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Oil Sands in Western Canada

e ~170.4 billion bbls heavy oil & bitumen
(rAPI 5-20) in-place:
/ Athabasca ~ 130 billion bbls
Cold Lake ~ 20 billion bbls

/ Peace River ~ 13 billion bbls

¢ Perday, 21 million m3 of H, to Upgrade
125,000 m? of bitumen per day to
Synthetic Crude Oil
(AP 31-33)

* 96% of H, Used in Upgrading Generated
from Steam Reforming (Fuel = Natural
Gas)

A » Givensize of resources, value of H,
e from bitumen means large $$ & low
GHGs
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H, Production from Fossil Fuels

Petroleum coke Propane
Fuel oil I Natural gas A — Maximum theoretical yleld
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Athabasca Bitumen could
yield ~95 mol/kg

In-situ gasification can save
on GHG emissions

* Large bitumen resources
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Project Overview

* Objective : To understand hydrogen generation during
combustion of Athabasca Bitumen

* Method:

1. Examination/Review of Existing pyrolysis,
agquathermolysis, gasification and oxidation data

2. Construction of Comprehensive Reaction Model and
evaluation of kinetic constants

3. Validation of kinetic model with Multiple sets of Lab
data

4. Prediction and of H, generation on field scale
reservoir simulation
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Mechanisms of H , Production from
LAB Bitumen

* Aquathermolysis (Hyne et al. 1977)

» Thermolysis (Hayashitani et al. 1977)

» Coke Gasification & Water-Gas Shift (Davis & Jennings 1984)
FIELD

* Most H, Generated by Coke Gasification followed by Water-
Gas Shift (Hajdo et al. 1985)

* Marguerite Lake In Situ Combustion Pilot (Alberta)

Continuously Generated Up To 20% H, in Produced Gases
(Hallam et al. 1989)

e THUS, must include all mechanisms in model to obtai n
realistic predictions
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Proposed Reaction Scheme

» H, Generation from Bitumen:
Thermal cracking (Pyrolysis, Thermolysis)
Oil and Coke Oxidation/Combustion
Gasification Reactions
Water-Gas Shift Reaction
Aquathermolysis
Methanation
H, Combustion Reaction
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Components & Reaction Scheme
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Components & Reaction Scheme

—
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18 Reactions and 11 Components

. @ @ e
Kinetic parameters for these reactions? Belgrave et al. 1993

Kapadia et al. 2010

Adegbesan 1982

Thomas et al. 1985
Guntermann et al. 1982
Babushok and Dakdancha 1993
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Kinetic Parameters

* From literature survey:

. Athabasca oil sands thermal cracking (Strausz et al. 1977)

. Athabasca bitumen thermal cracking (Hayashitani et al. 1977)

. Athabasca oil sands thermal cracking (Phillips et al. 1985)

. Athabasca oil sands thermal cracking (Millour et al. 1985)

. Athabasca bitumen LTO (Adegbesan 1982)

. Coke HTO (Thomas et al. 1985)

. Methane and HMWG HTO (Yang and Gates 2009)

. Coke Gasification, Water Gas Shift & Methanation (Guntermann et al. 1982)
. H, and CO combution (Babushok and Dakdancha 1993)
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Parameter Estimation(Pyrolysis)

* Define Reaction Scheme

» Set up kinetic equations for each component in the form of
ODE

» Reaction kinetic paramters estimation at different
temperatures from different experiments

* Plot Ink Vs 1/T for a given reaction

» Estimate Arrhenius parameters “A” (Pre-exponential factor)
and “E” (Activation energy)
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Kinetic Parameters from literature for

-low and high temperature oxidations
-coke gasification
-water gas shift reaction

-hydrogen consuming reactions

to be tuned later on with lab/field data
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Marguerite Lake In-situ

— 1 Combustion Pilot (Alberta)

Ltotno «Cold lake heavy-oil region/Clear water
® - rRopucrr formation
@ = OBSEIVATION 'Resel‘VOIl’ :
@ - INFIL WELL 450 m deep

unconsolidated sand,

Grosspay =34 m

Porosity = 30%

Permeability = 1-3 Darcy

Bitumen saturation = 64%

Initial Reservoir temp =15 1IC
«All wells initially steam fractured (CSS)
«Selected wells turned to air/enriched air
injection
*Most wells in the field have produced
hydrogen, some consistently as high as 20
7 masaeeire axe o mole %
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Field Operation
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Produced Gas Composition

Time, month

Time, months

(Well EX T2)
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*Hydrogen Production peaking after air-water co-injection

*Coke Gasification & Water Gas Shift — Key reactions
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Field Operation
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Produced gas composition

(well EX 5)
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Hydrogen production climbing up to 20 mole % during enriched air injection followed by
water injection
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Design Issues for In Situ H , Gen

» Potentially better to extract bitumen from reservoir in the form of H, and
CH, rather than dirty oil; a cleaner energy vector

» For predictive field scale reservoir simulation, require comprehensive
reaction scheme

» Large uncertainty of kinetics and how to model by using thermal reactive
reservoir simulation

» Uncertainties of hydrogen generation in reservoir, transport through
reservoir, and recovery from reservoir

 If use combustion to generate heat, must keep H, and O, separate to
prevent H, combustion

» Very limited field evidence to validate models.
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Simulation Model

*Model developed by Yang & Gates (2009)
eInitial Reservoir Temp = 10 IC

eInitial Reservoir Press = 1200 kPa

36 x 29 x 3 grid blocks

*750 m along the well

*Average horizonal permeability = 3400 mD
*Average vertical permeability = 1160 mD

*The average porosity is about 0.30
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Simulation Model

*Average oil saturation in the oil-rich zone (lower
18 m of the model) is about 0.85

4 phases (Gas, Aqueous, Oil, Deposited Solid)
*Thermal simulator with reaction capabilities
*Flow through porous media

*Phase equilibria between gas/oil/water phases
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Process Design
Field Model selection
Field scale reaction kinetics tuning
Co- or Cyclic-injection of air/oxygen and water?

Marguerite Lake In-situ Combustion Pilot suggests cyclic injection of
air/oxygen and water to keep H, and O, separated

Well location to transport H, to producer effectively
Sensitivity analysis and optimization

Model validation against field pilot

Final Remarks

Present bitumen gasification scheme includes pyrolysis and
gasification reactions

Addition of Aquathermolysis reaction
Bitumen + Water = CO, + CO + H, + CH, + H,S + HMWG

Pyrolysis, aquathermolysis, gasification reactions for
complete understanding of hydrogen production by bitumen
gasification

Reactive reservoir simulation to predict H,S prediction during
SAGD
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Matching of H ,S Generation Data

100000 (Hyne et al. 1982)
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Final Remarks

» Use of present reaction scheme to predict H, generation from
coke, bitumen and methane gasification
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