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Abstract

This report documents the outline of the deep borehole drilling survey conducted by NIED at three locations in the
central Japan. 1. Ashio area, Tochigi Pref., depth 2,002.4 m, period FY 1987 — 1992; 2. Shingu area, Wakayama Pref.,
depth 551.0 m , period FY 1997 — 2000; 3. Gofukuji area, Nagano Pref., depth 403.1 m, period FY 2001 — 2003.
Rock core samples were collected at different depths along the each borehole, and served for various laboratory tests,

such as rock density and coefficient of water absorption measurement, ultrasonic velocity measurement, unconfined

compression and splitting test, triaxial compression test, thermal conductivity measurement, permeability measurement,

whole rock chemical composition determination of major and trace elements, and X-ray diffraction analysis.

Key words: Seismic activity in the Kanto region, Nankai Trough, Itoigawa-Shizuoka Tectonic Line, Borehole drilling,
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Fig. 1 Location map of the drilling sites. The trace of the neighboring active faults is also drawn for Gofukuji site

(Imaizumi et al., 1999; Matsuda et al., 1999).
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Fig. 2 Casing plans for boreholes.
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Fig. 3 Profiles of deviation angles and depths along the boreholes.
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Table 1 Outlines of the borehole drilling.

REIL =1l FIRFIL
12 0.0-30 13-3/8" 0.0-105 12-1/4" 0.0-220 10-5/8"
(FEm, %)|3.0-341.0 8-5/8" 10.5-175.3 9-5/8" 22.0-1205 8-1/2"
341.0-1502.0 6-1/4" 175.3 -504.6 6-1/4" 120.5 - 403.1 HQ-WL
1502.0 - 2002.4 5-7/8" 504.6 -551.0 PQ
T2 0.0-30 12" STPG 0.0-105 10" SGP 0.0-220 9" SGP
CREm, #)|0.0-341.0 7" STPG 0.0-175.3 8" SGP 0.0-120.5 7" STK
0.0-1502.0 5" API 0.0 -504.6 5" STPG
aAruvy 2Ry 10.0-201.0 HQ 142.2 - 403.1 HQ
CEE m, #)|20.8-23.1 BQ 180.0 - 401.0 PQ

167.1 -169.1 PQ
241.4-243.4 PQ
306.5 - 307.2 PQ
342.8 - 344.1 PQ
414.5-4155 PQ
502.0 - 504.2 PQ
601.3-603.4 PQ
721.2-723.2 PQ
836.3-837.5 PQ
851.0-851.9 PQ
865.7 - 866.0 PQ
924.0-925.8 PQ
1026.4 - 1028.4 PQ
1113.5-1115.5 PQ
1267.3-1267.9 PQ
1326.2-1328.2 PQ
1438.0- 1441.1 PQ
1501.0-1502.3 PQ
1619.6 - 1622.4 PQ
1732.2-1739.0 PQ
1805.4-1811.4 PQ
19710.6-1916.6 PQ
2001.5 - 2007.7 PQ

401.0 - 500.0 HQ
500.0 - 502.0 BQ
504.6 - 506.6 PQ
506.6-511.3 HQ
511.3-520.2 PQ
520.2-521.9 BQ
521.9-551.0 PQ

FLRMEREZE |20 - 2000, # 188 @ 55.8,57.1,70.0, :31 [ 25.0,50.0,75.0, (17 [E

CRE m) 20m#& 102.3, 128.4, 100.0, 120.5,
130.4, 147.6, 125.0, 150.0,
170.0,173.7, 175.0, 200.0,
178.4, 196.4, 225.0, 250.0,
235.0, 256.0, 275.0, 300.0,
259.0, 270.0, 325.0, 350.0,
320.0, 331.0, 375.0, 400.0
337.0, 370.0,
376.0, 382.0,
400.0, 436.0,
466.0, 487.0,
490.0, 493.0,
496.0, 499.0,
520.0, 550.0

¥ 13-3/8"=350.0 mm, 12-1/4"=311.2 mm, 10-5/8" = 269.9 mm, 9-5/8" = 244.5 mm, 8-5/8"=219.0 mm,
8-1/2"=215.9 mm, 6-1/4"=158.7 mm, 5-7/8"=142.9 mm, PQ = 123.0 mm, HQ = 98.4 mm, BQ = 60.0 mm
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Fig.4 Geological columns of the boreholes (modified after
Matsuda et al., 2008).
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Table 2 Results of the rock property test. Rock density and coefficient of water absorption, ultrasonic velocity,
unconfined compression and splitting tensile strength tests, thermal conductivity and rock permeability
measurements.
IFRE ‘i—iﬁffs |szm:x W &Tﬂﬂ&& ﬂm*&’a%mm Pim:x’m‘m:x BIIERR m{wml&ﬂaﬁ TR ‘»m;'wu:i 3138 HEAE IR
(m) fafem?) | lg/em’)| lafem)| 06 tkm/s) | (kmys) | (kgf/em?) kagf/em?)| kgf/em?) tkgffem?)|(10%cal/cm - sec - °C)| (em/sec)
=153
21.40-21.60 |femmms] 2.65 [ 2.656 | 2.65 | 0.27| 070 | 483 [ 268 [497.E405] 0.28 | 1278 |4.92E+05] 024 | 873
21.90-22.45 |femMis| 2.65 | 2.64 | 2.656 (013 0.17 | 045 | 473 | 2.47 |4.35E+05] 0.3 1610 |2.30.E405 B4TE-11
242.50-242.75 |TcHMEE| 2.65 | 264 | 2.65 | 0.43| 1.4 | 513 | 282 |551.E405 0.28 282 |4.80.E405| 0.10 | 63.4
503.10-503.30 |fEEME]| 2.64 | 253 | 2.64 | 0.32 0.84 519 | 291 |5.81.E+05 0.27 1941 |551.E4+05 022 | 380
601.45-601.85 |fzmps| 264 | 263 | 264 | 035 091 | 471 | 262 [472E+05] 028 | 1458 5.17E+05 021 | 716
721.80-722.10 |feMmis| 263 | 263 | 2.64 | 0.36| 0.95 | 466 | 2.58 |4.58.E+05| 0.28 | 1702 6.08E+05 0.9 | 75.9
722.75-723.10 |fempse| 2.64 | 263 | 2.64 0.34| 088 | 431 | 238 [3.80.E+05| 028 | 1538 5.14E+05 023 60.4
1026.95-1027.35 | T M| 2.65 | 2.64 | 2.65 | 0.15| 036 | 397 | 219 |3.32.E405| 0.28 | 1609 |3.85E+05 0.12 | 76.0
1267.30-1267.60 |7 EME=] 2.64 | 263 | 264 0.14| 036 | 3.86 | 212 |3.10.E+05| 0.28 | 1709 |450E+05 0.24 | 483
1326.30-1326.85|TEMMis| 264 | 264 | 2.64 (0.05/0.14| 0.36 | 3.70 | 215 [3.08E+05| 0.24 | 1278 |2.13.E+05] | 3.49E-11
1327.20-1327.63|TelMEE| 264 | 263 | 2.64 | 013 034 | 396 | 216 |3.27.E405| 0.28 | 1736 4.09.E+05 0.20 | 76.7
1619.62-1620.05 |iEMmE| 264 | 264 | 264 | 0.24 | 062 | 402 | 219 |3.33.E405 0.29 1725 |4.26.E+05] 011 | 715
1620.60-1621.15|T6#M#E%| 2.65 | 2.65 | 2.65 |0.07| 0.15 | 0.40 | 422 | 2.29 [3.60.E+05| 0.28 | 1642 |2.74E+05| | 1.89E-11
1732.22-1732,60 e MM 2.61 | 266 | 2.67 0.22| 058 | 462 | 257 |457.E+05| 0.28 | 1331 4.08E+05 0.4 65.1
1732.60-17365.15|7zmp@e| 267 | 266 | 267 (005014 036 | 435 | 234 [3.82.6+05| 030 | 1280 [2.56.E405 2.04E-11
1738.98-1739.40 |7 mmire| 2.66 | 2.66 | 2.67 021 057 | 449 [ 248 [4.28E+05] 028 | 1342 |419E+05] 0.2 59.3
[#=]
102.00-105.00 | #®EM | 243 | 250 | 2.36 [3.20[5.87 [ 13.85 | 3.18 | 1.64 [1.76.E+04] 032 | 26.77 [3.82.€403] 036 | 159 5319 +0.188
106.35-108.00 | @EEM | 2.44 | 249 | 235 [3.87| 569 | 13.40 | 3.08 | 1.58 |1.63.6+04| 032 | 1550 [3.57.6+03] 013 | 1.24 541720019
192.00-193.52 | WEEM | 249 | 250 | 2.38 |4.53| 5.04 | 11.83 | 3.49 | 1.81 |2.18.E+04| 032 | 4570 |2.62.E404] 017 | 435 5193
391.55-393.00 | WEAM | 2.51 | 2.41 | 2.52 |3.95| 454 | 10.94 | 3.76 | 1.94 [2.50.E+04| 0.32 | 89.93 |1.85E+04, 0.18 5.05 5.976 1.30E-10
395.00-396.00 | WEEM | 2.563 | 2.44 | 2.54 (365423 | 1030 | 387 | 2.01 [2.70.E+04| 031 | 3991 [274E+04] 022 | 4.8 6.008 1.05E-11
495.40-496.00 | WEEM | 253 | 2.58 | 251 [1.08/3.02] 758 | 403 | 213 [3.00E+04| 031 [ 5668 [1.16E+04] 0.20 2.84 7.970+0.198 |1.08E-11
[Hth35]
252.40-252.70 | EoRame 2.07 | 1.07 |6.93.E+04| 0.32
270.70-271.00 | W% | 216 | 2.30 | 2.08 |4.06(10.82 22.50 0.29 [1.26.E402] 0.31 013
353.20-354.20 | WREM | | | 221 | 1.43
354.20-355.20 | WEEM | 2.37 | 240 | 2.21 |7.42[ 857 | 18.90 4.752 = 0.033
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Fig. 5 Stress-strain curves and rock sketches after breakdown showing the results of the unconfined compression

test and splitting tensile strength test.
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Stress-strain curves, rock sketches after breakdown, and Mohr’s stress circles showing the results of the triaxial compression test.
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Table 3 Results of the rock property test. Triaxial compression test.

O7RE | &8 |BAEGH| EEEE | BXES | BEH |HEER
(m) £ | (kgf/ecm?) | (kgffem?) | 117 (%) | (kgf/cm?) | B (deg)
[BE]
21.90- e 0.0 1610 0.75 344.2 52.0
22.45 | MgE 50.0 2410 0.60
100.0 3039 0.75
250.0 4480 1.50
500.0 5111 1.45

AN L B ET RGP O L5 PP EBGE S (R - B - F RS — U i3

4.1

e

0 MEEBGE S S (v 2 T 50 (wit%).

5 EG FRTE 4.2 488 5 5 L\_ﬁﬁk

Table 4.1 Results of the rock property test. Whole rock chemical
composition analysis: major elements (wt%). Rock
types are noted in Table 4.2 (trace elements).

A7RE
(m)

[RFE]

Si0, | ALO, | K.O | Fe,0, Na,0|CaO|MgO| TiO, | P.O, [MnO| LOI*

20.80 |73.50/14.30|345| 420 | 351 |2.15|0.79|0.25|0.10 |0.07

23.10 |69.40/1500|304| 780 | 368|246 1.51|048)|0.16|0.12

132630 s | 00 | 1278 | 065 | 2852 | 545
1326.85 9% | 500 | 2458 | 0.60
100.0 3560 Q.75
250.0 4380 0.90

500.0 5548 1.55
1620.60

) i 0.0 1642 Q.70 314.3 54.0

1621.15 | Plgs | 500 2959 0.55
100.0 3519 0.65
250.0 4350 1.05
500.0 6240 1.85

e 0.0 1280 0.50 352.8 54.3

1735.15 | pigE| 500 2318 0.85
100.0 3242 1.00
250.0 4162 1.20
500.0 5813 1.75

1732.60

167.30 |73.30|14.00(4.30| 3.94 | 3.20 | 1.85| 0.79 | 0.24 | 0.11 | 0.06
24200 |71.70/1460|393 | 440 | 3.50|2.03|0.93 |0.28|0.10 |0.07

243.00 |71.50/1510|399 | 408 | 3.68 |2.16| 0.89 | 0.26 | 0.10 |0.07

306.50 |7220 1440436 442 | 325 207|087 027|012 |0.08

415.00 |72.00/1400440| 3.34 | 3.34 | 259 | 0.63 | 0.21 | 0.09 | 0.06

503.00 |72.40]1440|5.10| 378 |3.16 154/ 0.760.24|0.11|0.06

601.40 |73.53/1337|392 210|303 |158|0.70|0.21|0.08|0.07

602.20 |71.80|1470|433 | 3.52 | 3.57 | 1.81 | 0.62 | 0.24 | 0.10 | 0.05

73220 |72.70]1420|4.21 | 408 | 336|183/ 0.78|0.25|0.11|007

837.00 |74.60/1360 440 274 | 0.09 | 2.08| 0.66 | 0.13 | 0.06 | 0.07

837.00 |74.50|1360| 440 269 | 0.09 | 209 | 0.66 | 0.14 | 0.06 | 0.07

865.70 |71.70,1500 360 3.74 | 3.74 |215|0.72 | 0.23 | 0.11 |0.06

924.40 | 72.2 (1432|395 204 | 3.30 | 1.87|0.70 | 0.22 | 0.13 | 0.07

925.80 |71.80/1350 /437 3.52 | 3.35|1.98|0.70 | 0.22 | 0.09 | 0.07

925.80 [7210|1360|439| 358|335 |197|069|0.22)| 009|007

1028.60 | 72.90 1400|430 424 | 329 |1.31|0.78|0.26 | 0.12 |0.06

1114.90 | 73.40|14.00| 440 | 3.62 | 3.40|1.21| 0.68 | 0.23 | 0.10|0.05

1267.30 | 74.10|1390| 504 | 352 | 3.03 | 1.53| 0.67 | 0.22 | 0.09 | 0.06

1326.20 | 73.10|13.80 | 451 | 347 | 3.16 | 217 | 0.65 | 0.21 | 0.10 |0.06

1441.00 | 73.50|14.60 | 4.04 | 3.24 | 3.56 | 2.10| 0.63 | 0.21 | 0.09 | 0.06

1441.00 | 7209 1451 | 406 1.71 | 3.30 | 207 | 0.67 | 0.21 | 0.08 |0.06

1501.10 | 74.10|14.00 | 422 | 3.04 | 3.66 | 1.23 | 0.46 | 0.17 | 0.09 | 0.06

[#=]
102.00- | i€ | 50.0 286 164 | 479 | 330
105.00 | BE | 100.0 431 1.43
200.0 650 1.48

1501.10 | 73.38 1439|402 | 1.63 | 3.55|1.28| 0.50 | 0.17 | 0.07 | 0.06

1620.00 | 70.22 | 1521 | 422 | 2.04 | 3.33 | 2.26| 0.82 | 0.25| 0.10 | 0.06

1620.00 | 71.17 1455|386 | 2.01 | 3.48 | 229 | 0.76 | 0.24 | 0.09 | 0.06

1735.30 |67.91 | 1625 |4.46 | 248 | 3.40 | 269 1.06 | 0.32 | 0.11 | 0.06

180880 |71.04 1490|404 | 1.86 | 3.14 | 248 | 0.84 | 0.24 | 0.08 | 0.05

106.35- | #iE 50.0 272 1.50 54.5 28.3
108.00 | Bf® 100.0 362 1.44
200.0 356 1.41
192.00- | #iE 50.0 910 1.23 148.0 | 35.8
19352 | B@ 100.0 862 1.24
200.0 1144 1.18
391.55- | #iE 50.0 1179 Q.77 274.0 | 35.2
393.00 | Bf@ 100.0 1344 1.02
200.0 1592 1.21 |
395.00- | #iE 50.0 286 1.64 48.0 33.0
396.00 | B 100.0 431 1.43
200.0 650 1.48
495.40- | #iE 50.0 948 0.93 220.0 | 33.2
496.00 | &A@ 100.0 1032 1.22
200.0 1303 1.41

C =£f/{2(1+my)"?} (G
sin ¢ = mo / (2 + my)

==L
C k5%
¢k EESER
my . Ba)z N Jﬂé‘(ﬂ :EI,ITK‘@/;’“‘E
fo BN TSGR DI s R

45 B[ RPd

A {7 WL, JIS R2618 ITMWHRL | FTHHET

o TfHiol Hindk3, f/‘f’l.-lu’—f%4 (BFrg2 ()
&! Shotherm QTM-D2) iZ X > TEETL /=, Pl &
F2TAT. AFERE L, E— &~ﬂ§<>&1§3}11/u7‘_7m~
TEREBRARTITHLET, WS

1913.20 |[70.97 1443|344 | 291 | 340 | 252 1.00 | 0.29| 0.07 | 0.07

1913.30 | 72.86|1368 |4.25| 2.08 | 277 | 1.94| 0.92 | 0.27 | 0.10 | 0.06

2001.60 | 73.06 1444 |390| 1.57 | 342 | 167 0.52 | 0.18| 0.08 | 0.06
(i1

391.78 |61.96 1461|272 | 600 | 278|329 217 |071|0.12|0.07| 5.82

395.50 [65.57 1512|279 478 | 3.59 | 1.66| 1.64 | 0.68 | 0.09 |0.04 | 4.71

495,05 |69.78/1223 /263 4.17 | 2.04 | 264 | 1.71 | 0.46 | 0.09 |0.04| 1.59

*LOL FEFEAECL (loss on ignition)

TETBHOTHS. AT Ny & —&R WTRES S I
BB ZX L, WET (379 LT 2@ LT
Wil 5L 51C9 5. HABA O AKRETINTH2 I 9

BERET, 1RO E S BRI TZED o/
4.6 B~ BREFIYL
BN RERITNE, - M RS B W 2T

fiolz., PRl EE21Ca9.
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TRFEREE T T AIH IR Lo T oz, A
Wl e, #F41 2 %55) EF42 (BkE 55) 1ITHT.
4.8 X kb3 HH
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Table 5 Results of the rock property test. Xray diffusiion analysis.
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