
Block Handling TechniqueBlock Handling Technique
Results of Vacuum Suction Cup Performance Test 

(Example: Static Grip Performance)(Example: Static Grip Performance)

The gripping force to bentonite block with 30~50% sand is as same as gripping 
the steel plate
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the steel plate.



Block Handling TechniqueBlock Handling Technique
Vacuum Suction Cup Performance Test with Full-Scale Ring Assembled Blocks

Hoisting Frame with                
4 Vacuum Suction Cups

Full-Scale Ring
Shape:Φ2260 mm x H300 mm

Assembled 8 Pieces Blocks 
with Steel Band 

Weight: 2.3 t

Vacuum Suction CupVacuum Suction Cup
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Results of The Block methodResults of The Block method

Bentonite blocks with dry density of 1.97-1.98Mg/m3

were compacted 20~30Mpa using 20kN of single-axis 
press machinepress machine.

The block construction system against degradation process 
t b id d t t t b l b tmust be considered a water content balance between 

block and surrounding condition in repository tunnel
including effects of air conditioning and ventilationincluding effects of air conditioning and ventilation 
system, etc.

Four vacuum suction cups was evaluated that it hasFour vacuum suction cups was evaluated that it has 
sufficient capacity to handle a full-scale ring assembled 
bentonite blocks.
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Today’s PresentationToday’s Presentation

BLOCK METHODBLOCK METHOD
Bentonite Block Manufacturing Technique  - Single Axis Static Compaction
Degradation of Bentonite Block at atmospheric conditionDegradation of Bentonite Block at atmospheric condition
Bentonite Block Remote Handling Technique - Vacuum Suction Cup

PELLET FILLING METHOD
Selection of Pellet MaterialSelection of Pellet Material
Design of Feed & Filling Method of Pellet Material
Full-Scale Pellet Filling Test - Evaluation of Feed and Filling Performance

IN-SITU COMPACTION METHOD
P d f I it C ti I F b S tProcedure of In-situ Compaction - Inner Frame-box System
In-situ Compaction Technique - Full-Scale Compaction Test 

14Session 3 – Paper N°11 –Satohito TOGURI（RWMC）



Selection of Pellet MaterialSelection of Pellet Material
Techniques for Pellet Forming

Compaction Chunk Drying / Freezing

Spray DrySpray Dry

Aggregation  

Crushed Block / 
Ore
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Pellet Filling Equipment
Full Scale Pellet Filling TestFull Scale Pellet Filling Test

Screw 
Conveyor
Hopper
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Simulated Disposal Drift
FullFull--Scale Pellet Filling TestScale Pellet Filling Test

Simulated Disposal Drift

6.0m
2.2m

Overpack 
(Dummy)

0.82m

Drift WallDrift Wall
Bentonite Block 

(Dummy)
Acrylic Resin Panel (Clear)

DummyDummy 
Overpack & 
Bentonite 

Block
Simulated Drift 

Assembly

17Session 3 – Paper N°11 –Satohito TOGURI（RWMC）



Results : Average Dry Density & Operation Time

Evaluation of Feed and Filling PerformanceEvaluation of Feed and Filling Performance

Results : Average Dry Density & Operation Time

Phase.2

rp
ac

k 
m

m
y)

.8
4m

Overpack Overpack
O

ve (D
u m

Φ
0 Overpack 

(Dummy)

Ph 1

Overpack 
(Dummy)

Filled Pellet Phase.1

Amount of Material Operation Time Filling Speed

Weight (Mg) Volume(m3) h:m m3/h

Phase 1 2.67 2.06 0:42 2.94

Phase 2 6.12 4.74 1:57 2.43

Total 8.79 6.80 2:39 2.57

Average Dry Density (Mg/m3) 1 29
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Average Dry Density (Mg/m ) 1.29



Results : Detail of Local Point View

Evaluation of Feed and Filling PerformanceEvaluation of Feed and Filling Performance

Drift WallTunnel Wall

Upper part  (front view) 
(Phase 1)

Upper part (cross section view)

Drift Wall

Tunnel Wall

(Phase.1)

Tunnel Wall

Upper part (front view)
Angle of Repose : 35~40°
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Upper part (front view) 
(Phase.2)



Evaluation of Feed and Filling PerformanceEvaluation of Feed and Filling Performance
Results: Dry Density Distributiony y

RI density meter

Explanatory note:
angle direction of tunnel axis (cm)

1 2
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Results of dry density distribution on GL100cm (Sample)
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Results of dry density distribution on GL100cm (Sample)



Results :Tendency of Dry Density Distribution

Evaluation of Feed and Filling PerformanceEvaluation of Feed and Filling Performance
y y y
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Relation between Excavated Buffer Level and Dry Density

1 1.1 1.2 1.3 1.4
Dry density (Mg/m3)
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Results : Tendency of Grain Size Distribution

Evaluation of Feed and Filling PerformanceEvaluation of Feed and Filling Performance

1 4

1.5

220cm 190cm 160cm 130cm
100cm 70cm 40cm

Explanatory note: excavated buffer level
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Relation between Percentage by Weight and Dry Density



Results of The Pellet Filling MethodResults of The Pellet Filling Method

Bentonite pellet can be filled into a disposal tunnel
without creating voids by using a screw conveyor andwithout creating voids by using a screw conveyor and
filling system.

The screw conveyors are excellent to convey and fillThe screw conveyors are excellent to convey and fill
pellet because of their ability to maintain conveyance
capacity and minimize dust generation.p y g

The system could reduce low-dry density regions tend to
occur because of material segregationoccur because of material segregation.

The average of dry density of 1.29 Mg/m3 was obtained.
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Today’s PresentationToday’s Presentation

BLOCK METHODBLOCK METHOD
Bentonite Block Manufacturing Technique  - Single Axis Static Compaction

Degradation of Bentonite Block at atmospheric conditionDegradation of Bentonite Block at atmospheric condition

Bentonite Block Remote Handling Technique - Vacuum Suction Cup

PELLET FILLING METHOD
Selection of Pellet MaterialSelection of Pellet Material
Design of Feed & Filling Method of Pellet Material
Full-Scale Pellet Filling Test - Evaluation of Feed and Filling Performance

IN-SITU COMPACTION METHOD
P d f I it C ti I F b S tProcedure of In-situ Compaction - Inner Frame-box System

In-situ Compaction Technique - Full-Scale Compaction Test

24Session 3 – Paper N°11 –Satohito TOGURI（RWMC）



Construction Procedure of InConstruction Procedure of In--situ Compaction Methodsitu Compaction Method

Disposal TunnelDisposal Tunnel

Weight

①Compaction 
of lower part 

②Compaction 
of the side 

Disposal TunnelDisposal Tunnel

Weight

Weight

Inner Frame-box 

Buffer material Buffer material

Weight

Disposal Tunnel
③Emplacement 

of waste form 
④Compaction 

of upper part 

Disposal Tunnel

Waste Package Waste Package

pp p

Buffer material

g

Buffer material

Waste Package
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Procedure of Full Scale Compaction TestProcedure of Full Scale Compaction Test

Dynamic Compaction Machine

C t Pit( 2360 ）

Inner Frame-box(φ860mm）

C d B ff M i l

Concrete Pit(φ2360mm）

Compaction Equipment of Inner Frame-box System 

Compacted Buffer Material 
(1.6~1.8Mg/m3)

Step.2 
Dropped the Weight

Step.1
Set Inner Frame-box

Step.3
Remove Inner Frame-box

2360

Sh ft 100k

Inner

Wire

32
60 Clearance

weigt-pit:50mm
685 685

Weight 2000kg

Shaft 100kg

Inner Frame-
Box

Wire

Concrete Pit
(t=400)

Inner 
Frame-Box

860

Clearance
Weight-inner15mm

Buffer material

Box

Buffer material
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Full Scale Compaction Test with Inner FrameFull Scale Compaction Test with Inner Frame--boxbox

Weight

Inner Frame-box
（φ860mm)

Weight

Weight

Squeezing and Removing Inner Frame-boxCompaction Equipment and Test Pit

Concrete Pit
（φ2360mm））

Inside Wall of Compacted BentoniteCompacted Bentonite with Center hole
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Inside Wall of Compacted BentoniteCompacted Bentonite with Center hole



Full Scale Compaction Test with Inner FrameFull Scale Compaction Test with Inner Frame

C di i d R l f C i TConditions and Results of Compaction Tests

L
Compaction

E
Total

N b

Total  
Compactio Weight of  

t i l
Water

C t t
Layer 

Thi k
Dry density
(A )Layer Energy

(Ec)
Number 
of Drop

p
n Energy 

(Ec)

material
(kg)

Content
(%)

Thickness 
(cm)

(Average)
(Mg/m3)

S1 0.2 20 4.0 701.4 14.4 9.82 1.646

S2 0.15 20 3.0 729.1 14.5 10.45 1.607

S3 0.3 16 4.8 715.8 14.6 10.70 1.540

S4 0 3 24 7 2 697 6 14 4 9 30 1 729S4 0.3 24 7.2 697.6 14.4 9.30 1.729

S5 0.4 16 6.4 708.9 14.2 9.94 1.647

S6 0.05 (20),   0.1 (20)
0 2 (20) 0 3 (20) 80 13.0 702.6 14.6 8.87 1.8240.2  (20),  0.3 (20)

S7 0.1(32),  0.2(16) 48 6.4 1068.8 14.5 15.32 1.607

S8 0.1(24),  0.2(24) 48 7.2 1394.5 14.7 20.12 1.594

S9 0.1 32 3.2 705.6 14.8 10.47 1.548

Total － 348 65.5 9560.5 14.5 133.91 1.644
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Full Scale Compaction Test with Inner FrameFull Scale Compaction Test with Inner Frame
Core Sampling Positionsp g

S8

Clearance Weight-Pit
(37～54mm，Ave.50mm)

Up

754mm737mm Up Layer

Middle LayerS6

S7

A3 A2 A1 C1 C2 C3
Middle Layer

Down Layer

S3

S4

S5

S6

Sectioned into 3 
to 6 fragments

Clearance Inner-weight
( )

S1

S2

S3 to 6 fragments(15mm)

Down
Sampling Points (Horizontal) Sampling Points (Vertical)

Down

The average dry density of each layer was in the range of 1.27-1.77 Mg/m3. 
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Results of  The InResults of  The In--situ Compaction Methodsitu Compaction Method

Maximum dry density of 1.82 Mg/m3 was achieved by
applying the impact energy of 0.15 Ec (1Ec=5.5 kJ/m3) or
hi h i h ihigher using the compaction test system.

The dry density of core samples were in the range of 1.27-
1.77 Mg/m3, with a trend of lower dry densities near the inner
frame-box and in the lower part of each layer.

For the waste package emplacement pit formed by the inner
frame-box, no exfoliation or damage, that cause difficulties to

l ff i f b demplacement or affect on its performance, were observed.
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Technical feasibility of EBS construction technologies was widely evaluated through 
these full scale demonstration

Conclusion : Conclusion : EBS constructionEBS construction TechnologiesTechnologies

these full-scale demonstration.
Bentonite Block Handling TechniqueBentonite Block Handling Technique

(Vacuum Suction Cup)(Vacuum Suction Cup)
Bentonite Block Handling TechniqueBentonite Block Handling Technique

(Vacuum Suction Cup)(Vacuum Suction Cup)
Bentonite Pellet Filling TechniqueBentonite Pellet Filling Technique

(Screw Feeder)(Screw Feeder)
Bentonite Pellet Filling TechniqueBentonite Pellet Filling Technique

(Screw Feeder)(Screw Feeder)

Hoisting frame with
4 Vacuum Suction Cups

Simulated disposal drift

Result of full-scale
filling test

Compaction System
2.2
m

Compacted buffer 
Material

Next Presentation #12

InIn--situ compaction Techniquesitu compaction Technique
(Full(Full--Scale Dynamic Compaction)Scale Dynamic Compaction)

InIn--situ compaction Techniquesitu compaction Technique
(Full(Full--Scale Dynamic Compaction)Scale Dynamic Compaction)

PrePre--Assembled ConceptAssembled ConceptPrePre--Assembled ConceptAssembled Concept
Next Presentation #12
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