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New method to comprehensively evaluate stream—assisted
gravity drainage (SAGD)development result
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Abstract: In order to quickly evaluate the production process and the development result of SAGD, six mathematical mod-
els which can be used as indexes to evaluate SAGD performance were proposed based on the injection and production data
during SAGD and by using reservoir engineering methods. These six models include instantaneous steam oil ratio, cumula-
tive steam oil ratio, cumulative production injection ratio, cumulative water steam ratio, water cut and cumulative steam re-
tention ratio. Under the determined extreme instantaneous steam oil ratio, the variation between the degree of recovery fac-
tor and above evaluation indexes under different forecasting final-recovery factor were obtained to form standard templates.
Then a promoted method used to evaluate SAGD development process and result was formed. This method was applied to
the drainage area 15 of Long Lake Oilfield, Canada. The results show that the models of the instantaneous steam oil ratio,
the cumulative production injection ratio and the cumulative water steam ratio can be used to dynamically characterize the
effect of high water cut zone and top water zone on production. On the basis of initial recovery factor of 73%, the finally fore-
casted recovery factor can be increased to 80% if further adjustment methods are conducted.
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Tablel  Geology and well parameters and regression coefficients of drainage area of Long Lake Oilfield
M Hm)  Hym)  Hym) H,m) R ¢ S, Lm)  L(m) ¢ 4, B, A, B,
1 25.0 1.9 5.7 33 0.801 0.313 0.597 784 663 09569 2.0364 0.0051 2.1102 0.0071
2 24.0 2.1 5.3 5.2 0.768 0.301 0.648 794 703 0.8240 2.1816 0.0060 2.1731 0.0086
3 19.1 2.7 5.6 3.1 0.473 0.283 0.557 680 478 02778 1.6433 0.0264 1.5309 0.0283
4 27.8 1.9 54 3.7 0.710  0.309  0.608 917 741 0.8882 2.0962 0.0050 2.1488 0.0053
5 38.5 1.0 2.2 34 0.724 0.295 0.643 751 623 22456 2.1565 0.0035 22199 0.0037
6 29.8 33 1.0 1.6 0.622  0.295 0.676 872 628 1.5519 2.0598 0.0070 2.0055 0.0089
7 12.4 1.9 2.1 1.4 0.671 0.307 0.654 922 784 0.7962 2.0235 0.0082 1.9455 0.009 4
8 18.2 1.9 2.0 3.8 0.664 0.245 0.568 877 700 0.5472 19147 0.0114 1.8482 0.0132
9 30.1 2.5 52 2.4 0.858  0.313 0.733 924 781 1.5837 22299 0.0032 2.2489 0.0035
10 28.5 3.3 2.3 3.1 0.725 0.283 0.623 905 724 1.0053 22913 0.0041 22764 0.0054
11 11.9 2.0 33 2.1 0.634 0.279 0.538 862 611 03312 1.8881 0.0224 19218 0.0225
12 249 3.2 2.3 3.1 0.703 0.293 0.693 708 579 1.0200 19586 0.0118 1.8928 0.0146
13 9.9 2.0 2.7 0.5 0.688 0.282 0.673 1111 717 0.6223 22001 0.0115 2.1553 0.0132
14 27.6 1.4 4.8 6.3 0.739 0.307 0.705 730 531 09142 2.0798 0.0080 19228 0.0116
15 24.7 1.7 43 8.0 0.878  0.326  0.728 615 527 1.1302 2.0685 0.0054 19767 0.0060
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Fig.3 Regression relationships between C and A,, B, ,A,,B,

3w

7 FH T 3 57 19 SAGD FF e 85 TE A F8 A 458 7Y
((8).(9).(11) .(12) .(16) . (17) =) XFJim &= KK b
T FE 0 DR I R ORI AT A o DA X 15 2R
5], B FR 15 s 9501 B A 10, 78 28 7 AN ] T30 R Wi
RERAETE AR I A L K Tl X 15 B SR A = 5
I 5 HSEAE AT (E4) .

TEPEFRBY B, 1 X 15 A 7K SR i 4 1 A
FIRTIGE 64 A o PRI AR = 40300, a1 i ik
I AKBECR R S KR KT 80%, B A
RN BB A . AR R T LR
AR IR 40% J5 L 20 R K2 (R R 4.3 m) T
IKZ (JEFE A 8.0 m) [ 52 12 7 @ B0, 1 A ZE 75303
REEAR, BEET I e BRUR I H A BRI Y
WL B T, 2B 7= B0 2 1) SR IBOR 609% HE
WM . Il o AR VRt A IR 2



H26E K4 Fi)IAESAGD TR R RCRER A PN BT i ik -103-
8 e
—~ — L
o B L]
£ ESIE AN
E E
) N
Y Y
p=: =
r rd
Z B 2L ook —E-oon
= o WIS --- RUEAREL o it X15 I——FW% .
0 20 40 60 80 100 0 20 40 60 80 100
K B (%) K AR EE (%)
a—1 I V9 Bl b— R BRI L
1.05 0.85
" 1.00 “g 0.80 F
o~ o
£ £ 075 F
; 0.95 E=10% ; —E=10%
- —E=20% - 0.70 ——E=20%
\& 0.90 —— E=40% S —— E=40%
u% — E=60% = 065 ——E=60%
= 0.85 —— E=80% = 060 Lo _ E—s0%
B o XIS - SRR b T 4 Bk D00 e o IIXIS --- SR b L
0.80 I ] 1 ) 0.55 hd I I 1 L )
0 20 40 60 80 100 0 20 40 60 80 100
K FE B (%) K AR EE (%)
c—RBREL d—RBUKA L
100

s 80 —E=10%
e 70 —E=20%
% —— E=40%
&1 60 —— E=60%
—— E=80%
50 1/ o MHIIXIS - - Rl 4
40 1 1 1 1 J
0 20 40 60 80 100
KR IE (%)
e— KFE

e
o
i
=S
&
w —— E=60%
®0.1F —— E=80%
o MEDCTS - SRUCK I E
1 1 1 1 J
0 20 40 60 80 100

K 2 BE (%)
28R BT B B

El4 fngEKAKHH Hithi X 15 SAGD FF R B RN E IR
Fig.4 Evaluation plates for SAGD development in drainage area 15 of Long Lake Oilfield , Canada

BRESE I T HARR I, MeE 28 IR R B AR5
P, BEAR TR K S0, SAGD JT & U R B Wi A8 4. 2
2018 4F 4 H R L N 58.3% . W1 UAHR E R ULHE
K T3% . XF LG SE R AR R AR L S S e i 2
I X 15 19 SAGD & FEAS VR R s o 4 K% g
B, SRS TR L, RO A
HE— 2D i 2RISR 80% KT

ST ST B EA T 3 R P R e 3 3k i S
X SAGD 2 25 P8 H 45 5 FF B BRI 74 850 PRk
PR o 7ol ) AN TR i 0 S B A e A
P A= P4 IE S B Ge i, 745 H TR R,
Xof A R AN R ORI T VR

4 ik

T2 IRAT A TR RARTEA
R H 2 1] A HL A B T SR e A il £ TR A

FHF SAGD A= 77 2

FF KA H SAGD JF & i L PR IR A,
He'F T BRI L BRI B RUR L B
IR B AR TN 28R R B B L 4E 6 AT R RiSR
TR R AR LAY, [0S T SRR SR AR i £ v (|1 9 &R
5 RAE SAGD X HeHh it I8 SEW 25 B R IES
B R, B T —EL I & X SAGD IF
RV Tk, AR AR T A X R R SR AR AIE 1 2
EVEER5 sl SN

TR A )9 P X 15 A S PRI FH I L 1%
X SAGD FF RN, A it — L4 T a5 0], fr
SE VPN T 3 RN BT X SAGD sh 75 I8 4% 4% S AN JF
KRR AT A RO, 8 FIe e

HemE

N——ZBUER R, 10° m*;4,, B, A,, B—— T H R84
N— 2B &, 10° m’; N—— R B | &, 10° m;



<104~ moR M R

5

R oMo

20194F7 A

Rigon—— BRIV EL , m*/m?; Q —— e — I Z0 785, m¥/d
Q—H—WF 2= i, m/d; E——RIMFE, %5 N—11
L BT A% L 100 M E——H R B & BRI R R R %
R o T AR B TE M R V3 B, m*/m s R o —— R BUR
W, m¥m®; 0 ——F—AF 20 PP e, mPd s —— KR, %
Rpp—— BBURE ., m*/m?; Ry B BRI, m/m’;
R— 8 BB L C—— 2R B RAE 4 R—— R i
JE IR L], SCrb AR iR RS /N T 30% ik )2 B
o7 2R EE Y L) s H—— R TR my o——FL IR
S—— S M IR L, L——SAGD KFEHA R Bk
B2 m, X PRI, MG H—— R EIIZEEL  m;
H, —— 2N ER R K2R my B, —— SR A
B FZEZ ERTUK)Z R m,

S5 3k

BULTER R M.Some recent developments in SAGD[J].Journal of
Canadian Petroleum Technology,2001,40(1) : 18-22.

AL BAHLANI A M,BABADAGLI T.A critical review of the status
of SAGD: Where are we and what is next [ C]. Bakersfield: SPE
Western Regional and Pacific Section,2008.

FAROUQ Ali S M.Life after SAGD-20 years later[ C ].Anchorage:
SPE Western Regional Meeting,2016.

AR PO, XUHR, T , 45 . 280 B T I 2R R R
WF5E L] PR ARl AR BRI, 2008,30(4) £ 123-
126.

ZHAO Qinghui, LIU Qicheng, YU Tao, et al. Research on the
characteristics of steam chamber development of steam-assisted
gravity drainage [J]. Journal of Southwest Petroleum University :
Science & Technology Edition,2008,30(4) : 123-126.

A 22T R SRR, S PG S8 SR S AR B
U BARCR [T ] BT S SRR, 2017, 24(4) : 94~
98.

SHI Lanxiang, LI Xiuluan, MA Desheng, et al.Effect of fast and

(5]

uniform start—up enhancement technology on preheating perfor-
mance of SAGD [J].Petroleum Geology and Recovery Efficiency,
2017,24(4):94-98.

AT % RSB IR HER, 4 WU T T 37 R X SAGD JF i
R B AR ] BTSRAT 5T, 2015, 36(4) :483-486.

HE Wanjun, MUHETAER, DONG Hong, et al. EOR technologies
of SAGD development in Zhong -37 wellblock, Fengcheng oil-
field, Junggar basin [J]. Xinjiang Petroleum Geology, 2015, 36
(4):483-486.

B B, R, A5 TR AR SUK P JE SAGD Sz AR
TFHAEACHIFEL) ] FE R0, 2015, 22(6) : 104-107.

YANG Zhi, ZHAO Rui, GAO Zhiqian, et al.Study on SAGD ste-
reo well pattern development mode of dual horizontal wells for

shallow extra heavy oil[ J ].Special Oil & Gas Reservoirs,2015,22

(8]

[9]

[10

[t

[11

[

[12]

[13

[

[14]

[15]

[16]

[17]

(6):104-107.

TRy, SIS, A SRR KRS BRI S A B
eI AL ). i A i R AR, 2018, 14(2) :49-53,67.
WANG Dawei, WU Tingting, GE Taotao, et al.Physical simulation
of SAGD for extra heavy oil reservoir with strong bottom water[ J ].
Xinjiang Oil & Gas,2018,14(2):49-53,67.

YANG G, BUTLER R M. Effects of reservoir heterogeneities on
heavy oil recovery by steam—assisted gravity drainage [J].Journal
of Canadian Petroleum Technology, 1992,31(8) :37-43.
POOLADI-DARVISH M, MATTAR L.SAGD operations in the
presence of overlying gas cap and water layer—effect of shale layers
[J].Journal of Canadian Petroleum Technology,2002,41(6) : 40—
51.

R, A, BT S E A AR BT I AR A
RAEER L) ] i 55 R, 2016, 23(6) :94-98, 104,
XIE Huafeng, WANG Jian, HUANG Haiping, et al. Influence of
fluid heterogeneity on SAGD in Canadian oil sands[J ].Petroleum
Geology and Recovery Efficiency,2016,23(6) :94-98,104.
BRRE  BEARAL SIS, 25 e 2 X = R Z2 BT i A X B 3L
IRV ZE T By o 3 I A s [ ] 3l S T R,
2016,23(2) :62-69.

WEI Shaolei, CHENG Linsong, ZHANG Huideng, et al. Physical
simulation of the interlayer effect on SAGD production by dual
horizontal well in Mackay River oil sands block, Canadal[ J].Petro-
leum Geology and Recovery Efficiency,2016,23(2) : 62-69.
SKUE VR, R0 iR BH DY, 45 e J X 28 i B T 7 i3l 1 5 )
[J ]l <, 2017, 24(5) : 120-125.

ZHANG Hongyuan, LI Ting, XIE Yangbo, et al.Impacts of inter-
layers on SAGD [J] .Special Oil & Gas Reservoirs,2017,24(5) :
120-125.

TR, SO, 59, 55 2R BRI I R R R R
B FE T B 3 kAR 2 [0 ] O B R
2017,24(1):80-85.

WANG Chuanfei, WU Guanghuan, WEI Tao, et al.Physical simu-
lation experiment of nitrogen gas sand dissolve solvent aided
SAGD for thin formation and extra—super heavy oil reservoir[J].
Petroleum Geology and Recovery Efficiency,2017,24(1) :80-85.
DENNEY D.Dynamic economic indicator to evaluate SAGD per-
formance[ J ].Journal of Petroleum Technology, 2006, 58(12):64-
67.

SHIN H.A reservoir economic indicator to evaluate a SAGD proj-
ect [C]. Calgary: Canadian International Petroleum Conference,
2008.

SRR A R B S B (ML et i Tl R R
2013:110-111.

LIU Huiging. Principle and design of thermal recovery [M ]. Bei-
jing: Petroleum Industry Press,2013:110-111.

g x) At



