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ABSTRACT: The natural barrier of radioactive waste disposal site should permanently isolate radionuclides from human environments for
a geologically long-term period. Therefore, it is necessary not only to reconstruct the past-to-present evolution of the bedrock, but also to
predict its future evolution. An analytic methodology to assess the geological evolution using boreholes around the natural barrier is under
development in Korea. Boreholes can provide important information at depth unrevealed from the surface. The analytic procedure of rock
distribution as a function of borehole’s depth was established in the study, and was further applied to boreholes around KAERI Underground
Research Tunnel (KURT), to validate the methodology. The procedure involves the pre-classification and simplification stages to select core
samples for geochemical and petrographic analyses. In the former stage, the mineral assemblage and textural features of core samples are
described for each 1-m column and the latter stage is simplifying dikes or altered zones, which is carried out using several criteria proposed
in this study. Geochemical and petrographic analyses were performed to measure the concentrations of major elements and to observe
microstructure, consequently defining the representative lithology of a borehole site. Applying all analytical procedures to the study area,
the bedrock around the KURT site was categorized into two types of plutonic rocks, seven types of intruding dikes, and altered zones. Further
studies such as geochronology and trace element geochemistry are necessary to complement the analytical procedure for understanding the
spatiotemporal geological setting. The results of this study are potentially applicable to the development of the petrogenetic model of a
radioactive waste disposal site.

Key words: radioactive waste disposal, natural barrier, long-term evolution, petrogenetic model, borehole
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Syt AgAn|E oF 29.6%S AR YR 7L Ed
8}aL QITHKEPCO, 2022). A&t W A{-E5 0|83t ahefit
12 d71ege TAAZ 4 oy, AR o
F o ES Yo7]|A got 2|2 EU glaien]of 4] =4 o
o2 B=59thAhn and Kwon, 2021). 3}X|9t =}
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A9 fEou A EA Y] FAEQl A3 AR (spent
nuclear fuel)2] Q+ZASF A2l Uk

AAA Selehe] Aol HAEhe AN
SAAFE E33F 1F Q] WA H 7] E(high-level radio-
active waste, HLW)2 Z} @2 4of YA AA o)t} &
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SHA] a1 718 7Hs A= BiAE &= §lrks o3 =ol 8l
th(Uyeda, 1984). T3t 3[j9FA]E(sea dumpling F+= sub-
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A @R 7P 7FsAde] 2 o 1HEI s AR
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Fig. 1. (a) Geotectonic map of the Korean Peninsula with the Yuseong area marked in a black box (modified from Kee ez al., 2019).
(b) Geological map of the Yuseong area (modified from Park et al., 1977; Kim and Lee, 1981; Hwang and Moon, 2018; Lee et
al., 2021). (c) Location map of the boreholes around KURT (KAERI Underground Research Tunnel) used in this study.
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Table 1. General information about four boreholes used in this study (Park et al., 2021a).

Horizontal Coordinates

Ground Level

Borehole ID Drill Direction Northing Fasting (EL. m) Drill Depth (m)
AH-1 vertical 424,745 232,989 89.80 450
AH-3 vertical 424,619 233,388 82.60 1,000
DB-2 vertical 425,032 232,498 108.16 1,000
YS-1 vertical 424,767 232,743 83.55 500
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al., 2021a).
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MATERIAL
- drill cores of boreholes
’
1 APPARENT CLASSIFICATION

- enter at 1 m intervals
- do not enter less than 0.5 m
- altered zones: PA / TA/ FA

v
2 SIMPLIFICATION

- max. interval for determining rock type:
50 m (5% of longest depth to be analyzed) [

- exclusion interval: 2.5 m (5% of 50 m)

- dykes & altered zone: from start to finish

v
3 SAMPLING

- max. sampling interval: 50 m

- plutonic rocks: point without alteration

- dykes: a point where rock types change

- altered zone: apparent classification results

v
4 DETAILED ANALYSIS

- visual analysis: drill core
- geochemical analysis: XRF
- microscopic analysis: thin—-section

H N
¥
RESTULS

- rock types in the site
- lithological distribution

Fig. 2. Flowchart of the procedure for analyzing deep litho-
logical distribution using drill cores (modified from Choi et al.,
2021a,2021b, 2022; Jeong et al.,2021; Jung et al., 2021, 2022).
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Fig. 3. An example of the data sheet of rock type analysis and its classification into three different stages. (a) Apparent classification.
(b) Simplification. (c) Final rock types. Sampling locations are marked as a star mark. See the text and Table 2 for abbreviations.
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Fig. 4. Geological log showing the rock types of all boreholes
at the pre-classification stage. Apparent columns (AC) are on
the left, and simplified columns (SC) are on the right for each.
The geological log depths (m) of all boreholes are calibrated
to the ground level (108.16 m), which is the zero point of the
DB-2 borehole. For the locations and ground level of the bore-
hole, see Figure 1 and Table 1, respectively. See the Table 1 for
abbreviations.
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KURT §#2]9] 3PtRe= fFAAAEEZ] BE23M)
ol sjFshe P @A PSR R FAEY, &
2RI EAF R WEsls #aulEo]|E ik
A W sl vebhdth(Park er al, 1977). 3739
I} P S P B4 X13ke 2 oA 7 A g
A A Aajo] o3 thE e R EREUARE 2 24
oAl Fo]&Ql B E Apolet 24 WIS HItK(1
9 Sa). o|¥ AolA Q] BA X} whet ERE SR
=tk 22 B 2tk

33 (granite, Gt)-> 53 THE WA 284 o=
2 St o s YRpe) Aol 7HsdttH 1| Ta, 7b). BHH
Aol A, B, APFA, uARHA, S, Wen,
ag|a E X o] ALE SN sericitization)® A& TE
3 29Itk 28 FoHE BP0 2 Aol e BHEAT, A
Aol A o] HRFO|E 2 Z(perthite texture), A4 o]l A2
Huto| Exg(albite twin), HAFEA oA o] ZZPE7(tartan
twin)©| T}

3P = granodiorite, Gd)-2 G224 E575(TAS
diagram; Middlemost, 1994; Le Maitre ef al., 2002)°] 4]
SPHAHES Y0l A=A gL AFAY W 3Pt v
=3t 99 Yol & 2R E Uepdti(1d Sa). S¢H
o2 st} Po] Yape] TRo] Rz, Feme] 3
o] gon] AR spdEcte skt 2 of 12
mm 27]9] FHA JEE HJATHTH 7c, 7d). HHA
A Mo AHE, Bem, Men, Aen 5O BT 4
oIk F0 FoHH SH o2 AFAT Kool @] <3|
a7} Zio} e Sat moe) ] 2elrlo] = 2 mymmekite
texture) 2} AP Aol A1) o] =4go] THEIKLH 8b).

ATA o] AHARS YU BPASGOR Be
H HEE o E U4 ke gt X|gkek 24
A}, ZE-F-ulayls 5= (AFM diagram; Irvine and
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Table 2. Pre-classified rock types for apparent analysis of selected samples (Modified from Choi et al., 2021a, 2021b; Jung et al.,

2021).

Rock Type

Description

[ rock unit ]

Normal granite (Gt)
Lighter granite (Gt-1)
Darker granite (Gt-d)

lighter granite than Gt
darker granite than Gt

coarse granite observed throughout the borehole

Mafic dyke (M) dark-colored and fine-grained rock that cuts the host rock
Felsic dyke (F) light-colored rock that cuts the host rock
Pegmatitic dyke (P) pegmatitic rock that cuts the host rock
Porphyry (Pp) similar to granite but with porphyry
Migmatite (Mt)

a mixture of leucosome and melanosome, such as a melting structure

[ alteration ]

Partially altered zone (PA)

Totally altered zone (TA)
Fault-induced altered zone (FA)

a part of the original facies changes locally or shows gradual changes (mainly in the form of
a thin band along the hydrothermal fracture)

a wide area is completely altered, and almost no apparent features of the original facies

completely altered zone in a section with high fracture density

Baragar, 1971)0|A] Zr=-g=ZHe}¢](calc-alkaline) A Goll &
(2" 6a), ASEAE-FANE EFE(K,0 vs. SiO, dia-
gram; Peccerillo and Taylor, 1976)°]| A= 12ZH&(high-K)
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Table 3. Rock types of AH-1 at the apparent classification step,
simplification step, and final step with sampling locations.
Abbreviation: D=depth from; RT=rock type; AT=alteration
type. See the text for other abbreviations.
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Table 4. Rock types of AH-3 at the apparent classification step, simplification step, and final step with sampling locations.
Abbreviation: D=depth from; RT=rock type; AT=alteration type. See the text for other abbreviations.
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Table 5. Rock types of DB-2 at the apparent classification step, simplification step, and final step with sampling locations.

Abbreviation: D=depth from; RT=rock type; AT=alteration type. See the text for other abbreviations.
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Table S. (continued.)
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Table 6. Rock types of YS-1 at the apparent classification step,
simplification step, and final step with sampling locations.
Abbreviation: D=depth from; RT=rock type; AT=alteration
type. See the text for other abbreviations.
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Table 7. Whole-rock major element concentrations (wt.%) of the samples.
Depth . .

Borehole (m) SiO, AlLO; Fe 03 CaO MgO K,O Na,O TiO, MnO P,0Os LOI Total
329 69.98 15.49 2.26 3.19 0.57 242 3.60 0.29 0.05 0.10 1.40 99.35
39.5 70.71 15.07 2.24 331 0.65 2.73 3.63 0.28 0.05 0.10 0.72 99.49
58.7 67.31 17.34 1.26 1.55 0.28 4.00 4.41 0.16 0.03 0.03 3.06 99.43
77.7 70.35 15.14 2.39 3.17 0.62 3.12 3.46 0.25 0.05 0.09 0.83 99.47
125.2 62.91 14.32 5.00 3.53 3.59 2.29 4.26 0.74 0.10 0.21 243 99.38
1335 72.88 14.25 1.53 1.14 0.69 3.01 3.42 0.27 0.03 0.10 2.18 99.50
141.5 69.86 14.98 1.80 1.95 0.72 3.89 2.40 0.27 0.04 0.11 3.55 99.57
149.9 70.85 14.96 2.32 332 0.56 2.69 3.40 0.24 0.05 0.09 1.01 99.49
185.8 74.58 13.08 0.77 1.49 0.18 4.07 2.82 0.08 0.02 0.06 242 99.57

AHL 189.8 67.80 14.66 2.62 321 0.45 3.05 3.23 0.28 0.05 0.12 4.22 99.69
2158 70.94 14.82 2.61 3.14 0.67 2.59 3.52 0.27 0.07 0.10 0.74 99.47
232.5 72.93 14.40 1.38 2.04 0.12 3.63 4.00 0.12 0.07 0.04 0.80 99.53
281.0 71.66 14.46 2.15 2.17 0.20 3.65 3.87 0.15 0.04 0.05 0.97 99.37
3329 71.85 14.64 1.64 2.09 0.22 3.87 3.87 0.15 0.06 0.04 1.05 99.48
361.2 72.84 13.98 1.61 1.39 0.25 3.25 4.82 0.15 0.06 0.05 0.97 99.37
403.3 72.51 12.99 1.34 2.16 0.22 3.33 3.55 0.19 0.07 0.05 3.18 99.59
409.9 71.97 14.08 1.16 1.59 0.21 4.07 3.62 0.12 0.04 0.04 2.65 99.55
421.3 41.16 13.90 21.01 243 1091 0.67 0.13 1.07 0.52 0.24 8.37 100.41
437.2 72.69 13.57 0.91 1.78 0.15 3.74 3.95 0.12 0.04 0.04 243 99.42
447.8 72.05 13.80 1.09 2.18 0.26 3.97 2.78 0.11 0.04 0.04 3.22 99.54
38.0 71.06 15.52 2.19 3.19 0.57 2.14 4.07 0.27 0.05 0.10 0.57 99.73
38.0 74.55 14.48 0.44 1.05 0.10 5.86 2.33 0.04 0.03 0.04 0.78 99.70
104.6 69.53 15.89 2.12 1.75 0.51 3.63 4.12 0.26 0.05 0.10 1.85 99.81
169.2 70.37 15.64 1.83 1.66 0.40 2.80 3.58 0.26 0.04 0.09 3.82 100.49
245.0 58.16 17.23 7.51 543 3.49 1.09 2.39 0.97 0.15 0.24 3.74 100.40
272.0 76.09 13.20 1.07 0.54 0.08 4.58 3.40 0.06 0.06 0.02 1.12 100.22
309.0 81.56 11.18 0.82 0.09 0.07 3.13 1.72 0.05 0.02 0.02 1.22 99.88
320.5 76.39 12.97 1.03 0.71 0.06 4.60 2.63 0.05 0.06 0.02 1.55 100.07
368.0 73.94 13.68 0.53 1.74 0.16 4.82 2.72 0.11 0.04 0.10 2.27 100.11
410.5 90.91 3.81 1.01 1.43 0.12 1.27 0.03 0.01 0.03 <0.01 1.04 99.66
451.7 76.13 12.38 0.83 242 0.25 4.04 0.59 0.11 0.04 0.04 3.37 100.20
552.8 75.25 14.08 0.43 0.74 0.10 4.85 3.65 0.04 0.02 0.03 0.72 99.91
565.0 69.06 15.96 2.23 245 0.63 3.92 3.55 0.29 0.06 0.19 1.53 99.87
619.5 81.56 11.18 0.82 0.09 0.07 3.13 1.72 0.05 0.02 0.02 1.22 99.88

AH-3 623.8 57.87 17.34 6.44 4.24 2.39 3.26 1.40 1.14 0.09 0.28 5.81 100.26
685.0 81.06 12.03 0.71 0.11 0.20 3.60 0.14 0.03 0.08 0.02 1.79 99.77
727.0 67.33 15.49 2.58 4.16 0.51 2.52 4.42 0.29 0.11 0.12 2.74 100.27
753.0 74.14 14.57 0.49 0.87 0.08 3.93 4.70 0.04 0.02 0.03 0.99 99.86
784.0 70.74 15.51 1.84 3.11 0.53 3.23 3.56 0.19 0.07 0.10 0.91 99.79
800.9 74.05 14.04 0.50 0.93 0.09 5.44 3.68 0.07 0.02 0.05 0.72 99.59
827.8 69.95 15.69 2.28 3.20 0.71 3.24 3.38 0.23 0.07 0.12 0.80 99.67
855.1 73.17 14.71 0.58 0.80 0.11 5.95 3.12 0.07 0.02 0.03 1.20 99.76
868.5 74.87 14.23 0.31 0.68 0.06 3.49 5.27 0.04 0.02 0.02 0.80 99.79
911.0 74.94 13.98 0.41 1.13 0.06 5.24 3.54 0.05 0.03 0.02 0.40 99.80
934.6 73.43 14.16 1.35 1.29 0.24 4.87 3.40 0.17 0.05 0.08 0.75 99.79
938.8 79.90 11.72 0.91 1.10 0.13 1.21 3.73 0.08 0.03 0.02 0.91 99.74
986.3 72.42 14.20 1.57 1.17 0.34 5.02 3.09 0.18 0.05 0.06 1.98 100.08
994.9 72.03 15.32 1.47 2.34 0.41 3.54 3.54 0.16 0.05 0.10 0.88 99.84
997.8 51.60 13.06 9.39 8.57 10.38 1.18 2.05 0.83 0.18 0.31 2.82 100.37
34.4 70.87 14.80 2.45 3.10 0.64 2.86 342 0.27 0.05 0.11 1.03 99.60
63.4 71.76 14.05 2.11 1.78 0.59 4.44 3.01 0.28 0.06 0.12 1.52 99.72
72.6 70.66 14.94 2.31 2.79 0.62 4.13 3.21 0.27 0.06 0.10 0.78 99.87

81.8 61.85 15.53 6.09 5.18 3.00 2.68 2.93 0.85 0.10 0.24 1.16 99.61
98.9 73.81 13.46 1.05 0.75 0.46 5.83 3.10 0.14 0.02 0.05 0.99 99.66

DB-2 120.5 70.49 15.47 2.11 3.25 0.58 2.78 3.92 0.23 0.06 0.09 0.61 99.59
146.8 71.22 14.92 2.16 3.23 0.55 2.73 3.44 0.22 0.05 0.09 0.93 99.54
158.0 71.65 15.47 1.77 1.75 0.61 3.37 2.96 0.24 0.05 0.11 1.73 99.71
169.0 71.03 15.48 2.69 1.20 0.83 423 1.16 0.27 0.05 0.11 2.68 99.73
190.0 81.97 9.45 0.71 2.08 0.40 1.77 1.39 0.09 0.02 0.03 1.81 99.72
220.0 71.90 17.70 2.00 2.89 0.50 2.75 3.72 0.22 0.05 0.09 0.76 102.58
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Table 7. (continued.)
Depth . .

Borehole (m) SiO, ALO; Fe O3 CaO MgO KO0 Na,O TiO, MnO P,0Os LOI Total
260.8 72.36 14.48 2.11 2.62 0.46 2.68 3.92 0.21 0.05 0.03 0.76 99.68
287.3 70.13 15.44 2.15 3.20 0.71 2.57 3.81 0.22 0.07 0.10 1.14 99.54
289.5 71.73 13.31 0.62 1.68 0.17 7.33 2.27 0.09 0.03 0.05 2.28 99.56
2934 74.06 13.82 0.39 1.30 0.12 5.33 2.72 0.04 0.05 0.02 1.88 99.73
293.8 70.38 13.12 2.31 3.24 0.54 1.44 4.79 0.23 0.07 0.11 3.57 99.80
305.0 72.69 14.12 1.63 0.91 0.54 4.43 2.86 0.22 0.03 0.10 2.18 99.71
309.2 70.01 15.35 2.27 3.33 0.80 3.03 342 0.24 0.07 0.12 0.99 99.63
312.0 70.11 14.82 2.49 2.44 0.56 3.57 2.98 0.24 0.05 0.12 2.28 99.66
317.2 71.52 13.96 1.33 2.14 0.23 3.58 4.03 0.13 0.04 0.03 2.79 99.78
334.5 71.04 13.96 1.55 2.36 0.26 3.36 451 0.14 0.06 0.04 2.38 99.66
345.7 72.37 14.56 1.59 2.12 0.29 3.58 3.97 0.16 0.08 0.03 0.97 99.72
387.2 72.78 14.33 1.26 1.75 0.25 421 3.54 0.13 0.04 0.06 1.27 99.62
415.0 72.87 14.74 1.17 2.21 0.26 3.78 3.98 0.13 0.03 0.05 0.45 99.67
435.0 69.19 14.89 3.00 2.84 0.74 3.61 3.52 0.48 0.04 0.20 1.02 99.53
437.3 74.07 14.17 0.59 1.08 0.08 3.88 4.61 0.04 0.02 0.01 1.20 99.75
442.5 72.99 14.69 1.12 2.23 0.22 3.46 4.12 0.12 0.03 0.02 0.53 99.53
458.0 73.71 14.26 1.23 2.20 0.28 3.29 4.00 0.14 0.02 0.04 0.52 99.69
477.0 69.35 13.99 2.58 1.94 0.65 4.81 3.00 0.53 0.08 0.15 2.63 99.71

DB-2 487.9 69.16 15.68 2.87 3.80 0.77 1.02 4.60 0.39 0.06 0.13 0.97 99.45
505.1 71.21 14.89 2.31 3.29 0.63 2.55 3.65 0.28 0.04 0.09 0.71 99.65
528.5 72.85 14.36 1.25 1.54 0.25 4.00 4.06 0.13 0.03 0.03 1.14 99.64
538.2 67.66 15.50 3.58 2.72 1.09 3.35 3.54 0.74 0.06 0.22 1.14 99.60
560.8 69.82 14.60 2.87 1.88 0.65 5.07 3.31 0.48 0.06 0.15 0.66 99.55
564.2 73.04 14.34 1.30 2.06 0.32 4.05 3.62 0.19 0.03 0.04 0.61 99.60
583.2 70.57 14.39 2.39 1.82 0.61 5.29 2.97 0.44 0.05 0.14 0.93 99.60
602.4 73.50 13.95 0.74 1.70 0.17 5.06 3.25 0.09 0.03 0.04 1.22 99.75
642.1 49.84 13.21 10.13 8.75 10.95 3.14 0.78 0.90 0.19 0.33 1.58 99.80
668.7 72.52 14.52 1.34 1.67 0.27 425 3.95 0.13 0.04 0.05 1.02 99.76
733.0 73.05 14.32 1.18 1.99 0.28 4.36 3.46 0.14 0.03 0.03 0.80 99.64
757.4 61.09 16.04 5.84 5.12 2.36 2.93 3.53 1.20 0.07 0.34 1.03 99.55
764.5 56.22 14.49 8.08 9.97 443 1.58 1.96 0.82 0.17 0.27 1.61 99.60
783.2 72.60 14.90 0.90 1.47 0.20 5.21 3.16 0.09 0.11 0.05 1.01 99.70
814.8 73.49 14.31 1.10 2.05 0.27 3.86 3.57 0.13 0.04 0.04 0.73 99.59
848.8 59.27 16.02 6.96 5.78 3.13 2.76 2.55 1.27 0.09 0.38 1.40 99.61
859.5 71.50 14.99 2.04 2.77 0.53 2.86 3.65 0.21 0.07 0.08 0.85 99.55
909.5 5541 17.10 8.23 7.40 4.07 345 0.86 1.39 0.10 0.44 1.16 99.61
917.6 69.18 15.85 2.34 3.50 0.62 2.37 431 0.26 0.04 0.21 0.77 99.45
933.2 70.74 15.42 2.02 3.22 0.52 2.44 427 0.25 0.03 0.10 0.59 99.60
28.2 72.15 14.18 2.46 3.11 0.56 2.73 3.23 0.29 0.06 0.10 0.55 99.42
71.3 77.44 12.17 0.69 0.71 0.09 5.28 2.04 0.04 0.04 0.04 1.08 99.62
81.7 71.27 14.49 2.48 3.01 0.59 3.40 3.06 0.30 0.06 0.11 0.65 99.42
163.8 68.71 15.60 2.60 2.98 0.63 427 3.28 0.30 0.06 0.12 0.88 99.43
175.8 72.12 14.67 1.53 2.21 0.20 3.74 3.84 0.14 0.06 0.05 0.76 99.32
209.1 72.15 14.76 1.57 2.34 0.23 3.35 3.95 0.14 0.07 0.05 0.84 99.45
242.9 73.46 13.52 1.32 1.07 0.20 5.44 3.03 0.16 0.05 0.05 1.18 99.48
249.7 71.94 14.81 1.73 2.36 0.26 3.40 3.97 0.16 0.04 0.05 0.69 99.41
258.4 71.33 14.10 2.44 2.16 0.53 4.26 3.17 0.33 0.04 0.10 0.90 99.36
288.7 72.35 14.46 1.63 2.20 0.22 3.85 3.78 0.14 0.05 0.05 0.73 99.46

YS-1 3194 72.14 14.16 1.05 2.05 0.23 2.83 3.74 0.16 0.03 0.05 3.03 99.47
339.9 72.79 14.48 1.39 2.21 0.27 3.79 347 0.16 0.04 0.05 0.75 99.40
384.6 72.13 14.22 1.79 1.30 0.23 4.19 3.80 0.12 0.20 0.05 1.37 99.40
399.5 58.95 14.59 6.66 6.43 3.85 1.93 3.05 0.84 0.12 0.25 2.83 99.50
423.5 73.00 14.44 1.47 2.27 0.19 3.57 3.73 0.12 0.08 0.03 0.41 99.31
431.4 71.69 14.65 1.55 1.50 0.21 3.56 347 0.14 0.04 0.03 2.67 99.51
451.8 70.64 14.10 1.28 2.43 0.13 4.31 3.74 0.10 0.04 0.03 291 99.71
466.2 69.66 14.51 3.32 2.49 0.84 3.54 3.51 0.48 0.04 0.15 0.83 99.37
471.2 72.89 13.44 1.46 2.03 0.32 4.18 3.03 0.22 0.05 0.04 1.76 99.42
488.0 72.92 14.28 1.13 1.18 0.25 4.43 343 0.12 0.05 0.05 1.69 99.53
489.5 73.00 14.55 1.05 1.17 0.24 4.02 348 0.14 0.03 0.05 1.67 99.40
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Fig. 7. Photographs of representative borehole samples. Side view and cross-section of granite (a, b), granodiorite (c, d), basaltic
dyke (e, f), basaltic-andesitic porphyritic dyke (g, h), fine-grained basaltic-andesitic dyke (i, j), fine-grained andesitic dyke (k,

1), andesitic porphyritic dyke (m, n) and pegmatitic dyke (o, p).
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