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FutureGen 2.0 Case Study

UIC Class VI Permit Application

1 CAPTURE 2 _TRANSPORT 3 INJECTION AND STORAGE
e Revisit characterization data o
and modeling from Class VI

permit application
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Risk-based AoR and Monitoring Design

Using NRAP-Open-IAM and DREAM
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NRAP-Open-IAM

Reservoir Simulations

Reservoir Component
(Lookup Table)
Pressures and saturations
from single reservoir model
layer

'

Open Wellbore Component
(Lookup Table)
Calculates CO, and brine
leakage rates for an open
wellbore using the drift-flux
approach

|
Y

Aquifer Component (ROM)
Predicts size of "impact
plumes" based on selected
water quality metrics
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Risk-based AoR
Defines area
where
groundwater
concentrations
may exceed
no-impact
threshold

|
v

Identify legacy
wells within AoR

L
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Reservoir Component
(Lookup Table)
Pressures and saturations
from single reservoir model
layer

'

Multisegmented Wellbore
Component (ROM)
Calculates CO, and brine
leakage rates for a
multisegmented wellbore
using an analytical solution

|
Y

Aquifer Component (ROM)
Predicts size of "impact
plumes" based on selected
water quality metrics

RAP-Open-IAM

Time-to-Detection
Maps earliest time
where groundwater
concentrations may
exceed no-impact
threshold

T
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Risk-based Monitoring
Design (DREAM)
Optimizes monitoring
locations based on
hypothetical leakage
scenarios
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Area of Review (AoR) for CO, Storage
Sites

* The area surrounding the injection project ., _ =
where groundwater resources may be | '
endangered by the activity (i.e., project risk
area)

* EPA requires operators applying for a Class VI
CO, injection permit to determine the AoR
based on the separate-phase CO,
plume/pressure evolution predictions from
physics-based computational modeling

* AoR is delineated by the maximum extent of P e R
CO, plume and pressure front over the lifetime | =" v V5 ) i

Pt asere IONT (rwwm on ro st smougt oo Tusd werae st i MW : ‘

of the project to account for risks associated i i
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with both CO, and/or brine leakage into the e
overlying groundwater aquifer
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Pressure Front (Under-Pressurized or
Hydrostatic Conditions)

* The critical pressure that can cause fluid flow
from injection zone into the groundwater aquifer
through a hypothetical conduit

* Under-pressurized conditions:

* Simple mass balance calculation (Birkholzer et al.,; 2011)
assumes density of the fluid in the wellbore 1s uniform and
equal to the density in the injection zone

APy =P, +pig (2 —27) — B 2.
* Hydrostatic conditions:

* Displacement of the existing fluid in the borehole (Nicot et
al., 2009)

1 3 Pi — Pu
AP, ==-g-&-(zy—2)° ¢=
2 Zy — Zj
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Pressure Front (Over-Pressurized Conditions)

* Determination of an ‘“allowable pressure increase” (EPA Guidance) that
prevents fluid leakage into the aquifer and impact on the water quality

e Calculated based on:

* A multiphase numerical model designed to model leakage through wellbore(s)

* A numerical or analytical approach to determine the threshold above which an impact to

aquifer occurs

P>P,

initial

Aquifer impact =0

P> Pl

Aquifer impact # 0
Threshold pressure = (P-P, ...)
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Area of Review Determination at FutureGen 2.0 Site

* Mt. Simon: Over-pressurized il /” AR T
. . .; i ' " '\'\
reservoir with respect to the | /,4 AoR Determ,M L
lowermost USDW e by EPA _Jnjection\~\_
| .‘.-a/ g L wells 5N
* Pressure front and AoR J / \
determined by EPA e pllime -+ -—:.-}
* Based on 10 psi critical pressure b o Ve G e :r
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AoR Determination Using NRAP-Open-IAM

® BaS.e AO.R deline.a,tion on impaCt tO. the .TDS Impact Probability, % (flood)
aqulf:er lf a Well 1S placed at a partlcular Maximum Pressure Increase, Pa (contours) 100
location

* Loop through all X,Y locations in 14,550,000 1 o
reservoir model layer %
* Find pressure and saturation in reservoir model 14,500,000

* Use Open Wellbore model to determine CO,
and brine leakage rates to aquifer

* Calculate pH and TDS impact volumes vs. time
and location

* Map maximum pH and TDS impact 14,400,000 1
volumes on X,Y grid for each realization

80

60

100,000

14,450,000

Northing (ft)

40

20

e Calculate Rrobabll}ty of aquifer impact 14,350,000 -
for each grid location casting (f
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AoR Comparison

Risk-Based AoR (100,000 Pa / 14.5 psi (black)
Class VI Permit AoR 68,974 Pa / 10 psi (red)

— * Area of potential aquifer
e impact predicted to be
smaller than AoR based on
10 psi critical pressure

Aushite Browping /G L

Risk-based __—

AoR o o
* Results sensitive to model
assumptions
e wellbore diameter
AoR

determined by * impact threshold

EPA using 10 * duration of leak

psi critical
pressure
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Detection Thresholds

Analytical Detection Range
and Precision®
Parameter Min Max Precision +/-
Pressure, psi 0 2500 0.065%
Temperature, F [0 150 0.03%
DIC, mg/L 0.2 = 20%
2 12 0.2

TDS, mg/L 10 = 10%

*From UIC Permit application, Attachment C, Tables A.5 & A.7
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|dentify Potential Leakage Paths within AoR
O Tra——) Y Smies 2

Northing (ft)

Pressure Differential (20 yr) Saturation (20 yr) ED
14,480,000 - '
3,200,000 Potential Leaks
14,550,000
0.48
14,475,000 -
2,400,000
14,500,000
£ 0.36
o 14,470,000
e
1,600,000 '-E
o
14,450,000 4 0.24
14,465,000 -
800,000
14,400,000 0.12
0 14,460,000 -
14,350,000 . . - . : 0.00
700,000 750,000 800,000 850,000 765,000 770,000 775,000 780,000 785,000
Easting (ft) Easting (ft)
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Risk-based Monitoring Design

VR S S R R S| L Joacrurm wvol.

* Several potential leakage T sk UsOW g Uspw

paths, which i1s optimal 2000 P
monitoring location for T Shkopee Dol

earliest dete Ction? - '-_'-.".;'-j';'.'-f.-‘."fg'-'.-."i({f'-_'-.".;'{}'.'vf.-‘."ﬂj'-'.-.’; ! New Richmond Ss. '_ Thief zone
2,500 —; Oneota Dol.-Gunter Ss.

* Assume wellbore e T G Thief zone
% minence Dol.

permeability distribution e .
U A S S S S S -
based on observed values for T _ »
R VA S S S s s Franconia Dol. Secondary confining zone
legacy Wells —r%;!*'—!%:’—’ Ironton Ss. Nonpotable saline aquifer l- ACZ

3,500 —fEEE LR By Claire (Proviso Sitst. Mbr)

Primary confining zone

7 Eau Claire (Lombard Dol. Mbr.)

15 T o] _ECIU Claire (Elmhurst Ss. Mbr.)

Mt. Simon Ss. Injection Zone
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Monitoring Design

Summary & Conclusions

Injection Well Stratigraphic Well

* Original monitoring plan: 2 ACZ
wells and 1 USDW

Monitoring Unit

TTD (y) TTD (y)
* DREAM optimized monitoring 4.9 18,4
plan: 2 ACZ wells New Richmond 3.9 15.7
2.9 14.7
1016 - 1.6 12.6

2 237 ¥ b * Over $10M in avoided costs for

£ - ' 2 installation, sampling, and
S 2873 | | 1474256 % decommissioning of the third
' 4470778 G well

34 14467300 ¢ . .

773468 776027 228586 781145 783704 786263 e Potential leaks much smaller in

Eastingft) USDVW than thief zones
ODissolvedO, O Temperaturef I DSHIPressure 13
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Opportunity to demonstrate performance-based PISC

* As a first-of-its-kind project, U.S. EPA
recommended the use of the default 50-year
PISC period for the UIC Class VI permit
application

* To close a site the Class VI regulations require
demonstration of non-endangerment

* FG 2.0 did not take credit for projected reservoir
performance in determining a PISC period

* CO, plume projected to stabilize 2 years after injection

stops
* Reservoir pressure projected to decline rapidly post-
injection
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PISC Period

Summary & Conclusions

* NRAP-Open-IAM realizations
indicate that the majority of risk
of endangerment to USDWs
occurs during injection period

* A 10 year PISC period would still
lead to a net PISC period
reduction of 40-years and an
operational cost reduction in
excess of $50M for the project
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Summary

Application of NRAP-Open-IAM and DREAM to FutureGen 2.0

* Risk-based Area of Review calculated using NRAP-Open-IAM based on
potential aquifer impacts

* Risk-based monitoring design using DREAM resulted in simpler
monitoring well design

* NRAP-Open-IAM can be used to define a risk-based, and substantially
shorter, PISC period for the site
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