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&)]NES I. Risk-Informed Approach

I. Background of Safety Policies Based on the Risk-Informed Approach

Concerning Sub-Surface and Near-Surface Disposals

Safety case and FEP analysis Optimization of radiation
‘ protection within dose constraint
ggmg;lgt?f"aﬁff;ﬁg:t: tfl:g{"mtz; and risk constraint for potentual
affect the safety of disposal exposure :
facilities and of the arguments ‘
that support safety - Aggregated approach
IAEA safety requirement - Doselp:;obability disaggregated
“Y: ” : approac =
Disposal of(gascll;?sa)ctive Waste’ iGhe Pkl

OECDI/NEA international FEP list

 Risk-informed approach
Nuclear Safety Commission “Common Important Issues of
Safety Regulation on Radioactive Waste Disposal” ‘June 10,
2004)

Nuclear Safety Commission Special Committee on
Radioactive Waste and Decommissioning
“Guides for the Safety Assessment of Sub-Surface Disposal
after the Termination of the Institutional Control Period (draft)”
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Inherent Risk of Radioactive Waste Disposal
and Difference from Reactor System

Reactor Equivalent risk as dose limit

A

(2) Longer design life of engineered barriers that are
106 4. expected to provide safety functions A
' (4) Longer period for natural barriers expected to provide e
| safety functions . :

10° 102 107 100 10 100

B S R
Modified based on “A. Suzuki “An Overview on Radioactive Waste Disposal Regulations in Japan” 3

BPOIY | .:.. normed Approach | T
Appropriate Selection of Burial Depth and
the Reduction of Human Intrusion Risk

Potential
radioactive waste

Near-surface disposal
without engineered barrier
(Trench)

e ’

XSt ? i z
g o
“

Near-surface disposal
With engineered barrier

pnorete pi

Low - High

Low

Sub-surface disposal

R

TRU bearing waste

Waste from research institutions, etc

[Waste from power stations |

Uranium bearing waste |

JGeo!oglcal layer deeper than 300m (500-1000m)l

— — — — — 0 w— ——

a2

| High level radioactive waste !

v L ottt
The burial depth should be deeper with the increased potential '

hazards from the radioactive waste in order to reduce the | NISA web site High
possibility of human intrusion. | http://www.nisa.meti.go.jp/

| . 4




I. Risk-Informed Approach

Comparison among
Criteria in the World

ICRP (20-100mSv/yr)

5 S

Different Dose

Severe and often critical condition, where exposure control measures may be disintegrated.

Review Council - Public's exposure by inadvertent human intrusion (20mSv/yr max

aarea HF RS BERNE

UK - LLW

(applicable to cases in which only probabilistic
_.impacts need to be accounted for, the dose

risk coefficient of 0.06/Sv can be assumed for

dose less than 100mSv/yr; with the

dose of 100mSv/yr or more,

additional consideration is required for deterministic
radiological impacts from radiological risks)

UK - LLW, human intrusion (3-20mSvi/yr)

Finland - LLW, accident event (5SmSv/yr) !

l/U.S.A EPA - YM (1mSviyr) after 10,000 years

=
2
@
0
£
[ £ K
£ 10° , 4| USA-LLW, thyraid gland (75mremiyr) |
c 13
8 Gefmar!y - non-exothermal (300 ¢ Sv/yr max.) ]
3 ! U.S.A- LLW, whole body except the thyroid
_g ' mm——————— & gland (25mrem/yr)
5 U.SAEPA-YM(1S0usvy) S a0 I Hypothetical ; ¥ France - HLW, basic scenario (250 4 Sviyr)
" )' ) (No criterion is specified for unlikely scenarios, but
,@ 102 ),_ e i e b the dose level must be sufficiently lower than the
- . ] ' deterministic impact level.)
- :
- " Switzerland - highly probable o (100 ¢ Sv/
b L o ubhiishe Seanari Ut I ) Finland - the maximum exposure limit for HLW and
3 — )' ! the maximum public exposure level for LLW (100 u Sv/yr)
(=) | U.S.A EPA - YM groundwater (40 u Sv/yr) . ) .
H ) K UK (Risk 10-6/yr, approx. 20 u Sviyr) ’
' ¥ |
. P - - - Sweden (Risk: 10-6/yr, 14 i Sv/yr max.)
10! 1 ; )i ILW #ind LLW > {HLW and lorg fite uff id !
10! 102 103 104 10° 108 Finiand- the mean exposurs level for HLW (1-104 Sviyr) and
Years after the termination of the institutional control period the public exposure level for LLW (104 Sviyr)
Germany - exothermal waste: High frequency (Risk: 10-4 / up to human life) (Occurrence freq y: 10-1/

Low frequency (Risk: 10-3 / up to human life) (Occurrence frequency: 10-2-10-1 /

period)
t period) A

period: 1 million years

Compiled from Nuclear Safety C ion “Criteria on Radioactive Waste Disposal in Foreign Countries” (RW 24-1) with some revisions
RW: Special C i on Radioactive Waste and D issioning
; II. Planned Conce aurmss, BF RS HERN
— Do JNES

II. Planned Conéept of Sub-Surface Disposal Facility to be Assessed

Overview of the underground structure of a waste disposal fadlltyl

Approx.13m Low permeabliity layer
Low diffusivity layer

Concrete

Concrete pit || layer Cow bility

Filler

Waste form

ORI

Approx. 18m

&
i
Approx. 12m

Support and lining

on Discussions Concern

layer (bentonite)
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Radioactive Wastes Planned for Dlsposal

MOX fuel ssmswases e

Uranium fuel

s

Uranium enrichment
and fuel fabrication

Nuclear
stations

-

power

Near surface concrete pit disposal

Near surface trench dis

<Examples of waste>

posal

Geological disposal
(vitrified waste)

‘ Recovered l

Spent fuel

= -

uranium and

Reprocessing plants MOX fuel fabrication

1 % ¢

Geological disposal (hull end-piece, etc.)
Near surface concrete pit disposal
Near surface trench disposal

)

-— R

<Examples of waste>

ﬁb,
I%

Burnable
poison (BP)

|

Reactor
Internais

Control
rod

Channel
box (CB)

Reactor  Control Spent resin

internals  rod

(BWR) (PWR)

~ &
— ez He

o O
=R -

Low level
concentrated

Incombustibles liquid waste

Fire resistant stuff

Combustibles

Note: CB and BP come also from reprocessing plants.

Source: Federation of Electric Power Companies “Report on the Progress of

N e Corcepi |

Studies Concerning Intermediate

aoreas RF RS BERN

Quantities and Characteristics of Radioactive Waste for Sub—Surface Disposal

Characteristics of the
| waste

Total Approx. 34,000

Inclusion of :
signiﬂcant quantities
of nuclides with a long
half life

Typical examples

Typical amplu of mm‘ude with
‘along half life:
: 5.73E+03 years

, ‘Generation of large -
100 tons, 16%) quantitnes of gas

S

Burnable poison|
(280 tons, 1%)

Graphite
(1,500 tons, 4%)

Compiled from: Federation of Electric Power Companies
“Quantities and Radioactivity Concentration Levels of
Waste for Intermediate Depth Disposal (C2 11-1

C2: Class-2 Waste Disposal Subcommittee of the Nuclear Safety Commission

- Generatlon of gas from the

. corrosion of metals .

- Generation of gas from the
radiolysis of water > ; }
- Generation of gas from the =~

| decomposition of organic matter




%> INES II. Planned Concept anreaA FFIRSEEEN

Radioactivity Concentration Decay Curve of Waste
in a Sub-Surface Disposal Facility

Operational waste from power stations (activated metal) : Waste from JNFL
——H-3 ——C~14 - CHI8 -~8-Co-80 -+ Ni-50 : e DN M_CEMN  —8-Ce8 i
~0-Ni-63 ——Sr-80 —e—No-94 Tc-99 - Ag-108m ey, e e Todt A tom
128 - C5137 g g -1 14 T e

i 10E215 e 1E*15
§ [ 5
@ 10E4 8 1g+1s
= 5
g 10E+13 £ s}
£ o2 . § P .
10Ev11 = § 0-0-0
B9 oo -

’E 10E410 g’

4 1E+10
g LOEHY {viies - - ?; I : e SO
o amvIvS: Y e o & L 1E+08 A
8 roeoe 3 kS O 5= LN \

106407 : e o b Ao o % §
1ES00  1E*O  1E+02 1403 1E/04 1ES05  1E+08 1E+07 . - -
- me w—a 1E+00  1E+01  1E+02 1E+03 1E+04 1E+05 1E+06
Time after disposal [year]
Time after disposal [year]

Waste for sub-surface disposal contains significant quantities of nuclides with a long half life.

The verification of the safety of sub-surface disposal facilities, therefore, requires the safety

assessment over a long period.

It is important that the safety assessment should address the impacts from geological uplift,

erosion and sea level change if such phenomena are likely to take place around the site in a

long term.

W
Source: Federation of Electric Power Companies “Report on the Progress of Studies Concerning Sub-Surface Disposal” (Document No. 17-4 on Radioactive Waste) 9
. Il. Report Overview presa— NBRS RN

erview of “Guides for the Safety Assessment of Sub-Surface Disposal
after the Termination of the Institutional Control Period (Draft) ”

Chapter 1 - Introduction

Chapter 2 - Setup of Conditions for Long-Term Evolution Concerning the Geological Environment

L—" Chapter 3 - Setup of Conditions for Biosphere in the Future

» Chapter 4 - Setup of Conditions for the Disposal Facilities

!

————->| Chapter 5 — Setup of Likely Scenarios I—-———>I Chapter 6 — Setup of Less-likely Scenarios I

>! Likely scenarios for groundwater ——>| Less-likely scenarios for groundwater I
—>l Likely scenarios for gas migration { —>l Less-likely scenarios for gas migration |
——->| Likely scenarios for land use | >| Less-likely scenarios for land use

—)l Chapter 7 — Setup of Rare Natural Event Scenarios |

—)I Chapter 8 — Setup of Inadvertent Human Intrusion Scenarios I

y

Chapter 9 — Guides for the Termination of the Institutional Control Period

I Chapter 10 - Conclusion

Technical Document for the Safety Assessment of-Sub-Surface Disposal after the Termination of the Institutional Control Period (draft)
Translation of this document is tentative for FORUM2010. 10




M. Report Overview NRSEBEEN
NN 11 Roport Overview | S Fopiies L)

Class1fi£:at|on of Safety Assessment Scenarios and their Assessment Objectlves

Scenario Assessment objective Standard dose value
category (Chapter 9)

| Likely scenarios | Scenarios that address highly probable, normally expected events

;rhm s?enano?hacco tor a series of ihanges that are reasonably expﬂ;dgted 101 Sv./yr
(o] ace in OSI m and exposure pathwa or a
(Chapter 5) charactg ristics the .in tg;y fu% re based o)g3 the evapluataonygf conditions in

| the past and present.

These scenarios are used for assessmg how well the basic design concept
and policy for the repository system are configured to control the dose, arising
from such changes, as low as possible reasonahly achievable.

Less-likely | Scenarios that address variations that are relatuvely improbable but are
scenariosy important in the context of safety assessment 3001 Sv./yr
These scenarios are used for assessing how well the repository system design
is configured to address various uncertainties.
(Chapter 8) | General uncertainties in safety assessment, including uncertainties concerning
. properties of the geological environment, are addressed by these Iess-hkely
scenarios.

Rare natural Scenarios that address highly improbable, natural phenomena |- 10miSv.~vr~ 100mSv.“vr -

event scenarios - Even after including the scenarios that address relatively improbable. events Om V/y'w o -s' S
~" | there remain some uncertainties. Rare natural vent scenarios are used for:

- .| verifying that no ‘additional special measure for-radiation protection is deemed

(Chapter7) =~ 'to be reqwred even after giving attent:on to such remalmng uncertalntles

Inadvertent ;Rese scenarios addressdut'uadver;teit'g r:un;an |nttrusmn events. ol

iman infrision ese scenarios are used to verify that adequate measures are taken to

human intrusion | oy oo the possibility of human intrusion and to control the exposure dose as 1“‘3"/ W""WSV/ yr

3“"3"09 | low as reasonably achievable. Intruders

: These scenarios are also used to verify that no additional special measure for

(Chapter 8) radiation protection is deemed to be required even after choosmg a | ~defined individual |
conservative assessment ‘approach. - | intruders (e.g. workers): -

I:I The distinction between likely and less-likely scenarios is as reported in Nuclear Safety C ission “Basic C pt of Safety
Regulation on Low-Level Radioactive Waste Disposal (Interim Report)” (July 12, 2007).

e The “h intrusion and rare events scenario ” in the above-mentioned interim report is now classified further into “rare
I—:I natural events” and “inadvertent human intrusion scenarios”

1

I N T
I\Eﬁapter 2 - Setup of Conditions for Long-Term Evolution
Concerning the Geological Environment

Formation of magma Deformation of geological structures T Changes in solar
radiation, air currents
nd ocean currents

Tectonic
earthquakes

Changes in
precipitation
and evapo-
transpiration

Compiled, with additions, from
Document No. 14-1 for the Class-2 Waste
Burial Disposal Subcommittee

Numbers in blue are section numbers in
the report (draft).
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Chapter 3 - Setup of C

onditions for Biosphere in the Future

____________________ = =«=.=.=.| Stylization of Biosphere

I based on IAEA International

. Step1 | Review Assessment Context Co-ordinated Research
! 1 Project BIOMASS

| - T
SN — i l Biosphere system pre-defined by explicit legislation or guidance? 1
ggncsp::le ht"" g No v 1 Yes i
Climate and Identify and justify primary components of biosphere system(s) ” Describe pre-defined biosphere system (s) l |
atmosphere .='.'..-.'.'.=.-.='.-.=-.':.'.-.-.'.-.-.-.='.-*-.-:.'.-.'.'.='.'.=.'.='.'=.'.'.-.'.'.-.'.'.-.':.':.-:.':.':.-:.-:.-:.-:.'_-.' SEeEsE
“Ge?graphlcal ! Step2 ] Biosphere system change to be considered? l !
exten 1 1
Location : l 1
Topography ; | Describe constant biosphere | Identify and justify selection of mechanisms causing change J i
Human activity ; L_system (s) v :
Near surface : I Identify potential impacts on ﬂr biosphere system l '
lithostratigraphy . .
Water bodies : ] Identify qualitatively different possible futures l :
Biota P ety S o e g e g e Sl g gl e
! Step3 l Select approach to represent biosphere system change | l
: Non-sequential L L Sequential !
; 1 Select appropriate biosphere systems n Select appropriate biosphere systems and transitions ]
:| Describe alternative non-sequential biosphere systems | l Describe sequential biosphere systems | !
1

Stylization of exposure pathways in the case of
inadvertent human intrusion:

(1) For residents around the site (exposuu p-thways do
not differ from the case of natural migration)

(2) For individual intruders (to be defined specifically)

Stylization of exposure pathways in the case of natural events:

(1) Pathways of exposure by the use of water from river water, etc. (Iah water, river water
or stream water)

(2) Pathways of exposure by land use (riverside m terrain oovomd with sediments from
river, dried lake bed, land surface near the uplifted repository, ﬂ:c.)

- Pathways of exposure by land use (by inhabitation)
- Pathways of exposure by land use (by construction)

IAEAT“Reference Biospheres” for solid radioactive waste disposal Report of BIOMASS Theme 1 of the BIOsphere ——
Modelling and ASSessment (BIOMASS) Programme | (IAEA-BIOMASS  July 2003) 13
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Chapter 4 - Setup of Conditions for the Disposal Facilities
Structures and Components of Disposal Facilities

An asterisk (*) identifies
metal-containing components.

Receiving facility,

L% ————
Underground
facilities

Ground facilities / radiation management facility, etc.
- Ground surface? -

\ Cavern for disposal
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Concepts of Multiple Barrier Structures of Sub-Surface
Disposal Facilities and Their Protective Functions

Engineered
barriers

A

Protective functions of

engineered barriers

_ Natural
~barriers

A

. Protective functions of ,

natural barriers

A4 v

v

y h 4 h

ooty | | ok | [ SRR | i |[ g || e | | erion
! ] diffu ; c cient leachi L _isolation re on -
p ty ity o mna . phy ot tion .
inadvertent
human intrusion
A R i A
15
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Guides for the Setup of Conditions of Disposal Facilities for Different Time Periods

Protective functions /
characteristics of
engineeredbarriers and
the environmental
conditions

pouad swij

Post-closure phases

Protective functions
of engineered
barriers:

- Retardation of nuclide
migration

- Physicalresistance
lm‘d inadvertenthuman
sion

Properties of
engineered barriers:
- Low permeability

- Low diffusivity

- Sorption coefficient

- Low leachingrate
-Otherproperties
(.r{::e)t:hanlcul properties,

Setup of the
environmental
conditions:

- Temperature (heat)
- Hydraulic conditions
- Dynamic conditions

-Ch cml;al conditions

SUOIIPUOD Jo dnjas ay) BujUISOUOD S3191j0d

- Nonuniform

: partial swelling 'Swelling by corrosion

Transientperiod

Time up to the stable
conditions or the settling
of changes in the states of
the repository and the
peripheral geological
environment

Opening at seam| -
pressure from

The illustrations of various phases are taken from "Policies Concernin

Institute of Electric Pawer Industry:

Period during which safety
depends much on multiple
barrier functions

In this period, evolutions
inthe repository
conditions are expected
be siow, because ofthe
long-term stability of the
geological environment.

Chemical

alternation Sweliing by corrosios

atternation |

Period during which natural | Period during which the
barrier functions are repository is expected to
expected to play amajor come close tothe

role ground surface

In this period, the impacts
ofinternal and external
factors, which are difficult to

In this period, the

repository is expected to
come closetothe

exclude or reduce their ground surfaceas a
effects from the setup of result of phenomena
repository conditions, such as uplift, erosion

become manifest.

and sealevel change

g the Setup of Long-Term Conditions for Engineered barriers (draft)” (Document No. 15-2 for the Class-2 Waste Burial Disposal Subcommittee) from the Central Study

16
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Chapter 5 - Setup of Likely Scenarios

: . Period during which natural | Period during which the
g Period during which 2 2 . 4
S . : barrier functions are repository is expected to
Transient period safety depends much on ok 4
3 4 $ pected to play a major come close to the ground
multiple barrier functions Gile Siirface
Likely (Assessment of re|iabiligy.of Likely scenario for Likely scenario for Likely scenario for
il the multiple barriers arriving | groundwater groundwater groundwater
P : at intended conditions.) Assessment of the Assessment of the Assessment of impacts from
groundwat robustness of protection by | robustness of protection, weathering and erosion,
i the engineered and natural | provided mainly by the assuming the state of mixing
barriers natural barriers with the surrounding soil
Likely scenario for gas Likely scenario for Likely scenario for gas (Separate assessment of
migration radioactive gas migration | migration i impacts from radon)
-If the waste package is not | Assessment of impacts Assessment of impacts from
capable of containment: from the generation and the gas generation under the
This scenario is used for migration of radioactive gas | conditions of physically
Likely assessing impacts from the. | Likely scenario for damaged engineered
scenarios radioactive gas and from hydrogen gas migration barriers and chemical
for gas the generation and Assessment of impacts environmental changes
migration migration of radioactive from the generation of
radiolysis gas. hydrogen gas by radiolysis
-If the waste package is and from the generation
capable of containment: and migration of hydrogen
This scenario is not used. gas from the corrosion of
metals
[Present land use] [Land use in the case the
Likely scenarios for land use(if there is any land that can be used after contamination repository is expected to
along or around rivers and lakes in the downstream) come close to the ground
[Land use in the case topographical changes due to sea level change are considered] | surface]
Likely Likely scenarios for land use Likely scenarios for land
scenarios Assessment of impacts from the use of dried lake beds in the downstream (impacts from use
for land construction and impacts from inhabitation) Assessment of impacts from
use [Land use in the case a terrain covered with sediments from uplift and erosion is the use of contaminated land
. considered] (impacts from construction
. Likely scenarios for land use and impacts from
Assessment of impacts from the use of a terrain covered with sediments from uplift and inhabitation).

erosion (impacts from construction and impacts from inhabitation)

17
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adioactive Material Migration Pathways to the Biosphere and

Their Assessment by Different Scenarios

Grodndwater scenarios:
Migration by groundwater

1)) ) |1\ H RN AN

Land use scenarios:
Direct or indirect contact

' with residual radioactive
materials on rocks or in
soils

e

A

N\
N
\

G

A\ T T T T

All pathways of radioactive nuclides to the biosphere must be addressed (considering migration
by liquid, gaseous and solid media).

18
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Evolution of the Likely Scenario for Groundwater
through Different Time Periods

Rainwater
recharge

Migration by surface water

§treams, ,

L ely scenarios are used o perform assessments on
highly probable and normally expected events with most
_probable parameters to verify that adequate measures are
taken to control the dose as Iow as reasonably ach|evable
in each time period. -

19

&>]NES . Report Overview - Chapter 5 pummas BFNESBEER

Evolution of the Likely Scenario for Gas Migration
through Different Time Periods

@ Transient period
Assessment of impacts from the'
radioactive gas and from the
generation and migration of
radioactive radiolysis gas

@ Period dnmn which samy
:wp ch on

@ Period duﬁng which natural g 3
barrier functions are expected to ~ “pore water flows
i b o T ‘ ; out of the low
ssessment of impacts from the g :

gas generation under the Pe"“eab'"ty Alayer.j,
conditions of physically damaged
engineered barriers and chemical
environmental changes

Low diffusivity layer and
reinforced concrete pit.

close' the émund surfaca
(fnﬂependen(’ assessment for
 radon-related impacts)

20
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Evolution of the Likely Scenario for Land Use through Different Time Periods

@ Present land use:

(if there is any land that can be used
after contamination along or around
rivers and lakes inthe downstream)

@ Land use in the case
topographical changes due to sea
level change need to be
considered: ‘ :
Assessment of impacts from the use
of dried lake beds in the downstream
(impacts from constructionand  *
umpacts from mhab;tahon)

‘ (3) Land use in the case a terraln
covered with sediments from
_uplift and erosion:
Assessment of impacts from the use
of a terrain covered with sediments. -
. from uplift and erosion (impacts fmmr
construction and nmpacls from
mhabnatlon) C

@Land use in the cm thc
‘uposltory is lxpocted t ‘co;
close to the ground sume-
_Assessment of impacts from
of contaminated land ‘(fmpacbs from
construction and 1mpa¢m ‘from £
‘inhabitation) :

. Report Overview - Chapter 5

Assesment of Impacts from the Repository Coming Close to the Ground Surface
as a Result of Phenomena Such as Uplift, Erosion and Sea Level Change

@ Typical uses of land use on the ground
surface above or around the closed repository
should be considered.

Excavation by
construction
activities

T 7 ‘ 2
SRS S | Weathering '

Groundwater flow . ; ‘%% susceptible zonfipischarged to rivers,
sustained by rainwater : , etc. Thde| d:gll;&ﬂon of
recharge radioactiv

g T concentration in
the weathered
zone should be
considered

@ As exposure pathways, it should be assumed
that radioactive nuclides are carried from the
weathered zone by the flow of groundwater, which
is sustained by the rainwater recharge, until they
are discharged to rivers and streams, producing the

4 Loz Gl 45 risk of exposure by the ingestion of food-stuffs
\ produced in the downstream watershed or by the
@ The repository may come closer to the || @ It is assumed that, in the use of river or stream water.
ground surface and to the weathering weathering susceptible zone, the - -
susceptible zone as a result of deteriorated repository system is The Likely scenario should address land use
phenomena such as uplift, erosion and - mixed with the surrounding soil. on the ground surface above or around the
sea level change. According to the velocity of uplift, closed repository other than groundwater
radioactive nuclides are released scenario to ensure the verification of the
from the repository system to the absence of any significant risk from residual
weathering susceptible zone. radioactivity scenario.

22
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Chapter 6 - Setup of Less-likely Scenarios
Tf'ahsient Period during which safety i Period during which natural 1 Period during which the
" pe riod | depends much on multiple barrier functions are - reposltory is expected to come
~ | barrier functions : expected to play a major role | _close to the ground surface
(Assessment of -Typical less-likely scenarios for -Typical less-likely scenarios -Typical less-likely scenarios for
factors that groundwater for groundwater groundwater
0 likely cause _variations -Scenario for the partial loss of -Scenario for the partial loss of | -Alternative less-likely scenario for
Scanarics to the initial barrier functions barrier functions groundwater
for construction Robustness assessment that assumes Use of an alternative model for
groundwat conditions) the partial loss of barrier functions with representing the weathered zone -
i ' the aim of assessing the robustness of - Scenario for the safety assessment
of multiple barriers and the aim of margins against uncertainties
assessing the importance of individual
protective functions
Lessdikely | - Typical less- -Less-likely scenario for radloactive - Typical lessikely scenarios (Separate assessment of impacts from
Thaie likely scenarios | gas migration for gas migration radon)
for W fo.r gas -Less-!nkel\_! scenario for hydrogen
migration migration gas migration
[Present land use ] [Land use In the case the repository
-Typical less-likely scenarios for land use is expected to come close to the
[Land use in the case topographical changes due to sea level change are considered] ground surface]
-Typical less-likely scenarios for land use -Typical less-likely scenarios for land
Lﬂst-!lk'ly | -Scenario for the partial loss of barier functions use
scenarios [Land use in the case a terrain covered with sediments from uplift and erosion is -Altemative less-likely scenario for
for land considered] groundwater
use -Typical less-likely scenarios for land use Use of an alternative model for
-Scenario for the partial loss of barrier functions representing the weathered zone
- Scenario for the safety assessment
margins against uncertainties

B> JNES . Report Overview - Chapter 6 anmmax MFNRSWEBMN

Guides for the Safety Assessment for less-likely Scenarios

' Analysis of factors that cause variations from the likely scenarios Example of statistical data on the
- Preparation of plural less-likely scenarios for each likely scenario distribution coefficient

Kd Distribution

Gmnplefeness in the 1deﬂhﬁcahon of variation factors
- The setup of conditions is preceded by the identification of variation
,Afactors by FEP analyses, etc.

- Probability and scientific reasonability of variation factors
- If sufficient quantities of statistical data are available, use them to select values in
the 97.5% one-sided confidence interval.

- If sufficient quantities of statistical data are not available for addressing

' uncertainties in long-term safety assessment, make the best use of available
scientific and technological findings to set up conditions with sufficient allowances
based on a conservative approach,

/f"*{:f/

10E-04

- If severale parameters largely affect the assessment results, it is useful to e

evaluate the uncertainties with such parameters by a probabilistic method to verify -

reasonab:my in the setup of conditions feo

Assessmntof the ropoeimy aystem robustness .

- A partial loss of safety functions is assumed to verify that the reposltory system ‘&0 :

‘does not depend excessively on any single safety feature. S T Y

- However, it is not necessary to assume the absence of contributions from the .
‘components that have sufficiently demonstrated their reliability or from inherent A°fk't9f al, "Study t"“ uncartamt%( of
properties of materials, etc., provides that such contributions are expected to | fﬁa&’éﬁ&ﬁ?ﬁ?ﬁ% g?sme{ﬁ)m
persist through envcfonmental changes, etc. Rather, scenarios should be designed Example dose calculation” Autmnn

to address uncertainties in long-term safety assessment. 2009, AESJ
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Examples of Scenarios to Be Addressed by less-likely Scenarios for Groundwater

Prepared for the Period during Which Safety Depends Much on Multiple Barrier Functions

Waste . .
package Engineered barriers Natural barriers Biosphere
. . Quantity
Leaching Low Low Physical Chemical .
. e Retardation of diluting
rate p_ermeabllitv diffusivity isolation retardation water, tc
Likely scenarios for
groundwater O O O O O o O
Typical less-likely
scenarios for groundwater A A i s & O =
v @) O O O O O
Scenario for the partial loss e v @ @) ®) e @)
of barrier functions of
engineered barriers
v o o v o o o O
O O O v O O @
Scenario for the partial loss O @ O O v O @]
of natural barrier functions
of natural barriers O O O O O v O
- O: Addressed by likely scenarios for groundwater. |
LA oﬂgl’!gl‘ued lus-lil(uly scenarios considering variation tncton that are relatively improbable but are important in the
c D
. ¥:Addressed in consorvaﬁve assessment procedures that assume a loss of functions for the verification of robustness. (Such
assessments are performed for radioactive materials with important implications and for the functions required for the protection
of such materials based upon FEP analyses for actual site.)
5 S s s
25

@INES . Report Overview - Chapter 7 areas, BFNESEERN

Chapter 7 — Setup of Rare Natural Event Scenarios

Assessment of mechanical failure by | | Assessment of mechanical | Assessment of extreme
earthquakes and fault movements failure by volcanic and degradation by thermal
igneous activities or chemical effects by
volcanic and igneous
activities

Even after including the scenarios that address relatively improbable events, there remain some uncertainties.
Rare natural event scenarios are used for verifying that no additional special measure for radiation protection is
deemed to be required even after giving attention to such remaining uncertainties.
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noreas BT NRSEERR

Chapter 8 - Setup of Inadvertent Human Intrusion Scenarios

Boring scenarios Tunnel excavation scenarios
Scenario S rio S rio for the Scenario for the Scenario for the Scenario for the Extensively
for the direct formation of a pumping of excavation of a tunnel excavation of a tunnel
name boring and short-cut of groundwater from a near the repository through the repository axplolted Ia_nd
core migration bore hole near the use scenarios
observation pathway repository
- Verify the - Verify the - Verify the adequacy -Verify the adequacy of - Verify the adequacy - Verify that, even in
adequacy of adequacy of of radioactivity the engineered barrier of the engineered the case of the
radioactivity radioactivity inventory in each capability for retarding barrier capability for repository coming
concentration inventory ineach | cavern and the the migration of physical resistance close to the ground
of each waste cavern. adequacy of the radioactive materials and of the duration in surface, the impacts
package. engineered barrier and of the duration in which this capability is | from the inventory
capability for retarding | which this capability is maintained. (and the radioactivity
the migration of maintained. concentration) of
radioactive materials. radioactive materials
with a long half life
will not resultin a
Scenarios for inadvertent human intrusion : :'::: that ex't;::ds
-These scenarios are used to verify that adequate measures are taken to reduce the possibility of pindprdi.
ggested by the
Assessment || uman intrusion and to control the exposure dose as low as reasonably achievable. They are also guideline.
objective used to verify that no additional special measure for radiation protection is deemed to be required

even after choosing a conservative assessment approach.
-In order to confirm the safety of residents around the site, events connected with stylized human .
actions are analyzed using the most probable assumptions for following related natural processes,
and therefore, these scenarios serve the purpose of verifying the probability of such impacts being
successfully reduced. A conservative assessment approach, which properly accounts for
uncertainties, is required for verifying the adequacy of sub-surface disposal and that no additional
specml measure for radiation protection is deemed to be required .

-The dose for individual intruder(s) should be estimated according to a stylized scenario, for both
cases of the most probable assumptions and the conservative ones in order to estimate the maximum
dose and to verify that no additional special measure for radiation protection is deemed to be '
required .

| | |

I

e L5> JNES

. Report Overview -

Stylization of Tunnel Excavation Scenarios

Chapter 8

27
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[/

N

Tunnel
Pumping and discharge of drainage

\{\\\;%K\

Contaminated near field

human intrusion

caverns near the tunnel flow into the tunnel.

Scenario name Scenario for the excavation of a tunnel near the repository Scenario for the excavation of a tunnel through the repository
- Objective cavern: Based on a conservative approach, assume | - Objective cavern: Assume the excavation of a tunnel through a single cavern for
that a tunnel is excavated across the most conservative point | disposal. However, if two or more cavities exist on a straight line at the same depth
along a line that runs perpendicularly to the group of caverns for | with little distance from each other, for example, consider the total length of all these
disposal. cavities.
-Concentration of radioactive materials in the drainage from the | - Timing of excavation: Assume that the tunnel is excavated at a time when it has
Stylization of inadvertent funnel: Assume that all radioactive materials released from | become impossible to recognize the presence of engheered barriers.

- Excavntion tochn!qua Based on the current tech ag land
r technique that is likely to be used in considamtlon of the
1y of rocks) of the chosen site.

Geomotry of excavated spoll storago place etc.: Make

logical feat

41 darath

in the assessment of the

Condttions to be assumed

of the geometry of spoll storage place presently chosen for the safety
measures. ;
The assessment may require the setup of probable assumptions Probable ptions may be pted to support the reliable prediction of the time

concerning the hydraulic gradient for the case that assumes the

at which the engineered barriers will become unrecognizable based on a reliable
assessment concerning the gradual loss of physical resistant capability due to

individual intruders

excavation of a tunnel above the repository and the inherent
:?:3:;2 of miigation properties of engineered barriers. s corrosion, etc.
Conditions to be d The 1t may require the setup of conservative The assessment may require the setup of conservative assumptions conceming the
in the assessment of the assumptions concerning the hydraulic gradient and the inherent acceleration of corrosion, etc., due to environmental changes, leading that the
adequacy of sub-surface properties of engineered barriers leading that larger quantities of engineered barriers may become unrecognizable at an earlier timing.
disposal radioactive materials may migrate.
E pa ys and the A that the drainage from the tunnel is discharged directly to Address the exposure of residents who use water from rivers, etc., into which the
resldents around the site rivers, etc. Address the exposure of residents who use water from rainwater may flow after p ion into the d spoil.

these rivers, etc.
Exposure pathways and none Address the internal and external e of tunnel tion work
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leeiy -

"scenanos | st

Less-likely By means of the safety assessment of Iess—hkely scenarios that are desugned to
scenarios address uncertainties in the conditions assumed by the likely scenarios, the applicant

shall demonstrate that the radiological impact from such uncertainties will be limited to
300 “ SV/year or Iess

Inadvertent
human
intrusion
scenarios

. IV. Procedure of R&D
SR V. Procedur of R&D |

By means of the safety assessment of madvertent human intrusion scenarios, which
should involve the setup of such scenarios according to stylized procedures, etc., the
applicant shall demonstrate that the radiological impact from inadvertent human
intrusion will not exceed the criterion of 1-10mSv/year for residents around the site,
and that the radiological impact on individual intruders will not exceed 10mSv/year
fundamentally and never exceed 100mSv/year.

surwan FF RS WEBN

rocedure of Regulation Support Research and Development

on Sub-Surface Disposal

Analytical study and other work projects previously conducted or participated by

JNES in support of the Nuclear Safety Commission

FEPC “Quantities and Radioactivity Concentration
Levels of Power Station Waste That Exceeds the

Upper Bounds of Radioactive Concentration for Near
Surface Disposal Specified in the Ordinance” (BD 2-
2-1; October 21, 2005)

JNES and RWMC “Examples for the Classification of
Safety Assessment Scenarios Based on the Risk-
Informed Approach” (BD 5-Reference 1 ; June 22,
2006)

JNES “Examples of Analysis Conducted with
Typical Safety Assessment Scenarios for Low
Level Radioactive Waste Disposal Facilities” (BD 6-
1; September 19, 2006)

Assignment from Subcommittee to Update BD 6-1 in
reference to “Upper Bounds of Radioactive
Concentration for Burial of Low Level Radioactive
Solid Waste” (NSC; May 2007), etc.

FEPC “Quantities and Radioactivity Concentration
Levels of Waste for Sub-Surface Disposal (C2 11-1;
Sep. 24, 2008)

JNES “Reanalysis for the Examples of Analysis
Conducted with Typical Safety Assessment
Scenarios” (C2 11-2; Sep. 24, 2008)

o e R T
BD: Burial Disposal Subcommittee of NSC; C2: Class-2 Waste Disposal Subcommittee of NSC 30
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PRTNAY V. Procedure of R&D A LEercil ]

key Safety Studies for Sub—Surface Disposal and Near Surface Disposal

Fiscal year ‘ ~H21 H22 H23 H24 H25 H26~

l Confirmation procedures concerning waste package :>

(Disposal with engineered barrier: Specific procedures
Legal procedures JNFL (during operation) | for the disposal
:

of waste from
fornear surface and burial disi TL':; ( o::::.m;:!:ur asanrch metiutions, atc.,
disposal = e and uranium bearing
Disposal without engineered barrier waste, etc., are to
(waste from reactor facllities, etc ) be discussed In
; 1o the
Studies on near surface disposal Establishment of analytical . disposal plans to be

of ! Methodology for safet ‘ prepared In the future
meﬂ\?doAl!ogy for safg;y exarlinatl?;y Y by the utilities, etc.

o [T T —
-Establishment of procedures for %‘u"‘" m

the confirmation of safety near [ioostums e [ of waste package confirmation procedures (JNES)
surface disposal with or without | he disposalof -

e oyl cific e to be di d in refe to the di to be
s waste package  Spe posal plans to be prepared
snginsered baryler ‘:':l'_"mw in the futuve by the mllmas. efc., and the specifications of new waste package

Near surface disposal

PNP&!‘&H'::CM safety P,';"::r ':,,’”"wm l .
. criteri T the sal -
Legal procedures for raview guidelines review (as required) | Examination of the burial disposal facllfty Periodical safety reviews )

sub-surface disposal

el ati L
@Inou licensing application and safety ml: v L. of p )

Studies on sub-surface
Disposal

- Listing of topics to

be addressed by the safety
examination and t of

the establishment of analytical for safety review
procedures T

dures 3 Preparation of facility examination edures
for the eonﬁrmﬂon of safety l hld Ry b —

Listing of issues to be addressed
by the safety examination

Ectahlich of p

Sub-Surface disposal

Preparation of monitoring procedures

aration of waste pac| Specific procedures are to be discussed in reference
? tion procedures (J'I&ES) To the disposal plans to be prepared in the future

; f by the uﬂlitles,‘-tc. \

PO v i s o

Organizational Framework for Future R&D That Support
the Regulation of Sub-Surface Disposal

Universities

Advices from the council
Information
exchange

JAEA AIST

——— e e e | |t 7R BTDET GEDITTEN
- Safety Research Center Environment Research |

Reporting pf
research . :
Nuclear Safety - . I
Commission A I

e e T s o S s e, i, S, i e S s W,

Inf i f ‘
er:(gh"::;:n : ) Regulation-related organizations

Academic societies (regulation agencies, technical -Information
Roadmap for Safety support organization, etc.) exchange

P Research for Sub- - Joint research

Utilities, etc. Surface Disposal

- Electric power companies

- JNFL ‘ Governmental
programs for basic
research

research plan

Regulation agencies and
regulation support
organizations in overseas
(IRSN, KINS, GRS, etc.)
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Selection of Items To Be Addressed by Regulation Support R&D in the Future

® “R&D items that are already addressed by other
institutions” ‘
Among the items identified as “R&D items to be addressed
for meeting the needs,” those which are already addressed
by other institutions are listed.

Note (*): The term
other institutions’ Whatever resources that
Lefer; t(i) i may contribute to the
t;‘nSl trlltons v:t:I ehf fulfiliment of the NISA's

an those whicl needs should be actively be
are engaged in used or shared after
regulation stjpport ensuring their qualities to
researches. support Safety Regulation.

33

V. Regulatory Safety R&D surmah HFIRSEERR
A RS SRS SERTIR S,

P> JNES

V. Major Current Regulatory Safety R&D on Sub-
Surface Disposal and Key Technical Issues

1.  Safety R&D on Groundwater Flow Assessment
2.  Safety R&D on Nuclide Migration Assessment

3.  Safety R&D on Protection Capability Assessment of
Engineered Barriers

34
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Assessment using General Purpose Multidimensional Flow Analysis Code

Setup of the objective area, 1 sotup of the hydm-geologlcai mmﬁc : Groundwater flow mnlylis and |-
: the analysis of groundwater ||

faults and repository location | I forthe obisctlvc am, hotmdaw

: Gravsl-mlxbd
“:sandston bed “sandstone bed

Coarse grained

sandstone bed ice & :
o o Mudrock R
» 1 formation o ~. Example of groundwater flow

S , - analysis results (profile at the
e : - elevation of -89m)

Reposﬂdty; £

Faut B 47
~l
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V.1 Groundwater Flow Assessment NRSEERN
BPNON  cvcaonFiow hssessment | s 77 mE R

Safety R&D on Groundwater Flow Assessment

Assessment Objectlve Analysis Code nt Safety R&D

Broad area multl-v .
dimensional ;
groundwater ﬂow

assessment TOUGHZ

MODFLO

-Near field muitldlmensmnal

conducted by JAEA, AIST and
INES at the JAEA' s Horonobe
Underground Research Center.

Same as the abo’
groundwater flow :
assessment
Groundwater flow Groundwater flow -JAEA Safety Research Center
assessment coupled | analysis code that Sout e e b
with uplift, erosion and | accounts for upheaval, de;felop the coda rtna;nly ffr the,
sea level change erosion and sea level Zfssg:fsassmen b
change: - At present, an experiment for
SLESEER verification of the code is jointly

36




%‘D]NES v Groundwater Flow Assessment areas BIF RS EERE

Verification of Groundwater Flow Analysis Code (3D-SEEP) That Accounts for
Uplift, Erosion and Sea Level Change:,

SAB-1 boring hole (in the ;
premises of the Horonobe Features of 3D-SEEP Ver. 2:

Underground Research Center; ound | ® Three-dimensional analysis of

: saturated-unsaturated
infiltration flows

- Finite element method

- Supports steady and unsteady

| state analysis. V

' - Allows consideration of density

gradient of seawater, etc. (only

Proposed site for SAB-2 boring
hole in the recharge area (about
700m d

in unsteady state analysis
mode).
-Supports evolutionary changes
of boundary conditions such
as the water level, seawater
level and rainwater recharge.

Proposed site for SAB-3 boring holes in the
discharge basin (total boring depth of about
300m); exact locations to be determined

based on findings from activities in FY2009
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I SRFVEIY 1.2 Nuciide Nigration Assessment | mur, BENESBURN
Safety R&D on Nuclide Migration Assessment

Nuclide Migration Assessment Assessment Objective Current Safety R&D
Methods

One-dimensional nuclide migration | - Safety assessment models that JNES *Reanalysis for the Examples of
modeling for groundwater scenarios | account for various uncertainties about | Analysis Conducted with Typical Safety
with the consideration of the parameters and the impacts of the ittt sl o Lo Gruthen
degradation of engineered barriers | degradation on parameters that have
major impacts on safety assessment

One-dimensional nuclide migration | - Assessment models that account for - JNES “Reanalysis for the Examples of
modeling with the consideration of | evolutionary changes in travelling Analysis Conducted with Typical Safety
changes in travelling pathways pathways and time due to uplift, erosion | ASsessment Scenarios” (C2 11-2)

through natural barriers and sea level change




%]NES V.2 Nuclide Migration Assessment

aurman BF RS BERE

Formula Concerning the Four Important Factors In Groundwater

Four factors that
determine the
exposure dose;
(1)Radioactivity
inventory of the
disposed waste
(2)Nuclide
migration control
capability of
engineered barriers
(3)Isolation

provided by natural

Scenarios: Di= Qi x Ei x Gi x Bi

Qi Ei g G B
Radmactmty | Performance indicator for the | Performance indicator for | Biosphere dose
inventory nuclide migration control the isolation provided by conversion indicator

capability provided by | natural bamers (—-) (Sv/Bqg)
. engineeg‘ed barriers (1/y)
Qi: gross
radioactivity[B : ;
| ¥Rl = f(¢.n. %) Ty Bi=pui-Cy,
¢ : leaching rate [-y] Gi Ty ( D) ?
. miarati 1=
n, : migration rate [-/y] 2 g i, : dose

A, : decay constant [-/y]

Tem: effective travel time [y]
T, half life [y]
s a+ P,
= Fr g(D): dispersion distance

1 1 t
Fa: advection parameter [-/y] Someciion form

conversion factor
[Sv/Bq]

Ca,a : correction
factor for dilution,
concentration, etc.,
in the process of
migration to the

the low diffusivity layer
(4)Distribution coefficient for
migration through engineered
barriers

(5)Migration ratio through
engineered barriers

(4)Dispersion distance

barn.ers Fd; diffusion parameter [-/y] biosphere [-]
(4)Biosphere dose Fr; retardation parameter [-/y]
| conversion factor
Important (1) Waste type (1)Activated material leaching ratio (1)Distribution coefficient for (1) Dilution volume
parameters (2) Permeability in the low migration through natural barriers | (2) Concentration
permeability layer (2) travel distance coefficient
(3)Effective diffusion coefficient in (3)Effective flow rate (3) Migration coefficient

for food products from
lakes and rivers

— 3¢
fﬁSJNES V.2 Nuclide Migration Assessment nomees T IR EERNE

One-Dimensional Nuclide Migration Modeling for Groundwater Scenarios

Waste package
Concrete pit structure

Low diffusivity layer

Low permeability laye

Backfill

Excavation disturbed zond

. layerundnrasingisgmuptng

AQ Ammsdiﬁqrenuam from ﬁ&em;mkaga layer to |

‘the bedrock, nucllm nﬂgr‘ita by advection, dlslmsion
~and diffusion.

® Safety umsmmt is suppomd by Dne-dimensional
“modeling by GoldSim, in which the volumes of the
concrete pit structure, low dﬁffusivlty layer md low
permeability layer are.

'® The uniform aggregate layer mpmams the backfill,
support, lining and EDZ outside the low pemeabﬂity

(EDZ)

5 "Difoﬂ * Diffusion,

Uniform Diffusion, vection a,,d advection and |
distribution of _ advection and dispersion
tration in _di i
pore water
e
Waste i A
package Filler [/ diffusivity |
; s B structure 7 Ia permeability

layer

|

sion
advection and
dispersion

U

iform aggregate layer

U

Exposure to the public

Biosphere

Key techmcal nssues concemmg one-dlmenswnal nuclide mlgratlon modelmg for groundwater scenarios:

- Methods for enablmg ‘one-dimensional models to achieve equivalent and conservatlve representation of
nuclide migration across a two-dimensional profile by advection and diffusion :

- Modeling of the degradation of ‘engineered barrier propertles by agmg and of the crackmg of concrete
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One-Dimensional Nuclide Migration Modeling with the Consideration of
Changes in Migration Pathways through Natural Barriers

Key technical issues of addressing changes in migration pathways through natural
barriers by one-dimensional nuclide migration modeling:

-Spatial changes in migration pathways through natural barriers and the
shortening of migration pathways must be represented by changes in the travel
length (or time) through natural barriers.
-Appropriateness of modeling by the combination of PIPE and CELL elements of
GoldSim.
L Uplift, erosion, etc. | | _Necessity to address denudation and deposition in the downstream watershed

: due to erosion.

’
¥

.-3 2
>

| Debris travel to the downstream. |

s o)

Shortening of migration pathway
i

41

BN > i Migraion Assossment | s By rmenman
Multidimensional Nuclide Migration Modeling

Key technical issues concerning multidimensional nuclide migration modeling:
®Pursuit of higher accuracy by the improvement of numerical solution methods (better algorisms for lesser numerical
dispersion values)
®Appropriateness of one dimensional modeling of cases in which the line of hydraulic gradient does not perpendicularly
go across the length of cavern
®Modeling of entire cavem (assessment of the independency of each cavity; assessment of the probability of
interconnection due to EDZ and assessment also of the plug performance)

/ 920m
Total number of nodes: 419,332

otal number of elements: 405,132

Plug
BEDZ / > T-m  Concrate pit

Waste package layer

Package h
compartment

boundary %
{concrete pit) B Shokrete

Migration behavior of radioactive materials in the presence
of groundwater flow parallel to the length of cavern
In a cavern that does not have partitions, advection and diffusion may
cause the radioactivity concentration to increase at the end of cavern.
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V .3 Safety R&D on Protection Capability Assessment of Engineered Barriers
Assessment of Degradation of Cement Component(s)s

@ Leaching of hydrates -
from cement and the
formation of secondary : g
mineral products (Assess
the impacts of the formation |
of pores due to leaching
and the impacts of the
swelling of secondary

®lImpacts of pore water quality
(Assess the impacts from salt
water, soluble salts and nitrides
and sulfides contained in waste
package) ‘

mi roducts.) g
@Degradation by heat (Assess
the impacts of heat from waste
— 5 and the thermal impacts from
@ Appearance and growth fgneous sctivities:) P
of cracks due to changes
'in the stress field or due to |...- Flow direction
degradation (caused 2 28;} rock
mainly by the swelling of —  Backil
reinforcing bars and waste > : Engineered barrier and
containers dueto Infiltration flow through the barriers W SACR IR Inyeey
corrosion) -

Make use of relevant materials such as: Japan Society of
Civil Engineers “Guides for the Setting of Nuclide
Migration Assessment Parameters for Groundwater
‘Scenarios in the Safety Assessment for Sub-surface
Depth Disposal” (June 2008).

PN 2 sscssiment of ngincered Barrers )
Safety R&D on Protection Capability Assessment of Engineered Barriers
Assessment of Degradation of Bentonite Component(s)

Photo: Bentonite deposit covered by the natural analogue study




JNES V.3 Assessment of Engineered Barriers anreas MFNRSEERNE
é fe

ety R&D on Protection Capability Assessment of Engineered Barriers
Understanding of the Ultimate Characteristics of Cement and Bentonite

Ultimate characteristics: inherent characteristics that can be still expected from bentonite under
severe conditions produced by the combination of multiple degradatlon processes that should be
assumed:

- Loss of compactuon due to the ﬂowage of bentonite into the pore of degraded cement
oomponent(s)s - ~

- Fall of earth pressure due to upllft or eroslon resultlng in the loss of eonstraint on tho swomng of
‘bentonite :

- Chemical degradation of bentonlte (transformation into Ca-type bentonite)

[PNES is now conducting a column fest (FYZUUS ZU’IU) B

Earth pressure around bentonite
- Falls due to uplift or erosion. ==
e O O L BT e D

, Backfill at sides ("“mg) The test set is used to simulate the
- Increase of pores due to leaching Test set component flowage of bentonite into degraded
- Decrease g strength that simulates cement component(s)s, a process .
- degraded cement accelerated by the swelling of
structure bentonite by groundwater. The
experiment will enable the
I determination of inherent
characteristics specific to bentonite
(permeability, in particular) under
poorly compacted conditions.

Test set for simulating the flowage of bentonite

Simulation of critical
COﬂdiﬁOﬂS ' Bentonite

s

Stress meter for total
stress measurement

Low pem\eablllty layer (bentonite) =] Water supply

- Flowage into pores due to swelling -
- Transformation into Ca-type accelerated by cement ingredients

smmm Porous metal
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Assessment of Engineered Barrier Performance in the Transient Period
Experiments for the Verification of Safety Margins for Engineered Barriers

- Engineering-scale (about 1/5) model (more than 100years —about 2)
- Understanding of resaturation and gas migration behaviors in the low permeability layer

2y Gas sampling equipment

4,510

Em i
Test set overview (before coating) Concept of the three-dimensional test set (1/5 scale model)

The following should be verified by this experimont for the verification of safety margins for engineered barriers using an engineering-
scale model:

1. Stable preservation of the low permeability property

— Using the engineering-scale model, it should be verified that the whole layer swells uniformly and the intended low permeability
property is achieved without much dependence on local-scale properties.

2. Formation of gas breakthrough pathways by the growing gas pressure

— The stress from gas pressure may concentrate at comers of the low permeability layer, producing breakthrough pathways even at a
relatively low gas pressure. It should be verified that such will not spoil the integrity of engineered barriers.

3. Restoration of low permeability after the release of gas

— It should be verified that breakthrough pathways are closed again and the low permeability property is restored due to the self-sealing
property of bentonite.
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VI. Prospective Activities of Regulation Support R&D
in the Future

B3 Sa’fety Regu!atibn According to the Level of Potential
Hazard from Waste

2. Reliable Basic Design Based on Reliable Predictions

3. Ensuring of Total Safety Performance Taken in
Consideration of Natural Barrier Performance

4. Preparation for Regulation Process after Safety Review ;

47
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Safety Regulations According to the Level of
Potential Hazard from Radioactive Waste
“Based on the risk-informed approach, the safety regulations demand trench disposal, concrete pit disposal or sub-
surface disposal depending on the level of potential hazard from each specific type of radioactive waste.
0e00 10e08 : : : :
10605 PSP SUURUNTE SR Su b'surfﬂce disposal
. SN . The chart below is based on-
10e04 8 ' data from cz11~1mdmcr
5 1.0e03 % 1.0e03
° =
£ e
D 10 E 1.0e02
S s
H | £ 1.0e01
= =
c o : . :
° 'ﬁ 1.0600 87—+ = she 2 TR TN A
g :
_g-i | £ 10601 e
1.0e-03 1
R ; - 1.06-04 : ;
1.0e00 1.0e01 1.0e02 1.0e03 1.0e04 1.0e05 1.0e06 1.0e07 1.0e00 1.0e01 1.0e02 1.0e03 1.0e04 1.0e05 1.0e08 1.0e07
Time (yr) Time (yr)
Key nuclides in waste for sub-surface di:potal
are difficult to measure. It is important to
iprove the accuracy of estimation based on
calculations about activation.
JNFL: Business License Application for Rokkasho Low-Level Radioactive Waste Disposal Center. Jan. 1997
FEPC : Quantities and Radioactivity Concentration Levels of Waste for Sub-Surface Disposal (C2 11-1; Sep. 24, 2008)
Kato et al.,: Current Status of Technical Confidence Building for Sub-surface Disposal (Journal of Nuclear Fuel Cycle and Environment Vol13 No.1 , P49-64 2006) 48

nareesn HFNRSWEEN



R coecive | i

Basic Design Reliability and Repository System Robustness

Adequate choice of disposal Robustness of the repository
depth and the robustness of . system by the employment of
engineered barriers , multiple barriers

s @ GEN B S W N b MR s mm WSS W NS @ WM ) BED § SN N MW S SmEm W GEN 8 SN Y M N M R GRS N B W W w Ee

{ 300 4 Sv.”
0
Reliable Beiicegsisn';gatt\ig::ed 7‘ reliable
10 uSv./ £

- The overall safety should be ensured by developing the basic design based on reliable predictions on highly .
probable and normally expected events with conservative approaches to both sides contradictory characteristics
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Ensuring of Total Safety Performance
Taken in Consideration of Natural Barrier Performance

Example of engineered-natural barriers combination that meets the
standard dose values and ensuring of total safety performance

1E+0

Objective nuclide: C-14 (half life: 5,730 yrs)
1E-1 | Initial radioactivity: 1.8E+15Bq

: Exposure pathway: ingestion of food
products from lake

1E-2 |

1E-3 |

1E-4

4
8
E
®
2
f:
@
=
c
o
S

1E-5 |

Engineered barrier performance [1/y]

10 u Svly

tomsy
50015y
Sousuy |

1E-6 |

1E+6 1E+5 1E+4 1E+3 1E+2 1E+1 1E+0
Natural barrier performance (T .4) [y]

Migration performance of natural barriers
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Preparation for Regulation Process after Safety Review

Waste Package Engineered barriers Natural barriers Biosphere
Total ; Migration control Isolation capability of Biosphere dose
radioactivity capability of natural barriers: conversion factor:
inventory engineered barriers: Gi(-) Bi (Sv/Bq)

Qi: (Bq) Ei (1ly)
Radioactivity Waste characteristics Retardation of nuclide | Dose conversion
inventory - Leaching rate migration - Dose conversion factor
-Total Migration control - Groundwater travel - Correction coefficient
radioactivity capability of time for dilution and
-Radioactivity engineered barriers - Retardation function concentration in the
concentration - Control of diffusion, process of migration in

control of permeation, the biosphere

and retardation of Prevention of specific

nuclide migration human activities, etc.

- Phased control

Waste package
confirmation
(JNES)

Facility examination
{NISA, with the partial
involvement of JNES)

Facility examination
(NISA, with the partial
involvement of JNES)

Approval of the
operational safety
program

- Waste package
confirmation
procedure

- Facility examination

procedure

- Facility examination
procedure

- Monitoring procedure
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e 35> JNES

END

Thank you for your attention.
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1. About NUMO

NUMO

- Specified Radioactive Waste

Final Disposal Act
(enacted in June 2000, amended in June 2007)

 Definition of specified waste

 Basic policy, basic and implementing plans for final
disposal

* Funding system

* Disposal site selection process

* Provisions for disposal and repository closure
* Implementing entity

* Fund management entity

NUMO



Nuclear Waste Management Organization of Japan

(NUMO)

= Established in October 2000 based on Final
Disposal Act
= Mission
¢+ Collection of fund

+ Site selection and characterization

+ Design, licensing, construction, operation and closure
of repository

+ Public relations

= Qutline of NUMO’s Repository Plan
- Capacity for HLW > 40,000 glass canisters
- Annual disposal capacity = approx. 1,000 canisters/yr
- Capacity for TRU waste > 19,000 m3
- Expected start of operation : around 2035

NUMO

Organization of NUMO
, Board of Directars
. President Advisory
Auditor Vice-President Committee
Executive Directors |
!I
| L | I ﬂ
Plamning General Affairs | | Public Relations Site Planning STcieﬁce'.and
Department Department Department Department Dg%a?tomoegnyt

Bl Total number of Staff (as of Feb. 2010) : About 80
B Expenditures in 2009FY : About 4.4 Billion JPY

NUMO




Organizations and Roles in the HLW Disposal Program

Owner of power plants
METI
Utilities, JAEA <ifpem Ministry of Economy, Trade and Industry
el + Basic policy
condition + Final disposal plan
Submission and .
approval of Supervision
implementation pIanI l
N U M 0 Commitment of RWM C
Nuclear Waste Management I;lgga —_— Rididastive Wasts
Organization of Japan . Management, Funding and
+ Collection of fund Ragaarch Cenlay
+ Site selection and characterization Extraction of | ¢ Fund management
+ Design, licensing, construction, fund
opergtlon apd closure of repository P —— R&D Organization
* Public relations F&r? an(li (JAEA, CRIEPI, AIST, etc)
echnica .
support + R&D and URL Projects

NUMOQ

P.6&

Japanese Geological Disposal Programme

Repository
Operation

First Progress
Report (H 3)
(Technical Feasibility)

Selection of Disposal Site

Ammendment of Disposal Act and
Regulation Law (June 2007)

Start of R&D ol (TRU waste disposal included in NUMO’s
Program 1992 mission)

Commencement of Open Solicitation
1976 (Dec. 2002)

NSC: “Requirements of Geological Environment
to Select PIAs of HLW Disposal” (Sep. 2002)

Establishment of NUMO (Oct. 2000)

“Specified Radioactive Waste
Final Disposal Act” (June 2000)

NSC: Nuclear Safety Commission of Japan
NUMO

P.7




2. Nuclear fuel cycle

NUMO P.8

Nuclear Fuel Cycle & Geological Disposal of Nuclear Waste

Nuclear fuel cycle policy is promoted to ensure effective recycling of materials such as
uranium and plutonium recovered by reprocessing of spent fuel.
Reprocessing generates HLW and TRU waste.

4\ Image of disposal

Uranium enrichment
& fuel fabrication plant!

TRU waste
requiring
geological '

disposal Canister  Drum RSS‘,?Q%Q?’

MOX fabrication plant
Recovere tRecovered uranium
uranium \ & plutonium
a A" Spent fuel
Vitrified waste More than 300m Iow surface

[ Geological disposal of )

(Nuclear fuel cycle ) high-level & TRU waste

NUMO P.9




Storage Status of Vitrified Waste in Japan

HLW generation }

Number of HLW canisters equivalent to SF
presently waiting to be reprocessed and
vitrified (including unreturened HLW)
~22,200 (as of the end of 2008) :

Estimated total HLW
(canisters equivalent)

~40,000 (~ 2020)

'100canisters e HH [ IIH IHI
( TRU waste generation )

\ ' About 18,100m /

photo credit: JNFL

Vitrified waste storage center, JNFL
NUMOQ

Footprints of waste repositories
- Direct disposal vs. Reprocessing & recycling -

16
(Note)
Rgport (_)f Long-Tgrm Plan L l | t f
Deliberation Committee, Nov. 14 Oow-level wastles irom
2004, JAEC el decommissioning of
1km ;E 12 f i reprocessing and MOX
Pkt A = / plants are included
£ 10 = N
= / [l Surface pit disposal
o 8 ! i Disposal in
2 x9 intermediate depth
6 -
HLW < B Geologic disposal
Repository 4 HLW
(geological Repository
disposal) / (geological
. disposal)
Direct disposal Reproc. & recycle

NUMO

P11



NUMO

3. Concept of geological disposal of HLW

NUMO

VLLW
Without
engineered
barrier

Relatively high
radioactive
waste

LLW
With
engineered
barrier

Near surface
disposal

Intermediate
depth disposal

O
',a“‘

Geological

disposal

p.a2

P13




Multi-barrier Disposal System

Overpack
(steel container)

e Prevent vitrified waste

from contacting with
groundwater at least
for 1,000 years

Buffer

(compacted clay)

Disposal in

Assure extremely low

permeability to retard
penetration of
groundwater and
migration of dissolved
radionuclides
Provide mechanical
buffer

saturated zone

NUMO

b" md()’ S BaSic Sﬂfﬂt}[ Ehilosophy

P14

= Safety Principles

» Protect human health and the environment present and future

Basic policy
for ensuring safety

» Do not impose undue burdens on present and future generations

Basic policy

for promoting understanding of
deep geological disposal

Development of social

trust

construction and operation of
repository
* Appropriate assessment of
safety

NUMO

acceptance
* Appropriate selection procedure - l - P

of disposal site * Active seeking of understanding
» Appropriate design, and fostering a relationship of

P.15




In the Quaternary,

* \/olcanic activities and
active fault movements
occur repeatedly in limited

regions
* there is little change in
these locations

- -

Possible to find a suitable
A Volcanoes site wit.h min_ir_n_al effects of
— Active faults volcanic activities and fault
/ < e movements for next 105

years

NUMOQ P.16
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Earthquake Vibration

Vibration on the surface.

Weaker vibration than on
the surface.

_.«WW

: el Seismic impact on
Fault activity . EITGENECR S
ot ; .\ transientand small.

Vibration deep
underground is very weak.

"WWW« i S

‘Reposi't'pr“y\ depth udeeper than 300m - 4

Hypocente

Several km — 20km underground
NUMOQ

P.18

e

Detailed
Investigation

Literature
Survey

Siting
Factors
for PlAs

eport on the
Selection of
PlAs

Design concept

 :+,.,

Supporting
Documents

Final Selection
of the Rep.Site |

Selection of
DIAs

“+ -
Basic Design &
Safety Assessment
\ ~+ 4=
| Supporting | | Supporting
Documents Documents

Safety Case 1  Safety Case 2 %ﬁ Safety Case 3 I

. NSC Basic Guidelines NSC Guidelines
NSC: for Safety Review for Safety Review
Nuclear safety Commission

NUMO

Selection of PlAs

Selection of DIiAs
Selection of RS

Detailed Design &
Safety Assessment

P19




Conceptual timeline of the project

OAmendment to the “Law for the Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors” (Jun. 2007)
O “Ordinance for the Class1 underground disposal (No.23 of METI)" (Apr.2008)
CReport on “ Regulatory Framework for Geological Disposal of HLW” by NISA Sub-Committee (Jan. 2008)

| Time >

. PI Constructhl? >

* Approval of design and
construction method

* Pre-service Inspection

* Confirmation of
disposal facilities

Approval for Final
closure plan confirmation
T of closure

Confirmation of

project termination

* Periodic Safety Review e
* Monitoring
* Retrievability

NUMOQ

P.20

Typical repository layout
(HLW/TRU co-location option)

Disposal panel

for HLW Disposal panel for
TRU waste

TT=<_ Access tunnel

Pit disposal

TRU waste

P21



Repository Concept

*:Example of HLW and TRU waste disposal together

4-Ramp

Shaft — | | e

_— nderground ;
g e Facilities (TRU) Disposal panel

=5

o ’ Underground
, _ Facilities (HLW)
s Undérgrou : =

\ Facilities (TRU) _ S@@&EE

Disposal panel : = : :
// Connecting TunimelT~_ === —
‘¢ . { N e

Emplacement of low
level radioactive waste

Vvertical amplacent of vitrified !'Hb'ﬁi'dr'ﬁ'a'f'e'r‘n"'l"pacé’r'n-e'ﬁf o

4. Site Selection Process and Status

P.23



HLW Disposal Program in Japan

2100

2040
Construction of Disposal Tunnels
. . ; 3rd Stage
Selection of Repository Site -
| Detailed surface explorations,
Measurement.s and-tes.ts in
| underground investigation
| facilities 3 y e 2nd Stage
/ Selection of Detailed Investigation Areas
| Borehole survey,
geophysical prospecting, etc.
Literature surveys
2000 : The government can nominate the site for literature survey, taking account of opinions of local communities.
NUMO In this case, mayor will express whether they will accept the proposals or not
P24

Three Stages of Site Selection Process

Prallminaw Detailed
(*) This route was added after Investigation
Toyo town case Areas (DIAs)

Municipalities ‘
invited by the

Government (*)

Preliminary Detailed

¥ Investigation Investigation
iterature - Geophysical survey - Excavation of test tunnel
survey - Borehole drilling etc. - Investigation in the test tunnel
Selection Selection Selection
cnte a cntena
stage

NUMO P.25



15t stage of Site Selection

Government’s invitation

NUMO'’s open solicitation

[ Literature survey by NUMO Similar process is
P repeated in the 2"

rd
NUMO’s report on selection of PIAs and 3" stages
[ Conformity with ]

selection criteria
1st —m——
stage w
< Government'’s hearings

from mayor and governor

negative

affirmative 2d stage

o 5 Preliminary !
\ Government's 2;: roval i  investigation !
for selection 1As ! by NUMO !
T ——— P.26
Proposed Regional Benefit Plan
Applicant : Economic effect: 1.7 triion yen
municipality n?g;:g%g?&?gs (27.5 billion yen/year)

Induced employment: 2,200 man/year

Annual Tax: 2.7 billion yen
. Total tax: 160 billion yen
Support regional —
development _

Fixed property tax

Annual grant limit: 1 billion yen
Total grant limit: 2 billion yen B .. ’
— NUMO'’s outreach program

o

e

Annual grant limit: 2 billionyen §B ot
Total grant 7 billion yen §

o promote siting

Literature . Preliminary Detailed

ik : Construction Operation
Survey | Investigation M\7=Ni{leE=1{ely]

P27




Start of Open Solicitation

= On 19 December 2002, NUMO officially announced the start
of open solicitation to invite volunteer municipalities for
Literature Survey

= |Information Package distributed to all municipalities in Japan

S A S
bbb

Repository Concepts.

Siting Factors
for the Selection of Prefiminary
imestgaton Areas
Siting

Instructions Repository factors for _.
for conpapt selection FArTEERD

application catalogue of PlAs pragmram‘rpe

L o — s o s oo o .

NUMO Information Package

NUMO

Siting Factors: focusing site assessment

Evaluation Factors for Qualification (areas excluded as PlAs)

=Clearly identified active faults

=\Within a 15km radius of center of Quaternary volcanoes
=Uplift of more than 300m during the last 100,000years
=Unconsolidated Quaternary deposits

sEconomically valuable mineral resources

Favorable Factors (categories)

=Geological formations =Risk of natural disasters
=Hydraulic properties =Procurement of land

sGeological environment sTransportations

NUMO




Why Open Solicitation ?

NUMO

NUMQ

. Project to involve complex socio-political
concerns

. Public support is crucial for the success of the
project

. Autonomous application by the volunteer

municipalities in support by residents forms
the basis of politically stable conduct of the
project

. Long-term project lasting for almost a century
provides communities a chance for
sustainable development

P30

Evolution since the commencement of
open solicitation in December 2002

= By the end of 2006, about ten local municipalities were
reported to have expressed an interest in Literature Survey
(LS), but none lead to the actual application

= |n January 2007, Toyo town became the first municipality to
submit an application for LS

= Escalation in opposition activities led to the resignation of
the mayor and his loss in the following election

= A newly elected mayor withdrew the application and the
literature survey for the town was abandoned in May 2007

= Reflecting the lessons learnt, METI radioactive waste sub-
committee recommended enhancement measures for HLW
disposal program in November 2007




Municipalities that attempted to apply for Literature SUrvey

2002 2003 2004 2005 2006 2007
Dec Apr. Dec. Apr. Jan. Jdul. . Oct. Aug. Dec. Jul.
v * * * * * % * P i e *
S5 Sg £g s p ol 8 g 2 = Sep Oct
g2 <3 38 24 3 Bg & S e e g
. % i3 X :g g 8 -.g- ?8 B 3 9 * * Jan Apr B
22 =5 £ EB B £P T i - g g ‘et
59 Sa oa & a 3a o g 4 & " TRT o
5 g 4% = E3 3 = 3 8z 3 = 3
g < S £ g = s3 £ £ % 585 b 9 fFab ® £
g g 8 & B = a % 0O 0O = = 9 Mar. & <
£ N OE S 52 £ B L - ¥8 c g0 B =
E . 2 s ne @ g - T @ =% x5 & B o
S X £ x 5 £% 25 9 ¢ o g
S £ 2 e @ xR 5§ o 38 88, ¢

° ) E 2 S ES 4y Ok $EH6 I
c EB O =59
* Municipalities that reported to be § > L o E © = ; - ié‘n' 5 8,"%“5 §
considering an application. 3 2.0 0 2§ ¢ o808
8 = §. 18 "1 % “c 8
i g FE g s & 8
= = <
ny quarters)

Inquiries to NUMO from local communities (inquiries are continuously made by ma

-

-----------------

G‘o encourage the holding of
| study meetings

Long-term on-site activities
Visit to nuclear facilities, etc.

Activities to !’ ) ' .
solicit  |. Holdingof study ! lncreaselr Etstafbllsl'tlmen
applications { i| personne of system

Holding of large
explanatory
meetings

------------------

Activities in response to requests : , :
of parties concerned ! !

Fl

Enhanced activities :
1

Publicity activities by NUMO (TV ads, newspaper ads, discussion meetings, distribution of NUMO's public relations magazines, and others)

NUMO

P.32

Enhancement measures recommended by
. METI Waste Subcommittee .

(Interim report of the subcommittee, Nov.1, 2007)

= Enhancement measures

*Enhanced PA activities to improve public confidence
and to encourage municipalities to participate in
literature survey

 Publication of catalogue of model plans for community
partnership

-Enhancement of R&D and international cooperation to
promote public confidence

- Reinforcement of cooperative framework among
government, NUMO and utility companies

= Minor modification of siting process

- Addition of the system where the government can invite
candidate municipalities for literature survey as a
supplemental measure to NUMO'’s voluntary approach

NUMO
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5. NUMO'’s activity on public relations

NUMO

P.34

— Public Engagement by Multiple PR Approaches (1/2)

1) Improve mutual understanding; establish/expand human network
(2007-2009)

® 44 fora/panel discussions in different prefectures
(co-hosted by a local newspaper)

® 18 workshops with local NPOs

® Establish and expand network - —
[Workshop] [Forum]

- Follow-up for panel members (Local business leaders, Advisory specialist for
consumers' affairs, Local newspaper’s leader writer)

2) PR activity using media (2009-2010)

® TVCM, newspaper/magazine advertisement, website

[Tvem] [Magazine advertisement] S
[website]

NUMO P.35



Public Engagement by Multiple PR Approaches (2/2)

3) Real-scale exhibit to offer virtual experience "rvm

wFras0x—ruottnefbBra)
® Set up graphic theater in Science Museum -

to offer virtual experience of geological disposal

® Exhibit real-scale display
at PR facilities of utility, etc.

[Virtual geological exploration tour]

[Display example in PR facility]

4) Nationwide campaign in 2009

® PR expansion:
focus on October 261, “Atomic Energy Day”

® Commercial Messages : TVCM, newspaper,
website, posters, transport advertisement, etc.

® Special TV programs:
Oct. 18th: 22:00 - 23:15 (Fuji TV)
Oct. 25t: 17:00 - 17:55 (BS Fuiji)

® Symposium: Oct. 24th

[Newspaper advertisement]

NUMO P.36

6. NUMO’s 2010 Technical Report

NUMOQ

P.37




Background of 2010 Technical Report

000

Launch open solicitation to invite volunteer
municipalities to Literature Survey

| Progress in overseas

E programmes
Amendment of the — . —
Final Disposal Act . —— TRU waste added to the scope of NUMOQO's
, Progress in disposal programme

overseas/domestic R&D

Amendment of the
Nuclear Reactor Act

NUMO

Siting and confidence

" YR 2010

building activities

NUMO
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2010 Technical Report

= Clarify NUMQO’s safety approach (precedent
publication in 2009):

* Specify the safety policies and measures

* Draw up ‘Safety Road Map”

= Demonstrate advancement of the technologies to
support NUMQ’s geological disposal project
focusing on the past 10 years

- Compile outcomes of NUMQO’s R&D and Government’s
fundamental R&D activities

- A tool to backup confidence building activities -

NUMO
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Maijor relevant reports translated in English

= H12: Project to Establish the Scientific and Technical Basis for
HLW Disposal in Japan (compiled by Japan Nuclear Cycle
Development Institute in 2000)

http://www.jaea.qgo.jp/04/tisou/english/report/H12 report.html

= NUMO Technical Reports
http://www.numo.or.jp/en/publications/main.html

-Development of Repository Concepts for Volunteer Siting
Environment (NUMO-TR-04-03)

- Evaluating Site Suitability for HLW Repository (NUMO-TR-
04-04)
- The NUMO Structured Approach to HLW Disposal in Japan,
(NUMO-TR-07-02)
» Second Progress Report on Research and Development for
TRU Waste Disposal in Japan (compiled by Japan Atomic

Energy Agency and Federation of Electric Power Companies of
Japan in 2007)

http://www.jaea.qgo.jp/04/be/docu/tru eng/tru-2e index.htm

NUMO
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Stepwise
Project
\Development

Thank for attention






