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The Horonobe Underground Research Laboratory (URL) Project has being pursued by Japan
Atomic Energy Agency (JAEA) 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”, and proceeds in three overlapping phases, “Phase I: Surface-based
investigations”, “Phase II: Investigations during tunnel excavation” and “Phase III:
Investigations in the underground facilities”, over a period of around 20 years. Phase III
investigation was started in 2010 fiscal year.

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

In this report, it is summarized the production of casing drilling machine for large diameter
pit, simulated overpack, buffer material blocks and backfilling material for EBS experiment.

Keywords: Geological Disposal, HLW, Horonobe URL, Engineered Barrier System, In-situ
Experiment, Sedimentary Rock, Casing Drilling Machine for Large Diameter Pit, Simulated
Overpack, Buffer Material Block, Backfilling Material
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East Access Shaft

{Wesf A_C_:'c:_ess Shaft

350m Niche No.4 |

depending on the results of future
investigations.

Fig. 1 Layout of Horonobe URL and the location of Niche No.4 in 350m gallery
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350m Niche No.4

Backfilling material

40m

Simulated Overpack

Fig. 2 Schematic cross-section view of test pit at Niche No.4
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2. EREHE

ANTNY 7 VEREMERARER O 2RFHEICBD D 7 1 —% Fig. 3 1Z/R T, Ak 25 4F 11 A BB
MoyiE (350m FAAILEOREBRYUE 4) OMENZAEE D . Fk 26 4 11 A £ Tlz, HERfLOHE
HI, AFEEHHE P — DR E 2TV b ORI - A — — 3y 7 (LT, OP) ORE,
HEOHDR LBE a2 V= N7 7Ol LeiT->72, D%, KRN AT L% 5 L,
FHlE KO OP WD b — & —IZ X D MEAENERBALGT 5 & & b, SMB HRBLET S L O
MO B UERAMNE ~D K ZBLA Uz, MG L OVEKOBIRAIT R 27451 H CTH D, 7ok, 2
2 NTTNMITTTar s ) — NOIKEN S DFREI R L7 Rk 27 4 5 A 1230 L7=2,

JFALE COVEE LIRS, ZNEN OO TIZHEICE S HRIC, BBRILIEHI O 7= DR O£
TEHIFSOBRF . #HilE OP, fREM 7 v v 7 BIUMOR L7 EOREEZIT - 72,

A CIE, Gl 7 a— (Fig. 3) [Z81F 5 [Production work] @ 95 5, 3T & Fru 7=
TEICBE D DHEBIZOWTIRS, LIT, 3T TR AR DOBI%E, 4 = CRdgEA— 1 — v
OHRUE, s ETHYR ILMBLOHEDRE LM 7 vy 7 OBYE [ZOWTRIRT 5, £/, TNEh
DIEEICBIT D PEL EfEE /R LI TEE% Table 1 IR L7=,

Work in Niche No.4 Production work

4 . Ny
- - Development and production
Excavating Niche No.4 of Casing drilling machine for
* L large diameter pit )
Casing drilling test pit Production of Simulated
¢' Overpack
f Setting Buffer Material ) Production of Buffer Material
—> Blocks & Simulated <€ Blocks
[ Setting Sensors ]— L Overpack )
¢ Production of Backfilling
Backfilling part of Niche Material
No.4
¢ Compaction of
Backfilling Material
Setting Backfilling k Production of Backfilling
VE Material Blocks Material Blocks
- . y,
%[Castlng Concrete-type Plug] Scope of this report
Start Measuring by Sensors

Start Heating by Simulated
Overpack

Contact Grouting between

Starting Groundwater Plug and Rock
Injection
y
Removal of Plug, Backfilling Material,
Buffer Material Blocks and Simulated >[ Analysis ]
Overpack J

Fig. 3 Overall plan of EBS experiment
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Table 1 Time schedule of Production work
2013 2014
ltem Quantity
Aug|Sep | Oct|Nov|Dec|Jan | Feb [Mar| Apr |May| Jun | Jul [Aug|Sep | Oct|Nov|Dec
Casing qulllng 1 set -
machine
Simulated 1 set
Overpack ﬁ-
Buffer material 136
blocks blocks
Bockflll!ng 240 ton
material
Backfilling 8700
material blocks| blocks

m : Planning schedule, m : Actual schedule
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3. ROZFEHIHDEFE
3.1 SHBRFLIEAI B M DARET

3.1.1 HERI AT #RET

ANTAY 7 HEREMERREBR OB ILIX, Fig. 2 17T L5 ICER 2.4 m, ES 4.2 m OKARD
LTHY, AANICHBITIRE LW EE LTS, 078, REBRFLIEHID HAEEM O E @ £
TOMMICHBEDRRTE /2 E2MIET 5722, 74 F—T b — " EIC X D fLBEOLREEZTRE L,
PEHI T VE A T LTz,

O FA42RY U T+ ANTIHEHI
EA200mmEED ) a7 R—U 7 TIA4 2 RV 735282k, B0s
L DkxEYIY | RBRILNER DS A B a7 LI X0 e L CHEHI (X V) 295, i
HIOHEHIZEDE T, A4 —7 L —FE2REL, BEMEE £ TOXRET D TIA

@ KAER—=V < v
KOBR—=V T~ A2k v, BREBRILEZHEIT 2 Tk, MElE T8Iy —y 2 7 a2
EL., BEMTCEE TOXEE TS,

@ Fx=—rh v —+PLHECE A
Fx—2Ay X=XV AR L OREYY | FRBRILPES £ I OCE IR HI 2
THEHI - XU L 2175 Tk, \HINZE T LRI —v 7 aRE L, REMEEE T
DR ET D,

@ AlERy—y 7+ U A — Y —Hlkr
B 2.4 m O&SER T —  ZHENC XV | JEEE L O%ETD | RERILNE O S
BEUAY—Y—ZL0 T ey ZRICHE L, B E(RY) & LTI T S, SRENCER L7
=y T hEOEEHRE L, BEMEBRE COXMRET D TIL

® Al — s 7 + il — A —fil
R FIRE, B 2.4 m OREE S — v SHENC KD | IR L OREDID . R
FLRE DA % A — A2 E DI L. XU LR, AN L — s 7 Rk
BL. GEMEBE COXMET S, hbOMESR KO THKCERT 5 Tk, 7=

7L, HHICHMOBRES LI L K5,

FROFKTIECZOWT, I HEB L O FA % Table 2 12F £ D TR LT,
M OFHETIL, PEBLOTREZR EOBLANLOEE L TN IN, (EEORZ MR
BRH -T2 Lot MFHRERICK T H5E TEE G OHEMRREZICL VO RENZ, I
W R0 BPIE I U CRERFLOSE (FLEE, FLIESEDIEE) 13RI E I NT=28, ROk
PR BFEEEY) DALY 5 I3 S IR SN D 58 Oy FLIEH] TiEA2 BB L, BIZLL T OS2 BEt
L7,
el Ze 2RSS T, — B TS FTRE 7o G & 72 D 2 &
2L DALy FLIRHI O HERERE T3 /I RE7e ., WO RHIZh =R & B Eh 2 Rpo = &
FORETU U TNV LR 7D L

FREHRE S % Table 3 |27, ZFOREE., ®IERI 7 — v 7 +Hili A — T —iHl TiIEEZRHT 5 2

e Lz,

ARTIEZ, FFE0DEA L ~DIRHIFEE N D 7o W — 2 v THEIg E . 77— 7RO
EEIB L OH H(XDHLEBESHITITH) 2L DO TE D4 —H—HIE 2 — Ik L 7= HI R <
b0, 3N NI ICENT D L CRIg At PR T B TARREE 2D, X
DT, H—OW TR E Yy DEREITHZ ENTEX 20D, Z2HORBIALWS Y
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v MZREICHAIT D Z LB AREL 2D, Eo, BB EENT D 2 LT, ARt H 585K
DLFEOIFEE DOZRCWEENELS 725 Z L OIEEY A7 MEET 2L B2 b0, R, K
FEP R fi 2 K ARSI & PR 5,

Table 2  Comparison of drilling methods in test pit

No. Candidate technique Excavation System Support System
Circuit Inside

) Line drilling & Excavating by human Line drilling Piston drill Liner plate sheeting
power

@ |Large diameter boring machine Large diameter boring machine Casing (after drilling)

© Chain cutter & General purpose Chain cutter General purpose Casing (after drilling)
excavator excavator for soft rock

@ |All turning casing & Wire sow Casing drilling  |Wire saw grﬁl?:nngg (along  with

® |All turning casing & Auger Casing driling  |Auger gr(i?l?%ng% (along  with

Table 3  Evaluation of drilling methods for large diameter test pit

Confirmation Item

Quality Control
. = >
No. CT:onhd|QOfe = v 2 o | B35 ) Overall Judgement
echnique Q0 SE | =0 Q5 Applicable Rock
g | es| 28| Pe
7 [UN)
80| g2 S
[V
Line drilling & A
@ Eﬁ%}gglnogwer by| A A A © Broadly applicable Wall surface isn’t smooth.
A
Large diameter . Equipment becomes large
@ boring machine ) A ) A |Broadly applicable seale.
Cost performance is inferior.
A
Chain  cutter & There are problems in safety|
® |General purpose| a A o o Available to soft rock con’rroll and explosion
excavator protection.
It's unsuitable af narrow
space.
@ |Altuming casing & © @) o |Available to soft rock L ©
Wire sow It's suitable at narrow space.
Development of a new 00
. . specialized machine for L
® All turning casing & o © o © |soft rock is needed Superior in safety control.
Auger Advantage for seduentiol It has broad utility for future
- constfruction.
construction

* Including explosion protection for flammable gas (methane gas)
3.2 ROZEEAIBDRE
321 KOZMHIRIC K 2HBRALOEAZO—

AEBRILOMEENT, SRy — T RFE R LN BT, FTERE GRBRYTE 4 OBIEN LR
5.3m) (ZEIER%, A —H—Tr— o7 RENHER Uil r— 0 7 %5k E) Nl % i



JAEA-Research 2016-010

HI9 5,
SR — o 7T, ARSI EEE R A E B LIRE TN 4 pEE L, PREA—T—D
EARIEK /b 3L L=, Al 7 o —% Fig. 412, EHIOA A—T % Fig. 512~ LTz,

Carry-in & setup driling
machine

Set drilling machine in
Niche No.4

Casing drilling

Adding next casing

End Casing ?

Drilling using auger

Change auger
Removing rock waste

Predetermined
depth?

Fig. 4 Flow of drilling test pit using a casing drilling machine for large diameter

Excavation by Small Auger

Excavation by Large Auger

Fig. 5 Procedure drilling test pit using casing drilling machine for large diameter
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3.2.2 KOFEHIBEAIK

RKORIMHEORUYEIC Y 7o - TlE, BINHME o TIESEHEN (2 ) 78]) ox—2<v
VERZ, HIFLEER (KA V8D OART—~y REZIROT2HEICL - T, BEZAREE LT,
KORIRHIEORERR A A — 2% Fig. 6 12, H-TEE Fig. 71083, £/, 8E LR OHmHI
1% Photo 1 127”7777,

Power Head :

Rotary Head of Large Specialized Machine
Diameter Boring using Steel Pipe
Machine Forepoling Method
(Made in Germany) (Made in Italy)
Casing Drive Adapter
Fig. 6 Composition of casing drilling machine for large diameter

Mast L 4195

Rotary Power Head Outrigger

Base Machine

62400

Boom

Swivel

Casing
Drive

g
e e 0
S EALR AR

| U | EE—
Fig. 7 Size of casing drilling machine for large diameter
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Photo1  Produced casing drilling machin

323 My — OB XU —H—

gL — > 71, 1st, 2nd, Srd, End @ 4 pEIE L, REHOAR—RZEE L THR I
MERET 122520 BrdBEIWEnd r—y 7)) #YEICTEHMEE Lic, 72, HI4L
HHZIBBVRREIZ 2 5 By NEDZGBEIT 5720, 7r— > ZJHNICEKE AN LT, HIFLEFC
KA BT HEAE T& D L 912 L7z, Photo 2 ICERLr— o 7 DONEL AT,

HE A — T — 1A R TS U TR IS Z I O HIR A IR IN A RE & T2 72010, KER
$2200 mm, 61050 mm B L OVINEG650 mm O 3 fikE 2 BlfE L 7=, Photo 3 3 L X Photo 4
(2 i A — T — DAV A R,

BUWEL - — o v 7B L OV I A — T — DAk % Table 4 (12777,

(b) End casing (halved)
Photo 2 Casing
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@)

() Auger (small)
Photo 4  Auger (near view)
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Table 4  Specification of casing and auger

Casing/Auger Spec Excavating Amoun’r. of
Item type Diameter Height length excavation
(mm) (mm) (mm) (m3)
1st (with bit) 2,400 1,400
2nd 2,300 1,300
Casing 3rd 2,300 1,300 i -
End 2,300 1,300
Total - 5,300 4,300
Small 650 600 4,300 1.43
Middle 1,050 1,000 4,300 2.30
Auger
Large 2,200 1,000 4,300 12.62
Total - - 16.34
Hole amount of excavation (¢ 2.4mx4.3m depth) 19.44

R LT —3 o T OEREORREZ Fig. 81, HIER R % Table 5 1277, B, r—
> T OFTRMEIEHEAZE (JISB0405, Table6) (RS @RE L, £7-. TA— T —0Di%E
SE%A Fig. 912, FERER R % Table 71287, F—Y 0 7B A—T—DEE 5 HEGEHE
EOBEEIT T EL, EEHE ICBEES N Z LR LT,

Fig. 8 Measure line of dimensional check for casing

_11_
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Table 5 Result of dimensional check for casing
Design | Permitted | Measured
Casing Measure line* value value value Error Judgement
[mm]
[Mmm] [Mmm] [mm]
Outer Bit part 2400 2400 0| Acceptance
diameter A-C 0380 2380 +0| Acceptance
B-D +8.0 2379 -1| Acceptance
Inner A-C 2980 2278 -2| Acceptance
1st diameter B-D 2277 -3| Acceptance
A-E 1401 +1| Acceptance
. C-G 1402 +2| Acceptance
Height B-F 1400 6.0 1401] _ +1] Acceptance
D-H 1401 +1| Acceptance
Outer A-C 2380 2378 -2| Acceptance
diameter B-D +8.0 2378 -2| Acceptance
.Inner A-C 2980 - 2276 -4| Acceptance
ond diameter B-D 2276 -4| Acceptance
A-E 1300 0| Acceptance
. C-G 1300 +0| Acceptance
Height B-F 1300 6.0 1300 +0| Acceptance
D-H 1300 10| Acceptance
Outer A-C 2380 2382 +2| Acceptance
diameter B-D 8.0 2380 +0| Acceptance
.Inner A-C 2980 - 2282 +2| Acceptance
3rd diameter B-D 2280 10| Acceptance
A-E 1300 0| Acceptance
. C-G 1300 +0| Acceptance
Height B-F 1300 6.0 1300 +0| Acceptance
D-H 1300 10| Acceptance
Outer A-C 2380 2382 +2| Acceptance
diameter B-D 8.0 2376 -4| Acceptance
.Inner A-C 2980 - 2283 +3| Acceptance
End diameter B-D 2276 -4| Acceptance
A-E 1300 10| Acceptance
. C-G 1300 0| Acceptance
Height B-F 1300 6.0 1300 +0| Acceptance
D-H 1300 +0| Acceptance

*. Refer to Fig. 8. 3rd & End casing is connected along the line of A-E & C-G.

Table 6 Dimensional tolerance
Tolerance class 1000~2000 Over 2000
Very coarse 6.0 8.0

_12_
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I

o

o

o

I © |

o
| NS
(a) Auger (small) (b) Auger (middle)
I
o
o
el [ W 1
200
[mm]
(¢) Auger (large)
Fig. 9 Design value of Augers
Table 7 Result of dimensional check for auger
Auger Measure line Design value | Measure value | Error Judgement
[mm] [mm] [mm]

Small Width 650 650 +0 Acceptance
(& 650 mm) Height 600 600 +0 Acceptance
Middle Width 1050 1050 +0 Acceptance
(& 1050 mm) Height 1000 1000 0 Acceptance
Large Width 2200 2200 +0 Acceptance
(62200 mm) Height 1000 1000 10 Acceptance

3.3 ih E TOMRHER

3.3.1 ERABROEHN

FE L RORIRHIE D B AEMERE, HIFLMERE, 7 — v 7 o8| X R MEFEOEAMB IO
#%%L@m%&~y/7@%mﬁéﬁab ﬂ?f@@%ﬁ% THESEH . i B TORKFEMERE

WREBR 21T o7, 7ok, N CoMAMEMBRERIZB VT, RBRIEEAR—XEZZEL, 7
— OB EREFEIT, WMEY Yy v X EHEH L,

332 ERABROHE
(1) EIER
i ECofmRARICBWNTIX, UTOEA Z2ERT S,

HEVEREDOMER « BistE, A —7 « h—712BIT A ETME. ZEM

%47»&4A®%ﬁ-&~V/7%% I — T — i H/FM%
r— v ZIREIOVERERERR - HIFLE 1.3 m (28T D HIFLEE . gnE
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= R X R EMREOMER  HIFLE 1.3 m (2 f%%%%%LV ERiEME
R A — B — R E O PEREMERS - /N« e RER @%ﬁ H—IZ BT DM
E T — 2 T OMER DRI, BT

AERAT A

T hEx OEEAR S LT, R 35mXEZ 35mX{EE 2.0m OFPH T 1:3 /L% (7 HifR

e -

20 MPa Ll L) Z4Tae L. KA HIEE C 2B ISR 2 I U 7o, B 25 o0 7o 3R

DA A—T % Fig. 10 IR~ 7,

Sandbag

4489

Mock Rock (mortar)

y S
i Sandbag _
T TT T T T LI T T T I TTTI T
T oz NI § AN
O - T @\
(@) 1T T 1 N\
e .
“ : T = %
1 i {8 ﬁ“‘*
g N Mock Rock (mortar) 1 f 3
3500 / "
3330 o] 3500 -
(a) Top view (b) Cross section view

Fig. 10  Ground test image

A L O N 2 UL T ISRT,

© HBEMRE

HE NS TR PEARWTHOEZ R L7 —F0, RBRYUE 4 AV 035D 10% AR
ISR L., KROBIEIEE O B E0L EM 2 HERT 5,

@ =T
PR IO L C, r—  ZHRHI A2 20E L, HIFLEFRSCTRE 72 & 2 BERERHI9 5, ]
HIZiX st 77— 27 (By MEE) & 2nd Fr—> > 75T %,
@ R4 — T —
= TR M A SR L IR A — R A T 5, A — I MRS R
S KEDIEET D,
@ Hr—iorBlEHE
WHIZICr—2 v 7 s & k&, 2R Z BEMERT 5,
® Hr—i T OMR
ETOMUIWELDOK TR, 7— v 72O T, BIR0BIEOA S B X OGN
X VRS 5,
3.3.3 HREBER

M COMEREBR I, Eak 254 12 H 24 H~27 BT, BEEERAEMATICCTHEM L, MREE
Z L OFEfERILE LRI,

© HEMtaE

I%%%W%\ﬁ%%%(%w5w)%ﬂ%bt%ﬁi?iﬁb\E%ﬁ Ex R LT,
F 7o, B O RIS HENRA T 72 E e W CTREBRYUE 4 OREE I 2 L7127
— N ERIT, ¢¥¢_%M#mﬁ&¥ﬁbﬁm:&%%ﬁbto%M%ﬁ%PMm5LT
‘a—o
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@ = 7HEl
Ist 7= 7B XU 2nd r— 0 7 &NERERE L, g (£v21) ZEI LTz,
Fhalk % Photo 6 ([~ d, 77— v ZHIFO R LHOEICL/ DM A E L2, &
IRHRHINTE D Z L 2R LT,

(b) Side view

() Pase of imitation tunnel by tube pipe
Photo 5  Shakedown of casing drilling machine

(a) Addi'g' st and 2nd casing | L () Casn illing )
Photo 6 Appearance of casing drilling

@ YA — T — A
TREE 1.3m BEETr—y U ZHHI L2tk 2nd 7r— 0 7 a2 FlRA— T —I2AZH L |
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F—yv TN ERAI LTz, A — T3/ M PR KRB ONAIZ 2 2 UHRA L7z, BRATR
1% Photo 7 3 X 0" Photo 8 |Z/" ¥, A — N —DAZHa% O f LA IR 224 250
XH o722, WENINEFRICHEA TS, 72720, FiA— T — (KR oHLERRICEET <
XRBAONTTD, FRETRKRETIIKRETHAZ L E L,

(¢) Centering 7 (d Drilling with auger (small)
Photo 7 Appearance of drilling with small auger
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- -'_':. -
() Full view of drilling
Photo 8  Appearance of drilling with middle and large auger

@ r—vrrhlEikx
F— T —HMR I R %, FOF—H—% 2nd r—v U 7ML, r—3 v 7 D5
& 2 EMi L7z (Photo 9), 5l & kS EETRIEL 25 AT AZ T bkhoT,
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(a) Drawing casing (b) After drawing casing
Photo 9  Drawing casing

® Hr— TR
= TR ERE R, = U TONRBIORNRERERIEL, EHICE D —
VT DEF, DI, JEE E R LT, EIRTE OFERER R A Table 8 (287,
WHIETH O — v 7 EOERIT dmm DU Th 0 R/ &l L7

Table 8  Comparison size of casing before-after drilling

. . Before excavation | After excavation | Difference
Casing Measure line*

[mm] [mm] [mm]

A-C 2277 2277 +0

Inner E-G 2272 2271 -1

diameter B-D 2280 2278 -2

It F-H 2279 2278 -1

. A-G 2575 2573 -2

Oi%oes”e CE 2576 2574 2

distance B-H 2581 2582 +1

D-F 2576 2578 +2

A-C 2277 2276 -1

Inner E-G 2276 2276 +0

diameter B-D 2277 2276 -1

ond F-H 2277 2278 +1

. A-G 2622 2621 -1

Ops%oes”e CE 2618 2622 )

distance B-H 2622 2621 -1

D-F 2623 2621 -2

*. Refer to Fig. 11.
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Fig. 11

Measure line of casing size

PLED I EIH T B HERABRAE R4 Table 9 0% &7z, —HOERICH THET <X B
R SR, T TORBALOBEINTHETH S L B2 bhb,

Table 9

Results of ground test

Confirmation Item

Content of implementation

Results

Appearance,
Mechanism

Visual confirmation about assembling of
the machine and casing

There were no significant problems while at
work.

Traveling Performance

Visual confirmation of

performance

-under leveling situation, irregular ground
situation and slope situation

- for fine control performance such as
rotation and forward & backward in the
installation work

fraveling

There were no significant problems while af
work.

Casing Excavation #1

Confirmation of drilling situation using 1st
casing from 0 fo 1 m depth

There were no significant problems while af
work.

Connection of Casings

Confirmation of the connection status of
the 2nd casing fo 1st casing

It fook a lot of time to centering of the casings.
After centering, there were no significant
problems.

Casing Excavation #2

Confirmation of drilling situation using
connected casing (1st and 2nd) from 1 to
1.3m depth

There were no significant problems while af
work.

Drawing of connected

Confirmation of drawing situation of

There were no significant problems while af
work.

Casing connected (1st and 2nd) casing
Exchange Confirmation of exchange situation of the|There were no significant problems while at
Attachments rotating attachment work.

Connecting Small
Auger

Confirmation of the connection status of
the small auger

There were no significant problems while af
work.

Driling by Small Auger

Confirmation of driling situation using
small auger from 0 to1.3m depth

It fook a lot of time to centering of the auger
before driling and adding of a rod.
After that, there were no significant problems.

Connecting Middle

Confirmation of the connection status of

There were no significant problems while af

Auger the middle auger work.

Drilling by Middle Confirmation of driling situation usin It ook a lof of fime to centering of the auger
gby : g 9\before drilling and adding of stem rod.
Auger middle auger from 0 to1.3m depth

After that, there were no significant problems.

Connecting Large
Auger

Confirmation of the connection status of
the large auger

There were no significant problems while af
work.

Driling by Large Auger

Confirmation of driling sifuation using
large auger from 0 fo1.3m depth

There were problem about the placement and
the shape of cutting edge of the bit.

Drawing 1st Casing

Confirmation of drawing situation of 1st
casing

There were no significant problems while af
work.
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4, A —/IN—/Nv I DOEYE
41 A —/N\—\v Y

4.1.1 BB —/N—y o DL

AT 7HREMERRBR TR, A — =3y 7 OB S LTH 2 RIRD £ &0 DTRER
TWBRBIA— =y 7 OHBEGIZ R L, REWME L TEHRBHREME THTH D
SFVC1 #4252 & & Lz, ARBRIZIHIT D, Bt OP 0¥k L LTI, OEBED (FF R[H
bEEEA L) A==y 7 LERBLIOKE INFASETHLZ L, OFmMEENHIHETE
e, @FFHOMAWE (HRE, HEEAL) PIMETEx52 L, BLUO@ORBRET Ch HIEE
350m CTHEE X4 D I KIS (B ORZEE 3 X OWOKIE) 1Tt 2 5 2 1 FHkEE 2 o = & |
RENFTOND, ZHHOBEMR X UM FRBRERICHIT 23R 2 LB L, HiE OP O
WakE Lz (Fig. 12), B OP AMEIEfERE L. ETFOZIEIARL Mok EETHHEES L
7. EBEo OP 0EE (5.7t) BLONEEZHILT 572012, WNEBIC 6 HOFEL VL, ZERE5MT
TBMEA L LTOFA N EREL, b —F—IC L INET DTS L LT,

820

710

N
O
(&
— 0 |—
‘O‘

I I 710
390 ‘
710

Weight-A Weight-B

T Weight-A
s 1~ Weight-B (mm]

]
Fig. 12 Structure of simulated overpack

<~
I

il

4.1.2 BEgA—N\—1\v I DEE
i OP OMELCTh 5 SFVCL ILRFMELE R CTH Y . HARTHERKIIS G 32021210 . LLF
DX TRERTCRIEIND,
MEHEE - ST
TEL - AR
R A Gk - 18D
BUnp (BEXx725 L)
FEABOIN T
SERAR AL
Photo 10~Photo 17 |Zf5#E OP AMADEEEFE 2/~ 3, K EITE B OHEITE 2R T 572D,
#600 fHY & L7-,

DPOHWOE
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Photo 10 Ingot of carbon steel

Photo 11 Heating treatment

Photo 12 Forging process
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Photo 15 Normalizing process

_22_



JAEA-Research 2016-010

L

Photo 17 Surface appearance

FIRED TR CHERYEL 72 E FTo#E. B X U¥EAL Photo 18~Photo 20 (27777,

Photo 18 Bottom cover
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Photo 19 Upper cover

Photo 20 Weight-A

KK 3 £ O L FOBO(EMS % Table 10 17T, FF &R URMHbRE L7
D, AL IR — L 72 o TN D, BVILER 5 OB R TEIC DWW CTIE, AHERICUSET L7 A RLRE
HEAZR IV,

Table 10 Chemical composition of carbon steel for simulate overpack

C Si Mn P S Ni Cr Mo Cu
Standard 0.40~
value of =030 | =035 ] 35 =0.030 | =0.030 - -
SFVCI (%) i
Body (%) 0.27 0.26 0.47 0.014 0.007 0.04 0.10 0.03 0.07
Cover (%) 0.21 0.20 1.04 0.012 0.012 0.01 0.12 0.00 0.01

42 MBBE—42—

421 E—32—DiEH
i OP PICRRE T 5 b —F —%, BEEZ T 7 ALK & R%EDE S (1350mm) ([ZFRE L.
FRER NI EREIRE B S A 7201, FEVEITR K T 18kW & L7z, #fE OP (ZIZNHER
\CFEHET DA A N Z BT DRI 5 L TRV D T, BUiitic L N OIRE 22—+ 5 2
AR L, BEE A LS00 -, B —4 — D&% Fig. 13 12, 4M8l % Photo 21 (2777,
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Non-heating
element ) )
Heating element-1 Heating element-2
Terminal box — 120 | 900 450

22— |—
i
|70
—

\

00—/ Flange
100 [mm]

Fig. 13 Structure of heater in simulated overpack

Photo 21 Appearance of heater
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5. &EM IO U DEAE
51 \EM IO v U Dt

R OHARIT OV T, 5 2 RID £ & DB LD, WRIEDH FERETSA: & STt Lz
FEROIND | TEREIE 1.60 Mg/m3, 7 A HEGHE 30wt A AZHEL L, F A>Tk, 35
55% 1:1 CERALELOAFEH L, £7-. 70 v 7 OBEHITHOWTIE, A%METE AR/
BREFEfIEE - BE PR #— (LLF. R #—) MNEUE U 7R EM Ot E B L ED.0C
LHEZEEFEE COEELHE L, 8mElL L,

AT Y 7 HEREf R BR Tk, ABRALOERED 2400 mm TH Y, FEEM & RBRILORF B X
ORI 7 1 > 7 ORI ZBE L, % O-EEED 1.60 Mg/m3 & 782 L 5 ICKE/EH 7 = >
7 HBWE LT, RBRCIE, Fig. 14 12T X 9 ICHEEM & RBRILOBEICIZ r A b 2w L, [
Brway s (El2id, ## OP) LR v v 7 ORBIZIE, f&EM & RSO (X h A
ko A W=T70:30 wt%) EFRETH L L Lz,

Bentonite and silicasand
(silicasand 30wt%)

Buffer material
block

Silicasand

L 820 | [mm]

2260

<

2400

Fig. 14 Schematic plane view of buffer material
INBEZE L, WA OREEM 7 1 > 7 ORUER O HLIRE B A2 R LTz,

Pa, X Ap + pp, X Ag = pa X (Ar — Ay — As)
ZZ T,
Pa,: TRIEA 7 1 > 7 DFiIFERF O [Mg/m?® ]
pa: WRME 7 1 7 D% DFEE = 1.60 Mg/m?3
po HEE 7 1y 7 (L721348E OP) LRIE T v v 7 ORI S 5 iR E M (KA
DFE=1.0 Mg/m3
ArEBRALOWE R [m2]
AwHHE 7 v v 7 (F721348 OP) OWriEifE [m2]
AR T 1 v 7 OWiEfE [m?]
AcHET vy 7 (713848 OP) LR T vy 7 OREOWHERE [m2]
A BB LA & fEEM 7 1y 7 ORBIO 5 6. A B OWHEFE [m?]
Th b,
¥, WEBRIL & KR Ty 7 ORI AND 7 A ORI, JISZ 8901 B F A& 1 5t
HEDVEZBEIL, T AWORFHE (2.7Mg/m3) & AT (&) #E (0.65 Mg/m3) »HREHL
7l (75.9%) W=, ERoRXns,
pq, = 1.80 Mg/m?
BFHND,
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Table 11 I\ZFEfEAS 7 2 v 7 OfIFE%A . Table 12 ICHEYWEL7-7 2 v 7 D%, BFE7Ta v
TIZOWTE O R LEORBRIUE 4 IZBW TCRFEZEOHMEED - DETIHDO 7 v v 7 (33
@) vEFEhTWD,

Table 11  Specifications of buffer material block

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

. Kunigel V1 70wt% - ) L
Mixing rate silica sand 30wWi% Silica sand (No.3:No.5=1:1)
Mixing water tap water
Water content 10.5%

. soon after compaction
3
Dry density 1.8 Mg/m (after swelling: 1.6 Mg/m3)

Table 12 Shape of buffer material block
Buffer block shape | Dimension Number of pieces
external diameter: 2260mm
internal diameter: 860mm
thickness: 350mm

central angle: 450
diameter: 820mm
thickness: 350mm

Fan-shaped (1/8) 129 (including 33 blocks for exhibits)

Cylinder

52 fREM IO YU DR

ER 5.1 TRULZHRRICESWN T, EEHM 7 0y 7 28UYE L7z, Fig. 16 ([ZEED 7 m—%oR
T PUFICHFIMEO ERETIEICOWTRET 2, ok, mBEEHICED L FHERE IOV T,
5.3 THk~5%,

Dimension,
Mass, Appearance

Fig. 15 Flowchart of compacting buffer material block
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521 RUMFA FETAMDEELDEE
RN MNETAREEZNENFEL, 74U v e IFXFVFICTHREA LT, MEORAGIRES
E?ﬁfﬁ%mu L. A7 DK 9 u/ BRI 2R L, BUE L 72IRA TITE K 281 L/fc;?b\J:
WA & DR LD 5 RITIRE L, JEMRR 21T 9 T35~k L7=, Photo 22~Photo 26

M’*fl’?ﬁﬂ«ﬁ((ﬂvﬂb FOEBRI 2 EE R LT,

Photo 22 Confirmation of bentonite Photo 23  Putting silica sand into mixer
(Kunigel V1) input

Photo 24 Mixing bentonite and silica Photo 25 Packing buffer material into
sand by eirich mixer sandbag

Photo 26 Storage situation of buffer material
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522 EfERE

Fie 5.2.1 TEYELZIRE L (XU A b F A ="70:30wt.%) ZJEAERA L C, FEEM 7
vy 7 ERELT, BYEFIEIX, O@A~OMBHEAN, OMEIO#B XYL, OFEMRAE, @44
OB TH D, LLTICENZEND FIAOEERIL A 7~ (Photo 27~Photo 35),

(a) Compression molding press (b) Mold with funnel for material inpu
Photo 28 Compression molding press and mold (near view)

(b) Near Viw

(a) Distant view -
Photo 29 Buffer material input to mold
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-

Photo 30 Mold after input buffer material

(b) Planarize the surface process (2)

<]
=
-

(2

(c) Planarized surface (1) (d) Planarized surface
Photo 31 Planarize the surface process (prepared to press)
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Photo 33 After compression

(a) Demolding process (1) (b) Demolding process (2)
Photo 34 Removing mold from buffer material block

(a) Buffer material block (side) (b) Buffer material block (upper surface)
Photo 35 Fan-shaped buffer material block

523 BE. RE

BUWE LR EM 7 0y 713, BAKEOZEZIA 57290 1 f@+>F v 7 T#4A (Photo 36~
Photo 38) L7z ¢, #iEFEA HIB X O ID H5Z il L (Photo 39). 4 fE T DARFHITULI L 7=

(Photo 40, Photo 41), ARFHIZUUH S 7= fEE 1L, BEICEE LIRE L7z (Photo 42), 72¥,
ID FHHIZLLFIZRT L 2Z, BIREBELXOV I T AEZNLRD,
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ID 375 Dl 1/8 — 001
7a 7R > U 7L No.
1/8 : BRI
S AR

Photo 37 Wrapping

Photo 40 Curing by bubble wrap Photo 41 Crate of buffer material blocks
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53 mEEH

531 XU bFA bETABDIER
IBG oE % T

Photo 42 Storage situation

WD, BERON M A M AW, BEIWRE LIZHOWT, &K

HBLOAF L 7N —REBONIEZIT > 72, Table 13 IZHBRMER L OHE L2 RT,

Table 13 Test item for mixed bentonite and silica sand

Materials Test item Frequency
Bentonite Water content (JIS A 1203) 1 sample every two days
(Kunigel V1) Adsorbed amount of methylene blue 1 sample (3 specimens]
(JBAS-107-91) P P
Water content (JIS A 1203) 1 sample every two days
Silica sand

(JBAS-107-91)

Adsorbed amount of methylene blue

1 sample (3 specimen)

Mixed bentonite
(buffer material)

Water content (JIS A 1203)

1 sample from every batch

(JBAS-107-91)

Adsorbed amount of methylene blue | 1 sample every two days

(3 specimens)

(1) &KLk

BAFIONRY A M7 =7 VDB IO A OEKEEZRE Lz, RAEVEEIT 3 RN
THEME L7, 3BOFEIE, Table 14 [ZR-T L5127 =4 /L V1 T 80%, VAT 0.1%Th -
2o F£72. BA L (BRAEZOEEMIMED OEKHIZOWTHRIE LR, FHIE 10.6% & 72
ST, BEMEFEOFEM %A Table 15 (2787,

Table 14 Water content of bentonite and silica sand

Mixing Water content (%)
batch No. Bentonite Silica sand
] 8.4 0.1
2 8.4 0.1
3 7.2 0.1

Average 8.0 0.1
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Table 15 Water content of buffer material

Mixin Mixin
bo’rcg Batch No, | YYafer content bo’rcﬁ Batch No, | 'Vater confent
No. /% No. /%
1 10.0 25 10.9
2 9.9 26 10.9
3 10.1 27 10.6
4 10.1 28 10.7
1 5 10.0 29 11.0
6 10.1 30 10.8
7 10.1 31 10.8
8 10.1 32 10.7
9 10.1 33 10.8
10 10.1 34 10.9
1 9.9 35 1.1
12 10.0 3 36 11.0
13 9.9 37 11.0
14 10.0 38 10.8
) 15 10.1 39 10.9
16 10.0 40 1.1
17 10.1 41 10.9
18 10.1 42 11.0
19 10.2 43 1.1
20 10.2 44 1.2
21 10.2 45 10.9
22 10.7 46 10.5
3 23 1.1 47 10.7
24 10.8
Average 10.5

(2) AFLYTL—RE=E

7=V N1 ETAWDIRE L Th DEEMMEL O M A MEGEREZWET H7-0OI12, 1’
ARIOY7 =7V N1 L ADAF LT N—REBEZEL, REREZER L, AFL 2T
JL— 35 BRBR D fE A Table 16 12, Mi&E#R% Fig. 16 (T,

IRA% ORI EHIX L TIT o 72 A F L o 7V — g BB O fE R % Table 17 12773, fH
T, REBROOEHB L=V h A MEAREZR L, TORRE, BEMM IO A MNE
AL 68.8%~T70.3% L7720, BIEL L7y h A MEEFE (70%) 126 LT, FREIT 2%FRE
ThHdHIEEMHER LT,

Table 16 Adsorbed amount of methylene blue for bentonite and silica sand

Material Adsorbed amount of methylene blue [mmol/100g]
Bentonite 94 92 90
Silica sand 0 0 0
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B e e B
80 - +AdsorbedamountofMethernebluel /‘

60

40
—y =0+ 0.92x R=10.99969
20

%

0 20 40 60 80 100

Adsorbed amount of methylene blue [mmol/100g]

Mixing rate of bentonite [%]

Fig. 16  Calibration curve of bentonite mixing rate

Table 17 Adsorbed amount of methylene blue for buffer material

Mixing Adsorbed amount of methylene blue [mmol/100g] | mixing rate of
batch No. | speciment | specimen2 | specimen3 | average | bentonite [%]
1 62 66 66 64.7 70.3
2 62 64 64 63.3 68.8
3 62 66 66 64.7 70.3

532 EM IOy Y

B 7 0 v 7 ORFHEEITREE 1.8 Mg/m3, &K 105 %0 0RE7T 2y 7, MRS
7y 7 T 299kg B LU 368kg & 70D, HilE ORGP Z 0.1 Mg/m3 & 95 & H&EIZ LT,
ZThENE£16kg 1 L NE20kg OFRZEHIPH & 72 DM, FBEM ~OERMREN D | W ENRE
%2 TEDZEIFETAIRETHD, TDD, BHERFORARITIRFERILV L RELL 2D L
INRE LT, B~ONEREREELEBEL, BET 2y 7 TREHFRAEICK L, +18kg @ 312
kg & L CHRUWEZBISA LT-, Z D%, BUEOEBICE I EEMEOM L7 En S REAEL RE L,
HEHRARICH L, +Tkg D 306kg & L7, £72. AT o v 7 OEBARBIIFRE 2 v 7 0O
FE BB, REHBEARICK L, 49kg D 37Tkg & LT,

TREMIE S 2R T 272D DOMEINZHOW T, 2N E TOFEFENS 300t LLE EFRE L7,
Ta sy ZE I AT oA R, 510~800t L o7m, £, BUWEL-T v v s o4V A BIR
ICTHERE L, IO O OENCRIT 7 ENBWZ L 2R LT,

YRR 7 0 > 7 OB HERIEH %, Table 1812, 7' v 7 JEXOJIEEFT % Fig. 17 (27,
F7-. HIEMEAHEL T Table 19 3 X O Table 20 (2. HITEIRM % Photo 43 12779, 2B, &C
D7 vy 7R D REMIZ IR LT,

_35_



JAEA-Research 2016-010

Table 18 Confirmation items of buffer material block

Confirmation item Reference value Frequency
Fan-shaped: 299+16 kg

Block mass Cylinder: 368+20 kg
(Dry density: 1.820.1 Mg/m3, Water content: 10.5 %)

Thickness of block 3505 mm
Fan-shaped: 299+13 or 7 kg Every block

Input of mixed bentonite Cylinder: 368+9 kg

Loaded force: over 300 ton

Compacting pressure Compacting pressure: over 10 MPa

Pressure holding time over 20 minutes

Visual check

(Photo of front, back, right, left, upper and bottom side) once monthly

Visual appearance

@
@
1\

(a) Fan-shaped block (b) Cylinder block
Fig. 17  Measure lines of buffer material block
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(a) Height direction (b) Radial direction
Photo 43 Measurement of block thickness

FEEM 7 0y 7 OB OWT, B CTOMEERIZMZ THitE L7 0 v 7 OFERE 2 3205 L
7o BEBILOEEICXL2M#REND, REDEETHATORITI N7 v 7 2B ETE 7,
SM81’5-E % Photo 44 35 £ O Photo 45 (2R, 728, ik L2 2 COEE Ik CD IR LT,

Tayap o8
B420/3 /1 /%

Ju.gD
Bft20/3 /1. /%

Jayso o/é
j ak2a/3 /L1¢

(e) Bottom | (f) Back
Photo 44 Visual appearance of fan-shaped block (ID: 1/8-016)

_38_



JAEA-Research 2016-010

(d) Upper

Joy4iD OO 5
“‘*20\?3{ 20

s P06
'Ilm 3}0 $
(e) Bottom (f) Back
Photo 45 Visual appearance of cylinder block (ID: S-006)
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6. HOHRLMDOHEME
6.1 HHER LM DLk

MO LM ORI OV TR, 8 2 RED £ & DTEARF IR SN2 %, IO FERBE
SN % kTG @ﬁbtﬁ%owg «/L%4L/LKM% HERER T 1.8 Mg/m3 2V R ST
Do NIANY THEREMERFRBR T, WRIE URL 534 L2EI (X V) Z AW BE8 0 R L
M@ﬁﬁgowfﬁﬂbto%®@% FRIERG O E OB L7 1 v 7 & LT Table 21 1274 1LkR

L)LT CATANY T HEREREERER CHEH L7 O = LM OERS T OB EBRIC DWW TR 5,

Table 21  Specification of backfilling material
Backfiling material for
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?) (using for Horonobe URL

Backfiling material block

Mixed water

construction)
Water content 33-39% 30 %
Dry density 1.2 Mg/ms3 1.4 Mg/ms3

6.2 FERAMHK

6.2.1 EHIL(XY)

(1) 32BWD T (RERE)

HLD R LM QBRI L7488 (X V)X, 1R4E URL O FENLHLOEER) 330 m~340 m DOFE
WNJEZHEH L72BIc A LiZb o Th Y ImEl (X V)ES f%@&éw%%mmfﬁﬁzo
mm LA FIZTR L7, 5200 T Szl L(XUNINESE O KM L0 9 4RITRE LT, 55
WO DFERIRDL & 55 V3 1T 12 OFEHI (X V) Dfk L% Photo 46 35 & O Photo 47 (2773, A
EZEIE. O R LM OHREf O o fi TR 92 L7iEl (X V) of$ & OF8 T30 L7,
TR OHEH] (X)) DKL EES A & Fig. 18 1287,

Photo 46 Sieving rock waste Photo 47 Rock waste after sieving
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= = Crashed stone 2005 (JIS 5005)

100 _‘—Q—test-l

|| —H—test-2
2 80
< L
)
o
2 L
1= 60
% L
o
O L
7 40
T |
E
93]
A L
& 20

: s |

0.01 0.1 1 10 100

Grain size /mm

Fig. 18  Grain size distribution of rock waste

(2) EXKEDBIE

RIEEFHEL U738l (X V)D& KA JISA 1203 10> THD H T LIZHIE L7-, Table 22
WG K EEDRERE B2 7T, EAKEITR KT 39. 7%, /N T 275 % Tdh-o7-, Table 22 [Tk L
7238 No.® 9 5, No.1~No.105 [THO KR L7 17 v 7 HIZ, No.106 LLRETisEfE o [E b H o
BUWRIZHERH Lz, GO IO R LM 7 v v 7 F T 33.6 %, H&EkiOEDH T 35.2%Th

-7,

6.22 N kF+A4 bk

ARy R A MEZ = 2 T8O Kunigel V1 2 H L7z, 7> b No.Z L&KL (JIS
A1203) %% L7-A55 % Table 23 12~ 9, S&KHIFRKRT11.2 %, S/METT.7T% ThoT,
SEEITHEO R LM 7 v v 7 T 9.0 %, REMDEDHT8.9%TH-o7-,
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Table 22 Water content of waste rock

Water content Water content Water content Water content
No. No. No. No.
% % % %
1 31.4 51 32.7 101 32.3 151 34.3
2 32.2 52 29.6 102 29.8 152 29.7
3 32.2 53 29.4 103 29.7 153 30.0
4 32.0 54 38.3 104 33.7 154 29.8
5 39.1 55 36.1 105 34.7 155 32.8
6 32.0 56 29.9 106 30.6 156 32.9
7 33.6 57 31.3 107 34.1 157 35.5
8 34.3 58 33.7 108 37.6 158 36.4
9 31.1 59 33.8 109 35.8 159 35.5
10 36.8 60 32.4 110 37.2 160 37.2
11 35.2 61 39.7 111 36.7 161 35.9
12 32.8 62 35.8 112 36.8 162 35.2
13 33.5 63 32.8 113 37.5 163 35.6
14 32.9 64 31.4 114 36.4 164 37.7
15 36.2 65 33.2 115 34.8 165 30.1
16 35.7 66 33.8 116 33.8 166 38.7
17 34.9 67 38.3 117 36.9 167 30.2
18 35.1 68 36.5 118 36.8 168 31.4
19 33.3 69 37.0 119 37.8 169 36.9
20 32.2 70 36.4 120 37.2 170 32.2
21 31.7 71 37.0 121 37.6 171 31.8
22 36.0 72 30.1 122 37.1 172 34.0
23 33.3 73 31.3 123 36.5 173 34.8
24 32.3 74 35.1 124 37.6 174 35.9
25 32.2 75 32.4 125 35.2 175 37.1
26 35.2 76 37.0 126 33.3 176 36.8
27 34.3 77 32.3 127 36.4 177 36.4
28 34.9 78 32.4 128 36.7 178 29.5
29 37.4 79 34.7 129 37.6 179 36.3
30 29.6 80 36.0 130 37.2 180 36.0
31 34.8 81 33.5 131 38.3 181 32.4
32 35.5 82 36.5 132 37.5 182 32.3
33 33.6 83 36.1 133 35.9 183 32.6
34 30.7 84 31.5 134 33.9 184 32.4
35 33.5 85 37.2 135 35.7 185 37.0
36 33.7 86 36.5 136 32.9 186 36.2
37 33.6 87 31.1 137 36.1 187 36.2
38 34.9 88 35.6 138 36.2
39 33.3 89 37.1 139 32.9
40 35.0 90 35.6 140 35.5
41 30.0 91 35.1 141 35.7
42 37.2 92 29.5 142 36.5
43 31.5 93 29.9 143 37.8
44 30.5 94 27.5 144 36.7
45 34.4 95 28.5 145 37.3
46 33.9 96 33.0 146 38.1
47 32.3 97 33.2 147 36.8
48 33.1 98 31.8 148 34.6
49 32.6 99 32.4 149 33.7
50 31.7 100 33.9 150 33.9

No.1~105 : For Buffering material block. No.106~187 : For compaction
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Table 23 Water content of bentonite (kunigel V1)

Lot No. Water content (%) Remark

306250 9.7

306255 8.3

306257 9.0

306260 9.0 . .
For Buffering material block

306262 9.8

306266 8.6

306267 8.8

306268 8.4

306321 7.7

306289 11.2 For compaction

306331 7.7

6.3 EHOHRLMDOEE EEEHOBEORSLV Ty I EER)

6.3.1 EHR LM DRE

PEHI (X V) &R M A FOIRAB LG KO L, WIEER BT o 2 — NI
R DR B 2R E L CTIiTo 72,

DB UM IR EFREE U724 H XY (HENE) 9:/\“/ FrA FEFHEL, a7 U— O
BEHOWIHMZRIFH—THERy hIFH—ICTRAE L, BHLEIFY—04E %
Photo 48 (2759, AEZIL, ﬁﬁi@&”@ﬁﬁﬁ%&ﬂﬁ_\%r O [ W it TARER ] oD
DR UMBE &g C3E L 7=,

REFRFONAKEORIEIL, HOR LM T vy 7 HIRE LI OWTIEIM B O EE BE L TRA
TR E BIEE A 30 %+2 %P 32 %A HAEL LC, RO E O RS LIc oW TORRA Lo
ﬁﬁaﬁﬁmw33%ww%®¢ﬁ1@36%%%E&L1mm%ﬁoto/ AW TIL,
Mﬂ®@é%%%ﬁﬁﬁmLﬁﬁ%@@@%@ﬁwioL%Hﬁgbto§¢Ltﬁwﬁbu
GIKEENEAL LR L S IR ORI+ 0 5 WIZEED TR E LTZ, — @%Wﬁﬁ%P@mw
W27,

Photo 48 Pot mixer
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e Win—r e
,?1‘?::"‘:" e 4 S

(e) Backfillig mterial ® Storag-e situatior;
Photo 49 Making backfilling material

6.3.2 mEEE

(1) ®HIEHE

ANTANY T HEREMERRBR 2BV T, REBRYLE 4 2 ORI OEREN L, HE L RO R
M7 ey 7 OBEBLOEERKDED HOMO R LM OKEEZEH L, $UEE21T-7-, 8/EK
% Table 24 (2”7,
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Table 24 Quantity of backfilling material
Quantity of backfilling material (1) Remark

For backfilling 141 Sandbags: 230
material block Blocks: 8700

For compaction 100 Sandbags:172

(2) &KL

BUWELZZHD B LIS L, Bkl A2 JISA 1203 ICit-> CHEM L7z, HORE LM T 1 v 7
M. BEROEOHIZOWT, ZRENEZNH L7 KB L0 54806 15 2 L, 1 &8Ifh&
1B 2 BRI U CEME L7, &/KERBRGS B4 Table 25 (ORd, HOR LM 7 1 v 7 HOYEE
KT 32.3 % (BEAEMHE 32 %) . #ia/Ekh O O HIRA L O E KT 837.1 % (B EfH 36 %) &
720 MREEEERY OO R M ERWET D Z LN TE T,

Table 25 Water content of backfilling material

No. Water content Remark No. Water content Remark
(%) (%)
1 30.0 16 39.6
2 31.8 17 35.7
3 34.0 18 34.7
4 27.9 19 39.2
5 31.8 20 38.2
6 33.5 21 36.0
7 31.9 22 37.6
8 34.4 For Backfiling | 23 38.9 For
9 33.7 material block 24 34.1 compaction
10 34.4 25 36.2
11 33.7 26 38.2
12 32.7 27 36.8
13 32.5 28 36.9
14 33.0 29 39.8
15 31.7 30 34.5
Ave. 32.3 Ave. 37.1

(3) Ny kA MEAE

TELTEMORE LM O A NMEGREZMHRT 5720, X M A b 100%3 L OHRH] -
(RY) (R FA 0% DAFLLTA—RERLZREL, MEREER LT,

AF L 7 —W B ORIER $ % Table 26 127k L, 1Bk L7-#E# 4 Fig. 19 127577,

Table 26 Adsorbed amount of methylene blue for bentonite and waste rock

Material Adsorbed amount of methylene blue [mmol/100g]
Bentonite 28 29 30
Waste rock 92 94 92
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Fig. 19 Calibration curve of bentonite mixing rate for backfilling material

Wiz, BELIEHORILMICH T AF LT —REEZEL, FERTERL-RERE
FIZEN Y F O b A MEERZRDZ, AF LT N—ERBIONRY A MEAR
DOFER % Table 27 12”77, 728, Table 27 & Table 25 (2R L7723y F No.Z[W U+ 9 %2R~
LTW5,

Ry M FA MEEFEOVEHIE, 7y 7 BWEAOMEO R LI T 38.9 %, #HaJEHi O [E & H O D
RLMT39.9%E720, MREELTH M A MNEAE 40 %DODE LM NEWETE -,
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Table 27 Adsorbed amount of methylene blue for backfilling material

Mixing Adsorbed amount of methylene blue [mmol/100g] | Mixing rate of
batch bentonite [% Remark
No. specimenl | specimen? | specimen3d average entonite [%]
1 58 58 58 58.0 45.5 For backfilling
2 56 55 56 55.7 41.9 material block
3 54 56 55 55.0 40.8
4 58 58 57 57.7 45.1
5 57 56 57 56.7 43.5
6 50 52 52 51.3 35.0
7 50 50 50 50.0 33.0
8 56 55 53 54.7 40.4
9 56 55 55 55.3 41.3
10 50 50 49 49.7 32.5
11 51 51 50 50.7 34.1
12 48 48 49 48.3 30.3
13 48 48 49 48.3 30.3
14 57 58 58 57.7 45.1
15 57 58 58 57.7 45.1
16 53 55 55 54.3 39.7 For compaction
17 53 55 53 53.7 38.8
18 52 53 54 53.0 37.7
19 54 55 55 54.7 40.4
20 52 53 53 52.7 37.2
21 53 56 55 54.7 40.4
22 56 56 56 56.0 42.4
23 57 56 56 56.3 42.9
24 53 55 54 54.0 39.3
25 56 55 57 56.0 42.4
26 53 55 55 54.3 39.7
27 56 55 56 55.7 41.9
28 53 52 53 52.7 37.2
29 52 55 54 53.7 38.8
30 54 55 55 54.7 40.4

6.4 HOHRLM ErEMOED)

AL OB D H OO R LM OBRYERL K OWEEEIZOWTIE, 6.3 TRk LzEBY ThHD
7=, AT 5,

6.5 BHRLHM IOV I DE4E

6.5.1 &k

(1) EBEHRELHMITOY I DR

HOR LM 7 2y 7 ORI, HaTomE 9 L v e, INTH., DR LOEENR %
ZE L, Table 28 IZ/RTHRICIRE LTz, 1H7-0 OERIL 16.38 kg & 725,

Table 28 Specification of backfilling material block

l[tfem Specification
Dry density (Mg/m3) 1.4
Dimension (mm) 300 x 300 x 100
Water confent (%) 30
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(2) ERAMFE S K VERABM

AT 2HENE, 6.3 TRELZ7 v v 7 BUWEHOEDE LM TH D (Table 25 35 L Y Table
27T 2, 7 vy 7 BRI U7 ERE A DTk % Table 29 12, #MElZ Photo 50 12737,
HOR M7 vy 7 ORWEIZIE, AR OEMERAE A 2 A L7,

Table 29 Specification of compacting machine for backfilling material

ltfem Specification
Nominal pressure (kN) 800
Dimension of machine (mm) 1,420x900%3,490
Mass of the machine (kg) 4,000
Hydraulic motor (kW) 22
Hydraulic tank (L) 80
Dimension of mold (mm) 300x300%300
Piston size (mm) 299%x299

3 e | P o Mg -
(a) Compacting machine (distant view) (b) Near view of mold and piston
Photo 50 Compacting machine for buffering material block

(3) HEFIE
HOR LM 7 ey 7 0offE7 n—% Fig. 20 (2~ 9, BWEO T2 TREZ LI TFIORT & & i,
Photo 51 (Z#fER I 27, BAEITFLRTTN O T CiTo 7,

JEMARRRE O ik, @RS

HOR LM RS LosHE

BTN ~OIEHR A B L

) LT AR O ARG B IR > — b O E
JERRRAY, e PR

SRNNEOT ry ZHREHL

7wy 7 OSE EERE

7wy 7 SMBLERE

CISICIGICISICHS
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Dimension,
Mass, Appearance

Fig. 20  Flowchart of compacting backfilling material block

@ Input material to mold and planarize the @ Putting a sheet on planarised surface (to

surface avoid material attaching to piston)
Photo 51 Making backfilling material block (1/2)
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(@ Dimension check Check appearance
Photo 51 Making backfilling material block (2/2)

(4) Ba. RE

BYELTHOR M7 vy 713, HEB KO OREGE O T4 IR a2l <Teoic 7 v
TTERAL, VY TS L OEMREEOR 505725 ID #F 52 H L7ok, @ikl L O
ROy MIHHE LTz, ID F 5 OR#Ep 2 L TR T,

ID &5 D1 __ 0001 — 1
<1 7L No. JE A R R R 5
(1 %7122

Ny b 1B, 3%IX3F5IX6 B (554 f) ZFEEL7-, ikl L OREDBIZIE, #
ORI Ty 7 OBEE T2, Ny MK 2EREAETE L, IREMN0CCLLT RS
RN E D ICIREEHE SN R EICRE LT, ek XL OMRERILIZ SV T Photo 52 35 X OF Photo
53 12757,
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(a) Wrapping

6.5.2 mEEE

(b) Packing for storage
Photo 52 Curing backfilling material blocks

Photo 53 Storage situation

WEAE DR IR 92 K, HOR M7 v vy 7 OEEHIEH I XL OB 4 Table 30 (2R

TEICHRELTZ, LLTIZ, ZRLENDOIEBEIZHOW T O

M e & TR

Table 30 Quality control items

ltem Setup value Control criteria Frequency
Number of blocks 8700 - -
Material input 16.38 kg +1 % (£0.16 kg)

. Gauge pressure: 230 kg/cm?
Compacting pressure Compacting pressure: 7.1 MPa Every block
Compression rate 30 mm/s -
Compression time 40s 25
Dimension of block 300mmx300mmx100mm +2 mm

2 blocks/day

Block mass 16.38 kg 1%

Block appearance

No significant crack, edge defect

1 block/month

Storage

Confirmation of storage situation by |

visual or photo

3 times during
storage
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(1) BHEHE

AT THEREMEZRRRICB W THE L RO RE LM 7 a v 7 % 8700 HBEL /-, bliEk:
OB Z TEX 570/ ELT572012, BELZ 8700 HD 5 5 609 iz > Cik, Bl
ML A L7, YW Tgo~7 vy 7 #ONRIZHOWT Table 31 12757,

Table 31 List of number of blocks

Size (mm) Number of blocks
Standard 300x300%100 8091
1/2 of standard 300x150%100 580
1/3 of standard 300x100%x100 451
2/3 of standard 300%200%100 250

(2) MEBAE. BREEAH. EfEERE. EfEREERE

POEHREN &, BRBUE ), FEMGEE, JEARCREFIRE O W ERE & P L C Table 32 127§, &7
2oy 7Sk D MERS R ERIE T T 2, MEHRARIL, 7T ey 7 BYEROSERE 90
5. E/KE 30 %. BOUFNE 90 %D LR 1.389 Mg/m3 A JL R L7z 16.25kg IR E L7z, =
DOBE OFEE LD 16.38 kg & OFETEFILMEM TH 5+0.16 kg LN TH 5, Table 32 726, #
BHEA RSN+ ICE B SNEES N2 &3 005,

BURIIZEMR A 2 BV, 1 BH-0V D1 H (8 HE) ToORYEEEILR AT 50 fHFLE
Tho7T,

Table 32 Material input, compacting pressure, and compression rate and time
(Extracted data)

Material input Compacting Compression Compression
ID Measured value Difference from pressure rate time

(kg) sefup value (kg) (MPa) (mm/s) (s)
0001-1 16.25 -0.13 7.1 30 40
0100-1 16.25 -0.13 7.1 30 40
1000-2 16.25 -0.13 7.1 30 40
2000-1 16.25 -0.13 7.1 30 40
5000-1 16.25 -0.13 7.1 30 40
8000-2 16.25 -0.13 7.1 30 40
8700-2 16.25 -0.13 7.1 30 40

(3) T%. B2

FYELIZHD R LM 7 e v 7 OFEBLOEEZHE Lz, T, T2 ORI
KU T B YEZITo T HOTFRIB IOV 1 HH OO R L7 vy 7 ZfEHE L U CERM LT,
FEREEIT > 72DIX 639 H TH 5, ~HEOWPENE X Fig. 21 17T L9512, WEBXOLK
WT%%%MZ@%\HﬁﬁT4@%T%éO@Ehﬁ%meMkiUme%K\wih
ROPF% Table 33 12, 7ol WE LT — X I3f#kcBE4 5,

SPEOEE)E, W 51h : 300.8 mm, L 5 : 300.8 mm. H 51\ : 100.0 mm THY . HED
)L 16.230 kg Th oo, ZHDLDOFERND, SHEBLOERICOWTHARRE @@T (ZHUE
ENT-Z RN 5,

1 L2
w2 g
M1 )2
,"’ -
- H3
H4

IEm
Fig. 21 Measure lines of backfilling material block dimension
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Photo 55 Mass measurement

Table 33 Dimension of extracted backfilling material blocks (Extracted data)

D W (mm) L (mm) H (mm) Mass
W1 W2 Ave. L1 L2 Ave. H1 H2 H3 H4 Ave. | (kg)

0001-1] 301.11] 300.91[ 301.0[ 301.09| 301.04] 301.1] 101.10] 100.80| 100.69| 100.39| 100.7{ 16.230
1279-2 | 300.99| 301.03] 301.0 300.99| 300.99| 301.0] 100.77] 100.70| 100.60| 100.62| 100.7| 16.230
2716-1] 300.80| 300.83] 300.8| 300.79| 300.72| 300.8] 99.70] 99.68| 99.80| 99.60[ 99.7| 16.230
4320-1| 300.77| 300.78[ 300.8| 300.75| 300.76] 300.8] 99.86] 99.78| 99.76] 99.79 99.8| 16.235
6071-2| 300.69| 300.70/ 300.7| 300.71] 300.70] 300.7| 100.20{ 100.10[ 100.00{ 100.08] 100.1] 16.240
7400-1| 300.81{ 300.80] 300.8] 300.82| 300.79] 300.8| 99.80| 99.83] 99.80[ 99.82| 99.8| 16.235
8338-2 | 300.82| 300.78| 300.8| 300.92[ 300.79| 300.9| 100.13] 99.91] 99.69| 99.61 99.8| 16.235
8700-2 | 300.98| 300.96] 301.0] 300.89| 300.95| 300.?] 100.07] 100.06] 99.70] 100.11| 100.0{ 16.230
Average of 639 blocks | 300.8 300.8 100.0] 16.230

(4) ELIREE
FE@) THIH LD R LM T a vy Z7I2OoWT, FNENREEZEH LT,
WA U723 B LA O & K 832.83 % (Table 25 2/R) 6 L O EE KL 30

FHEIC T RUE
%% FHVN T2,

ZOFEF, i L7271 > 7 639 ([HOEEMIEEE L 1.794 Mg/m3 & 720 | WRE X 1.356
Mg/ m3 (/Kb 82.3%) L0 1.380 Mg/ m3 (F7Kk 80.0 %) Th-olo, DR LM OFHEE

KEE 82.3 % & W T

FHAR Lo B OFE R O —{ % Table 34 (2737, i, &7 —Z 13Tk

ZHeH L7z,
Table 34 Dry density of extracted backfilling material blocks (Extracted data)
Dry densit

D Mass Average length {mm) Volume Wet density (I?;\g/ m3)y

(kg) W L H (m?3) (Mg/ m3)  [water content
32.3%

0001-1 16.230 301.0 301.1 100.7 9.13x103 1.778 1.344]
1279-2 16.230 301.0 301.0 100.7 9.12x103 1.779 1.345
2716-1 16.230 300.8 300.8 99.7 9.02x103 1.799 1.360
4320-1 16.235 300.8 300.8 99.8 9.03 x103 1.798 1.359
6071-2 16.240 300.7 300.7 100.1 9.11 x103 1.794 1.356
7400-1 16.235 300.8 300.8 99.8 9.03x103 1.798 1.359
8338-2 16.235 300.8 300.9 99.8 9.03 x103 1.797 1.358
8700-2 16.230 301.0 300.9 100.0 9.06 x103 1.792 1.355
Average of 639 blocks 1.794 1.356
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(5) 4MER

SO FEZRITBERFICHER T > TR Y . B S NCOVEINR RIS, HEIEHO S — ok
ABIRERRENTbOTMIE Lz, SYEHH S, OL A 1 ERECHDR LM T 1 v 7 24k
L, RimREBERY Lz, R M OIERI Fig. 21 IR L7z i & Lz, —#i& LT Photo 56
(2 ID: 5474-2 DAVBLA R, MMOIRE T — #1346k CD I8 L7z, RIS, KA % FE Tl
HOARITODIRVEOR LM T vy 7 NRPETE T,

(a) Front

(d) Left

—

(e) Upper | (f) Bottom
Photo 56 Visual appearance of a backfilling material block (ID: 5474-2)
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7. F&ED

WRAE RSB FE RN Z 331 2 N TN U T REMERRERBR IZ DWW\ T, M N TOBE TIZ LB 72 5
FOBEL O - BUER 20 L=, AMEIL, TORER L OWEEHERIC OV TGRREZH 0
Th b,
> K AEHRHIBE DB
Wy b Z R LR BRIL A IBE T A 700, KAROr— v JHialis 2 BR%. 8E
L7z, i B2 T, JRALE SRS OME 2 FFoe L 2 L& O CHREIRBR 21T\, 7—
YIHHIB IO = T OB X ENFRETH D T L R LT,
> A — =Ry 7 OfYE
RFEM (SFVC1) Z#xE L., RSB IO ETOZE, 2R/ DT 5 HKAE L, NEIC
EBbLVEAND ZETEBEOA— =Ry 7 OEEEZHE L, $72, WEICEYRE L
TERKE—F—452HEL, BYREKRE L TOLA NV E BT DMEEE L,

> KRR T ey 7 ORE
i L4y EHIRGBR MRk 72 & D EEN S, T uw ZIXHBE G 8 SEIORFIEE L, b
OT7 oy 7IFHERE Lz, BRI L 7y 7 28 UEL, B - BEEZT-0H0
FTERL, RS L,

> HOR LM ORYE
HOR LI, SEROED TEBLIOHEO R 7 a vy 7 & L, i1BEIE(XY) : R A
k=614 OO L 2 8E L7z, EEH ECX V)RR % 20mm DL & L, SKEE2FEE L
RINBHRY A REMAZ, BVIRECTEYEL 7, SYELZHO R LM ITREEE <729
NS EDORAI LD HIRITRE Lz, T, BUELTZHOR LM 2 EMERE L, MR
M7 ay s #8ELEZ, HOEILM 7y ORE I, BHETOANCEIIT 2%
L. 300 mmx300 mm X100 mm & L7,

HEE

AT OWNEIL, BRETRHEITZERTE T Aok i iE (G5 L)) FHECBWTHEES
oo FREITHTIZ - T, KEL » KA« ZIHEARERE SR THELFEMEEROREDAK G JHER
s —) KEEZK, BEERRZIZICDETLLOREBREDT ~ D ZH 12 0WiziZnwi,
ZO%EMED T, 2O OBRAIZRSEILE L ET2RETH 5,
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