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The Underground Research Laboratory (URL) has been conducting a research project in
Horonobe-cho, Hokkaido. This project aims at improvement of the reliability of technologies for
geological disposal of high level radioactive wastes. It started in 2000, and the surface-based
investigation phase was completed in 2005. Now it has shifted to the construction phase
(investigation during construction of the underground facilities). In the surface-based
investigation phase, the area of about 3 km x 3 km around URL in the Hokushin district,
Horonobe-cho was selected as the main research area, and geophysical exploration, geological
survey, borehole survey, etc. were carried out in this area. In general, initial stress due to crustal
movement and overburden pressure has been taking place underground here. In designing
underground structures, it is necessary to measure initial stress around underground structures.
Therefore, initial stress distributed in the URL area has been estimated during surface-based
investigations in order to design URL.

In investigation during construction of the underground facilities, the updating and check of the
validity of initial stress estimated during surface-based investigations is one of the main issues.
Thus, three boreholes were made from the niche (GL-140 m) of ventilation shaft, and a
three-dimensional evaluation of the initial stress in Koetoi Formation was done by the method
called hydraulic fracturing. Breakout (spalling) of the walls of the boreholes due to the stress
concentration was detected on plastic films wrapped on an impression packer inserted in the
boreholes. Then, analysis of the borehole breakout was also performed to estimate in situ the
orientation and magnitude of stresses.

The measurement result of initial stress showed that principal stress o1 (major principal stress),
oz (intermediate principal stress), and os (minor principal stress), and comparatively good
coincidence in distribution of the direction of the principal stress evaluated by the two above
methods was observed. Although o2 values were somewhat different, the magnitudes of principal
stress o1, 02, and os found by the hydraulic fracturing method (2.3, 1.8, 1.2 MPa) and analysis of
the borehole breakout (2.4, 2.3, 1.3 MPa), general agreement was obtained. From the result of the
horizontal initial stress obtained from the borehole investigation (HDB-1, 3, 6, 9, 11 holes) carried
out in the past, and the result obtained from the present underground test, although the
magnitudes of the maximum horizontal principal stress obtained here are mostly in agreement
with the overburden pressure, they are slightly smaller than the past results. Moreover, the
direction of the maximum horizontal principal stress had been found to be east/west in general.
However, the present test showed that the direction was 25° or 43° counterclockwise from
east/west. To gain data to explain this difference, initial stress measurements in the pressure at
the depth 140 m in Koetoi Formation, and pressure at the still deeper depth for the Wakkanai
Formation will be carried out.

Keywords: In Situ State of Stress, Stress Relief Method, Conical-Ended Borehole Technique,
Hydraulic Fracturing Technique, Breakouts
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728, 07-V140-MO1 FLi% 5° b & BRNCHEAI L7272, #5001 (REE 20m) 4 HR. L1
i BFZ Om) % L LCLA 7, ZBATmARE LTz,

(4) WiEs

Wit a1, Wkl A5 21 5 70 E ORRREZR MBI 3RO iz hyo T2, Lov L, % 8.10~8.75m.,
10.53~11.29m (FLEERREEZ 5Te) . 11.40~12.24m. 12.63~13.00m 72 & OREFER =1 7 (AL,
EAR) X EBOFTETH Y | B EORTREMENE 2 B b,

(5) FFLH DA

FHNE OFRZ LT IAERN B, Sl —IIERDLVNIRY v 7 2T TR0
bNDLT END, FEEINE ThD, £/, BERUC K D8k 27 072N b 8L, 556
A U AT THFROOND ZERHY . ZSIIEIERE EFE D,
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#£42 ENHT—XEFHK1/2)

El BRE (m) N H | BUR | BEAL i AV v AT T [ HEkE WiEA |
No. o | AT RRIX
b | Fo | o | S e | am | v boe)| mE {zec)| s | A

1] 1.67 [ 1.69 | 1.68 1-1 f 20 H H 100 - - - - S
2] 1.81 | 1.85 | 1.83 1-2 f 30 H - - - - - - S
3l2.70 | 2.72 [ 2.711 2-1 f 50 H - - - - - S
4] 2.72 | 2.73 | 2.73 2-2 £ 40 H H 50 - - - - S
51 2.95 |3.03 | 2.99 2-3 f 30 H - - H 30 - - S
6] 3.08 |3.16 | 3.12 3-1 f 50 H H 80 - - - - S
70 4.09 | 4.30 | 4.20 4-1 f 70 H - - - - - S
8] 5.04 | 511 |5.08 5-1 £ 50 H H 90 - - - - S
9] 5.31 |5.35 |5.33 5-2 f 30 H H 100 - - - - S
10/ 6.15 | 6.16 | 6.16 6-1 f 10 H H 80 H 260 - - S
11| 6.23 | 6.24 | 6.24 6-2 f 10 H - - H 100 - - S
12] 6.37 | 6.39 | 6.38 6-3 f 15 H - - H 20 - - S
131 6.72 | 6.79 | 6.76 6-4 f 40 H - - - - - - S
14| 6.86 | 6.87 | 6.87 6-5 f 20 H - - H 290 - - S
15| 6.86 | 6.90 | 6.88 6-6 f 60 H - - - - - - S
16| 7.38 | 7.39 | 7.39 7-1 f 10 H - - H 300 - - S
17) 7.41 | 7.42 | 7.42 7-2 f 10 H - - H 310 - - S
18] 7.43 | 7.44 | 7.44 7 -1 h-f 30 - - - - - - - -
19] 7.58 | 7.59 | 7.59 7-3 f 20 H H 110 H 290 - - S
20( 7.65 | 7.66 | 7.66 7-4 £ 30 H H 90 - - - - S
21 7.72 | 7.75 [ 7.74 7-5 f 30 H - - H 30 - - S
22/ 7.80 | 7.82 | 7.81 7-6 f 20 H - - - - - - S
23 7.82 | 7.83 [7.83 7 -2 h-f 30 - - - - - - - -
24 7.85 | 7.86 | 7.86 -7 f 10 H - - H 40 - - S
25( 7.86 | 7.88 | 7.87 7-8 f 45 H - - H 80 - - S
26 7.91 | 7.91 | 7.91 7-9 f 0 H - - A - - - S
271 7.96 | 7.97 [ 7.97 7-10 f 15 H H 50 - - - - S
28 8.00 | 8.20 |[8.10 8-1 f 70 H H 90 - - - - S
29[ 8.86 | 8.88 | 8.87 8-2 f 40 H - - H 40 - - S
300 8.89 | 8.91 [8.90 8 -1 h-f 10 - - - - - - - -
31 8.90 |8.92 |8.91 8 -2 h-f 20 - - - - - - - -
32/ 8.92 [8.93 [8.93 8 -3 h-f 10 - - - - - - - -
33 8.95 | 9.00 [ 8.98 8-3 £ 40 H H 140 - - - - S
34 9.02 | 9.08 | 9.05 9-1 £ 40 H H 140 - - - - S
35| 9.50 | 9.54 | 9.52 9-2 f 40 H H 120 H 120 - - S
36| 9.83 | 9.85 | 9.84 9 -1 h-f 20 - - - - - - - -
37| 9.82 | 9.86 | 9.84 9-3 f 30 H H 100 - - - - S
38] 9.95 | 9.97 [ 9.96 9-4 f 30 H - - H 50 - - S
39) 10.06 | 10.17 | 10.12 | 10-1 f 70 H H 80 H 175 - - S
40[ 10.33 | 10.37 [ 10.35 | 10-2 f 30 H H 140 H 220 - - S
41| 10.51 | 10.55 | 10.53 | 10-3 f 30 H - - H 50 - - S
42 11.29 | 11.31 [ 11.30 11-1 f 80 H - - - - - - S
43 11.39 | 11.41 | 11.40 11-2 f 40 H - - - - - - S
44) 12.22 [ 12.25 | 12.24 | 12-1 f 40 H - - - - - - S
45) 12.23 [ 12.29 | 12.26 | 127 -1 h-f 70 - - - - - - - -
46) 12.42 | 12.48 [ 12.45 | 12-2 f 90 H - - il 120 - - S
47)12.48 | 12.48 [ 12.48 | 12-3 f 5 H - H 230 - - S
48] 12.48 | 12.55 | 12.52 | 122 h-f 60 - - - - - - - -
49) 12.62 | 12.63 | 12.63 | 12-4 f 40 H 100 - - - - S
50( 13.15 | 13.15 | 13.15 13-1 f 5 H - - - - - S
51 13.17 | 13.17 [ 13.17 | 13-2 f 5 H - - il 270 - - S
52 13.19 | 13.29 [ 13.24 | 13-3 f 80 H - - H 80 - - S
53] 13.29 | 13.31 [ 13.30 | 13-4 f 50 H - - H 110 - - S
54] 13.30 | 13.36 | 13.33 | 13 -1 h-f 60 - - - - - - - -
55| 13.54 | 13.56 | 13.55 | 13-5 f 10 H H 90 - - - - S
56 14.10 | 14.11 | 14.11 | 14-1 £ 10 H H 120 - - - - S
57| 14.10 | 14.12 | 14.11 | 14-2 f 30 H - - - - - - S
58| 14.21 | 14.23 [ 14.22 | 14-3 f 40 H - - H 130 - - S
59) 14.27 | 14.29 | 14.28 | 14-4 f 40 H H 100 - - - - S
60| 14.68 | 14.72 [ 14.70 | 14-5 f 70 H il 100 il 280 - - S
61| 15.07 | 15.09 | 15.08 | 15-1 f 20 H - - - - - - S
62| 15.46 | 15.49 | 15.48 | 15-2 f 50 H H 130 - - - - S
63| 15.56 | 15.58 | 15.57 | 15-3 f 30 H H 100 - - - - S
64| 16.10 | 16.11 | 16.11 16-1 f 30 H - - il 40 - - S
65 16.22 | 16.29 | 16.26 | 16-2 f 70 H H 100 - - - — S
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#42 FNHT—HEHEKQ2)

\ F B EEE (m) EIPINE e BR[| SEAL ES AV vy ATy 7| WBRE | W EE e
0.

b | T | o | EE ) | mm | mm oo B8 |suc)| s | HE

66] 16.28 | 16.44 | 16.36 | 16 -1 h-f 90 - - - - - - -

67[ 16.61 | 16.65 | 16.63 16-3 £ 50 H H 120 - - - S
68| 17.46 | 17.52 | 17.49 | 17-1 f 60 H H 80 - - - - S
69| 17.51 | 17.59 | 17.55 | 17-2 f 60 H - - H 230 - - S
70| 18.21 | 18.39 | 18.30 18-1 £ 80 H H 160 - - - - S
71] 18.37 | 18.41 [ 18.39 [ 18-2 f 50 H - - - - - - S
72| 18.61 | 18.67 | 18.64 | 18-3 f 40 H H 90 - - - - S
73[19.13 [19.20 | 19.17 | 19-1 f 60 H H 80 - - - - S
74) 19.50 | 19.50 | 19.50 19-2 f 0 H H - H - - - S
75| 19.53 | 19.56 | 19.55 [ 19" -1 h-f 80 - - - - - - - -
76) 19.61 | 19.64 | 19.63 | 19-3 f 30 H H 160 - - - S
77] 19.64 | 19.66 | 19.65 | 19-4 f 10 H - - - - - - S

H A7 h-f:@mEENE IR S BRI A
fo IEEEENE
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5 BTVEHE

5.1 {FEEEIE
5.1.1 B#®
BTV #HlliE, A—1U > 7 FLNOLL T ORERIE A B 2> DR B - 95 2 & & HiY
L35,
FIIVE DN « 77 & OSAaRE
FH OB OECHARIZBE 92 etk

5.1.2 BTVHREEERSS
BTV %‘I’?EIJO){%)EH*%%% . %1%‘#%%% 5.]. &:i—“j—o

# 5.1 BTV el iskas - #EA4

L A e e e

JEBAIIHGAERL - Fodk
7'a—7 HliEkRE

MO (640MB) K7 A~
5.7 T —lr—T7 )
TR 220MPa
HNEHAE 220m

BIP v A7 A oy bag—la=y k
oy ha—L BIP-LT 220m. 77T —4—7 1
2= K v

CCD 71 A7 (NTSC “EfiL)
M#E 7—

Ji B 5 ] BPR-553 A=V > T LR G ) W e o

Tu—7 T A ¢ 50mm 77 U ILVEE
¢ 50mm X 1.40m
HE 10kg

BIELFTHE X 150mm

REWE Y 52—

BEIF LA 1 R ERSRE D X
0.25mm/Pulse
RNy 2T w7 H R . .
B Sony DV ETAHT v% 1 N 7Ty TG
VIR 7 v %

5.1.3 RAlEAHZE

BTV sHiEE L, St L 7 v 7 20388%& L7z BIP-LT 2 L. R—V > 7 FLOBEm IR
BRI ol KU AT AIMIE 10MPa (10N/mm?2) O7'n—7 L H8hE 220m 777 —/7r—
TIVERBE DR TER L, BRGHIE 220m £ CTOR—Y > 7 FUBEOD 428 %38t £ UBE fi EE R ]
BE UTHIEERE BRI ) 2N TED, T, AVAT AZBWTELNZ 1 74 > 720
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. 1 WF#EH70 RGB3 /N FOT PHNNT—H BN A7 5 =D CRT _EiIciEAEL, #
AUH OEREREHZ E O 236 2729 Z L ATEETH D,

AT MERIER 51 ITTRT EBY . BT AT ALEBNV AT ABER S NS, Bl A
7 L LN TFIORT,

Tu—7 (fLEEHEG AR D T A TE)

AT ar ha—IBLONTT T —T N s A T

I LIALEE (REEE USRS &)

g - Y u—T a3y ha—ba=y b (FLEEREE R - 71— )

TLEERE=H

BNV AT MILLFO X5 IR S b,

Windows /XY @2

T —avr—t (B7—7V %)

Wk T 4 A7 R4

BT 7 b = T bR S D,

DEHLE-TO—-Javba—)LAZyr&EZS

[

BENHLIAA

7ILEavk
50m/hiEEDRET
HLAL
BIGL AT L
ERNIRT L

(O EPINr P AV =)

FERYIrIIT
EgREN ./ T—2mE Tk BL—F—FV ¥

X 5.1 BTV &S AT ADORERL
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5.1. 4 A%

(1) RS KOS E 7 — % OB

ASEEH O EFERIOBIE L, HIE CTRodk LTOBERT 4 A 7 &3ttt L CERNINT S AT A
@ CRT hIZEMEBRA £ T~T %5, CRT RIZEMEBIR SN S RNEREICT ¢~ M5 hL—
ATGA L (A H—)ERDDHZEICEV B9, EMERIOFHEIRK 5.2 (RT X5 70E
HERI DM L—F A XD B 2725, B BEORIEIMEED 2 SMEZ~ T A —Y )V THRA
YT THIEIZEY, FEREORR - iR E B IR 9,

A=Y U HETSESTR FRBASIR
LD

D L U R Dp(F.A)

EET—%AN

— /E-\\,E\/ ﬁ/]\ziiz«:;é

T2 08

y

I
1
[}
|
: (B 7 F 7 D 3 48
1

Ry RILDRE

'

Lﬁi@ - Bt B0 NS A EERADLEHR

E FER I E
=F

X 5.2 MmtEEOEFIERIOMTL—T

(2)  REEED
TR &%, IREEYER (BRPE) 2268 —V U 7L TR 2R T,
(3)  HNEHT—Z Dt
BT — & L0 EUG Lo ARG 7 — 2 3 O &5 ZRBRE TR L, FlLE ok, i
HEESEDT 2B 272 SBROEAT—2 & Lz,
OO R
- BHESR L AEEOUIGHO e L OV, WEOHREZHEL L, R OEREITHERFORR
ZEHAHIET D,
7%501% mabh(meter along borehole) iz & L, 0.01 mabh(=lecm)¥5/E & 9%,
FEEORBE L FLRE G & 2 kb U CHYEL N TR S R & 7 DT CEREER R &) 1Tk
WVTHREERRREZ 38 72\, IR 2 e & U CHLBER{RIRE I Z DUV CHTIE A 35 2 72 o 7ok
RAFTHT D,
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@zEm - R
< FLOASED T0%LL R D ERICOWCEHIZ B 2729,
FHINZHTe > TIRA o FOFEIEE 3 ALLE) 2T 5D LT 5,
Weptr s LORER R L. HOLBREDRESZGT H2HERICOVTL, £0HE BLOTF
AR OZEM - BRI FHIT 5,
@X5r
M ESRIILL R D 9 DIZX T2,
(BAREEILH
BA - HERED O G, B LTI ORI, it L b D THER b O,
(b)BA &L A
HIREEALE O 9 B FRZ, B BT 0.1mm LA EOBH 380 & A TR RO RIEDS
AIREZR B D,
O~T—2Fv7
BE-HEREDH D, Wi ECRIR -tk & ORI T, LB L oS,
ARV DJEAL « B 70 & D3R TR kil A,
(DB 1A
W R & L < ITRERE oD AR,
()it T
Wy & L < IR0 T,
O
Tiffa I LU 972 SRR ORI,
() JEPH
HERERF ORI (WVAEME) C. IR 2380 b, JAHOSERE —MEL T\
tH D,
(h)5Est
ATEEESR B LB NS & REE & OB, HiEaoa 970 EOFREIN) & R L OBERE T, B
IR 7T 235080 DAV EPH DA & BRI — ML L TV D B D,
@BA 7 &
BRI EIILL T OREAME TR Z B 22 o7z,
FLEER & 1 ESR & OUIEROBRIERK 3 ORA T 2 b D LT 5,
DRI L THIBEROVE RO L b D LT 5,
RO FHAN LR BT — RE T 5,
Fitl mm HA7E L, 0.lmm AEE LT 5,
GJIZIN
TERX 3 5.3 172, LAFD 4 D& AL LTz,
P----3¢ 7§ planar type
I--—-FHH]  irregular type
C----¥ 1K curved type
SR 7 w7k stepped type
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IHIZ, TNOIRERE LT, LTOMOEZBZ729,

JEA AN & D

-h AHREENLH A2 D o

7 MOFERENE ERETDHHD

n/h EG AR OB LD D

nf  CJEGEICRERE CHOERNE EAGET S B0

-hfi  BEEINE 2RO oo EENE L AET A LD

-whifj RERECHOOMBERIIVE R Mo ERINE LB AET L B0

Z 2 CORREEIE L. FEEE O DIRE L ARAICHHIZREINE T, mifg ki - Ek
DOUENRATRERERLE Th D, Fiz, FEIE LI, Hifg ETEIFMNC 70%LL Eosfit 247
L. &l - EROREN TEREINE TH 5,

5

R EhBEM47T
] %1 Ty Ty = —
EERN BTN ERENE TEEEhE TN EREDRT
p g P ' P2 Po ; Planar Type
N = —> Pi;Planar with major splays Type
)7|/ / % Pa P2;Planar with minor splays Type
| P3 ' — Ps;parallel Type
- ‘ - P4;Nonpersistence Planar Hairline Type
—— Ioflrregular Type B
| I ' I2 li;Irregular with maijor splays Type
i A l2;irregular with minor splays Type
| = % « ls:Braided Type
| l4;Short nonpersistence Hairline Type
7| - Is;Microfracture. ...
lo

ICi lCz
«—> «— 1Gi; Irregular and Curved Type
g % I1C2; Irregular and Curved with major splays Type

c 1Gs: Irregular_and Curved with minor splays Type
g Co; Curved Type
)ll/ Ci CZEQ Gi;Curved with major splays Type
«— C2;Curved with minor splays Type
7 @ C3;Braided Type
Co Ca;Nonpersistence Curved Hairline Type
So; Stepped Type
S Si ' Sz Si;Stepped with major splays Type
5 A > S2;Stepped with minor splays Type
o % S3;Meshwork Type
[ S4;En echelon Type
7 Ss;Nonpersistence Stepped Hairline Type
’ -’
5.3 FHiFLEZKX S
OIREE - 5

FHIIOAIE, TR OBE(L, B ORI, B EOSRTOM 72 £ 2 UTO L 5 7
EHECEART 5,
@FIWIE < FHEPUCTEISTD BB b,
WL : BRI EIEELTO S B,

(O R CEVEIRWISK LR RS b, TR & TS & AR OBE RSy
~HTFE L, BERDOORHR b O,

(DHEEITE CEI A RIS LR SN TV DG T, A OB H 7y & OB
YA NN

(e) LR : FEIN B D OABEMIREEINVE O3B LD . ABMEL TV D5E,
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OZ&Er g DR ETELWEGREZMNS BEREALND Y — O i,

(8 T DR ETELWEGREZMNS | BEREALNDL Y — O T,

(h) &g D EN BN EESEHONR, D WIIEDRABND O,
s, R, AEERER EOR M E Bz bb,

(ZEEF 87 D EN B IR EOIIIR, & D WIIMNEMRALND D, FREf7e
ENEZ DIV, TRlQ) & T 5 & Eifg ETERABIAR 0,

GV EFABES : HohiAE S & AR RS OB 7 & RESOEFEEER,

k)AE MR T T TA M EOERE REE & OB,
DAY 7 BB ST AL MOMEE B R ERICTEE L TV D,
(M)~ RV w7 2« RS L OB R,

5.1.5 BTVHEIRBSLIUMEENRE
BTV HHIOIVEHE TR A 5.2 (TR,

# 5.2 BTV aHAWER TR L USHES R

LE FHHIX VEZEHAR e
1.67~20.46mabh* \
07-V140-MO01 ) Rk 20582 H 15 H
HERE 18.79m

X PREEATIE R OFHREE

5.1.6 BTV EEFIFE
(1) Rt
UL, LFTOFIETRBZ 29,

BIADHER « « « - SMEAEE oddiiE, =4 —, 7F—7 VEREEEER L) B L UMRY
EIHET DR, TINO B DRI D,
Lz A SMAEE AL T D HE T 7 — 7 28§ 5.

B OB EMERS + -
FLPLRBLORERR, - -

- WET v —T O, WE L T OBWEREEZ B 2R 0,

- BN EOMERH%, IE Y v — 7 2L A L, FLN2SEHIIAT
REZRRBIZH 2 E D D EE =X — L CHERT 2,

FLDNE D 72 L2 X0 FHARTREZRRABIZ A WG B IRDL A JAEA O
YRS LRHSR & ik 3%,

(2) FLEEEGHREE

F=H— RIZBOTHEER 3 TR AR RIBIC 5 D 2 & 2 L= BT, FLBEmIG Y

BlbET 5, $RE SHZlifRIE, MO 74 A7 1T VX VEHE LCatgk L, VIR #E&EIZ L 0 Ny
77 TR E LT T S,

(3) FibkT—X DORERR « BEA1EIL

FLEBEIARE D& TR, BUGT—4 (VTR, MO T 1 A7) DSR2 & DRz 1
2720, JAEA OHMFEDEREGIZIT, M & BT 5,
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(4) s - 1§l
AIERS T H O A £ TICFLBERIG 20 L7z, fLEEmifg £25iék L 72 CD-ROM %7213 MO 7 1
27w L CTIRIH L. JAEA OYSE ORERS 2 5 TR ITHI T 5,
(5) Hli B HHOERE - fEbT
F AT ROEEHL - ARTICONTIE, BUTO & 9 2afiit A i 23 272 5.
OF i B ootk
FLEEE ) DG SNEIL R 72 EOBFHRIT—ERICE L DT,
@F B AFHOMEAT
ATVARY b g ZANXTTL AT NEAY T T L, avi—<y 7 Kl n—X
FAY T T b BRI, AR Sy B BRI 7R & RO TR AR i 2 s e o T,
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VU EDIEEFIRZ 7 0 —F v — FTORT LK 54 D@V TH D,

START

HE FT 5

muzssEomR | EEIRECER

r BENILIA Z AL

BT
EIIMLIAZ 7
VREEA 4 — Rl

o — 7 VA - IR R
Fu—7 A FEEMHETR

WAL
( 7e—T Aol

LR
© 7 A gk - MO Rk

1y RHLIA 7R

5 72T

77 - MOFE iR

NO
YES

- B 1
END

X 5.4 BTV&HIZ v—F%—h
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5.1.7 BTVEZORERE

BTV B DRENZ &7z > TIE, A RE IR ) — B S5 & OB B B NSRRI )
DRFES —7 > N OREZFE LHIERHIRE 28 L TR OE R b ALEEmG O A2 36 Z 7
ST,

EEMIEX, LTOFIEICHh> TR IR T,

(1) R DORE

PSR R & LRI & AR L. B SNCIE DB 5 L4y D AR A fh LT
FERIEDOFERESCLIT, V77 LU ARA B E LT,

(2) RERHIE
DV 77 VU ARA » FOEEIZR LT, BBIREN ZAUEAT 5 X 9BIET S, £V 77
L ARA > MEIOEEMIEX, ELY 77 LU ARA  bBIXONMLY 77 LU ARA
NEOFTIE HBIELY L TR 729,
Oy, HERRXREE L, R 77 L ZRA » FARETE VSR, 20
FTES T, bo L bHELIZY 77 LU ARA V M DIEEATEET D,
OUEERRAERZER L, 2R E RO —EOFRPHIINHRT 2 2 & Zas U CRHUIGEE 2 /e
Do ZOX U THE LTRE ZfATIERT 2 (% 5.3 M),
7B, EiE O BTV FHAICHEAS SN -EINE & OB CiE, LFORHBIC L 0 5287
—HE R TR, ZOFRKE LT, ROXHREHIREZ HND,
HUF KDWY D3 5550, JEREDOFENT I 0 EFLE DFHAR D IZ WL ONH D54
HE () LENBO=aY FT A ROENNS HBILIZS KB TE RN L OB D
z,
~A T a~nT =0Ty 7 B TERE SRR TE RV LORH S 2 L,
FLEER L, ERNZHRIT 2 Z L smEER = &
AT A LML AN R AR WEFTRH S Z &,

# 5.3 07-V140-MO1 BfLIEEREEZ

HwERAE (D—©)
No. | (DBTV(mabh) | @%:t(mabh) | - sk
m
1 1.670 1.670 0.000 =7
2 2.751 2.720 0.031 E v g=|
3 10.118 10.100 0.018 E=lgu=|
4 20.460 20.460 0.000 FUE (7w RERRIZ L0 R

* 1 A TAOMGERET, AEERNZ L2777
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5.1.8 E&KR

SO mHRITERL B OFRHNI SR T2 03, BEm RS AR Th 25 O TZ ORI & FIRIC
DOWCHAT 2, £, EHBEBOWIGZ, &S OMMERTE 5, ZiUuL, LA HDEK
DELANHEZ TR T DR Z ST HDOTH D, WIZ, K55 TR T K912, 18.214mabh 7>
HALUE E COME EIZIXAAOBNEATRD Hivd, Ziud, 18.214mabh 35 X1 18.416mabh
DEFVENSDIEKN, 7 a—T 07T 7 VIVEIE LD S b DT, fLEEDSIE
NS ECAAN

18120 - 5
18140 -
18160 -
18180 - | ¢
18200 - &
18220
18240
18260 4 I}
18280 -
18300 -
18320 -
18340 -
18360 -
18350 -
18400 -
18420 -
15440 - MY B8
12460 4 1188

18480 -

18500 - 8|

18520 - ME

5.5 Tra—7 DT 7 UNEITKEIMTE L T T A8

-49-



JAEA-Research 2009-004

5.2 EHAER

BTV FHHORE AT SN BEZGi 2 m A b CGREAIEZ I Z /e o 7, REMIEA S L
ToBIE RO T, FLEERBEEIRIT Y T — 7V v b & LCHIMomigT — 2 412, EihE 72 L OANE
BEAINE 5.1.4 BEOBEFEICE-> T ERE LT LD, F7-, E@mﬁfﬁamtxﬁmﬁr~
ZERANWTAT ARy b, B ABEX, SRR E A2k Lo, #EEITIE, FrZFiHE
DEENE O A FREREMIER OWREZ R LT,

5.2. 1 FEOHE

07-V140-MO1 FLOEEE 1.67~20.46mabh X[ CALEEBIZI L OGLERE F20E L7z, FLEEBIZEIX
MOEFL, A Tholz, EEPHO NN, BT T F 2—7 O LANRHI TE 72
EEDONAFENRBD bz, £, FBEO BT, REHMZT LA 77U k&R b
R C& 7=,

5.2. 2 EhBOHEE
BIERXMI SR D AEE OME 2% 5.4 1T, MER & AR, T CENEIR
THHLOTH-T2, 1m HIZ 0 OENAASKT 1.38 K Th-7=,  BRENHAIX, KT 5 A
027Tm/A) Th-oT,

#5654 BTV FHAIXENZ BT DAk OB

AN X Sy AHL EH535(%) Am {liE=
B P& E 5 19.2 0.27
BRI H 18 69.2 0.96
NT =TT 3 11.5 0.16
Rty 0 0.0 0.00
EIRZ/ 0 0.0 0.00
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4 3.523 3.709 3.616 0.186 | -40.3 3.5 14.5 5.5 2.3 3.5 5.9
5 3.962 3.980 3.971 0.018 -3.0 1.0 4.3 4.5 0.8 1.8 2.5
6 3.986 4.005 3.996 0.019 | -18.9 2.0 5.0 4.3 2.0 3.0 3.3
7 4.249 4.280 4.265 0.031 | -16.3 2.8 6.0 6.3 5.8 3.3 4.8
8 4.518 5.491 5.005 0.973 | -24.6 10.8 10.3 26.3 36.8 2.3 17.3
9 6.007 6.034 6.021 0.027 | -22.3 2.5 4.3 5.3 7.8 4.3 4.8
10 6.236 6.252 6.244 0.016 | -30.6 1.3 3.3 4.5 3.3 0.0 2.5
11 6.291 6.364 6.328 0.073 | -20.4 3.0 3.3 4.8 7.5 1.8 4.1
12 6.391 6.433 6.412 0.042 | -15.9 3.0 2.5 2.5 3.5 3.0 2.9
13 6.462 6.558 6.510 0.096 | -31.0 6.8 10.0 2.5 11.0 8.3 7.7
14 6.571 6.616 6.594 0.045 | -21.2 2.3 6.0 9.5 14.0 2.8 6.9
15 6.631 6.944 6.788 0.313 | -35.9 8.3 20.8 1.3 19.6 2.0 10.4
16 7.770 7.917 7.844 0.147 | -29.1 2.8 4.3 7.8 9.3 2.5 5.3
17 8.025 8.072 8.049 0.047 | -24.2 3.0 12.8 12.0 7.8 3.5 7.8
18 11.929 | 12.056 | 11.993 0.127 | -14.7 1.8 5.5 22.3 13.5 2.8 9.2
19 | 13.841 | 13.883 | 13.862 0.042 | -20.0 4.0 7.8 6.5 5.0 1.3 4.9
20 | 14.376 | 15.016 | 14.696 0.640 -4.2 3.5 15.0 1.3 1.8 0.5 4.4
21 15.391 | 15.404 | 15.398 0.013 | -35.1 0.5 1.3 3.0 0.8 1.0 1.3

% UZzdr s LTRFMAIE (¥5.21 )

5.3 F&d

07-V140-MO1 fLOBILE, NTHEREZLITICED LD D,

5. 3.1

ANBROHEE - #E

BIEXHIRROMEN & LTl BB ITIER IR < ) 1.38 A/m Th 5, FHILE X,
BRIV B DN BIRD 69% % 5D AT — 7 F v 71370, £ B R FIBIX 2D 19.2%

(0.27 &X/m) Th 5, EHHE, SR, B2 L3 BTV IC X 28E TIIRD bNzn-o
7eo HIMHOBEE AR 5,10 IZ7R7,
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#5.10 FHlhAHE

R e X 5y I A/m FE (%) ik
AN ELE 26 1.38 100.0 BTV G+l X 4
B " 26 1.38 100.0
B AL H 5 0.27 19.2
BRI B 18 0.96 69.2
NT =TT 3 0.16 11.5

+ EHBAENE, ARENEBEIONT =27 T v 7 OGEF LTz O OFRFR

5.3.2 @EhBEAFmEABRKR

BA AL E OB A &lE 1.00 ~2.50 mm T, ‘P 1.60 mm (FEHE(RZE 0.55) , RFEA A&
I% 8.00mm Th o7, RFEEILE AL Eh#rE L OB 0 Bl o138 ok (b %
RYAEMSIE RS o T,

5.3.3 EhBoOARMYE

FNEOHMMEEZEEHLHE, £E5ILIIRT LI THDH, RTOENEDBHF~EATIC
EL£HFHEMNIH Y, =TT 30%LL EERT, BEORRBIOFmEE AL L T
AR BETORIKRT, ~@EmAEICEP LTV D,

AVTD I X0 fifht LT RE T oBm 4 # 5 & ERDFALEL, SR AL 270~30° [
ICET L, HRAAEIZETORENEN 31° U EOFT~EMAEIOMT 5, REFAICITE
S & LA 6z,

#5.11 FIH O

ASSEAGE 1 X 5y Erp F =2 v — 7 (%)

N64E70N

A A T 26 19
N8OE56N
, N64E70N

ElE* 26 19
N8OE56N

Bl D&l B — 5 20

BHREEI L B N64E70N 18 22

NT =TT N73E58N 3 66

¥ BHAENE, HRENEBLOANT—27 7 v 7 OFH LIZH DD
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FREAET 20 IDORE S L HIMERET 2 H1EE LT, ISIfiaE, KEBE 77 >
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PaRRE L, 27 U 7D BRATRFO I 2 BRI S W THIT T2 Z L IC k- TF
HED 3 PTG I PRAEEA SR O BV D,

/NRERBEED 07-V140-MO1 FLE 07-V140-MO2 FLCi, Hi Rtz HLE%@m%mﬁ%
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ExEBZIRoT, MEHLUEOT AW TE, MEFICINT. - B L7 fUEmIC 16 BT
BT =2 (AR A BV) ZHERICHET D Z EDBVATH D, LNLARNL, Yialiie
Y MTX o THEENT « HHET 2 &, FUEFICH RO T A DR SN2z, A LA v
CNEEETDHZ EITTE R o7, S6I2, A=V 7HEDY OISTHERIZE > THEED S
UWNIFLEDMBEE U 7o 726D, IR BAE D BEARRTE C o 2 R DRI E - FH C & 720 Ee
0 Tl  JUEDO M T H N L 22 588088~ 7-, 2079, 07-V140-MO1 FLZHE 11.89m
£ CHEHI L2 B CL IS IRBOEIC XD WIS EZ ke S 2 21572 < 2 oTe, T 2T
S IFRROEDBER ZWE L, ZAUSRD DS ORIE G L U OKEBIREZ BT 2 £ T
DFFEIZHOWTIRARD, 728, LU Tl 07-V140-MO1 fL, 07-V140-MO02 L5 L T 07-V140-MO03
L&, FENHIZ MO1 fL, MO02 fL3 LTUYMO3 fLE RS (X13.1 ),

6. 1 FA#MALEVTAEIZK HEEEHAE

MSEFLE O FEIC L DS IEL. —MRICRD X 5 RIEFIRICHE > T Zhebild
(% 6.1 Z28),,

O fay hAR—=Y 7

FTEDIREE T 76mm 3 2y hAR—U 728275 (K6.102H),

@ Ay MR—Y 7 a7 ORI

RAay bAR=Y AT 2L, FUEMTICERE AR RN L 2R LTA h L
A B NERERE ZRET D,

@ FLUEOMHEM T

FeHl 0 HOM#EE » M X > THUEOMSEIN T2 2720, Z0% b AUEIZIEKZ DD Hil ),
UEEN S TE LETAIBARET 2 (X6.102H),

@ FLIEBIE

RTA—VER b AR D=L - THEFUEEABIE L. PISELEEIC SR B AR
W2 L Z2iER T2 (X 6.10%H),

® FUEmEBE L L

BT HOMSEE > N CHLUERRZHEE L, & OBFUEIZIE K Z 20 fil fLIEH 2> & HEH1E 2 bk
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fUEETERAZGREEZ AT, oV CUSEZRE . S OITHE L7223k 5 0 i CHUERE
DX EHRETRS (X6.105H),

@D A b LA VDR

AN UA e VIEEEE A VT, BERTEICEEE A28 L2 A b LA & SRR IS
BT L. BEF L7222 B LA e olEEEAZHIET S (X 6.102H),

Fr—r3—a 7V 7 DY

BEERIOW S, A B LA v BADr—T N Ed——a T ) o THERE Y b, A=
2y FBIOYA—F—AL VO F 5B L, 7—TNVET —Fai—\ZHkiT 5,

Q@ A—nR—a7y s

Fr—r"—=a 7 J 7O EE 300~500mm ZAFHEL 50, EEICE FNHEINE OmIK
BLEAR DRI Lo T T2 2 e 3d D, A—"—aT7 VT OFERMIZE bV, RS
ZNEHCHIET S & & blo, EIOHEITICE b2 5 0T HROZ(LERET 5, OFTHORERE
(T4 — =27 U 7 OHER 2~5mm O = LIz 1Bl & T 5,

RO B DUTE

A== T U T TR DA IR 280, O A AR BT 2, ZoO0T R
FRBHIRRKIC BN T, A= "—a T U U T EHEPEO T HDEEFRAEY . ZNEfRAOT 2
L5,

@ =7 AR

F——aT VT T, a7 Fa—T &5 EHLTaT BT 5,
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WTHER - 72, FURIERAREOKNRIT, #R LI lERE 7 —E TCUAREZ VR HiD
NWTWD, X 6.2, FUEEFRAREZHT LV OISR LN, 8 [MAOHEREB 72
ST L EORITH D, HiRAEE ST D= ONTEIUTD e Teo Tz, X VR OREIC
IR E L TUENDMEE LT, MO IEAOREITGERITHEE T, MRE T,

IFH% 8 [ElEf Lotk M UEOTAETEREOHH T /77 U L— N ROBHEEEE A
BARNLA RUZEAI L, A R LA BAVE—EDETT 10 S L (X 6.2(e). X 6.2(0
ZMR), 10 DRICA LA Az b &, EalEHIA hLAa vl & BIcRED B
0. A BMA B UTFEZ R LTz UEARTERITEZE LW e, BGTONY R 7 DRE
(23205 LN AREOEREAE A LA R UTIMATZ, A b LA rUamdElonsix
SBELUIRD - T,
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MO1 FLIZET D FHHEFLIEOT BB K D ISR BGRERIZ DWW Tk 5,
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TR 2.33m LV 4.43m Tl > 7 /77 U b— FROBEEEEAICHSEFLERICA R LA
RNV EERELE O L L, UL, WE 2.33m TiEA b LA U URRICEE T, A6
PR & & bIch STz, £, WE 4.43m CTldA——a7 U V7 BRERNICA R LA &
IVHFLUEN O IZ BEL 72,

VR 2.65m Tlt, KPTDR b LA L BIEE TIHEDH H TR L ROFER 2 LT,
B 12 BRRICA— " —a T U U T ERBIE LIS, A R LA uda T U o JEHICE < B
L7c TR 5.34m Tid, fUEZ ST U724, 12 RefinE L7z, Zaud, FLEm S LA
2 W T KSR L Tl 9725 2 L &I L2720 Th 5, LavL, 12 Bk IcFLEE R4
BOIRLIBZ 2o Th, JLERTEREELOEN LB ET, AT 4 LAZBY RS 2 &IET
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7% 9.3 i EAERERAS R
o , o | RS | s |
s | B | BX | Rad | wosgm | TWER | BERSRE ) o
70 | om) | (mm) | ERGE | RGN | BS S| RGBS
i (MPa) | (GPa)
— IR EYA
5.62 68.35 | 165.00 | 908.80 12.0 3.26 0.702 0.237 bk By
6.40 68.10 | 170.20 | 927.00 15.1 4.16 1.072 0.315 | RAREHA
FKEHONVAE, K
13.74 52.55 | 119.15 | 392.64 9.8 4.52 0.867 0.324 g
13.87 51.40 | 119.10 | 373.80 9.7 4.69 1.005 0.358 | R H>RVAH
MO1 14.39 48.75 99.65 | 285.72 6.6 3.53 1.141 0.301 | Ffo>NAVA
17.60 52.80 | 118.80 | 384.65 12.5 5.72 0.912 0.334 | Fo>NVA
§j§ 1] 7
17.73 52.40 | 118.00 | 380.45 10.8 5.00 0.989 0.364 ﬁs%ﬁ i
17.86 52.00 | 117.20 | 375.05 10.5 4.96 0.894 0.327
SR 4.48 0.948 0.320
e RS 0.81 0.136 0.039
8.00 53.60 | 12475 | 431.02 7.0 3.11 1.334 0.350 | RIKftEZ
8.13 53.85 | 122.05| 423.30 9.1 3.98 * * RIREEH
8.45 53.80 | 124.75 | 433.09 6.0 2.65 0.898 0.292 | RREGA
11.31 54.00 | 115.00 | 408.86 7.2 3.12 0.939 0.355 | fitxZAa
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SR 3.39 0.977 0.348
TR = 0.63 0.159 0.029
5.58 53.25 79.35 | 273.11 10.4 4.67 1.300 *k
7.23 53.70 111.75 | 393.72 8.8 3.88 0.762 0.389 ziﬁ?mbﬁ‘ &
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Z >
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MO3 3. FEOR
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SEEE 4.96 0.984 0.324
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9. 3. 2 EHEIRHER

GRS S, . MIREOEARERA 2 L RS EHM L, FHROFLERICE > TEL D518
WK THIRENR X 72 X DI I THY . ZOL ZOWWmiEP . FAROELZd BILOH
WOEH DT 2 Bd,

St — 2P/7Zd| ............................................................................. (9.2)

72 9.5 OFZEABRTER A 2D & — TR S S [ARRIC, 59RO FHIMENE MO03 FLA> HEREL
L7=alBR A28 0.59MPa &b k& <. MO2 FLORER 2% 0.42MPa Lt /S0y,

7 9.6 1%, JERBIIERBRKR OB OA Y v T Th D, RBRA OMENEESE S Thiuk, &
BRI PR O HU LR 2 i > ORI CHREL 22 CHllET 2, L L, REREADT- DI
Kootz 5 U7-s A 20, B HERERGE DR DAV i iR A Tl Wi 25Kk & &t
R LUT-BHEE N> CTOBtT 2580572 (X9.52M), Li=n- T, BBAicid, BrEEH
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# 9.5 G| R R

| pe | RS | mawr | wmE | 21RRS "
L4 jegit) S, firi =
(m) (mm) | (mm) | EE() PAkN) (MPsa)
a,
657 | 6800| 31.35| 171.72 152.3 0.45 | =%
6.60| 68.35| 29.60| 163.91 74.9 0.23 | RIR=4H
6.63| 68.30| 2990 164.84 92.4 0.28 | —¥/KIE
6.66 | 6825| 2955| 163.15 272.2 0.84 | RIRE G
6.69| 6820| 3020 165.21 239.7 0.73
14.01 | 51.00 | 30.50 97.01 79.9 0.32
MoL 14.04 | 52.30 | 29.50 94.20 187.3 0.76
1727 | 52.80| 24.45 80.32 52.4 0.25
17.30 | 52.70 | 28.45 94.15 192.3 0.80
17.33 | 52.75 | 26.15 86.33 137.3 0.62
17.36 | 53.05| 27.00 89.89 74.9 0.33
1757 | 51.60 | 26.40 85.60 207.2 0.95
P 0.55
TR = 0.26
870 | 53.70 | 27.80 95.90 127.3 0.53 | REREHA, K
11.44 | 54.00 | 28.80 | 102.34 137.3 0.55 | BAxZE, —HKHE
11.48 | 54.20 | 27.65 98.34 97.4 041 | &fH
1152 | 54.00 | 28.35| 100.46 84.9 0.35 | &fF
11.88 | 53.60 | 27.85 97.49 44.9 0.19 | &fH
M02 12.66 | 53.90 | 27.20 94.92 59.9 0.26 | =4
1445 | 5390 | 27.35 95.88 249.7 1.06
1449 | 53.85| 29.50| 101.32 39.9 0.16 | —HI/RHE, =%FH
1590 | 53.75 | 26.75 93.35 59.9 0.26 | —HI/RHE, =%FH
DR 0.42
R 0.28
5.87 | 52.75 | 27.60 93.91 74.9 0.32 | JEELIZ - TEIN
6.70 | 50.25| 30.50 92.16 149.8 0.61
1] -\
10.81 | 53.60 | 30.00| 103.81 167.3 0.65 fﬁ‘zﬁ‘ JEFIC IR > TR
1] -\
11.36 | 53.45 | 28.40 98.03 139.8 057 fﬁ‘zﬁ‘ JEFIC IR > TR
11.40 | 53.85 | 23.20 80.29 124.8 0.62 | =&
11.80 | 53.25| 30.60 | 104.76 212.2 0.81
MO3 11.84 | 53.35| 26.35 90.69 174.8 0.78
14.23 | 50.70 | 23.45 72.06 144.8 0.76 | FHIH>NRVA
14.27 | 49.80 | 23.50 72.98 159.8 0.85 | I H>NRVA
15.89 | 5365 29.30| 102.23 187.3 0.74
1593 | 53.65| 26.50 92.60 89.9 0.39 | BRI - TEIN
16.75| 53.55| 29.30 | 103.76 112.3 0.45 | <%AH
1693 | 5350 | 25.25 88.28 64.9 0.30 | EBEIZIN - TEL
17.33 | 52.00 | 29.75 98.16 97.4 0.39 | <&#fF
M 0.59
PR A= 0.19
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