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Abstract

In oil sands reservoirs with a water transition zone, steam assisted gravity drainage (SAGD) well-pairs
are drilled at least Sm above the water transition zone to avoid decreasing the thermal efficiency of the
steam and the resulting reduction in SAGD productivity. This renders a significant amount of oil in the
excluded lower net reservoir zone unrecoverable. However, a transition zone with high water saturation
is favorable for steam flow, allowing more heat to be transferred to the reservoir during steam
injection. This allows for the faster completion of the preheating stage, which is a non-productive
period of SAGD, and the early start-up of production stage, which improves productivity. In this study,
through a sensitivity analysis of various preheating methods and operating conditions according to the
drilling elevation of the producer, we identify sensitive operating conditions in the preheating stage
and propose an optimized operation of the SAGD preheating stage and recovery improvement by
utilizing the flow characteristics of the transition zone, if it exists.

Key words : SAGD preheating stage, transition zone, preheating method, preheating operation
condition, elevation of producer
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(a) Bull-heading (b) Steam Eirculalion
Fig. 1. Steam flow configuration of the preheating method (Webb et al., 2017).
Table 1. Summary of an SAGD project where the transition zone exists
Distance
.. between
Initial Avg. Pay producer
Project Depth reservoir - Avg. Kv. Ave. Kh thickness  Porosity Oll. and c¢SOR Preheating
pressure [mD] [mD] saturation .. type
[mTVD] [m] transition
[kPa]
zone
[m]
Christina
Lake 350 2500 4200 7000 22 0.31 0.81 6.7 2.0 Bull.
(Cenovus)
Germain 5 1200 1800 2500 17 0.34 0.68 0.0 5.1 Bull.
(Laricina)
Tucker Bull. —
Lake 440 3200 1800 3000 46 0.32 0.57 7.1 6.6 .
Circ.
(Husky)
Christina
Lake 359 2100 2500 5000 19 0.32 0.75 6.3 23 Cir
(MEG . . . . C.
Energy)
Jackfish 3 )¢ 2700 1500 4000 23 033 0.79 17.0 25 Circ.
(Devon)
Jackfish 145, 2700 2000 5000 23 033 0.79 5.0 3.0 Cire.
(Devon)
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20m °
25m ¥ Injector

101m

(a) Cross section forI-K plane

Transition zone

350m

(b) Cross section for J-K plane

Fig. 2. Dimensions of the reservoir model and SAGD well-
pair configuration for reservoir simulation.

Table 2. Reservoir properties for the reservoir model (Cenovus,
2017; Law and Nasr, 2003; MEG Energy, 2016; Nexen, 2017)

Parameter Value
Depth at reservoir top [m] 400
Initial reservoir pressure [kPa] 2,600
Initial reservoir temperature [°C] 12
Porosity 0.33
Oil saturation 0.79
Vertical permeability [mD] 2,800
Horizontal permeability [mD] 4,000
Thickness of transition zone [m] 5
Formation heat capacity [J/m’-K] 239 x 10°
Rock compressibility [1/kPa] 7 x 10
0Oil sands thermal conductivity [J/m-d-K] 1.469 x 10°

800 m Z0]2] SAGD 74 =& A 75 HL& Tl vl A]
sk o, UL A O] 5 m Aol YRR Aqk
HAE AT A DA Y] A FE 2E-S STARS A&
o]E] 9] FlexWell 7]%-& A83}o] SAGD -4 4 3
(annulus) W7ol 71 7R3t 442 FRe A5 KFig.
5). ZH RS ol @A of met AE S = 9 A4S o
dHAIE AT

10,000,
—a— STARS Qil Viscosity, Region 1|
1,000,0001 :

100,000/

10,000

g

Ol Viscosity @ 1013 kPa (cp)

10|

18 82 189 323 400

248
Temperature (C)

Fig. 3. Bitumen viscosity curve for Athabasca-type oil (Law
and Nasr, 2003).
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(b) Liquid-gas relative permeability curve

Fig. 4. Relative permeability curves for Athabasca-type oil
(Law and Nasr, 2003).
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A3} AP 220)o]] 1x800%2 m(Z}2H ], J, K 2 2719] 7153t L5 445t
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90, 100, 110, 130°Co] EEHL o A IATA S £E35lL Aol AlF8k= H-5 7HI S TH(Fig. 7).

Casing

Annulus
1D: 222mm, OD: 245mm

Short-tubing Long-tubing Slotted liner
ID: 89mm, OD: 99mm ID: §9mm, OD: 99min ID: 156mm, OD: 178mm

[l
1
1
!
(3

Fig. 5. Tubing configuration of the wellbore model.

T JK
Sector 1

25m

Transition zone

850m

Fig. 6. Location of Sector 1.

(a) Elevation of producer on 5m above transition zone (b) Elevation of producer on 2m above transition zone

Oil saturation

Fig. 7. Three elevations of the SAGD well-pairs examined in the reservoir model.
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Table 3. Experimental design for the preheating operation
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Design parameter

Values

Steam injection rate [m3/day] 60

80 100 (Base) 120 140

Pressure difference (Pproa-Pinj) [kPa] -200

-100 0 (Base) +100 +200

Steam quality

0.6 0.8 0.95 (Base)

Elevation of producer [m]

5 2 0

Preheating method

Bull. Circ.
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Fig. 8. Sensitivity analysis of the temperature of preheating
termination.
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(c¢) Elevation of producer on the top of transition zone

Fig. 9. Preheating stage temperature distributions for three different elevations of the producer in bull-heading.

() Elevation of producer on Sm above transition zone

(b) Elevation of producer on 2m above transition zone

10000000,
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(c¢) Elevation of producer on the top of transition zone

Fig. 10. Preheating stage temperature distributions for three different elevations of the producer in steam circulation.
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(a) Steam injection rate
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-------------
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. 05
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(c) Steam quality

Fig. 11. Preheating period of the preheating method and elevation of the producer above the transition zone for three different

operational parameters.

Table 4. Results of the sensitivity analysis for the preheating period

Preheating period [day]

. ... 5 m 2 m 0 m

Preheating conditions Values Bull.  Circ.  Bull.  Cire.  Bull. _ Circ.

60 71 115 - - - -

Steam injection rate 80 57 8 87 89 - -
[m?/day] 100 (Base case) 45 66 33 91 62 79
120 - - 32 56 46 74
140 - - - - 34 39
-200 46 65 38 56 62 86
Pressure difference -100 48 69 32 91 61 82
(Pproda-Pinj) 0 (Base case) 45 66 33 91 62 79
[kPa] +100 46 68 31 91 66 77

+200 46 65 54 92 60 85

0.60 68 135 114 159 42 103
Steam quality 0.80 55 80 73 91 48 80
0.95 (Base case) 45 66 33 91 62 79
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270 tha) 28 Mg o|duAlo] A8 w8t oA of H3teSORS] WBk= 7] 9] 9100, A8 EAA cSOR
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shey

394 01w
o361
7 = a1 g . e
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1
120 L
I
(a) Steam injection rate {b) Pressure difference

Steam quality

(c) Steam quality

Fig. 12. cSOR of the preheating method and elevation of the producer above the transition zone for three different preheating
operational parameters.

Table 5. Results of the sensitivity analysis for cSOR

cSOR
. .. 5m 2 m 0 m
Preheating conditions Values Bul.  Circ. Bull.  Circ. Bull.  Circ.
60 36 373 - - ; ;
. 80 36 367 355  3.63 ; ;
Steam ”?;Ctlon rate 100 (Base case) 36 367 3.6 364 374 377
[m/day] 120 - - 359 361 373 379
140 ; ; - - 373 375
200 36 366 359 359 373 379
Pressure difference -100 3.6 3.67 3.58 3.64 3.73 3.78
(Pproda-Pinj) 0 (Base case) 3.6 3.67 3.6 3.64 3.74 3.77
[kPa] +100 36 3.67 356 365 374 378
+200 3.6 3.66 357 364 374 378
0.60 366 394 371 39 375 387
Steam quality 0.80 362 372 353 37 375 381
0.95 (Base case) 36 367 36 364 374 377
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Fig. 13. CDOR and cumulative oil production by the preheating method and elevation of the producer above the transition zone

for three different preheating operational parameters.

Table 6. Results of the sensitivity analysis for cDOR

¢DOR [m3/day]
. .. 5 m 2 m 0 m

Preheating conditions Values Bull.  Circ. Bull.  Circ. Bull.  Circ.

60 130 118 R - ; R

L 80 132 128 159 156 ; R
Steam “?f;“on rate 100 (Base case) 134 130 173 157 183 177
[m"/day] 120 - - 174 167 189 179

140 ; - - - 195 193
200 133 131 172 167 183 174

Pressure difference -100 133 130 174 157 184 175
(Pproa-Pinj) 0 (Base case) 134 130 173 157 183 177
[kPa] +100 134 130 175 157 181 177
+200 134 131 167 157 184 174
0.60 132 115 150 136 190 166
Steam quality 0.80 134 128 163 156 187 175
0.95 (Base case) 134 130 173 157 183 177

A6l A3%
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Table 7. Results of the sensitivity analysis for cumulative oil rate

a3} Ads

Cumulative oil rate [10* m’®]

Preheating conditions Values > m - 2m - 0 m -
Bull. Circ. Bull. Circ. Bull. Circ.

60 59041 53441 - - - -

o 80 59716  5.8232  7.1968  7.1092 - -
Steam[;?f;;;‘]’n rate 100 (Base case) 6.0053 59041  7.6348  7.1361 8246  8.0242
120 - - 7.6482 75135 84677  8.1116
140 - - - - 8.6358  8.5887
-200 6.004 59164  7.6011  7.4865 82615  7.9245
Pressure difference -100 6.004 58962  7.6752  7.1429 82817  7.9582
(Poroa-Piny) 0 (Base case) 6.0107 59029  7.6348  7.1361 8248  8.0256
[kPa] +100 6.0107 59164  7.7089  7.1226  8.1941 8.0323
+200 6.0107 59164  7.4865  7.1496 82817  7.9245
0.60 6.004 51887 72335 69744 93396 82075
Steam quality 0.80 6.0445 58221 73383  7.1159 9252  8.7062
0.95 (Base case) 6.0377 59097  7.6348  7.1294  9.0566  8.7803
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