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What is SAGD?

SAGD uses parallel horizontal wells separated
by 5meters of bitumen pay.
The upper well is a steam injector and
the lower well a fluid producer.

Hot native bitumen is heated to enable drainage



WHAT IS THAI ?
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What is THAI?

Toe-to-HeelAir Injection uses a vertical air injector
offset past the toe of a horizontal producer.

A vertical combustion front,
made up of previoushgdeposited coke,
provides fuel for the air.
Hot combustion gas contacts, heats and
partially upgrades the bitumen,
which drains with combustion gases
Into the producer
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WhitesandsPilot summary

No oxygen to Producer or surface
No corrosion down hole or on surface

Robust, easy to restart



Where i1s SAGD best used?

It has been said that ‘
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These Reservoirs are largely where SAGD has been succ

Thick, homogeneous, high saturation and
high-permeabillity reservoirs



Where Is THAI best used

Whenever SAGD does not qualify from:

Pressure: Reservoir too shallow or too deep
Pay Is too thin: A5 m
Reservoir quality low: Shale lenses, low So

Or when

Natural gas price Is too high

Diluent Is too expensive or not available
Pipeline capacity Is inadequate

Water not available
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1. THAI needso ongoingwater source

Only cold air is injected

Water supply Is not an issue



2. THAI eliminates ongoing producevhter treatment

THAI Produced water sent to a disposal well or
used as SAGD source water

SAGD Mandated 95% produced water cleanup and recycle

Assume 50,000 bbl/d bitumen :
Water evaporation gas cost is 110 million/y,
producing 8,500 tonnes/d GO



SAGD Produced Water Evaporators are not need
High energy, highlowdownwaste

-

Suncor Firebag Stage 2,

Connacher Oil & Gas

Great Divide Project,
Ft. McMurray, Alberta, Canada Ft. McMurray, Alberta, Canada,
Approx. 900 gpm 2007 Approx. 4,200 gpm 2005

Source: SUEZ Water Technologies & Solutions brochure



The price of water evaporation

Assume evaporation energy is Ortscf/bbl water
10,000 b/d olil produces 30,000 bbl/d water

This takes 15,000 mscf methane at $2/mscf
or $30,000/d or
$11 million/y,
producing 785 tonnes/d CO2 or
0.49 tonnes CO2/m3 oll



3. THAI is a net producer of water

Produced water is a mixture of connate water
and combustion water from burning the coke.

Combustion water dilutes the salinity of the
connate water
and
Makes it eligible as SAGD source water



THAI Produces SAGHuality water:
Potential sales

Whitesands SAGD Source

Produced*
Water* Water*

Calculated Parameters Units
Total Dissolved Solids mg/L 6620 6481
pH 7.64 8.3
Anions
Bicarbonate (HCQ) mg/L 1610 625
Carbonate (C mg/L <0.5 12
DissolvedSulphate(SQ) mg/L <0.5 0.3
Dissolved ChlorideZ() mg/L 3630 3420
Elements
Dissolved Sodium (Na) mg/L 2100 2350
Dissolved Potassium (K) mg/L 17 8.6
Dissolved Calcium (Ca) mg/L 45 36.8
Dissolved Magnesiuniig) mg/L 22 28.2

* THAI water is Non Corrosive ** Devon Jackfis@ EIA



4. THAIM emulsions are easy to break

¢l Ly stam A No difficult emulsions
Produced ' Production

Water =, water A Easy oil/water separatiol

A Usable water byproduct
with minimal treatment

A Non-corrosive

¢ | ! Wellhead Emulsio 60 second separation time



5. THAIGenerates its own compression energy

For a 10,000 bbl/d plant:

Air compression is the major energy input
Total power requirement is 2074 GJ/D (24MW)

Generated by using the energy content
of the produced waste gases:
0.21GJ/bbl of produced oll

May River expected to generated@845% IRR
at oll price
US $60/bbl



6. THAI provides its owthermal fuel in situ

SAGD :Purchasedatural gas
to make steam

THAI :Free energy
Thermal energy from burning the
heaviest 9% of the Bitumen at
the oll face In the reservoir




/. THAIhas better thermal efficiency

SAGD Boiler > Line to Tubing to Perfsto Oil Cumulative
STEPS Wellhead Perforations Face Efficiency
7585 7595 80-95 2575 11-58 %
THAI Com Line to Tubing to Perfsto Oll Cumulative
STEPS P Wellhead| | Perforations Face Efficiency
100 100 100 125175 | 125175 %

FromD NJ @ 5 Black Bo66k&Thermal Recovery of Oil and Bitumen, Roger M. Butler,
1997.



8. THAI scavenges reservoir heat

l Cap rock I
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Air scavenges the reservoir heat of previous
combustion and delivers it to the burning
coke at 350 °C.



FUEL REQUIRED TO SUPRIX.IION BTU AT OIL FACI

EFFICIENCY FUEL REQUIRED ENERGY COS

% Millions BTU $/Million BTU
Steam 4577 1-2.2 2.6-4.4
Air In situ combustion 190 05 1.0
Oxygen in situ combustion 315 0.3 0.6

OXYGEN combustion is better than
STEAM by a factor od.3-7.3

FromD NJ @ 5 Black Bo66k&Thermal Recovery of Oil and Bitumen, Roger M. Butler,
1997.



9. THAI has low heat loss to cap rock

SAGD: Large latent heat loss to cap rock
- reduces steam quality at oll face

THAI: Air has no latent heat loss
- scavenges heat from previously heated
rock and delivers air to the combustion
at 350 °C
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10. THAI has lower G@missions

Higher thermal efficiency

Lower heat losses

Scavenges heat from sand

No water treatment (Evaporators)
Less steel

Oil partially upgraded

50 %



11. THAIcannot mobilize water pollutants

Thermal mobilization and the regulatory response:

During the SAGD and CSS process,-tegtperature steam is injected into the
bitumensaturated reservoirs to reduce viscosity and facilitate production.

Conduction of heat from the steel casingsto surrounding
sediments (particularly nonsaline aquifers)

has been shown to mobilize certain trace constituents
(Arsenic) to levelsexceeding protective guidelines

In response, the Alberta Energy Regulator (in conjunction with Alberta Environment and Parks)

has developed a policy that will require-aituroperators (new and existing) t

0 assess the risks of thermal mobilization and address them, as necessary.

To fulfill this requirement, an understanding of site conditions will be required, as well as constituent
mobility potential, and attenuating mechanisms.)

THAI air is cold so there can be such problems
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Sampling Points

Passive monitors (4) Source Wells (2) Groundwater wells (18) |

Fewer operating units, -
no water treatment




13. THAI Oll Viscosity Improved

At 20 °C.:
Bitumen 550,000cP

THAI Ol 4,500cP

10% of production was in the Secondary Separator at 36 °API



14. API Density of THAI oil Improved 3+ Points
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THAI Achieved-reein situ Partial Upgrading
In-Situ Upgraded

Native
Bitumen

THAI Condensate
36° API

28



15. THAI OIl has lower metals

THAI burns the heaviest 9% of the bitumen:
Asphaltenes form coke fuel ahead of the drainage fron
Vanadium and Nickel reside in the asphaltenes

Heavy Metals in coke fuel are oxidized
and remain In the reservoir

Heavy Metals reduced 18%



16. THAI oil has lower Total Acid Number

Naphthenic acids reduced 17%

Catalytic reduction: Hot H2
(to 650 °C)/reservoir metals

Reaction with alcohols to form esters

Formation of coke removessplaltenes
where acidic components

TAN Pipeline Penalties reduced



17. THAIOIl has lower sulphur

Sulphur in THAI oil is 19% lower
Caused by catalytic AQUAIERMOLYSIS reactions
of oil with subcritical Water

and

Catalyzed by in situ V and Ni at 468D °C



18. THAI produces free hydrogen

3-8% of the Produced gas Is Freg H

At 2 % recovery, a Single producer gives
600 n¥/d Hydrogen.
Enough to upgrade 35 % of THAI oll
to pipeline specifications



19. THAI oll requires less diluent to pipeline

Impact of Reduced Blending Ratio
Diluent Blending RatioSAGD Bitumen  0.30
Diluent Blending RatioeTHAI® Qll 0.20
obl Diluent Saved / bbl Bitumen Blend 0.10

33.3 % DILUENT SAVINGS
&
INCREASED PIPELINE CAPACITY



Why Upgrade bitumen to pipeline specs?

Financial loses on diluent*

Differential loss on exporteDilbit:  USD 5.36/bbl
Transportation to US Gulf Coast USD 5.15/bbl
Total financial los$JSD USD10.51/bbl

*Altex Energy (internet)



Why Upgrade bitumen to pipeline specs?

Bitumen producers spent
CDN 13.3 Billion on diluent
In 2016*

Diluent elimination
would increase pipeline capacity
30 %*

Partial upgrading of oil sands
could fetch additional $1Q5 per barrel**

* Alberta Government
**University of Calgary School of Public Policy



20. THAI oll easy to upgrade to pipeline specs.

Proven in Bmonth continuous operation,
Demonstrated complete catalyst regeneration

Mild conditions:

400 °C, 60@sig 450500 H flow/oll flow
Modest catalyst cost *

*Using CPTFUG™ catalyst



Upgrading Conklin THAI ol
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5-Month Continuous test with CPTUG™ Catalyst

Reaction temperature, °C THQ: ™ 400 ° C, 600 psig

LHSV, hr-t 0 0.9 0.6 0.3 0.3
Time on stream, hrs 0 405 570 850 1181
H, consumption, H,/Oil, STM m3/m3 0 147 150 175
Density @ 1%C 0.9556 0.9382 0.9289 0.9343
APl @15.5¢ / 10.5 16 19.3 20.8 19.9
Viscosity @2 / 1,898 112 51 24 32
Mol Wt. 393 289 256 239 255
Total sulfur, wt % 434 268 126 102 1.46
Conradson Carbon, wt% 11.7 964 6.34 551 7.40
Total acid number, mg KOH/g 1.65| o025 021 o016 (.18
Bromine number, g/100g 4.78 285 194 285 2.39
% distillate under 327°C 36.34 | 38.99 48.22 55.08 46.86
Bromine number of distillate, g/100g 13.1 7.32 4.03 5.17 5.10




5-Month Continuous test with CPTL Catalyst

Reaction temperature, °C THAI ™ qil 400 ° C, 600 psig
Heavy metals, ppm LHSV. H-1 | 0.9 0.6 03 03
Nickel 61.5| va 22 28 27
Vanadium|160.1 ~na 48 62 57
SARA analyses, %
Asphaltene 13.9 | 965 7.3 5.61 7.9
Resin 19 5| 1521 s s8m 710.4
Aromatics| 35.6 | 3282 3326 3007 33 .()
Saturates 14.6 | 7o 2037 1913 271 (0
Volatile| 16 .5/ 2434 2766 3645 27 .7




21. Corporate asset value is increased

Your Bitumen reservolir is actually
a heavy oil reservoir!

Higher income 3.50 USD/bbl *

Lower extraction costs 2.00 USD /bbl

Increased NPV 5.50 USD

24 % HIGHER RESOURCE NPV

* THAI diluent savings



22. THAI well costs are lower

Only one horizontal well is needed



23. Steam blowout not possible

THAI air has

Highinjectivity
even at
low Injection pressure



24. THAI efficiency not reduced in lepressure reservoirs

SAGD efficiency Is hinderbg lowpressure injection
Because olhigher viscosities and
the inhibited dilation of the unconsolidated sandstone
reservoir




25. THAkanbe used in thin (615m) reservoirs

SAGD requires substantial bitumen
above the steam injector
to delay chamber arrival to the cap rock

THAI was stable,
robust and controllable
In pay thicknesses of 6.5 and 9.5 meters
even with bottom water



26. THAI can be used in deep reservoirs

Deep reservoirs are at high pressure,
so the SAGD steam temperature must be high,
which increases heat losses
and
renders SAGD uneconomical

THAI efficiency does not deteriorate with pressure



27. Better THAI sweep In low quality reservoirs

High THAI temperatures desiccates shale lens barrier
and

Enhances vertical permeability



Oil zone temperatures reach 650 °C
Off-set Observation well Temperatures
SomelHSoll recovery occurs

No change |
cap rock
temperature

Combustion
zoneis at
>600°c

(Offset laterally 10 m)



