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Program of Symposium

10:00~10:05 KR
10:05~12:00 [Lecture Group-1]
1) “Current status of LLW buried disposal business and efforts to advance technology by JNFL”
(Dr. Tai Sasaki : JNFL)
2) “RWMC’s R&D for intermediate depth disposal” (Mr. Hiroshi Fujihara: RWMC)

3) “Basic concept of disposal facility and development status of disposal technology for wastes from research
facilities, etc.” (Dr. Akihiro Sakai : JAEA)

12:00~13:00 [Break]

13:00~14:50 [Lecture Group-2]

4) ”R&D on influences of gas generation on geological disposal of TRU waste* (Mr. Naoki Fujii: RWMC)

5) “Recent developments in groundwater dating technology for long-term groundwater dynamics evaluation in

geological disposal of radioactive waste” (Dr. Kotaro Nakata: CRIEPI)
6) “Numerical assessment of a hybrid approach for simulating three-dimensional flow and advective transport in
fractured rocks” (Prof. Chuen-Fa Ni, National Central University of Taiwan)

14:50~15:00 [ Short break]
15:00~16:55 [ [Lecture Group-3 ]
7) “Current status of NUMO's efforts to advance geological environment modeling technology”
(Dr. Hironori Onoe : NUMO)
8) “R&D on changes in hydraulic response, crack connectivity during shaft excavation at Horonobe URL”
(Dr. Yusuke Ozaki: JAEA):

9) “Uncertainty in flow and mass transport modelling of fractured media”

(Dr. Masahiro Uchida: Fracture Flow Solutions ./ "Former, JAEA)
16:55~17:00 [ Closing remarks ]
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Preface &

JNFL

> JNFL's Low-Level Radioactive Waste Burial Center has been in
operation since 1992, and the No. 2 Waste Burial Facility since
2000.

Approximately 330,000 drums of waste have already been buried.

In August 2018, the company applied for a business change permit
for the expansion of the No. 3 waste burial facility and received the
permit on July 21, 2021.

» The review is based on the "Regulations Concerning Standards for
Location, Structure and Equipment of Class II Landfill Facilities
enacted in 2013 (partially amended in December 2019) by
NRA(Nuclear Regulation Authority).

» This section provides an overview of the facility and its design.

Y VYV




Progress of LLW disposal business @’

JNFL

1984 July FEPC(The Federation of Electric Power Companies of Japan) chairman asked the
Aomori Governor and the Rokkasho Mayor for establishment of three nuclear fuel
cycle facilities.

« 1985 Apr. The Governor and the Mayor accepted the FEPC's proposal.
« 1985 July Establishment of JINFI (the former company of JNFL)
« 1988 Apr. Application for business permission
(for construction & operation of No.1 disposal facility)
« 1990 Nowv. Its approval & start-up of construction of the Rokkasho LLW Disposal Center
« 1992 July Merger between JNFS and JNFI (precursors of JNFL), Establishment of INFL
« 1992 Dec. Start-up of The Rokkasho LLW Disposal Center (No.1 disposal facility)
« 1997 Jan. Application for the change of business
(for construction & operation of No.2 disposal facility)
« 2000 Oct. Its approval & start-up of the No.2 disposal facility
« 2013 Dec. NRA establish “Standards for the Location, Structure, and Equipment of

Category 2 Waste Disposal Facility”
NRA :The new regulatory body, reorganized after the Fukushima-Daiichi Accident
« 2018 Aug. Application for the change of business
(for construction & operation of No.3 disposal facility)
2021  July Its approval & start-up of the No.3 disposal facility




Classification of radioactive waste

&

J NFL

Type of waste

Example of waste

Disposal method

Waste from Nuclear Fuel Cycle Facilities

Waste from NPPs

Waste below clearance
level(treatable as non-
radioactive material)

Most waste from
decommissioning NPPs,
etc.

Recycling/disposal as non-
radioactive material

Very low-level
radioactive waste
(L3)

Concrete, metal, etc.

Trench disposal
Near-surface disposal
without engineered
barriers

Relatively low-level
radioactive waste
(L2)

LLW

Solidified liquid waste,
spent equipment,
consumables, etc.

Disposal at concrete vault
Near-surface disposal with
engineered barriers

Relatively high —
level radioactive
waste (L1)

Control rod, Core-
internals, Solidified liquid
waste, etc.

Intermediate depth
(over70m) disposal with
engineered barriers

Relatively much
volume of long half-
lifetime nuclides

Solidified fuel assembly
parts, etc.

High-level radioactive
waste

Vitrified waste

Geological disposal (over
300m)
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Waste
JNFL
Facility No.1 No.1. No.2, No.3
Type of Homogeneously- Solidified dry actlve‘waste __
waste solidified waste Encapsulated Melting-solidified
waste package waste package
Image of
waste
package
E;gtec: Cgpnednetnrséi?nl’l %ﬂ:d’ Dry active waste Dry active waste
Solidified | Cement, asphalt
material or plastic Mortar Mortar




Outline of Disposal Facility

JNFL

Shaft $
Inspection
Tunnel
Vault =
Shaft
Plan 1] 20 40m
/F:Porous Concrete Layers
; Inspection
tunnel
Waste Packages
0 2 4m

A—A section

- 40Vault (1Vault: 24m X 24m X 6m)

- 16block.” 1Vault

- Waste Package :320drums.” 1block

- Total Capacity :204,800drums

- Arrangement :8column X brow X 8layers
- Waste :: Solidified dry active waste

Shaft

Inspection
Tunnel
Vault
Shaf
t
Plan 1] 20 40m

Inspection tunnel

X i

Waste .Pa‘."“,"‘gf" s . Porous Concrete Layers

Drain . . o
Pipe A—A section
- N

- 16Vault(1Vault:36m X 37m X 7m)

- 36block.” 1Vault

- Waste Package :360drums.” 1block
- Total Capacity :207,360drums
- Arrangement :8column X brow X 9layers
- Homogeneously—solidified waste
Waste :: Solidified dry active waste

Vault

Inspection Gallery

Jlnsiection Shaft
Al
A
0

20 40m
s e s e

Plan

Inspection Shaft
,~Drain

Waste Porous Concrete Layers
Inspection Gallery 0 5 1%

s s s s

A—A section

- 8Vault (1Vault:64m X 37m X 7m)

- 66block.” 1Vault

- Waste Package :400drums.” 1block

- Total Capacity :211,200drums

- Arrangement :8column X 5row X 10layers
- Waste

:: Solidified dry active waste




Disposal Facility (Rokkasho No.1)

JNFL

Disposal site
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Inspection tunnel Reinforced concrete vault Porous concrete Waste




Cover Soil {0

JNFL

No.3 specification
Inspection shaft . :
oA NYRDVON YRDVON YRVDN YRDVDN YRDVPV 1 Low-permeability cover soil
-bentonite sand mixture
Upper cover soil 2m

Low-permeability cover soil

Lower cover soil
-locally-produced soil & clay
-2m

Upper cover sail
-locally-produced soil
-To grand surface

No,1 No.2
AAI:AA A ahd AAA‘AbA.AI.AfA NV YEDVON YEDVDY TRVPV 1 AAAAAI:AAAA A ahd AABA_AI_.EAAAA OV TEDVON TEDVOV TEDVYY YEDVDY YEDVPY 1Y
ow-permeabili . ow-permeabili )
per! Y Upper cover soil per! y Upper cover soil
cover soil . cover soil

Inspection tunnel Inspection tunnel




Drainage monitoring system

JNFL

The waste packages should be installed in such a way that water entering the burial facility can be

drained and collected during the period between the start of acceptance of the radioactive waste to
be buried and the completion of the soil covering.

Plan image A-A’ cross section (when soil A-A’ cross section (after
lining is applied) completion of soil lining)
Ins ecti Inspection R .
1
. ipe (Steel ' h Removal section
on Plpe Eipe section) L= Construction of
8] - il
(Nos) ® :Drainage pipe . soil cover
Inspection Filling of the
8 — 187 O(:é:SplecFion pipe " chamber d inspection room
eel pipe
section) | = Porous
[] :Inspection pipe L Concrete layer Porous
& & (Inspection Concrete layer
chamber) Drainage pipe
8 AE Water collection | [ ----- Drainage pipe
A tank
Inspecti
No.2
on
tunnel Filling of the
(N0.1 . ® :Drainage pip¢g Inspection tunnel Inspection tunnel
2)

[]: Shaft

D . Inspection

tunnel

Porous
Concrete layer

Drainage pipe

Water collection
tank

Porous
Concrete layer

Drainage pipe

10



Operation and Control Stage @’

J NFL

Completion of soil coveringV Start of decommissioning PhasevV

Start of acceptance~
Completion of soil covering

Phase Completion of soil covering~decommissioning Phase

27 years after the start of

Sl burial (In case of No. 3)

300 years after completion of covering

Conce | Prevention of leakage by burial

ot facilities. etc Migration control by burial facilities and surrounding soil, etc.

« Establishment of burial preservation area, installation of tags at the burial site / Patrol and
inspection of the burial site, repair of buried facilities and soil cover, etc.

» Restoration of buried facilities and soil cover, etc. / Environmental monitoring

 Periodic evaluation, etc., and monitoring of groundwater conditions related to the functions

of engineered and natural barriers necessary for such evaluation, etc.

» Monitoring of groundwater conditions related to the function of engineered barriers and

natural barriers necessary for periodic evaluations, etc.

Establishment of a perimeter monitoring zone

» Monitoring of radiation dose and concentration of radioactive materials in groundwater in the
vicinity of the boundary of the monitoring area

« Prohibit the use of stream water, restrict excavation, and prohibit habitation.

S|ieop juswabeue|y

« Drainage by

drainage/monitoring facilities
» Monitoring of no leakage
(drainage/monitoring
facilities)

« Monitoring of leakage (near buried site, near site
boundary)

11




Safety Features and Structure of Disposal Facllity

&

JNFL

Safety functions

Before closure

Period until covering soil

Period after covering soil

Containment

O
(RC vault and porous concrete layer)

Migration _ O
retardation (RC vault and cover soils)
Shielding O O .
(RC vault) (Cover soils)
Upper cover soil —»
| I N N | . _»
RC vault i I - Cover _ Lower cover soil —
m — soil
CO_nCEptual [} | Low-permeability | ]
diagram Porous $H a cover soil u ]
concrete ] ] = | |
I [ |
| I N N I I | RC Vault

<Remarks> O: functions are expected, —: functions are not expected, (): elements providing functions

12



Design of Containment

JNFL

Legend Expected safety functions
Elements Water q . . . . .
Part | ement Prevention of water infiltration Prevention of radionuclide leakage
Reinforced concrete [[]| —> @) ) o O
Preventing water infiltration ina leakage th h vaul
(bottom)
Porous concrete L O Draining infiltrated water O Collecting contaminated water
Filing mortar - O _ —
: I - Preventing contact between waste
(top, side) - O
Boundary to I, N ! Boundary to
prevent water : :’/_ prevent
infiltration . i i
. [ ] | radionuclide
Conceptual diagram [ i leakage
~—— Waste i i
I




Migration Control Function

JNFL

Design Concept of Migration Control Functions

Expected function
Part — — Upper
Low-permeability Adsorption cover soil

Upper cover L
soil - O Lower
cover soil

Loweslg)iclover O - Cementitious
materials
LOW'. . Low-
cover soil cover soil
Rock O O Migration of groundwater
= Rock containing radioactive
Cementitious _ O materials
materials

*1 : Low permeability reduces groundwater inflow to buried facilities
*2 : Delays the migration of radioactive materials due to sorption properties

14




Mortar filling test

JNFL

Mock-up facility

Unit weight (kg /m )

Bonding material

Fine

B aggregate S Non—
W/B Air |wate Blast separable Super AR
. S/B 0 Modera . water
(%) (%) r furnac mixing
W te— | expans d Land acents in reducer
heat © ? a8 ion san sand & SPSHVM
Micro water
cement
powder
458 1, 454
4. 58
55.0 3. 17 5.0 252 1.1
131 307 20 872 582 B X1.0 %

Mortar Composition

15
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Test

Mortar Filling




Safety assessment flow after control period

JNFL

1. Selection of natural

phenomena
Examination according to scenario

\ 4

2. Condition setting of
geological environment, etc.
» Condition setting of air
temperature, precipitation,
groundwater flow and surface
water flow (likely/less likely)

'

5. Migration behavior of
radionuclides and exposure pathway

\ 4

6. Radiation dose assessment model

A 4 \ 4

i 3. Condition setting of 4. Condition setting of

\ 4
disposal site*. human environment 7. Radiation dose assessment
. . .. parameters
> Sorting of features » Setting of human activities
> Influence analysis according to water use and
> Assessment of condition land use v
» Condition setting of low > Setting of representative 8. Results of radiation dose
permeability and sorption person™ based on working assessment
(likely/less likely) patterns (likely/less likely)
» Setting of lifestyle for | | |  commmmm e,
representative person *1:Including surrounding local bedrock affected by
disposal site

groups reasonably expected to be exposed due to
disposal site

1 1
1 1
1 1
1 1
1 1
| *2:Representative person: Individuals representing !
| |
1 1
1 1




Conceptual diagram of changes in barrier
performance over time in radiation dose

&

JNFL

assessment

Period of significant

ing soil End ofgontrol L
g radiation dose

Co
TA Operation stage Preservation stage

[
»

L
«Q
=

Repaired if necessary

~~~~~~~~ lce

J

Safety margin

—_—— 4
—_— "

A
v
_\
Condition setting for
radiation dose assessment

Barrier
performance

v

A 4
A

Containment Migration retardation

l—
o
=

Time after

0 Several decades ~300y ~1,000y

~10,000y CONStruction



Selection of Natural Phenomena @’

JNFL

The phenomena that may affect the condition of waste disposal sites and living
environment are comprehensively selected with reference to national and
international standards and documents

Natural phenomena that should be considered in setting the long-term conditions
were selected (15 events).

Event caused by Volcanic and igneous (1) Volcanic effects (pyroclastic density flow, falling
plate motion activity pyroclastic material)
Earthquake/faulting (2) Earthquakes, (3) Liquefaction , (4) Fault
activity activities (ground deformation)
Uplift/subsidence (5) Uplift/sedimentation
movement
Climate change-induced events (6) sea level change, (7) temperature, (8)

precipitation, (9) Amount of irrigation

Events caused by both plate motion and climate (10) Erosion, (11) Groundwater level, (12)
change Evapotranspiration, (13) River discharge

Other phenomena (14)Biological events, (15)Changes in permeability

Events that have a direct impact on dose assessment parameters after considering the

above events individually

= (DTemperature and precipitation changes, @groundwater flow,
@evapotranspiration and @surface water flow




JNFL
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Topographic Change

JNFL
]
120 ¢ Amount of uplift Northeast region .
@ Amount of uplift Northwest region -
4 Amount of uplift Southeast region /‘/
100 ®  Amount of uplift Southwest region
— = = The maximum uplift rate 35m/100ky- Z
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Bird’'s eye view of topographic model &

J NFL

(warming climate case ) (Cooling climate case: after about 60,000 years )

Stability and Buffering Capacity of the Geosphere for Long-term Isolation of Radioactive Waste , NEA 2009

22



State Setting (Impact Event Analysis)

JNFL

FEP list

Collection of FEPs (events occurring at the affected source)

THMC correlation matrix

P gi?g% A B (03 D
O E C DI/ANEEAA | A ERAA | BRAB | FRAC | ERAD
rﬁﬁ#@ﬁé’b Selection Organize the relationship : e e e
c ERCA | ERCB | ERCC | FRCD
each cgigggsgnt and D | #&DA | HRDB | FROC | HROD
Exclu5|on and impact events E

Items related to other forms of disposa
| such as geological disposal, etc.

Extraction results from THMC matrix analysis (1/2)

Heat Decay heat Low permeability — The amount of radioactive materials contained in the waste package to be buried is
Sorption small, and the temperature is sufficiently lower than the temperature at which
thermal transformation of each component occurs.
Heat of Low permeability — The sorption of cementitious materials is not considered as an impact event, since
hydration Sorption the sorption is expected to occur after hydration.
Temperature Low permeability — The temperature does not increase to the extent that thermal alteration occurs. The
change Sorption buried facilities after the completion of soil lining will be installed at a depth of about

20 m below the ground surface, which means that the temperature will not increase
to the extent that thermal alteration will occur.

hydraulic Groundwater Low permeability @) Groundwater flow velocities in the vicinity of the waste burial site (bedrock and
Flow Quaternary layers) are sufficiently low to have an impermeable
However, it is considered in "C (Chemistry) Reaction with groundwater".

Sorption (@) The groundwater flow velocity in the vicinity of the waste burial site (bedrock and
Quaternary layers) is sufficiently low to have no direct effect on the impermeable
However, it is considered in "C (Chemistry) Reaction with groundwater".




State Setting (Impact Event Analysis)

Mecha
nics

Chemi
stry

Extraction results from THMC matrix analysis (2/2)

Expansion( metal
corrosion, effect of salt)
Gas generation
Swelling pressure of
bentonite

Seismic

Reaction with
groundwater

Organic matter effect

Salt Effects

Colloidal effects

Microbial Effects

pyroclastic precipitate

Low
permeability

Low
permeability

Low
permeability

Low
permeability

Low
permeability
Sorption

Sorption

Low
permeability
Sorption

Sorption

Sorption

Low
permeability
Sorption

Areas of altered permeability due to reduction in thickness and displacement may
occur at the corners and other areas of impermeable soil cover.

The results of permeability and permeability tests showed that there was almost no
change in hydraulic conductivity of soil before and after gas breakthrough.

Swelling pressure of bentonite is not considered as an impact event because it is
small compared to the surrounding ground pressure.

Mechanical deformation is very small compared to deformation of buried facilities due
to metal corrosion.
The design of the site is such that liquefaction is not likely to occur easily.

Dissolution of montmorillonite and calcium silicate hydrate and formation of secondary
minerals may affect the low permeability of the impermeable soil cover, as well as the
sorption of each barrier.

Cellulose decomposes under alkaline conditions and forms isosaccharinic acid, which
forms complexes with radioactive materials.
isosaccharinic acid, may affect the sorption properties of each component.

Dissolution of soluble salts in homogeneous and homogenous solidified products into
groundwater causes changes in porewater quality.

changes in the porewater quality. In addition, the reaction of each component with salt-
dissolved porewater may lead to mineral dissolution and secondary mineral formation,
resulting in alteration of the components.

The pore water of buried facilities is cement equilibrium water and is not an
environment in which colloids can be dispersed stably.

Organic matter is mineralized by microorganisms in bedrock , and this should be taken
into account when setting sorption potential.

The upper layer of the soil cover is thick enough to limit the extent of chemical
influence (buffering effect) to the surface layer.

JNFL



Mechanical Effects of Soil Cover

JNFL

Evaluate the effect of soil cover on hydraulic conductivity using the DEM.
— Based on the results of the evaluation, it is assumed that the hydraulic conductivity of the soil cover will
not change, but the thickness of the soil cover will change in the mechanical impact.

Pheno Type of
mena Waste facility Concept of phenomena
expans Solidified No.2,No,3 Assume that expansion occurs due to the metals corrode
ion dry active No.1 Assume that expansion occurs due to the reaction of soluble salts with cementitious
waste : materials
Homogene
. ously- Assume that the leaching of soluble salt will create cavities in buried facilities and cause
sink A No.1 i
solidified the cover to cave in
waste

25



Mechanical Effects of Soil Cover

JNFL

O Approach to Setting Conditions for Assessment of Condition Changes
(Mechanical Effects) after 1,000 Years

Item

Setting

Concept of setting

Metal
corrosio
n rate

Less-likely scenario Assume all

metals corrode
instantly

Uncertarties rdaed to locdiz ed corrosion ( pttimg corrosion), dss mlar
metd contact corrosion and ¢ arg esin environmentd condtions $1 odd be
considered.

Duig the evduation period o condtion ¢ age ater the stat o
decommissionrg ( &ter 1,000 yeary, itis assumed th & th e entire anount
of corrosion, regardless of the corrosion type, will be instantaneous.

Th etad anount o corrosionis assuned to beinstantaneous re adess o
the corrosion type.

Likely scenario

0.1pm/y

consider measurement errors inherent in corrosion rate measurement
methods

Expansio
n factor

Less-likely scenario 4 times

The set metal types and amorphous hydroxides were set to account for
variations in environmental conditions. The contamination rates of the other
metal types were evaluated in a range of 0 to 50 %, and the corrosion
expansion factor was less than 4 times for all of them.

Likely scenario

3 times

The corrosion product of the representative metal type (iron) was set as
Fe304 (magnetite), and the mixing ratio of other metal types to be
considered was set in the range of Owt% to 50wt%.

The results of the evaluation of the corrosion expansion ratio of the mixed
metals were as follows.

The results showed that the corrosion expansion factor was less than 3
times in all cases.

26



Density change in cover soll
due to facility expansion

JNFL

LR ARG

0 5 10m

I

AIENEE EE PR & AT EEE AR
fWMEAM

t Al ENBEAERAD
i%ﬁwﬁm

Circle6

Circle2
Circle:

Circlel

kKEAME

CircleS |

ﬁﬁ-‘#@ =50cm

Differential Elemental Method

ERfERIE
0 5 10m

I B

horizontal : 5.0m. vertical : 1.0m

Deformation
Fig 2

Fig 1 .

) ) horizontal :5.0m .
location vertical :2.0m .
vertical :1.0m
Density increase (%)*!

Circlel -0.8 0.3
Circle2 -2.0 1.7
Circle3 12.3 12. 3
Circled 7.3 16. 3
Circleb 21.8 30.9
Circleb -0.9 -1.9
Circle7 -4.0 -7.1
Circle8 0.9 0.0
Circle9 4.2 5.1
Circlel0 7.8 11.5

*1 :negative values indicate a decrease in density
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Density change in cover soll
due to facility sinking

Constraining pressure on impermeable soil Strain near shear plane

Density change

W ENL & Density increase (%)*1

Left_1 2.4

Left_2 -2.1

Left_3 -7.7

Left_4 -8.2

Left_5 4.0

Left_6 -5.1

Left_7 -5.2

Analytical result Center_1 8.6

Center_2 1.5

I ,} Center_3 2.6
. Center_4 2.9
Right_1 6.7

Right_2 4.4

Right_3 2.6

Right_4 -5.0

Right_5 -5.5

Right_6 -1.5

Right 7 0.4

*1%] :negative values indicate a decrease

in density
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Mechanical Effects of Soil Cover

JNFL

O Evaluation of condition change (mechanical effects) of the soil cover (example of waste burial site No. 3)

cover soil

Rock
Initial setting

No opening occurs at the corner (1m or more remains)

ow-permeability cover soil

Rock

Likely scenario

2m opening at the corner

ow-permeability cover s

Rock
Less-likely scenario
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Chemical Effects of Soil Cover @’

JNFL

The composition of groundwater changes due to contact with cementitious
materials or soluble salts contained in the waste material buried in the No. 1
waste burial site.

Highly alkaline groundwater can dissolve or alter the montmorillonite in the
bentonite material and, gradually reducing the low permeability function.

The migration and chemical reactions to impermeable soil cover were
evaluated using the PHREEQC-TRANS (coupled chemical reactant migration
analysis code).

Transition of hydraulic conductivity of the impermeable soil lining due to
chemical alteration was evaluated.

No.3 No.1
Concentration boundary conditions Concentration boundary condition Concentration boundary conditions Concentration boundary condition
on the bedrock side on cementitious material side on the bedrock side on cementitious material side
: Fixed by groundwater composition Fixed at zero flux : Fixed by groundwater composition Fixed at zero flux
| |

R RIS TR
A SO R

5m | 2m I 32m
[ Lower cover soil & Rock

5m 2m rl 12.2m

[ Lower cover soil & Rock
B Low-permeability cover soil

_ [ | Low-permeability cover soil
Cementitious materials

Cementitious materials
Model & boundary conditions
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Chemical Effects of Soil Cover

&

JNFL

« Permeability coefficients for dose assessment of impermeable soil cover
considering long-term chemical effects are set based on the following values after
1,000 years.

« The lower soil cover placed around the impermeable soil cover should not change
the hydraulic conductivity due to chemical effects, because the montmorillonite in
the impermeable soil cover will remain even after chemical effects.

No. 3

No.3 [m/s]
Likely Less-likely
scenario scenario
0 year 1.00 X10°10 1.00 X10°10
1,000 year 1.01 X10°10 1.02 X10 10
No. 1
No, 1 [m/s]
Likely Less-likely
scenario scenario
0 year 1. 00 X10°10 1.00 X10°10
1,000 yvear | 1.42X1010 1.84X1010

Volume fraction

1000year

10 (o 1.0E-04

1.0E-05
0.8

1.0E-06
06 1.0E-07
04 1.0E-08

1.0E-09
02

1.0E-10
0.0 1.0E-11

1.0E-04

1.0E-05

1.0E-06

1.0E-07

1.0E-08

HIREAE )

1.0E-09

1.0E-10

1.0E-11

. . 20000year g
== Associated Minerals ;5 v orge  FERL
. . EEUO
Montmorillonite 08 F LOE-05 T
é == Secondary minerals LoEo = —REY)
o -~
> 41 0e 10e07 £ —
= ™= Pore space A E
-% N i i & 1.0E-08 % Verock X
o - Not contributing % 04 5
g - ;
= chemlcal.r.eactlon 1.0E-09 [
a Permeability 02 LoE10
. — MRk
Initial 00 10E11 [
0.5 1 15 2 — kR
s (T
— A . 20000year . — 5
TEYO I I I FEUO
FAh 08 F 1.0E-05 P
. — R 1.0E-06 R
£ = g
5 — 7R 4 %° 1.0E-07 é — ER
& i
% Ve-rock % 04 1.0E-08 g\- Ve-rock
L #
BRI L0E-09 BEKRE
0.2
—— MRk LRI ek
178 00 1011 -
— FRIFR 0 0.5 1 15 — FRRI
1E-8m/s 1E-8m/s
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Condition setting of permeability of soil cover

(mechanical and chemical influences)

JNFL

chemical influences.

The hydraulic conductivity of the entire soil cover used to calculate the flow rate through the facility is
calculated assuming that the soil cover on top of the buried facility is subjected to mechanical and

Lower cover soil

(unaltered)
after 1,000 Years :
1x108m/s

Low-permeability cover soil
degradation)
after 1,000 Years :
1.02%x10"%m/s

Lower cover soil
(degradation)
after 1,000 Years :
1x107m/s

Expansion Mixture of Low-permeability
cover soil
& Lower cover soil
(Strongly degradation)
after 1,000 Years : 1x10”7m/s

Example of estimated changes in condition and
calculation of equivalent hydraulic conductivity
(No.3. Less-likely scenario)

Lower cover soil
(unaltered)

after 1,000 Years :
1x108m/s

Low-permeability cover soil
(degradation)
after 1,000 Years : 1.01x10-°m/s

Expansion

Rock

Example of estimated changes in condition and
calculation of equivalent hydraulic conductivity
(No.3. Likely scenario)

(Composite formula in vertical series direction)

K XL
Z(Li/Ki) Ly , Ky

L;* Thickness _of the i-th L, , K, Water flow
layer of soil cover [m]

K; : Permeability of the Ls . Ks

i-th layer [m/s]

(Vertical paral
XK x L)
XL

i layer of soil cover [m]

lel direction composite equation)

o~ . Ly| Ly L
: Thickness of the i-th Ki Ki Kz T Water flow

K; : Permeability of the

i-th layer

[m/s]

Equivalent hydraulic

conductivity
Less—lik_ely Li kely_
scenario scenario
No.3 | 1.5x10¢8 2.0x10-10
No.1 | 3.0x10° 2.5%x109
No.2 | 1.5x10¢8 2.0x10-10
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Groundwater Flow Analysis
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Setting of living environment conditions @)
(setting of individuals to be evaluated)

* The individuals shall be those who live in and around the site or in the general lifestyle currently recognized in Japan, and shall
be adults who represent the population that is exposed to relatively high exposure.

* Inthe likely scenario, the individuals to be evaluated are assumed to be residents.

* In the less-likely scenario, the individuals to be evaluated all of the following.

Fishermen The target population is people who live in the landfill site, and it is assumed that
marine products to which radioactive materials are transferred are consumed at
home in a conservative manner.

Other products are assumed to be consumed from general marketed foods.

Agricultural workers It is assumed that agricultural products to which radioactive materials are
transferred will be consumed by the residents of the waste burial sites for their own
consumption on a conservative basis, and that other food products distributed in
general markets will be consumed by the residents.

In the case of water use, rice cultivation using stream water containing radioactive
materials for irrigation is assumed.

Livestock Industry The target population is the people who live in the waste burial sites, and it is

Workers assumed that livestock products to which radioactive materials are transferred are
consumed by them for their own consumption in a conservative manner.
However, exposure due to ingestion of livestock products to which radioactive
materials are transferred is not assumed.

Construction workers The target population is assumed to be people who live in the waste burial ground
and consume food products distributed in the general market. It is also assumed
that construction workers will be working on the contaminated land.

resident The target population is assumed to consume agricultural products produced in
home gardens and food products distributed to the market.




Safety Assessment Results

&

JNFL
LE+2 E |
[before institutional control ] i [after institutional control]
IE+] kg > ;/( 8.8x102uSv/y
_ (after mulching 300y)
3 B
]
(%)
o
©
1E+0 1E+1 1E+2 1E+3 1E+4 1E+5
after mulching
——[1-3 ——(-14 —#-Co-60 —eNi-59
—-Ni-63 —-Sr-90 ——Nb-94 —Tc-99
—*—1-129 ——(Cs-137 U-234 U-235
Np-237 Pu-238 Pu-239 Pu-240
Am—24] em—iEt
Safety Assessment Results No.3 facility (Likely scenario : inhabitants)
Safety Assessment Results
dose No.1 No.2 No.3 splendid Criteria
(USv/y) | (KSv/y) | (USV/y) | (HSV/Y)
Less-likely scenario fisherman™! 3.3 4.0 3.8 11 300uSv/y
Likely scenario inhabitants 0.20 0.18 0.088 0.46 10uSv/y
Construction
5.9 5.8 2.5
Human intrusion worker 18(:1353\//)y
inhabitants 42 31 16 Y
35

*1 : individuals to be evaluated for the highest dose



Shielding

JNFL

Cementitious filler Interior partition wall

Period ~ Completion of Period Completion of soil
soil covering covering ~
Shielding material burial equipment Shielding material Covering soll
Outer partition wall Concrete temporary lid Lower cover soil Low-permeability cover soil

4m

-

Assessment results of radiation exposure to the public

No.1+No.2+No3 (pSv/y)

~ Completion of soil Completion of soil covering
covering Ao
external exposure 23 1.0x104 *

% result of Lower cover soil surface
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1. FERELSEE

Concept of Intermediate Depth Disposal

2. IR A—DHRRELSEEMED B /Y

Objectives of RWMC's R&D activities

3. A DM E wmprzaronBTHmn)

Broad outlines of RWMC'’s Past and Current R&D (Contracted Research from METTI)

3.1 b ZE R BY AL 53 it B 1 REMERIE K U BR SR B 1T ME R AR BR

The Construction Test of a Disposal Facility in the Test Cavern

3.2 th "~ 22 R B AL 53 e B HE B S AL BR

Study on Monitoring Methods for Confirming the Condition of Disposal Facility

3.3 th FERE NS RER M= ELRFE

Study on Advanced Methods for Evaluating Underground Environment and Designing Disposal Facility

2 B RUMC
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Concept of Ensuring Safety for Concrete Vault Disposal and Trench Dlsposal

g \» t‘/ I‘Lﬁ}tlsl/ /}Lﬁ@ﬁiﬂﬁd’)ﬂ%"‘p al Project.Center

® VAS
[ Evhils ] Concrete Vaults for LLW > AV 9 )—hEYROKZEBLIZKWAVNFANER
“““““““““““““““““““““““““““““““““““““““““““““ [S&oT. MATEMEZFALADD,
S Radioactive materials are confined in the disposal facility by
Groundwater Table concrete vaults and bentonlte:m!)f_d soil. B .
R — > BSTRELRRIEEBITREL ., 3K, 22 —EVE
Bentonlte-\-" ementat Pt DEEENMETLIZIZETE. Hi_iiE%':J:’J—Cs 5 4
mixed soil | EHEYE DL FTBEADKRITANZION . TLHUA
| ) R ) HRIND,
Radioactivity will red ith th ftime, and if the function of
the concrete vaulls declines in the fulurs, the surrounding Soil, etc. wil

reduce the transfer of radioactive materials to the biosphere.

> HHEE AR DE L&, FI3004&EME., EERMDEEZTITD,

. ey The disposal site will be controlled for about 300 years after
[ rLYF m AN ] Trench dlsposal facilities installation of cover soil over the disposal facility.

for VLLW (Landfill) » FLUFIEE T R DM EREY (. MESTREL AL
HIBH TIEL, BT EICK-> T, EHEYEDE
BREANDBITNTIIIZAO6ND,
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The infiltration water into trench is reduced by low permeability cover soil.

> IBERTRER DE L& . $I50FEMH. EEMDOEEZITI,

The disposal site will be controlled for about 50 years after
installation of cover soil over the disposal facility. 6

BT RECHEE Cover soil Low permeability soil

N
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Background of JAEA’s Disposal Project of LLW

LLW is generated from the nuclear energy research / medical and industrial use of radioisotopes

Research Post-Irradiation Experlments with RI  Cancer Screening
Reactor Examination in fume hood
/“Current status N\

~

» These radioactive waste (RW) is still
accumulating T

» Total amount of waste : 660,000 Many wastes have been
drums(200-liter drum equiv. 1.32*10°m3) stored in storage faciltes.
since the 1950s. s

» RW possessed by JAEA occupies 56%

Early implementation of
the disposal is demanded
in order to promote nuclear
R&D and radioisotope
utilization.

/

of these RW. "
» The issues will affect operation of R&D Aged facilities cannot be
facility. decommissioned.

JAEA has been assigned an implementing organization for the disposal since 2008.
7
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Outline of JAEA disposal project
W2 e 5 D FE SR
Types of disposal facilities
EvrLS BRUOM O FIS EES
- Concrete Vault
- Trench disposal (Landfill)

Concrete Vaults
for LLW

B RREEFRYETMBER (FRI0EE

Amount of radioactive waste subject to _ =
disposal by JAEA Trench disposal
( Investigation result as of 2018) facilities for VLLW

. (Landfill)
#9675 A (200LFS LH) _ :
Approximately 134,000 m3

5L, RFNEBOREFMETHNS0FE

including approximately 100,000m? of
JAEA

WiEERTEERDFRIE 7557 (200LRS L)
Capacity of Disposal Volume 150,000 m?
EvrLaxg 22848, FfLUOFUS R 535K
Disposal volume for Concrete Vaults : 44,000m?3
for Trench Disposal : 106,000m?
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Major Facilities where RW subject to JAEA disposal project is generated.
FAEMBEDEE (MSNEAAVRNIIZEELE=S5)

Categories of facility

Radioactive Warstes Pisporsal Projec

i 52 e 5 5 BE VA 0D 5t £ b 5

REWBSEOARHEE
(67 A*: FRVEEFELER)

Categories

Major nuclear facilities

Estimated volume rate of RW generated
from each category of facilities

Reactors possessed by JAEA (Fugen. Monju.
JPDR. JRR-1. 2, 3, 3M. 4, NSRR, JMTR, HTTR,

B REFIFER (Research Reactors)
W BUIBEER (SF Reprocessing Facility)

EZZ%?;: Joyo. Mutu (Nuclear power ship)), and other
research reactors (R K. RRIF. L K{F. KRR
T RKF. ILERIF. BILIF., RiEKFF)
oPent FUSl | S BEBT IS . PUBE R TBISEHEEE (PCDF)
eprocessing TVFE
Plant
Post-
Irradiation | #AMIERBRIEER . Ry TR, BB RITRZTHE.
Examination |JMTRAvkZHR ( MMF, CPF%
(PIE) Facility
Uranium |0 TiEE%(Fabrication). j&#&(Enrichment)., &44#
utilization  |(Smelting) . ExffifEE% (Conversion). E&& it 5%
facilities (Examination)
Other RI utilization, Accelerators, Waste management
facilities facilities, etc.

HEST R ERIESR (PIE Facilities)

DSV BIREER (Uranium Utilization Facilities)
T DD TSR (Other Facilities;

(RUERMEER. #t R/ Utilization, others. )

* AR DIMEIXTS AR, (Evh22FKR, FLUFE3FAR) 9

FEOYMEDNEHZERLT. 8HEADHREEHREL TS,



L‘ Radioactivity Concentration of LLW Generated from Research Facilities, etc.

oactive Wartes Pisporal I’fo_jcﬂ enler

MR EREYORSEEEE (1)

EVMERSEDREEADHSEEEEIIREFMEEYLRIEE T, BRERIDOEELEBLITHET S,

SO TFEEBRNROREZEFRFICEIRFBHOKELZFINSLOH. FRZEICIOTHBERDMESTHE
RENETIEMT AN, BENREZHERT D,

BEEIRE D SRR EX iR Zs{p  Change of average radioactive concetration

Institutional control
period for trench
disposal (50 years®)

£ (Bq/t)

Average Radioactivity Concentration of RW

N:::]
=

BEAREZEDFHRGTRE

cLUF

of waste with the passage of time
EROEEMEOGOF) oMEHROEEREM(B004E)
Yy V Institutional control period for

1011

1010 L

(@

10°

108 §

107 §

106 f

concrete vaults disposal (300 years)

EwrER

oncrete Vault

HEMEEYDOE L An Example: LLW from
X REZE{R(—1H)*2  NPPs for Concrete Vaults

><1¥Ek'27¢2}5]13Eﬁ¥ﬁ$§%*§0)ﬁ¥ﬁiﬁﬁ%ﬂf
REH (Evk, FfLUFUS X R DB IR
%J"ﬁ%l BITABEEEAARUM)IZDOVNT) &
HIZ. AEZYEDEMR»ZERELT., EK. R
MEEREREEY O MG RERE IR S DFMET
HY EREIEETFLODSEBEELTL

rL2 PR

V rench disposal

X2AKRKRERM XSRS FTEL AN IL IS
BREYIER U I— REMIEBSEELTTN
A EREE | (EROF1R) ICREEIN- T
SEERE LVUER

10°

100 1 10" 102 10% 10* 105 106

HEEL TH L DEBEEE (years) 10



- Rodieactjve Warstes PDisporal Project
MRS ERMORSEERE (2) S

L‘ Radioactivity Concentration of LLW Generated from Research Facilities, etc.

enler

BEREIRS O BRSO TSR R

Nuclides (half life (y)) _ . _
wiE ey (e MRS FEREYDOE YMER TR

LLW from Research Facilities, etc. for Concrete Vault Disposal

C-14 (5,730)
Co-60 (5.27)

Cs-137 (30.2)
o % FE

“a emitters”

U 51| #% 18 52

Uranium and
daughters, etc.”

105 106 107 108 10° 1010

BEEIRD T METEERE (Ba/t)
Average Radioactivity Concentration of RW (Bq/t)

MERZFREDOI VO FIEERER

LLW from Research Facilities, etc. for Trench Disposal
C-14 (5,730)
Co-60 (5.27)

Cs-137 (30.2)
o #%FEr

“a emitters”
URSI%iEF
Uranium and
daughters, etc.”

108 107 108 10° 1010
BEEARF DTS aERE (Ba/lt)
Average Radioactivity Concentration of RW (Bq/t)

*1: F[ZPu-239. Am-241%
*2:U(U-238, U-235, U-234) . Th(Th-232) R U F1&i%5E

10°

daughters, etc.”

[(ZZIREMREVDOE Y MEER

An Example: LLW from NPPs for Concrete Vault Disposal

C-14 (5,730)
Co-60 (5.27)
Cs-137 (30.2)

o B FE

“a emitters”

URFIZ%TEF*

Uranium and 10°

106 107 108 10° 107

BREARDEH RS RERE (Ba/t)
Average Radioactivity Concentration of RW (Bq/t)

EVMEERHROBEERFT, BLERERFORF SN
B MEEERIT RN HEET H=HCs-1370
o ZE DMSRRENSVLVEEAH D,

SO TFHEBRRROREARF T, BRI EFE AR
PIMIEENLLFEET D=0, VIV RIIZKEFINS
(BEFENLDFEAH S

XAERKFREVO RS ERE IR ROTMETHY.
ERHEZEETFLODOSRBELTL

*3: AAFMBE R FHEL L MAHEREMER L 5— FIRN
BRERTBHTRAE I (FROE1R) ISRBEN TS ERE
&Y {ER 11
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Basic Schedule of the Disposal Project

e AR A5 1R AR S FAEH & B I HAR
onstruction of / (G315 !f"] 1 0 752& DEEYEERILS) Final Institutional control
Operation (disposal of backfill period after closure
wastes: 15,000 drums/y )
50years 3years 300 years™

Current IHRIEEAE RIBEE=4UVY
status Environmental Survey Environmental monitoring
A2 2 A e TEZET
EIDINER I _ Detailed design for construction
nve en
Items of initial
t t I (| = = =
" $1ﬁ> 2 & S AR EE TGS LN e
P ina Safety assessment Licensing

assessment
¥ s
Operation

*1: Institutional control periods for concrete vaults and trench facilities after closure are about 300
and 50 years, respectively.

12
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Status of JAEA Disposal project so far

Year
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2(331
S'(;\::rn . ?ﬂﬁﬁif;d)fﬁ[EAmendmen;on?E:s lewfb | -
- . stablishment of basic plan of promotion for the
B AR T7Et R E (2008.12 25)disposa/ project of LLW from research institutes, etc.
JAEA @ =15 EFR R (2009.11.13 o ; EROFS
St &1 18] 5% A ( ) HgME-HRBH-RERAZOREL LYEEzERY @ ELDOEERA
& Approval of Implementation plan for the disposal project ofL W from researc (2019.11.1)
B 0 Recent Amendment
iR N EXFEER D Conceptual Design of of the Plan
= 5t SERET D/sposal facilities, etc.
Preparafiondr | TBRMEREEICETS \rthieE v ﬁmgﬁﬁwﬁm$mwﬁii£@
Implementation 7 b £ 5
plaﬁl)’) Technica fﬁnmmf E?J g i‘H_’,%:—“LE@ﬂE 'ﬁnwiim(\%@ién?g gn:}j;dum and Si

PPN S-S P Criteriawere-niiblished
g b’,le,ld TIiorTrTaA vweoreoe ,Juu”olluu

Q.
» Y

Sitin

prOCGde and un.cl'la of dl’)‘"()sal’ Procedure -an
facilities £ o
preliminary safety assessment ofidisposalifacility, etc.

JB S (& D TR A RETR FE Rl 75 SR D SE

Development of decision-method for radioactivity congentrationjof RW—

Jﬁiﬁid) %J\Eﬁ

)i

L)

ﬁfﬁ ma# on exch¥ ange wi S qenerators . . . |

ﬁéﬁﬂﬂﬁ%ﬁ«wﬁﬁ_%“_‘“ - )
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Radioactive Warstes Pisporsal Proje

18 55 b B DB = ERETIC DN T

Conceptual design of disposal facilities

14
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( 2 GRovhEsE B DIR R EIR DR
Conceptual Design of Disposal Facilities for LLW Generated

from Research Facilities, efc.
i&i‘m*ﬂilh\

#EHI T

EvhLonxtR 2254

Disposal volume for

Bt = 0 HEE

Bird’s eye view of disposal site

H//?'M MR 5384
Disposal volume for Trench Disposal : 106,000m?3

LXxTTIIarTL
Plastic Bags

R K ASL

--lﬁﬁi:-- “ ¥ 1 J:ﬁl.‘%i Cover Soil
RUMFMRNEEL

Bentonite-mixed Soil

a9 —kEwk
s Concrete Vault

\:*‘ e o e
raps Bedrock
bL > F 18 ER e a% (1 N4 RE 200L KRS LE AV —hEYMEEE R
Trench with prevention system from 15
permeation and leakage of water 200 liter drums Concrete vault

B A

ML FIBERIER (RER) Trenchfacity  goi'fyoe contai

-— G o ]
| 1

= 4
7 R

R K AL



QAEA

av9)—kEvhk
IR MR 18K

18 concrete vaults are
considered.

EvykLsy 2257

Disposal volume for
Concrete Vault Disposal :

approx. 44,000m?3
7 40m FEKX
/
£
&
@
\
MEER AL R (. 3 #0544 - MR BR
FEHZ KO TEDYS%,

E“j I\ m ﬁ} ﬁﬁ % a) m % 1_ ﬁ%l;c tive Wastes PDisporal Proje

Conceptual Design of Concrete Vaults

\UrFMMER L

EvkADHTIKDZ
ARUVEYEDNSELTA
DREZEMHETS

. e o a by
. 7 P 3 ’q‘,‘\“ P .
A ) . < i % 4 a3 4 @ - < = “a =
’ _ ag o ) P @ By . a
- o K -
oLEEE L s L [ B8] Bedrock |
ASPeClion |5 =8 Fa s e b i 7 . Bk ERST S
fo o . . 4 = & “ G (]
Tunnel 3 “z\: " :\aa s h . N o A o N = L |,
g T L KSRy R
44 - . 4. e PR 44 w Fl 7— Ky
[ pEoBAEEES
- =7 - ‘.-_.‘! - £
——= i
d PFO4z ’-_‘
asma’ 0 3.0 x
- Gieer

1 ;‘«“ | :‘1 =

)

e
‘ T

OPF 042075

P

BAERE (%) DE Y
Concrete vault facility
By JNFL lItd.

EvbRDREZRDEE

REMEEYDOE YL
WL, BFREARTFR
MizsWWT, BERER
(BR) [CKYERES,

gol__

RS LG CEEME ML T 2205 QREEEREL
EEML 1Bt LRI ERUEE ik KEREEBORERLE.

EMEL-BRER
Box type containers

\ 200 liter drums

Large Components |

Waste solidified with ce}nent, etc. in a container

16
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JAEA, MNoFasEometiis

Concept for Types of Trench Disposal Facilities

O ENE :
= DA A BESEMALE R
l\ l/Ja‘-L 7] 53 75 ZIK Conceptual Design of JAEA Waste Disposal and Public Cleansing Law
DISpOS&/ volume for Trench LY F R4 HESR Trench facility (for industrial and municipal waste)
Disposal : approx. 106,000m?3 EXEEZVORERLSH
Landfill for stable industrial waste
“::::::::::“ (Non leachate controlled typﬁ
: |

Ak kR gmaﬁu
TRF
(metal, etc.) (Concrete, etc.) FIOFFEDW
RERME (M)
V- EREWY Stable industrial waste
fT#eeR L > F 5 TR EXREDOEERINSI5H
Trench with prevention system from Landfill for industrial waste
permeation and leakage of water I (Leachate controlled type)
MMWWWWMMMMMM
[TTTITI } IIH H: [TIT1T] = :
solid waste T g T > /N

made from

cementation of _ i

incineration &R ZE N —- ! \ :

ash8%  ¥EEEIK 5% : b s
o~ .

FIEELESE ¥E-H—EEHE

o

srimmshasrarzeIrizisiiig
T KEHKRME REKERKEE
Homogeneous solid waste made

. . . =] i -
from cementation of liquid waste  solid waste made by e gy T ZRER M B RVRHFEMLIS DBEFEY(*2)
5% solidifying waste with cement from cementation of liquid waste, etc. Industrial waste other than stable
M) BTSRAFYIE. TLB. ERB. I5AB. V) - BRUMBESERE. XhEE waste and hazardous waste

(*2) RECRVBELSA-HITEEXRRRDELISHARIZEEND 17
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Conceptual Design of Trench Disposal Facility (1)
MU FIBERTEER Trench Disposal Facility
AV P OERLGERELGEROEEY(RESHREB) ZHET 5,

Stable waste, such as concrete, metal, etc. is disposed of in the facility.

2 JAKED - BEKBROHH
LHEL $92.5m BT 1E *Reduction of

Cover solil percolate water

BLXREICHESE

Vegetatioﬁ\q‘the sur

y_ v T

LTI T LT
U EEEEEENEAE

Low.permeabiljt) soil

| e 2.0+ .
| = =800~ 1
E . 4

ILESTILaAVTF

HEEZEW(A 5 EDNE

YT Y TN ‘ -
FIALRY S £ T Ty e Q27— AZZEIRI) IS AN E R T )

200 liter drums Box type containers Plastic Bags Large Components

KEEFBHDHFIZRLT=,

tes Disporsal Project Center

BT N@MON 7 i

Trench disposal faeity™

RPlastic bag for
concrete rubble

o_®=
Large concret .
block rapped »¥e A
by plastic sheet b

FEFAEBTE. REBER
BMORFARZHAEFRD
BICHEWT, AEBRARRF
DFERICEYREELE-OVY
V—FREYVOEZLSZ
K.,

—
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@) MoFRSERORIKR (2)

Conceptual Design of Trench Disposal FaCII/ty (2)

i P4 RE R ML L F 1B SR R o ’ -
Trench with prevention system from permeation and leakage of water g, ==L, Ffﬁm%)\f‘ﬁitﬁﬁf/"
MR DRELEEY., B IR CERDEL AL RESH B LIst o
DEEMZIEHET 5, :
The facility is applied for solid waste made from cementation of liquid, L=
sludge, ash, and miscellaneous solid waste.
BrRmIcHEE
o B .3 *Prevention from percolate Vegetation on the .
K B } géﬁ%&tﬂéﬁ?@@;ﬂ]{f ] and leakage water surface Impermeable Iay
ki ) - Conformity to the & -
Impermeab ors EWAS requirement of the law*  LEPEL g = KEHKE
(HDPE liner, 8¢ #2.5m Leachate collection
and drainage pipe
EIRIRNRENRERERENRENNRNENENERNRNERENNE
[T11 g
I iHNRERERRERE
T 7K E
Table 200 liter drums
REE&ERE Cover layer SHKEBKE TKEHKE

Leachate collection  Groundwater collection and

+ EKEORE and drainage pipe  drainage pipe
- Protection of impermeable —
layer FHKDEK

. 355 31)) A
e E O * Waste Disposal and Public Cleansing Law

-CoIIectiqn and drainage of leachate (for industrial and municipal waste) 19
-conformity to the requirement of the law*



QAEA

(BNHEE
oy

Volumag|of waste

[%i%%!

Env

\Y/
[ EEZED

BEFEEZA
A8

Annual disposal
volume

[ EETEOD
B

Operational plan

—

BN EEICHEIIIREEEORIES

Estimation of Total Cost of Disposal Project

REAODBRESEZOHE

Estimation method of total cost

B EREt

Conceptual design

'

' '
#

ronmental investigati

- BESHAR ¥

nfth Legal expense, efc.

RE BREXE ANEEF
Construction cost Operational cost Labor cost
- IBERMREX MR || - IBERGEER-MIRE || 0 AHE
RERE RIRXE Labor cost
Cpnstruction of facilitieg| Operation of facilitieg| s .
c REBE-RGE || - AEREES
Design of facilities Management at
. FBihEEs institutional control period
Purchase of disposal site ETFEE MBI
&-Mie5E

F E|E M

Estimation of each annual
cost during the project

wRHA

Estimation of total cost

6 j/ Disporal I’ro_/ecl enler

WERADERHER

Estimation result of total cost

2,243{8H
¥ 224.3 billion Japanese yen

WREHADAER

The ratio of each expense

Concrete

vault*-:x *
Trench — 6 Q

ap B
37%*

0

‘A_ o
Jperation

22%

—_—

uctior

ion
abor etc.
N Q

Operatic
31%

*HEBICKDEEDAFL, Mg
AAIZKYEDRWEELHSD
20
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Radioactive Wastes Disporal Project Center

Mt EDIRE

Development of Siting Criteria

21
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U FIEE B EORIER N

Background of Development of Siting Procedure and Siting Criteria

IR IS D EREIEA T B2 A A4 Folicies of “Basic plan of promotion for the disposal project

of LLW from research institutes, etc”.
o BEMERDIMDBEEICONTIE. FHREDEAMEERL. RELEEZTITIEETEKRET S,
o RFAEEE. EREFTEICEVT, BREZDIOETEICHRIFIBRUVREZREICESD . BERFIEFIC
MO T, B EER DI D EFEFITD,

B R E I TARMEMAEAE S TOHRE Development of siting procedure and criteria of the

disposal facilities on Technical Committee
ER2256 A ~FE/25%11 8 (May. 2010 ~ November. 2013)
o NEBEREENOLLEZREERTHREL. IBFERDILIMOETEIZRSIFIER UVEEICEHT HHEMTEBIEDRET
BREMYFELDT-,

KAEARYFEDIE, BFIEBHNRES DIIMFIERRVEEIZET 510 RYFLOEREZ IR LIDAREE
BEZEZFLH-1D,

XHEM RN EREEVIEESESTIMTFNF Deliberation of siting procedure and criteria of the
RUESERDES disposal facilities on Committee in MEXT*

- RIMEMZEESTORYFLO TRESNEIMFIERVEEZREFTASEEDIC, BEITDNTIE, TR,
HAUEERURUVRBRCRSNREFAREFEEZ R

MHFIERUREED AR Siting procedure and criteria of the disposal facilities
were published on 2016

« EEEROIMOBEICRSIFIERVEEEZEHLEREROREEHE O LRI A (FR28F3A25H)

« ERBHEICEWOTEHMISOVWTHEEDH S ELLIZERITOVWTRELTARH

(FR2856 A 13H)

*Ministry of Education, Culture, Sports Science and Technology
that is the supervising organization of JAEA 22



. o = 3 Radioactive Warstes Disporal Project Center
@ ST HEDIRE

Development of Siting Criteria

o IHhEEIFEHDBEE (Selection of items of siting criteria)
. REM(Safety):
EROLZERFIDEHICEWNT, ItEERETRITOINZFEHEZIIMEZEIEBEH L,

- RIERE, BFE-FIEE. #SHEE

Environmental protection, Economy / Convenience, Social requirements

ERNOELMEROIIMEEDEFIE DT, IMEEFEHEZEELT -,

o IBRIESRDIREICMIT/=7OtR (Process toward operation of disposal facilities)

Range of application for siting criteria and procedure

@ 2 3®

Siting Criteria ——— : | e’"é'h'\}}}é}i}h"e'ﬁié/

: IStart of site e ection or the IS posa --ivestigation

i | selection g\gﬁgﬁgﬁgff; - Safety slte based on sitihg cr/ter/a ______ of the site — License

* PEmt/ir Otﬁmental Design of Facilities= msggg;‘;%’rb
rotection N sy

5 « Economy and Convenience Safety assessmeni

» Social Requirements

|  (mumm
(ZIREAEL NI TOF ) : EAEDTHR | Site investigation
Evaluation based on literature survey| : F#E&

i Acceptance procedure
: of local gOV(:Hum—,'Hf 23
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@) REWICR BB EOHHE

Flow Chart of Assessment of Siting Criteria regarding Safety

/ REEEIEH-HITDE AN S /

Basic site conditions in safety review quideline*

* The safety review guideline was

~ ~ — abolished. Now, new safety
BRI DI = E%E regulations have bee established.

Conceptual design of disposal facilities

¥

PRRGILMIRIBSEMITNT S
INGA—BRRABZT4—
Parameter study to various environmental
conditions of disposal site

v

RETCHREMNLGXEA | BRETIELNESEINTEL SIERGERET RIGH

A RETR AL MM IRIE S CHIBT SN S I IRIE R PRI 75 37 #h IR R 55 44
Rational engineering measure ~ Engineering measure to the Rational engineéring measure to the
to the environmental condition is €nvironmental ¢ondition is not  environmental condition is very
possible rational difficult

MM EELT HNEMNGZNIEE IMHEEDIERITETE

The conditions do not need The conditions are selected

fo be siting criteria as siting criteria

24
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Categorization of Environmental Conditions on the Site regarding Safety"

/Ml

B EMERET R A R B I IR R S

Environmental conditions to which rational
engineering measure is very difficult

SRIS ] - s
L, ok B iR AEE E A~ R
Volcanoes, tsunamis, depressions, floods, active faults — .

(2) #t=IR1E(Social Environment) Categorization into items of
i EEOXREE siting criteria

Natural resources such as coal and ore

2. N:
3 Hh S 4

Basic site
conditions’i
safety review

guideline*

* The safety review
guideline was
abolished. Now,
new safety
regulations have
bee established.

/ INGA—RRBZTDIEF Items of the parameter study

(1) BE#RIRIE Natural environment

(2) #L&£B 18 Social environment

~

A MEEREREHIC{®RBIGH /tems regarding design of disposal facilities
MR DR LFEICEEERIXTERE Items that influence the safety assessment

AR DFEKFR., SERE, HTKEDRE. HTRKOBKIE. EROZREKE.
ﬁ*ﬁ@@‘é hydraulic conductivity, distribution coefficient,

ANZEORE. A)ISEETCOHIER Z& Jroundwater level, hydraulic gradient, seepage
water rate, aquifer thickness, etc.

Al KD ERE Drinking river water and groundwater,

’ . cultivation of agricultural products,
RIEVOBIE. EEVOHEE. KENDRE F preeding of livestock products, fishing of

marine products, etc.

MEERDEREX IO LT EZFICEELRIZTIEE

wallina crarmnmd boavino It Iaondolido tonocra

@ B ERZEFIZHRADIEBR /tems regarding land leveling, eftc.

Items that influence costs for construction of facilities or for earthwork of the site, etc

B DERL., DM N, T KEDRE., T RYMBADHETL F

| And la oanacifvs N niarmao roo ot
_driru IUVU”” ly, yl vuriu veoedrii lu UC‘NC‘UIU.)’, LI RAYES1IAY A LU’JUUI CI,J' l_y UUUI ILGIIIIUGOUI Lo, UL

25



Radioactive Wastes Pisporal Pro,

@) BLEMICHDISA—2REF 1 DEFER

Evaluation Result of Parameter Study of Items that Influence the Safety Assessmen
O /N\TA—EDRTHLFHEELZ SV F LIZHAEHE., 1,0008Y DI MEHEZHRTEL. RELTE

1,000 site conditions were made by randomly choosing the values according to the probabilistic distribution of parameters. Then, doses
were evaluated at the 1,000 site conditions.

@ 1000:BY DI MFEHDIH97.5%MMREDHPTE(10uSVIY) AT 445 xR

It was examined whether the evaluated doses at 97.5% of the 1000 site conditions were below the dose criteria (10 uSv / y)

Y RTem——w— 2 DWITGREITH 1 SR BOFTER-ED S P

Examples of distributions of dose at various exposure pathways
Examples of set of distribution of each parameter o : . Y

© k@B Ingestion of marine products C
= : oncrete Vault
o - , A% LR THES A 1RO RIggestion oforops o
S 500 Trench Disposal = _ =k qexsm Drinking well water P
o 400 5 ~ TR THBL-GREERL-BENOER E o b
o ’ 300 S ML - Ingestion of livestock products
g I é 97.5%
S 50
3 101 l109II1:)-71()-51()3.1()-1 102105 107[ 109 o g o
©
. g = = g IO || S Y-S A AT o SPRr Y AN AUNDP SRR AR I S SR A SRS A S R
B LEOBEKRMMS K AR (M) 2 o oo
. .. 3 3 =9 /
h ¥drag/u(l10/c)onduct1wty Flow rate of a river (m’/y) g gﬁ% Y T TS =t U SRR (R (N S I [ SR S A S A S
or soll (m/s S5 /
S 3 X
BARREOIER £1 )5 PA— 5w ¥ [ Dope -/ b
Natural environment #m?\f%&btl \7)‘ ao)ﬁﬁ o (% . critefia : : ,-a-"’/l
- - © 00 =
HEBIEDIER parameters SUbjeCt to dose assessment xx q>) 10 106 104 10° 102 10 1 10 102 105 104 102 102 1p- 1 10 102
Social environment =
— = W& Livestock work, R E (uSviy) #EE (pSvly)
Seepai‘%%gﬁ%a to Livestock products Dose Dose
—— N _ YR E?# égr/cu/tura/ work,
...... =1 gy N, ~EL= - — = s

Marine products ﬁﬁ&bs i'l'_ﬂi’,EﬁIE E t?’édﬁ?ﬁ?ﬁ‘\ﬁb‘:&’&ﬁﬁﬁﬁ

R T

EA!]AOP";V"‘Q;”Q VL More than 97.5 % of 1,000 evaluated doses for each
Hydraulic conductivity Mixing ratio  S[JI| & T exposure pathway were lower than the dose criteria by
— SECIRE Distroution coefficient T o taking the appropriate engineering measures.
BA, BHK B AR Density, Porosity a river Therefore, we judged that these parameters do not need to

Leaching rate be selected as the siting criteria from these results.

%1 PNC - TN7450 96-002 (2813 L ER VAL EBOT—2EEITHER. %2 B384 0K UKERAT—AN—REEITERK 26
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@ B DEIBFICRIME D/NTA—2 A2 T+ DEFM LR

Evaluation Result of Parameter Study of Items regarding Land Leveling, etc.
o BB EISFHERHZREL. MERIZHIADL. TOERAZEHLTHREREIC

B%iHi, TDHER. FENGHEERNTHLINEINZHESE,

\:\

g HE|

Engineering measures were considered for each item. The cost for the measures was calculated. As a result, It

was examined whether the ratio of the cost to total cost of disposal project was reasonable.

Cost of the engineering

—=m == X ETIZRSE R the ratio of th
FFHERE ®ERT DERET | (RE2E N 3ES) Cout 0 fotal costof ¢
Major Evaluation items Design of engineering = disposal project)
measures
Mtz BERIx 9 DB DS Ak - - About 5% [ | IHhEAEIR
FHREI%DEMERELIZIGE %&i&@mﬁz =1L, BEIZHLT B&ETD
Land leveling to gradient of land: Land leveling ERE (TEINT S Selecting as siting
In the case of average gradient of 3% The cost is increasing criteria
Mg (CHITHE VL, FAREBMER . RO according to level of gradient
DHE . B R UAIZED | About 4% MR
BXEIHEEA°H T 100mE THES , DT s out 4% e
IR E BN H OB ERELIHE ' i
| . . , - , Pile foundations Not selecting as
nstallation of vaults and inspection facilities on soft ground: Countermeasures to differential siting criteria
In the case of soft ground with the thickness of 100 m settlement with backfill materials
T KEDOBNEHCSITHNL LT - R
DERE : # T KA R A S0.5mIZH BEICKDERDIET > About 0.2% —é L
LEMEERTELI-GE Construction of facilities by s
Installation of trenches when the groundwater use of embankment rs\ligasec!ﬁfetlr?ag as
level is the depth of 0.5 m from the surface 3= D FRAE |25 9
g R A H B EBELL AL T TR — | o B TR > IHEREIR
5E Toh—IiE 2 HTiEmnd 3 B&ET D
n the case that the landslide topography is Counterweight fill, groundwater The cost is increasing Selecting as sitin%7

existed on the site removal + anchoring method, etc.

according to size of landslide criteria
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@) T EEORE
Establishment of Siting Criteria

BREHERICEDVWT, BREEDEHETE RV ALRJIAEANXZIZEDH T, LTOKSIC %m

Based on the examination results, siting criteria were described in the implementation plan for the disposal

project and in the other document published by JAEA. Siting criteria are as follows.

> BLt (Safety)

Area of disposal site

[%2]

e

S | i PO TR . THES ). THhiBY 1. T3k, THRRE GEMTTE) )

ool & Volcanoes, tsunamis, depressions, landslides, floods, active faults
25| 1 | | » BEME (Environmental Protection) ]

55| &F ML FIRICRDRRE -5HE L. [SUERFDIREE

E § {i Regulation / Plan regarding land use, Protection of cultural asset
o5 I8 | | » Zmfth (Others)

73| B (B FAMER )

gs

- TRERM | ARG, ERIEFICTHRIER. ABIKOIFELS

Ing « TEEDFIEME:
B3 Convenience of transportation of RW

& - TREOERME):
{i Efficiency of operation of disposal facilities
I | | » #LME#H Social Requirements
- THAMEESOESZME:
Easiness of land acquisition
- MDA

Acceptance of local society

It is favorable for site characteristics

to meet these criteria
I

> FENE-FEEAhmiEZERR< ) Economy / Convenience (except for area of disposal site)

Disposal site : Cost of site acquisition and land leveling. Favorable to site shape.

28
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OAEA) IR EICHDISEHORICD

Future Work regarding Siting Cr/ter/a

O RFNHEDIEESFTEDEMETEICE T, BEBHEDIIMDEEICFRSF
Bl LR EGESTLNS,
In the implementation plan of the disposal project of JAEA, the siting procedures are as follows.
NERFZEDOEVGEENFIRREEZONIMADET S MG BialE~DH
HEFAKXEL.
A method of the requesting cooperation to local governments™@ which the candidate site belongs to
2Q)MANBEFARICLOMADEEDKRRFZHEFTAT. LEICIGCTHERESEE
IR ZEEILAERB B OEELTI. CEEBBETOFESKXT)

Another method for recruiting municipalities™ who are interested in attracting disposal facilities, if
necessatry.

@ EMEICEHEDCOLSLEFIBICEDETITMEBETEEZEDBIZHTI=Y . FHZ=D
BHHMEFHERLTAEGDETEFITOOH., 5IEHKS., S EE (T LI A E
RUMMFIED EARHLGZABRICOVNTEHERTRETT 5,

In order to ensure the transparency of the procedure and to execute the fair site selection, JAEA will
continue to examine the details of the assessment method for the siting criteria and details of the siting
procedures.

BERRE, TRAETAZEKRL TS,

*a: Local governments mean government of the prefecture and government of city (or town, or village, etc.)
*b: Municipality means government of city (or town, or village, etc.) 29
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SEDIRFTDONT

Future Works regarding Technical Development of
Near Surface Disposal of LLW Generated from
Research Facilities, etfc.

30
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JAEA SHORE N
, 7 1& 05

Future Works

® 5% (RA~R10: JAEAD FE4h REI B R HIRE) IZMT7-
=BIE  Future Works from 2022 to 2028

IR EIZEED LT B {E AT ZTEREEFOmAD
TTEDHDEELIZ, LT ORIMNMERETZITI,
In order to proceed with siting activities, JAEA will promote the activities to enhance the understanding

about disposal of LLW generated from research facilities, etc. with the cooperation of related
organizations and will also conduct the following technical developments.

& HESTRER DERELETHCRITF-HM&EEAF (CNETOHRRD
RRWGBEBIZEDE—TTAT—ADIBR)ZED S,

JAEA will proceed with technical studies for the basic design of the disposal facilities ( making the
safety case by systematically organizing the study and development results so far).

P EREMREZDERTRERZFEDHENDIIEIZRITT:
RERZAZERREEEDD.

JAEA will continue to develop waste acceptance criteria (WAC) to help waste generators with
the treatment and conditioning of waste packages

31
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T REYDU D R DRFENCE T DIRES 2RI A
Comprehensive Symposium on Latest Trends in
Radioactive Waste Disposal Technology

TRUFEZEM DB (CHTDHAFEEDZEICEHAT SHAZEHFE

R&D on influences of gas generation on geological disposal of TRU waste

- pmPEEAN RFOREREREE - EEEET Y-
Radioactive Waste Management funding and research Center (RWMCQC)

g5y ) N 772 A5 R T RFEED
Geological disposal barrier system R&D division
BEH  1B18 Naoki FUJII
JA\AKR 2 Tsubasa YAGI
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Radioactive waste in Japan
(excluding medical, research, industrial wastes)

Enrichment/Fuel processing

facility
Natural ‘ Uranium
uranium \ ﬁ -
FUEL

MOX fuel processing

Relatively Higher-level LLW

facility
_ Spent fuel
Uranium/
Plutonium ﬁ
. LLW
facility

.

HLW

RWMC
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1. TRUREZEY)DBIE

Radionuclide concentration of TRU waste in Japan

WWMC

Alpha activity (Bq/t)

1018

1015

1012

10°

108

103

—TRU waste for deep
geological disposal

NPP waste
categories

LLW /

" TRU
|~

‘ waste*
VLLW'.-' iviely
Below {level
.-C'Iearance
level -
Lt | | |
106 10° 1012 1013 1018

Beta and gamma activity (Bq/t)
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Various types of TRU waste

(C-14)

* Solidified waste
with mortar or

with mortar, etc.

bitumen

me

* Solidified waste
with mortar, etc

Total TRU waste : more than 19,000 m?3
TRUBERZEWIIHRAREREGLIER. CAVIEZLED

RWMC

Co-disposal was studied.

Group 1 Group 2 Group 3 Group 4 Group 4 H HLW
(Vitrified waste)
Spent silver Hulls End-pieces S‘_:oli_diﬁed concentrated| Poorly combustible Vitrification R (mm)
absorbent liquid waste waste furnaces etc.
Mortar
Content e.g. rubber gloves \‘- II =)
™
i
0 ERa ===
. | A +«Pellets
i 'o Non-combustible
waste
-;{_:, v
Dried = = 230
lodine absorber .
E_g., tools, metal pipes
E.g. E.g. E.g. E.g. E.g.
Waste — % = E
package (=] L% “ []aa]l
-, [ - = ]
« Radioiodine « Heat generating!’ Includes nitrates i+ Incineration ash Includes heat
Features . from PUREX * Non-combustibles | generating glass
(1-129) * Radiocarobon : g
reprocessing » Solidified waste lter wastes
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MBI (CHEWNWTERESNDIHADFEEER

/ 1. BRI EIC&>TRET 55 X (Radiolysis)

-FEFE DO T KOBEER NNV —CBRBFNDKDDETRET HKERAR
T RIZILVE DR FRICEH>TRETDHHR

BREMNEEEL. \vTr—PRBERELEEEMMELET D,

\ KatlCE O TIEBRHFANTORELEZEIT DDLENDH D,

AV RRMEIZEFENS B HK (Free water in mortal) L 4RI D -6,

(2. BRBESTOSENEEILHH>THRET BKEH R (Metal corrosion)
A IRERMNEKL . E:T:Iai“&&ofz?&l:%_&._?'éo
F”Tﬁl &%7301%_&._3‘67‘_&') % 4 = HT5=HIZ(X

VAN

3. MEWMEBIZK>THRET 57 X (Microbial activity)
FAI7ILE ORI B—RGEDFEEMDMEY 7 #EIZL>TCO,. N,, CH, A
ADNFRETLHEMHESN TGS, UK EEEOEE(C J:o’CMEfF%O)E"‘E
SEBEINELGLSO. DRV IITERTET HIEIFHLLY,

Ir_'||,,a |[[
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ERDORIVEBRIC KD AFEES DM

E\ = =
E:Fﬁﬁ%#':a) n&I:E
R ) |52 =1 =
2.0E-8 (3%1) 1584.0 (32, %6) 49.6 (%1, X4) 0.34 (3%1)
/\}b /MJ l:l»r W}i 5.0 E-9 (3%1) 3168.0 (%2, X%6) 221.4 (3%4) 0.71 (3%7)
Fr=—R4 SUS TR 2.0 E-8 (3%1) 858.0 (%2, %6) 1.8 (3%4) 5 (3%1)
BREENy - 3] iR 1.0 E-7 (3%1) 6341.8 (3%2. 3X6) 10.56 (3%5) 50 (3%1)
avyoRILE o M 1.0 E-7 (3%1) 28.9 (%2, 3. X6) 568.9 (3%6) ® 25 (3%3)
S (EBERE) o Sl 1.0 E-7 (3%1) 337.6 (%2, X%6) HEERBICEE (X6) D16,22,25,29 (3%2)
¥1 TRU-288 X4 1¥vY=R4E X6 1EE
X2 NUMOEIEESR X5 1/\whr—8 X7 BRFHLRLEHEGS
X3 EXREAERESE
[BESHEREDO RG]
3Fe+4H,0 = Fe3O4+ﬁZ_(FI";r='3:£IEL SUS)=ST=1.3333 Zr+2H,0 = ZrO,+2H, (U)LhOA)=>ST=2
[EHRETIL)] [AEETIL] [ _§ &)
o " . AHR=KxSxCR [molly]
B%ff((;\;ll)«-lzht—x /. OvoRILE JHR - KEH R B
BEERNVT—ORER K #E&%[mol/m3]
S :FHfE kD FREFEIM
P 1 1 1 1 1 1 1 1 CR £EDEEZEE[molly]

K=ST-+p—+A X108 [mol/m?3]
ST BREREYDKFRANRAEKEDILZER

p B FEE[mol/m3) [mol=H/mol*M]
A ERDORERFE[g/mol]
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Christensen and Bjerghallke (1983),
7K 1.3 0.45 0.45 .
Bjerghalkke et al. (1991)
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> FfE | IR e DL DR = L i G
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A—4 R ot ] BHR ViR
0 (BA 0 (H0AD
BeSIRPIAK 1 () 1 (BN
R lr—UN E S 0.21 (BAFAT)
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EEECLAOD I ! ! -
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Saturation phase

REIKE (mL)

RIEHEKE (mL)

O RIEIKE@EA) —REIKEGEH) EKE
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600 0.30
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400 0.20
300 0.15
200 0.10
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0 i f i i 0.00
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#RBER (days)
Gas injection phase
O REHKE (2E) EA) —RBHKEGHE)
EAARE
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ST ERZDH BN IZHE TSRO T KBIREFT @I
®AM T KERAER N DTN ERE

(Recent Progress in Groundwater Dating Techniques for
Assessing Long-Term Groundwater Dynamics in Geological
Disposal of Radioactive Waste)

BENRRBZAR
(Central Research Institute of Electric Power Industry)
HE sAKER* KA IKEE

Kotaro Nakata  Takuma Hasegawa

B PRIR
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ANHBHFETRDAB:Contents

OEDNT
& T IKEE

= : Background of our research

REFDRIERE: Groundwater

dating and the principals

L SEPEERVTE
vV 8IKr|Z kB E

Recent case study

E{XHIRE : Groundwater dating with 81Kr

O E L :Summary

© CRIEPI



- WREWLENIE

& 2 DS = : Background of our research
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- WREWLENIE

B = Background of the research

© #EN 5 DHEEZ : Concept of Geological Disposal
o ARIDEFEMNGESITS

* HTFKRE —
** £1 % 2 £ Keep them away from human beings
8 caw O ZENYTIORTLANITHEXRANIT

Multi barrier systems

Y-
AR DEFRBICTTIAL, HTEL
EITEEELRBILTLD

© ARBIIEEAEZZ(T5H0[8ETE  Possible Scenarios

o HEDEE TUNNIGMNFRFTIIZ
@ ZEN)FURTL:ANT+RAN)T
O MHEMAMTKIZALH. HT/KDRNEELIZARBDEEE A : Groundwater Scenario

4
© CRIEPI



- EREIERG T
TKEREIL? Whatis groundwater age ?
HTKDEE : i KA TICA > TH o DRRE— T TFKER ]

Groundwater age: the residence time of GW since recharge

R KA R (2 A BB R

KA T A
5T T BB

PR A—BH 1 2 1290004 e
— I IF
0y [ PERS0T g

=100004F

M TKERDHT L - REIMTOMTKORNS AR - EEFHTE TS
HEERF®MICEDS
Groundwater age can provide useful information about direction and flow rate

¢ of regional GW during long period 5




I [ R
T KERDEFEDILT ~DFFE

Use of groundwater age for HLW disposal
© PAMDEERY : Forming of public acceptance

© ETIJLEE M~ DE A : Application for model calibration

****** $$ HTFKRE —

fiw o
ERCH T KAENEZ TN EF B

We can “feel” groundwater is old

RH#i- LDt KR ENZ IEfE

The regional flow of groundwater during
the long period can be assumed from
age of groundwater

Point A Point B
10000 Yoar ™ 50000 Yoar
Point A to B
© criep) It takes 40,000 years ;
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Qi T IKFERELTDRIERE : Groundwater
dating and the principals
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- WREwNL
T KERZEDFOIZFHET H5M ?
How to evaluate the groundwater age?
T KDFRXDHETE HE
ST TEZLHLDZEFIR ANV LARGE
Use of something increase in subsurface
ST TRALDZFIA  RADWS E%FE
Use of something decreases in subsurface
®EEDTIEZEHGELFIATESIES

Other methods: Use of paleo-climate etc.

© CRIEPI ' o



I [ R
TR TEZTLKEDZFFE

_____Use of something increase in subsurface
KT : N1 LS R (Representative example Helium)

N)JQLAREF?
- 5% (characteristics) : b D 'E &R IGL7ZEL Y (chemically inert)

- F 4 (origin in subsurface) : BERBIZEENDVTV/IMN)D LD K
s N io FE A (generated from reactions of U and Th)

m) oL TKIFEHRENE S, ERDPENEEHHTHES
The concentration of He increase with increase of groundwater age
< -
HMTKDAN)IDLEE, EENDAN)DLDOFEEERENHH
nIL, T KEKZHETED
Groundwater age can be estimated from concentration of He in GW
_and U and Th concentrations in rocks

@J llllll 9




- EHhR R
TR IKERDEEM T IE > TLLKED
__ Use of something increase in subsurface

Bl TR DISHHERHE (1C Ikt E)
=@ A - RKEFODERAEFTES

EF) e
'"""fffj%?fffff.'_'fffjf.'f.f.'fffff ......... O R OS5
14N+n_)14C ......................................... v %qﬂﬁ%ﬁ':*éijﬁtﬁuﬁ
l f&1k: O, E\VACS MY &
s\l2 A = 14 . .
Fﬁﬂl“CO iR =ND7 é}: C stable in air
| (KEFTIEEFE—ERE) T R DT ERIES &
Stable in air AR TR LI ZHE -
T35
= 14C decreases according to
146 KDk half-life in subsurface
c, — REEFRIANFERE
— Y7 ToN oo H#ETE T=5 (age can be
] — » estimated from

6000 12000 18000 24000  #TFKER(F) concentration and half-life)

© CRIEPI 3~ A4 HEAKS VAN E FHE R
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T KFRDOFHMEGE: TDIEH
Other methods

Hl:BEDSIEZEEZFIFH Use of Paleo climate
SURAYEL KA RASE T _, HEEOI—S

SURDNELY KIZHRDAEIFZLLY vs EiRNI—3F
—-——
AZADRENEVEFIE. [BMNMEVNEEITHTICAST-KTHLATREN

High concentration of gases may be caused by low temperature

LR (1) B2 ATDI T REDRES
L1 |72 (EX])
S FEL25mITEDI TFKIZFRMEL &S
ip(—mo—- T ///,J ‘:i'lﬂ-lt':)\’)f:
& —125—- = :\’:\)’// @
- KEAME-EBE AT 5T-180004EFE E I
DT IKTHAHEHERTES

20— 7T——7T——T7—— 71—
9.5x10° 1.0x107 1.1x107 1.1x107 1.2x10”

KrigE (cc.../g)

© CRIEPI 1555 chm(EAy, B D RFEFRIRENL0036H 55|

11



- WREWLENIE

1 FHZEH - Recent case studies
v8IKrIZ kB EMEIRE : Groundwater dating with 81Kr

© CRIEPI 12



__EREmEE
SIKr D FF

Characteristics of 3Kr

O S KrD4FE (ZD1)
- ETER A R AL RS TR

Radioactive noble gas: it is not involved in geochemical reactions
RIBER: 2295 F—10~ 10077 FF2E O #h K F K FTE AT 88

Half-life 2.29x10° years:it can be used for dating for 1x10° to 1x10° years
SEFEDMFEORREICEY . WENGH T ILETHIMAIRELE T
Development of measurement method allows us to measure 8Kr with
relatively small amount of sample

Cooling

Atom Tram Trace Analysis
(ATTA)

TA)N-pE-A—ANSIT
DR REE TH el EE

o It can be conducted in US,
51 UTSCIR—An— China and Australia

13

© CRIEPI



___EREBET
IKrdD A A Usefulness of 81Kr

© SKrDFFH (T D2)

MR TIEFEERLH M. T TEREREN(FEAE) G
Production of 8Kr is almost negligible in subsurface

< L
HERDK-BEVLHTKZADIEIEELGD
81Kr can act as an indicator of intrusion of surface/young water

HIT M T TRERHY T THOREREHRTES
CIEEILIELY ® o0
- TLOREH R I TEOBRHEAES
® S ® ® | (BKEROHTK
0® o 0% | mTToOCEESL =
oo & o o S KM TO S
.O.O.. .. . 35C10D K% 2 L [EEBATETHREE

© CRIEPI 14



Y R S hthemtgerh
SIKrAD F|FH (B AR TMDERRE) Use of 81Kr (Issues in Japan)

& BARTIIMTKIZEBITEAAIVEENGSWNVT—ANH D
Concentration of methane is sometimes high in Japan

® AIVICKYKDRENEFEO>TNE>REDHANBE
Concentration of Kr is diluted by methane

® AZUITKYSITHEEAANDEAFHHLLIGD

High concentration of methane makes the transportation difficult

N

HTRAKNSHHBLIEARNS AV EREL KIEEZSHS
RITzRAESEIDLENDHD

Development of removal method of methane from gas
samples is required

© CRIEPI 15



L EREEE
A3 NDBEAEDFRET Removal method of methane

3DDFEDEET

Development of removal method of methane is required

Fik F 5= (merit) R i (demerit)
A2 DERIE HHIIOBIFEE bR E-KERET BN

Oxidation of methane

(Mentioned later)

=
H,O and CO, have to be

removed

FRADRTE

Sorption of methane on titanium

ZLDRISEDHR%E
BRETED

Many kinds of gases
can be removed

BEEEMNLEMNLS. 3230
P, FAUREIREED H]
fEIANEEL LY

(High vacuum results in
contamination. Controlling the
surface conditions of Ti is difficult)

RENNSYT
Sorption on cold trap

=E COMBNTE
High temperature is
not required

[E] 4R KL

Low recovery

© CRIEPI
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& PR
A3 NDBEAEDFRET Removal method of methane

A2 DERIE— TV T A
Development of removal method of methane is required

77\7;17_]‘/&:73% o A \
PRESTE oo =i _Efiﬂﬁﬁ @
E it €73 RE) EXR 2 D2
B2 vA7A—
AT J»hbto—7
i T
€7 17 RAERERF
6mmE | |
WA FENFE T 7S [ e 2] ek
%ﬂf_ﬁﬁlﬂﬁ% S .
I SR S EES
D 8
KDY
CO2DYIN - “EEELS
;@Eﬁ mEHAY

O ER{EERPABELR (combustion furnace): A2 % ZEg{b ik R & KIZER{E
O ELXa15—>—TJ(molecular sieve): IKEFTYT
O ZEERFBINFIAYH R/7Vv% (gas bag with CO, absorber): Z &
{bixFTELTYT
© CRIEPI
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A3 NDME A EDREET Removal method of methane

[ At i3 MR 3 3tk 45 0D 75 A A\ D2 FH 5l

(Application to gases obtained in Horonobe, Hokkaido ]

- FER 9 (Main component) : X%2:(Methane )»EF&(N2)
B 7 IWOEFIE(Volume of sample) :40L—0.46L
‘KrERFE AL (high Kr recovery) —=CO, A% +U7 D&l (CO, acts as carrier gas)

B BELYUTLOREIEL
(We do not lose important samples)

© CRIEPI

HUJ)L BE | HAEE (%) Concentration Krie &
S |
(Sample) H, |0, N, CH, |cCo, (ppm)
13-350LGE-MO01 Before 40L 0.0 | 0.6 2.6 89.4 (59 |[0.04
treatment
After 0.46L [ 0.0 [ 51.0 |48.6 | 0.1 0.4 |3.06 >_
treatment
XD BS

92%

Be transported easily



- RESER Y
M52 4iE tHh 38k ~ 0D 1 F Application to groundwater in Horonobe

R - hEEREEBI T A RA TSN
(Shallow groundwater may flow through the
| boundary)
A
«250m(HBEIRSRTE) T, HARZIREN*L.

ol +350m( #PIE ) BIKrE S
LL-W Koetoi Formation Gas was obtained and 8'Kr was measured

I after the treatment at the depth of 250 and

H AR
(HRI94)

T 7K
oy HARRREOMEE

HA

F—1i
ZA—

Schematic view of “water

displacement method” for

- obtaining the gases from
| Ll A groundwater

AR E

/

1L AR 5

Wakkanai Formation

© CRIEPI



BIIhRIAZ
M52 4iE tHh 38k ~ 0D 1 F Application to groundwater in Horonobe

HDB-6 _ Riil FILH HDB-3

sl B3 KD TR
Results of 3Kr measurements
S J
A RS
° hg.i’% oy-wLL-Mo, Koetoi Formation gggm&‘) Bl
¥ 250mICHIT B8 KriRE Significantly
81Kr at 250m larger than that
12.6 pMKr at 300m
300mic& T8 KNiRE g o [ b Y
Boundary 81Kr at 300m Close to O
0-2PMRr o mmmm<cemL

2.5 pMKr ith FK T3 Kr=0%E:2

Wakkanai Formation

© CRIEPI



I R ErthRg
81KrZ& &6 Summary of 81Kr

¢ 3 KrOFE - TOHED S, KIKRADIREELTES
Characteristics of 8 1Kr:It can provide information about intrusion of
surface/young groundwater

¢ REFERTORE: AN KD ITEEANDRE - FERLEHXHPEETS
NDREEMEDHD2 A2 EERBL. KiREZ2EHIFE2HF
Methane can be a big issue for safety transportation and
measurement of 81Kr— The method that can reduce the amount of
methane has been developed

& RIERBIES DM TKADER : 250micLEBIIE UL B T KRARNIAA L
AREMERE(CIRESLAN - FL3 AV E)
Application to Horonobe groundwater : The results indicated young
groundwater may flow into 250m (further investigation is required)

~_

BADOHETFKTKrEEAL. ERXFEMHTEEI 2B R
It was confirmed that 8'Kr can be used as a tracer of groundwater age

© CRIEPI



- EREIERG T
& Summary

L iﬂz‘Fggﬁﬁ - REA- GO T/KRENZRET HIEHR-ETEREDZ L MR
SFZE%

Groundwater age can provide useful information about regional flow of
groundwater during long period: it can be applied to calibration of flow model

& M TKER  MTHTEZTLLKED, BoTLKEDIZEBL, #TKD
FEFHi I SFiE

Groundwater age is estimated from something increase/decrease in subsurface

& SHTOEF CKrDFA) :81KrIERKHAEDH T KD AFHEIZH R, A
BUEBRBELSKED T AFRERAAESIREMBTOREEEZRL:

Recent case study (use of 81Kr) : 81Kr can indicate the inclusion of young
groundwater into old one. The method for removing methane from gas samples
has been developed—> 8Kr has been applied to groundwater in Hornobe area

© CRIEPI
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O __THERLIEBRREIEFEXRENODR
AEXISLANIVESTERZEYF O HE L

TIZBET B

i ih T KGR B ER
) II2BWWTHEoNn=HDTHS,

sRonEckE

iﬂTlﬂlX'ﬂZEﬁ%(%*[B:E

=% (JPJ007597) (B 1

QU T ILIEREIZSUNT, JAEAD E I FIt
KIZZ KRGz =T-U\=,
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@ﬁ‘?f*‘.f\%
National Central University
Numerical assessment of a hybrid approach
for simulating three-dimensional flow and
advective transport in fractured rocks

Chuen-Fa Ni, Ph.D., P.E.

Professor & Director

Center for Environmental Studies, National Central University
Graduate Institute of Applied Geology, National Central University

CES 1P R KE IR ISR I P

Center for Environmental Studies

Quote:
In God we trust, all others must bring data.

If you don't know how to ask the right question, you discover nothing.
-- William Edward Deming (October 14, 1900 — December 20, 1993)



Conceptual fracture domain model

Start of channel Drill site 6
east of nuclear

Key iSS ues it l

(RFM029)
(Andersson, 2020)

e,
v v - —

-—

~500 m elevation

FFMO06 (RFM045) ’l\ FFM01 (RFM029) 1] FFMO1 (RFM029)
I

-1100 m 11}

Conceptual hydrogeological DFN model (connected open fractures)

310 (NW) FFMO01 (RFM029) FFMO02 (RFM029/RFM045) FFMO03 (RFM029) 130 (SE)

a‘?‘-'\-:’s i i
3 % 1
A

The KBS-3 concept for disposal of spent nuclear fuel(SKB, 2011)

Cladding tube Spent nuclear fuel Bentonite clay Surface portion of final repository -1100 m

_ ZFFMOS (RFM034 and RFM032)x

FFMO06 (RFM045) FFMO01 (RFM029) FFMO01 (RFM029) A

Fractures are not allowed to intersect deposition holes in accordance with
the Extended Full Perimeter Intersection Criterion (EFPC). (Munier 2006)

500 m /

Fuel pellet of Copper canister with Crystalline Underground portion of
uranium dioxide ductile iron insert bedrock final repository




Challenge with scale interactions

Regional-scale

1538000 1540000 1542000 154-:003 1546000 1548000 1550000 1552000 1554000 1556000 1558000 156000C
1 1 1 1 1 1 1 1 1 1

N

6374000+

W

6372000+

6370000

6368000+

6366000+

6364000+

6362000+

2.5 5 10 Kilometers

0
|

6360000+

6358000+

6356000

Legend

Dneqnmz model boundary [

D Repository block 2 C
3 Revostory biocx 1

| Sitescale model boundary Elevation (m ASL)
i <o

Dﬁepozlcry block 3 Blo-4

Je-8

[Js-12

J12-18

] 15-18
I 1e-21
Et:.:a

1 24-%

[J3-34

005 1 2 Kilometers
|SPTSET- 1T 1 Ie]

Models for multiple scale problems.-

Figure 3-10. Iilustration of the concepts of model scales, embedding, and the transfer of data between

Boundary Initial
conditions conditions
Top surface Pressures,
pressures densities
Site-scale
Initial Boundary
conditions conditions
Pressures, All surface
densities pressures
\ 4
Repository-scale

Fro m fra ct u res to re g io n axls_S/c arllé_rsmc conductivity (CPM/ECPM) or transmissivity (DFN).

Interface trace

Fracture pfane

CPM|elementd

Figure 3-6. lllustration of embedding between DFN and CPM sub-models. A finite-element CPM mesh is
shown on the left. The right hand surface is intersected by a single fracture plane. Extra equations are used
to link the DEN to the CPM.

CPM mddel

Fracture zone

DEN model

NN

Interface

L

Figure 3-18. Schematic illustration of continuity of DZs across a CPM/DFN interface in a ConnectFlow
model. The DFN region is to the right with a CPM grid io the lefi.

(Joyce et al., 2010)



Flow & reactive transport modeling

Our previous approach! |

=
=
=
-3
-~
F

Time 137 years

g I
= | 57 FracMan I
i | Mesh |
[rputdam | | generation 1 |
I /','
' Y 50
| | Fracture : P | e
data Generation Flow
| analysis of DFN simulation I
[
p l -
I ggz Time 137 years E—
B I
I | Particle tracking | &% \ =
I V\E—x I B o
\ 4 01 —
Sellig e ell, 2018 I Chemical reaction - [ Jz_, S
I ( ) IQJD. — .5day - I X
I & solute transport -
J (Vu et al., 2019) e
+ . | | | | | | | | | | | | | | | | | | [}



Objectives

* Develop a DFN &ECPM (Hybrid-domain) model for
simulating flow and advective transport in
fractUI'Ed I'OCK SyStems- First phase: Flow and ":

advective transport

5
\

- Evaluate potential releasing pathways for )
radionuclides to leave the camsters, i.e., Q1 to Q3 ' £¥
paths. 4

Test case
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Numerical model - the concept”

Two fractures with
one collinear line

Fractures: triangular elements
with arbitrary fracture aperture

V- [K)b(x)(Vh(x)]+Q(x) =0

Matrix: Tetrahedral elements 27— =S N
with physical flow (or transport) e il | faotee - ;
properties R R

Fractures and the 2D a : L gty il w7
3D meshes for the proposed 8 = e |
hybrid model.
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Numerical model - the conce

Ray-Plane test:
determine element faces &
Intersection points.

1. Point 3D velocities are calculated
based on the velocities at nodes
of the element face.
(interpolation)

2. Traveling path follows the
trajectory of the velocity vectors
at the point on the element face.




Model tests

Grid/Mesh Flow

Conceptual Models ;
: Generation

* The models
« DFN - FracMan
« ECPM->DarcyTools |
 Hybrid-domain HD (this study|,

o Workflow

Benchmark case II:

* Mesh generation Beclunackicams | The fractures

 Flow simulations (deposition hole) l

« Particle tracking Quantitative Pt
- Two test cases Particle Traces Tracking

* 3 intersected fractures TSR [— m— =

* Fractures & deposition hole ST

(DH) Length €«
Travel Time
Velocity




HD: 2D triangular and 3D tetrahedron
elements are 9,147 and 290,324, respectively |

ECPM model: 131,072 cells with32, 64,
and 64 in x-, y-, and z-directions

DEN: 12,624 elements

VIR S — S AN

Fractures: FAB file from
FracMan software

= T a:
T i
\/
‘\-' ]

Parameters

conductivity (m/s)

Particle numbers (-)

Fracture transmissivity (m?4/s)

Matrix hydraulic conductivity (m/s)
Deposition hole hydraulic

12| (a)

VAVAVAVAVAVANV AVAVA

%
;
K
l!
8
i
X

<

NI NNNNNININAZ)
YAY, YAVAVAVAVAVAVAVAN
NIV ININININININAY
VAY, VAVAVAVAVAVAVAVAN
WA AVAVAVAVAVAVAVAV:
VAY iWAVAVAVAVAVAVAVAR
Vi AVAVAVAVAVAVAVAN RN

4
S

AVAVAY

MVAVAVAVAVAVAVAVAVAVAYAVA
VAVAVAVAVAVAVAVAVAVAVAVAV
INIAINNNNINNINNNN
L NININININININININININ
SWAVAVAVAVAVAVAVAVAVAY)
Vi VAV AN ZaVAVAVAVAVAV A

SWAVAVAVAVAVAVAVAVAVAVAV
VaTAVAVANSTAVAVAN,

VAVAVAVAVAVAVAVAVAVAVAVA!

5.0x10" IE
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1.0x10™4
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5.4x1073
1.0x1078
1,000

“ There is a subcase with 48 particles for Case II.

Case ll
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1.0x10~10

1.0x10~10

1.0x1071
4.0x107]
5.4x1073
1.0x1078
1;48™
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Statistics

Parameters

HD HD

(fractures and matrix) (fractures only)

Trace
length

Mean (m)
STD (m)
CV
Min. (m)
Max. (m)

Travel
time

Mean (s)
STD (s)
CV
Min. (s)
Max. (s)

Velocity

Mean (m/s)
STD (m/s)
CvV
Min. (m/s)
Max. (m/s)

—%

(36x10°1  \\28x10° - 2940
A v ’?.":‘

S -




z(m)

16

(w)z
(w)z

location

A particle
released at the
highest velocity

(w)z

(w)z

Hybrid
Domain

Parameters ECPM model HD model
Mean (m) 10.69 9.07
STD (m) 3.16 2.74
Trace length _S\_/________9.%9_6________9.?;0_2__\
Min. () ______ 725 585__ 1
Max. (m) 15.70 15.10
Mean (s) 9.70x10° 4.25x10°
STD (s) 2.40x10° 1.05x10°
Travel time Ccv 0.247 0.247
Min. (s) 6.50x10° 2.69x10°
Max. (s) 1.55x10" 7.10x10°
Mean (m/s) 1.09x107° 2.18x10”
BID (m/s)  1.56x10000  1.10x10° |

Velocity
Min. (s)

8.31x1071°

B € VA ¥ c S 1 =10 B

1.15x107

Max. isi 1.37x10°° 4.33%10°



Implementation:

A case with practical scale and

complexity =y
'. .




Objectives |

Implementation of HD model for
practical scale & complexity

Conduct flow and advective
transport in fractured formation (FAB)

L Search three main pathways, Q1,
seepin\\g\] water Q2, & Q3

Consider layout, main tunnel(MT),

\ deposition tunnel(DT), deposition ,
. holes(DH), and excavation damage ’, ‘i
wairs zone(EDZ) STL(STereothhography), '!1*," 2

Evaluate transport propertles i ' 29

N =
-~ —

<. “J:‘;r- ‘\?r‘ﬂ.‘v '\%‘?;ig)‘?;::“g“ ‘:.‘*

p—=
([ J

T

s

Hole in
canister

(Neratnieks et al., 2010)



- (5206 . Sagnzoal

Xiang'An oy fetes ] Section07: DFN Recipe for R# (F# and D# are d to be deterministic structures and treated as porous media)

District [o2s &n FDMA FDMB.

3 District 0 @m { 6228 | [racture Domain Elevation (depth below surface, m) < 70 m. Elevation (depth below surface, m) > 70 m
Dadeng Island (Cluster 1 = (198, 18), Fish distribution (8, x = 18), P35 ,,,=26% (Cluster 1 = (65, 17) , Fish distribution (6, x = 20), P33 ,=15%
Cluster 2 = (155, 4), Fish distribution (8,x = 15), P3;,,=24% (Cluster 2 = (344, 38), Fish distribution (8, x = 18), P33 ,,=24%

Huli District Cluster 3 = (264, 23), Fish distribution (6, k = 16), Py ,¢=18%: Cluster 3 = (281, 29), Fish distribution (6, k =
riire dhictors Cluster 4 = (98, 81), Fish distribution (8,x = 11), P3;,,=32% (Cluster 4 (174, 22), Fish distribution (8, x
(Pole_Trend, Pole_Plunge) (Cluster 5 = (175, 75) , Fish distribution (6, x = 19), P35 ,,=21%.
m"sg;ma

Fisher distribution f(8, x) = H
6 = the angular displacement form the mean pole vector

K = a concentration parameter of Fisher distribution.

P

Fracture intensi Pig =24 [ Py =03
Ll \P3, =Area of fractures per unit volume of rock mass (volumetric intensity, m™*)
[Powerlaw : k. = 2.6,r, = 0.1 m, iju =4.5m,v, nax = § =564m ‘Powerlaw 1k, = 2.6,rp = 0.1 m, 1 = 4.5m, 10, = 564 m-

g ke
PR=1)=(2)", Pyy(rinins Tnax) = 22 ]sz(rn"”)

R is the fracture radius.

[Fracture size. o is the minimum radius value.

r isany fracture radius between 7, and co.

k,. is the exponent of fractal dimension, or the “fracture radius scaling exponent” (La Pointe, 2002, p381).

P (R = r) isthe probability that a circular-shape fracture with a radius greater than or equal to r.

P35 (Tynins Tmax) is the volumetric fracture intensity corrected with determined fracture radius between 7;,,;, and 7,5,
Fracture location. Stationary random (Poisson) process. [Stanonary random (Poisson) process.

T = a; X (r)® = a, x (L)® for FracMan /MAFIC; T = a3 X (L, /lOO)b for DarcyTools.

SC aI e ~20k m X 20 k m X 2 k m z’;‘?’r’:;l;:)'lfrarlslxlissivify ) mr? = %= (L,/lOO)’: a; = a; X (m)™%; a; = a, x (100)® = a; x ()~ x (100)"

r: radius (m) of a disk fracture; Z: equivalent size () of a square fracture, m; L;: physical length () of an intersecting fracture in orthogonal direction

a; =9.0x10%a, = 6.03x 10 % a3 = 1.51 x 10 /;b = 0.7 ; =53 x107*;a, =3.98 x 107 ;a5 = 3.98 x 107'%b = 0.5
Fracture Aperture (e, m). \Te = 0.5VT. = 0.5VT.

Source. [SNFD-SKBI-PL2015-1023; Vidstrand et al., 2010, p107- NFD-SKBI-PL2015-1023; Vidstrand et al,, 2010, p106.

DFN recipe: 70m above and below

(Yu et al., 2022, in preparatlon)

----‘--..._-'-- .....

Main rock formations  Faults
70m above and below




STL files for MT, DT,
DH, and EDZ

(a)

Read DFN FAB file
from FracMan

(b)
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Flow simulation

Specified head B.C. for steady

state flow \
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' Q2 fully intersected case

Path Type Intersection File name
Q1 Full 160 Q1Full.csv
Q1 Partial 34 Q1Part.csv
Q2 Full 2861 Q2Full.csv
Q2 Partial 0 Q2Part.csv
Q3 Full 109 Q3Full.csv
Q3 Partial 110 Q3Part.csv

Q1 partlally Intersected

Q3 fully
Intersected

case




Particle tracking
Travel time t,
Potontial paths_Initial flux (ms) | Location ____ [NCIIPEISEAPIATIN

“ 6.746797 x 1012 224.01288, 567.0276, -500.0 Q2=1.30888 x 106 (s)
DI 6746917 x 102 223.14775, 567.361, -500.3 Q3=1.77045 x 10 (s)

“ 6.746797 x 1012 220.6712, 570.88324, -496.6415
. Darcy velocity U,

“ = o L Q1=6.746797 x 1012 (m/s)
=. Q2=6.746917 x 10712 (m/s)
Q3=6.746797 x 10712 (m/s)

Q,

Equivalent flux Q.

Q1=2.190107 x 10716 (m3/s)
Q2=1.025728 x 10711 (m3/s)
Q3=1.770446 x 10715 (m3/s)

Travel length L, Transport resistance F,
Q1=8323.562(m) Q1=6.2745881 x 101°
Q2=8316.176(m) Q2=6.2783641 x 101

Q3=7664.157(m) Q3=5.3679468 x 1016

20



HT(m): -20 -6 8 22 36 50 64 78 92 106 120

(b)

totalHead

[ 1.3e+02




Conclusion

* The study has developed the HD approach for the simulation of¥ %
advective transport in fractured rocks.

« HD model is flexible in considering the concepts of DFN, ECPM,
or both.

* Aregional-scale case with objects of a disposal facility was
employed to evaluate the developed model.

* Results show that the objects of a disposal facility and N ;¢
predefined DFN could be included in the HD model, and the ~“Z#"

/ IN’

intersections between disposal facility and fractures has been P
obtained successfully. ey NG m

-
/ W &
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¢ Email: nichuenfa@geo.ncu.edu.tw
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Canister |:
\
Deposition hole |:

\

Canister wall

The solute encounters a number of transport resistances (Fr) in series. For example in the
canister defect scenario for transport from the fuel to the seeping water a nuclide has to
diffuse from the fuel through a hole in the canister to the clay buffer, then from the exit of
the hole in the canister out into and through the buffer to reach the seeping water in the
fracture in the rock. As the nuclide approaches the fracture in the rock it will have to find
the narrow fracture. This can also be expressed as a resistance. All these resistances can

be expressed as inverse of the corresponding equivalent flowrates.

Q3 (Joyce et al., 2010)

hannel

Hole in
canister

Fractures with
seeping water

P S N

///Qeq1
il

(Neretnieks et al., 2010



volume of rock. Thas 15 a measure of the potential for retention and retardation of radionuclides
within the rock.

The subsenipt “r” indicates that the PM 1s calculated in the rock. That is, they only represent cumula-
tive PMs for those parts of paths within the rock and exclude parts of flow-paths that pass through
the EDZ or tunnel backfill. PMs are caleulated for legs of paths within the EDZ and tunnels, but are
computed as separate PMs for each path and distinguish by an “EDZ or " subscript, respectively.
In a DFN representation the PMs are defined as:

w W - o
1. Travel-ume, f, = z— where of 15 a step length along a path of fsteps, each between

Y

a pair of fracture intersections, e, 15 the fracture transport aperture, wyis the flow width between
the pair of intersections, and {Jy 15 the flow rate between the pair of intersections in the fracture.

2. Equvalent flux at the release point, U, desenbed in more detail below.
3. Equivalent flow rate at the release pomnt, (), deseribed m more detail below,
4. Pathlength, I, =Z&.
2w, rii’ ) )
5. . where iy15 the travel ime n a
1raLtun_ along th paih ’y

The results from the particle tracking are used to produce ensemble statistics for the performance
measures, as well as locating the discharge areas. The ensemble 15 over the set of 8,031 particle start
locations, one for each deposition hole and 15 in total divided over three blocks; block 1 with 2,158
start locations, block 2 with 3,576 start locations and block 3 wath the remaiming 2,297 start loca-
tions (Figure 3-13). Apart from the work done on the repository layout, no further attempt 15 made
to avord starting particles in either determimistie fracture zones or high transmissivity stochastic
fractures. In reality, such features are hkely to be avoided duning repository construction, and hence
the model may tend to see particles start in a wider range of possible fracture transmissivities than
might be encountered n reality.

To avoud particles becoming stuck in regions of stagnant flow, they are not started 1if the imital
flow rate per unit width is less than 1-107° m*y for Q1 and 2 and the imtial Darcy flux is less
than 1-10°* m'y for (3. For Q1 and 2, flow rate per unit width, g, in a fracture is defined as

=g V= 9
ql‘ i _UI':

where:

(3-6)

* &y 15 the transport aperture of the fracture [m].

= vis the velocity [m'y).

*  (Jris the volumetric flow rate in the fracture [m/y].
* ay1s the area of the fracture plane [m°].

For ()3, the Darcy flux, g, 15 defined as the volumetne flow rate per unit area.

Table 2-2. Summary of reported performance measures.

Performance Description

measure

t, Travel time in the rock [y].

U, Initial Darcy flux in the rock [m/y].

L, Path length in the rock [m].

F, Flow-related transport resistance in the rock [y/m].

t, Travel time in the tunnels [y].
Initial Darcy flux in the tunnels [m/y]. ? G’
Path length in the tunnels [m].

tenz Travel time in the EDZ [y].

Ugpz Initial Darcy flux in the EDZ [m/y].

I—EDZ

>
Length in the EDZ [m]. 2 Sl
P el
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B Aim
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To develop a technology for the 4D site descriptive modeling (the model has 3D
space and time scale) that takes into account changes in characteristics of
geological environment such as hydraulic and hydrochemical conditions from
the surface to deep underground due to long-term topography and climate
changes, in order to reflect for more reliable and realistic underground
repository design and safety assessment.
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Construction of topographic and 3D geological models at present
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Transient simulation of groundwater flow and mass transport
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Site selection of potential areas for underground repository facilities
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Characterization of groundwater flow and mass transport for site selection of potential areas
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Characterization of groundwater flow and mass transport in the potential areas
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Compilation of information on geological environmental characteristics for safety assessment
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® The data and investigation items required for the construction of the 4D site
descriptive model, important matters and work procedures for the model
construction will be organized, and the modeling technology will be
systematized.
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Topics 2:
Development of methodologies for validation of groundwater
flow and mass transport model
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Image of DFN modeling
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B Aim
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® To develop specific methodology for investigation, modeling and analysis of
groundwater flow and mass transport, and validation of modeling and analysis

results to demonstrate the reliability of groundwater flow and mass transport
assessment results for rock mass with heterogeneous.

CNFETODERIREIASD Previous studies
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Results of hydrogeological modeling
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Effects of different conceptual models on the results of particle tracking analysis
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Uncertainty evaluation of model parameters by sensitivity analysis using DFN model
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Uncertainty evaluation of model parameters by sensitivity analysis using DFN model
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® Through a case study of the Mizunami underground research laboratory, the
effects of uncertainties in modeling and simulation of fractured rock on the
model validation will be analyzed. Furthermore, technical knowledge and
recommendations regarding data, investigation items and quantities to
modeling and model validation for rock mass with high facture density in Japan
will be presented.
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® In the future, we will synthesize the results of studies related to the
Advancement of geological environment modeling technology, and steadily
develop technologies for improving the reliability of investigation and
evaluation technologies applied to geological environment characteristics for
the preliminary investigations in geological disposal project.
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Thank you for your attention.
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Faulted mudstones have low effective hydraulic conductivity if the faults have limited hydraulic
connectivity. Therefore, the hydraulic connectivity of faults is a crucial consideration in the geological
disposal of high-level radioactive waste. There is a simple method based on single-borehole investi-
gations to classify domains of faults in mudstone as having either high or low hydraulic connectivity.
However, the nature of the hydraulic connectivity’s transition with depth around the boundary
between domains of faults with high and low hydraulic connectivity remains poorly understood. At the
Horonobe Underground Research Laboratory (Japan), three shafts have been excavated in a Neogene
siliceous mudstone, and hydraulic pressure has been monitored at boreholes during the laboratory’s
construction and operation. This study analyzed long-term hydraulic pressure data to estimate the
variation of effective hydraulic conductivity and explore the nature of the variation of fault hydraulic
connectivity with depth around the predicted boundary (at ~400 m depth) between domains of faults
with high and low hydraulic connectivity (with less connectivity below the boundary). As the observed
hydraulic pressure was greatly affected by the Mandel-Cryer effect, numerical simulations considered
poroelastic effects. They showed that the effective hydraulic conductivity gradually decreased from
~400 to ~500 m depth, becoming comparable with that of intact rock below ~500 m. Theoretical
analysis of the observed data also indicated the same variation with depth. These results suggest that
the hydraulic connectivity of faults does not change abruptly, but instead varies gradually over several
tens of meters around the domain boundary.

© 2022 Elsevier Ltd. All rights reserved.




NN Contents

« 5=+ BAY

-Hfﬂﬁﬁt@
T —X
o BUBEREMNT

« BNTETIL

1L 7=

o BEERRAT (B
« BERRAT (H3EH)

4=
® I’'o afd

* Objective of this study
 Study site and data

* Numerical simulation
e Simulation model
 Sensitivity analysis of
effective hydraulic
conductivity

e Sensitivity analysis of
mechanical properties

* Conclusion and future study



== - By  Objective

19D BN IS

=L 2B W TEFE KM O f81E % & H

. H,
EEZTHD

s IR TIE, EDNWFHREFICEDE, T
RERICE T RSP OME OEFMENZ L <FEK
EANMBENZ EAFRIESNTLSD

« IHUEHIR DKESE DENTIE, £ DIDEDKE S
A o H IRER DARBEKIE A O I~ ORI A A EATS
TED I e n, FATHIRIC K D1EEKME D=
EDEEEICH R EE




o/

140°E

150°E

S0°N

40°N

¥

Direction
of plate
migration

Eurasian Plate

/

Hokkaido

'‘North America Plate

/&ﬁf

E 5P Study site

HTOA X—JEI,
SEOBAMADBRRETEDDTENBOFT .

[HtFAEER A X—UE]
713 % 8 BEH

N

HDB-3

=



JER] & IERIERT DB /KE

-

Excavation history and study period
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HDB-3

Monitoring section
(Below ground level, m)
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Hydraulic response in PB-VO1
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MABRENT  Numerical simulation
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500

600

700

#2 £ )L Simulation results
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515 m (Sec. 9)
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(Siliceous mudstone)
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Wakkanai Formation
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465 m (Sec. 9)

485 m (Sec. 10) 585 m (Sec. 11)

100 m

HEERXETILDONT A —XK

G [GPa] | K[GPa] o B $ k [m/s] S, [1/m]

Koetoi Formation 0.24 0.55 1.0 0.87 60 5.0x107 1.4x1075
Shallow domain 1.95 1.62 0.93 0.79 40 2.0x1078 3.5x10°
Deep domain 1 1.95 1.62 0.93 0.79 40 1.0x10™11 3.5x1076
Deep domain 1.5 1.95 1.62 0.93 0.79 40 1.0x101 3.5x1076
Deep domain 2 1.95 1.62 0.93 0.79 40 1.0x107 1 3.5x10°6
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FATHE S (JKBEFR) Simulation results

1 61 DR 455 (hydraulic head)
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NG R (A2 N9 &) Simulation results

1 DRATHR (Volumetric strain)
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Comparison of measured data and simulated results

Simulated and measured head in HDB-6
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Comparison of measured data and simulated results

Ventilation shaft
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Comparison of measured data and simulated results

PB-VO1 Ventilation shaft

NW HDB-6 SE 2 . .
0 f f c2 Simulated and measured head at section 9
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HDB-61C

Change in head [m]
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Parametrlc study around the boundary
between shallow and deep domain
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PV-
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Comparison of results in PV-B01
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BT 5

Comparison of results in PV-BO1
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Confirmation of data in HDB-6
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Effect of mechanical properties on hydraulic response

- KEBNFERFEFHEERT 2%a. BKEICINZA THERNAYEED X
Ed DR

« BEIEIOMMEEZ AN LILTHRERIKOKESE 2 BIR
« BEIEIOYMHED SETE S NS LT BRI
JRIE TEUR S N/ fE & FAARY

-
« SEIOFHRBITEEM LI L D BRHER AT —ILOBEITICE LTI,
BHOEREMEIC L o TREMELOYILEZB W THEITTE 2 AR

NEFEDKEREFICEZ 2 E % REE

R FERAT D S

1. #REBIIERE LY L (MTFRES I T XRE LY HEEW)
2. K77/ IR E

» RIEEE I ER 5 L ORISR Z 5



=]
/\\

Change in head [m]
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Effect of bulk modulus at Section 9 (HDB-6)
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Change in head [m]
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5 A — 2

nXA: Parameter Setting
RIEE SR D R
Koetoi Fm. Wakkanai Fm.
G [GPa] K [GPa] y G [GPa] K [GPa] y
Reference model 0.24 0.55 0.31 1.95 1.62 0.07
Low K in Wk 0.24 0.55 0.31 1.95 1.35 0.01
High K in Kt 0.24 1.62 0.07 1.95 1.62 0.01
14 22 D % R AT
Koetoi Fm. Wakkanai Fm.
G [GPa] K [GPa] y G [GPa] K [GPa] y
Reference model 0.24 0.55 0.31 1.95 1.62 0.07
Low K in Wk 0.24 0.55 0.31 0.24 1.62 0.43
High K in Kt 0.80 0.55 0.01 1.95 1.62 0.07
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Uncertainty in flow and mass transport model
of fractured rock

Fracture Flow Solutions
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Models used for flow and mass transport simulation of fractured rock
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Conductive fractures in Mizunami Underground Research Laboratory
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Schematic drawing of repeated opening and sealing of fractures
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Multiple events of opening and sealing of fractures

(a) BEEIZLSENBDOFE Seallng of fracture by chIorlte
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Ishibashi et al. (2014)

¥ Fracture
fillings
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Calcite formed on the laumontite

Yoshida et al. (2013) 10
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Difference in fracture size between conductive fractures and non-conductive fractures

REFHI. BEESBEBHRICHLTERINTHEY ., EKEERERIFELTLY
f&L\_.I-ﬁ |$75\3f)%) iﬁ'ﬁ/ﬂf‘iﬁ%‘ EL\h\%é;th\Téh—CL\éo

Power law parameters are different between nonconductive fractures and conductive fractures

VAESHBRITER T HAIEEMEN B BEKIEETDTREEAFL

Large fractures are more likely to be connected and likely to form flow path

VINSTTBRITERT HATREMEMMEL, FEBKERBREGLAREEA L

Small fractures are more likely to be isolated and likely to be non-conductive fractures

= 10000
3 o FEKERE
% L"-:;, 1000 E L. ;'.“ © Another fractures Nonconductive fractures
ge 10 BTG
H ﬂa-’ | S - / Conductive fractures
E =
0.1 1 10 100

Trace length on the drift wall (m) (Onoe, 2019)
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Geo-DFN vs Hydro-DFN

o BRIIZISCT-DFNDEWLD 1T A NE
Need to model different fractures for DFN depending on the model purpose (such as geology,
rock mechanics, flow, etc.)

- MEMNBREEKEERDT—E

Disagreement of geologic fractures and conductive fractures

ViEER - FIEIZK ST —ILERA O (reactivation) D #EYIRL

Repeated events of sealing and opening (reactivation)

VIRTEDH T KMo LI-BRIMICE B

Use of euhedral minerals precipitated from modern groundwater as a marker of conductive
fractures

c BIKEBHRODERNTAFZHRET OUE

Need of determining fracture parameters specific to conductive fractures



WEREE

Connectivity of fractures

N

Contents

13



2. BG4
Connectivity of fractures

o WEXDDFNETIVIL, :EFEEZEKEHMT 5 (overconnectivity BRI M &H Y | Efk
EKETIVISEWEFHZRYT

Traditional DFN models tends to overestimate the connectivity (overconnectivity) and
behaves like a continuum model

« REDOEBIL. [KASINMRET DIERIZHY . ChE+HICRBETETLEN

Conductive pathways in the actual rock are localized and DFN models fail to reproduce

o ZDEEEIL. John Blackh $EHEL THEY. Sparse channel network model SN RIES
NnNTL%

This issue is pointed out by John Black and he proposes “Sparse channel network model”

o JKIEO/IN—FAUE

Flow compartment
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Flow log results in the tracer experiment area of the Kamaishi mine
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and KH-23 indicating outflow points are localized
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Comparison of fracture frequency with flow log
« BKIZFEETHDIITLK—EHDEHTHS

A limited number of fractures contribute to flow
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A method for characterizing flow compartments used in the Kamaishi mine

- BHIREEKERLZRERICEERT - EICIYIRHIICHIENTHEILE

Detect different pressure domain by monitoring drilling progress and pressure response

Conductive fracture

S
riog G- B S5y,
%o

BEOR-Y 74,
Existing borehole packed with
multi-packers

New borehole being drilled

%ﬁﬁ—U?ﬁﬂ/§

Recording pressure responses
BER—-Y I TO
Fﬁmxwﬁﬂ

R—=Ur7

2207 | Ummzzonmzio

Drilling machine AITE
eguipped with Recording progress
displacement gauge of drill depth
Pressure change vs time |, Drilling depth vs time
KEOBEZTL B B DRSRIZEAL
depth(m) time
o 55 10:00:20
é \ 5.6 10:03:20
o 5.7 10:06:20
o 5.8 10:09:20
Tims . . (Sawada et al., 2000)
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TN X MEEZFTET ST —
Pressure responses indicating flow compartments
KH-207L 32.8m, 37.5miB4IEEDKERZ

Pressure responses occurred during drilling at the depth of
32.8 and 37.5m of KH-20

/

——— KH-20Driiling Depth

KH-19fL XRE5ERET 52N LUFOXME
RELEVL

— AV IN—F AV MEEZR TR
Only section 5 of KH-19 responded, while other sections

not responded
—Indicate the presence of flow compartment

—— Pressure (1994/12/13)7
—— Flow Rate (after drillin})

— Flow log (mV/min.)
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T ARHRL-TRUE Block ScaleztE& T 7 I2HE T2V - AV MBEEZTIZT B
R—U2 T BRI DIE
Pressure responses indicating flow compartments at the TRUE Block Scale Experiment area in the
Aspé Hard Rock Laboratory in Sweden

KI0025F02 FL 8 Hll B | 2 &R FL(K10023) D — B X R D A IHZE L . £ DD X & TILEHZEH ALY
5l ARIZERFIC, S7L SSH TG E LAY, S2&S31F 2<EHET
BEIZERFIZ. S3,54,55,S6 MV 2 BAA
DEIZERFIZ, S2MV G B FTA

Pressure responses are recorded at the specific sections of the monitoring hole (KI0023) during drilling of KI0025F02

i.e. When drilling reached A, Sections S7 and S8 strongly responded. But, S2 and S3 did not respond.
When drilling reached B, Sections S3,54,S5 and S6 started to respond KIQ025F02
When drilling reached D, Sections S2 started to respond KI0023

Response of KI0023 to Drilling in KI0025F02
—F B2 8 B

4500
+ 200

4000 '
©
e 190 = o .
= E Monitoring Sections (m)
S 3500 -
a a KI0023B:P1  113.7-200.7
g 466 @ KID023B:P2 111251127

KI0023B:P3 87.20-110.25

KI0023B:P4 84.75-86.20

KI0023B:P5 72.95-83.75
50 KI0023B:P6 70.95-71.95
KI0023B:P7 43.45-69.95
KI0023B:P8 41.45-42.45
KI0023B:P9 4.6-40.45

3000

2500 0
8/11/98 0:00 8/15/98 0:00 8/19/98 0:00 8/23/98 0:00

Time

(Andersson et al, 2002)
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Geologic connectivity and hydraulic connectivity

West <- (m) -> East
3 S S o S S 3

KH-20 KH-24 L KH-25

©
o

100 g = 2 \|\I ‘*’I/?. KH-21 —
: I o | *zone F KH-19
23y T N )
2w a2l T B, U —ILIZkY e il /
o A —E] ERISEERNCEI N | e
- ek i F- 2 iA /
m_ ‘.‘ X Sy . . L]
E . v ] Flow is disconnected by [ | ZoneD /
L 'S ; partial opening or partial L 1 .

_-':—Zone B—

N7,
\/
X

N

Packer location
and hydraulic head

DERDH
Trace map of KD-89 drift ©

c

KD-90 Drift—" 0 100 200

—

close to the studied area m
RP7HR—ITVILIEELI-8R VNI — KEDGE AV IS—F AV P

Fracture network predicted from borehole TV log Pressure distribution and flow compartment
Sawada et al.(2000) 20



IKIHH D ET IV
BKEFRMOBEMEDIRE

Concepts of flow path modelling
Options for assigning transmissivity

JEFERE BRF¥F L DHEE
No correlation Positive correlation

\ between size and T
SHETEIR A S T ¥ & L
o B TU¥y KEARBIITE S BN
T is randomly sampled from log Large fracture has higher T
normal distribution

BITRERMERS

Pathway correlation

EIROBATREZIZRT % £ 9
= WE K & B E
T’s are assigned so that pathway
becomes preferential path

BEkED B2
High T fracture

I¢Emﬁ®%%
Middle T fracture

I (RSB B B

Low T fracture
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2. EfETE
Hydraulic Connectivity

- BRISEKBEMERYLTIRIC, REFTUT LHIVEERY (XLOMEMEEELT
W=, TRATRBHEREIOIIIHEDBITREBICE VN EKEZEIYETLILE
Traditional DFN assigns T randomly or correlating to fracture size. There may be a need to assign T to reproduce
preferential flow path.

vVZDRR, FFRERMICGBITRIEELGOENED . BITRIEEHROKENEREBITRISEE
NRAZBERITIENER

It is important to reproduce both measured flow resistance along the flow path and the measured
frequency of the flow paths to avoid generating unrealistic pathways

o OVsS—RAUME, B IEHIEE N EED ESEBKIEEEY U TH L THE A

Flow compartment can be reproduced by assigning low T in the pathway

VAUN—FAVRDRER (X, FTELFAAOEHEIDOZYRLICKYAEL-AIEEELH D

Flow compartment may be formed by multiple events of sealing and reopening of fractures

VIZEL, AU N—rAVMISERICRAC I EEZR AL TUOVELVATREME A B Y . FEEMELT
FACI-G B EZ O THIMEE DR AN —REEET HANE
Flow compartment may not be perfectly closed. Uncertainty such as closed case and non-closed case need
to be considered.
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Channeling

B 2DODERE - NEEMN

Two issues/uncertainties

O~ + V7 RILHHF5EE

Flow wetted surface

@~ bV 7 RILECFE S
Matrix diffusion depth

(Mito et al., 1990)
24



Flow Wetted Surface&
F-INDRA=R, U-INDA—H

Flow Wetted Surface, F-parameter, u-parameter

Flow Wetted Surface
FWS = WL,

BEHLITROMBMRATOREC, (HBERET . BMEBATNIRGLHRESDES)
Concentration C; at the point with distance L, from source (w/o dispersion, infinite matrix diffusion depth)
C; (L;, t) = C, erfc (u; t12)
u-parameter: U; = F /Dy i(Em; + Ka; ) D #EERER. Kd @ SECRE

Wﬁﬁl‘b_ﬂ-_ . Usorp = Fi-.,."l]:}m,le,.l [

Sorbing tracer

3FW%T$H/—'U'— Unhonsorb =~ Fi ) D i€mi

Nonsorbing tracer

25
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u-parameter and Breakthrough curves

107 F

Mass flow fraction (1/a)

(Vieno et al., 1999)

" " " ] "
107" 10° 10° 10 10
Time (a)

u-nN3x—20N—-E-I7RMNEHh, E—7REDOET

Larger u-parameter - delay of peak time - decrease in peak concentration

26
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| Nasow Abecwd Zoew || Wice Ameres 2ore |

Cataclastic Zones or Jointed Zones -
Narrow, Cicsely-Spaced Charneis

Fractured Apite’Pegmatite Dykes

and Aplitic Gnoisses

oroaly « 0 29 AN (VN3N

Uradared Wabook

Cataclastic Zones or Jointed Zones -
Broad, Widely-Spaced Channels

Normalised Flux [mol litre’}]

Normalised Flux [mol litre™'}

Normalised Flux [mol litre™!]

FroRUT
—Nagra®Krystalline-112H 1T 5B RN EPEEDET VL LFEEHZ R —

Channeling
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10? 10° 10 10° 10® 107 10°
time after repository closure [years]

- Different channeling assumptions and resulting nuclide flux in Kristalline-I safety assessment by Nagra -

BROWMBPEBE (FvFIOiE. HE

Internal structure of fracture (width and spacing of channels)

d

RETHERRICKELKBE
FIBHTDEVWELEL D)

Significant impact on the performance assessment
(approx. 3 orders of magnitude difference)

BRONTPEBENEER

Internal structure of fracture is critical

(Nagra, 1993 & V)




— FFS

D=MJHR B RS EE

Flow wetted surface

B 2DODEE - NHEEN:

Two issues/uncertamtles

) BRIEEYZN LI b 7 RILET S EEDOEN

Increase in FWS by lateral diffusion through fracture fillings

vV ZENO—E, Ty rxILOmEl T
ThHL, BRHON LY OFHE D 2 WL IE
PEICHIZ2TELBZ EHZ W
Alteration halo develops along the significant

portion of fracture or sometimes along the entire
length of fractures

i) EHLASBEZE T 28ROV M 7 RILEH S5 EA

FWS of fracture with complicated internal structure
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Conceptual model of single fracture

DHEREFEMET IV ERNIRS
Traditional PA model Actual phenomenon
KEHEE

/] A
g e BT & = >‘< V}
Y LG Eh B IEEY
e ‘[T%hﬁwgm#ewmﬁ Tj‘%naﬁﬁmgﬁut#%
%%éﬁlzibf:aﬁﬁl \A— Diffusion from channel Diffusion via fractlJJTe fiIIiné\sﬁ

—>XYLWERNDIEAEE, BEMNRIIBEKRTS

More fracture surface become available for matrix diffusion,
thereby increase retardation
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FWS of fracture with complicated internal structure

o [H—8H] TH->THLABMBITERDOEIE N FE

“Single” fractures sometimes have multiple micro fractures

o ZEHIOFHERT— L TEMLE~Y Y 7 XILHEF SEBEDEEN UE

Need to determine effective FWS in the time scale of safety assessment

Aspot FRFZCHEER I H 1T ATRUE-1 b L — % — 538, Feature ADOKTME

Cross-sections of Feature A of TRUE-1 Tracer Test Area in Aspd Hard Rock Laboratory



@ ~rUZ X%%W

Matrix d|ffu5|on depth

ERNIUOERENKEFDERICELI-EE/\O—

Alteration halo developed along the fracture within the granodiorite in the Kamaishi mine
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Matrix diffusion depth

« REFEEDEZE/NTA—A

Important parameter for safety assessment

« ENITLHHLT 2DDER AR IL

Nevertheless, there exist two conflicting opinions:

DOIEBGESIZHIR (XAELY: R T —TFT >/SKB

Unlimited diffusion depth: SKB (Sweden)

QULBUESIZHIBE AV S : Wogeliusft(2020)
Limited diffusion depth : Wogelius et al. (2020)
= RIS BE DM EREFIET S EIC LIRSS RREN D
Fecm LR IZHI[R
Diffusion depth is limited within a few cm due to sealing of micropores by precipitation
of secondary calcite

. EELAELLOA., HBVNEAAEHAHICHATEZNDEZALHZD
MNRE D BE

Necessary to settle the argument or develop a new idea to reconcile both opinions
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Issues and uncertainty of channeling

i

BV JORILE S 5 miE

Flow wetted surface

C BN E FEMEN LT SRR O E

Enhanced fracture surface area available for matrix diffusion via fracture fillings

« BHTERNIBEZH I DEED/INTA—IEHE

Determine parameter for fractures which have a complicated internal structure

B RYEBGES

Matrix diffusion depth
o ) DRYLFRSIEHIRNFET S vs FELAL

Limited matrix diffusion depth vs unlimited matrix diffusion depth
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mERRYNT—DFTIL(DFN)
Discrete Fracture Network Model (DFN)

B Geo-DFN vs Hydro-DFN
Geo-DFN vs Hydro-DFN

_BEE e
Connectivity of fractures

BFyo R g

Channeling

ORIV AL F SR

Flow wetted surface

Q<)Y RILBGRS
Matrix diffusion depth

BELED

Summary
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Summary

BRHREOEFMLIBL T, EEKERE L BABSROBI & EABBROBE/ 5 X —
2 ORENEE

Distinguishing conductive fractures from nonconductive fractures is important. Also, it is important to
determine fracture parameters specific to conductive fractures.

EXKEERIIZHENICRET 2ERHL’HY, [Karb] Z2FEKRT S L) ICBRADFKEDEE
PRE, ZTOE., [KAHb| OHFELBITRESEDEKEICOVTEIEICK 2RIV E
Conductive fractures are unevenly distributed. Transmissivity should be assigned to form preferential

pathways. In this case, constraining the frequency of pathways and resistance along the pathways by

measurement is important.
:ZN:nybﬁxﬁiﬁw—oo%@u%uzutuﬂ%ﬁﬁ%Us%@Kﬁ%ﬁ%%@?
FZT’OCJ cirfpi%ent is one of the uncertainty. There is a possibility that compartments are not fully closed

Z%&7;§%§5Eﬁu\EE%%ﬁLt%ﬁ%ﬁﬁﬁ@%m\E%tﬁ%ﬁ%&ﬁ?%%ﬁ

As to flow wetted surface, possible increase due to lateral diffusion through fracture fillings and evaluation of
FWS of “single” fracture with multiple micro fractures are the issues.

;FU71%&%3uﬁ@t?%%iﬁtﬂ@t?%%iﬁﬁﬂﬁbfﬁU\m—LtEﬁﬁM

There is an argument over limited matrix diffusion depth vs unlimited matrix diffusion depth. Necessary to
settle the argument or develop a new idea to reconcile both opinions
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