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The Horonobe Underground Research Laboratory (URL) Project has being pursued by
Japan Atomic Energy Agency to enhance the reliability of relevant disposal technologies
through investigations of the deep geological environment within the host sedimentary
formation at Horonobe, northern Hokkaido. The URL Project consists of two major research
areas, “Geoscientific Research” and “Research and Development on Geological Disposal
Technologies”.

The in-situ experiment for performance confirmation of engineered barrier system
(EBS) experiment had been prepared from 2013 to 2014 fiscal year at GL-350m gallery, and
heating by electric heater in simulated overpack had started in January, 2015. One of
objectives of the EBS experiment is acquiring data concerned with coupled Thermal —
Hydrological — Mechanical — Chemical (THMC) behavior. These data will be used in order to
confirm the performance of engineered barrier system.

This report shows following works had carried out at the GL-350 m gallery, excavation
of a test niche and a test pit, setting buffer material blocks and a simulated overpack into the
test pit, backfilling the niche by compaction backfilling material and setting backfilling
material blocks, casting concrete type plug and contact grouting, and consolidate measurement
system

Through these works, the excavation method of a test pit using the developed large
diameter drilling machine were demonstrated, the applicability of the installation method of
the buffer material block using vacuum grasping technology were confirmed, the quality
management methodology to the construction of the backfill material using the compaction
technique were presented, and the workability of a concrete type plug using the low alkaline
cement were confirmed. These techniques and methodologies have shown the feasibility of the
repository concept in the actual geological environment.

Keywords: Geological Disposal, Buffer Material, Backfilling Material, Overpack, Engineered
Barrier System, Concrete-type Plug, THMC, In-situ Experiment, Sedimentary Rock, Horonobe
URL
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Fig. 1 Layout of Horonobe URL
Red line shows constructed part, and white line shows planning part
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Fig. 7 Horizontal and vertical sectional view of Niche No.4
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Photo 2 Taking out excavated rocks by conveyor
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mwz7/7i%%@m1em% 1mZEE L, METORBIIEI% 2 2T v 7 H%E L,
JRPTE ARG DFENTRE R & Fig. 8 [T 7,

{Cu’routjor
- setting Blug

e, B 3 Fi-."

Photo 3 Widening for concrete type plugr
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Cutout for
sefting plug

EHS el 'y Sl

Photo 5 Niche No.4 after casting roadbed concrete

Niche No.4

- Plastic region - Elastic region

Fig. 8 Local safety factor
(Cross section view)

ABRILIEHI (4.3 TR &I, BRYLEERBI OIE 2 £l L=, 77 727 U — hOJIR
(T, EAEEROSREICER U TSN L7 BRATRE R P& 512, ARBRYTE O HIZ B SIS JUE .00 5
[FODHRICHMT 2 Z &2 ME L, I RIFTHBRERE L (Fig. 9, THIZLY ., THEOYLE
DORERRESHFLTm (B2 —FRm258 2.1 m) &, EEEOILERE () 0.77 m)
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T bREL RoTolewd, i THIROHIFI 2 DIEME I TR O A > /3= B &2 —ER D T CHEmE
Z11- 7z (Fig. 10), JEARESOHEMEIESEIRILZ Photo 6 (Z7R7,

0.77m

Excavated ofter drilling test pit

Fig. 9 Shape of concrete-type plug (A-A cross section in Fig. 10)

A
“
Plug

Niche No .4

4// Digging down area

® Cutout for
setting plug

Test pit

Fig. 10 Digging invert concrete before excavation cutout for plug
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4. HERFLOHEHI

41 HERFL

FUBRFLIZLZE 2 IRERD & & 6D D TR Shvie ALy FLEE & AT I 1T D4R A O E AR 2220 mm,
HE 4130 mm (Fig. 11) ZHAIZ, KR &, A S OP L 07 VT 7 > A L UG
Mg OXE - B EICET M2 5E L, EE 2400 mm & L, EX 28RS 4200 mm
L L7z (Fig. 3&M),

Fig. 11 Disposal pit (vertical-emplacement concept) 2

4.2 KROZRYEHEIH
421 KOREHIEIC K SHBRFLOMEAI 70—

AERALOIRENCES L CiX, &Rl — 2 > ZHREl & g A — 7 — BRI & R 2B ot 7= E H Ak
(LT, ROZRMHIBE) ZBA%, BIEL 9, RBRFLIEHIOA A —T % Fig. 12 1277, #AERLO
HHENT, SR — 2 v RS R LR ITV, FTEREICRER, P4 — T —Cr—v 7
FEHNAEH U7 Rglr— o o 7 2 5% E) WNEZ 4RI 5,

B — o 7, ARG EEER EEBE LEE RIS 4 aElE L, A — T —0
BEAITR « /oo 3ERELE LT,

RERFLOMEH] 7 v —% Fig. 1312, BF L7z K ORAEHIBE D 4MEL %2 Photo 7 12777,

Fig. 12 Procedure drilling test pit using drilling machine for large diameter
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Start

Carry-in & setup driling
machine

Set driling machine in
Niche No.4

Casing driling

l

»  Adding next casing

T

Yes

—»{ Driling using auger ’

No

Changing auger
Removingrock waste

Predetermined
depth?

Yes

‘ End ’

Fig. 13 Flow of drilling test pit using a casing drilling machine for large diameter

Photo 7 Drilling achine for large diameter

422 KROFEEIBDET
BHE L7 K O BRAEH I D% T % Fig. 14, Table 1 3 XU Table 2 (27”77,
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Mast

4195
Rotary Power Head . Outrigger
Y \ Base Machine
\
.I o
o ]
o
g {
‘ i}
¥ .
1550
800 | Boom
O-j\ ['—— Cylinder Counter Weight
=] ==
91, EE Casing /Elec’rric Motor
A Drive S
‘ D Adapter
8 “-’ + e I:h & \\
< EANVT V7
‘ | g
v = i
L. 2040 J ‘ [mm]
= 2875
Fig. 14 Dimensional data of drilling machine for large diameter?
Table 1 Specifications of the drilling machine
Electrical | Electrical Numerical Unit | Subtotal
Equipments Model/Ability voltage power Llllaﬁ ti‘fa weight | weight
W) W) | T @) )
D“ng Torque (Max) 14.0 t*m 32.0
Drilling [achine
machine 75 kW00 V),
Power unit |Rotary percussion drill, Core 400 90 2 2.0 4.0
unit (explosion protection)
High pressure pump 250191?11\;1'{1’ 4.9MFa, 200 22 2 1.6 3.2
Mud screen Z}LV[I' II\?I’P?‘I;Z‘;IZ&SEO Limin, | 909 1.5 1 0.40 | 0.40
TURUMI pump NKZ3-100H,
Sand pump Bore 100 Iflm ‘1’.0 e, 200 11 1 0.19 | 0.19
Bore 50 mm,250 L/min
Submerged pump (Water tank «—boring tank) 200 1.5 2 0.10 0.20
Water tank 1.5 m? 2 0.20 0.40
Tools and supplies Tool box, etc. 1 0.20 0.20
Total weight (t) 40.59
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Table 2 Attachment member of the drilling machine

Attachment Value of standard I\lejlr;g:;)s;l Unit(lzvg ?ight
Casing drive adapter 2400 mm 1 600
1st casing 92400 mm, L=1.4 m 1 1600
2nd casing 02380 mm, L=1.3 m 1 1220
3rd & End casing ©2380 mm, [.=1.3 m, halved 4 1050
Auger (small) @650 mm, H=1.0 m 1 800
Auger (medium) ©1060 mm, H=1.0 m 1 1000
Auger (large) ©2200 mm, H=1.0 m 1 2000
Stemrod SP6-120, L=1.0 m 5 100
Swivel Double tube 1 50

4.3 BHERFLOHEAI

RAGHHIEEIC X 2 RBRFLOJHI TR IR O 2 Table 3 (2777, K HRRIEHIFE DM AR E
BEOHAIE Tid, B 2 ZRTEEZITV, HHIK TRIZBEE O THRAT, G R 2 5
i L7z LTI BB Z2AERE D RRRTUS SN TR D,

Table 3 Time schedule of test pit drilling

Shift Mon Tue Wed Thu Fri Sat Sun
D Prgﬁﬁfﬁflon Preparation | Preparation | Preparation | Preparation | Preparation
1st | 2 (Start*)‘; drilling drilling drilling drilling drilling
week Night Preparation | Preparation | Preparation Preparation | Preparation
18 drilling drilling drilling drilling drilling
D Preparation | Drilling Drilling Drilling Drilling Drilling
ond | =& | drilling (Casing) (Casing) (Auger) (Auger) (Auger)
week Nicht Drilling Drilling Drilling Drilling Drilling Drilling
18 (Casing) (Casing) (Casing) (Auger) (Auger) (Auger)
Da Clean up Clean up Remove Remove Remove Remove
3rd Y | Niche No.4 | Niche No.4 equipments equipments | equipments |equipments
week| _.
Night
Remove
Day | equipments
4th (End)
week
Night

431 KOZFEHIEOHA

KORIHREIL, 08 L CTHRYHIDOMA L, N—2~ 2 UE RN YIHUE CYRFIETRE 350
m) ([Z AT, BEICTHRYLE 4 [I2BE L7z, TOMOERSFIZHOWTITRABRYE 4 (2 TH
SLEITo TR, RERYLE 4 ~ORERILZ Photo 8 35 X UY Photo 9 I[Z/R 7,
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Photo 9 Setup drilling machine at Niche No.4 (rear view)

4.3.2 AERFLOYEHI
=32 ZHRENRIE X O — A —HRH IR %A Photo 10 38 & Y Photo 11 (2, #EEI+ (X))
W HPRIL A Photo 12 1278, #BEIFIAZ DL FIZRT,
O »r—v 7 THEDEHEEE TRl (EXR7Z— v THESEL)
@ A—A—/ ($650mm) IZTH Y F1ARS (8 1m) £ THAL #HEH L (XV) #fH
@ A—H— (1060 mm) (ZZH L CTHRFI. HREICEEN 7 — 3 v T INERO S S B 7=
& BEREEEI L (X)) & LTl
@ Vg, oy REMESELANLHEDHREE TAH—T—9F (¢ 1060 mm) % FCHEHI -
HEI L (X)) A0 k4
JEHIMIRIIX Table 3 IR L7 K 9 ICBK 2 ZRTH 5.6 H Th o7, RHIEEE X, FrioH E
TOREREER (r— v 79E] : 200 min/m. 4 —F—/ : 90 min/m. 4 — 4 — 110 min/m)
CRIEETHH- T,
THIKE THRIX, LRBEO R E 2B IET 5720, R E 72 & OFLNIEREE £ oM 7
— VT ERRE U, HRHE T 1% ORBRAL ORI A Photo 13 12777,
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g

B

L.

Photo 12 Taking out excavated rock from test.pit-
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Photo 13 Completion of test pit excavation

£l

4.3.3 HRERFLOD KM FEER
(1) BlEIC &k BHER

JEHI U7l o HRIEMERR & LT, HIFLERE B L OHIFLRZHIE L=, WER X OHIFLED
HENLE % Fig. 15 3 L O Fig. 16 (2737,

EHEIL, HIFLIRE D REBRYUE 4 O 7 U — Fv5 5300 mm LA b GEER 7 v v 7 5%
&V EVERE 4200 mm, B2 7 U — F2GHEIFLATAR £ T 1000 mm, JEBEO 7 A WEH L
JEX100mm) & L. HIFLEN 1st r— 0 7 O Fimdh 2400 mm, — > Ko — 0 7 Eumsh ek
2380 mm & FRE L7,

—
No.4
; imo
No.2 No.1 No.3 I I 3
e & o' E
&
No.5 L—
[mm]
(a) Measure point of test pit depth () Depth of test pit

Fig. 15 Measurement of test pit depth
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Fig. 16 Measure line of diameter of test pit

HEREF % Table 4 35 O Table 5 (2777, ABRFLOE S 1LY HIREEE Y 5300 mm LA k% fefr
THZENTE, £, HIFLRIZOWTIE, = Rr—v 70O BimfhEERE L, iXEHEE
DTHHZLaMRTHELLIC, RBILNTOr— 2 7 OHE - B 7202 LB HIFLEE
DHER SN TWA Z & 2R LT-, MIERI A Photo 14 12777, 7235, HURTEMERRICEE L 72 IeRE
. MR 30 4y, HIERY 120 4. AR 30 iy TH o 7=,

Table 4 Results of test pit depth

Measured value Difference Design value
No.
(m) (m) (m)
No.1 5.398 0.098
No.2 5.373 0.073
No.3 5.385 0.085 5.300
No.4 5.381 0.081
No.5 5.389 0.089
Ave. 5.385 — —
Table 5 Results of test pit diameter (diameter of End casing)
. Results of measurement | Design value Difference
Measure line
(mm) (mm) (mm)
D1 2380 2380 0.0
D2 2380 2380 0.0

(a) Depth (b) Diameter
Photo 14 Measurement of the test pit depth and diameter

_16_
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(2) 3D L—HY—RF ¥ FIZ K BHERIKRDOFER

REN U723 BRILOTIRE L OFLEE DR B A 5T 5729, 8D L —HF—AF ¥ FIC L D EE E
i U7z, VEEDOLEVEEOBLENS, r— 0 7 %2 —By (8 1.3m) 5l& BIF CHEEZ BT S
WHEZIT o T RIKEEM 23X E T 5, &V ) FIAZH Y K L THESEROWE 1T 7= (Fig.
17),

B, =7 O5E EIFE, KOREHIKEEZ HWTERARETH D 2 & 2 M EalBR TRl
LTWBHA 3, AKRBRIZBWTIE, JLAENTOE¥(EZ Y T 2+ DIl TE 2nWied, r—v 7
BBIZY v v %7 v 7HOMEF: (Photo 15) BV 1), Yy vx7 vk r—2 070
5l& EiF #1757,

3D L—H—2F ¥ FIC X HWEITEE LTI, FRIHUEIC & 5 5 S D HIIE Z & 12 e S &
Z S L. B O FEREE A L H L, RBRALN O T — & &k L7z, lERIL % Photo 16 (277
7

removal

End\\\\
@ /> /\\cas,'né/

<
\
Buffer
material block

2n, o
/> . dcas/h
removal R '8

material block

Fig. 17 Measurement ste by 3D scanner
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,‘)‘" EI e ' ]
Photo 15 Steel frame for casmg Jack up

(¢ Measurement system of 3D scanner
Photo 16 Measurement surface figure of test pit using 3D scanner

HERER%E Fig. 18 1Z- T, JIERERIZARE L LTEIN, B, RO L —F —D K i
AL TEY, BEAROBIIKFNBENRKE <, BOROOIIFARENMENT 2R L,
ﬁh%ﬁ?L%bﬁ%@Eﬁ%ﬁ%}iﬁﬂ%Lt%@f TN EICERNPMETH D, BT — 2 13}

WZgak L7c, RBRILOACEMIm ZRE Z L IZXST L, RGN0 EZ 7 ey hLTebD%
Fig. 1912, RBRILOE S F ANk 5 B D5 % Fig. 20 ([, Fig. 20 (IZBW T, AbH~
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FA R MO % “Bast”, AL ~Fg 18 510 & “West”, A6~ J5 17 2 “North” 3 & URg B~ 75 515
43%&“South”t LTFry LT3,

Fig. 19 5 X O Fig. 20 7° 6, HUE BT TIETRBRILORICIESL SE DR 5N D08, RENH
TIZONTELOEI NI RDHEAN A OND, Tz, WEHFIZHETEIEFmoOROIES
DENRKREL2-TEY, RIE URL EEOMEICIS T D5 K EI I G A G 1 Th 5
ZELEANTHD, RBYLERBOREKXE D ZR\, WE 351 m LUED RO FEEIMHEIX
1.215 m Thotz, LEOFERND, BBRILIZFLEED K& e S < W@YIciE TSz
ZEEER LT,

(a) Test pit (b) Niche No.4
Fig. 18 Results of 3D scan (overhead view)

,19,



Distance from test pit center/m

Distance from test pit center/m

(a)

s . e ) g

-15

=1 =05 00 05 10
Distance from test pit center/m

GL-349.8 to 351 m

15

=1 =05 00 05 10
Distance from test pit center/m

() GL-353to 354 m

Fig. 19

15

Jistance from test pit center/m

Distance from test pit center/m

Distance from test pit center/m
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-15 Lo
Fc

5 -10 05 00 05 10

Distance from test pit canter/m

All data (GL-349.8 to 355.5 m)
Th ' ' 1

=10 =05 00 05 10
Distance from test pit center/m

15

(¢ GL-351to 352 m
15 : : :

=10 =05 00 05 10
Distance from test pit center/m

(f) GL-354 to 355 m
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Distance from test pit center/m

Distance from test pit center/m

Plug

=10 =05 00 05 10
Distance from test pit center/m

15

(d GL-352to 353 m
15 : : :

=10 =05 00 05 10
Distance from test pit center/m

(g GL-355to 355.5 m
Results of 3D scan (projection view)
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East

-350

-351

352

Depth /GL-m

-353

-354

1 05 0 05 1
Radius of test pit /m

(a) East-West

340

-350 1

-351 4

352 4

Depth /GL-m

-3563 4

-354 +

-355 4

2 15 -1 0.5 0 0.5 1 15 2
Radius of test pit /m

(b) North-South
Fig. 20 Radius vs depth of test pit

4.4 HERFLDE(E

ANTARY 7HEEEMEZERR T, HYR LEOFEKBREE HET 5720, REBRALEKD 6 HFK
EHAKTDHZ EE Uiz, BT HH KL, 821 THBTH LT &mmﬁEﬁL_ﬁmmmf
— U T HEREI L CEONDEKEFATL L L Lic, —F, BRiLIEAI%, REBRle %f
¥ L% 80 mL/min DFEKNB L HNT-D T, FEM OREEEFOAH - B EZTED
LEICHEKSE (E& 50mm) #5%1F72, HEKEIIREAB LA (WbE AW 35) |
HEY U AU L= PKE 283G U BRBRALAMCERE L2 AR v 7 CRIEEKR T 5 Z &kbto
AT OF %hﬁ%PMm17 AW (WbE A3 ) OEY LIk A Photo 18 (IR
9, PEAKBITEA S — b ;ofgmﬁ%ﬁﬁﬁ7u/7ﬁgmﬁb K BRIATL ([ HEK A 23K
HHERDIRNVEDICEE LT, Fo, JkE K — ) O EIEsr 4w (WbE A1) 4
. EE 100 mm) ZEEH L, AKEEARE Lz, PkER X OVEKE DR E O &KX % Fig.
21 ITRT,
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Photo 17 Setti:n,;g unwoven cloth

cailad R . R

Photo 18 Leveling by silica sand

Injector pipe

Drainpipe
Silica sand (No.4)

Buffer material block

100 mm

R B Y
TR . P O

Ly R e O R R
et T o WP e T
e T

ot Ty A SR SRR G S A AN TN (N

\ Layer of drainage water

impermeable liner unwoven cloth silica sand (No.3)

50 mm

Fig. 21 Conceptual diagram of drainage water layer

(I PR 2T EE S B 572010, RBRILER X OREM 7 1 v 7 &5 ORI
WhE A 45) OFEzRT, RBILENP O T KREMGE T & & Lz, RBRIL
KB IIA LA Z i L, RfAi 2 B W CRYORAZR SHEE & L7206, HKEDOKIE
to 19 12T, 72, WOE X AW 3 5B L4 5O T i BREE R 4 Table 6 B8 X
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N
Plug
: . Injector pipe v
\ : e -
Photo 19 Layout of groundwater injection into test pit®
Table 6 Result of sieving test (Iwaki silica sand No.3)
1(\1/[;13;}; 2.360 | 1.700 | 1.400 | 1.180 | 1.000 | 0.850 | 0.710 | 0.500 |<0.500| Total
Weight
percent 0.0 0.6 9.9 36.8 27.6 12.3 6.3 4.7 1.8 100.0
(wt%)
Table 7 Result of sieving test (Iwaki silica sand No.4)
1(\1{?;1}; 1.400 | 1.180 | 1.000 | 0.850 | 0.600 | 0.425 | 0.300 | 0.212 | 0.150 | 0.106 | <0.106 | Total
Weight
percent 0.0 3.4 11.2 18.8 | 33.9 | 21.3 10.1 1.2 0.1 0.0 100.0
(wt%)
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5. BEME L UOREA —/1N\—/v D

5.1 1%k
TR 6 L OWHEE OP OfEEEIL. 45 2 YRERLY F & o) 23 L OMRAE D HI T BREE SR IC B8 1T D s
FERDEFICRE LT,

5.1.1 #BEH

BERNITT 0y 7 EBHRE Lz, 70y 7 EBEFROSE. 6 2 WY F &b CIEREEs &
HAEDRIC, EERICSE L RS EMERE LTS, ARBR I, BEM AN LT 2 0z
ZPHZE U= BB E DY 1.60 Mg/ms & 72 5 X 912, BER O # BB E % 1.80 Mg/m3 & iR &
L7z, FEEHRNIERY R A b (7 =V (ST A B ERE LIMERE L. 7 A BNES 2 30 wt%
AIEREL L=, TAIZOWTIE, 3 5L 5 5% 111 TIRELEZLDAEMERA L= 9, Table 8 |Z5%
@7 0y 7 OREER R, 703, ARRBRCILREEA & SO OZE/IT 7 A % Tl Lz,

Table 8 Specifications of buffer material block?®

Specifications Remarks
) Bentonite (Kunigel V1) Kunimine Industries Co.,Ltd.
Materials — -
Silica sand Nittoren Genryo K.K.

Kunigel V1 70wt%

Silica sand 30wt% Silica sand (No.3:No.5=1:1)

Mixing rate

Mixing water tap water
Water content 10.5 %
Dry density 1.80 Mg/ms3 after swelling: 1.60 Mg/m3

FEE 7 1 > 7 OSEENZ DN TIX, DM EE AR R - E&EHE 7 — (UL
T EBRE & —) PEUE LT RREM OfE E SR ENC L BRI LA EEAAEL, 1
Ebizv 8 nEl (BE7ry s 8M8) £/212 90 (BE7ry s 8, MK a > 7 1 #)
& L7z, Fig. 2212 9 0 EIOHAEDOT vy 7 ilEZRT,

Bentonite and silicasand
(silicasand 30wt%)

Buffer material
block

Silicasand

820 [mm]
860

2260
2400

Fig. 22 Schematic plane view of buffer material

51.2 #&gA—1N—Rv Y
Bl OP 1355 2 IREX Y £ L DTHAIF B E L OURSN TV D REMAIAL L, [EHEGH
RFHFE LinTd S SFVCL 2 L7z, ARBRIZHH T 28 OP oZsRkEgEL LT, OFEED
(B 7 AR ZE A L) OP LHEEB L ORE SAFAETH L Z &, OQRMBENFHIHTE 5
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2l @B TRIITIMY L CREOFEIREE (HfE, K3 Rry) PMiMicxsz e, BX
V@iBRIGHT CTh DR 350m CTHE SN D ANES (FREM OB X O KE) (2t z 5
DIFHIREE RO L R EBRET LN, 25 OEMR X OMREE URL (28 5 5 ER A 72
CERER L, B OP OfE 2 E Lz, FifE OP AMRIEfEIR E L, EFOZFIA /L M X [HE
ET OGS Lz, EBEO OP OfEE (5.7t) BIWEEZHIT L7202, WERIZEEZ VI,
ZERER AN ITBEAR S L COFA N EFIE L, b —Z—I2 L 0 OP WNEH b INE % HE g &
L7 b= — 3R 2N T 2@ L R%EDOES (1850mm) & L, RERICHECCHRTE
EEICEESE L0, BAEEZRKT 13kW & L7-, FE OP ICIZNEBIC T T 5 41 L2
T 2RI S L TR0 o T, Buliftic X NEOIREEZY—127 5 2 L& Rm L, FE
% 2 TSRS, WS DRI TX 5 X 912 LTz, 1H#E OP B L't — % — D& % Fig. 23
B L O Fig. 24 (2”79,

820

— 0 —
1

710

Weight-A Weight-B

390
710

T Weight-A

S
M~

[mm]

85 ] Weight-B

1

T

Fig. 23 Structure of simulated overpack

Non-heating

element Heating element-1 Heating element-2
(8650W) (4350W)
Terminal box —] 120 | 900 450 |
22— |—
I
70
— f

‘730027— \ Flange
100

Fig. 24 Structure of heater in simulated overpack

[(mm]

FANZ IR OffE OP OBEEK % Fig. 25 12T, ARBRCIX ETOHEIIFA L FTOREESE Lz
W, EEED OP (AR F 721308 LITEBOENRER D Z LB ESNT, TO-D, &HH
FIEEFM ORISR E L, RIS Stk T 272912, #& (Fig. 25 OAAEHSY) 12i3Meixs
BHEBAA Lo, £7o. RAMROJE BTN O RKAMERm 2521 5720, KIEO—EH (IHK 15 cm, Fig. 25
D BAER ) IITAEAR R 2 A0 U BB HEIT LAWK 9 ITALE LT, i L 7= #a#54%k) % Table
92~ 7, BATIRGLEZ Photo 20 3 X X Photo 21 127”7,
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Insulation paint

Filled with oil

/os heating medium

Carbon steel (SFVC1)

. ————Heater

Insulation paint

7Weigh’r

Fig. 25 Image of simulated overpack

Table 9 Insulation paint using for simulated OP

Part of simulated OP Insulation paint Remarks

Nitto Shinko

Cover NITTORU 120R Brown part of Fig. 25

TAIYO WIRE CLOTH

Body Duralco 4525 IP Black part of Fig. 25

.

Ludel SR 1
(b) Bottom cover

(a) Upper cover
Photo 20 Insulation paint for covers of simulated OP (using NITTORU 120R)

_26_




JAEA-Research 2019-007

Photo 21 Insulation i)aint folr body of simulated OP (using Duralco 4525 IP)

5.2 EHAIGTE (GRERFL)
5.2.1 fR&EH
(1) BWEHESLUNHLE 21—
HF K DI X D ARE M O @ E R T 57201, FHllE o — TR BR LIS O & A BB I
1 Wrim, #EfEES OO 5 WriE (1,3,5,6,9 Bk H) ICRET 5 2 & & L7z (Fig. 26), KEWrmNI L O
EWE NI B W TR RO SN 02 51l o — DR ERE & Lz 9, LT, &ERmZ
[Section- (FEfEH 7 v » 7 Bedf) | LRFLT 5, T/ 5, Section-5 [IRE@EM 7 1> 7 5 BEHD
. Section-0 1%, RERILED 7 A WA KT,

SectionNo.
12

o

O — N W M 00 O N 00 O

Fig. 26 Measurement section
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T o —ORLE L, OIS OP OV (Section-0,1,9) (2%, HJEEH, MFRAKE
b AR AERE L, BHE OP O b 5 (Section-3,5,6) (Zi1&, £iubHIZNZ T, pH EF. RFE
HEEMR, A& F o I3eEMm, 1 7o A2 B OREFZEE L, {LF00FHE (RrI2HEEE OP ©
JEE) BT 57 — 2 2 WG HatE & Lic, YPIEHEOFHwEE O % Fig. 27 1277,

M
I
|
®
I I }
Section-5 Section-6 Section-9
@ Pressurecell A Psychrometer
@ Piezometer A Hygrometer
O Borehole extensometer [] Thermocouple
H pHmeter @ Carbonsteel corrosion sensor

[J Ptelectrode

Fig. 27 Original plan

WHRHEIClX, B —8nE<, £ =007 —T AR FAKOREORK 725 2
LR EMNBEE~DEENG SIS0, B —Dk, K& ERr—7 VO [ L
RMEEEEBLOD, B —OREBESLHEICOWTHE ORI LERGT Lz, TORE., BRI
TITEED HIEKRZAT O 2 & B L RREM ORI O & A W I % i U CREMET#F O JE P 2> H H %12
HFAKPEZEL TS ERBEINDZ &6, FHmIZIB O THHRIZEHE o — & ElE T 5 2%
I e B, RBRALORM (B2 ITAMNS) ICE O TRIE L T, FHllE o —5a £
BT DHDREER LIZ, TORTIE., r—7NVEEZRBRILOFMICE DD ENTEHZD
BRI TR OMIKREIZBWT, F— 7 VHORBORBEZHET 22N TELEND *'Jm
H5,

FEo 2% CYIEHE R L O o —EeERER) 10T, Aspé Hard Rock Laboratory (23
T AEMETORBRREBREZETH A7 2—F O SKB (Swedish Nuclear Fuel and Wastes
Management Co.) (ZX DB L Ea—%2%T7c, VE2—DOFELEZLLTIIRT,

<FHAE Y —HizonT >

TR EA O3 SR o — 2R EE T, RV TR AR T 5 &V 5 B 2T IERR
MTH D, fafmafEotT=4 1 > 7 LRI, fAREICE W T P —ORE STV

_28_



JAEA-Research 2019-007

VMAIC OGN RIRE & 72 5, F 72, SERffIal T EZ i3 255 Th ., WE % g

L CRafmdfzics T o aHit /4%_:“ DEELZFMTHZENTE D,

SKB D 3Zfifi L7z, Canister Retrieval Test CTid7 — X \TIREKGFIEITR D e o7 2

&7%%\ il Y — OHIE OB DG Section-3 12 nJr{EHZ/qj‘ FRELRNZ LY
REEBEX DIVD, FEMEM ORIFNHS ELlE ) < @Uk%{EJéhZﬁ)T%ﬂ R o —

’EEJJ{HZTZD EHHERET SN FAFIEARICRE 2 #5 & TR A58 3G Y —0

RE A HELET D,

HEFHOFMERFMOIENZHETEDLLICTHI LT, BOERSHEEZSED Z &

MWTELEBZLND,

ERRICE Y| Bl ORI, B ~ORENRH NS FEELEVWEEBZD

na7w, SKBIEE v —HOHIBEICEFT 5,

<ZEDOMOIRESE >
Section-5 T, TEFHARGMOIENZRET 5 LI ICHRET 255, B —Fm~0OHh
T7J<0>IEI ViAZ AR E L, fafnZ2BIE 3 2 rleettn dH 5, & 2 T, jEE?r%:?Xjﬂﬁ TR
WZELE T DO T e, HERFMICEET 5 2 L 218875 (Fig. 28), 72, Bo/hswn
TEHEFEHT L2 L TREEZ/ NS THIENAETH D,

—
/S —

(a) normal distribution (b) tangential distribution
Fig. 28 Distribution of pressure cell

faFniE e CRRER DAL i@ibé%%?y%~@%mmﬁﬁﬂ%@éhéo%mm;
v EHE Y — &# 7V DG k%&ﬁﬁﬁiuék%ighéo
FETEAS D JE I f%htﬁ%ﬂﬁﬂ%ﬂ?ﬁﬁw IR 5 W) S B &
2%ﬂéﬁ\%bxﬁ IR L7258 m%ﬁﬁﬁ’ammﬁ&®7 2 RE B ATEE
MWRHY ., ZOEREHLMNZTHZ &il%f&é A BT — T K K &
TWAZ L 2MRTHI-02, il P—Z3%E L7l L ORRE LTV 7Vl BS
X, BRI 23 BfLE S B L O O& SICHET 5 Z L 2 RET 5, £70. F
TIRIZB T 2R GEHREOBENO S, T A WE~ORBKEFHOKEIZAHTH D,

RO L Ea—fERIzHoONWT, SKBEDOU— 2 gy FEBMEL (201444 H) ., R
Y —DOEREICOWTEmE T o2, idm D ERERE LT IRT,

il OP O OO B E L BET 5 &, M OffmBRICIIRMEZES 55256
nadzZ L. B OP b AW CHEAMICE=X Y 7 %179 7=, Section-3 DA >
— 3T,
S TR AL O AN CERE L, Sl — %2 RE LRV EEM 7 e v 7
ST, 7272 L, BEE OP 23T & D Wi (Section-3,5,6) ([Z W TlE, 7 —7 /LDHF
L K o THE N K DOIREPR IS B 72 o 75551, LR (FFICHdE OP OB R) 125
Z%)ﬁ”i%d(%b\ EPREEINT T2, MPCEIE o — A2 RLE T D,
TERHIALEE OP JE oW (Section-3,5) (ZRWTIIESMDOENZRES D X 512k
B35, EEHDZL\ Section 5 TlL, £S5 DBV, B G MICEET S, 727251, 8O/
S LA L2 S 810 e K D3 ek © & TUSFHAME OEEMEMR < 22 5 Z &7
BaIns72o, %’?ﬁ%b\ XOLJEREFHT 5,
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RECHoTod@Y | Gl Y —DRENZ VAL, Doz xR E LT, REM
LA & DERES (FAWE) ICHBUKERZRET D, XY SREM QRN S
PRI H R RS STV D030y, D F W aRBRPIC T 2 /KR RS2 s+ 5 2
LNTE D,

(2) Rt Y —DEE

AL Ea—BLONT—2 v a v 7O a2 R CRE L7iHlE o —oREICI 2, FERtE
VH—EOFEEE LT, MR ERE =2 Y 7 EEEH WY —2RE LT, tho
RO Y —or — T VOB EPERT 5720, Y%t —iihot s —0fE S
TWZRWEIE (Sectio-11) ITRETHZ & & L7210, 2k, HPERE=F U o ZEE T, R
PE¥EERT LT —T (LLTF, BRTRLX—)T) OXLFETHD, [HBL S ERES S
H Gy AT NP REREENBA ) WICB W TR SN DO TH S,

T, BEM T ey 7 DR LM & OSERE T, BEM SO R UM T 5 2 &2
FREND O, TR, TOMHIREHR TE 5 L 02, BEEH & DR LM OBER
#45y (Section-12) (ZHEFRESGR S — & (998 H. W=150 mm) Z+XFICEE LI, b2,
HORKGENEZE=2 ) 7T 57D, OFT HeH2FH LEEEMEH ' —% BT x
NX—TOEFEFETH D [HBLSEMNHESEFIE W52 AT AFHEfEREEINBRR ) 12Tz
B L CORETHZ & & LT,

TR TR (SRR B9 5 5l o Y — o fE R L O%cE 2 Wi = & (2 Table 10 (2579, £ 7-. Fig.
29 IZENLE OFHAIX %, Fig. 30 (& Wik OFHlE > Y —OfdE 2R Lz, XFOFHE
—DOIEFRL Table 10 IZ/R L7z 39— ID (TP##HE, PPHH#L E) ExfI LTV 5H13), EEd
fit, FEFEM ~DOH T KOBFIRNEZT=F ) 7T 5720, P NE27 T 7 ¢ JIEH O EM
ZIEE 2 Wi, AKCF 1 Wi GEfER 5 BrE e &) 1CERE Lz (Fig. 31), SEMEL, Tk
1 C 190 f& (95 fE X 2 Wrifi) . AKFWrim € 72 TH Y, EME OIS L Z 10em TH 5,

Table 10 Sensors installed in buffer material

Section
; O|1(3|5|6]9|11]|12]total

Sensors 1D Measurement unit

TP swelling pressure, kPa %1
Pressure cell TPWI 1| temperature oC 312 (2] 4 2|1 14

. PP##H# pressure head, kPa *1
Piezometer PPWI 1 | temperature oC 41212 |4]2]|2|2 18
*2 <+D2

Borehole displacement, mm > |« >

DS#HH# < 6
extensometer temperature oC |
Optical pH PH#H pH . 3133 9
meter
Thermocouple TE#HH temperature oC 6| 6 12
Pt electrode EH#H# V vs Ag/AgCl KClsat. \Y 3133 9

- - 3

Carbop steel CO corrosion potentlal,. Qcm 4l a4 12
corrosion sensor carbon steel potential \
Hygrometer RH##H relative humidity % 3|3 6
Psychrometer PSH##H# water potential MPa 3|33 9

FD## volume water content %

-\UV*3
FDR-V (TEFD##) (temperature) (°C) 313 6
Buffer material CH## strain, - 14 16
swelling sensor  TEBS## temperature °C 2
total| 7 | 5 [29(33|15| 9 |3*| 16| 117

*1: Using wireless sensor: collaborative research with Radioactive Waste Management Funding and Research
Center (RWMO).

*2: Measurement section of temperature by borehole extensometer.

*3: Frequency-Domain Reflectometry - Vector Network Analyzer
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Fig. 29 Measurement section of borehole extensometer in buffer material
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Plug Plug
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Fig. 30 Location of sensors in buffer material block (1/2)
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Fig. 30 Location of sensors in buffer material block (2/2)
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Fig. 31 Cross section of specific resistance tomography
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522 A —\—iXv Y

ﬁﬁOP X, FEOREZHET 572 DICBVEX 2 10 fH:E L7z 19, 2WERHT Fig. 32 1OR
T o, #EOP OJEEREB LV L. Sectlon 3. 5. 6 TS T AN ER L OYEH OP o F 5
& (f}’éﬁrﬁ7 0y 7 5 BHOFR) ICERE L, Aok, EEIZY 75 TEOPOOL I oW\ Tk, 1E
O REINEOBLEND, BEREBETDZENRNETH 270, $EER 2 B¢ A (Section-
2) OMET v v 7IZRE LT,

| |
| |
| |
TEQPO1 TEOF TEOPD10
h >
2
TEOPOOR, TEOPOO? TEOPOOB TEOP0Q? ‘:05 ™ TEOPOO8
1 1
TEOP004 |TEOPOO7 T TEOPOO7 ! TEOPOOS PO07
I | . " T
100 mm TEOPOO4 1 TEOP0OS TEOPOO4 &11400 mm TEOP0O5 { TEOP0O4
hm mm 1EOPOO= dhm 1050 mm
_— TEOPOﬂ. JTEOP003 ] TEOPO0O3 TEOP0OO?2
] n
|, 205 U
- mm < >A\|[TEOPOOI
201 % TEOPOO! }*rEOPO 1 205 Tm 24(\] e
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| |
(a) North (b) East (¢) South (d West

Fig. 32 Location of thermocouple on surface of simulated OP

52.3 il Y —nitHk

AT 7 HEREMERS R IT, D7e< &b 5 EREMU EOBHHIMAZMHE L TEBY, JUEDOHED
R LTI, %%#%t/#HE@f/Tf/zﬁkﬂxﬂ EIRD T END, EEMAE
IZBWT 5 FEU EOBBFEBOH DA AL LT, THEEOENREROCE G RN B R R
THHALEE =102 82 5E ORI LT, 5.2.1 (2) 522 TRLEHIIE—Z2nTho
HERZ DL TR,

(1) £EF (REIFRR)

REM OIS 2 R T 572 DI LR ZRET 5, RIEDLORELZZITICINWEIND
REAo o —2BE L, MEDA D=L, BUTIb o2 E/123, BLVNIZTEE S
NT-BAIHIZAZ DY | IREZOEI ORI L0 AT D EEEE a4 V@& L REEEE
T HgR) . TN EBEREFICER L CHIET S, Table 11 (2 HEFOHAE% ., Photo 22 124181
BT,

Table 11 Specifications of Pressure cell

Maker Geokon (4800-1X-2MPa)
Range 2 MPa
Accuracy +0.1 %F.S.
Safe temperature range -20 C to 80 C
Length X Diameter 350x150 mm
Material SUS
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Photo 22 Pressure cell

(2) MIlgKES (REEER)

TR ORI ZEEI R KO R K ORIEMR I &2 02 9 2 72 DICIRENZ X O MK EF 2R ET 5,
HEDA T =ALT, ENB Y —DFA Y7 T DENBINZ 65 L IREEAE ) ZE#EIC
Y, BRESICEH L THET %, Table 12 ICRIEEFDA4E4 . Photo 23 24 MEL &2 =T,

Table 12 Specifications of Piezometers

Maker Geokon (4500S-700kPa)
Range 700 kPa
Accuracy +0.1 %F.S.
Safe temperature range -20 Cto 80 °C
Length x Diameter 133%19.1 mm
Material SUS

Photo 23 Piezometer
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(3) EfIEt (RN

BEEH OET B 2R T 572010, EBRAOLMEZRET 5, BEHEH R T h—
ICuy RCHfE SN T v I —%2BRE L, 207 > H—MOEMEZRET 5, Table 13 213
DftEE% . Photo 24 ([Z4VEL A =<1,

Table 13 Specifications of Borehole extensometer

Maker Geokon (A-5)
Type Typel Type2
Amount 5 1
Range +50 mm
Accuracy +0.05 mm
Safe temperature range -20 Cto 80 °C
Length x Diameter 350x150 mm | 70X88.9 mm
Material SUS
Water pressure resistance 1.72 MPa

Photo 24 Borehole extensometer

(4) HZF=HK pH &t

KR T DREIBUK DAL E DR O 7- D12, pH BHARET 5, Wi DOH T A EMETIL.
REH O ERCHIE ORI EDA T F U ANRRARETHDH Z b, HFN pH 32188
L7z, ARBRCEM L7t pH 3HE. B R AX—FORTLHFETH D THEL S HIH
BTNy v AT LAFHRMERERATB R ] DI TR L= D TH Y, Ocean Optics Inc. D~
n—72, A RO Lz pH IR AATE b D TH D (Fig.33), K7 7 A /3—%
LT, Fa—T7 IR &7 pH fRIBIC DR Z BT U, SSHE % 0 g8 TR
WL DR SERE 2 E L, WEEE & pH ORIRRIC XY pH #3R$ 5, (1R L UYIMEl%Z Table
14, Photo 25 127”7,
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3.75mm
AbzFryT
T pHEREME
v

2T IR
_L_ (K& (FLE0.30 4 m, £=0.14mm)
; G I
§ — ASAER (3.75mm, £=0.95mm)
S
S

— L sorisie
(A FE2004m, 75

‘ (5 b 4mm)

(a) pH indicator (b) Design of probe head
Fig. 33 Setting pH indicator of optical pH sensor!?

Table 14 Specifications of pH meter
Maker OceanOptics /JAEA12
RFP200-UV-VIS (DOP-SGTF-BCG-2014)
Range 5t09
Accuracy +0.3 (pH 5.0)~=0.1 (pH 7.0) ~+0.3 (pH 9.0)
Safe temperature range -5 Cto 70 C

Photo 25 Optical pH sensor

(5) REFt (BExXH)

i OP R OIS HIs L OMRER O E 54 OffE 2 Bz, EVEXxH 2 5%iE 45, JE
AN=ALE, BIRDMEO 2 KOERMHEZHER LT 1 DORIEE (ZVEXD Z1E0 . 2 DO
WCIREZEAY 525 LRBICEENFEET S & (Seebeck #045) ZFIA L, HEZHTET S, 24
Bt DA & 4Bl & Table 15 3 X O Photo 26 12777,

Table 15 Specifications of Thermocouple
Maker Tokyo Sokki
(Sheathed thermocouple Type T)
Range -40 C to 133 C
Accuracy +1 C
Diameter 6.4 mm
Material SUS (protecting tube)
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Phot 26 Thermocouple

6) RFRMEERL VY —

IRFHE R Y —1F, g OP OMEFCh 5 R%EM (SFVC1) OFRHEEZHET H7-9DIC
RET D, B —3REFEWER, SHREM (D —R U ER) BLOEHR (F2 ) ORI
Tk (Fig. 34), st OP MAERFICERI Lo REM A L TRIEL 72, At ¥ —iF, %Xk
pH it L FEEIC, BIRT= RV X —TORLFETH 5 [HIU S FINRE S FEL Y v AT LR
FeFFH AR | WDIC TR L. iAo B —F v ZEIC L0 SR 2RE L, REMEBROE
BHEZRDODL LD THD, REME RV —DfEk L 4% Table 16 35 L O Photo 27 IZ7R
7,

e FREA (LY 7= D R 0. 6em’)

F 2 LE
(ZEhiA y —————
B—& A 1 —7R TR ¢ 2mm
gk i (A = R
s Z )
> e ey & St
¢ 25mm BBt < = DELE (%)

Anm)
#925-30mm I \l |

“ — WY — R G~ EBY)

Fig. 34 Diagram of carbon steel corrosion sensor!?

Table 16 Specifications of Carbon steel corrosion sensor

Maker JAEA
Length x Diameter 25.4x36 mm
Material Teflon coated cable
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Photo 27 Carbon steel corrosion sensor

(7) B2 E®

4 BRI AR B P D R K DAL REE D HWE D 72 OIZER E T 5, IRfbiZE cENL (Eh, ORP)
ZEBAETSZ 81T pH st ARICEHE LW e D, BT R VX —FOLEFLHFETHD [H
JEAL Gy BT A T MGy S AT LRHIMERERATBRSE ) DI THZICHBE Lz 02 Hnz, B
&M E S EEMR (KCLfafno Ag/AgCl EfR) & OB AAZNE L, B{LiZECREZEET 5 =
L& LT, AE&EMOMtEE & 4% Table 17 35 X O Photo 28 127”7,

Table 17 Specifications of platinum electrode

Maker JAEA
Length X Diameter 14X15 mm
Material Teflon coated cable

Photo 28 Pt electrode

(8) ImREET

TR ~O T K OIZEZE B DR O 7= 8 REEFH & R BT 5, FEEH RERE O 5K (10.5 %)
DHATEIE 100 % ZiW 72 FREM TP OKZIAMCHONTIE, BikDOY A 7 m A —=F B LT
FDR-V & it CTHBUIT 5, JIE A U =X 503, ERREICER £ 7RI D K 7y W I 5
P L, ZOEMAN GO TEMMOHERROLIMNORELRET 2, MEFFOHRL
S8 % Table 18 1 J O Photo 29 (Z/r 7,

Table 18 Specifications of Hygrometer

Maker Rotronic (HC2-IE105)
Range 0 to 100 %R.H.
Accuracy 25 °C : £0.8 %R.H.
Safe temperature range -100 ‘Cto 200 C
Pressure resistance 5 MPa
Long term stability <1% R.H./year
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Photo 29 Hygrometer

(9) /4O r—%

FRMEA ~DH T K DRI OHHRE D=, A 7 A—F 2L VKSR T v VA ET
Lo BVESCIVBHEREZMEB L, BT EICL > TERDPERT D & EDOIRENS KSR
TV NNERD D, KGRT v VIEAREETIER I~ A T ADOEZ R L, BRIV 0 MPa
TS 5, SAIRMERER 97 ENOMANEICGREOSH D Z ENRINTWA TS, BER B
JOVFDR-V L TENEZITH, A 7 a XA —F OfIREL HME % Table 19 3 X O Photo 30 (2
AT,

Table 19 Specifications of Psychrometer

Maker Wescor (PST-55)
Range -0.05 to -8 MPa
Accuracy +0.03 MPa
Safe temperature range -25 Cto 70 C
Pressure resistance 5 MPa
Long term stability <1% R.H./year

Photo 30 Psychrometer

(10) FDR-V

FRAE AT ~ DT K DIZHZEE) 2408 T 572012, FDR-V 2% ET 5, Mk CIIiRE D2
R 2T A7, IBERFEA E Uiz, FDR-V (X BRI X CTRDEEFFER D K
BHEHMAL, WBERNPOKGBEOHELITI) HOT, B —7m—7] \_Ea,idmﬁfi"ﬂ:‘%_ EE
Wl ORI DI RDDH Z L THFERLZHEL, ¥x V7L —rvary#fRCIvEonk
ﬁEﬁKiD%Eﬁ*%%ﬁ@ﬁ@ﬂﬁV@ﬁ%&%ﬁ%ﬂﬁh%t&UPmm31uﬁh
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Table 20 Specifications of FDR-V

Maker Hazama Ando
FDR-V-double
Range 0 to 100 %R.H.
Safe temperature range 80 C
Length x Diameter 200x60 mm
Material SUS

|

1 Ser RN L
Photo 31 FDR-V

(1) EEMEBELEE Y —

TR DL B UM~ DI 8 2 {2 9 5 720, BEREICEEMIZHE v —2&E T 5,
Ao —i, %A pH 5f. RE|EME R —72 L LRARE, BRT RV X—TORLEET
o5 THIJE WL HANF A % F NSy o AT LAFHMMERERATBASE ) DIC TR LIZbDTHh D, &
Y —IIHRTH T 7 AN OOT HEZEMRBICALE L7 O T, fREM O > TA
LU 5O B bAEEM O HER 2 BET 5, BEMEHE Y — Otk & 4Bl % Table 21 35 &
! Photo 32 127”7,

Table 21 Specifications of swelling sensor

Maker Kyowa
Safe temperature range -20 °C to 80 C
Allowable bending radius R900
Pressure resistance 4 MPa

Photo 32 Swelling sensor

(12) i ERE=42 ) VI EE

FERE X — L ORI E LT, MIPERE=42 1 7 EOE ML MR T 72012, H
MR =& U o JEEEIC TR L OIBUKER 250 E L, BREM OEZEE 2 ET 5, 7
B, RKE=FY U 7EEIT, BNV —TOERFEFRETH D, THIELS TS FELS
VAT A TEERERERANBARE | WIS W TR &, LR K OMBKEG O 4k % Table 22
B L O Table 23 |2, #MglZ Photo 33 127”7,
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Table 22 Specifications of Pressure cell (wireless sensor)

Maker Geokon (4800-1X-3MPa)

Range 3 MPa
Resolution +0.025% F.S.R.*
Accuracy +0.5% F.S.R.*

Over range

150% F.S.R.*

Housing Material

Stainless Steel type 316

Operating temperature

-20 °C to +80 °C

Cell dimension (Active area)

¢ 76.2 mm

Table 23 Specifications of Piezometers (wireless sensor)

Maker Geokon (4500SH-3-3MPa)

Range 3 MPa
Resolution +0.025% F.S. (minimum)
Accuracy +0.1% F.S.
Linearity <0.5% F.S.

Over range

2 x rated pressure

Housing Material

Stainless Steel type 316

Operating temperature

0 °C to +250 °C

Cell dimension

¢ 25.4 mm x 194 mm

Photo 33 Wireless sensor (piezometer and pressure cell)

(13) LB FET 57« FHER

REMPORMEDOSMZE=F ) 7T ORI B N e T 7 0 2 FE T 52 L L L,
FEEME (2 Wrifm) 3 X OUKERm (1 W) (CEMmaZaRE L7z (Fig. 31 Z28), TR oER
TIE, REM ICIEEEMmZ 7 LIAA TREE L722s, ALY 7HEREMERRRBRIZ W T, BEH
7wy 7 & VAT ORI - BRIET D Z &b, BRI &5 L ORISR 27 A
WEICEMZEET S & & L, WL NESZ T 7 ¢ FICHRE Lo EMOAER & 4812 Table

24 ¥ J. O Photo 34 (Z/R9,

Table 24 Specifications of electrode for measuring specific resistance

Maker

Hazama Ando, Dia Consultants
(Cable electrode type)

Safe temperature range 0Cto70C
Length X Diameter 30%X26 mm
Pressure resistance 4 MPa
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Photo 34 Electrode for measuring specific resistance

53 BEM IOV DOMI

Fig. 29 5 X O' Fig. 30 |28 L7zaHlllE v —B L OGHIZ — 7 L ORBEO -2, %4 T 5%
B 7 vy 7\ T2 L=, IMTXO—#% Fig. 35 (279, &7 1 v 7 O TR
L7,

T T

R0

Fig. 35 Processing of buffer material block (for pressure cell)

HEOMTIL, B —BIOr—7LOBRICEDLE T, v R7TT 2 M LA MT A2 HA L
L. FIDSODVERS T FAERIC T T Lz, MTFIEIUTO®EY Th 5,
O BEM 7oy REICEC Y —BI O —7AEEDOT 7 L— k& [@EE (Photo 35)
@ JEfEzERIC & 0 WA RAHT (Photo 86) . f&fEiM 7 v v 7 12 & 54 (Photo 37)
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@ MEIS U TCREEICTEZHE
MT#%O—F L LT, Fig. 35 1Z/R L7 1 v 7 Of: B0 kit % Photo 38 (2R,

o m—

Photo 36 Sandblasting

'R
Photo 37 After sandblasting block
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Photo 38 Chased buffermaerial block for sensor (pressure cell)

54 HBRAN~DHRE

FEEM B L OEHE OP 1XiBRITIE 4 O EIICRE L7 L—r 2 LT, RBRILNICRE
oo FREM 7oy 7 %2 1B (8EEIXIM) RET DI &SmOt —%F %Lto
i OP MR E S5 3~T Bt H O EERICB W T, i OP M NZE & 72 5720, ¥ R
IR EEREOLREMEEZEZE L, FOESICEENECRNE IICT D AR —ZHBELARND
1Tolz, TEEHOBRENE T LR TANR—Y—Z R L, I OP 235 E LT,

5.4.1 fB@EH

AT 7 vy 7137 1y 7 MO RE FIIZERE Lenk H1ic, 1B &I 225 E4 o7
O LTk L, M7 ry 7 EABOREIZIE, 7A4% (Wb&E 7 A1 45, Table 75 H)
Ze FedE L R LR 2> B 1EK T 2 H FOK MR EAM O E R\ EITITEED L O Lz, £z,
BT ey EAEE Ty 7 (038R OP) & ORBICIX, BB & FREE OBmE (X2 b
FA A WH=70:30 wt%. Table 8 ) & FIE L 7=,

m%ﬁt_owfi My FLERE X FRUIC K D8EEM 7 e v 7 OFBEICH LT, JFERE ¥ —

BZEHURREE 2 B O T AR T Ok 6 B 1 2 %%Eﬁ%ﬁb‘(jﬂo@ 8.9 M FCTOEERERICLY ., #E
ﬁ#ﬁménfwé ARBRICBWTIL, # BB E%ﬁﬁﬂ%®@%ﬁ% & H Y
WCEZBEREE A L EE a2 T o2, 7272 L. K%& kwfi EEERON S FLICERE S
HfEEM T 0y 7 L3RR B Y —REODICHENTIAESH TS 7 ey 7 8B X
THERREDH D, WNTHNESN TS T ey 7 1Cx L UIEEFEEENFEH xR0 &
O, Ao FFEELRYEL THEM Lz, BIFIC, 2R ENOMEHEE I X DEEM 7 v v o
DEBIZONTIRRD,

(1) EZXEFEEICKIEE

I TOMI N TWRWEREM 7 e v 71k LT, &EM 7 a7 1 [HHOEZEEEE
(Photo 39, Table 25) #HW THRBRILN~DOHREZITHoT-, EZEHUEREE X, H22/ 8y R
(@500mm) BLOKR T b b BBRYLE 4 ITBWTIEEZSE Yy RE27 L— I TBE S
RN OREZITo T,
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Photo 39 Vacuurn grasp system (for one block)

Table 25 Spec of vacuum grasp system

R R TR R Gg) | B A— T — B
B MG )
PR 1500 RGN (i) | T B
¢ 500mm ’ )

BEZEHEREE & TR ET 7 1 7 OEBEEFERILZ Photo 40 35 KUY Photo 41 (127”9, &
EVERICH T 5 EZ2 I EEEE OB I, JRERE 2 —2B% Lt E B s ok 251
E%2%12-0.08 MPa~-0.1 MPa (fEffr[fEE & 1500kg) & L7z, 1”?% L ClE, H— D%
W2 2 CTHIB~V R 2R L7, £, R RREEOL S L, By RER T ED
RA—AOEY AL, DV B D8EEHM OKFEOMERHICRE LT,

Fo, EEORRCEE L, RBIL~7 1 v 7 250 BEATEICITRBRILNZ AR & L,
EEE ST (FEBDOERREDES) £THA LIEZRICEEENILNICA Y FTE DML EIZE
BT5ZEE L, EEZRITFHIZGRER EOEELFERT 5720, FEM 7 2y 7 OWEE %)
SHETERBIZA LY — FE2RE L= (Photo 41 OBV, fRE LT ALY — MIKROEED
R 7 1y 7 EEORNCEY RE, FEROFIEEZED R L CEEIEEXELITo 70, EEEERFC
REAR ST BEICEE 2D 5 2 LN T, BEZEHUEREE o 5N & C o M 23 e iR
i,
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2= e (1 1 — SN 4 \
Photo 40 Setting buffer material block using vacuum grasp system

Photo 41 Setting buffer material block into test pit using vacuum grasp system

(2) BBAIRFEEICLDIHE

EZHPRPEEE O T 2y GEIN Lo Siz) BEM 7 1y 712k LT, Mo fRE
EZ AW, BEAEREREE L, 7L —rToO) BIFA 2L ICk o TREEM T a v 7 2 EAND
eAiAteHE CH D, EEIL, BT v 7B CIER, &KEHAME 400kg) & MHER T B
v Il (=% 7 77 SF-28, fAMEHME 800kg) @ 2 FlAZFEH L=, ZIE D
AU ErIEE % Photo 42 (2., T4k % Table 26 ([Z7~x77,
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(2) For fan-shaped block
Photo 42 Mechanical grasp system

() For cylinder block

Table 26 Spec of mechanical grasp system

R AT REEE (kg) BUERA —H— I H
BR) A—v v v
AR ER 400 AF LA s ZF=T
V7 (FRESh) e e
MAKINO A HOFF A RE B B R T
M AR E A H 800 SF-28
(A& 5L)
R RS A L 72 BB ESE R % Photo 43 1239, & /fﬂﬂﬁ”* A LT-E L FE

1‘% ﬁ DTl A THIBI~L b 2 L7e, #n R

F. EZEEEREE LT S

22 % RS ?“‘éif@ﬂ%?ﬁi)ﬂ”%f%E)K&Jtlzixﬂﬁf’ﬁ%m@%‘(%%) LR E LTHT

%ﬂé?ﬁx

W ET A4 DNREAR 3 % AT

MRS Z

L. EERC

AR OFRMEH & DI H DRED

BEALETHD Z LR EICRE LTz, 2B, (EEFIRIC O W T, BZEEREE L RRTH D,
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Photo 43 Setting buffer material block into test pit using mechanical grasp system

(3) Al Y —DHRE

KFEGHHE Y — (Table 10 /) 1%, VA WEHEH Licdh & OFLERD. I L O%RE R 7
Oy V% 1 BERETDHIEIC, TEDMNBEIZNLENZE (5.3 &2M) IZRE L., Ml —
DA —7 VEITREEM 7 v v 7 L REBRILEED ] O 7 A RbE B LT, REETB IO —7
IVEEER LT KOBREIE, KAD LB X 5 ITHREEM & FE S OMERCTHRE Lz, WBRfLE
O Y —FE R A Photo 44 |12, BBk 7 v v 7 ~OEEFERILZ Photo 45 1Z/R T, £,
BRI EE O E 25112 Photo 46 7> Photo 48 (Z{E2E IR 2774,

ey

sensors at the bottom of test pit

-

Phot;) 4 ettng
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Photo 45 Working situation in test pit

Photo 46 Setting a piezometer to chase of
buffer material block

Photo 47 Infilling a chase with buffer Photo 48 After infilling a chase
material (bentonite-silicasand powder)

4) BEHM IOV UHRERKR
FREM 7 0y 71348 12 BirE Lo, SFEEORERIEZ Photo 49 (-7, 7k, 3 EtH
(Section-3) 75 7EtH (Section-7) & TIdfEHE OP H o3 2Ei & 72 b 720, ¥ NPk 7e R
DEEEROBLED DR ODEHICEEZDELRNE DI AN— =% RE LD EELITo T2
(Photo 49 »(d). (e), (). (2)), 7E*H (Section-7) * THEMHM 7 1 v 7 R{E LI21BICA—
— &0 A L CHRE OP 23 iE L, S HIT 8 Bt H (Section-8) LIRF DR 7 v v 7 Zg%i&E LT,
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T S - .
(e) Section-5 (f) Section-6
Photo 49 Setting buffer material block in test pit (1/2)
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| (G) Section-10

(k) Section-11 (1) Section-12
Photo 49 Setting buffer material block in test pit (2/2)

542 A —/IN—/\v Y
(1) HEBRAA~NDHRE

BEM T ey 7 &2 TBRHE CRE LEBICAS——2HE L, B OP ZEM Lo E
& L7, 4 OP 13 Fig. 23 IR L2 L 912, RIE, L TOE, #, A rBI0e—4—71bh
D, MEEILERDO OP LRI E.7t L7 b, BEBRYLE 4 IZBER D 7 L — 3 OB EBIR D>
O, g OP AN CTIBRICTHRBRILNICEE T 5 Z L AR WTe D, RIKE TEOZE 2 /A
SECTRRECTHRBRILNICEE L, 7Y O 2 LN THAN TH Z & & Lz, FIER L OFEER
WA LA IZRT,
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FfE OP 3% & FIE

AR L O TFEHZEDOMANL T, BVEXONMEZ L (Photo 50)
ABERIL~FE T (Photo 51)

RERFLNIC T, BVEXTOHLY £+1F (Photo 52)
%%@THEP‘D%B’\O) EE (Photo 53)

AR ~DEEDOHE  (Photo 54)

E¥#E oK E (Photo 55)

FA v (BEER) OFEE (Photo 56)

b —4%—@i%E (Photo 57, Photo 58)

CISICICICISICNG)

Photo 51 Move s1mulated OP into test pit
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\

A
Photo 52 Setting thermocouple on surface of simulated OP
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. e .

Photo 56 Filling oil to. simulated OP

Photo 57 Move heater into test pit
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Photo 58 Setting heater

i OP OF%E5E T kI % Photo 59 27k 7,
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6.1 FEIAZEICDOWNTDRET
FUEOHORE LICBE L Cldkx e FEREZEZ O, 3 2 IRID £ &0 ITREEEO E L O

THIEE LT, Try 7 THE BEEL -

JAEA-Research 2019-007

6. HBOHRLHM

i 6O [E 60 Tk,

AT Tk, Bk

D [E 6 Tikks LR

@%I%COWTﬁéhTméo:@5%%@%1&K0®Tm\f%/#ﬁﬁﬂ%@mbfk
. TREM ~DE AL NEEBOBENRH DL Z LD, KRB CIIREEI E Lz, %D 4 5D
I&_om1m1@4f VK% Fig. 36 ([~

(a) Block

(b)

FEEOHUEDH DR LICE L TiE, LD TEEMAGDED 2 EBB R B,
ANTLAY 7 PERE

(c) Spraying

L TlX Table 27 D X 5 fif\ﬂé\ﬁ%ﬁh—‘ LT3 2,

BEOHTING FHE  HBEEL -

sz Ll L,

oD Tk (BT, S5 EREO D) |
LAF, HORLM Ty ) %:i%ﬁﬁ L. WR%E URL % 6 & U7 TIE DN

(d) Transverse compaction
Fig. 36 Work methods for backfilling

R RBR Tl
R Ty s T

72 LY &
T, 260

T2 Sz oW\ T

Table 27 Example of combined work methods for upper and lower halves of a tunnel?

Lower half

Spreading and compaction

Transverse compaction

Upper half

Block laying +
Spraying

Spraying

Transverse compaction

Transverse compaction

Evaluation

Effective to assure
quality in the upper
half.

Control of blocks and
of tunnel environment

The issue is whether
the bentonite-
aggregate mixture is
emplaced to satisfy the
quality required by the

Although there is
limited experience
with such a machine,
the method is a
reasonable one if the

The method is
applicable only if the
work speed is
confirmed to be
superior to the normal

is important. specification. machine is developed |[spreading and
and if the quality of  |[compaction method.
work is confirmed.
Fro. FEORSHHIZRIT MO R LICIE, 1EEDROBLER ENG, KRR 22 M TO/ERENE

ZHhZE U= B ot THEWRSC. SUEIR
REBRICEBWN T, HORTHEENI Tm EEW D

BARL LI ke LT,
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6.2 EHR LM DL

MO R LM, SUE O JRAL EMERCHLO R L2 PLE N A B RKA D L B 9 Ak
PR ERRDOND, ZDOX D BREDRE LM OHRRICOWTIEL, 8 2 IRELY £ & DTHEARKE
DRI N4, BRIEDOH FERESM 2 RITHET LI RN D, XU M A M T A WDRE
WZxF LT, X A MEEHE 40 %, HREFE 1.8 Mg/m3 /R I T\ 5 D, REOWSETO
HHERELICE L TIE, 58T km ICB X SYUEORENC X v REICHAET I+ (X)) 2/H
FIHT2ZENBEZLNDT20 2, ALY THREMEHER T, MRZE URL OEZRIC X - TRA
L8l (RXV) 2RO R LM OERRICOWTHRE Lz, Z 0%, BEREOE D o
DR LMBLOMOE LM 7 0 v 7 & LT Table 28 TR T2 7% & L7-16),

MO R LM ORAEIZIL, 1RE URL O SLHLOWE 330~340 m ZHHIT 5 BRICH 4 L7 H|
+ (X)) (HEAE) BLOR bAoA b (7=40 V1) 2EH L, HORE LM OEEL L,
mEHEHIZONWTIE, BEHOEY ThD 9,

Table 28 Specification of backfilling material

Backfilling material for | Backfilling material block
compaction
Material Bentonite and rock waste (Wakkanai formation)

Mixing rate of bentonite | 40 %

Grain size of rock waste | Under 20 mm

Well water in Horonobe town!7) (using for Horonobe URL

Mixed water

construction)
Water content 33 -39 % 30 %
Dry density 1.2 Mg/m3 1.4 Mg/m3

6.3 EHAIGTE CGEHEREL#H)
6.3.1 it Y —0DEE

HORELMESICRET 29— LT, #ORE LMOBERRAEET 57200 HEHEB
KO T AKOZERIN Z 2T D70 DKE (FDRV) ZkiETLHZ e L, £/, a7
V— 7o 7l oERmICHEH,. 207 V= 7 7OEMMICOTHEFZREL, T
IV — 7T T ORI ERET D2 & Lz, RE LZRIEWmE L, Fig. 37 (27 8 M
i (Section-A~G) TH 5D,

HOR MBI T 7o iRE Uil o — ofE R L O E A W Z & |2 Table 29
\ZRd, E72, Fig. 38 [2& Wi OFHHlE o —OfdE % /8 LTz, FFEFHEE o —OBE#RIE Table
29 IR LT —0 ID (STPH##HE, TPP###/: L) Lxbis LT %, Section-E (21, FEMEHf D
Section-11 & [FEIER, JFERt L ¥ — L OILFEE S LT, HifERe =421 o 7iE@E %2 7= 5l
tot— (LJEE. MBRKER) ZfE L 1019,

Secton G F E DE D C
< ) : <

Steel form

1 350m Niche No.4

133m  20m  20m  18m 17m  1.5m

Fig. 37 Cross section of arrangement of sensors in backfilling material and plug
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Table 29 Sensors installed in concrete-type plug and backfilling material

Section

Plug

Backfilling material

- Total
Sensors No. Measurement |unit | A | B| C | D |DE|E | F | G ota
Strain meter STP## strain, mm, |- g 8
temperature °C
TPB#HH: KP 8
Pressure cell TPP##t — |PLoostre o 10 | 11 1| o 11| 43
TPBWI temperature C 2
Water content volume water 0
(FDR-V) FDB### content & 5 5 5 15
Piezometer ~ PPWILa |POre Pressure, | MPa, 2% 2
temperature °C
Total] 8 | 10 | 11| 5 1 |17] 5 |11 68

*Using wireless sensor: collaborative research with RWMC.

- STPODS-
STP006 i " STPO07
Y4 o H Y2 \\ \\_

f.f f N> ! & \\ \.\
| stPoo4 STPO05 | |
T | =]
|| ZEE RN |

1”&3TP002\\ STPOO! STPOE3

TP

Duct for cables of sensors
(a) Section-A

BO25 |
TPBO21

TPB026

() Section-C
Fig. 38 Location of sensors in backfilling material (1/2)
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TPBWLOO02,
PPBWLOO2  TPBO19

e SN N - o Treois
Y N\ TPBWLOOT, TBOIZZ, AN
\ PPBWLOOT | \
// [/ FDBO0Y _FDROIO
TPBOISY = gl Pot8
I oF i \ EDBOOS | /]
| " TPBO20 FDB(%EEBO_O%DlBOW
v TPBOI3 TPBO14
lu IS [ ")
Phe Tpsng | [

Buffer
material

(f) Section-E

TPBO11

| TPBOO!

(2) Section-F (h) Section-G
Fig. 38 Location of sensors in backfilling material (2/2)

AREFHHE o — O ERDLZ Photo 60 12784, & 2 —i &R ORRHEC 7 — 7 L5 1d, HE
DRLM (XU R A b EHE (X)) =40:60 wt%) ZHWTHRE L, ¥, BRI 58D

BT oy 7 L HGEREEICAECABENCOWTIIM T L7 ey 7 BT 508, F2THED
2O T 7RBRE OFEIFIT - TV e,
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e 2
N

(a) Pressure cell (niche wall: Section-G) (b) Pressure cell (crown of the niche)

(c) FDR-V (in backfilling material block)

(e) Wireless sensor (f) Infilling wireless sensor
Photo 60 Setting sensors to the niche wall and into backfilling material
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6.3.2 il Y —nitHk
(1) £EF (REIFZR)

HOR UM ORI ZRET 2720 LR 2% E T 5, LRGN, JuEEEm HFmE LU
HEE T ANCIE 72 & < JTEADNPEFTREZR L 5 ICELE L7=, Table 30 |Z LJEFH DAk Z T,

Table 30 Specifications of Pressure cell

Maker Geokon (4800-1X-5MPa)
Range 5 MPa
Accuracy +0.1 %F.S.
Safe temperature range -20 C to 80 C
Length X Diameter 350%150 mm
Material SUS

(2) FDR-V

D LM ~DH F/AKDREIR 2R T 572912, FDR-V 28R E 9 5, YUEREEH S NE~
7o THUF K2R 2 Z & 28 L, JLEFLEB X OEOEBICELRE L=, Table 31 (T
FDR-V D% 7T,

Table 31 Specifications of FDR-V

Maker Hazama Ando
FDR-V-single
Range 0 to 100 %R.H.
Safe temperature range ordinary temperature
Length X Diameter 12020 mm
Material SUS

(3) A EBE=-_2 )V IEE

FERE X — L OFEIFEE LT, MiPERE=2 1 o 73EOmE A2 MR T 57012, H
HERRE =& U o ZEEE I TR K ORIBUK G 2558 L, B R LM ORI 8 2 1E 3 5,
B, RE=H ) 7RI, BRI ANVX—ITORLFEETH D, [HIBA Y HIT A S FE0
T3V AT LT REREEANB R ) WICB W TR Sz, TEEHS L ORIBUKIE G O Rk IR A1
FICRE L7 D LREETH D (Table 22 18 L X Table 23 1),

6.4 FFKEDFZE

PO BE LM B ~D1EAKE O % Fig. 39 (231, EEEORE L, k4 2D R LM OliEE
FEOEOBLIOMORE LM 7 v v 7 OREIZE LY TR L7, F/KRRIIY0EEE NS
HTFAMRBEL TS DI E2ME L, WARETYERR (KPHER) ZREARE L CERE L, &
KEIFTAY v MRS TEY, 2FICHZEICH TR TEIEDS L)Lz, £, ki
DR MOz Rl 23BN FEETE 5 LX) ICHORE LM (PR 12 EKE &%
B L7, YOEELBLOHEDE LMD 2 ZFIE, TRENHSICH T KOEKEEHET D Z &
MNTE D, sEIZ OV TIERABRILIED b O1EKE R, JAEA-Data/Code 2015-0130(Z7R L 7= 18
n<Thsd,
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Along wall of niche Into backfilling material
-+ +Pipe without slit +++Pipe without slit
=== .--Pipe withlit -« +Pipe with slit

(a) Overhead view (b) Cross-section view (projection
view)
Fig. 39 Conceptual diagram of injection groundwater to backfilling material

6.5 ER[E#FDHEH
6.5.1 T
(1) I

HRIER O [E 6D 1%, YL T 36 K ORBR LN OfREF L)~ 63 BRYLE O K £ Co i (Fig.
3ZM) &L, FRIOMFHERND, BIEGEEE (1.2Mg/ms) ZiEKTH7-0I10, BEXTELE
X100 mm, L ERVES 65mm #RAL L7z3, TORE., ARBRICBWTIL, RERILINDOIE
B B HFRBRYE 4 O E TN 156 B, BRYLEEMRNO ATV 7 T4 U ETH 22 JE
D, - 37/@E7eo7- (Fig. 40), RBRILE 7 (1~15/EH) £ TOEL Fig. 411277, AR
PUBEIEBE O IRE Y DOBEZED T, 12 BB ORME LNV EEN 45 mm & 72> Thb,

1405 mm ‘ﬂ

Buffer r:hofericl

Fig. 40 Corﬁpaction layers
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2940

/// \\\
/ A\
/ \\
/ \ 65%3=195
! \ o | o 2940
| ! S| 3
| I < o
\ 1 ~ | N .
\ j 0 Layer No.13-15
\ / 45~V
\ . O e SRS R Layer NoJ2 -]
\ / 0w
\ / w
AN / o~
N il f Layer No.1-11
”””” - 65x11=715 2470
2470 [mm] [mm]
(a) Top view (b) Cross-section view

Fig. 41 Compaction layers at the test pit

(2) fEA%W
HRE R O [E DT BT o~ —BILON RS Fa—F— %ﬁéﬁﬁ Lz, E#7 »~—I13Rk
%ﬂ%’(kﬂ5fa)kiomﬁ®%@% JIRENY KA R —F —TITEEN#E LSy

WEEH U7z, A8 A Table 32 (27779,

Table 32 Specifications of compactor

Compactor Specifications Remarks
Rammer 1050 W (100 V, 25 A) MIKASA Sangyo co., LTD
MIKASA MTX-M55

Weight 55 kg

Striking power 7.3~8.3 kN
Hand guide roller Low-noise type SAKAI Heavy Industries, LTD.
HV60ST

Weight 660 kg
Vibratory force 11.8 kN

(3) HELFIE
WO B LA ORI D [E O DOVEZETNEZ DL N IR,

TEFRAOHDE LM EZFHEL., HDONUORELEZEZBAL, BT,
B UES 2RSS (100 mm/fE),

WY LEEHOR MEEH T o ~—BLONV NS Fe—F—2fH L., 8B@ET
éo

LUV LD BN ES 2HERT 5D (66 mm/E).,

VR FEOMIE B4 EOAH - whE#iis, RIE, QTM)

@O

@®

EROFMEL, BLSGITIFELLRVETHIE =B XN —T A Ea kT o2 L, #
DRLOGUERMENZ &, REDOHIKNRH D Z L, FUNHICE T 2 FIRL 13825 2 L
WCEEDPLETH D, BB TIE, BEEMOMES &oi()\ﬁ%ﬂﬂﬁﬂa)%ﬁfi& Hhot
THEESLTFNE R EEOIREFNLELEZZ DD,

(i) AERFLERSY (1~15/BH)

ﬁ%%% TOH D R UAMHRERE O [E O Ofiti TR 2 LLFIZRT, O R LA &R 055 5550
i, BEEMEEE Y —RNERE SN TEY, EEMPICRE LS = b —T L

_63_



JAEA-Research 2019-007

B EBFET D, BEICL DBV = —T VEOBH A LT 2720, FHikREMERE L
THAEARD[E 60 2 %M L7 (Photo 61), 1 JEDHERICHIL S M 2L L, Mk HoICHO R

L# % FHE L7= (Photo 62), 12 J& H djiti T ki3 KL OMEE% Ok %2 Photo 63 35 1 U Photo 64
2R, £, BEEZO LLHIEOIRILE Photo 65 127”7,

Photo 62 Infilling a chase with backfilling material
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i [ : -

Photo 64 After Compaction of backfilling;r material (Layer No.12)

Photo 65 Confirmation of level after compaction

(i) METHE (16~37 EH)
HUE Y58 G s ALES & [ FIE Clis B O [E O 2 i L7z, ~> KA Ru—F—2MEH
TERWILEEL G2 E1%, BB 7 v~ —IC XV REZIT o7, E7o. YUEFRAED (77 7%
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ERAM) AT R DBE R NERRE L B EIC L VDR LM N T 7 ZRNCinE bR nX iz L,
B, ZOTROENY, 7T JHEREBEONAR L LTHLRHAT A Z & & LTz, fE Tk % Photo
66 75 Photo 71 27”7,

Photo 67 Compac.tion by hand guide roller
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Photo 71 After compaction (Layer No.30)

34~36m%/JEg) Tl H®»Y A0k LIEHE TH-T-,

Table 33 Construction results of compaction

RBRFLER Y (K1 6~8m¥fE) T1H®HIY 68, YUl T

Day | Shift Contents of work Layer No.
Day Cable arrangement, compaction 1
© Night Compaction 2, 3
® Day Compaction 4, 5, 6
Night Compaction 7, 8 9
® Day Compaction 10, 11, 12
Night Compaction 13, 14, 15
@ Day Construction wall
Night Construction wall, compaction 16
® Day Construction wall, compaction 16
Night Compaction 16
® Day Compaction 16, 17
Night Compaction 18, 19
Day Compaction 20
@ Night Compaction 21, 22
Day Construction duct for cables
Night Compaction 23, 24
© Day Compaction 25, 26
Night Compaction 26, 27
Day Cable arrangement, compaction 27
Night Compaction 28, 29
@ Day Compaction 30, 31
Night Compaction 32, 33
W) Day Compaction 34, 35
Night Compaction 36, 37

6.5.2 mEEE

.
hya
E]

B Gk

B B LM ORSIERG O [ O it T Tl BB B LES THEZRA L, —EDKiDH D=

IR —TH—REDE DN AREL 0D, TDT, &itT

RUE SN E B LIRS THET L,

BAEDED TR TOHKBICEL - T, B ILEELEHT LN TE D, iz, HkEEHLS
Dlifi T EOWEEFGEE LT, WE#ES RI (Radio Isotope) 1572 ERE4 72 FIENZET 5
b, ARBRTIE, VL HIEICKAHEREEFICM A T, HOR LM O THEOMZRITEE
LC. Wiy, RIER XL OBVRER L A2 QTM (Quick Thermal conductivity Method) %
AL, TNENOFELZHK T 52 L TEOMMAMEEZ R LT,
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HERORLEZ Fig. 42 123 d, ZNENORFRO AUV THIE 2 506 L7z, s LT
HWOR LM OBRARL IO LRV ESHOHREREIC LV g Er RS2 & b2, £
NaN—Z T EHRE, RIBEBLIOCQTM L, TNEZNOFEDHBMENERTE DL 9. %
FIEOWNEEFT 2 Table 34, Fig. 43 140 & Lz, LFICENENDORIE S IEIZR T DHMEE
FEORERRZTRT, B, AIERROFEMIS OV T ERICHETR LT,

A B C

1.065m | 2.50m 2.50m 1.065m \

0.50m! |

2.00m

NI
N

2.00m

R
0.50m

—

Fig. 42 Arrangement survey point

Table 34 Confirmation method and measure point of dry density

Method Survey point
Layer Sand Total
No. [replacement| RI method QTM Line-A Line-B Line-C
method

37 O O L-CL-R 6
2 36 O L-CL-R 3
o= 35 O L-CL-R 3
% [ 33 O O O LCLR | 9
S| 381 O O O L-CL-R 9
S | 29 O O L-CL-R 6
5[ 27 O @) O L-CLR 9
S 26 O L-CL-R 3
EREEY! O O L-CL-R 6
g 22 O L-CL-R 3
g 20 ©) O O L-CL-R 9
= 18 O L-CL-R 3
17 O O L-CL-R 6

3 points in
14 O ths test pit* 3

- 3 points in
EL 10 th;J test pit* 6

! 3 points in
= 7 O O © thep test pit* 9

3 points in
4 O thep test pit* 3
Total| 96

*: Refer to Fig. 43
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CL

CL

CL

CL

A B C \ A B C \
ah D)
N N
(a) Layer No.4, 14 (b) Layer No.7
/:i\ oL 4 /“
o L
@
(¢ Layer No.10 (d Layer No.17, 37
\ \
i >
i doral
NGV NG
L RV A
/ /
(e) Layer No.18, 35 (f) Layer No.20, 33
# L s
) o)
Y .y
:‘ R

(g 1Layer No.22, 36

Fig. 43 Arrangement survey point in the test pit and lower half part of the niche (1/2)
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A B \ A B d \
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Fig. 43 Arrangement survey point in the test pit and lower half part of the niche (2/2)

(1) BE#E

WiEE (JIS A 1214) 1%, BB L7 HEMEORD Y T2 FE L, REGEI OB A Ko
LHETH D, (F¥ERIZ Photo 72 12, HzM# B ORERE R 4 Table 35 35 L O Fig. 44 12777,
B, WEMEIL. SHOTEHETHD, WELZETOBIZEWT, HIEL L-REE (1.2
Mg/m3 L |) Z 57z 3R 035G v, @YICEEERDE D2 Thiiz LB bbb,

Photo 72 Sand replacement method (Laer No.27, Point A-R)
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1'5-""I""I""l""I""I""I""I""-
|
14: @ Sand replacement method
4L | =
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£ |
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= 1.3_— : -
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@ | @ L 4
5 120 - ___ %0 ® 0% |
o L ]
- |
= |
1L | ]
+ |
Test pit | Lower half part of the niche
1.0-....l....|....|....|....| ........ Lovd]

Layer No.
Fig. 44 Result of dry density by sand replacement method

Table 35 Dry density of backfilling material by sand replacement method

Layer Wet density Dry density Water content

No. (Mg/m3) (Mg/m3) (%)

- 4 1.665 1.232 35.1
& g, 7 1.681 1.238 35.8
14 1.688 1.234 36.8

9 18 1.661 1.223 35.8
= 20 1.657 1.209 37.1
S 22 1.669 1.210 37.9
i @ 26 1.665 1.217 36.8
w S 27 1.661 1.217 36.5
=24 a1 1.665 1.216 37.0
5 33 1.661 1.223 35.8
g 35 1.658 1.220 35.8
= 36 1.649 1.214 35.8
Average 1.665 1.221 36.4

(2) RI %

IH%ﬁ\W%ﬁﬁﬁﬁﬁ%ﬂﬁbf i@ﬁﬁ&fki@am%%ﬁﬁ IBWCTHEHENET S
HLOTHY, LOBEREIIIT > ~fE, SRMAEIZIET A R2 V5, Bk
TLUTD LD fcﬁﬁ%@%%/)o

%EH#F'EEOD?E'ET%*%bil_ (N A5Y g

/E' Efﬁ MBI K D RAZED DT
[EBNS: Y J& LIETE 2

AGRERIC b\’C 1%, TRIGHERIC L % LB ERER (JGS 1614-2012) ) 124 U CHIE 2 3206 L 7=,
HIE A L7 RI #Han @fﬂi%% Table 36 12T,
RI JEIC X DHIER DA Photo 73 12, HREE OWEMELR (8 O FHfHE) % Fig. 45 BI OV
Table 37T d, W %Tﬁ&{k‘@rf‘*%ktti)ﬁ‘é ERRFEODELZ R L, EDOIXL DX HRENST
L BREETHENELN TS, —f&iC, RI bi—f ﬁﬁJEﬁkﬁ SIECTH ZZERR N B DA
{EI M*% IREREENDDEINTEY ., RUEIZBWTHHEE SO FIGE e &L 7=
REMEDN B D,
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Table 36 Specification of density and moisture meter by RI method

Specification

Model

FT-301 (Fieldtech Co., LTD)
Scattering type density and moisture meter using RI

Measurement method

Wet density: Backscatter y-ray system
Moisture content: Backscatter fast neutron system

Measurement range

Wet density: 1.200~2.500 g/cm3
Moisture content: 0.050~0.800 g/cm3

Radiation source

y-ray source: 60Co, 2.6MBq, T12= 5.2 year
Neutron source: 262Cf, 1.1MBq, T12= 2.6 year

Measurement time

Standard: 5min
Field: 1min

Photo 73 RI method (Layer No.29)

15 -""|""|""|""|""|""|""|""_
i | A Rl method | ]
14 [ | ]
. i I
mE i | :
~ L ' A -
%“ 1.3_— N :A -
2 N W
£ - A | A .
L 12— T T T ]
& |
= i I
11 F | -
I I
I i
Test pit | Lower half part of the niche A
‘I.O-nn||Inn||Inn||||nnnlnnnnlnnnnlnnnnlnnnn-

0 5 10 15 20 25 30 35 40

Layer No.
Fig. 45 Result of dry density by RI method
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Table 37 Dry density of backfilling material by RI Method

Layer Wet density Dry density Water content

No. (Mg/m?) (Mg/ms3) (%)

Test 7 1.654 1.222 35.4
pit 10 1.705 1.268 34.5

s 17 1.715 1.291 32.9
= 20 1.708 1.254 36.2
= 8 24 1.692 1.265 33.7

= é 27 1.678 1.249 34.4
4 @ 29 1.672 1.230 35.9
o= 31 1.680 1.250 34.4

E 33 1.722 1.264 36.2
37 1.785 1.319 35.5

Average 1.701 1.261 34.9

(3) BnEXK (QTM)
ARFEE, BEMOE KL ZF - 72D R LM ORERZHANCHE L, MEREZIEKRT D 2
& T, B THIE L 72 B8R ) & Ha 1 8D [ 90 il T4 F2hi L 72 D R LM D& K2R
DIETHE LTEIEEE N OB EZ RO LD ThH DH, ARBRIZIBW TR, iE%EITRI
HBEIZ LG TME (Table 37 2) Z MW THREEZF I LI,
EAMER D201, BN THUS L 72 BRiEsR L 5Kk % Table 38 (27”7,

Table 38 Thermal conductivity and water content rate at laboratory test

Thermal conductivity Water content Wet density Dry density
(W/mK) (%) (Mg/m3) (Mg/m3)
0.640 20.29 1.442 1.198
1.154 39.23 1.683 1.209
1.059 42.96 1.696 1.186
0.564 11.27 1.449 1.302
0.705 20.48 1.573 1.306
0.738 19.66 1.558 1.302
1.108 33.40 1.696 1.271
1.266 38.65 1.805 1.302
1.264 38.37 1.802 1.302

Table 38 DERE R L G /KELDOREIR%E Fig. 46 (O~T, WEOERERIE THET 5 L TFD
WY YoV (W

A =0.27417+0.022816® (1)

ZZT, Gkle (%), BUREEL (WmK)Th .,

_74_



JAEA-Research 2019-007

2'0""I""I""I""I""

-—— A =0.27417 + 0.022816 w R=0.93 -

Thermal conductivity (W./mi)

0.0-....|....|....|....|....
0

10 20 30 40 50

Water content (%)
Fig. 46 Relational expression between water content and thermal conductivity

B COBMRER O EIRILE Photo 74 1233, JIE LI-BVRERE NS, (D EHWTEK
AR U, RIETRD 7RI D O MR 28 U 7o /5 R % Fig. 47 3 X O Table 39 1271
T, WEBREBLORIEL HET D L EOIEL XN REVEBIGRD SR, GREE T
1.2~1.3 Mg/m3 Dl ZR L, o5k & HREAET 5N E ST,

Photo 74 QTM (Layer No.27)
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Layer No.
Fig. 47 Result of dry density by QTM

Table 39 Dry density of backfilling material by QTM

Layer Thern}a} Water content Wet density Dry density
No. conductivity (%) (RI method) (Mg/m?)
(W/mK) (Mg/ms3)

Test pit 7 1.032 33.2 1.654 1.241
10 1.195 40.4 1.705 1.215
- 17 1.096 36.0 1.715 1.261
2 20 1.198 40.5 1.708 1.216
39 | 24 1.074 35.1 1.692 1.253
“T.; % 27 1.002 31.9 1.678 1.272
< 9 29 1.172 39.4 1.672 1.200
g% | a1 1.055 34.2 1.680 1.252
5 33 1.079 35.3 1.722 1.273
37 1.144 38.1 1.785 1.292
Average 1.105 36.4 1.701 1.248

4) BAESLUVHEENYES (LRLEIE)

K RBIB T D5 RO E DR LT, mfER X OME LN 0 E XS B RS (1.2 Mg/m3 2L
i)%%m?étw@&ka% AL, BREHRAR L L, REHRAERHOBRIZIT, #EORL
MOEKITAET39%E L, iR AEREHOXAZLLTIZRT,

BTN = R FE xR X (1+5 /K F£/100) (2
Z 2T, W E=1.2 Mg/m3, &/KHE=39%TH 5,

B TR, 77— 7 VEGERREE 7 L *a}jx‘%%‘:bfb\%ﬁfs DRH DT, FHE BT XS
ERELBIWVTHRBEZREMB LTS, ERABIIRHEAZLV I RD X5, WEREZO
LALAIEORER DG EERDOJEE %Mmbto%&Agkiw%ﬂ®FFmgﬁﬂaf%%m
L. Bkl AE —f39%& L THIBEEE 2RO, fEH% Fig. 48 33 L1\ Table 40 (277§, HR%
FEN 1.2 Mg/m3 X 0 HIEWEZ R TES L o528, ZORKE, 8ELZEO R LM OEK
b A BUWERF D BAR G KO EKIE (89 %) ICRE LoD EE X LN, T72bbh, &KL 39%
IV HIERWEAICE, EEREENMIKEHSND Z LT D, £io, TEREED 1.4 Mg/ m3 DLk
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Loy (16,18,19 8 H) 125\ TiL, XEHE S 65mm | ttf\’CttJ:ﬁ\ JFEENNhEL o
TWAHZEMNFINEHE 2 HiD (Table 40 /7). TN ENOHEEE|Z HRFHRANEDOFH AL
L OFEBARR CIC oW TIEAHERIc B L=,

Fig. 48 7°645513% X 912, o HiEICHE L THEBEBEOMEDOIEL SENRKEL 2> TW 5D,
ARFIEICTHD R LA DRzt Efﬁﬁfi%ﬁﬁﬁ'/\a . MOR MO KEE —EICEHT S
TR, BEICEBALEMEIOE K ZKMSES 2 &, FRITRGHRAR L EBRAEDOZEITE
BEEH T A7 EOMIGNRVLE LR D EEZLND,

2.0 A R I I I I I I
[ I
I
I I
1.8 | Testpit : Lower half part of the niche
CV'JE :0
-
= 16 | -
2 S
% 14- <
£ 4 I =
z Z oﬁ>ooo o |
<O L O O Lo
- 3&@00%9?00%04
I | Qx% ]
L o |
L | |
1.0 s oo b b by by e b by a laaag

Layer No.
Fig. 48 Calculated dry density from input and thickness of backfilling material
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Table 40 Calculated dry density using input and thickness of backfilling material

Subtraction| Design | Design |Observed | Observed Wet Dry

Layer|Total area . . . X . .
No. (m2) area thickness | input input |thickness| density* | density

(m2) (m) Mg) Mg) (m) (Mg/m3) | (Mg/m?)

1 6.101 0.450 0.065 0.613 0.6360 0.064 1.759 1.265
2 6.101 0.706 0.065 0.585 0.5950 0.064 1.723 1.240
3 6.101 0.706 0.065 0.585 0.5950 0.065 1.697 1.221
4 6.101 0.636 0.065 0.593 0.5950 0.065 1.675 1.205
5 6.101 0.636 0.065 0.593 0.5950 0.064 1.701 1.224
6 6.101 0.636 0.065 0.593 0.5950 0.064 1.701 1.224
7 6.101 0.636 0.065 0.593 0.5950 0.067 1.625 1.169
8 6.101 0.636 0.065 0.593 0.5950 0.064 1.701 1.224
9 6.101 0.636 0.065 0.593 0.5950 0.062 1.756 1.263
10 6.101 0.636 0.065 0.593 0.5950 0.064 1.701 1.224
11 6.101 0.636 0.065 0.593 0.5950 0.065 1.675 1.205
12 6.101 0.636 0.045 0.410 0.4630 0.056 1.513 1.088
13 8.644 0.472 0.065 0.886 0.8875 0.059 1.841 1.324
14 8.644 0.472 0.065 0.886 0.8870 0.064 1.696 1.220
15 8.644 0.472 0.065 0.886 0.8885 0.064 1.699 1.222
16 33.725 1.800 0.065 3.461 3.5410 0.048 2.311 1.662
17 33.915 1.800 0.065 3.482 3.7980 0.063 1.877 1.351
18 34.080 4.800 0.065 3.175 3.5900 0.061 2.010 1.446
19 34.293 4.800 0.065 3.198 3.5900 0.058 2.099 1.510
20 34.506 1.740 0.065 3.552 3.7760 0.066 1.746 1.256
21 34.719 4.920 0.065 3.231 3.3080 0.060 1.850 1.331
22 34.932 5.360 0.065 3.206 3.3370 0.068 1.659 1.194
23 35.074 6.150 0.065 3.136 3.2900 0.064 1.777 1.279
24 35.216 6.150 0.065 3.151 3.2900 0.067 1.689 1.215
25 35.358 1.400 0.065 3.682 3.7430 0.061 1.807 1.300
26 35.500 1.520 0.065 3.684 3.8760 0.066 1.728 1.243
27 35.642 1.520 0.065 3.700 3.8900 0.067 1.702 1.224
28 35.784 1.040 0.065 3.767 3.9110 0.066 1.706 1.227
29 35.855 1.040 0.065 3.775 3.9100 0.064 1.755 1.262
30 35.926 0.000 0.065 3.895 3.9200 0.067 1.629 1.172
31 35.997 0.000 0.065 3.903 3.9240 0.068 1.603 1.153
32 36.068 0.000 0.065 3.910 3.9220 0.068 1.599 1.150
33 36.139 0.000 0.065 3.918 3.9390 0.068 1.603 1.153
34 36.210 0.000 0.065 3.926 3.9390 0.069 1.577 1.134
35 36.210 0.000 0.065 3.926 3.9410 0.062 1.755 1.263
36 36.210 0.000 0.065 3.926 3.9380 0.060 1.813 1.304
37 36.210 0.000 0.065 3.926 3.9735 0.064 1.715 1.234
Average 1.743 1.254

(5) BFEDLE

FERO~@THE LN EREE A £ LT Fig. 49 107 T, 72, KHEFEOFA 7 L5 A
L% Table 41 (2R T, ZOVA 7 A AFBIEG CTORERFZ R L TEY . EEEOEHIZ
X, WEBEOSGGIITF RO ERRRNE L 2D Z LICEENLETH D, WIREE
OfEIE, WE#E, RIEB LD QTM Tk, BERZTBRI SN o720, LUV HIIE T,
X6 2ENKRELRoTND,

ARRER T U7z 4 FEO FIEEZ T 5 & WPEBE TIXEREBGUEI OB FE - K % B

*: Calculated value using observed input and thickness
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ET D7-DICB LN AEOEEMITE R, EAREONEICHEAZET 5, $-. B TolEg
BERIE, LUV R < B, RIE<QTM &720 . L-LRIENSHRITH LR, BHHh 5
BB DD S BAE V. RIE., QTM 3 K O L~ U el Ll e 0 (8 2 0 2 4
HIEBRTEBR, LVULIER X0 QTM TIEE AL ZRGRIIET % 2, MEHER O Ak,
BERICE T D E R B D,

U ExZET 2L, EROLSET, bR LM OGEGE E O SIS AT 5 = L 2 48E
THE, BEICHETE 2L, MERT SICHBREENMELNS 2 L 80k, RIENARR
TRITLAEFEOT T, bobblMLTWDEEZLND, £72. L YULHIRIC L 2& 8T,
R CHIENATEETH D 2 LMD, B —EOMBHUEN TR 1, EROLSHETH+
TR L X B,

@® Sand replacement method
A RI method
X Q™
Q Calculated from input and thickness
20 HRLI I I I I I I
[ I
|
i |
18 | Test pit : Lower half part of the niche]
o |
' o
2 16F | .
E ' o
o I <
3 14 o .
> I IR ]
o |% %0 KKOQ ]
192 +AV4 Q g’o [ ] _
L Lo I ]
|
I Lo
10 ||||||||||||||I||||||||||||||||||||||||

0 5 10 15 2 25 30 35 40
Layer No.
Fig. 49 Comparison the results of dry density using different methods

Table 41 Cycle time of every method

Method Preparation Measuri'fll;n ) (mlr(ll?leanup Total
Sand replacement method 10 (3 p:()))(i)n to) 5 45
RI method 28 3 p})iznts) 5 45
QTM 35 80. 5 70
(3 point)
Level survey 5 9 pc?in ts) 5 15

6.6 HHRLHTA VY
6.6.1 BT
(1) HET#E

WHRILMT vy 713, BERMDEOICHWZ SO & FERICEIE U2 R L 2 IERR L
THRYEL 9, HORIM 7 my 713508 L (Fig. 3 2R) 2L Lic, HoR M7 oy
ZEREROBE O Z LIEEICRET 52 L &5 7), REIZMMAH D &REREDIE X5
A BHEREICE o TT my VRENREIC /22 Z L E SN2 RO M %
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XY NFA FETAWDORE T (7 =50 V17 A ib=40:60 wt%) (T THERIZ/R D & 518 L
oo Fio, MOR LM T a v 7 ORI HE ORERT 7 -~ Len K 5 I FBEdE & L, KA
a7V —hEORMIFUEM T LSRR M7 ey 7 27T 25 2 & THRES 100 mm 2L
FTeb iz liz, BEZHD =DM T L7 vy 7 O~Fikid, 2% (Type A) @ 1/2
(Type B). 1/3 (Type C) L1 2/3 (TypeD) @ 3FFHTH D, 728, 100 mm LL K DRI
DNTIE, BIMEHC X 2 BEITIT-> TRy, 2T, HORE LM 7 v v 7 OEEZET S
T OIZHLEREE IR E L LR~ AL 2 <720 Th D, BUELT-HOR LM 7 v v 7 {1k
% Table 42 |Z7~79,

Table 42 Specification of backfilling material block

Item Specification
Standard (Type A) 300%x300%x100
Dimension | 1/2 of standard (Type B) 300x150x100
(mm) | 1/3 of standard (Type C) 300x100%x100
2/3 of standard (Type D) 300x200x100
Average water content rate (%) 32.3
Average dry density (Mg/m?3) 1.356
Average weight (kg, Type A) 16.23

(2 EHRELM IOV I DHRE

HORLM 7 ry 7%, BElR TR L0 ICRUWER, WgBIEICT v 78 AE% Lz ETKS
ARG L2 E D ICERAEIZT O CLLEDOSMETHRE Lz, REHFIIHR 6 » ARRECTH-
7o PRERIZ Photo 75 127”97, il LIREIZIE, EIRAHED D BANTHUERITIA L, MEREERETE
4 FTHA LT-, WLHUEREA~O# AR % Photo 76 (2777,

Photo 75 Storage situation
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| ll\l\NnLHé?'.!i
l““““ |H

Photo 76 Temporary storage at the East access shaft

PUEB XU R LM T o v 7 OFIR - sHENS, HORELLM 7 o v 7 O EL 25 Bk, 24 K
&7 (Fig. 50). FEIIHUE R O A7 5 E < 362 &, Bk < 376 ﬂﬁl &7 o7 (Fig.
51), ML 8856 (TIWTIIL L7 my 7 8bEde) &20, &TFERICTRELK, E;%;E
FMEIE, tmla‘tlﬂfww%t‘ﬁﬁ@7 w7 (TypeA) ZikE L TCW& (Photo 77) . miﬁﬁ‘*‘ﬁjﬁ
Ui L7=7wm v 27 (TypeB,C,D : Fig.51) #E Lz, £7-. RIS L TH %:ElJot7 =
v 7 &l L7~ (Photo 78),

Section
5 10 15 20 24

Layer 15—

Compaction layers

—

T T

Fig. 50 Number of backfilling material blocks (cross section)
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Backfilling material block

Compactionlayers
(b) Even section (376 blocks)

[ 1 Type A(standard):300x 300 x 100 mm

[ Type B(1/2 of standard):300x 150% 100 mm
[ Type C(1/3 of standard):300x 100x 100 mm
I Type D(2/3 of standard):300x 200 100 mm

Backfilling material block

Number of backfilling material blocks (vertical section)

)
e
Q
o
8
e}
L ©v o~
H (0]
i 5 8
\\ m N
N = n
il g S
m Q +~
1 - _
L S @ ©
HHHHHHHAH 5 &b
A HHHHHHHH RN se, i
LT =
mm\ pigigigigipipialy
et HH H H H H ~~
N\ anEany H

Photo 78 Setting blocks cutting of edge
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it TAZ R\ TIE, k&G < 72 DI HLE B D B BEBOIR I fERsa% E 55 = & & L7z (Photo 79
B LU Photo 80), Fig. 52121 H (B&KIEXE) L OEIME ., &IESE T DRI % Photo 81 12
R, Fh. T u v VERERITE %I%Jt:l’ooto:' V7 — NTEEFONRIR: L U TR DO RREE %

FE LT (Photo82), /-, ZOMFEEECT, R M7 v v 7 LHEREREORE~D a7 1
— F*ﬁ*}@?}lhﬂ%%lﬁ LTWa,
EEEOWBZIB TS, a7 )V — NI 7 2RET 8551203, HORE LM & HLE DKM

\Zar s y— F?ﬁ)(;m]\ﬁ‘é EaBIET D0, ETMOR LM ORI L EOVEEDZ et
DBLRNS, WRRPLEL 2D LEZAOND, —T7, AT FIZBT L borxry—U o 7Pk
nit?ﬁ“c T, KT T 7 oBE), B Z 8692 B A THOE O BN S5 o REE 2 B E L 72 FEk

B 2 T RBENHER ShAUE, SRORER Eo&RME e 1T T 7L LTHET S
ZELERLND,

Photo 79 Setting situation (until th section, 25 Eyers)

Photo 80 Setting situation (18th section, 25 layers~20th section, 20 layers)
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Section
5 10 15 20 4
25 — = -
20 — EIZ -
Layer 15 — :@ o= — =

10 — L
ST =

Compaction layers T

i T T

E';'?/

Fig. 52 Sequence of setting backfillig material blocks

I HEAT, L amLr o

’llllll’llll’l’ HAEEEEETEE T T FEETTEE TS

/

-.v;.r’ll-."’ ,I’Illlll CRREFEATET

Photo- 82 Settlng a partltlon wall
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Fig. 52 (2R L=, E¥ER (B, &) H1-0 OREWEE A Table 43 ([R”7, B 2 28T
9 HEOIEEAITW, AEFT8TT4HO 7T 1 v 7 2% E LT-, ZHIFFEBEOHLERIRICE DY
B OFEETHY . HHELEL 8856 fHD 99.1 %L, TOREEIT 1 %A TH D Z Lnd, &t
WY L T2 & 2R LT,

Table 43 Number of setting blocks per day

Day* Shift Type A | Type B | Type C | Type D | Total
O g ee T 6 0 0]
T e
® | a1 | a0 | o1 | ei | 107
© g | as0 | an | s | ] '
© || e | ea | 5r | s | 1740
© g s a1 e | U
S A
s |40 |57 | 5y | aa | 10%8
O T T e

Total| 8774

*: Refer to Fig. 52.

6.6.2 MEEHE
(1) TEBLUVE=
HOR LM77 OMEEBRIZOWTIR, gk, Tk E2RUERICHEE L TV DR 9, 5%
ERFICIAE A K | ~HE, EEOMGRZ I LTz, sXaTHEYEE% Table 44 (2, %r/i@ﬁﬁmh
Jjwﬁl%: Photo 83 (Z/”k T, MERRFERND, HIORE LM 7 1 v 7 ITI3EE, O0E e Eid/el, #
Bk (Zy7EED L, EIRRE) 75> WY CThHoTm LB Z %héo

Table 44 Specification of blocks (dimension and weight)

Type of block Dimension (mm) Weight (kg)
Standard (Type A) 300%300%100 16.25
1/2 of standard (Type B) 300x150%100 8.16
1/3 of standard (Type C) 300x100%100 5.42
2/3 of standard (Type D) 300%x200x100 10.83
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.
(3?‘7/"5:_7;7 275 2oz

Shasiencs i 2
4R iR
L hRLFA T2

lnxh-c € Au)
(CMImaria,7 1yum_
" 5l rernrren
TR Sewrnyieo .
i

(c) Type C B .td) Type D

Photo 83 Confirmation of specification of backfilling material block

(2) FBETiE (KR

ﬂwﬁbﬁ7m/7® REROMBEEHE LT, HRIBOWRZITo7-, MEBHAX, 7 wvy
JREOIEE, REE, A LTEsBI0YnEEmE 7 r vy 7 EORMEESTHDL, FhEh

DO FHER L OVEE % Table 45 7> 5 Table 48 (2779, HLiEEEm & O R OB EHIE iJ:nE Type
Co7my7-HENGMEET 100 mm LA & L, KIS0 IYUERR DS EHE & 70 5 72 ORKEHEIE
FRIZFR T 2o 7=, FH @ Section No.B L O Layer No.i& Fig. 50 ®i@h TH 5, Hj?l%ﬁﬁ@ﬁﬁﬁm
K% Photo 84 7> & Photo 86 1278, F70, Kby OYLERER & OFRE OWIENLE % Fig. 53
WLz,

HEREMERORE R, REHME L MEMOEZAETR RN TS 1 BRETHY, HOR LM T v 73
HWUNCRRE SN2 2 & 2Rl Lz,

AR ClE, BBRYLER X OVERIVLEIZB T HE3EZEM 72 Eofilfin 6, A CokE % Rz
W27 a7 OpEE  BUWEA SN L2 310 HEEEOW G THOR LM T vy 7 i L3 555
WIS RTHUENERE D Z LD, 1/15%@40)%%,.5\\75)%\ HOLRERE T v v 7 & B
WCEDEEBLTW ZERBZOND, TO%GA, SUERKB LT 1 v 7 Ok E DFRs
Mo, Ty s LYUEREH OB L KE < b 2 ENRTRI N, @O EME - i T A EOR
MOFREE LCETF LD,
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Table 45 Length of setting blocks

Section No. | Layer No. | Design value (m) | Measured value (m) | Difference (m)
1-5 6 1.45 1.45 +0.0
6-13 5 2.40 2.40 +0.0

14-23 2 3.00 3.00 +0.0
24 1 0.28 0.28 +0.0
Table 46 Width of setting blocks
Section No. | Layer No. | Design value (mm) | Measured value (mm) | Difference (mm)
9 5 5000 4970 —30
15 25 1250 1260 +10
16 17 3900 3900 +0
18 6 4900 4900 +0
19 15 4000 4030 +30
20 6 4900 4920 +20
23 2 5000 5000 +0

(a) Length (Section 13-24, ayer 2)

.I-"ll-
(b) Width (Section 9, Layer 5)

="

Photo 84 Measuring length and width of setting blocks

Table 47 Height of setting blocks

Section No. | Layer No. | Design value (mm) | Measured value (mm) | Difference (mm)

1-5 6 100 100 +0

5-13 3-5 300 300 +0
24 1-2 200 200 +0
15 18-25 800 805 +5
16 7-17 1100 1105 +5
18 4-6 300 300 +0
19 3-4 200 200 +0
19 7-15 900 905 +5
18 16-25 1000 1000 +0
20 3-6 400 400 +0
23 3-25 2300 2320 +20
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on 16, Layer 7-17
Photo 85 Measuring height of setting blocks

(a) Secti

Table 48 Clearance between block and niche wall

Section No. | Layer No. | Design value (mm) | Measured value (mm) Remarks
9 5 <100 Left side 95
Right side 20
16 17 <100 Left side 30 Side wall
Right side 70
18 6 <100 Left side 60
15 25 - Upside 50
i . . Height 130
15 25 Right side Width 350
) . . Height 130 |Crown wall
15 24 Right side Width 250
_ . Height 130
15 23 Right side Width 250
| 350 |250(250
Niche wall
50
[ LavedNo.25 | 130
| | | layerNd.24 ] 130
| | | | | laverlNo.23 [ | 130
| | | | | | L[ giocks I | | | | |
| | | |
[mm]

Fig. 53 Clearance between blocks and niche wall (crown)
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(a) Section 9, Layer 5 (left side)

() Section 15, Layer 24 (right side)
Photo 86 Measuring clearance
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7. A9 y—+rTF345

71 ERMRE

B CHAIND T T 72, KT T T7BEIONFETZ 7B EESNLTND 2, 20D )
H, kKT T 7 TER M A M EOR MBI EEHA L, HKEOZWEINE Z8AATe L 9
ICERIET 5 2 & T, FBEMCHD R LM O 262 2 ERBxohTnb, —F, %S
F7TEar s ) — MEEEH L, A 50HE D D EEYLE ~OREEM £ 72 13O B L OB E),
MHEZEBIET 52 EMEZLILTWVD,

ANTARY THEREMEZRRBRICBIT 2 77 7o Tid, BRIXEAE L KEMIZEAKEDOZ W
FNWEBGFELRNZ EnD, IR T BT 7 7 L Car s V- TFI7 70
HEFE L, HORIMOGLE~OHZMIET 22 & Lz, Lo LARRG, ARl CIdii
ABLOHO R UMEIZEKT D Z Enn,. 777 ZHIEE X OVEDAERE & OB S OJRAKN
EUROVREREDIEAKRMEITMNEL 2D, 2O, RBRMEFICT 7 782 BiBT 25 L5 200
BINNBE LW & EATIICHER T 5 L L b, 7T 7K K OVEL A L OS5
DA ZE T A 7=0lcar2 7 v 759k (7.6 2HR) 2 L7528 & Lz, LITFIC, Ak
RT3 70— 7T T ~OERVEREZRT9. 19,

1EoKVE - JEhEAE & — R & 70 0 kI 2 TR 5,

WEIEZEENE « e & — R L 7 0 KERIEEICIN A B b,

R ENE - WA D70 < 7T THRIE & A & OBTFER RIS 7 7 7 RN ER I
KBHELTRS D 2 LN,

BTk, AWEENE RIS 7 U — MBS T E i RO EER A AR
b7 WHETHER LM LIAAHEEETE D,

LR ENE B AN TANY TICRIF LR R 2 525 2 LD,

@ ® OO

RIS X O RERMERE AT 2T 2 icii a7 U — FoREE LT, KEAM, OOEIR
sl 7V —F 0 7, EREE, EaEE (AME) | RSN, RIGHE, mE e, m e, K
THNT VIR ENRRD LD,

W D)7 Z 7 LTE, L L7277 I3 uBICEEIND Z Ll b, 2D,
FREESRMERED ) BRFICOILFRLENE, T2 T A UMEREE LD b, AT
U 7 e BRIC B W T, R I E DB LR v U & A & (Highly Fly-ash
contained Silica-fume Cement, UL T HFSC) #HW @it 7 V— &M L7,

72 FRAMBBSLUES

i3 % HFSC ORSE 1, #RIE URL OJF 7 E M CiEEaERIC T2 27 Y — B X OME
Tars7U—rELTHLEEDH D HFSC424 (5t AL N v U DT a—L:T7T7A4T v
= =40:20:40 wt%) & L20, it A v MIIET T ZICER SNSRI ENEE BB L TIRBVE L
N7y REAV N (LPC) %M L7z, #HMEE Table 49 12779, LPC LSO EHE, IRIE
URL O&FIZHEH L7227 V— MRt ERIZEDO LD & Lz,

Table 49 |27~ L72bEHE VLT, FRIICENRBR TR AR 21T - 72 19, Bt L =il & o#iA
% Table 50 (2, =& L721FKE A % Table 51 ([Z/~"7,
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Table 49 Materials of concrete type plug

Material Designation Company, production area ]()gelzllsxig
Low-heat cement LPC Taiheiyo Cement Corporation 3.22
Silicafume SF Elkem Japan 2.22
Fly ash FA Hokuden kogyo co., LTD, JIS II 2.25
Expansive component Ex Taiheiyo Material Corporation 3.09
Fine aggregate S Sand, Horonobe-cho Hamasato 2.67
Coarse aggregate G (S}?;l:)’(};&f;()be-dlo Hamasato, 2.70
High-performance AE water|  gp IgAgR pogolith Ltd. 1.065
reducing agent
Table 50 Considered range of composition of concrete type plug
W/B o/a BUn1t weight (kg/m3)
o) ) W LPC SF FA Ex S G SP
2395% 45%4(1) 165-175[195-226 | 98-113 |195-226| 20 694-812|774-836 | 7.62-9.36
. . W: water, s/a: sand percentage, LPC:SF:FA = 40:20:40 wt% (HFSC424)
Table 51 Composition of concrete type plug
Wi | s Air | Slump Unit weight (kg/m?3)

LPC| SF | FA | Ex

8.38~8.64
(Bx1.65~1.70 %)
W: water, s/a: sand percentage

32.5 | 47.9 4.5 |6560+50| 165 |195| 98 | 195 | 20 | 760 | 837

7.3 EHAREY

BT LRFERLS (Table51l) ZHWT, BIEURL O =227 J— K77k (Photo87) % H
W SRR D 290 L7z, Z OSBRI I X - T, TR L T RS 57
DIZLL T ORERA LM L, i TICHOW D REELS 2 ME Lo, £70. BERFOM Y BER BN
. A EHEANEF 72 EofEd b A b TiTo 72,

- Fhii L 7=

PAZAZEN /N
- 25 F7a— (JIS A 1150)
- 725 (JISA 1128)
- 0 n— it Pkl (JSCE-F512)
- U R EER SR (JSCE-F511)
- R

AL MR
- JEAEEEER (JIS A 1108)
- EZS IR ERER (JISA 1113)
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Ventilation Shaft Concrete plant

West Acgess Shaft ~ “** East Access Shal

Photo 87 Concrete plant at Horonobe URL

731 Ly otk

BRI D THERT D7 Ly v atfiRE LT, A7 077 —0flE, ZEXEOMHE, O 2—h
e FRkER, U A tE sl ds X ONRE ORIE % 5566 L 7=, 3Bk EhEtki 2 Photo 88 7>5 Photo
921z, #BRAE R A Table 52 (ZR”d, 7o, AVEMERRILAZ Photo 93 12”7, 7 Ly atikod
WERAER NS, 1 EBIEAT 77 ua—& U BIFEEMERER CHRUEL FTRE-723, 2 FBICIE2T
HEEAT- L TR, FERICEIY 77 7 RIEY a7 ) — R YETE 5 2 L AR L

77
™ :r'

P

-

T
88 Mixing

hot Photo 9 Slump flow
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-'Photc') 92 U-S,Hapéd fﬂling test

Table 52 Properties of fresh concrete

Results Standard test
No.l No.2 Value of standard method
+ +
Slump flow (mm) | 630x630 | 680x655 675--25x675-25 JISA 1150
(rough standard)
Air content (%) 4.4 3.5 45+1.5 JISA 1128
O-Funnel flow 6.5 3.4 — JSCE-F512
test (s)
U-shaped filling Over 300 i
test (mm) 285 356 (Rank 1) JSCE-F511
Temperature of 18 18 Cold weather concrete: 5-20
concrete (°C) Hot weather concrete: =35
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7.3.2 HEiEE MK

ALY & LT, MR SR 2 S0 U 7=, SUBRBR 0 12 TR L - ARSIk L T, —
il A R AR BR S & OV LS [ R SR T AR BR & S0 L 7=, HERRIASU/EIR I 2 Photo 94 12, #RBRES R &
Table 53 |27~k —EEAMETREL 1L, BES 91 HLANIZ 50 N/'mm2 DLk & 5% E L7, #in 28 H O
BT 63 N/mm2 & Rk L., TO%LMENEEL WO AN RSN (Fig. 54),
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Table 53 Results of strength test

Age | Value of standard | Measured value | Standard test
(day) (N/mm2) (N/mm?) method
7 26.6
.. . 28 63.0
& 91 y 87.6
182 97.8
e . 7 2.55
Sphgt:felrgl tte}?Sﬂe 28 (B () 4.60 JISA 1113
i 91 6.31
*! Average 3 tests
150
C\IE L
=
.
=
_-EO L
<100 ° -
7 ®
o o
g
2 I e ]
o 4
= 50 b
3 [ ]
‘m L
E: o
2 :
0 I T E R RS
0 50 100 150 200

day
Fig. 54 Uniaxial compressive strength

— il R B R BR O SRR T, SRR L OV 0 — & & Photo 95 75 Photo 97 IZ1%
7,

Photo 95 Uniaxial compressive strength test
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({ﬂl GL- m ~ GL-
[y Q/\’/s_ ZO HF\DC

| [(Bm=R B [Fuse SA-/8)
EEEHEI ‘Fﬁkﬁﬂ’-oﬂ \’EI
IE-’I

“

Photo 97
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EREERR

m%"%ﬁ )

z54| 22

Eﬁﬂxﬁw
m ~ GL-

BS S04 $=2) HESC ::I'V'I"Lﬁ.ﬁ)

| FzoeE O az?a
258

ﬁEBE mﬁi&ﬁﬁ/ﬂz =}

& B (KN) [E@asiinnd] 78 |®ens
E

_ o ‘ “_ @
.

" e
| [ R®EAB :

(e) 182 day

% SRl
Nol @ 1 (KN [EWaRNm?| %8 |27 |
1] 5775 W

Results of uniaxial compressive strength test
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7.3.3 ZFHEE

BE URL D=7 U — 7T o Fa W TEE LB ofs R (7.3.1 BLUN7.3.2) »n
o, Al BAR LIz 7 U —FotERIE, 77 78I L5227 — e LTH
DIRWETHDL PRI, B LciG a2 a7 )V — N7 708 ARG EIE LT,
Table 54 [ZEHBL G 2R T,

Table 54 Adopted composition of concrete type plug

W/B s/a Air Slump Unit weight (kg/ms3)
(%) (%) content| flow B
’ ° (%) (mm) W s | a Sp

LPC| SF | FA | Ex

6.86
(Bx1.35 %)
W: water, s/a: sand percentage

32.5 | 47.9 4.5 |660+50| 165 |195| 98 | 195 | 20 | 760 | 837

74 T

741 BIFESLUVEFDORE

(1) FHEBIE

77 7 LOMIEFIEZ UL FICRT & &b, 7r—F v — % Fig. 55 |27,

ORI - 6w
Q8kfH - 15« XU P FA PARNY TR« TTTRA R/ —DRE
@ar# 7 NI o NE, FHARES O E
@=a 7V — MTaHEE ., M, ANRRGORE
®=ar 7V — MT (—fE
OWiA, FHHZRE E
a2y NI (ar7 U — FOWFENIR L7-%)

[ Setting cradle for reinforcing steel ]

and stage \l,
[ Setting sensors ]
Setting grout stopper and \l/
bentonite strips Carried out sequentially [ Casting concrete ]
depend on work height g

v

Curing, measurement

v

[ )
([ osmantie formwork ]
[ )
[ )

Setting pressure cell

Setup reinforcing steel

v

Dismantle stage of outside plug

v

Setting strain meter

Pipe arrangement of contact grout

[ J

[ J

([ Drilling for contactgrout |

[ J
u ) |

v

Setting buried pipes

v

Setup stage of outside plug
\l, [ Contact grouting ]

[ Setup formwork ]

Fig. 55 Flowchart of casting plug concrete and contact grouting
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(2) BREDRE

(i) HHEEEARBERE

Hipt (L-65%x65%8) & HHMTIZH I, @@%L<if» MZTHEA L. Bl IBER SR T2 £
EE LT, HHIERIZIEA-FEH ORSEERS 1 2 5% . BB BT TEBRRIC R GRS L, NETESE
MG EFHME Lz, fkﬁ%%ﬁ%ﬁﬁ/@%@ﬁrﬁl% Fig. 56 (=7~

(i) TSI RRMYN— R bFA FR M) TRDHRE

777 NA Ny NR=F, TTTar s )= MIREOaZ Y NTT Y METRICE TS, 7
70 MEtOTZ rRE~DV — 7 PikE BN E LT %Lt@;@77ﬁFXF/A~iJf%
O (L-50x50x6%200) TH Y, =27 U — hDOIHEIZ X » THAET DM F 72 13RI | &
o7 ar ) — oMM ER LWL ) ICEBEB LM 7 Y — Fmic T > — T
E LT,

—J. XU FA MR RNY T RZ, MEFEKREITSTEGECT T 7 EBBOEFE B OJmAK
ZHIETHHBCRE L, ZZTCHEALENV A f\X }\)7?<;t R MFA MEFERHL
ToIbEKE (7 =3—L C31) TH Y, FiE L ORI IIZE TREIE LR HRkiE Lz,

77?%2F/A—kioA/b%4bxb)7x@ﬂ%u%ki0 EA A—T% Fig. 57
(2. ERERI % Photo 98 (27~ 7,

C<—‘ D4—|

3,000
300\ 1200,1,200] ;300  yAnele:L-65%65x8
T ! 6,646
Ladder~—_| 7 a 1,507 | 1,751 | 1,806 | 1,582 Ladder
= ( 5 | PR
o t Al AN 235
S T L
<] [=]
3 - I
1] Duct for cables: | | / Y |o
[ee] —_—Y o
© o g |2
\ & D | \ D |& |7
—X ‘Duct for cables L | L3 N
A | \\ | 365
—— N ! 5,100\ '
a " Mngle : L-65 X 65 % 8

C4J D<J [mm] [mm]

(a) A-A section (projection view) (b) B-B section (projection view)

Ladder Angle:L-65 X 65 X 8
Duct for cables /
A‘—‘

e

o
(Y}
Q
JhZN— = Duct for cables
o — O,
=3 i Angle : L-65 X 65 X 8
= - L
©| o r ful _¢ =2
o — < -
@ B — B o
= vl g ! -
7o) - | B B
~ ‘:‘ R
- DY
o
At ‘ 799 1751\| 1,806 744
1,577 1°1,75171°1,8067 11,517 [mm] 5, 100 [mm]
6,646 A<—|
(¢) C-C section (d D-D section

Fig. 56 Cradle for reinforcing steel and stage
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3,000
e
Niche/Backfiling material
Grout stopper { Bentonite strips
/ \ Hard caulking agent
3 > Elastic epoxy resin
Q el
hel wn
<—Anchor
Bentonite strips
V] N
| v Rock/Shofcrete
AV N 150
| 350 Grout stopper o
150/ <
350 [mm]
(a) Design of setting (side view) (b) Illustration of setting

Fig. 57 Grout stopper and bentonite strips

(a) Bentonite strips () Grout stopper
Photo 98 Setting bentonite strips and grout stopper

(i) EHBlE Y—BLUVI 5 FRABEEDRE

77 BN BJEF % Section B IZ5%E L7- (Fig. 38), XEIKIL% Photo 99 (2779, % &
ALE R ZOEEIZHOWTIL, 6.3.1 1T, DR LM ~ZEOHUE P — L HbETORLTE
DT, ZIZTIIEMT S (Table 29 B L U Fig. 38),

I Tavy )= MNIEEOa U Z 7 N7y MIEZ T, SUEBEHERICHIFLL, /T U FOE
NEZRFE Lz, HEABITEERE TR0 2 72 E L, SBICT 7 708RMA, Faifilo 2 Wik
(2L L7z (Fig. 58), HIFLIE S IXH0EEL OMHI AR A 5 W75 £ 9121000 mm & L, %
S EHPFEDOEENRKEWVWEZ 2 LD KR D A 1500 mm & L7z,
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(a) Setting pressure cell (b) After setting
Photo 99 Setting pressure cell before casting plug

3,000
500

‘ 1,500

6,838
3,964

6,838

|
‘1 ,ooJ

[mm] [mm]

(a) Section view (projection view) (b) Side view
Fig. 58 Pipe arrangement for contact grouting

(iv) $kfF#EI., OV Y ) — FEEERE

SEITH OB LML 0 AR AL T, MHNZAERERFIIX, Rl —T7 Vo BiEy 7 b, A
B LITBEEE X2 0E O ICHEE L, JUEMNIT@ Y IO 023800, FIsiciicin
TED XD ITERA 2Bl LT, SN2 OEZERILZ Photo 100 12777,

BREPRNL E AT L C, a7 U — MIEHOEE # R E L-, 227 Y — MIEREEB X
War 7 J— Xy MEZFEESR, WHERICTRBICEREICHEE Lz, TEBL LU0 NE
DOELEX % Fig. 59 12, REIRILZ Photo 101 (278 L7,

(v) AT B K UBRBEZ HIMORE

77 7 OHEN (FRTD) AR (EE 12mm, 2 8ER) 2V TRRZRE Lz, HORE
UAHA (B 1, BRO R LM R BRI L=+ 8 © 8% (Photo 82) ZFH L., WARIF L LT-,
EWlE L AWROBEIL., 7 NSNS a—F% U FHIZHWTHEL, £7-. BB ELIER
fHrar 27 U — Ml & ORI ON T RIBEOMEL 2 i L=, £, BT RsICE
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DHTHOHOEZRIT TS, FTREEICHAN T2 L & L, BIFoOREHKmk L ORE R
% Fig. 60 35 X Uf Photo 102 (2777,

reinforcing

e ——
(d) Setting reinforcing steel (4)
Photo 100 Setting reinforcing steel
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A )
c Duct for cables <—‘ Concrete pipe
\ (upper part)
3,000 c . i
oncrete pipe ©
300y ,1,200 ,1200,},300 (Upperpar) & Vent of concrete
T N
© o Concrete pipe
X S
2 R (lower part)
) o | 7
Duct for cables I Concrete pipe g — ‘l
[ S (lower part) Al P
H 8 B
g ~ ™ Concrete hose
© o /
3 S ) f
< < N i
Concrete hose -
[Ys)
= N
1,572 171,751 1806 11,517 (mm]
c ‘J [mm] 6,646
(a) A-Asection () C-C section
6,646
1,507 | 1751 | 1806 | 1582 Vent of concrete
C | | C
L\ Tt T —
Concrete pipe A/ _8
(upperpart) | | N PN
Ty 5 —%- |8
o o
&
Concrete pipe H 365
(lower part) I/ |
I~ 5,100 '
Duct for cables [mm]

(c) B-B section
Fig. 59 Setting design of concrete pipe (projection view)

(a) Upper part
Photo 101 Setting concrete pipe and vent of concrete
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060x60x2.3

300_, 30 ) _ Middle support

[ _—

%/

600

1

600

Duct for cables

[mm] [mm]

i
i
|
Fig. 60 Design of formwork

Photo 102 Setup formwork

TIMAEEZ I, 2027 ) — MIRICE DBIFEOE, SUEHF~OIEL AT L EE2hIET 5
72, DM (H300x300x10x15) % AW THRIMSYE 2 26858 U=, S 134325 U ¢, BE
ROTRTITE LRI TE D L DI L, Bz Mo atXim B L O E R % Fig.
61 3 X U Photo 103 1T~
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[rem—— T

¢ K : & I

(b) B-B’section

12 n 10
I e T
l i
1 = |
I i il = |
AT bl
| -

(¢ D-D’section
Fig. 61 Design of bracing

Photo 103 Set; bracing

742 29— MTE
(1) #TE%

ar ) —hFI hTHE a7 )= T VT4 —HTHNHBICHIA L, a7
U—FX 7B L%, EE 350m ICRE L2227 U — FRY7E X0 350m JHAHIE IR
& L72AE 208 U C, RBRYUE 4 077 7RI E TRk L, —#HOEERI % Fig. 62 127”7,
F7o, FIRFTOEZEIRNZ Photo 104 (2R 7,

o a7 U — M RERIE R T 5720, 77 7RI ) — ey —% 10 fd,
EEEHAOME % b H&E L7, RENE L Fig. 63 (IR-7,
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C
D<—| Ed—‘
"t\‘\
Py c c
A A m
Duct for cables A T T

(a) A-A section (projection view)

«§

n A 3 A
\ o () ° ‘
-

— Duct for cables
/
/ <J
J D<J E
C
(b) B-B section (projection view)

]

Duct for cables

t

Duct for cables

B

/

Lo

ae]

(¢) C-C section (d D-D section
Duct for cables

® Thermocouple
A Concretesensor
Rebar for sensorinstallation

(e) E-E section
Fig. 63 Design of setting thermocouple and concrete sensor
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(c) Casting concrete using hose (d) Casting concrete using pipe
Photo 104 Casting plug concrete (inside of formwork)

oy 7 ) — MTERFICIE, RBRYUE 4 ORI SEE A2 54 5 1E28HFT (Photo 105) %%
EL, 77 7HNENCERE L7 A7 (Photo 106) X°, Lito a7 U — b —(2 L0 BN
DOFEERME MR LN OIEEEE R L=, /-, XRETIEIMOBMIRR bR LoD, 1E¥
27~ (Photo 107),
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(2) BEZY

FIagte. ZAEMMAZ BV RICNEZ M B KON OME LT - 7o, 1FEERILI KON E
DR % Photo 108 35 &2 O Photo 109 (278§, B O 77 rEFmiTRide EbiFEA RN
TLOETIZa 7 V= FOFRPM TN L ZEZ BN, WG OT T FRIECREOT Hil &
B L7c, BOERDLZ Photo 110 1Z/Rd, @& LA 7 7 hid Fig. 38 (IR LY TH D,
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= ~ il S
(¢) Removal of formwork (2)
Photo 108 Removal action of formwork
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Photo 109 Completion of demolding

Strain meter

Photo 110 Setting strain meter

75 mEERE
751 a2y )— MEKRE

ay 7 Y— N5 TEERHNT, WE URL o= 27V — S5 hCllGELEZay 27 ) — &
TIOT—H—H 2 BEHWT, HSEAICHENYURE 350m [ZEKE Lic 27 U — AR ik G
L7z (Fig.62), 227 V=772 F TR 1Ay TH2D 1.03m3ZiEYE, 7V 7 —4%—H
1EHTY 4Ny FERERE L THE Lo, G EDERK %L Table 55 127”77, BLZE 50m3 T &
(1B5H, 135H, 26 5 H) NS ELFEHm L, 7L v v aBROMRE L OMERBRHOT
A RNE—RAERR LT, 2O, FERE7 Ly > a R AR L0 btk Lz,

a7 U— R 77y MBI A IEEFEKIL. A5 112 3> F (1.03 m3x112 = 115.36 m3)
ThY, 7T MEFEEN S5 NNy T (1.03m3x5=5.15m3) ThHolz, £/, 7 V7 —X—
H, a7 U— bRy —BLOar 7V — MNEICBT2EENZENEI, 7.21m3, 0.2m3k
LM 15m3Thotz, UEXV, =7 — NOfTREIT,

115.36-(5.15+7.21+0.2+1.5) = 101.30 (m3)
Lol

7B IRAAITINEI IRV RERFOKIR e &2 BB L, FERFHEE L2k R, B (A RE) X1.350
~1.475 % TH -7,
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Table 55 Amount of concrete

Truck | Amountof | Time of handling
concrete Remarks
No. (m?) Plan Result
1 4.12 10:45 10:28 Fresh concrete property, test piece
2 4,12 11:15 11:08
3 4.12 11:45 11:40
4 4.12 12:15 12:25
5 4.12 12:45 12:55 Fresh concrete property
6 4.12 13:15 13:25
7 4.12 13:45 13:50
8 4.12 14:15 14:20 Fresh concrete property
9 4.12 14:45 14:43
10 4.12 15:15 15:10
11 4.12 15:45 15:40 Fresh concrete property
12 4.12 16:15 16:00
13 2.06 16:45 16:25 Fresh concrete property, test piece
14 2.06 17:15 17:45
15 4.12 17:45 18:10
16 4.12 18:15 18:42 Fresh concrete property
17 4.12 18:45 19:30
18 4.12 19:15 19:55
19 4.12 19:45 20:30
20 4.12]  20:15 20:50
21 4.12] 20:30 21:16
22 4.12 21:15 21:47 Fresh concrete property
23 4.12] 2145 22:20
24 4.12| 22:15 22:52
25 4.12 22:45 23:24 Fresh concrete property, test piece
26 3.09] 23:15 23:40
27 4.12| 23:45 0:20
28 4.12 0:15 0:50 Fresh concrete property
Total 110.21 — — —

752 7Ly aik

a7 ) — MEGRFIC, 797 =4 —H 28 B O DON, 9 B3I OWNT T Ly ¥ 2RO
ez i L7z, EHNFIIAT T 7n— BREBLIO=a 27— MNMEETHD, BT 5
AL PRI (REERRER) A oKX 7T o7 —4%—# 1 HH, 13 5 H. 25 5 H TEH L 7=, Photo
111 127 by ¥ 2 MR L O 2 b B — 25 Bukin 2”4, £7-. Table 56 I 7 L v
aMRIROFERFERZ T, 7Ly Y2 IROMEEMERIL, 2 TOHERBIZH L TEEEN L - T
BY., +oliEERISN a7 ) — AT LR R LT,
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: e £
() 25th truck (98.88 m3)
Photo 111 Confirmation of fresh concrete property and test piece sampling

Table 56 Fresh concrete property

Slump flow Air content Temperature of Salinity of
Truck No. (mI:n) (%) conl?:rete (C) concrete (l};g/m3) Remarks
1 630%640 5.0 14.0 0.015 Attended inspection
5 635%x620 4.9 11.9 —
8 675X675 4.1 11.8 —
11 655%x670 5.0 10.5 —
13 685%685 5.6 9.8 0.013 Attended inspection
16 620x600 5.5 10.5 —
22 625X625 5.1 13.4 —
25 600x600 5.1 14.0 0.009 Self inspection
28 625X620 5.5 13.5 —
Value of 650+ 50 45+15 <20 <0.3 -
standard
Standard test | yo 2 1750 | JIS A 1128 — (QUANTUB®) —
method

753 ITAHRE

KiBRICB T a7 V= T 7%, WETIT7THHN 7.1 TR~ L9 ISR T o
ARG kD BILD, FRIOODDERENT OFERNE, 227 U — FOFTARIBED 20 CE7-
%25 COEAIF, HEREZEHBETDIE I R0CEINIETRELRNZ LZ2HER LT 18, ZD®,
FIRERI AT IAARE Z# YN BT 5 2 & Ln, Fo, fIRII4ZE (11 A) THY., HHIT
HYHRIEN 4 CUTETRENZZD, o027 U — MEHRGE L] 2ty Brhay
7 U — k& LTHIARRE Z 5~20 CTEEHT L L L LT,
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FTAARE #E BT 572012, LEIZG U THEMSOH Y IBEKOIME /R E2iTo72, F/2, B
%Wu&ﬁbﬁmﬁﬁ(ﬁg%) X0 AR 2 /EEFEHEPT (Photo 105) 12 CHERS L7243
Hay s ) —hEFR Lz, BHENOBEC X 2ARRE ORI EMIZ, 12.7~16.2 CTH-
7:_0

7.5.4 FEIEERMEIR

7 Ly v a MEIRMEREE (7.5.2 ) ICEI L7727 A M E— A% HW T LR MER (—8lERETRE)
OWERZ I U=, EMEMERBRIT, Ml 7 B, 28 BB XV 91 B CTHEME L7, JEMETRERBR G
% Table 57 (2, ABIRILE L OHERIRIL % Photo 112 12779, WINOFEICH HIEETH D
50 N'mm2 L b (Bl 91 HLUN) & 78 o7,

Table 57 Results of strength test for plug concrete

Uniaxial compressive strength Value of standard
Truck No. (N/mm2) (N/mm?)
7 day 28 day 91 day
1 30.3 47.5 68.9
13 30.0 48.4 68.8 50 (until 91days)
25 30.3 48.0 64.2

(2) Uniaxial compressive strength test (b) Quality inspection, 13th truck (28day)
Photo 112 Strength test for plug concrete

BT AB IR A FEAWZa 7 ) —MZOWTE, 2 E THWRE URL (TR =
U= hBLOEBETIa 7 )= LTCOlLEENDH Y, @ Oar s U — e E D
ﬁ% T, +ORMEEHENARETHDL Z 2R LTS, KRRICBITA27I7 /a7 ) —

MZXLTH, BEOFIE (FaiofGma. EIC ;é&%ﬁwkivﬂ XEFOff I RAE) T
TE LR S D T b R LT,

FEEROILL %wfi\ﬁg®:/7)~FﬁMIéﬂét@ HHEOay 7V — 7T
%#%Wéhék%i%ﬂéoik W R T D ar 7 V— 77 JHRERCIE, BEICHUE

BB LaL 7 ) — M7 ) — hOli L 8l &0 EZEEORMENF IR S
Tk@ ARBRE 0 L EMROBEEZOTZ LN TELAREMENEZ LD, i LRFOR
ECIE, FTRESCHROHEERLICL T, WEHEHOBEE/RCARETHILERD D L
EZbhD,

76 AVAO LTSk

NI THEREMEGRRBR BT D a7 V— NI 710, @EDONFT 7 7 L L TOMERE
Mz, #HERHM Tz Témmi%%é&F*wEﬂé ZDT, FHANTRBRYUE 4 12 Té
BEZLBEXRa 27V — b 0RAEZBE LZOVENETZEEL, 27— T 7
FARICHELRKBL LR 0ENRTRE LW L 2R L1, £7-, FIAEREO— K%
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VAR T AT 0I10, ETHEBEIRBLar 7 ) — FOWHENRINE ST EZ DN AKREE T,
a7 V— 777 LA L OYUERST T & ORICA U 2 BB Z2 £HET 5720122
VHEI NTTY N TEER L, Fig. 641232427 K759 R LOT a—%E5RT,

[ Start ]

Carrying equipment

in GL-350m draft \L

{ Setup groutmg plant J [ Mortar injection J
{ Setup pumping line ] [ Grout injection ]e
[ Preparat|on of grouting ] [ Confirmation of bleeding

Clean up pumplng line [ Blocking

(Check-up on water leak)
Decrease Yes

pressure ?

[ Water test ]% [ End ]

Fig. 64 Flowchart of grouting

7.6.1 ERAMEE & KERAEH
(1) EAMH

X7 7T N LTHERLUEMEHIELERE~OREZ T 5 72012, JUEREE ~DK
ffrar 7 ) —rBLPa 27V — NI 7 LRBRIIET VB UEOMEE LTz, R LT
NH UM T MIASESE A (B ®Th v, (L5 1E Table 58 (/RT3 Y TH D,

Table 58 Chemical component of low alkaline grout
Component (%)

SiOz | Al20O3 | Fe2O3 | CaO | MgO SOs | ZrO2

Ignition Minor
loss component

59.9 6.7 0.8 23.3 2.7 2.5 1.6 0.6 1.9

(2) fERBEM

avHy N7 T Yy NTAHEH Lis E7e i & Table 59 (23, Zb DM 2 HWCTHEAT
v AR, @f&mmﬁﬁﬁﬁ®ﬁ%ﬁﬁ4ﬁﬁK%%L\E%?%V%fﬁﬁﬂ&%“if
ﬂxbto@k Bl ITRERNIZIR - TIT o 722, SUBZ B S EPTIcid, EEIoRA 21T

ST, REHE IR %%{R% Fig. 65 3 X O Photo 113 (277,
Table 59 Equipment of grouting
Equipment Model Remarks
Grout pump CP-10 120 L/min
. i Two upper and lower tanks-type
Girout mixer LAM-250 Content of each tank: 200 L
Circulation pump - 20 L/min, 0.7MPa
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350m Niche No.4
Pumpingline

East access O
shaft

Injection plant

0 10 20 30 40 50
— = —

Fig. 65 Injection plant and pumping line

(a) Grout pump

(¢ Pumping line
Photo 113 Setup injection plant

762 FAERBT
(1) BEE*®%E

77 7N TREIZHEE L2 A RS 12OV T, BEOFEE VLAY ORANOF A2 HRT 57
OEENZBEE LTz, HEAFLOELEIX Fig. 58 IR L@ ThH D, HWAHEE 7 A 13774
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BV XN A BETHEIZK L CERZEN, BB, TS0 4 27 THD, £2%
NENOMIEIZH LT, TTHRHEXERDHY, Lot bRENKEILI R LBESND T 7HD
B LA REREIZ LT L Z ATEAENRE SN TWD (Fig. 66), eI 75 A1 &0 b THEAK
IEEL, U H— /7%75)%I%FHK?))EIWKéhéi'&ﬂ_mbto VBRI 7T 7Ry b L
HAD Y —2 PHRSNEHAITIE, W —% 2 71 L0k L, U—2 ks Lo=a—
X TR & Photo 114 _/T?“o

Mortar-supply

/ Mortar-return
B-section A-section '

// B-vent

/ B-supply(up)
B-return(up)
B-supply(down)
B-return(down)

S VAssupply (up)
\ VA-return(up)

‘A-supply (down)

- ~ __—c > A-vent
\ =N \\ h
A\ \

\A-return (down)

LA |l} !u it

LP%
1 :m} RN

(a) Water leakage (b) Caulking
Photo 114 Water leakage and caulking

(2) K#ELTR b+

KL T A ML, BB eSS & RERICY 77 4% (Fig. 66 @ A/B-supply(up/down)) 7>5 T.5H
KEEX L, UHZ—2% (Fig. 66 @ A/B-return(up/down)) 7>50 THEMAKDRD MR LT-
%z, VE—UE MU TR Z BN B S8 (RKEKET] 1.0 MPa) . HKEICHE L7
AL ) I D WAEMR LTz, KIFLT A NORER% Table 60 I3, =27V — M7 7L
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EXR L L OESNG, 2000 — 27 1 3BHlShn, SRt A P2 L THE = —%
v TR AT o T,

Table 60 Result of water test

Line Injection Amount of
(refer to Fig. 66) pressure | injection water Leakage (caulking) point
& (MPa) (L/min)
Mortar-supply 0.75 3.0 No leakage
Mortar-return 0.70 1.2 No leakage
i Left&right side boundary between plug
B-supply(down) 0.17 9.0 and niche wall

B-return(down) A-supply/return(down) line

A-supply(down) 0.37 10.0 Lower left&right side boundary between
A-return(down) ) ) plug and niche wall
A-supply(up) Left&right side boundary between plug

A-return(up) 0.06 10.0 and niche wall

B-supply(up)

B-return(up) 0.08 10.0 No leakage
A-vent 1.00 0.0 No leakage
B-vent 0.80 0.0 Crown of plug

(3) EILZIZEA

AR 7T Y MIESLD, 7T VO R LIO Kl ~DFE /L2 NEANE TEL T
2, KFFLT A FORER, THEHKOFEAEL /NS, EAXARREIND L O 2ZERIT R0
LHIBTL, EAZLORBEELTEAL FINT & CW=1/1 TIEATHZ L L LT, 22T, C:
AR, W:KTHD,

H7 7 4% (Mortar-supply) HIEAZITHTZMN, U X —2% (Mortarreturn) Tiit A
NIV T PR TE o7l Enh, VA=V BIEAEITo T, HEARESR % Table 61 12
R,

Table 61 Injection cement milk (crown of plug)

. Amount of Injection
Line Cw cement milk (L) pressilre (MPa) Remarks
Mortar-supply 1/1 26.5 1.00 No leakage
Mortar-return 1/1 22.4 1.00 No leakage
Total — 48.9 — —

763 aAVAY NS MDET
(1) FEALRR

779 ORI, R 2077 FIFF AL, JRikE LT C/W=1/1 Dk X
YRIN7 ERBL, AREEAEHOCHIEORAIZHEL Y 77 MR 7 2@ L CEE LT,
i L 7-kgk4 1% Table 59 12/ R L7180 Th 5,

HEARCETL, 1/3.86~1/1 & L., IEEDKWG1D 100L Z & I2EREE A EIFCTHEALE, I
ABLE % Table 62 (277, HEAIX, OF 77 FEHOEDHRE LM, @7 Z 7 FEoyuEafl, @77
7 EHoOyuER, @7 F 7 EoOMHRE LA, OIE GEAGERTOMRWIR) 12556 L7,

FEAEE R X OVEAEST 10 Limin LA FEB L OVEKE+1.0 MPa & L7z, EAED 0.0 L/min
Lot Z L ZMER LIRS, VE—UEZRKRL, BENOREK, =7 BLOREDRKN S
T B ERSEE () —FEE) 2E L, 7V — FEEDOIC, HEALTWS T T Y
NEEE D C/IW=1/1 £ D IEWGAITIE, C/IW=1/1 2OV B I B A FEh LTz, U X — )
5 CIW=1/1 770 "MEOIRHE PR S N-H%, V2 — B2 T 5 MOEANE /M L
77 TEAE 0.0 L/min IZZER W2 2R L, V794X CTm v o J1EE A Ehi
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L7z, 7By XU THEED 256 DRIZENTOEIME TR AN EE2 L > THEADET &

L7,
Table 62 Grout (cement milk) composition
/W Low alkaline cement : Water : Mixed amount of | Design of specific
C (kg) W (L) grout (L) weight (g/cm3)
1/3.86 23.57 90.97 100 1.15
1/3.17 28.14 89.22 100 1.17
1/2.67 32.75 87.45 100 1.20
1/2.30 37.27 85.72 100 1.23
1/2.00 41.96 83.92 100 1.26
1/1.00 72.30 72.30 100 1.45

(2) FAERBERLUREEHE
77 v MPEFOE AT E % Table 63 (23, {EAENO EFMEF, U —7 ORE X OGLET
HIFFO V7T 0 NOEEREEZEZEB L, A, B O L (A-supply(up) £ O B-supply(up))
TIX CIW=1/2 TOEAZZL Liz, AR DL, 777 FILV 777 EANCZ o' A v
IV BEAINTEY, 2027V —FORFMEIZE Y 7Z 7 FANCREAAET 5 & Lz Tl e
BEWNTHD, £l TNENOREICBIT A7 70 MO MBS & LU CLERIE 2 305 L
Tofti R4 Table 64 IZ/”7 3, EALTLY T U MO EITA T, AEEAZ L, HoI0mEE
BEINT7T70 NIRFEmRSNT-Z & 2R LT,

Table 63 Results of grout injection

ngngum C/'W Total amount

Line 1njection
Db | 1/3.86 | 13,17 | 1/2.67| 1/23 | 12 | 171 gﬁﬁ%ﬁ C?E;nt
B-supply(down) 0.582 100 | 100 | 100 70 — 15.7 | 385.7 | 121.90
A-supply(down) 1.049 100 | 100 | 100 | 4.1 — 9.5 | 313.6 | 92.80
A-supply(up) 1.011 100 | 100 | 100 | 100 |463.7| 9.7 | 873.4 | 323.40
B-supply(up) 1.016 100 | 100 | 100 | 100 | 1000 | 597.1 | 1997.1 | 973.00
Total — 400 | 400 | 400 | 274.1 [1463.7| 632.0 | 3569.8 |1511.10
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Table 64 Confirmation results of specific weight

Specific weight Quality
Line C/W (g/cms3) EI(‘)I‘OI‘ control Remarks
Design | Result o) standard
(%)
Mortar-supply 11 145 1380 | -4.8 15 Unfiiluted solutign
Mortar-return (using cement milk)
1/1 1.45 1.400 | -3.4 Undiluted solution
1/3.86 | 1.15 1.146 | -0.3
1/3.17 | 1.17 1.158 | -1.0 +5
B-supply(down) | 1/2.67 | 1.20 | 1.185 | -1.2
1/2.3 1.23 1.204 -2.1
11 | 145 | 1.299 | -10.4 | 70 and over |SOnfirmed specific weight
from return line solution
1/1 1.45 1.412 | -2.6 Undiluted solution
1/3.86 | 1.15 1.120 | -2.6
1/3.17 1.17 1.130 -3.4 *5
A-supply(down) | 1/2.67 | 1.20 | 1.191 | -0.7
1/2.3 1.23 1.197 | -2.7
1 | 145 | 1.230 | -15.2 |70 and over |COnfirmed specific weight
from return line solution
1/1 1.45 1.400 | -3.4 Undiluted solution
1/3.86 | 1.15 1.142 | -0.7
1/3.17 1.17 1.120 -4.3 45
A-supply(up) 1/2.67 | 1.20 1.192 | -0.7
1/2.3 1.23 1.210 | -1.6
1/2 1.26 1.245 | -1.2
11 | 1.45 | 1.140 | -21.4 |70 and over |SOnfirmed - specific weight
from return line solution
1/1 1.45 1.400 | -3.4 Undiluted solution
1/3.86 | 1.15 1.120 | -2.6
1/3.17 | 1.17 1.166 | -0.3 15
B‘supply(up) 1/2.67 1.20 1.190 -0.8
1/2.3 1.23 1.208 | -1.8
1/2 1.26 1.250 | -0.8
11 | 145 | 1449 | -0.1 |70 and over |COnfirmed specific weight
from return line solution
1/1 1.45 1.420 | -2.1 Undiluted solution
1/20 1.03 1.027 | -0.3
1/10 1.06 1.051 | -0.8 +5
B-vent 1/6.62 | 1.09 1.088 | -0.2
1/4.9 1.12 1.110 | -0.9
1/3.86 | 1.15 | 1.134 | 1.4 |70 and over |COPfirmed specific weight
from return line solution
A-vent 1/1 1.45 1.400 | -3.4 *5 Undiluted solution
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8. FHRIS AT LDOEES L VEHRIDERIR

8.1 TR R T LDE

8.1.1 &l Y —DEMERER

TR O R UM B LT 7 7 OKH 7 IC5E LA =2 oW LR ER bikx
REERED HND T ENnD ., RIEEEETE LV —0BIERREY B L-, BEMICIE, B
T—EnEE, B EEE, SUEOHORE L EB LT T IRERD 4 BETH D, T
NOBEFEZBNT, ST =N EFIZEEH L T, FEECL > TR EORES
DAET TN & %ﬁﬁu»u L7, 6%;%*”(/%@&“% Photo 115 0:/71\"?‘0

:._"I:::-‘ r.'.:.'. ‘ 4
3 42

(a) After settlng (DSOO 1)

(c) After casting plug (TP002)
Photo 115 Operation check of sensors

8.1.2 BE@EAY +

TREM PR KOO R UM I E LS o —0 b OBk IT. Bl 7 MIEY £
EDOTT T ITHANTEE | FRFHHI AT DI Lz, BlX 7 I, WE» O ORAKER <2
W, Fig. 67 13T X CIEAKAIB L ONRY F A P CTHRE L, FHEEET, r—7 1% 1Bl
R TLNEMENC CHRBE 2 FE L2 N D ER L=, B@4 7 bOBEB L OUEAM EEO/EE
Rii% Photo 116 (Z/R"T, Fio, 27 V— 7T THREOEEL 7 s ORI % Photo 117 (2
R,
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Bentonite
(Kunigel V1

silicasand il

. Caulking

Bentonite material

(Kunigel V1) -z

Caulking
material 2

Cables

Near view
T e

(© Caulking (1) (@ Caulking (2)
Photo 116 Cable arranging and caulking
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Duct for cables

(a) Distant view (b) Near view
Photo 117 Duct for cables (after casting concrete-type plug)

8.1.3 RIS AT LDKE

7T O HRE%., FHIV AT ARERBRYOE 4 ISR E L, FiHllE IS CCEMA Y 7 b
DA VA R—LENT PCRT —Xua—%5%E Lz, &eHlEA PC X°F7 — % v 7 —|Z i3
A L7=T7 — 2 BMRAGFS . 7 — X IUE PC TEXZH— L, 1RIE URL NICHEZE STV DR
TEAGHAS AT A& LT, M EOFRREREDT — X —N"— 2k I D, T —F P —nN
— T, BT —2 %27 =2 _X—2bL - RfF L, T—FBIONT T 7O N EITO ZENFRET
b, T=HEARBIOT T 7, WIEREENIZEE A —OF IRV TH Y T X A AICHE
THZENRRETH D,

FHHY AT AEOBRERDLE L OGS A7 AN OIRPLE Photo 118 12777,

(a) Setup measurement system room (b) Inside of the room
Photo 118 Measurement system room

82 FKIVARTL

FER LIRS KO 8O B LA SRR U 72 VK IS BG 3 2 MUK, AL E (R 350m) it
TARETHTDEAKHAOFR—Y 7L EWEI L, N KEHERTLHZ L& L, 72720, HTFK
ERILCH 77 EITIFRE L2 b O &2 KT 25A1I1%, JEJIEBIZ L0 HUFKIZEEF LT
LR (ZELIRFE, A X 70 d) ORI AR, KU D Z &I L DT KROKREZEIZ X
V. OP OEFERZEE 2 E~DOEEPBREIND, 01D, BAKHAR—Y 7 IS Ny I — 53R E
L. FhxUcfiiind 2 & 7 < BRBRIRAINEF KD AT RE/R VAT A EMEFE LTz, LLFICEAKHAR—Y
VB LXK AT ORI DWW TR RS,

8.2.1 E®AKAR—)VTH
BKAR—Y 7 5. LT, 350 m Fi&H0E O — Mkt (3 I 20m R — U > 7 4L
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Z KNS 3 AHEI L, RBRUTIE 4 (SRR E L2 HEKY AT A E CRUE 3% E LTz, SRKILOAL
&% Fig. 6812, fLH DRI % Photo 119 1Z-F, AN—U 7 FLIRAIERL O /AKEITK) 7 L/min,
L OEER 0.6 MPa THh o 7=,

Boreholes for
groundwater supply

Pipe laying for groundwater from

boreholes tothe test pit 350m Niche for Temporary

Ev acuation (East)

350m Niche No.4 9—]}_

Waterinjection system
East access

shaft

Fig. 68 Location of borehole for groundwater

Photo 119 Boreholes for groundwater supply

822 VATLDER

FEKY AT NMIREM B L OO R LM CENENVMNITHEZE L, S 52, HDRE LT~
DOIEARIZOWN T, RERYUESMNE G X OHLD R LM NEA~O 2 Bz Tz, AT DO
%z Fig. 69 B L O Fig. 710 ([Z/R T, Ly P ORRDMEFZEGE L, FKEEZZLIETZHAICH
RISARE L L=, %@k % Photo 120 12, VAT AR T AR 7, W&, FEHEH LI
ST Table 65 12777, FHESHTIEE 350 m TOFKEFY TH 5 3.5 MPa TOMEIR L OV
ENFIRE/R AR & LTz,
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Data logger

Pressure hose Borehole for groundwater

Pressure gauge

pit |4444

Fig. 69 Water injection system configuration for the bottom of the pit

Data logger

Into backfilling moterigl_ : Pressure hose Borehole for groundwater

Flow meter

g
Along wollofniche#’?,_i ; Hydropump

Pressure gauge Mass flow controller

Fig. 70 Water injection system configuration for the backfilling material

(b) For the bottom of the pit () For the ackfilling material
Photo 120 Water injection system at the Niche No.4
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Table 65 Instruments of water injection system

Degradative ability: 0.01 MPa

Instruments [Model Specifications Remarks
SAEKI Engineering, Ltd.
Intensification rate 1:5 Pit

Hydro-pump MHP5-40 Max. pressure: 4 MPa » . Backfilling material
Consumed amount of air: 1.2 m3/min
Max. discharge rate: 17.0 L/min
KEYENCE
Range: ~200 mL/min Pit

FD-SS02A Repeatability: £2 mL/min Backfilling material

Degradative ability: 0.1 mL/min
Usage environment: <56 MPa
KEYENCE
Range: ~2000 mL/min Pit

Flowmeter |FD-SS2A Repeatability: £20 mL/min Backfilling material
Degradative ability: 0.1 mL/min
Usage environment: <56 MPa
KEYENCE
Range: ~20 L/min Pit

FD-SS20A Repeatability: £200mL/min Backfilling material

Degradative ability: 0.1 mL/min
Usage environment: <56 MPa
KEYENCE

Pressure GP-M100 Range: O~' 1'01\{IPa Pit N '

gauge Repeatability: £0.03 MPa Backfilling material

Mass flow
controller

CORI-FLOW®
M54

Bronkhorst Japan

Max. flow FS rate: 100 kg/h
Min. flow FS rate Liquid: 5 kg/h
Zero stability: <0.050 kg/h
Repeatability: 0.1 %

Control range: 2-100 %

Backfilling material

8.3 FHRIDBLE
8.3.1 &HiAIGALA
EREEHAIS AT DR TE T Licte, N« K ZBAA T 2 AT OMIHIRE DR D720,

MzBakG Uz, FHAIBRAAIZ AL 26 4 12 A 19 H & L7e, BEEMB LI OHORE LM 72 EoRiENE
Fs L OMIEBA AR RT DR OIZE 2 £ 25 7o ITiikke L Tuve, BRBRFLIED 5 OHFK (Fig.

21 M) # 3 %D 12 A 22 AIZfEIE LT,

8.3.2 #&# OP E—4 —(Z &K 2 MEBDFIAE & WIKKEIZ K HFKDBALA

e OP b — X —Z XA MBUIERL 27 42 1 A 15 HIZBHB L=, IEEIIESE OP R
100 CRREL 72D X OHIE L CW\W5, £z, ##E OP O & — X —DOIMMEABLEOE A (CERk 27 4
1H 16 H) 76, RERFLER X OWHEREE D OHEKZBELE LTz, 1550 7-3HlF — % OZEMIC

DWTIE, FERFAB L TWLSEIETH 5 6~ 13),
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9. RFERBTYDER
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(a) Setup blocks (b) Block with chase
Photo 122 Exhibition of buffer material blocks

Photo 124 Full view of Niche No.4

- 127 -



JAEA-Research 2019-007

10. F&H

AEEL, ALY THEMERBROBMO > B, 8 2 KD £ & O TR LEASEEENE
BRICHI T TR TEX A Z L DOFEFE, BEIOAINRY 7OHO R LM O FEOmE M., 25071
EIZBWTHR LIEARZRD OO THSL, LLTIZ, FHEBICH L THEE LR L
OREE SN2 5, 2B, NI THEREMERRRBRIL, Pk 27 4 1 A X 0 ffie 4 — "— v 7 N
Dt —H—Z WG SO T AKOEFKRZRHGE L TEBY | KT — % ORUSZ /L T\ 5,
BonleT =212 o0 Tid, AL TW PETH D,

ABRYTIE 3 L ORBRFLO R HI

MEZAE URL ORBRITEIZ T, 5 2 RILY £ & DR SN HER S ICB 1 DAL FLE E &
B H RO AL E R CHARORBRILZEIFRETH D Z L 2R Lz, £, 77 VRERPT
g0 R EIZOWTIE, YUETRHISE TRICWD T T3 258101, REFADOXIEE
WMETIVNERGDL Z 0D, BROBRERENEESINTZT-O., EEORZEMEOBLSND
HUEORHI & G bR THEIM L7z, EEOUSZIBWTIX, 77 7 ORERTLE <, 1EE
DEPMERIZEE THDHZ b, 77 VFHEEFHT O K& Ol LA EIESXITE D AT
RGBT A TICBW T UIEERE FEETHL EEZBND,
ARERFLOIANC DWW TIE, B L7 RO MAREZ AW T LA TH D Z L 2R LT
2, RRBRICBOTE, RELIEHI OHE] - (X V) X FEECTHlRHL TR . EEOWL
BB W CEBN S LA RE T 2 5 A 12X, JEEl L (XU) ot FikE TEE L
TR OFEFHOIE T IEORMNNLETH D EEZOND, 2, W LIEHIZIC AT
U7 EEE TORFRINZE S Z & EE S, FRCHERS O A 1T LD FLEEDS Ik 35
REOBEND DD, r—y U T OERESSa 7 Y — R EIC L DR OMER L, Ay
B A POMEREIS CIEBREHNRLEL R EEZOND, T2, A HLILED MK
XV AICIEREM B LA — =Ry VT OEEFFICAEENAE LD REELEZE L N T
D, ASFUREIOREE I E LT, AWSFLOFKHRA ENMNE LA Z L 8EZ N5,

TR B L O A — R — Ry 7 OFRE

BEM 7 ey 713 1 T2, 7 b— 2O TREBILNICEE L, TORIZ, 5l v
P —FHEBHOWM TR RSN TV eWnT ay 720N, BEEFREE (T ey 7 1EH)
DA EHER Uz, Bt — =3y 72O, IAERE D 2 B ALNICRRE L7212
PEO b — X — AR ERICERE L=, ARBR I, BEEMESEIZFERA L TR0z Enb,
TAEEIC LV REIEEZIT o720, EEOLSY TIEEEM B L O — 1 — "y 7 OEEIL
EEERECEBIND LHES N, BEM T ey Z712o0nTiE 1 By B EEIT9M %
FEOTEBETHEENHBEINTND, 5%, BEMB LA —— Ny 7 2R KA
DYHENTHUNICKERS EET 57200, EEEELZZOTREO T AT LAOHEE LW
FRENMBIZ R D EE X HND,

ARBRIZB W T, EEEETOREEM O - BRICL 2 EERE~DORELE T2
2, RN O BAREAK (89 80 mL/min) Z{EHEHITHK L TE Y | BERE D D OFHKDFRD
DTG A IR R U, — 07, EBEORGALTIE, 2O X RFEREZEZE L LTl
Ol 7ol T 2T L, BBEM B XL O — =Ry 7 O EE R OB ACIRIECTE K B O R
PR 2O L ECATIANY TOEEZED L Z ENEETH 5,

HL6O B LA O i T

ARBRIZIB WL, JUEOHD R L HiEE LT, #AlL (XV) X A FERIREL
TEHDR LM 223G - fUEL ., SEROB D (WUE T BLUCHOR LM 7 1 v 7 O
B YUE L) Z2A L. BEMOBOOE LR EEHE LT, @AV LN LDE
BIES L~V A, RIER O QTM 72 E D AT 2 sl L7z, £ OfiR, RIENL
R EE B ARETH 5 2 L DR STz,

£, ARBRTIIHO R LSRR 1L ADEREOK Tm LN ERMEEAN—R

- 128 -



JAEA-Research 2019-007

EDOHKINS, ANEFEARL LIiE Ta2iTo 7208, EEOWLGFICB W T, EXARYES
HORTZEND, FHHOKOBE DO, HMOR LM 7 vy 7 oA EREE
ENnd, 5%, 25 OB X OME O Tk X O AMEOMRS KOO R L ik
Kﬁﬁbt%%ﬁ@%&@%%ﬂzg IRHEEBEZLND,

a7 V— NIIT

ARBRICBIT 7T 7%, BRXEAEW &, KEN CTHEE AR EAKNENZ L VEES
nNi-i=, @m&bﬁmeA@Hm%mﬁ%éﬁ%777%LmL J- JIREAE S BR R L
TIRT A IR A VAW ar 7 V= 77 7T L=, it URL D&% Tl A
Ltﬁﬂ@n/7)~h77/hcf a7 ) — FERGE - G UL i TR IS RERE S

REITH Tl a7 U — "R &N L AR LT,

Flo, AR TITRBRIALB L OHORE LHRICEKRT D Z b, 77 ZHiRE L OVET
=L DOEEFRER D DI E U WERE O BRI NE L 725720, BREBIC~N A
AR T2ERETDHEEHIT, FANCIKEZBET 2 X5 R0U0FENNTHE LW &
EIRMTHICHERR L2, S BIT mI% FEE RIS A U SR 2 SR D72 ica v ¥
7 NI 0 NEIT LT,

FHHIS 2T b O
%@%Mﬁyﬁ~%%ﬁﬁﬁﬁ£@ﬁWEbﬁ¢m\%Mﬂ@%IKAbﬁf%ﬁ%EL
oo HETHOMBOF R L2 MGRT 572012, RiEH, HOR LMIE LEB LR 7 7l
T e EEEROBERER A Em L, 77 7 LTRSS AT A28 L, K oth—%
HGHENFREE 72D XM L=, £/, Y7 7ICEBY 7 Faikd, B9 —0h60
T—TNEERY EEDTT T 7Y H LT, 7 ME, IEKMEB IO A RZ
L VIRAKRZEBIET DHEEE LT,

EEOLFITEBNTIE, B —HOREITS DL ZAZBEI N T 20N, DR L%
%E%;ﬁk@ﬁﬁﬁg% &)x&#ﬁ%&éhéi EMELBZOND, LIPLRR D,
BT D =T NRKRBE L ERY N T URAT AERET LI EBBEIND
ZEMND, BRE=XY VT UAT AOBRBENMTONLTEY, ARBRIZKBWTH EERE =4
Vo 73E - ICHER L. EHEORER A Eii L T\ 5,

ML@#%W% B2 WY LD TREINTASEEE, EEOM TREICHE TS Z &1
FCARETH VD . FEFEOBEAMIZOWVWTYH, INFE TIORENZFIEC LY+ E %
fite R L?L;)\I/\ Y7o R UM & BUE - i TRTH Tﬁ)é ERIRENT, %I ﬁf&ﬁkif
DOWBPER OB G % G+ 5 7 — ¥ OB Z Mkt L. PEREREAM 15 D 2 4 MR L OV (kI
T5HLEEBHIT, ﬁ%%%ﬁ@é:ki}\jifﬁlJ77i5J:(ﬁﬁE&bE%l/$TO)ﬁ¢ﬁk YT T T ERAT, Ei
BT =2 OGS DA OV THRHNT 2 TETH D,

- 129 -



JAEA-Research 2019-007

HEE

AR, AR A ST R A ZERE R I G 1T DS FE IR W TEB L TWD AL
N T HREMEGERBRIZBIT A AT TOREB L OYEOHEHOE LIZOW TR0 TH D,
AFRBR DO FEFEIZ Y 72 > T, KK « KA« S EAR E @R THERMEEROET DR, FHE
EARK, AWCRK, SEHEEK, BUEEREZZICOETE OBBRED T~ D ZWH %
WelEWiz, ZOREMED T, BRSAMICRIELR L EF2KRETH D,

B, ARED S L, M EEREANIC X 2FHER O E I LTk, AMEENR 7 1B
e - BEEHE X —DNRFEEEEW T RV X— T L0 ZFE L7e [k 27 4R g
SHEIHESEFE W5V AT AT MR OREO—HBTH Y, FtEr ¥ —&DdkHE
e e UCEM Lz, EfilC Y=o IRt X —FIIEHFK, /PMMRIEAKEZIZLD, %<
DBEMRE DT 2 D T 1 H W22 T2 2 LIRS EGEHHR L B 5, F72, BEEMEZHE o —I1C
DOWTIE, T IS R PEEE BT XL X— T L 0 ZFE U YRR 2T 4EFE MU L Bl
TAESEFE Wy v AT LM% | OBERO—HTH D,

P

1) BEREN A 7 VERSSEERE, “TRMUBBFIEET (FR) RHE”, 1998, 14p.

2) KEREH A 7 VBAFREERE, “ODENCIT D E LoV FE R HUE AL 55 D B R AE R —
M= ALV BFZERRSE S 2 IRELY £ & o — 43t 2 HUB ALY O T 2284k, JNC TN1400 99-022,
1999, 703p.

3) HLHEIE, “MRIEGEHUBAFZEEHENZ IS 1T D AN TN Y T PEREAERREER — K 0 2R % 0O BR %,
Bt — "= Ry 7, $EEM B IO E LM OfWE—", JAEA-Research 2016-010, 2016,
57p.

4) BRJF - IAFSCHH SRS, CIRAERH BT ICRT B T AR i e g e (GBI H) ¥ ERK
Y Sk 22 42 8 H 20 H &EThR”, httpsi//www.jaea.go.jp/02/compe/pfi/pfi.html, 2010.
(ZH 201948 H 20 H).

5) FHERMIFKIZD, “DRAE URL ICB T 5 ALY 7HEEMRRER (10077 VRIS 5 f@tT
IRREY, HARRT /52 2015 ko R TRafk, #ld, 2015, H56, in CD-ROM.

6) HILHEIED, “MEGRHBAFICEHEIC B D AN TN Y THEREMERSEER BT — X & Rk 26
) 7, JAEA-Data/Code 2015-013, 2015, 53p.

7) FEMEMEE A, CWRALIEHE AR I IS DM B D OB PEGE 1 BEREAFZE R AL
AW THUB AL AFZEBR%E )7, JAEA-Research 2007-045, 2007, 140p.

8) JR T JIBREEREAHITHE - BEEHE v X —, VR 24 FEF 7 IR BN - IRREFEE M
JEALT TR 2 A5 E”, 2013.

9) HEIFAED, “HiBAL TR B 2T IS T D TR I B3 D A 9E — Rk 24 R R R
WE— (GLFEAFZE) 7, JAEA-Research 2013-034, 2014, 70p.

10) 1 /i BRER iR E - BAE 7 — PR 27 AEE B IR FE Wy
AT AT AR EI B W5 4ot ==V o VBEEEIFOE”, 2016.

11) BRI ARAE - BaE I 7 — Pk 26 R ML HINR S FE Wy
AT LT fEREEIN B W5 F 3ot =%V o VBEER O, 2015.

12) HARJF - I AFFCRH 84S © Rk 26 4R ALy IR S ¥ Wy o AT ARl AR
B W ET, 2015.

13) HLHEIE D, “DIERHE AT IS T D AN TN Y THEREMERERER  FHT — 2 4 PRk 27
f£F5)”, JAEA-Data/Code 2016-005, 2016, 55p.

14) B ARJF SR FURRREAEAE, "Rk 22 4 M ALy BN R A SR TR i LV BE SR AL
SYBREL ALy AT MM AR s AL B RS, 2011.

15) BEEYE =, “alprERBRRER S E”, JNC-TN7410 99-001, 1999, 348p.

16) F LT, “DRAEEHEAF TR AT ENC IS 1T B AN TN 7 HEREMERSRRER — LA O B LIZES
T 55—, JAEA-Research 2016-002, 2016, 280p.

- 130 -



JAEA-Research 2019-007

17) IUAREMIED, “BRAETR R EIT7E o 2 — 28T 5kt (HDB-1 £L) 7, JNC-TJ 1400 2002-
010, 2002, 921p.
18) FLHEIE A, “IRIE URL IZEBITAHATAY THAEMHRAR R TA D IEERA L NOT T

Jar ) —h~OmA?, BARFF 154 2014 FFK O KRS TREE, TE8, 2014, F19, in
CD-ROM.

19) HILFEIED - DIEGEH B AT SCEH R 2 N TN TR — 77 /a7 U —ho
Bl &t —>, JAEA-Research 2017-016, 2017, 62p.

20) HFILFEIED - “DRAE URLCET DK T 4 U Mt A v bR B OE AR, 1713y 7
T FHF%E, Vol.23, No.1, pp.25-30, 2016.

- 131 -



JAEA-Research 2019-007

f 8%

CD-ROM It 7 — #

Ol.fsfx Bkl LT — 4 > — K

02N it A — N — N 7 FRIA A NGR T —H 2 — K
03.3BRfL 3D A ¥ v T —X#
04 FEMEH 7 1 v 7 T

05. 36 B LM AR D E D W EE BT — ¥
06.HHRERLT oy 7 MiVEEHT — X

- 132 -



EBREAL R (SI)

# 1. ST FEAHL F 2. FARHAL A FV TR S5 SIS BT O ] # 5. SI BEuzE
R T = P SIFHSTERfT T | 4% | s | m& | 4w | s
i T = ﬁ% ol 0 2 2 Y | 0 |7 ] a
E &[x =+ A m L BFHA— b m 102 [ | z 102 |& v F ¢
o - o % B|SL G A — R v mi P a lls .
21 BlF¥n s T L kg WX, E E|A— M AER -~ 10% |= 7 #| E 10. N Ul m
53 ] i s o H JE| A — N AR R m/s? 10% |2 %l P 108 |=A2znm|[ u
H w7 =7 A i | A — b o 102 |5 sl T 10° |+ A .
BAEEE s L E | K O, WRE EYesIAEIA— MY | kg/m® 100 [¥ # ¢ [w02|g = p
W OE EE 2| mol WO E EFRZTARELA—-MV | kegim® 108 [#  # M | 108 |7=ar| ¢
* gy v 7 5| od K * Ml A= rrfExr s 70 | mikeg wlx = x |welr 1 a
EOWR B ETUTEEFA-NV | A/m? 102 |~27 K n 102 |2 7 1| 2
e R o W S|TUTEA— L A/m 0 |= s 0% |2 2 ¢
BB E @, 9 EAETA— R mol/m® 2 z
B R’ E[xerssamilii—ba | kgm®
i BE|h o F 5 mEHA— v | cd/m? ) . "
B = O &FEo) 1 1 #6. SUCES 7223, STEPFH & 5 Hifr
% B ok ® GFEo) 1 1 5B o SI Hifizic L % i
(a) i (amount concentration) (ERFRFRALAED 5 CTIIETHEEE b min |1 min=60 s
(substance concentration) & & Lifh 5, — P
(b) 2 SElitd B VHYGE 1 & bR Tl B8, 20T & B b [1h =60 min=3600 s
B THHEFO 1 ILEFITRE LR, H d |1 d=24 h=86 400 s
. . B °  |1°=(#/180) rad
%3, [FHOAH L B TR SN DS N I
SI FHSZ AL 43 1’=(1/60)°=(=/10 800) rad
HANZ L o o | MOSTEALIC K5 [ STEABLIC X 5 i ? |17=(1/60)=(=/648 000) rad
' e #LK #L) ~J B ha |1 ha=1 hm?=10*m?
¥ i 2 797 ® | rad o wm Uy b | L 11171151 dmP=10%em?=10"m’
b AT ZIT sr¢ 1 m“/m L —103
= % =Nt s o ko t |1t=10°kg
Val —a—hv N m kg s
E A, s Hszan Pa N/m? m’kgs® ) y X ”
T RAF =, A, BB J Nm mPkg 5 £7. SICBERVAS, ST A SAS HIC, STHALT
HE®, TR, ks r W Ils mkg s RENDBEHPEBHI/EOND L O
1 5 & Blr—ny C SA Eis S ST Hifr TH S5 Hil
EhrE (|IE) , & & AR R v WI/A m’kg s3AT # o A L B eV |1eV=1.602 176 53(14)x10'%J
ﬁ% = i 7 o Cv m’kg's'A® % A b | Da |1Da=1.660538 86(28)x10%"kg
& £ # Hi|A— L Q VIA m?kg 9 A% AT EEEM u |1u=1Da
ERIN N A S DA 7S S ANV mZkg's®A? K X H 7] ua [1ua=1.495978 706 91(6)x10"'m
73 H == Wb Vs m’kg s?A’
73 H b i1 b T Wh/m? kg s?A?
A4 v Xy H v A~rU— H Whb/A m?kg s2A?
t AL v oy 2 R EeryemzEe| C K #£8. SITESZVA, SIEJHH Sh 2O AL
U A
b/ F— R Im cd sr® cd R A SI BN CH Sh 55l
- ( f))E o (d) x i mf cd N - Wl bar |1bar=0.1MPa=100 kPa=10°Pa
} ; Fl i 8 = -
TR PR AR O JA e g Vi 15iy s AKGHES U A — R mmHg| 1 mmHg~133.322Pa
TR, b= x ¥ —50 5. |, 2 2 . .
it g Gy Jikg m?s? Arv 7% hu—24 A |1A=0.1nm=100pm=10""m
2 i, 2 (o) ) o S s
iR A, AR~ T | SV Wiz m’s K= Y| b |1b=100fm’=(10%em)?=10%m?
i * {63 | 52— kat s mol J v K kn [1kn=(1852/3600)m/s
(SHEFFRAEA O & F & 785 & F ML L AR DETHATE 5, Lo UEIEZ L7z 0T 1350 R = 23| Np y -
SkE—L b TEAL, . STHAZ & DELAE A 722 BIFRIZ,
BT VT v AT T VT T O LISk 5 BALORBIAR4 T T, RICOWTONE S 2 5 diciibiu s, - & KPR D TE R AE
FEBKCIE, AT DRHCIFREBradk Vst VG D A28, B & L THSIEAL L L TORE Th 450 1135 > ¥ X ] dB
TRENRY,
@WHFETIIAT FTVT v VD AL i FsrZ PLOE LT OHIC, TOEEHREL TS,
@A~V IEHBRIC DN TR, X7 LB O EIBRIC DWW TORMER Sh 5,
@ BNV T REZFVE L OFRNRLTHT, EAVTRAREEZRT ZOIEAShS, BAVTIRELILEYD . . s e e
HEOKE SRFA—ThB, LitioT, MEACRENRELZEZTKINLE S ORI TELTHLRLTHS, D 03%.%&%099%’%1%%”‘ r—
ORFHEZREOHUHRE (activity referred to a radionuclide) (%, LIE LiEi - 7= 5k Tradioactivity” & i2 S5, 45 s SI Bifir T S 5 HE
(QHf > —~L b (PV,2002,70,205) 22\ TiXCIPMAE2 (CI-2002) % &M, ES v | erg |1 erg:10'7J
" - N , 4 A dyn |1 dyn=10'5N
A g R L Bl P ST B AL O 15 9 ;
K4 WEOBICHFTOMH L 7B % & LS B O] # 7 P |1 P=1dyn s cm®=0.1Pa s

ST AHZ Hif7

7
v
x
F — 27 %[ St |1St=lem’®s'=10"m?s’
7
k

HAST R o s | SIEARMIZED A i i
E% A F sb |1 sb=1cd cm?=10*d m™
picl 4 A % Pas m? kg st 7 * ph |1 ph=lcd sr em? =10%1x
h o ' — A v MM=a—brr—tn Nm m’kg s> bl V| Gal |1 Gal=lcm s?=10?ms?
* i} & Hl==z—bhofgEA— L N/m kg s ~ 7 A U = JU| Mx [1Mx=1Gcem’=10°Wb
14 ; S }f% T R rad/sq m m'i s'i:s'; H 74 Zl G |1 G=1Mxcm?=10"T
£ i i 7 o7 v ERED rad/s” mm’s?=s" - = o 1 (a) 3 -1
B om B, M B ED MEEEA— L Wi [kes® R
g ) > . a) 37ERDCGSHALR & SITHIEHEBE TE AV, H5 [ & )
ARE, = br b —|Pa— Iy JIK m’kg s2K! FEHISBIRE T b DO TH B,
HEER, oy hr E—|va—rmxarsamires (Jikg K)  |m?s?K?
b = x L ¥ —|Pa—nrEXursIs Jlkg m?s?
# I b H|U o MEA— ESAEY (W(mK)  |m kg s?K? #10. STZJE S 72 Z DAt AL D ]
M = x L X —|Ya—nAmilA— ML [Jm? m'kg s? EAa %3 SI HLAZLTF S5 HE
& R o B EEArEA-bL Vim mkgs®Al ¥ = U~ Ci |1Ci=3.7x10"Bg
& i # ey —w o fmszi A — 4 |Cm? m?®s A v v b 7 ¥ R [1R=2.58x10"Clke
?'f - %ﬁj fé,_ " ?’j Z’“ = /Eulgj - ;ﬂ/ C/mz m'z sA 7 K| rad |1 rad=1cGy=107°Gy
HOREE, XXM — kv |C/m m-sA _ 02
% & |77 5 1A= P F/m mP kg5 A2 ; 5 i o 1 reinl_l,rc_slv(ﬁg Sv
% 53 B~ Y —fFEA— Vv H/m m kg s?A? > - < ! 1 ;;/::__1 fm=10"m
E L T %X L F —(Pa—n@mEL J/mol m?kg s mol™ CMABHT ; _ \; ,T _ _ -4,
EATY h B E—, EABER| Y2 A e EY [Jmol B) [m?keg s K mol™ ARRC 1 A=MERTD S PElRgSEITis
WS (XERO, ) [7—nvmrnrsa Clkg T A . . U Torr |1 Torr = (101 325/760) Pa
W 0 P 5 =l it st Eo# Kk &K JE|[ atm |1 atm =101 325 Pa
58 & bzt BTy MEAT VT Vv Wisr m*m?kg s?=m’kg s” Vil =1 J || @ ||P A (L5Cy = V=), 4.1868]
& i i FE|7 o b A= iz 7 o7 |Wim2sy) [m? m?kg sP=kg s (MMsa Y =), 4.184d (BL2E B a Y —)
B 6 M S mr S A— b |katim®  m®s!mol S 7 2 v op | 1p=1um=10"m

(FH8HR, 20064F)








