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Introduction

* Depleted Gas Reservoirs (DGR) are very good candidates for CCS
orojects.
 However, they bring challenges as well; including:

1. Low reservoir pressure that corresponds to gaseous CO2 at
bottom hole.

2. Phase transition of CO2 from liguid (surface) to gas (bottom-hole),
as reservoir has low pressure & high temperature.
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Outline

« Synthetic coupled model of CO, Injection in a Depleted Gas
Reservoir - Demonstrates the challenges of C0O, modelling.

pressure profile of C0O, along the wellbore.

 Solutions to €0, injection challenges — modelling and

« Standalone C0, injector wellbore analysis to investigate the }
operational }

* Temperature Profile of CO, in Gas Phase Injection }
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Model Schematic

CO, Injector

4—H-EI C_Oz ir_ljected at liquid state (at surface).
Choke Valve <« Injection Temperature 60 °F

CO2 Source

« Atransient thermal reservoir simulator was
coupled to a steady-state well and network
model, with CO, properties being defined by an
Equation of State model.

« The model covers the life cycle of a C0O, injector
in a depleted gas reservoir (DGR).
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Challenges of C0O,Injection Simulation

12001

Surface Injection Temperature 60 °F /\_u gil o N I 1 P P S * When the injection pressure

11007 CO2 Saturation Pressure at 60 °F is ~740 psig reaches to the CO2 saturation
pressure at the injection
temperature, due to pressure
gap, the well is inoperable.

« This results in an oscillatory,
behavior.
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Challenges of C0O, Injection Simulation
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» At the start of injection when the
back pressure by the reservoir -
IS low. o)
* The target injection rate can be
. . Bottom-hole Pressure (BHP)
achieved by lower WHP at which Wellhead Pressure (WHP)
BHP < WHP.
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Pressure Profile — Components
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Pressure Profile of CO, (60°F Injection Temperature)
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When injection pressure is near the saturation pressure of CO2 at the injection
Temperature, a small increase in WHP will result in a significant gap in bottom

hole pressure.
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The pressure gap creates a discontinuity in the

plot of WHP vs. BHP
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Pressure Profile of CO, (40°F Injection Temperature)

1 MMSCFD
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The pressure gap becomes larger as the injection
rate increases.
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Pressure Profile of CO, (Effect of Temperature)
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Pressure Profile of CO, (BHP vs. WHP)
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Pressure Profile of CO, (BHP vs.
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» Asthe injection rate increases the drop in pressure along the well becomes larger.

WHP — Injection Rate)

« This result in negative (no solution) at low WHPs.

» To achieve higher injection rates, higher WHP is required (Depending on Tubing ID)
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Pressure Profile of CO, (BHP vs. WHP — Tubing Size)
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Solutions — Modelling & Operational

* The pressure gap is due to the discontinuity
between CO2 liquid and gas densities
* An artifact of the steady-state assumption.

» Possible modelling solution: use a transient
wellbore simulator to capture the two phase
region and therefore fill the pressure gap.

» Acceptable approach... BUT... will be
expensive for large models.

Other approaches:

* To use lift tables
This will help with modelling of CO2

« To add impurity to CO2

This will help to operate the well smoothly and avoid
unstable two phase region of CO2
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Solutions

LiftTable: Bottomhole/Pressure

- co2100%  / 522025% * The WHP inside the
pressure gap region
- : — will be calculated using
. 5 : : a table look up of the
3w lift table.
s The WHP-will be
e 2 g e 2 g L interpolated in the
pressure-gap region.
. . 100;\\
« The two phase region is passed N\
sharply with pure CO2. s

’ The presence Of the Impurlty WI” ’ - Buﬂumhole.fcaskatic|nst(MM5cway) § &
create a smooth transition from Legent

=== Tophole/Pressure: 500 psi === Tophole/Pressure: 552.63 psi === Tophole/Pressure: 605.26 psi

I 1 1 d t t t = Tophole/Pressure: 657.89 psi [¥] ==®== Tophole/Pressure: 71053 psi /| ™=@== Tophole/Pressure: 763,16 psi
Iq U I O g aS S a e . === Tophole/Pressure: 815.79 psi == Tophole/Pressure: 86842 psi == Tophole/Pressure: 92105 psi
=== Tophole/Pressure: 973.68 psi Tophole/Pressure: 1026.32 psi === Tophole/Pressure: 1078.95 psi

=== Tophole/Pressure: 1131.58 psi === Tophole/Pressure: 1184.27 psi ==®= Tophole/Pressure: 1236.84 psi
=== Tophole/Pressure: 1289.47 psi === Tophole/Pressure: 1342.11 psi == Tophole/Pressure: 1394.74 psi
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WHP almost constant

R eS U |tS BHP increases WHP increases

BBIRRAWHRP  Two Phase region BHP increases
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Using N2 as Impurity Using Lift Tables

« Both approaches work fine.
« However, using lift tables is recommended when pure CO2 is intended to be injected.
 Lift tables will result in more accurate WHP calculation
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Temperature Profile

Main parameters playing a role in
heat exchange in wellbore during
CO, Injection:

1. Adiabatic compression of C0,

2. Conductive heat exchange
between wellbore and the
formation

3. Frictional energy loss
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Adiabatic compression results in higher

temperature at the bottom hole. At lower rates

conductive heat transfer determines the
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Temperature Profile — Sensitivities
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Temperature
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Profile — Sensitivities
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Temperature Profile (Formation Temperature Gradient)
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Results & Conclusions

* (CO0,behavior in wellbores for DGRs was studied using coupled
reservoir-wellbore modelling, as well as standalone wellbore modelling.

* Challenges to modelling as well as operations were identified and the
reasons leading to those were investigated.

* Impact of injection rate, well-head pressure, well-nead temperature, and
tubing size on the wellbore pressure and temperature behavior was
guantified — Operational and modelling challenges were analyzed

* Possible solutions for these challenges - both from operational as well
as modelling perspectives, were proposed
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Thank You for Your Attention.
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