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Recent Advancements on the Role of Deep Learning in
Mapping, Monitoring, and Forecasting Landslides

Filippo Catani*

Department of Geosciences, University of Padova, Italy filippo.catani@unipd. it

Recent advances in Al applications have shown a flourishing in many fields of applied and theoretical research. Despite
this, their usage in Engineering Geology is still in the initial stages, apart from machine learning methods. In particular,
deep learning is probably the most promising technique for providing new groundbreaking contributions in many sub-fields
of engineering geology, such as hazard assessment, soil and rock slope modeling, analysis of monitoring time series, early
warning, terrain characterization. In this keynote, we will briefly present an overview of recent promising applications of
deep learning methods to the mitigation of slope hazards, including the rapid mapping of landslides after large-scale
triggering events such as earthquakes or tropical cyclones, the automated extraction of information related to landslide
mechanics and features from satellite images, the exploitation of LSTM neural networks to filter huge time-series datasets
to highlight changes in the strain-time behavior of natural and engineered slopes, the definition of robust forecasts of
time-of-failure based on monitoring time series coming from field or remote sensors, and the potential of Al in mining big
data, such as crowdsourced sensor networks information or social networks, to gather data useful for model calibration and

validation.
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Detection and Monitoring of Active Landslides through
INSAR Investigation

Alessandro Simoni*

Department of Biological, Geological and Environmental Sciences (BiGeA), University of Bologna, Italy

alessandro.simoni@unibo.it

Many types of landslides, ranging from rockslides to earthflows, may exhibit sustained slow-movement that include
dormancy periods, slow movements (mm/yr), reactivations at rates up to m/yr or generalised catastrophic failures, strongly
impacting morphology, river hydraulics and infrastructures. The mechanisms and styles of activity control the mode and the
severity of their possible impact on settlements and infrastructures. Geomorphological mapping is accurate and useful to
recognize processes, but difficult to update and not suited to characterise landslide activity. Monitoring is thus essential to
recognize active processes, understand their spatio-temporal patterns and responses to climate events.

Remote sensing techniques combine the advantages of their areal perspective with the accuracy of the most advanced
methodologies based on satellite radars (Cohen-Waeber et al., 2018). Interferometric processing of synthetic aperture radar
images (InSAR) has proved useful for studying gravitational movements of slopes, both for specific studies of landslides
(Xu et al., 2020), and for regional analyses (Raspini et al., 2019). Automated processing strategies exploit multiple
interferograms to generate time series of ground displacement, allowing the systematic analysis of large regions where
displacement time-series can be retrieved for stable scatterers (Raspini et al., 2019). InSAR has proven useful for regional
analysis, not only for the detection of active landslides (Dini et al., 2019) but also for monitoring ongoing deformation
(Bekaert et al., 2020). In Europe, the great effort made by the Copernicus program has recently resulted in the most
important wide-area deformation monitoring system ever developed: the European ground motion service (Crosetto et al.,
2020) which is now operational.

However, the regional investigation of landslides through InSAR techniques is still challenging due to several factors.
Landslide detection and monitoring is not possible when snow cover is present while the presence of dense vegetation
introduces temporal decorrelation impairing the interferometric analysis. Atmospheric delay anomalies, topographic
artefacts (Murray et al., 2019) and decorrelation due to large deformation gradients (Hu et al., 2019) are among the factors
significantly influencing our ability to measure surface displacements. In addition, the satellite orbital geometry and the
side-looking SAR imaging makes some slope orientations less favourable and causes layover and shadowing over steep
mountainous terrain. In this context, standard two-pass interferometry (Handwerger et al., 2013) is acquiring significance
thanks to the short revisit time and orbital precision of Sentinel-1 satellites which greatly reduces the decorrelation of
interferograms. Standard two-pass interferometry thus can be used to maximize the information that satellite interferometry
can supply about slope movement dynamics, also over large areas (Beckaert et al., 2020).

Here, I am illustrating examples of standard InSAR application to landslide detection and monitoring in the Northern and
Central Apennines of Italy, where landslides are very common and actively contribute to shape the relief.

Site-specific investigations illustrate how catastrophic landslides may be preceded by pre-failure deformation which
takes place month and years before the actual failure occurs (Squarzoni et al., 2020). Signal enhancements derives from a
close reference area, detailed topographical information, widely varying temporal baselines of interferograms (up to 1 yr) to
capture the range of displacement rates of interest. This way, standard InSAR allows to follow the evolution of the
phenomena through most part of the year, snow cover and spring/summer peak of vegetation being the most notable

exceptions. Seasonal trends and accelerations in response to severe rainfall episodes can be detected in space and time.
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For wide-area analysis, interferogram selection is also crucial, in relation to the landslide types that are present in the
territory (Ciuffi et al., 2021). The selection is based on spatial baseline, coherence, environmental conditions (e.g. snow
cover, season and vegetation) and visual expert inspection. Interferograms are generated with varying temporal baseline,
generally short (< 1 month) to reduce possible sources of decorrelation. Longer baselines (seasonal or annual) are also
possible where reflective properties are good and stable through time. Different temporal scales of analysis are best suited
to capture different types of mass movement.

The products of the analysis are ground displacement maps. Stacking interferograms is very useful to enhance the signal
to noise ratio. In general, the presence of residual noise is inversely proportional to the duration of the stack. The
recognition of deformation signals caused by slope movements requires interpretation and has to take into account
geomorphology and land-use. Results show that only a fraction of all the mapped landslide deposits are in an active state
according to interferometric results. Annual interferometric stacks proved better suited to detect active slope movements,
while less than 15% of our deformation signals can only be detected by inspecting monthly stacks. We compare our results
with the geological map and the landslide inventory, illustrating how active landslides are favored by weak lithologies and
pre-existing slope instability. Also, the relative orientation of the satellite's line of sight with respect to the slope influences
the results indicating a bias in the completeness of remotely sensed data. Active landslidesshow variable displacement rates
in monthly stacks. Periods of dormancy alternate to accelerations that may lead to actual catastrophic failures or, more
often, determine finite periods of sustained slow movement before the displacement rates drop below the detection limit.
We compared the evolutionary trends of the phenomena to the probability of landslide occurrence over the territory. Results
show that, at increasing landslide occurrence probabilities, an increasing fraction of actively deforming landslides can be
detected by InSAR.
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Table 1. Input and output variables of prediction models LR-1, 2

Model Input variables Output variables

Slope characteristics(31 variables including length, height, angle, etc.)

LR-1 Highly correlated variables with output variables(collapse record, rockfall, floating rock, risk Stability
grade, damage grade, danger zone, etc.)

LR-2 Slope characteristics(31 variables including length, height, angle, etc.) Stability

LR-1 &9 29 A== 89.77%, AUCE 0.949, A H -2 89.66%, U=+ 89.41%, F1-Score= 89.53% = LJEFYS
t}. LR-1 A% 2Eo] 3% = 89.65%, AUCE 0.946, 4| 3-2-2 89.58%, AW &= 89.24%, Fl-Score’= 89.40% & LFE}yt
k. LR-2 T RA 9] HZE = 71.36%, AUCE= 0.772, A H-E&2 70.00%, 4 U= 70.57%, F1-Score= 70.19% 2 L EFSY
t}. LR-2 A% 2Elo] B 7121%, AUCE 0.777, A& -8-2 69.94%, AW &= 70.33%, Fl1-Score= 70.09% 2 LFE}yt
tH(Figure 1 and Table 2).

612 A%-S v R 23} ZHLR-1,29) 2
ok 20% %A Lerstt). o) Fako] gejuise)
As-o] melo] o] 2 RS v
29 Eo] 1 E 1 o W FAE 52 APste] v

Table 2. Results of prediction model using training and test models of LR-1, 2

Model Accuracy(%) AUC Recall(%) Precision(%) F1-Score(%)
89.77 0.949 89.66 89.41 89.53

LR 89.65 0.946 89.58 89.24 89.40
71.36 0.772 70.00 70.57 70.19

LR 7121 0.777 69.94 70.33 70.09
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Fig. 1. ROC-AUC curves for prediction model LR-1, 2
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Evaluating the Groundwater Recharge of Anyang Watershed
Using SWAT+gwflow Module
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Accurate prediction of groundwater recharge in hydrological models relies on replicating the internal processes within a
watershed. Previously, achieving this accuracy involves integrating separate groundwater and surface water models, but
this approach is intricate, requiring code adjustments and lengthy computational processes. To address these challenges, a
new groundwater module named "gwflow" has been developed directly within the Soil and Water Assessment Tool
(SWAT) code. This study evaluates the effectiveness of this gwflow module in capturing interactions between surface
water and groundwater within the Anyang watershed in South Korea, covering an area of 137.2 square kilometers. The
research involved calibrating the SWAT+ model for daily mean streamflow at the watershed's outlet. Additionally, the
SWAT+gwflow model, designed to account for groundwater dynamics, underwent calibration using the PEST tool. The
results reveal significant spatio-temporal variations in groundwater recharge within the Anyang watershed. Overall, the
latest version of SWAT+ with the gwflow module proves to be proficient in representing the groundwater distribution in

the study area.
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Fig. 1. Production and sales volume of pyrophyllite from 2011 to 2020 (KIGAM, 2021)
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Machine Learning Approach for Forest Fire Susceptibility
Assessment Considering Road Network and Car Speed

Kounghoon Nam", Yujin Hwang", Jongtae Kim?, Mi-Na Jang®, Chang-Oh Choo".
Gyo—Cheol Jeong"*

YDepartment of Earth and Environmental Sciences, Andong National University jeong@anu.ac.kr
?Nature and Tech Inc.

Forest Fire Management Research Center, Korea Forest Fire Management Service Association

Forest fires are among the most frequent natural hazards, leading to significant economic losses and extensive
destruction of forest cover. This study evaluates the influence of car speed on forest fire susceptibility assessment (LSA).
The Gangwon-do region in Korea, with its vast forest resources and rich ecological diversity, holds the distinction of being
Korea’s largest forested area. Given its significance, there's an urgent need for spatial data regarding the forest fire
susceptibility of the region. This study produced a forest fire susceptibility map for Gangwon-do, taking into account the
road network, car speed and three machine learning algorithms: Logistic Regression (LR), Support Vector Machine (SVM),
and Random Forest (RF). OSMnx is a Python package that utilizes spatial data from OpenStreetMap (Boeing et al., 2017).
It's particularly adept at network analysis tasks like routing and road visualization. While OSMnx doesn't directly provide
car speed data, OpenStreetMap (OSM) can sometimes offer speed limit information for specific roads. Factors were
compiled from topography, forest digital maps, forest soil digital maps, and the road network. To ascertain the accuracy,
the area under the receiver operating characteristic curve (AUC) was compared between models that used car speed (speeds
of 40 - 60, 61 - 80, and over 81 km/h) and those that did not. The AUC values for models incorporating car speed factors
proved higher than those without.
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Landslide Susceptibility Assessment Using Hybrid Sampling
Approach Based on Mahalanobis Distance

Kounghoon Nam", Yujin Hwang", Jongtae Kim?, Mi-Na Jang®, Chang-Oh Choo".
Gyo—Cheol Jeong"*

YDepartment of Earth and Environmental Sciences, Andong National University jeong@anu.ac.kr
?Nature and Tech Inc.

Forest Fire Management Research Center, Korea Forest Fire Management Service Association

This research is centered on the evaluation of a resampling methodology encompassing hybrid sampling techniques
within the context of the random forest (RF) model for landslide susceptibility assessment (LSA). The study area chosen
for this investigation is Hokkaido, Japan, which witnessed a significant landslide event comprising 5,625 occurrences,
triggered by the 2018 Ibury earthquake. The primary objective of this research is to confront the challenge of class
imbalance and enhance the accuracy of LSA. Multiple data sources are harnessed to gather conditioning factors, and an
objective absence data sampling method based on the Mahalanobis distance is implemented to address the issue of
unlabeled samples. The assessment of these values is carried out utilizing two diagnostic tools, the Precision-Recall curve
(AUPRC). The findings underscore the improvement in performance as sample sizes increase, and they underscore the
enhanced consistency achieved through the resampling approach compared to random sampling within the study area. To
augment the precision and consistency of machine learning techniques in mitigating landslide risks, this study recommends
the incorporation of hybrid sampling techniques and the adoption of Mahalanobis distance-based absence data sampling
methods within the realm of LSA (Nam et al., 2023).
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Astgieh 1 A, A5 AHA T A B 7F HAF gFolAl= AAfe] UETh o] AMES BF ST e
2 213 sto] WA Q] P HAZ o Al A A= At
3 AR5 GPR BHAFO] 4 - 4241 F2u}L= 200 MHz, 600 MHzE A 7| 8] 4 3Fo] Whe A|A| o] EAJA} 71 =71 4 m
oy Exfalct e At & 2 517] 98 MASW(Multi-channel Analysis of Surface Wave) BHAMS 4283 A},
S5O AHto| bt 7L HHAEEE A SHR O] W A& 7k ghelskelnt

ol9} & ATZ O 2 G GPR AL MASW EHAL 8-2 53} Hh, Tl chat Abeul 7} /5o et of
U AR ol T3t 7 2ARE ATFO RN YRR AR S ERT S U2 A0 7| haet.

Al AL
B ATE SARNAFD G ZAAT F AU Y2A HAA AR I3 GPR AN BUE Y AaA ] A
23 ot = gl ek
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THX] XIS2E 22 DS flet AFS Al HIH|IXE AL sy

A78| A gAb A8t i A o) F5 W R, Aoka=0] £, A5t A O] FFE, & £ Fof wet whgo] thE A
LFERATH(Guo et al., 2014). 2|3 271 A5 TARS BhAF Aol 347} 9lat 4
Sl FAZE Ao olE S5 A3l FF AlFs= o83 AVMIAY FAE 3 E th(Daniels and Dyck, 1984;
Shima, 1992). A|3+ QA HA= A& 59 <
et al., 2006; Tsokas et al., 2011).

o] Aol A= =l A Ao A o] 4224d HH|(non-aqueous phase liquid; NAPL) © ¥ 23 ufoh-g 93f Al5=3 SA &
710 A G B B el ATk A5 E-A| O} AR TAIRT B ohUE} T A2 E SR BE Agsigon, 7

MO WA W Bals 52 melste] A7)u 4 HEE HATATE AFF-AEE FAtolE SR, Y
% A

oL

° H
4
o
o
2
o
nf
o
12
2
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Jlm
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of
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ki
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2 A SR Yo r a7 e U A e elsdel 7S ARY(RS-2023-00230833) 9] A
o
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212 GPR B} 4] S0] Qe LR bl 23 425 27hAA G4 AT RS v (signal to noise ratio) 4155
L Ao] ZF5aAS Bk ol B8 4 AEO] WASLE 2o s ATk B3] E2o] 23 75 ereukel Alof
A7t B0 R APEE AU EE el Aol 57| o2l Ao ERS o] §3te] A7 HEHE Aol
7Fs 8.

o] QoA AFE Biro 0.5, ol 0.5, A 2S04 Radartcamii] Cobra 4|22 4|3 55147} 80MHz2]
SE-70 QHE|LHE o] §-5t0] d0m o] 4f A=A A2 F2F BAIA SHth A SAHE oh et SRS ol 43
AP BT SRS ol &3 B Imise] AT ST AT WEA 2B, A9 nEof that B Aol
S50 G Shck B4 83 2801 54 SAR oz 20m ol Qolo] IS 2ASl FEE S e
o G T S S T GBS VIS U Bl o oA e Pl i 8
oFshel bz, GPR AL 20m o]4F Almo] 25 whod 4 Qlrh AL ojul7t gtk & 4+ olek.
ot oA BALE Sste] 8l AR o3t 18 o) 5o A AAEo] on g AuE
A7) A3EZ oI 2|59 shot 5 of e sofoll 4 B88 4 9l A0 7|t

]

O n\l _|Ol
o
H1 09;
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ok H oy
4 oz
yo 2 ¢
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Eo oo X ope ol
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AL AL
& AiES R Ao agatdvie gl Aeed LAfsiEe e/ NEAIYg 9] A ds Wl A
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ASHY AAE Sdolr 2HE7|HE oIt 24T MY B

UL, e
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2 | Al Z sholth, 2| 7] SH3LE QI & H
Hi e o whel A H A A w87t S7sH A o) Qb mUE R Fasdo] tiFE L Q). HAS] M= A|6ke] A
&, AT 9 Aot R, 71 5 oheket adlof el wAYste, Wo] oYY Ak At QAR Eg-E L gl
o} S-gupets EA AR e 2 =gl Y E S 98l C-band %4} o] Tl (synthetic aperture radar, SAR)E &A%t
FAY AAEGH A F B A 535)S 20259 AP HRE JJEE Fofl Qlth o] AFolA = FAYAILE YA BUEPS
Aot ALY E8 Vs e dgtoz A C-band SAR Oé%:% {lgt FHAREA 744 7] W (Permanent

Scatterer Interferometric SAR, PSInSAR) 7]‘?} H B2 dug|E&S AA WU L2519, 20158 e 2023 W 7HA] HEEH
Sentinel-1 C-band SAR /3ol 285t k7t AAE ME Aot a7t Hel dntf= AeF 4 o1eF A=
9] SAR = H}gFo & 747k 2.4 mm/yearS&} 3.4 mm/year?] HYEEE H gl on, o] HHulR o] Asto] x|uj& ¢l o3k
& W o 24E T We] SRl A B E SAR B2 o] ¥elk A8 vet S3shE o] BHE AT 29
738 9] SAR = HIF HY<S == 5 mmiyear 0]3F2 AFEE| Q1AL 0] 2015 o3 At do] o A 9] Al E -4 3

S8 eI o] A8 B510] Sentinel-1 C-band SAR AHo.® 49879 1919] Al B2 W3 2A0] 7157 ol
SRCh B O 8 A BT RS SAR BAHS AT AU Beoto] 2AA B et B8 Yt
£31491 944 B E Yol 75 a Aoz 7|,

Ab AL

2 AT GFEAAFANK - water) FALNY AL GAA TEAY ) A DL ot £ = g ek
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2 M BEE XY BN Y BE gl

ZAE", Aok, dsila?, grae), QEiRY, olgul”, 3", Hxs?
Dz A sta oy 2| ALY 2 ata/ A ool U 2|28} kangss@chosun.ac.kr

U 4 (agalmatolite) & 2 FHHE WA 3e] AET R A K elo] WA HEsHs BEolth WAl At
o 4 A719F e & Wol7|ur AI3719] Skt 71 0] AHAY B4, LAY RAERE Y eudy A Wk
om FREN, wolzle] d+wAd WAl A4 $ASA waslel Qe AR MTH YAL
(pyrophyllite, A1,Si4010(OH))0] F=H F=E o] Ak, 7H&ejtto] E(kaolinite, Al14SisO19(OH)s)2t H7}0] El
ALSLO(OH)) 2t 22 18 B dalo]uh dato] Edillite, KALx(Si,Al)O1(OH),) 2t 28 AL ma YA & 1
S5 o] 7idbE] 31 Qlok u]=-7] & Z A= (United States Geological Society, USGS)o| A @al % 2015 F&E A7 AlA
A A4 (Table 1)0)l A & 4= QL5zol AlA| 2t @A AAt=ro] gh=rolm 29)7F 2 o2 &= vheto] |A AAbro] AlA &
A1) oF 70%3 A ATk, R WA AKISITL gl IS 20174 712 21712 Aol uReke o] 714 B,
Tohg0.® $5, 75, 7, 7% ol eh(Table 2). ) A2 b4 7hmabe] 44k A4S A2]5}7 Table 33} 2,

2

[e]
U
=

Table 1. World pyrophyllite production (USGS, 2015)

Production (ton)

Country

2011 2012 2013 2014 2015
Korea 510,708 483,133 524,881 662,865 600,000
Japan 350,000 340,000 340,000 340,000 340,000
India 251,939 248,022 217,690 207,454 147,431
Pakistan 69,176 75,891 88,989 80,289 113,509
Peru 30,389 30,399 31,678 17,859 26,209
South Africa 121,368 18,734 17,336 22,500 16,801
Total 1,410,000 1,250,000 1,270,000 1,370,000 1,280,000

Table 2. Reserves of pyrophyllite by region (KOMIS, 2018)

Region Jeonnam Chungbuk Gyeongnam Gangweon Gyeongbuk
Reserves (ton) 44,725 29,671 12,539 4,663 4,648

HA o A w22 U AP o8 20T a4 9 EAE 7Y, A= 1.0-2.0, H]5-22.8-2.9
ojt}. WA 9 Fele xlgeolw e WA S)A, S gHAY, SHAA, A 5 rhoFsith WAL ek o B4 o o
ot FEEM T4 pHE wo] A AFAl A5l st 2 WaEdH W 7HE 9 85 A Hold &
A 2t ol Het A Wizl WA S0 whet Wk Al &, =AY A&, AHME H7HA, HQIE, ofATE Yl v
A, ASA A2 FA S, S 2 D AAE S, 22aL F8 A8 oz ol §HTh FA Sl Hale
283 A ROk = A ] Aty et 24, ARl w7 7k AR Al ZE a4, fed % LCD
g 24 55 5 5 vk AlEE aehA 9 =94 A A 2|shH Table 49} ot
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Table 3. Production of pyrophyllite in operation mines (KOMIS, 2018)
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Production (ton)

Mine Location
2012 2013 2014 2015 2016
Jungang Chungbuk 33 95.2 1243 1033 164.5
resource Danyang
Wando Jeonnam 128.5 138.0 134.0 127.1 1112
Wando
Naju ceramics Jeonnam Naju 56.0 55.6 50.8 522 58.2
Cheongseok-Saj  Chungbuk 229 3.0 295 247 236
iweon Danyang
Gyeongju Gyeongbuk 23.0 25 21.6 24.0 21.6
Gyeongju
Baekam Jeonnam 229 20.5 20.4 208 215
Haenam
Minkyeong-No Jeonnam
whado Wando 103.5 109.1 101.0 11.6 14.3
Bugok Jeonnam 23.0 25 17.8 13.7 9.8
Haenam
Jinhae Gyeongnam 6.8 12.2 15.7 3.6 9.4
pyphyllite Jinhae
Bobae Busan Gangseo 68.0 80.1 68.2 52.7 -
Table 4. Chemical and physical properties of pyrophyllite by product (KIGAM, 2010)
Chemical properties Physical properties
By use By product Sio2 Al203 Fe203 CaO Refractoriness Outage
(%) (%) (%) (%) (%) (%)
. Acidic refractories, bricks 59.8 32.10 0.30 0.15 33 6.66
Refractories . .
Neutral refractories, bricks 64.4 24.60 1.17 - 34 9.78
Ceramics Ceramics, tiles 68.0 21.60 0.60 3< 34 4.28
Back cement additive 75.8 15.17 0.25 - - 5.00
Cement, etc.
Pesticide additive 60.8 15.32 1.00< - 28 -
AL A}

2 e dsiet dad AT e AdS ot 3 E FFAGAGENERE v FE77SAA Y

o] A AT}
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Review of Investigation Cases of Fault Developed within
the Overseas Nuclear Facility Sites

A YR ele) T2 S jsh 1212@kinp.co.r

PO T L
n7] o] 277 %
BH7EE AL QAo

B g o) g7 =) ) %%%,J%WHE7WHLﬂﬂﬂw%%§7h&il%E A47] £2(Quaternary
fault)Q] Fx] W B3z At 9} 1o i3k 22 TS 2ASHL Y YA B8 IHsAS HES=Y 23 o] 9ith ) Y
Ao Ad 9 Y37t EEE= Xégi n)a YA} A 93] (U.S.NRC: United states Nuclear Regulatory
Commission) 774 10 CFR Part 100 Appendix. A7} &85 glo v g FH A} A2 u|o 2 A5 S 7t
] 24 Ak )= U] 671 A A B2 Y Al47] dEo] Barsles Z 02 S0l 5 Qi) 1) Seabrook; 2) Nine Mile Point; 3)
San Onofre; 4) Byron; 5) Washington; and 6) Limerick Generating Station.

71 671 A AAGAS S Tt AV S 283 959 Al A B4
A= 30 AED 2T A A7t Bl TG 2AIY L A AFIE 2HAG

A4 37 9 7t HokolA] B8 b & Aoz Y|

) AT} Y& AsiAe FAol ek A8 A0k ghAd gtevt &k 4
Bholle ot Aol A EA APl M e T2 vl TR 84 HEs)

ox,
mlo
5o

=
LR

>~l
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AN ATA AHAD A TR F479A A4

AZRARL, AT AH, AutEA Aol 718 S 8.3 A2 HAIE HlolHt). B A 2ok 7|2 Hl o= A RERALZS
B AZE TR A F2AL H ol E BElE sl RIS FoIA = SEANMYE SADBAIEE *gstal glou dlolE o
ol o] FFolA Qo] =Rl W7 o] FIA| AL (= EALFH, 2023). & 718 A= 45 AT A4,
A& sl A A RERA 23S A7) A 082 E-gohs eke d =Sk Zlolth At HlolE e A
o =&, B8 7He g AL Wehe ASESITE ANtRAF AL R B8 Ute 2 A A S AASIAL Al F2A AR
, A DA TE ol 8ste] ARPIAG S HAE WA RS ARPEA Y YA W A ol A dlolg F
Aol et e W 2Hdsty] f1e date| Gl divt Bk AR BE Qi 7 A48 Fel Kok edE Xl

A4 g AE WS Az o= s Aolh

ool

(= 1o ofy
N

Al AL

AT TP | & BB AN SRS AT Y AT GH] A A LARYAG 0.2 5w U EhabA 5 2023
0096-001, 40k ARl 3 olah 74K LA SR AR 714 97 3
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CO.—EWR AlAH LY HHSE7|9] AKX =ES flet AIEH0|M AT

e
02

Aojey*, M7lY, oHEE, MME, 3

—O1—; -
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o
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Enhanced Oil Recovery(EOR) 7]|<-& A& Bofo|A] Eo|u} CO, 52 271& 0 & F93fo] A4 35S Z=4A)7]|=
2H0oZ dtE] et o]of 2Fetsto] COZ 7¥2317] 93t Carbonate Capture and Storage(CCS) 7|4z EORS 2 %??_P
CO,-EWR(Enhanced Water Recovery) 7|&-2 A AES 35 29912 23lslo] CO, YA L A 7= 74
OOA oA AR & Agsto] A7} FHE YA o8] 277} F53 Aefolrt. o]of & A oAz At 594
CO-EWR HAMAH AIAES L55b7] o oA theket A 22d& AAsta Algg ol dsto] AlAg AA o] Hagh ot
£ =50 A} ohgleh AR AlAEE IA ey oA So] FXEE 9-87], CO, YA, L2 A, S
AA oz FAHY, A48T ZRE SAUA Y FAE =] fl8l DE7F AR ofof gtk o FA A H AL A=

1) ZEof ot A9y, 2) 3198719 TE Ato] 5 A| 2% W Dead volumeo] HAS 4= 17] wjZof, o] & AlEd|ol A

S 53 "k, CO, A% Ao oyt kS F=2 Hrett. AlEY o]A2 Computer Modeling Group
(CMG) =I5 o]§3to] nds 3} ok AlEg ol 7|22 Rlgte] tigk 355 0.999, FoEs doFow
1,000 mD$£} 10,000 mD2 A A3} on, X9 F=FEL 04, T = 1000 mD, 2=9F ¢3S A 424 (24EH, 1

7190 A (S0=A], 807N o= A sEleh FE ol Qg A S BrEsk7] gt Al ol Ao A= 35503,
EE 52 mDY © §-2 1PV/5hour, 5PV/5hour A A slo] A& o) Ast A1}, x}¢to] Z+2) 0.06 kPa, 0.4 kPal .2 27
YIS 71 0 2 YE=Y), o= Filter?] Zo]= 1 em2, 24 97] gj&E<el Ao 2 #tkFE o) Dead volume©] 912 7%
4 *lE 101*4?* A3}, Dead Volume 2] £3HE7F F7A4) ] £3HE BT} 23422 Dead Volume©]| 4 2] CO, 052 471 Ui
2= o] 5t Ae sk o]« Dead Volume o] FH=7t #5945 CO,9| 78 Jof2 o ol &
% Hr}. BE 9} Dead Volume 2] FF O 2 Q13+ CO, A5 FAS v A3, BE Er} Dead Volume2] H3F
= 7P wol Weten, 71E CO, :9)0] %= 7o ® T8 d8n ZiLF 3R]« HHH, Dead Volume 2] ko] A4
£ CO7t 912 ol 5dte FFol AA FAA ez AP = CO7E 5= JE]% A& e 4= Uik o] & Whgsto] A%

Al 2512 I E O] A9} 9 Dead Volume ] G T =5 A5t 5T ool
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o
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B QTE 2021 % ARG SRR AU 2 BRAUA 7|4 57HUKEPTPE) 2] ) 212 wot a3t 17 23kl
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Wl geopol e 9718 HY A4S Fol hy Aol su, olefat mgAl el gL B ey
w7915 QA eld Wt ek T of A A9 v 3uinth 47 AAE Fa 1 oA S =St
B2 Fol= 309 o)A ALkl 8 Bl welsta olck. o|efat mheiA Ao ok w2 §l8) Al Ao
E87EB SPYAE GEFT QITh B A AP AL A MR shio] EAISHE Suel oY A= Al
wAyshgict.

A Q1T W24 4] WIS B 0] QRS 529mo] ] o] 1.8m ~ 295m= AA|Flo] 9}, S UEA} A}

FA(E 03mmu| gk, 0]AF)(7.20m, 31.00m), THH3.00m?), A]Fo]S5 T(5.40m?), ©]Z(6.00m), A =E2](1.00m?), =}
£(0.15m%), Q= HdK(lea), 2 B FA(14ea), vl53 AYE w5 E2(27¢ea), EAF F2(30.00m’) &A4F 0] 2ALE]
ATk ZALE &4 F o] A2 AlF 27 125 Y 23 o WAt FYo] o4 o R NHE AR AR HH, 7F &
A AR B g X RS AAIRITHE 2 E YA 2 AR A dle 247 Sl A o= wekE T

AeS A1 g WA= 24.0~26.TMPaz ZALE[0] A Aol A YA 7|57 E(24.0MPa) ] 100% O]/ o2 &
AElo] ZAYE Bk A= ANrE o2 Fosgitt

2 oA Qi S of tgt @At 7|7 SH AR S Aol 23tE =S4 RAMER] ghoro, o)At
AL i 0 & PSS AES Ayt TR REA o Hujgh o] st o 7] ol A%o] glon WA
SR flote] dRo Ha=rt B agtAbely Ql“B(¥FE) & H7hE lct
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