 22.8%

B AR SR RA AR, 45 B o [ B ok IR T

F R B AL L F kg TR, B B 7 A
B £, DR 5K 3R A0 I 1 A B A 4
RAEAITH W ARKMBFERT TS THHQ
W, A E IR TR M AIE
AR TR, TSI, F A R, B A R
2 S

T SRRRE (4R3I A 28 STHI AL B4 ) -

q, — AT Byl A AKCE SRR  mid, [m's ] A ——
HITH A, m’, [m’]; K —] 2 AREEE R, mD, [m’];
w, —HJZ R B, mPa - s, [Pa-s]; p——HJJ, MPa,
[Pal; s — ARSI KE ,m, [m]; p, —HZFIMEE v
m’, [ke/m’]; g —— 5 I EE , m/s?, [m/s* ], HAAH M 9.81;
FEMER LA S m, [m]; « AP m,
[m]; 2z, 2, ——3F AACFIIR TR AT IS A B
LA LS, m, [m] 5 0 ——WURNR 3 KA, (0),
[°]; p, A1 p, —— T AT I AR 0 K I IR i s
MPa, [Pal; b ——0UK I Z BB E IR, m, [m]; § ——
ATMEE  m, [m]; | — T EHRSIKE m, [m]; L——
KB BE ,m, [m 5 g, —— R RS 25 /K7 3
W RE, m'/d, [mYs]; ¢, —— 5 1K S B L 25 7K 7S 1)
FEfE, mY/d, [m'/s] ;5 Q, ——GASD K F-IH 268, mYd, [m¥s] 5
B, — Rl 250, Rm/STm’, [Rm¥/STm’ ] ; O, —H JE
FTR SR AL K BE mid, [m¥/s 5 Q, —— i E S8R 3h
PR IEF=6E , mYd, [mYs |5 dg, —BUTLER [ (déx 1)
FRAEAY BN 43 B, mY/d, [m¥s ] ; d§ ——BUTLER HY AT 3
IR m, [m]; Q, —BUTLER [ SAGD /KF-H 7=k,
w'/d, [m's]; ¢ ——AHRALBRE £, [£]5 S, —JR 4R & iif
FUE L[] S, — BRI f, [f]; o — T2,
m*/d, [m¥/s |3 h——HZ2EE ,m,[m]; m R ETREL

4

SE 3k

[1] BUTLER R M.Thermal recovery of oil and bitumen [ M ].New Jer-
sey: Prentice Hall, 1991.

TR X G AT, VAR, A5 R U B SAGD TSR B AL LT
FELT] AT, 2009,30(5) : 717-721.

GAO Yongrong, LIU Shangqi, SHEN Dehuang, et al.Optimization

(2]

of N, injection technology during steam assisted gravity drainage
process[.]].Acla Petrolei Sinica,2009,30(5):717-721.

K3, FEUREL A7 5 , A58 10 5 KRR 1 28R = R A
BT[] AT, 2009,30(3) :404-408.

GUAN Wenlong, WU Shuhong, JIANG Youwei, et al.3D physical

(3]

model of steam injection in high water— cut reservoir [J].Acta
Petrolei Sinica,2009,30(3) :404-408.

FETR.D229 Heth Z A0 SAGD i 86 A AL B8 B3 [ ). Wr kel
S H1,2009,16(6) : 79-81.

ZHUANG Li.Deployment optimization of SAGD pilot design in
thin bed and extra—heavy oil reservoir of Block D229 [J].Fault—



$osE: 3

WL T SUKFHE 28O R E B GASD 7= RE T3 A X HE = 5 X L

-81-

(8]

[9]

[10]

[11]

[12]

Block Oil & Gas Field,2009,16(6):79-81.

LSRR , X, S B i AR v AR BT K
Bz 1] Aim#4z, 2010,31(4) : 602-606.

JI Youjun, CHENG Linsong, LIU Qicheng, et al.Digital experi-
ment on steam and in—condensable gas push for extra heavy oil
reservoir| J ].Acta Petrolei Sinica,2010,31(4) :602-606.

B, EHTEE , LT, A o i o R A VORI — 4k LL 4
BB HOAR LT ] AR 571 %, 2011,38(6) : 738-743.

ZAN Cheng, MA Desheng, WANG Hongzhuang, et al.A new tech-
nology of 3D scaled physical simulation for high— pressure and
high—temperature steam injection recovery [ J |.Petroleum Explora-
tion and Development,2011,38(6) :738-743.

I TES B A S AR KT I CO, S RE R A B 251K
A HEHOR L] AR S T4, 2011, 38(5) :600-605.

LI Zhaomin, LU Teng, Tao Lei, et al.CO. and viscosity breaker as-
sisted steam huff and puff technology for horizontal wells in a su-
per—heavy oil reservoir [J].Petroleum Exploration and Develop-
ment,2011,38(5) :600-605.

BT, SO, 2R, S5 BUKE I 28 10 B =tk s T
B B TR L) ] BT T 57, 2012, 33(6) :694-696.
HUO Jin, SANG Linxiang, YANG Guo, et al.Injection—production
regulation and control for dual horizontal wells in steam chamber
rising stage by steam assisted gravity drainage (SAGD )process[J ].
Xinjiang Petroleum Geology ,2012,33(6) : 694-696.

IOl 5 AR AL, AR 28 B I il Bl U R A
PEIERELULL) | A5 TT 42,2013, 40(2) : 188-193.

MA Desheng, GUO Jia, ZAN Cheng, et al.Physical simulation of
improving the uniformity of steam chamber growth in the steam as-
sisted gravity drainage [J].Petroleum Exploration and Develop-
ment,2013,40(2) : 188-193.

B XS, BHE AR BB SAGD = ZEY) P
[J]ATih244%,2014,35(3) :536-542.

LI Xiuluan, LIU Hao, LUO Jian.3D physical simulation on dual
horizontal well SAGD in heterogeneous reservoir[J ].Acta Petrolei
Sinica,2014,35(3):536-542.

KB ZE PR, WA R A AR SRS B SAGD Wy AR
[ ] AR, 2014,35(6) : 1 1471 152.

ZHANG Yunjun, SHEN Dehuang, GAO Yongrong, et al.Physical
simulation experiments on CO; injection technology during steam
assisted gravity drainage process [J].Acta Petrolei Sinica, 2014,
35(6):1147-1 152.

PNASE, BIERT , 2k, 45 2 A RUF2H 2804 B ) ki o
R =S LA () ] R BT SRR, 2017, 24(3) 1 71~

[13]

[14]

[15]

[16]

[17]

(18]

[19]

77.

SUN Qiji, LU Yanfang, LI Linlin, et al.Three—dimensional poten-
tial distribution of composite well group in SAGD process [ ] |.Pe-
troleum Geology and Recovery Efficiency,2017,24(3) :71-77.
SRR 2R AR 22 RS A5 P A1 SAGD HER I K S8
SMBETEL) ] W, 2015,22(1) :94-97.

ZHANG Huideng, LI Chunlan, HUANG Shijun, et al.Effects of in-
jection—production pattern and parameter on SAGD using combi-
nation of vertical and horizontal wells [ ] ].Fault-Block Oil & Gas
Field,2015,22(1) :94-97.

S, A, DR SAGD WA KT IR S ) DU R AL 1 5
LT AT AR ,2016,37(11) 1 1 428-1 434.

ZONG Yanbo, WANG Lei, SHI Xiaofeng.Development and appli-
cation of magnetic positioning system for SAGD pairing horizontal
well[J].Acta Petrolei Sinica,2016,37(11):1 428-1 434.

TRYRAR  RIMSTL , SRME R, S5 B s 70 Aol B 2 v it
JA S BB R EAURT 52 [) ] S BT 5 R , 2017,
24(3):110-115.

XU Zhenhua, LIU Pengcheng, ZHANG Shengfei, et al.Physical
experiment and numerical simulation study for start—up of ES—
SAGD in heavy oil reservoir[J ] .Petroleum Geology and Recovery
Efficiency,2017,24(3):110-115.

AMYX ] W,BASS D M Jr, WHITING B L.Petroleum reservoir en-
gineering, physical property [M ].New York: McGraw— Hill Book
Company, 1960: 68-86.

AR RO T ST A I A& 5 5 b TRk (M
AL AT AL, 2013:468-487.

PENG Shimi, CHEN Yuanqian.Practical petroleum development
geology and reservoir engineering method [ M ].Beijing: Petroleum
Industry Press,2013:468-487.

WioC T % Butler SUKSF-H SAGD 77 85 20 (1 53 B [ . i Heih
H,2015,22(4) :472-475.

CHEN Yuangian.Question of SAGD production rate formula for
Butler’s double horizontal wells[ J ].Fault-Block Oil & Gas Field,
2015,22(4) :472-475.

Mot T, XU , Sk AR Butler (19 SAGD 7=t 35/ At 78 6
LT ,2016,23(3) : 324-328.

CHEN Yuangian, LIU Muxin, ZHANG Xialin.Errors of Butler’ s
SAGD production calculation formula[J ].Fault-Block Oil & Gas
Field,2016,23(3) : 324-328.

i WA



