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Figure 1.1 Oilsands in Canada.
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Figure 2.1 CSS (Cyclic Steam Stimulation).



2.3 SAGD (Steam-Assisted Gravity Drainage) 3"
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Table 2.1 The process of oilsands recovery

Al Air Injection
BREA Biological Recovery of Energy Assets
BRUTUS | Bulk Reservoir Upgrading Technology for Unconventional
Systems
CASPER | Catalytic Air Steam Process for Enhanced Recovery
CAPRI THAI with Catalyst bed Surrounding the Production well
COGD Combustion Overhead Gravity Drainage
CSpP Cyclic Solvent Process
CSS Cyclic Steam Stimulation
EM Electromagntic
ES-SAGD | Expanding Solvent Steam Assisted Gravity Drainage
Liquid Addition to Steam for Enhanced Recovery
LASER
(solvent-assisted cyclic steam stimulation)
PHASR Phased Steam Solvent Recovery
SAGD Steam-Assisted Gravity Drainage
SAGP Steam and Gas Push
SAP Solvent Aided Process (essentially the same as ES-SAGD)
SAS Steam Alternating Solvent
SAVEX Steam Assisted Solvent Extraction
SAVES Solvent Assisted Vapor Extraction
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SCUM Steam and Catalyst for Upgrading with Microwaves
THAI Toe-to-Heel Air Injection

TSS-SAGD | Tapered Steam and Solvent Steam-Assisted Gravity Drainage
VAPEX Vapor Extraction
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B Additional well
M Additional recovery area

B Injector well
B Producer well

Figure 2.4 SAGD wells and wedge well.
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Figure 2.5 Schematic diagram of a biological neuron.

Figure 2.6 Schematic diagram of an artificial neural network.

M2 8k o



Table 2.2 Comparison of BNN and ANN

Biological Neural Network Artificial Neural Network
Neuron Processing elements
Dendrites Input layer
Soma - Integration of excitatory / Weighted sum

inhibitory fashioned neuron

Axon - Fire(over threshold) Activation function — output
Synapse Interconnections
Electrochemical pulses Connection weight
18
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Table 3.1 Reservoir properties of SAGD model

Reservoir properties Value
Grid System I xJx K=12m) x 502m) x 20(2m)
Porosity (unitless) 0.23
Horizontal permeability (md) 2,500
Vertical permeability (md) 1,250
Initial oil saturation (unitless) 0.85
Initial reservoir temperature (°C) 15.5 @ surface
Initial reservoir pressure (kPa) 2700 @ reservoir top
Steam temperature (°C) 235

Table 3.2 Well constraints of SAGD model

Well constraints

injector
BHP (Bottom hole pressure) : MAX 3,500 kPa
STW (Surface water rate)  : MAX 10 m’/d
producer
BHP (Bottom hole pressure) : MIN 3,000 kPa
STEAM (Steam rate) : MAX 0.1 m*/d
STL (Surface liquid rate) : MAX 20 m’/d
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Figure 3.3 Cross section of reservoir pressure.
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Table 3.3 Well constraints of wedge well model

Well constraints

injector
BHP (Bottom hole pressure) : MAX 3,500 kPa
STW (Surface water rate) : MAX 10 m’/d
producer
BHP (Bottom hole pressure) : MIN 3,000 kPa
STEAM (Steam rate) : MAX 0.1 m¥d
STL (Surface liquid rate) : MAX 20 m’/d

Wedge well (Injection time)
BHP (Bottom hole pressure) : MAX 5,000 kPa
STW (Surface water rate) : MAX 40 m’/d

Wedge well (Production time)
BHP (Bottom hole pressure) : MIN 3,000 kPa

STEAM (Steam rate) : MAX 0.1 m’/d
STL (Surface liquid rate) : MAX 20 m’/d
0.00 40.00 80.00 fest
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Figure 3.5 Schematic diagram of wedge well model.
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Table 3.4 Comparison of SAGD, Wedge — A and Wedge — B at 2022

Process Recovery factor CSOR

SAGD 0.56 4.53
Wedge — B 0.69 4.68
Wedge — A 0.66 4.59
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Steam Channeling |

Figure 4.1 Steam Channeling of wedge well model.
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Table 4.1 Reservoir properties of 3D heterogeneous model

Reservoir properties Value
Grid System I xJx K=1050m) x 502m) x 20(2m)
Porosity (unitless) 0.23
Horizontal permeability (md) 2,500
High horizontal permeability (md) 25,000
Vertical permeability (md) 1,250
High vertical permeability (md) 12,500
Initial oil saturation (unitless) 0.85
Initial reservoir temperature (°C) 15.5 @ surface
Initial reservoir pressure (kPa) 2700 @ reservoir top
Steam temperature (°C) 235

Table 4.2 Well constraints of SAGD model

Well constraints

injector
BHP (Bottom hole pressure) : MAX 3,500 kPa
STW (Surface water rate) : MAX 500 m’/d
producer
BHP (Bottom hole pressure) : MIN 3,000 kPa
STEAM (Steam rate) : MAX 5 m/d
STL (Surface liquid rate) : MAX 800 m’/d
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Table 4.3 Well constraints of wedge well model

Well constraints

injector

BHP (Bottom hole pressure) : MAX 3,500 kPa
STW (Surface water rate) : MAX 500 m’/d

producer
BHP (Bottom hole pressure) : MIN 3,000 kPa
STEAM (Steam rate) : MAX 5 m/d
STL (Surface liquid rate) : MAX 800 m’/d

Wedge well (Injection time)

BHP (Bottom hole pressure) : MAX 5,000 kPa
STW (Surface water rate) : MAX 2,000 m*/d

Wedge well (Production time)

BHP (Bottom hole pressure) : MIN 3,000 kPa
STEAM (Steam rate) : MAX 5 m’/d

STL (Surface liquid rate) : MAX 800 m’/d
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Table 4.4 Comparison of SAGD, Wedge — A and Wedge — B at 2022

Process Recovery factor CSOR
SAGD 0.46 3.50
Wedge — B 0.50 3.22
Wedge — A (4yr) 0.57 3.56
Wedge — A (8yr) 0.52 3.56

Table 4.5 Comparison of SAGD, Wedge — A and Wedge — B at 2030

Process Recovery factor CSOR
SAGD 0.67 3.78
Wedge — B 0.66 3.80
Wedge — A (4yr) 0.66 3.29
Wedge — A (8yr) 0.70 3.64
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Figure 4.6 Development of steam chamber.
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(Generate training and test scenarios

Simulate scenarios using STARS
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S ranacias Verify ANN results for test scenarios

Predict possible scenarios by ANN

Select the best scenario

Figure 5.1 Flow diagram for optimizing wedge well technology using ANN.
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Figure 5.2 Planned SAGD wells.
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Figure 5.3 3D view of the simulation model.

PAD 101-2 PAD 101-1

Figure 5.4 J-K cross section of simulation model.
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PAD 101-1

PAD 101-2

Figure 5.5 I-J cross section of simulation model.

PAD 101-1 Injector

= — =10

PAD 101-1 Producer

Figure 5.6 I-K cross section of simulation model.
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Table 5.1 Reservoir factor and value

Parameter Unit Value
Initial reservoir temperature T 11
Initial reservoir pressure at 200m depth kPa 2700
Average horizontal permeability mD 2,504
Average vertical permeability mD 1,252
Average porosity - 0.3
Bitumen viscosity at 10C cp 2,864,376
Methane gas mole fraction - 0.12
Effective formation compressibility 1/kPa 14E-6
Rock heat capacity Jm*C 2.60E+6
Water thermal conductivity J/m-dayC 5.35E+4
Oil thermal conductivity J/m-dayC 1.15E+4
Gas thermal conductivity J/m-day C 5.0E+3
Rock thermal conductivity J/m-day C 6.60E+5
Overburden heat capacity Jm*C 2.350E+6
Overburden thermal conductivity J/m-day C 1.496E+5
Underburden thermal capacity Jm*C 2.350E+6
Underburden thermal conductivity J/m-day C 1.496E+5
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Table 5.2 Wedge well production time period for optimization

Period Time Date
Preheating 3 months 2012.01.01 ~ 2012.04.01

SAGD 7 years 2012.04.01 ~ 2019.01.01
Period 1 1 years 2019.01.01 ~ 2020.01.01
Period 2 1 years 2020.01.01 ~ 2021.01.01
Period 3 1 years 2021.01.01 ~ 2022.01.01
Period 4 1 years 2022.01.01 ~ 2023.01.01
Period 5 1 years 2023.01.01 ~ 2024.01.01
Period 6 1 years 2024.01.01 ~ 2025.01.01

Table 5.3 Prediction performance of the ANN model

Statistical Parameter CSOR Recovery Factor
Correlation coefficient 0.93 0.96
AAPE (%) 0.99 0.58
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Table 5.4 Top 5 optimal production scenarios for steam injection pressure

Rank Period 1 Period 2 Period 3 Period 4 Period 5 Period 6

1 4000 3900 4000 4000 4000 2900
2 4000 3900 3800 4000 3900 2900
3 3900 3700 4000 4000 4000 2800
4 4000 3800 4000 4000 3900 2600
5 3900 3800 4000 4000 3800 2800

Table 5.5 Comparison of cumulative oil production and cSOR for the
oilsand field

Cum. Oil Production

Case (M) c¢SOR

Optimum Scenario 711.97 2.77
Wedge Well at 2,900 kPa 602.27 2.53
Wedge Well at 3,500 kPa 674.38 2.74
Wedge Well at 4,000 kPa 708.24 2.91
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Figure 5.7 Top 5 optimal production scenarios for steam injection pressure.
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Abstract

Optimized operation of wedge-well technology

considering steam channelling among vapor chambers

Soonhyeong Jeong

Department of Energy Systems Engineering
The Graduate School

Seoul National University

A wedge-well has been employed to enhance bitumen recovery for the field
operated by SAGD (Steam Assisted Gravity Drainage). Previous works related to
the enhanced recovery by wedge well have focused on the growth of the steam
chambers in homogeneous reservoirs, thereby overlooking the effect of steam
channeling in heterogenous reservoirs.

This study proposes the optimized operating conditions of wedge-well to
investigate the interference effect among steam chambers. The start-up period and
the steam injection pressure are taken as operating variables for enhancing the
recovery by wedge-well. The steam injection pressure is optimized using artificial
neural network after determining the start-up period by scenario analysis.

The reliability of this method is validated for the oil sands reservoir in
Athabasca, Canada. It shows that the highest efficiency is obtained when
wedge-well is drilled after SAGD steam chambers are merged. This is due to the
fact that the early start-up of wedge-well causes severe steam channeling. The
performance of the wedge-well is maximized by keeping its injection pressure
higher than that of SAGD at the earlier stage of production, whilst the efficiency
of wedge-well is improved by lowering the injection pressure to use the latent

heat in the mature steam chambers at the later stage of production. The proposed
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approach can be applied to the oil sands when the growth of the steam

chambers is critical to enhance bitumen recovery.

Keywords: wedge-well, SAGD, artificial neural network, oil sands
Student number: 2011-21108
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