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Abstract The ramp up stage of the steam chamber is the key stage of the dual horizontal well Steam-Assisted Gravity Drainage
(SAGD) process. The rising speed, time and the corresponding oil rate are important indexes to be paid attention to in the ramp up
stage of the SAGD process. The analytical model is an important theoretical method to guide the development of the SAGD process,
which is conducive to the rapid design, evaluation and comprehensive adjustment of SAGD projects in field applications. However,
a simple and accurate predictive analytical model for the ramp up stage of the steam chamber is still unavailable. In this study, ini-
tially the oil rate prediction model in the ramp up stage of SAGD of double horizontal wells is developed, according to the principle
of mass conservation and the understanding of the development of the steam chamber, assuming that the slope angle in the ramp up
stage of the steam chamber is a variable related to reservoir parameters and operational parameters, and considering the influence
of anisotropy on the reservoir permeability. Then, the initial slope angle and the head availability factor were related to reservoir
parameters and operational parameters by combining the numerical simulation method and the orthogonal test analysis method. In
this way, the oil rate prediction model for the ramp up stage of the SAGD process was modified and improved. Furthermore, the new
model was validated with Butler’s model and field data. The results show that the initial slope angle and the head availability factor
of the steam chamber are not constants, but variables related to reservoir parameters and operating parameters. A larger initial slope
angle will result in a shorter time required for the steam chamber to reach to the top of the reservoir pay zone, and a greater oil rate
in the ramp up stage of the steam chamber. A greater reservoir permeability, a greater vertical to horizontal permeability ratio and a
greater steam injection pressure will result in a greater initial slope angle and a greater instantaneous oil rate at the same time. The
order of influence is: the vertical to horizontal permeability ratio > permeability > steam injection pressure. In addition, a greater
reservoir thickness will lead to a smaller initial slope angle and a shorter time required for the steam chamber to reach to the top of
the reservoir pay zone. The new model has the advantages of simple theory, fast calculation and accurate calculation results, which

can provide theoretical guidance for rapid optimization of SAGD development.
Keywords Steam-Assisted Gravity Drainage(SAGD); steam chamber height; oil rate; analytical model; heavy oil reservoirs

doi: 10.3969/].issn.2096-1693.2022.01.010

0 55

ARV B E R, R PR SAGD(Steam—As—
sisted Gravity Drainage) ${ K. & 4&H N5 KA Butler'
S A 0 T IR A R A SO R AR .
Ay A R R B v, SRR PESRA R, E R
PR zR 0 70 K, SR JF RS R 7 K
IR TP R RS e W K Rl i
FRVRNGEIN G IS Ak TR, 76 7 1 8] BB LAk
WE, DEACEIFRELEZRIR, TP A
FIF R . HIFRALIEE R 1AM AZE R )
FEARIEIM BN E s S22 e B AE = 1 /E AR Bt
Yo m R, ZEVORIT PR T X, 28RS
AWK, PrEEE LT, KRR E SR KR
SR 3 AR B, BRI ETE. B R RSB, 4
X P ) It R R AR BT

F i O i BT AR AR S 6 5 SAGD JF & Y FEZL G
A, AT SE SAGD Jr R 1, PR A 2R
GIHEE ., ZERER LTI BOE SAGD & I S HERT B
FVRE LT | AR A S R SAGD T kR R
KVEM TR EAE bR, 4% SAGD b THB Bt Y i3k SE 45 4,
Butler i /L E& T X N A FFEATRIARL ), IR T3 Y
PRI LI 25 0, LR H IR OIS B (5B
B MBI SRR FLEE . AR T

SRS R ) R sZ ), AT DTN 2R VA T B B 2R VR
TEAR . ZRIR i B LA S ™ i i A S
fkButlerZ 5, J5 A X SAGDZE W i b T+ By
B0 7= B O R YA R TR A 1 RN oS S Y
Nukhaev® i\ Ry, ZE7R 6 FIHR B R An &,
77 b 5 ZE VR BN IR 2 T 2 5 ™ i oA SR L g
PHIERIEM KRR, T AR, #E 7R E
FERERF RN AR LR o Pl SR AR RO R, DU
KGRV L 22 R PR 2R ] S EE
S, BRI R T AR R R R 2, 1R
W2V IR SN TR IR IR BT, 28R IR R
PR VREZEAT, PZ A B e 2k IE 6 F i SAGD ™ i
i, Vanegas %5 % & T KJZH M, 5IA T ARLLE
KA E(EVF), Z8 TRy BB, K Bulter Y -
FERT BB B e i A UG, P SAGD 4 it R Y
FEEE 0 R 2 TR R B, SRR AN
£F. Azad Fl Chalaturnyk %f Butler [ Tl A AU 47 1 &%
N1 S 7 b 2R ol A TN S A D 2 PN S E e AL
SAMBIE, BT 28VE LR B VR s A
WA, (IR S A, W IRR FHEEL AR 2R A
Wei 55 NN R 2875 TE RN IO 208, 78 I
b, WRIREESE T ZEIRE BB BORIRE R By
i MR B TR AR 121 AR AR R o S E R
SPETRE, BHERSBE AR, RE i EE



108

FIMBLEER  20224F3 H B T7EFH 1Y

PR, KRB NE 2. AT AWIFE T SAGD
AP R BB, AR TR S B A
JrAHIN, B ZEIRE LT B AR T RIS
TR I HAT B SR B, TR R, W)
AN SZ AT R R, 25 B SAGD PR U5 5 i3
T P REVHN DL R R R B BT A (HUE, T
IR 8 282 IR 060 T e BB B Y R A A 5 2L
i ft. FBTEREN], FH0Z0RE EITRr L, HRETE
AT B R BT TN AT AR . R R SEA SRR
W1, SAGD L JHH B i 78 P AR B 10 A 7 o 52 31l
SH . ERSBEZ KRB Y, B 128K
T B B ) TR AR A X 2 P T AR A 7 o B 1
b, XIEZSEEILRE ATy, SRR Y
PRI RO B BTSRRI A, ORI
MERE R, S 2 PRy P, 45 SAGD T & iy et
PR SRR AR IR . A SCHE ST 28 BT
B B B AL, A % Lindrain B9 BE MY, HOHT
T 728 BT BO B AR STRCRL, PR IR
T, WIEh TGRS BB SO 28R A E
AR R, dt— 2R HBEE g M Jr ik, Xt
SAGD Z& Ul b T+ B BL ity = B A B AT 1B IE
PR B R A THRR, SORMERR SRS, )
PASh SAGD J1 K SE B PR i AL A S BB S04

1 2™ S B

AR SCHEE T Butler £ H (7= B HTIALRY, R Z£I%
B ETHBrB BB RN B, HBIE BT R AR,
HZRVUBE R BB I fe) A2 4k, Anfal 1 B 283U
TR B BRI B ARG R, R e, B
A REAE Sy, WL AR
v =n—-26, (1)
Sy MARTRIE IR B, SO REI A 04715
I RA&:

Y
=—-0 2
r=576 2

GRS /AIo = R Ve IR TR SRV N G BT R
7RI A 2 T N B TSl
Q. = VI 9AS, €)
K F575 1 Qe RIS E] R, AFEE TS 2] AL
JETKPFH B s 7 i«
dh

9o = 209ASh—- (4)

FR P LINDRAIN BRI 10 2895 s () 7 R B e 2%

TR Rz S -

H [8mv ¢AS H
y= 11 (B0 O%H )
t 27 Pkga

A, BNZRIEA SO = R R R, B
PR AT 2% i AR M5 | AR R B IE R %L,
.

I, X TAEEZRRIERE R, 2R RS

X:[é_x) _ | 27Bkga (6)
o)y \SgAS,mo

TR RZREEE A, BAKE IR 78R
AlDRURTHPERSINR

o= h¥ = {27ﬁk§i3¢ASch @

FIRTERIFE = B p b, ZEVRRE bR Be Aty AR i it
T VAR A ) e B B AR, IS AR LR T AR
dh 27 Bk gagAS,h

2ypAS h— = 8
78S, dr 8mu ®)
B L@, BUPaA LI Biio Rz U
T HE BT £ YOG AR -
13 13
hzé 9ﬂ2 kg8 3 )
2\ 16y mo PAS,

B AKX O) I HRALRKXG) AKX @), TS
ERNCH IR EGU L S VAN ¥ S B iU E Il FAss Wil 7
= 5L

chm = (;7\] [ﬁ_j [k"ff—gaJ (¢ASO )1/3 t4/3 (10)

4 mo

T

A

B1 MAEHSAGDERELAMRFSERETEE(—
FHEE)

Fig. 1 Schematic diagram of steam chamber development
during the rising stage of dual horizontal well SAGD process
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Fig.2 Scheme of initial steam chamber shape under different horizontal permeability
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Table 1 Design of orthogonal test parameters
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