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Since fractures in the crystalline rock such as granite can act as the pathways for groundwater flow and mass transport,
understanding of the fracture distribution is an important subject for the disposal of high-level nuclear waste. Fracture data obtained

through the borehole investigation from the ground surface contains errors due to the crossing angle between boreholes and fractures.

Therefore, I studied method of borehole investigation that can effectively characterize the fracture distribution based on fracture
information obtained from geological investigation of ventilation shaft wall at the Mizunami Underground Research Laboratory. As
a result, it was found that inclined lines on shaft wall captured larger number of fractures, especially high-angle fractures, than
vertical ones. This indicates that inclined boreholes are preferable for efficient capture of the fractures. However, since the fracture
orientation varies with depth, it is difficult to uniquely determine the drilling direction. On the other hand, predominant orientation
of fractures at surface exposure, which locates close to Mizunami Underground Research Laboratory, is well concordant with
average of strike and dip of fractures observed at ventilation shaft, which implies that the drilling direction should be determined

P A

based on the result of surface fracture mapping.
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B EOBER A v F0MTONT[1]. ZOCIE, ElhE %y



JRFFj3 7= FhgE

D120 DA — )V TRAT v F I TWD (Figs.2,3). &
HiZ, FL—RAEOEWEINACHEAKOED b -FILE
R LBV TIE, ERER, BEATE, FTEYOREA TR
SNTWVABIL, 5-6].

Ventliatl n

et by

A;m Access/Research Gallery

=]
*
B ’ﬁcesslkesearch Gallery

Fig.1 Location and schematic layout of the Mizunami

Underground Research Laboratory (MIU).
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Fig.2  Sketch map of fracture distribution with in the ventilation shaft (development view of shaft wall), and Schmidt
stereonet diagrams showing fracture orientations (lower hemisphere projections of poles to fracture) [7].
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Fig.3  Sketch of shaft wall of the Ventilation shaft [6]. Blue and green lines indicate arrangement of lines to count fractures

captured (blue and green lines indicate vertical and declined lines, respectively).
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Fig.4 Depth variation of average fracture capture rate at 8

survey lines for each sketch (about 2.6m depth).
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2 7= (Fig.3). #hEEE, 24 v F ETORIBDD] &R0
TEEEZELT, A7 v F L CRBRIIREN TV DI
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OEFHZ DWW T, A7 » FHREORHEHT — Z [5-6]&FIH L,
AR (ERHA 0~30° ), A 31~60" ), mAE (61
~90° ), FE#ZeLd 4 DIZX5 LTHEE L7z (Tablel).
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sketch (for about 2.6 m depth).
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FRHIC I DEIIVH YRS % Table 1 1CF &bz, F
72, R L72BINE Ok Z & oEI4 % Table 2 (TR,
ERELANRR COEN H ST 350~472 &K (CEHIT 424
) THY, LTI mBEE R TS IR 120
ARIZH R SERNED LN (Tablel). = 2T, 8 KD
EHFRTOEIN B E AV CEBREZ Rz & 2 5,
103 %L ieolz. 7238, EEMREITT — & OIEHERF=%
BETHLEZBDT, T—ZICBIT A 8EDORE S D
ZHBRLIZHOTH Y, FiE CEYE) RNk <,
T OFHMEICKTT DR R IE D X OREEERT D
DTHDH WFZIE, B EEH[0].

4.2.2 {EHAKR

TEEHARR OEFL H e 5% Table 3 12”7, 72, Flh
H ORI Z L O%14 % Table 4 (2773, Table 3 & Table 4
TlE, £A27 > F Bmodr, el R, mH, mH,
7, dEFED 88 bR 2 HIA~DOFREZ R LTV 5.
BERHUFR OPRRERNL, SREJFRIC TR LIS FRL 2

Table 1 Number of fractures captured on vertical counting

lines and coefficient of variation.

Dip angle
Vertical
o All fractures Low Middle High No
counting line
(0-30° ) [ (30-60° ) [(60-90° ) | informarion
North 432 119 18 122 173
Northeast 454 113 18 109 214
East 470 117 21 156 176
Southeast 472 77 18 194 183
South 434 98 26 168 142
Southwest 404 111 21 154 118
West 379 110 24 140 105
Northwest 350 85 17 113 135
Total 3395 830 163 1156 1246
Average 424 104 20 145 156
Standard
o 43.7 15.5 3.2 29.3 36.8
deviation
ffici f
Coefficient o 103 |150 | 159 | 203 23.6
variation (%)

Table 2 Ratio of dip of fractures captured on vertical

counting lines (unit: percent).

Counting line [ Low (0-30° ) | Middle (30-60° ) | High (60-90° )

North 46 7 47
Northeast 47 8 45
East 40 7 53
Southeast 27 6 67
South 34 9 58
Southwest 39 7 54
West 40 9 51
Northwest 40 8 53
Average 39 8 54
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Table 3 Number of fractures captured on declined counting

lines and coefficient of variation.

Starting point Direction of declined Dip angle
of counting counting line All fractures Low Middle High No
line On sketch Azimuth (0-30° ) | (30-60° ) |(60-90° ) | informarion
he righ
tothe gt 1062 621 | 115 20 | 204 282
(Eastward)
North to the left
e
y 253.8 855 | 119 20 420 296
(Westward)
—
fotheright 51 5 607 | 108 21 211 267
(Southeastward)
Northeast o the left
° 298.8 830 | 129 36 319 346
(Northwestward)
he righ
fotheright = 1962 626 | 110 23 | 260 233
(Southward)
Bast to the left
343.8 826 | 117 23 365 321
(Northward)
he righ
fotheright: o412 835 95 2 | 301 325
(Southwestward)
Southeast ‘o the left
e
° 28.8 746 86 20 360 280
(Northeastward)
—
fothe right | 6.9 982 | 107 44 532 299
(Westward)
South to the left
0
72.8 609 | 101 23 239 246
(Eastward)
fotheright | 55, 5 778 | 114 22 391 251
(Northwestward)
Southwest o the left
othele 118.8 678 95 19 357 207
(Southeastward)
to the right
o the rie 162 650 | 114 28 337 171
(Northward)
West to the left
¢ 163.8 528 | 103 13 242 170
(Southward)
v
fo the right 61.2 614 80 17 314 203
(Northeastward)
Northwest o the lott
0
208.8 532 | 101 14 240 177
(Southwestward)
Total 11317 | 1694 367 | 5182 4074
Average 707 | 106 23 324 255
Standard deviation 131.3 12.7 7.8 88.7 56.9
Coefficient of variation (%) 186 | 120 | 338 | 274 22.4

STWDA, El BRI E R T O 424 Rt
U CTEARABR I 707 RTH Y, £ 1.7 f58mL7-.
Fio, SEJFC A TE AR OFIIE OfE R
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RN TOEN B HIIRBOLZIIREIT 18.6 % TH Y
(Table 3), $AEGAFRCOEENRE LY bR&EL 2ol
AU, RN TIESRE IR R TR Z & 0Bl B
RO HOXNREL Ro- 2 L2 EWET 5. R
BATIE Fig6 (R LTI L 51, @AEEMNOFNE 2 EE
LTEAZTOWDAREERH Db O, SREHFRTHHIBRO
PLEIZ L > THEIN B HIEEUCH 10 %D ZEBRBFED H T
W5, ZOERT, FEEMEZERTC A D I R
DEFVE A O AR —MEICEK T B REEN H 5.

72, EARNURR T, SAERMHIC AT S zaT
OENBIZKRT 5 EAEEAOENE OFIEREL ko T
Y (Table2 35 LU Table4 Z&R), AR EFIILE & D%
ZAICERT IHRRIILEIN TS EEZ LD,

LZAT, ETCOENBD®H B, SREHBRTK 37 %, {#
BB TR 36 %D EIN BIZHOW T EREM S THE S
TU720 (Table 1 38 X OV Table 3 2 &) . #4945 X 512,
AT, BNBEmOGMICE SN ZFEREITO ), &
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Table 4 Ratio of dip of fractures captured on declined

counting lines (unit: percent).

Starting point Direction of declined Dip angle
of counting counting line Low Middle High
line On sketch Azimuth [ (0-30° ) (30-60° ) (60-90° )
to the right
(‘; f”gd) 106.2 34 6 60
North e e
otne’e 253.8 21 4 75
(Westward)
. t°tthhe ”tgm 5 | 1512 32 6 62
Northeast Dr t:aslvatar
0 ele
298.8 27 7 66
(Northwestward)
to the right 196.2 28 6 66
(Southward)
East to the left
343.8 23 5 72
(Northward)
he righ
fotheright o4 5 19 5 77
(Southwestward)
Southeast o the ot
0 e le
28. 1 4 7
(Northeastward) 88 8
to the right
(\;’V f”gd) 286.2 16 6 78
estwar
South to the left
omere 72.8 28 6 66
(Eastward)
fotheright 3375 22 4 74
(Northwestward)
Southwest e et
othe e 1188 20 4 76
(Southeastward)
to the right
“3 t: ”gd) 16.2 24 6 70
West I e
othe’e 163.8 29 4 68
(Southward)
(N“’t;he ';gmd) 61.2 19 4 76
Northwest O{ tiaslvif'
0 e le
208.8 28 4 68
(Southwestward)
Average 24 5 71

BRI FEE S TV R W BN B S LA O B % &
ET RN D D,  OREBEREET D720, EnERS
HRMENTWDENEOAB D E2 A5 L LR A K
Wiz & 25, SRR T 10.6 %, FEAHAFR T 21.0 % L 720,

HREAAKOIELSX I L TIL, T#HELOENEZE
DA LI L TREREITRD LN -7, F

KABEAOENBITES 2m U EDO DT T TR S
NTND Z E[1], HARIKR T HLEN BfMEEOIEL S &I
KRERENEN ST 0D, EMEAOTH I TS
FNHOBREZFERICHNTHRERICKRESEELRNLES
ZH5.

5.2 R—1) VI AOEMBEICET iR

Table 4 (27~ L7= X912, BURHIIKR Cld @A B EAEI E
BRI TE TV D B2 6, EINE S E LR
HICHARE T S 72 OIZITMERME D DR —V v ZTHHENFEZ T
HHEERD. {tﬁ@r% WZOWTIHE, AEEICH LTE VK
FREDR— U v 7 DI S EEARR 2 SRR ¢ & 5
EEBZOLNDH, —FTKERE D O OB ME L Zeduid
HIEE, BHETHEREETORBIENEL D729,
AR OW T OFTIATH B O AR, fEshbdax
el BOETRET DI ENFELVEEZZOND.

5.3 R—V U TADORWAIFLICEY H1RE

— U > TR OBUR A 28I Pl E 6% LT,

PRHI AL & B A R OFN B OEM D —E LTV,
ZOLEENHEESHIR TERNI LIZRD. 20D
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Fig.5 IZR L72 L 91, Bl B o EMEAHIREIZ L > T
AL, EnRABGEHIEATIEAT OMKALHTClX 250 m DL &
300 m LA TIEEIN B O O i & ERRO T O FEIC
BRI BEOENNSDZ ENbND. 22T, Z0ik
BITENBREICEE CH D120, EROFMICAR—=Y 7
FWHITE L1k, ZFOENHEZDRNICHIRTE D
LEZBNS. L)L, Figs IRLZE 91T, Bl 58
B FOMLEIEIZ L » CTELT D854, Elh B o zah®
%Kﬁ%?%éﬁ—uVﬁ@ﬁ%ﬁﬁ%*%%ﬂ&ﬁ?é
ZEIIREETH D ERBDbND.

& 2T, E 2 OFIE OEFER Bl B i OIERTAL
WEESWIERE 21T S . ERERS RS S EEhEIC
W, FHEEROFN T EOEINE % Table 5 12F &
Wiz, TOREE, SR LAt — e m o Rk
OENANEBT S, REZLICAD E, B 200~300 m
TIEALYE — B HE R CALRBER OFEIN B R E L, RN T
mALER CHRER OEN B 3%\ (Table 5). = OF#IT
Fig.5 (TR L7233 H 0 Fa) Z 35RO 7L O SFE-HME 5 3K
DIHAL B ORI ERER & — T 5. F 7z, TEE 300
~500 m Cl¥, ALH—mPE AR CTrREEER OB E ARk
952 (Table5), Z# b Fig.5 (2o L2503 H OB 72
AEmfER s —2HT 5.

Table 6 {2134k, tﬁ W, FH, M, rAPE, 7H, dLHEO
F L COSEIFRIC I T 2 Fh B gt 5445 2 5
ﬁm@@ﬂmﬁf®%ﬂﬁﬁ%ﬁ®m%m¢n%M6_m
ERERAR DO F LA B /R L TH D). Fig (R LTZL DI,
ERHIRR IR I R > TV A T2, BB A2FHE L TH
szé‘Idéiké%fwl**ﬂﬁﬂﬁWWMMQﬁﬂ%
AUB DIAMIEANIFR C 0B B it ShE IR T oFlh
BHiftss ERl>T\W5. FTh, BRI CoF R~
e EEEANENL B ORISR ELHIAR & T IZ £ <,
BRHIR CHIfE SN 7= B CiEm A EEA OFIE 3% <
o TNDHZEELEET S (Tables2,4). F7-, FEANH
HRCHEIN B IR Z < 7 2 BIFRD AL (Table 6 T
All fractures DB 2 7, FMEIC FREZM LIZHO) 1T
79 (FAEA78 286.2° & 253.8° DR T, WTIEwE (O

fractures
[[]]
=
2 7 H .
3 counting line
€ || counting i *._ drilling direction of
% “borehole
T
Fig.6  Schematic illustration of allocation of counting lines

for fracture in this study (solid lines) and of borehole
(dotted line).
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Table S Number and ratio of fractures in each direction of down normal. Underlined numbers indicate largest number and

ratio at each depth.

Fractures with all dip angle

. : North Northeast East Southeast South Southwest West Northwest
Direction of down normal
(strike and dip direction) (E-W strike, (NW-SE strike, (N-S strike, (NE-SW strike, (E-W strile, (NW-SE strike, (N-S strike, (NE-SW strike,
P S dip) SW dip) W dip) NW dip) N dip) NE dip) E dip) SE dip)
Azimuth (clockwise) 337.5-225 225-675 67.5-112.5 112.5-157.5 157.5 - 202.5 202.5 - 2475 2475-2925 292.5- 3375
number of fractures 524 536 385 196 288 666 912 1604
All depth
percent 10 10 8 4 6 13 18 3]
number of fractures 198 125 62 24 126 351 320 147
200 - 300 m
percent 15 9 5 2 9 26 24 11
number of fractures 172 159 186 92 45 129 207 698
300 - 400 m
percent 10 9 11 5 3 8 12 41
number of fractures 130 213 113 68 89 120 353 742
400 - 500 m
percent 7 12 6 4 5 7 19 41

Table 6 Ratio of number of fractures captured on the declined counting lines to vertical lines. Underlined numbers indicate

largest ratio in each direction.

Starting point Direction of declined counting line Fractures with informarion on dip angle Fractures without
of counting All fractures informarion on
line On sketch Azimuth Total | Low angle { Middle angle | High angle dip angle

West to the right (Northward) 16.2 1.75 1.04 1.17 241 1.63 1.52
SE to the left (Northeastward) 28.8 1.61 1.12 1.11 1.86 1.53 1.30
NW to the right (Northeastward) 61.2 1.91 0.94 1.00 2.78 1.50 1.24

South to the left (Eastward) 72.8 1.24 1.03 0.88 1.42 1.73 1.48

North to the right (Eastward) 106.2 1.31 0.97 1.11 1.67 1.63 1.85
SW to the left (Southeastward) 118.8 1.65 0.86 0.90 2.32 1.75 2.00
NE to the right (Southeastward) | 151.2 1.42 0.96 1.17 1.94 1.25 1.12

West to the left (Southward) 163.8 1.31 0.94 0.54 1.73 1.62 1.43
East to the right (Southward) 196.2 1.34 0.94 1.10 1.67 1.32 1.60
NW to the left (Southwestward) | 208.8 1.65 1.19 0.82 2.12 1.31 1.24
SE to the right (Southwestward) | 241.2 1.76 1.23 1.33 2.02 1.78 1.33

North to the left (Westward) 253.8 2.16 1.00 1.11 3.44 1.71 2.15

South to the right (Westward) 286.2 2.34 1.09 1.69 3.17 2.11 1.59
NE to the left (Northwestward) 298.8 2.02 1.14 2.00 2.93 1.62 1.42
SW to the right (Northwestward) | 331.2 1.84 1.03 1.05 2.54 2.13 2.11
East to the left (Northward) 343.8 1.72 1.00 1.10 2.34 1.82 1.55

1.69 1.03 1.13 2.27 1.65 1.56

Table 7 Rate of increase of number of fractures captured on the declined counting lines to vertical lines in each depth.

Underlined numbers indicate maximum number and ratio in each direction.

Starting point Direction of declined counting line 200 - 300 m 300 - 400 m 400 - 500 m

of counting . All fractures with High angle All fractures with High angle All fractures with High angle
line On sketch Azimuth informarion on dip angle| fractures [informarion on dip angle| fractures [informarion on dip angle| fractures

West to the right (Northward) 16.2 1.44 3.00 2.20 2.76 1.84 2.02

SE to the left (Northeastward) 28.8 1.67 1.94 1.78 2.01 1.15 1.35

NW to the right (Northeastward) 61.2 1.71 3.70 2.20 251 2.07 2.24

South to the left (Eastward) 72.8 1.85 4.67 0.92 0.94 1.07 1.26

North to the right (Eastward) 106.2 1.15 1.32 1.38 1.72 1.62 1.86

SW to the left (Southeastward) 118.8 1.34 2.38 2.08 2.50 1.63 2.00

NE to the right (Southeastward) 151.2 1.28 2.92 1.65 1.90 1.30 1.57

West to the left (Southward) 163.8 1.26 2.22 1.13 1.26 1.80 2.29

East to the right (Southward) 196.2 1.65 3.76 1.11 1.10 1.12 1.21

NW to the left (Southwestward) 208.8 1.80 3.30 1.71 1.75 1.43 1.64

SE to the right (Southwestward) 241.2 1.70 2.04 1.74 1.84 1.67 1.98

North to the left (Westward) 253.8 2.03 5.08 2.50 3.50 2.25 2.45

South to the right (Westward) 286.2 1.92 4.07 3.15 3.86 1.98 2.20

NE to the left (Northwestward) 298.8 1.62 4.00 2.32 2.72 2.28 2.84

SW to the right (Northwestward) 331.2 1.52 2.85 1.88 2.13 2.36 2.98

East to the left (Northward) 343.8 1.03 1.38 2.56 2.48 2.29 2.74
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