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OBJECTIVES

PURPOSE: " Analyze potential fluid migration in geologic CO, storage sites. PURPOSE:

= Study of Reduced Order Models (ROMs) currently existing in the literature.

Predict pressure, saturations at reservoir-seal Predict impact of CO, and brine leakage in
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interface at different times/ locations. * Analyzing the sub-system level areas of development in CO, storage modeling. shallow aquifers:
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parameters.
TYPES: Risk
Risk Assessment
_ Management __1.0E+08 & 1.0E+08
Look-up Tables, Surrogate Reservoir Models (SRM) : 1. - 5 =
baced o | 1 Ch Figure 1*: Simulated permeability —~ ~ £, opsg7 = OE+07
ased on artificia mtg igence, P.o ynomia .C aos field for a reservoir. e N o : _
Expansion (PCE), Gaussian Regression Analysis. : S 1.0E+06 S 1.0E+06
Risk Source Overlvi Risk Evaluation - 1 0E+05 O 1 0E+05
.OE+ OE+
Assessment VEerlying £ 5
Pressure Response Saturation Response _ Y Receptors u y ;a1-OE+04 // oy 10E+04
PS' G.1.0E+03 = 1.0E+03
0 50 100 150 200 0 50 100 150 200
,-—-. 2750 - TN\ Time (years) Time (years)
s E —Median MCLs —5% MCLs —95% MCLs —Median MCLs —5% MCLs —95% MCLs
xposure
Assessment Figure 5: Statistical analysis results for two groundwater risk proxies with their 5t, 50t
HPM’ e ) (median) and 95 percentiles for a hypothetical scenario.
° N %
Migration Ri
. isk Treatment
o " - ~ Pathways AREAS OF FUTURE DEVELOPMENT
o 5 Effects - — Characterization of fluid migration within and through the Above Zone
: Assessment Monitoring Interval (AZMl)
Figure 2: Comparison between the results of simulation model (left) and model results (right) for \ _/ PROPERTIES:
a hypothetical storage scenario. ,(_ffoundwater
ayer
4 ) a2 ) = Stand-alone !
M IG R ATI O N P ATH W AYS . _ _ CO,-Brine Pressure & Saturations
Risk Reservoir Monitoring and « Fluid Property Variability, several options to
Characterization Verification -
PURPOSE: : : 100 x 100 Grid
. Leakage rates of CO, L y L y describe formation features AZMI Model
Predict time-dependent leakage rates of CO, and 5054 — Thief Zone * Computationally inexpensive. 1|!|!|!|!|!| !|!|!\(;N8ealR
brine through wellbore and seals. % izij —Shallow Aquifer = Model |nputs: COZ and brine flux from seal CO, and Brine Mass Flow Rates (Seal ROM)
s 1o I eene.....
PROPERTIES: T 1.0E-4 ROV Pressure & Gas Saturations eservolrHoN
5.0E-5 lE Injection Storage P“&““:' Release f T’aé‘s'”’t , ?glerafse » Model Outputs: Pressure and gas saturations.
+ Function of CO, saturation and pressure at 0.0E+0 ol AR ] Ll oy
reservoir-wellbore interface. 0 >0 Tim;?“ 150 200 o — 2'F 109 L e e
years) %D 90 ; I 90 I
Leakage rates of brine O R "
- Multi-phase flow, phase change, buoyancy-driven 1.2E-3 J Thiof 7 S 60 60
flow, capillary and residual effects. 1.0E-3 et £one g o i N
@ §.0E-4 —Shallow Aquifer § . -  Figure 6: Simulated
« Allow variability in wellbore completions, :36.05-4 = 0] 10 pressure and gas
wellbore effective cement permeability, wellbore B 4.0E-4 A saturations from
depth. 2 0E-4 1\-\ - - T = 200 years 1 AZMI ROM for a
0.0E+0 Component Parameters 5 . " I°-8 hypothetical scenario.
- Predicts flow-rate into thief zones and shallow 0 >0 Tim;(O%arS) 150 200 A o < )
aquifer " 3. Fluid leak y 3 ih RESErVOIrS Seneed ofl fetevar Pressure, Saturation, Spatial extent of 5 N >
' igure 3: Fluid leakage rates predicted by - : = 40 4
. . ) Unconventional perturbation, Plume thickness. =
Wellbore ROM* for hypothetical scenario. " % 2
Cemented Wells Fluid flux to overlying aquifers and G
CO, Flux Brine Flux Migration Pathways Open Wellbores ying a9 SRV SV
40 T ~~— ’ Faults/ Fractures atmosphere.
_ .0e7 _ -
5 soe g 10 ‘==ﬁ.._i| 1106 Groundwater REFEREN C ES
g 207 E 2 ‘ﬂmg Overlying Receptors Atmosphere Changes in geochemistry. 1. Han, W.S. (2008) PhD Dissertation, New Mexico Institute of Mining and Tech.
5 1007 g -a0e 3069 Other underground resources 2. Shahkarami et al. (2014) Greenhouse Gas Sci Technol., 4:1-27.
) 3. Zhang and Sahinidis (2012) Industrial & Engineering Chemistry Research.
4

T Min.5%/95% Max NN 5%.25%/75%.95% NN 25%.75% 50% || Min.5%/95% Max NN 5%.25%/75%.95% NN 25%.75% 50% A 0 5. Lindner, E. (2015 NRAP Technical Report Series; U.S. Department of Energy, National Energy
: : : , . Bertucci Fellowshi ’\' p ORI S E Technology Laboratory: Morgantown, WV.
Flgure 4: Fluid Ieakage rates predICtEd by seal ROM (NSea|R5) for thOtheucaI scenario. p Natio IRk'AssessmemPannershp OAK RIDGE INSTITUTE FOR SCIENCE AND EDUCATION 6. Daietal. (2014) Scient'iﬁc Reports.

* Contact: anamhata@andrew.cmu.edu




