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B earning to Accelerate Real Time (SMART) Decisions in Subsurface Applications
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> The study employs machine learning to > Fossil fuel use disrupts carbon balance, necessitating CCS g S " — > An opensource tool was developed to visualize and analyze the
guantify CO, plume extents by analyzing strategies. T T microseismic data using both K-Means and DBSCAN clustering
microseismif: data from the lllinois Basin | 5. |gpp showcases CCS viability by capturing and injecting CO, into . ™" — techniques.
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> The research leverages a unique dataset [ , At the IBDP, natural fractures and baffles impact CO, sequestration. <= % =gl Python programming language and packages such as NumPy, and
comprising well logs, microseismic records, . . == il __% = o Pandas, offering data loading and processing functionalities, and
and CO, injection metrics to predict the | ~ Bgffles Impede.v.ertlcal CO, movement, causing lateral spreading n == E— is available on https://cz63dzvzquchsikhdpugsqg.streamlit.app/.
temporal evolution of subsurface CO, high permeability zones and Fractures enhance storage via E; = #

The dashboard accounts for varying time spans to detected CO2

increasing the contact area for processes like dissolution and
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saturation plumes. mineral trapping. = = | plume pressure dynamics both laterally and vertically from the
> Machine learning can effectively predict i b f ¢ ¢ 4 depth = — injection point.
olume  dynamics, revealing  vertical »  Within the interval from 5,371.5 feet to 7,198 feet measured dept =

> Additionally, the dashboard offers the option to optimize the K-
Means and DBSCAN clustering techniques. Once the parameters
are set, the workflow is applied to both data sets provided "SLB
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clustering of microseismic events of the Mount Simon Sandstone, 5,875 baffles were identified
consistent with an invasion percolation > Some previous interpretations of microseismic events at the (IBDP) _
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model. site showing events predominately in the Mount Simon while other 5= : Data" and "Relocated Data "
- b interpretations show events concentrated in the basement. sl === B h= , o ,
> COZd plumes p?rga”\’ ) ;trapll?edd bW't.h'n . P o o < CO. imiection eff code TR o = St E= > The optimal number of clusters for each subset was determined
san stf)ne Interva s breach localized barriers > Mlcrosglsmlc r-nonlt.orlng tracks )2 |n.Ject|on e ects.on stress tields EoiE—= = % = o = using “elbow curves” for both WCSS and Total Variation, and
periodically, driven by buoyancy and brittle failure in fractures aids in understanding CO, plume .. .= 55 == F - B = e : . :
: . ) ) : o : e - s — confirmed by the highest Silhouette Score and the lowest
overcoming gravity and capillary forces. dynamics and ensuring storage site integrity. b —amEi B = O e Davies-Bouldin Index
> K-Means clustering outperformed other | »> Machine learning, especially unsupervised learning techniques EElEER | LS SR | = o . Number of Silhouette Davies-Bouldin
techniques, showing highest Silhouette such as clustering uncover patterns and features within seismic " i > Physmalomterpretatlf)n of clusters ' clusters = Score Index
Score and lowest Davies-Bouldin Index. data that traditional methods might miss. ' Figure 1 Baffles intensity log using well logs. aligns with PNL logging 3 0.623 0.464
) ) , | observations and FMI log data on ; ;
RESUltS > Figure 4 illustrates the K-Means clustering of 1000 g Cluster 0 : . S L
_ . _ o ; _— . | baffle intensity, supporting five 5 0.651 0.355

> Figure 3 Left illustrates the Map of microsesimic events microseismic events on the 2D plane of depth g § com ¢ st the optimal o
extension from Dec 2011-Feb 2018. At early time of injection difference and horizontal distance from the injection N x_f.’ti isionaupper  © 00 7 Elbow%uﬂx?foer\;/?:sg‘s e optimal num erElbowCumformalvariation
extending away from the injection point to Southeast and later point, highlighting the horizontal and vertical £ e 4
concentrating around the East of injection point. extension of the CO, plume. § A -

> Figure 3 right shows these events spreading both vertically > Clusters 0, 1, and 2 with lower event densities 3 ° R -

(ranging from -500 ft to 1100 ft) and horizontally (extending up occurred early (Dec 2011 - Mar 2012), indicating e

to 9000 ft) away from the injection point, suggesting the CO, |n|t|ql horizontal CO. spread due to Dbaffle . -

plume's extension and interaction with various geological layers, confinement. 0 2% a ok B -

including the Mt. Simon sandstone and the Precambrian j From mid-2012 to post-injection (Nov 2014 - Feb _ ~ SUBRoam Deonce , | |

basement' 2018), COZ accumUIatEd around the |nJeCt|On p0|nt rloure e CluStemngShOWlnghomzontal e ertical extension Ofﬁve Sf.::SterS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10, | L R R
> In|t|a||y, the CO, plume Spread |atera||y dway from the injection after initial breakthroughs- ;:"‘,? éii% Figure 2. (a) Optimal K-Means clusters by WCSS; (b) by Total Variation for 2D subset

point, accumulating around 9000 ft away (December 2011- > Figure 5 shows, Initially (CO), microseismic events i .

February 2012). spread up to 9000 feet from the injection point but Conclusions

. . later concentr loser (C1, C2, C3). § o .

> It then moved back toward the injection point during March ater concentrated closer {C1, C2, C3) F > The IBDP dataset included 10,123 microseismic events from Nov
2012 and concentrated around the injection point for the rest of » Post-injection activities primarily occurred between - = 2011 to Dec 2014, monitored by geophones in the injection well
the injection time and post-injection period until February 2018. 2600 and 3900 feet away, with fewer events near the CCS#1 and monitoring well VW#1.

: Injection point (C4). : : —

» Post-injection events mainly occurred between 2600 to 3900 ft jection point (C4) : ‘ IS i » K-Means and DBSCAN clustering of microseismic events revealed
away from the injection point, extending up to lower Mount > This pattern suggests that high-density baffles and I T - L CO, plume dynamics, identifying vertical and horizontal
Slmon C. . 7 barriers near the Injection point closed after Injection Figure 5 clustering in 2D space of Time and Horizontal distance to injection point. distributions influenced by g60|0gica| features like baffles and

. stopped and pressure decreased below the closure - : barriers.
000000 i ,k e .+ ‘ pressure. Mt Simon B : g:zz::: ; 11 _
aaaaa R I T #.  » Figure 6 reveals vertical CO, movement throughout the N el > Initial clusters {Dec 2011 - Mar 20.12) showed lateral CO, spreac
IR LS R S Lo L . P e Y on AUpper up to 9000 ft due to baffle confinement, followed by upward
000000 R S o TEDNARRERT AL, | SRR ' ..s-.'.°....:’.'. |nJECt|0n and pOSt-InjeCtIOn penOdS. 3 " & 8,;_.-': : : ti f d 2012 i d
G R, - e ol > Being lighter than formation water, CO, accumulated in P y 2F ek, MIBTAtion Trom mics a5 Pressre Inereased.
=S K 2 | cIng s A L f el » From mid-2012 to Feb 2018, microseismic events concentrated
000000 b DN 1, CLESMAREEE sonasiams | highly saturated sandstone layers, overcame gravity & = TR nion T : : : : :
/ . : SR QIR 3 S . : . g s i A Lower near the injection point, showing cyclical CO, migration and
000000 CCS Injection Wel C BECTRRN .0 I and capillary forces, and breached barriers to migrate : oo Joen :
5 m o Y il vertically | accumulation patterns.

> K-Means clustering aligned well with physical data from FMI and
PNL logs, outperforming DBSCAN in providing actionable

MicroseismicAll @

> Most microseismic events were concentrated in Mt. »

°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°° S T T DU T Simon A upper and Mt. Simon B, with fewer events in , , e : . ,
Mt Si A 9 tendine to Mt. Si C : som insights, enhancing subsurface modeling and CO, sequestration
Figure 3 Left . Map of microsesimic events extension from Dec 2011-Feb 2018. Right Vertical and lateral t. Simon OWEr and some extending to . 2lmaon Time (Seconds) strategies
expansion of microseismic events during CO2 injection and post injection time (Dec 2011-Feb 2018) and the Precambrian. Figure 6 K-Means clustering showing horizontal and vertical extension of five clusters gles.
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