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Introduction

What is this "Repository Concepts”
Document?

Based on the "Specified Radioactive Waste Final Disposal Act", NUMO will solicit
volunteers for areas to explore the feasibility of constructing a final repository for
high-level radioactive waste using four documents published together as an

information package.

The information package aims to support discussions with stakeholders, especially
residents of interested municipalities, leading to a decision on whether an
investigation program can be accepted or not. The four documents are entitled
"Instructions for Application”, "Siting Factors for the Selection of Preliminary

Investigation Areas"”, "Repository Concepts" and "Outreach Scheme".

This "Repository Concepts” (RC) document is aimed at providing information on
what the planned repository is and how it will be developed for siting environments at
candidate sites. The document includes examples of repository components,
repository construction, operation and closure and illustrates the safety of the

disposal system.

Direct inquiries about this document or the open solicitation procedure to

Site Selection Group, Site Planning and Public Relations Department
Nuclear Waste Management Organization of Japan
Mita NN Building 2F
1-23, Shiba 4-chome, Minato-ku, Tokyo, 108-0014
TEL: +81-3-4513-1116
FAX: +81-3-4513-1299
Website URL: http://www.numo.or.jp




- 1. Waste Generation and Disposal

What is High-Level Radioactive Waste (Vitrified HLW)?

Vitrified HLW is produced from liquid
waste arising from the reprocessing of

Its radioactivity decreases with time.

spent fuel.

In a stable form and easy to handile...

Production of HLW

Nuclear power plant

Spent fuel

Recovery of uranium and plutonium

Vitrified HLW

» Height ~1.3'm
*Diameter: 40 cm
*Weight : ~500 kg
*Volume : ~150L

Repro CeSSing iIncluding fission
products
Glass =07

Glass melting furnace

=

7 . Molten glass

85~87%

Stainless steel
canister

Solidified glass

How much volume ?
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Reprocessing plant N

High-level liquid waste

e

The annual electricity consumption of around 100,000 households, if
generated by nuclear power, will lead to production of one canister of
vitrified HLW.

Xe

~

A by-product of reprocessing of the spent fuel from nuclear power plants is liquid waste with a high level
of radioactivity. This waste is solidified in a stable glass matrix (vitrification) in stainless steel fabrication
containers. The vitrified waste from reprocessing is referred to as high-level radioactive waste (HLW).
One vitrified HLW canister is produced from one metric ton of spent fuel. Vitrified HLW will be completely
isolated from the human environment in storage facilities after its generation because of its high
radioactivity and heat generation. Radioactivity decreases spontaneously with time and the activity of
vitrified HLW will be approximately 0.03% of the activity on initial production after a period of 1,000 years,
and about 0.003% of the initial activity after 100,000 years.

Tokyo Tower

{ Assuming that the total electricity consumption of one Japanese person
during his/her lifetime (80 years) comes from nuclear power, the

resulting amount of vitrified waste has a volume equivalent to three
golf balls.

From "333m of Tokyo Tower" to "1cm of drawing pin".

Decrease in radioactivity

Decrease in radioactivity of
one canister of vitrified HLW
(Scaling radioactivity by height, where the activity at the time of
generation is equivalent to the height of the Tokyo Tower)
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r“
i
WA
Ay
M
MUK
}}Lii Lighthouse ~ L
% J 20
‘l After a few tens of
‘W thousands of years :
‘l The radioactivity of one
M canister of vitrified HLW
l‘q"' corresponds to that of the
NS .
ﬁmm N 3 uranium ore used to produce
I A
" NZANL i o T the nuclear fuel
/N A‘k\ - |
K A\
“‘ | 1
Aﬁi‘ I Matchstick ~ 33300
SR 4
v % ‘ Drawing pin ~ 1
Ar . § 9 PN ™ 30,000
N/ ﬂ ’
V- B |
i *
| '| [ |
Generation 100 yrs 1,000 yrs 10,000yrs 100,000yrs

Need for long-term management

It 1s therefore necessary to effectively isolate HLW from the human environment for

several tens of thousands of years.




- 1. Waste Generation and Disposal

How is HLW Managed for Long Periods of Time?

It is necessary to isolate vitrified HLW from the human environment for several tens of thousands

Geological disposal is adopted.
Siting proceeds in a stepwise manner
before construction of the repository.

years due to its radioactivity, even though this decreases with time.

Isolation by means of disposal deep underground is termed "geological disposal" and is the most
appropriate option for HLW as it offers safety for a long period of time without requiring active
control of the repository over this period.

The geological disposal of vitrified HLW will be carried out within a regulatory framework in
accordance with the national disposal program.

Why geological disposal? From initiation of siting to closure of the repository

Ensures safety for long periods of time

Confirmation of safety
without requiring any institutional control

within the legal framework

The deep underground has inherently favorable features for HLW disposal. Geological disposal

1s considered an etfective way to 1solate HLW from the human environment using current Ensuring safety

technologies and without requiring any long-term active control. This 1s internationally accepted
and forms the backbone of HLW management programs in most countries™.

Characteristics of the deep underground

(1) Less impact from surface changes
Such as natural phenomena and human actions

@ Limited alteration of materials
Due to stable chemical conditions

(3 Limited movement of radioactivity
Due to restricted water flow

*:more information on HLW management programs in other countries is available through the NUMO web-
site at http://www.numo.or.jp/kaigaijoho/index.html.

Schedule for implementation and regulation

Basic plan for HLW disposal

Year 2000 2010
w ) 4

® Interim storage of HLW for 30 to 50 V¥ "Specified Radioactive Waste Final Disposal Act" (Jun. 2000)

years to allow cooling prior to disposal
based on the Basic Policy for Specified
Radioactive Waste

® Disposal of HLW more than 300m

underground, based on the Specified
Radioactive Waste Final Disposal Act

W Selection of PIAs

Establish:ment
of NUMO Literature survey investigations
v

Application * . Application *

Guidelines for Safety
Reviews of HLW Disposal

W Selection of DIAs

Preliminary

Implementation

Detailed investigations

® Start of repository operation around
2033~2038, based on the Final

Disposal Plan for Specified Radioactive
Waste

Basic Guidelines for
Safty Review of HLW Disposal

The Basis for Safety
Standards for HLW Disposal

c
O
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Technical Standards

Application
application

Ensuring safety in all phases of HLW disposal 1s the
top priority of NUMO. Positive efforts will be made to
communicate with volunteer communities and the
public about NUMO's commitment to safety
throughout the implementation of the disposal program
in order to build confidence in NUMO's activities.

Ensuring openness

It 1s a priority of NUMO to ensure openness of
decision-making throughout 1its 1mplementation
program. This will be based on public communication
and disclosure of information.

The Final Disposal Act states that a disposal site
should be selected in a stepwise manner with more
detailed 1nvestigation of fewer candidate sites with
each successive step.

*.Control phase from repository closure to termination of implementation

2050 2100
, v \ 4

2030 2033~2038
h 4 v

W Selection of a final disposal site

License

Licensed

Approval

Construction phase ' Operational phase

At each stage, NUMO will clarify its own selection
criteria, publish investigation results for each site and
hold public meetings for comment. Taking account of
the results and all comments, NUMO will select the
sites for Investigation in the next step with approval

from METI.

Safety regulations

Government discussions of safety regulations for HLW
will establish appropriate guidelines and standards for
sate geological disposal. NUMO will need to
demonstrate that their proposals meet these standards
by submitting a safety review as part of the license
application for a repository. Following licensing, the
stages of repository construction, operation and closure
will each also require approval from METI, based on
compliance with safety standards.

For termination of

implementation™

Closure phase

|

Approval

Approval

Approval

Revised at appropriate intervals .




- 1. Waste Generation and Disposal

What Does a Geological Disposal

Selection of an area with a stable geological
situation for siting of the repository.
The multi-barrier disposal system for a HLW
repository consists of natural (rock) and
engineered barriers.

System Look Like?

In Japan, there exist geological situations ("environments") stable enough to isolate a HLW repository
from the human environment for a very long time.

After selection of an area with a suitable stable geological environment, vitrified HLW will be disposed
of more than 300 meters below the ground surface.

The multi-barrier concept consists of the natural barrier (the stable geological environment) and
engineered barriers (other structures designed to contain the HLW) which act together to effectively
isolate vitrified HLW from the human environment for very long times.

Host rock located deep underground

Long-term stability of Stable deep underground
the underground IS a reliable natural barrier

The preservation of old geological anomalies, such as ore

4 deposits and salt deposits, indicate that the natural barrier can
i function effectively for long periods of time.
ess impact from natura y for long p
phenomena such
as earthquakes Example of a natural analogue
The underground 1s less affected than the The uranium ore of Cigar Lake, Canada, has been
surface by human activities (such as terrorism) 1solated tor over 1,300 million years since its formation.
and natural phenomena (such as typhoons and TI'his means that appropriate deep underground
earthquakes). conditions lead to isolation of materials for a long
N period of time.

Uranium ore in Cigar Lake

- ™\
A
Slow change
In ancient rocks
It 1s common to find deep rock formations that
have not changed perceptibly since they were Sandstone
formed, many millions of years ago.
450m
\. y,
Quartz
Altere
sahdstone
A L
_ Argillite v
Preservation \
The extremely slow changes in deep rocks /
mean that crystals and sediment structures and

fossilized animals and plants are often
preserved from the time that the rocks were
formed.

. Uranium ore _

Courtesy of Nagra: modified figure from Nagra Bulletin No.30 (1997).




- 1. Waste Generation and Disposal
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. Host rock

The engineered barriers consist of the glass matrix which contains the radioactive waste, the overpack and
the buffer. Even if radioactive materials are dissolved from the glass into water, the engineered barrier
system is designed to limit their movement.

The materials of the engineered barriers are designed to function passively in the deep underground
environment. Studies of similar materials from archeological sites have been used to demonstrate their

stability over long periods.

Engineered barriers for containment of

Englneered Barrlers radioactive materials over a long time period

Three barriers Archeological analogue

Vitrified Waste From ancient glass ar-

tefacts and volcanic

Radioactive material is immobilized in a glass matrix and is only glass, it is known that

released as the glass is dissolved. glass 1s physico-chem-
ically stable and 1is

very slow to dissolve.

A vase of Egyptian age
(BC1550~1300)

(photo: Pacific Press Service)

Steel and iron corrode only very slowly
in the absence of oxygen, as seen with
iron nails buried in clay soil 1,900 years
ago at Inchtuthil, UK.

Overpack (steel container)

The wvitritied HLW 1s encapsulated in an
overpack (steel container) to prevent contact
with groundwater during the time when its
radioactivity and heat generation are high.

Major specifications
Material: steel
Dimensions: height~1.7m ;diameter~80cm ;thickness~20cm

Weight: ~6 metric tons

Alternative designs of copper-steel (composite) /titanium-steel EXEITIPIB of trial manu-
facturing of a carbon

steel overpack
(photo: JNC, 2000)

Photograph of nails from the central part
of the hoard at Inchtuthil

(composite) can be considered

terials, as seen in a 2,100 year old Chinese
tomb in which a well preserved cadaver
was found that was not mummitied before

BUffeI' (Com pacted clay) . . It is known that layers of clay preserve ma-

The buffer 1s mainly bentonite clay
compacted to high density so as to
have low permeability, which slows
the movement of dissolved
radioactive waste. The buffer is also
designed to protect the overpack.

ﬂaim. slpecﬁt(t:atlons; bentonite (70%) and sil = .I f . lﬂ ) ‘f- t _ ¢ Cross-section of the 2100 year
aterial: mixiurc o cnitonite o) 4dnad SI11ica xampie of trial manuraciuring o :
sand (30%) baninite Bufer old Chinese tomb

(Figure: courtesy of Nagra taken

Dimensions: height ~3.1m diameter ~2.2m (outer);  (photo: courtesy of SKB)
from NTB 93-03 (1994))

~0.8m (inner) thickness ~0.7m

10




- 2. Components of a Repository

What are Siting

A siting environment is a combination of
geography, topography and host rock.
A repository is constructed in a siting

11

/‘

.

environment where long-term safety
can be ensured.

The disposal site will be selected in 3 stages
from PlAs to DIAs to Final Disposal Site

Evaluation factors for qualification

Selection of Preliminary Investigation Areas (PIAS)

In the selection of PIAs, areas with the following unsuitable characteristics will be excluded.

~

(1) Earthquakes,Fault Activity

Areas with active faults

Areas in which faults may occur in future, or be

reactivated

(2 Igneous Activity

Areas within 15km of the center of active
Quaternary volcanoes (defined as volcanic areas)
Areas where igneous activity is foreseen to occur
in the future

Areas considered likely to be significantly affected
by thermal effects, strongly acidic hydrothermal

water or hydrothermal convection

(3) Uplift /erosion

Areas with uplift amounting to more than 300m
during the last 100,000 years

(@ Quaternary Unconsolidated Deposits
Areas with geological formations in relevant depth
ranges consisting of Quaternary unconsolidated

deposits

(B) Mineral Resources
Areas with geological formations bearing

economically valuable mineral resources

In addition to the above, the characteristics of the repository host rock and
the groundwater, availability of land and transportation of the waste must be
considered when evaluating the selected PIAs in a comprehensive manner
and making comparisons between multiple candidate areas.

Selection of Detailed Investigation Areas (DIAs) and Final Disposal Site

DIAs will be selected from the PIAs based on the results of preliminary investigations and the Final Disposal Site

will then be selected from the DIAs based on the results of detailed investigations. Evaluation factors for

qualification of these areas will be set by NUMO at a later stage. The Final Disposal Site will ultimately be a

specific area chosen within a siting environment.

Environments?

Not all locations in Japan are suitable for selection as a candidate repository site. The areas where
volcanic activity or fault movement are likely to occur must be avoided.

Taking account of these phenomena, NUMO specified "Siting Factors for Selection of PIAs". Detailed
Investigation Areas (DIAs) will be selected from the PIAs, and the Final Disposal Site will then be
selected from the DIAs.

Appropriate siting environment for a repository

Varieties of siting environment

A siting environment is a combination of geography (inland,
coastal), topography (mountain, hill, plain) and host rock
(crystalline rock, sedimentary rock)

. potential location for a repository

Coastal/mountain

Inland/mountain

",?:-'.1.

Inland/plain
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Crystalline rock

Sedimentary rock
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- 2. Components of a Repository

What are Repository Concepts?

A HLW repository concept includes
Su rface fac | I ItIeS, u nderg r.ou nd faCIIItIeS and Surface and underground facilities are designed and constructed taking account of the characteristics

of the siting environment. Underground facilities and the engineered barriers are located in a stable

an englneered bal"rler System (E BS) host rock more than 300m below ground and have capacity for at least 40,000 canisters of vitrified

HLW.

: . In the case of a coastal site, underground facilities can be constructed under the sea-bed.
laid out In a stable host rock. .

< Inland ) ( go_:sD

- Surface
facilities Harbor

T

Surface
facilities

*}'ConnecﬁngTunhEI

Disposal panel

/

ConnectingTunnel

Example of major specifications for inland/crystalline rock repository site Example of major specifications for coastal / sedimentary rock repository site

Surface facilities Underground facilities e access shafts: 6 Surface facilities Underground facilities e access shafts: 0
e area: around 1km° e depth: 1,000m e access ramps: 1 e area: around 1km® e depth: 500m e access ramps: 3
e emplacement method for vitrified waste: vertical e total length of tunnels: around 250km e emplacement method for vitrified waste: e total length of tunnels: around 200km
emplacement horizontal emplacement
e area: around 3km X 2km e area. around 3.5km X 1.5km

13




- 2. Components of a Repository

What are Surface Facilities?

Surface facilities include: waste reception and encapsulation plant (including welding and inspection of

u rface faCi I iti es p rOVi d e th e the overpack), facilities for manufacturing and inspecting buffer material and a security control building.
" - The layout of the surface facilities can be modified flexibly in accordance with the features of the site. If
I nfraStru Ctu re fo I re po S Ito ry neces:ary, most of the buildings can be underground. y

construction, operation and closure.

Full view of surface facilit

Main gate Control room
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2 Facility for manufacturing and F I eXi b I e |ay0 Ut d e pe N d i n g

Inspecting buffer material .
@ Fazility foE: manufacturing on th e featu res Of th e Si te

plug material

Sisirialic
0k
A

@ Facility for manufacturingand ~ EX@mple layout where most of the buildings are underground

quality assuring backfill (eg to reduce risks from terrorism)
material .

S T Y R S .
| r__l:-n-l L'EIEJT..J'- =
o ! .-a.,HF-,

B Rock spoil storage area

@® Facility for controlling ramp
access to the underground
facilities

(@) Ventilation

Drainage water treatment

h

R
'E'-.'i-l*-r !

e

]
1

e e | plant
Tt e e ! s 2 onditioning facility for

radioactive waste arising
during the operational phase

(@ Stack

d) Concrete batch plant
@ Utility building

@ Maintenance facility

(4 Offices

@® Security control building
@® Main gate

@D Harbor

@® PR facilities
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What are Underground Facilities?

Construction of shafts, access tunnels and
disposal tunnels grouped in panels.
Emplacement of the EBS and HLW in each

panel as its construction is completed.

Basic components of underground facilities

4 N

Connecting
tunnel

For connection
between panels

r N
Access
By shaft or ramp

K S/

m e 5, v _ |__I_ Ih‘
iig o
- ']
1 - 2
L]
s w T ]
2 ]
n

ds
r .

Variation of layout considering features

of geological structures

For small areas of host rock
(case of horizontal restriction)

i) O, T e R e ST A T seppint AT T S S o, WP
et A S all g "|-#~fflfh:'f:" S e T ____,_aa.*_ﬁl R -h{ S
{0 L A I ;_‘-l."ﬁ.. i el

g ""i"" o ?I.‘.,'._ i_* -‘_ oo,

In the case of a smaller area of hos!

k . i

- rock, a multi-level

layout can be designed if permit
stability, thermal loading, etc.

ed by mechanical

.

Disposal panel

Section of disposal
tunnels

For complex host rock formations

In the case of an 1inclined host rock formation, the
repository layout can be designed to take account of the
geological structure.

The underground facilities include access ramps or shafts for transportation of waste packages from
the surface facilities and disposal pits and tunnels.
The layout of the underground facilities and the emplacement method for waste packages can be
designed flexibly to take account of the features of the geological environment.

Various emplacement methods for vitrified waste

P )

(D Vertical emplacement

A waste package (overpack + HLW)
is emplaced in each disposal pit.

o Y,

g )
(2) Horizontal emplacement

Waste packages can be emplaced
directly in horizontal tunnels.

b

.........

u
- B

r material

Buffer material

. Waste package

e gy i
o g Al A

. A a2l (P
...._.:I = -._-I ¥ P s ¥

Waste package

(@) Vertical multiple emplacement

In the case of restricted host rock area, there
may be advantages in multipleemplacement
1n vertical holes.

18
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How 1s HLW Disposal Implemented?

A m aj or p rOj QCt IaSti N g 5 bo ut 1 00 yea rs Site investigations carried out in PIAs and DIAs are expected to take approximately 25 years.

After selection of the disposal site, the surface facilities are built in about 10 years.

fro m Siti N g to CIOSU re Of the rep()Sito ry Following construction of the underground facilities, the repository will operate for about 50 years in

order to dispose of 40,000 canisters of vitrified HLW.

about 10 years | about 50 years

Construction of underground facilities

Preliminary investigations Detailed investigations Construction of surface facilities . .
and repository operation

% Boréhole

Investigation office

Surface Facilities

Surtace-based investigations, including boreholes, Surface-based 1nvestigations are continued, Surface facilities including private transportation Repository operation starts, including transportation
are carried out for selection of DIAs. followed by evaluation of the Final Disposal Site road and harbor are constructed. of HLW from interim storage centers. Following
based on results of both surface-based and encapsulation, waste packages with buffer/backfill
underground investigations. materials are transferred to the underground facilities.

Harbor

B

: hdergrdund investigation facility 4

Borehole

»
O
=
T
©
L
!
=
=
O
OO
o
LS
O
e
=
-

Following construction of an underground Following construction ot the surface facilities, Construction of disposal tunnels is carried out 1n
investigation facility, investigations are carried underground construction is initiated. each disposal panel, then waste packages are
out for more detailed characterization of the host emplaced, followed by backfilling of disposal
rock. tunnels.

20




- 3. Implementation of Disposal

2]

For repository closure, backfill materials are
transferred underground. At the same time,

Following the operational phase, underground facilities including access ramps or
shafts are backfilled. It is expected to take approximately 10 years for repository
closure, so that the overall disposal project requires about 100 years from the initiation
of siting.

During the implementation of the disposal program, appropriate measures for ensuring
environmental and radiation protection are taken. Monitoring activities demonstrate the
effectiveness of these measures.

Closure Decommissioning
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surface facilities are removed.

redundant surface facilities are removed.

After confirmation of the safety assessment results
using additional data, underground facilities
including access ramps or shafts are backfilled and
seal

Connecting iy . AR . Borehole

tfunnel

during an institutional control period.
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After closure of the underground facilities, If necessary, surface-based monitoring can be
continued. In the event that an institutional control
period 1s required, the security control building, can be built.

offices, PR center etc. will remain.

At the time of repository closure, it is required that the results of the safety assessment
performed for the license application be confirmed by taking into account additional
data obtained during the construction and operational phases. Until this confirmation is
made, it is necessary to ensure retrievability of the HLW.

In general, it is technically possible to retrieve emplaced HLW even after repository
closure.

Institutional control Post-institutional control

Security control building

If necessary, monitoring of the underground
environment can be continued using the remaining
boreholes,

If necessary, boreholes can remain for monitoring

The surface facilities are completely removed.
After removal, a monument or a memorial park

Underground facilities and all boreholes are
finally completely sealed.
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- 3. Implementation of Disposal

How are Site Investigations Conducted before Repository Construction?

23

Literature surveys and
surface/underground investigations are
conducted In a stepwise manner

Applicant areas and
their surroundings

Literature survey

The literature surveys for applicant
areas and their surrounding
regions are conducted to

determine their suitability based
on NUMO's "Siting Factors tor
Selection of PIAs".

Sources 1ncluding  historic
records of earthquakes, eruptions,
uplift/erosion etc. in the applicant
areas, Including the surrounding
regions, will be used in the
literature survey.

for confirmation of the Final Disposal Site.

Literature surveys for selection of PIAs based on existing information are aimed at excluding definitely

unsuitable areas from consideration.

The surface-based investigation of PIAs for selection of DIAs aims to confirm the results of the
literature surveys as well as the feasibility of underground construction.

The underground investigation of DIAs for selection of a repository site aims to confirm suitability of the
disposal site and obtain data for repository design and construction.

Preliminary Investigation Areas (PlAs) Detailed Investigation Areas (DIAs)

Surface-based investigations

Surface-based investigations are conducted to obtain data on
geological structure, hydrology and geochemistry of groundwater,
mechanical properties of the rock formation, etc. This will provide a
systematic database from the surface to deep underground. The
investigation include surveys of surface water bodies, geological
surveys, geophysical surveys, borehole surveys and trenching.

odies Geological survey Trenching

. gt E."I!:__ .
S W Wy AT e I
e e :.1'"

Geophysical surveys

W (e 5o exbin i mads haviae
RS b e B3 et Uy ER) ey
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Systematic
database
from surface to
deep
underground

Laboratoﬁry experiments

Surface-based /underground investigations

Repository

Together with surface-based investigations, the subsurface i1s characterized in more detail
through investigations in an underground test facility.

Site

Underground investigations

o
T X

Data acquisition Is
continued during the
construction and
operational phase at the
repository site in order
to confirm the results of
the safety assessment
performed for the
license application at the
time of repository

closure.

Photos: courtesy of:

@MET]

(O Nagra taken from Nagra Bulletin
No.31 (1997)

(C)CRIEPI

(@ Nagra taken from Nagra Bulletin
No.33 (2000)

(©Nagra taken from Nagra Bulletin
No.24 (1994)

(f)Nagra taken from Nagra Bulletin
No.24 (1994)

@Nagra taken from Nagra annual
report 1993 (1993)

(W Nagra taken from Nagra Bulletin
10 years GTS (1994)

(i)Nagra taken from Nagra Bulletin
Special Edition (1998)

()DNagra taken from Nagra annual
report 1995 (1995)

24




- 3. Implementation of Disposal

How 1s a Repositor

y Constructed?

After the selection of the Final Disposal Site,
the repository will be constructed following

At the Final Disposal Site, construction of the repository starts following approval of the licensing
application.

After land development, construction of the surface facilities including private roads is carried out, followed

approval Of the ||Cense appllcatlon by construction of the underground facilities. For drilling tunnels, a Tunnel Boring Machine (TBM) can be

used, which allows a safer and shorter period of construction.

Current teChn0|Og|eS Can be app“ed for Current technologies as used in nuclear facilities and underground construction can be applied for
construction.

construction of both surface and underground facilities.

Construction of disposal tunnels Ensuring safety of construction N
The TBM excavates hard rock using a rotating cutter fixed at the front of the machine. Compared Tunnel construction is carried out ensuring safety by continuous
with conventional excavation methods using blasting, a TBM works more efficiently and is superior measurement of parameters such as stress field, ventilation,
in terms of noise and vibration reduction. seepage, etc.
Rock Tunnel Tunnel

stress, strain ventilation seepage

Measured data ™ N Measured data ‘Measured data

o
.....

Tunnel support
stress

Measured data

et B

ety b2
i

Fomn

Measured data are used for feedback to ensure the safety
of the construction work Y,

.....
e o

.....
.......

ot e TR B

View of disposal tunnel (left) branching off an access tunnel
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- | 3. Implementation of Disposal

How 1s HLW Transported to the Repository?

H LW tran S po rtat|0n to the re pOS |t0 ry |S by Vitrified HLW packaged at the interim storage center is transported to the repository by ship and/or truck.

. - The transportation method depends on the location of the repository site.
Sh I p/\leh IC Ie! and has al ready been In the case of transport by sea, a specially designed ship is used to ensure safety by taking account of
demonstr‘ated US|ng Current technology potential accidents. Road transportation vehicles are also specially designed to ensure safety by

anticipating accidents which could arise.

for transportatlon Of retu rn ed WaSte from Such ships and trucks are already used routinely in transportation of returned HLW from overseas.
overseas.

: eyt Transport ship
Transportatlon of vitrified waste Specially designed taking account of anticipated

Interim storage & packagin : accidents:
for trgans I(?)rt i Transportatlon edouble skinned hull
P e equipment for prevention of collisions

efire prevention and control system, etfc.

Even in the case of ship transportation, use of a
specially designed vehicle is required for HLW
transport from the nearest harbor to the repository.

% P

Reception at the repository

Rokkasho (Aomori, Japan) HLW Storage Center

Photo:courtesy of JNFL
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Vitrified waste is delivered to the waste reception and

encapsulation plant.

5
( Road transport vehicle

Specially designed to ensure safety by anticipating

AN T

possible accidents: equipment for preventing

e o
Vitrified HLW Is transferred into a transport cask e 4 I} dislodging/falling of a transport cask and dual

by remote handling. braking systems.

% v,
/. N

Transport cask

Specially designed taking account of anticipated

The vehicle is also desighed to run on both private
and public roads.

accidents: impacts, fire, eftc.

N
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- 3. Implementation of Disposal

How is HLLW Treated in the Surface Facilities?

Following reception of the transport cask and subsequent cask inspection, the vitrified HLW is removed

Vitrified H LW is encaPSUIated USing from the cask and then encapsulated. These processes are carried out in well shielded areas by

remote handling to avoid radiation exposure of workers. The radiological impact of these processes on

rem Ote h dn d I i N g teCh no I Ogy- the environment will also be below regulatory limits.

The ftacility is designed taking account of possible events such as dropping of vitrified HLW canisters,
earthquakes and fire.

E—

—
|
b

e i

- —

Waste reception and encapsulation

| - =
= T —

Vitrified HLW Is received at the waste
reception and encapsulation plant.

Entrance of the access ramp

Waste packages are
transferred through the
access tunnel to the

® Inspection of
waste package

@ HLW canister unloading and
inspection of canisters

@ Welding of
overpack lid
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Following encapsulation of HLW, inspection of
waste package welds is carried out.
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- 3. Implementation of Disposal
How are Operations Conducted in the Underground Facilities?

WaSte paCkageS are emplaced Waste packages are emplaced in disposal pits or tunnels by remote handling after transfer

underground. Potential accidents are taken into account when designing the procedures so as to

|n dlsposal pltS Ofr tunnels_ ensure safe operations.

Because of radiation protection requirements, emplacement of waste packages is carried out in a

The ConStru Ctlon Operatlon and bac kf| I I | ng separate panel to construction and backfilling of disposal tunnels, which are carried out in parallel.
] _ The planned annual emplacement rate is 1,000 canisters.
processes are carried out In parallel.

Emplacement of vitrified HLW

Example of repository operation

onstruction of disposal pits or tunnels, emplacement of waste packages and
ackfilling of disposal tunnels are carried out in parallel in each separate panel.

(example of vertical emplacement)

Radiation
controlled area Emplacement of buffer

Under construction - Area for expansion

Area for expansion

For construction
For operation

== For backfilling Emplacement of HLW

4 N
Transfer to the underground facilities

A specially designed elevator or trailer is used

o e e e

MNLAD

Emplacement of upper

part of buffer

L AR
2oy 1:%5\- ,:-\r-':l'!"-nhﬁ
iy ':""-'{'.\,.!E Jl.-r

Shaft elevator




- 3. Implementation of Disposal

How is a Repository Backiilled?

- - - - - Disposal tunnels are backfilled after emplacement of waste packages. At the time of repository closure,
Applylng Cu rrent CIVII englnee rlng shafts and access tunnels are also backfilled. Backfilling is carried out using current civil engineering

technologies.

teCh n O|Og |eS, d ISpOSEl| tU n n eIS an d ShaftS Backfill materials are made from mixtures of excavated rock spoil and bentonite.
) Backfilling methods depend on the design of tunnels and shafts.
are completely backfilled and sealed.

TR
o

Operational phase _ _ Closure phase

ta‘hce to .'shéft

=

Fy

Entrance to shqfts |

¥

r

Backfill material ...




- 3. Implementation of Disposal

How are Environmental Protection and Operational Safety Ensured?

= - - An environmental impact assessment is carried out prior to implementation. Based on the results,
E"Vlronmental prOtECtlon measures are de\"sed appropriate measures are taken to minimize impacts on the environment at all stages of repository
to minimize the impact on the natural development. » | | | |
) ) ) ) In the repository concept, radiation protection for both the public and workers is taken into account by
enV|r0nment Of the repOSItory and ItS Op&ratlon. considering all possible activities. The concept is then authorized on the basis of a license application
. - which states the appropriate measures to be taken.
Ope ratlonal Safety measures are de\"Sed to For repository operation, appropriate measures for the safety of workers also take possible accidents into
- - account.
ensure the Safety Of WO rkers from radlatlon and The above measures should be sufficiently flexible to be able to adapt to changes in circumstances in the

possible accidents_ future, e.g. by making use of updated technology.

The effectiveness of these measures can be confirmed by appropriate monitoring activities.

Surrounding environment Working environment

Radiation protection

Operational safety

Protection measures for the environment

Solil/others

+ air quality =l _ _ - g
« meteorology O LI Phenomena potentially leading to Consequences of human activities
radiation level of: e noise/vibration radiolo gical lmp acts on the and natural phenomena which

« groundwater o smell

sriver,lake . - o radiation level et environment and workers could jeopardize workers

s Marine environment

Alr
e air quality
+ meteorology
¢ noise/vibration
o smell

e radiation level Air Eﬁau |
observation facility

water chemistry,
sediments and

."':' - .. .'..: 'U-h

Measures o radiation from vitrified HLW + ventilation failure

Investigation

: : + rock fall / tunnel collapse
+ dustproof equipment | et + water purification by @ +no reuse of contaminated soil + damage to HLW due to accidental dropping ¥
- | ower failure
« dust collection filter settling pﬁonds and e +no surface discharge of untreated + release of radioactivity from HLW shortly * P
on ventilation other drainage h drainage water o fire

processing facilities after emplacement

systems + tlooding, etc.

1di reuse of rock spoil
s olive use of ¢ bml.dmg and rock | . O ‘as b P
construction pot stqrage ared eg. Drainage water terial
: : harmonized with . . matcria
equipment with low processing facility - ¥
noise, low vibration ___________ L s effective use of T ticinated
_ e i : timber from felled NTICI NTICI
¢ protection measures * ﬁef?sur;s ag:a;:.nst T ZULLE pa = . ke pa =
. g affic disruptions
for specific eco- P | Measures Measures
systems oTeduction of waste
volumes and
Tecycng + radiation shielding Ensuring:
k4 Griering ex. Reusing rock spoll tilati
- . VEntuiation
as backfill material + remote handling ’

A SRR S + procedures designed to prevent accidents with + drainage
vitrified HLW, e.g. during earthquakes, etc. ¢ evacuation pathway
Fauna/ ﬂ{)ral La n_dsca pe/ Industrial/ + QA for design, manufacturing and construction of e emergency power supply
eco-systems social environment general waste e wnd Wit
ENGTE LB PR + fire proofing and fire control system

o natural environment, population, industry,
land use, tratfic density, pollution, etc.

¢ species, distribution, —
natural habitat and | | Jj=
growth etc.

o waste generated by operation + transport ship: double-skin hull, collision prevention » preventative measures against the consequences

and fire control systems of other natural phenomena, e.g. earthquakes

fauna investigation

+ transport vehicle: equipped with dual braking causing rock fall

systems and fall prevention system for the + continuous measuring of parameters such as

transportation cask stress field, ventilation, seepage for tunnel

Remediation of the Post-closure

- - environmental

site after repository e i
closure

o radiation protection management for workers, etc. drilling, etc.

Preservation and regeneration of the

natural environment
Photos: courtesy of Tokyo Elec. Power Co., METI and Chubu Elec. Power Co.
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- 3. Implementation of Disposal

%7

Environmental and radiation protection as well as operational safety are confirmed by appropriate
monitoring activities carried out continuously from siting to repository closure and, if necessary, during
a post-closure period.

In the event that a perturbation is detected, appropriate countermeasures are taken immediately after
identifying its cause.

Monitoring results are open to the public to show that the appropriateness and effectiveness of the
above protection measures will be continuously checked.

It necessary, environmental monitoring of the underground will continue after the post-closure phase,
through monitoring at the surface and in boreholes.

The effectiveness of protection measures
can be checked by monitoring

Post-operation pre-closure phase

Investigation phase

Monitoring of

Monitoring of .
working areas

working areas

aaaaaaaa

Environmental
monitoring
underground

X .®
i & .-‘
Y L
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L

"""""""""""""""
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.

Environmental Construction/operation phase

monitoring underground

Environmental monitoring
at the surface

:| Monitoring for environmental protection

® Environmental monitoring at the surface

Quality of air and water, general discharge water

Monitoring of discharge
from the facilities

and ventilation

Monitoring of e Environmental monitoring underground

working areas

Underground water level and quality, radioactivity
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level

1 Monitoring of
4 ventilation from
the facilities

® Monitoring discharged water and

ventilation outlet from the facility
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Discharged water quality, radioactivity level 1n the

construction and operation phases

| | Monitoring for worker safety

e Monitoring of working areas
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Temperature, humidity, seepage, rock deformation,

oxygen / other gas levels, radiation level | o 38




- 4. Long-term Safety

39

How is the Long-Term Safety of

Selection of a disposal site with stable
conditions combined with an appropriate
repository design. An assessment of the
performance of the repository system is
used to demonstrate long-term safety.

Construction of the repository in a stable geological environment

Measures for the long-term safety of a geological disposal system

b

- Vitrified Hl
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Selection of a Final Disposal Site with stable conditions
® Site selection 1n a stepwise manner

e Iransparent decision-making throughout the site selection process

Appropriate design and construction of the repository
e Construction more than 300 m underground

e Overpack: designed to provide complete containment of vitrified HLW and prevent water

contact for the period when radioactivity and heat generation are high; rigorous QA for
manufacturing.

e Buffer:designed to provide low permeability, high absorption ot radioactive materials,

protection of waste package, etc.; rigorous QA for manufacturing and construction.

the Disposal System Ensured?

To ensure long-term safety, a rigorous stepwise selection procedure for identifying a suitable site in a
stable geological environment is carried out. A repository designed to take account of the features of the
site is then constructed at sufficient depth to ensure isolation over long periods. Finally, the EBS and HLW
are emplaced to meet rigorous quality checks.

Performance of the disposal system is assessed, based on sound scientific and technical knowledge, by
considering what can happen to the repository after closure that may lead to potential impacts on the
human environment. The long-term safety can be judged in terms of whether the results of the safety
assessment are in compliance with safety standards. This is confirmed through the government’ s safety
review for the license application prior to construction of the repository.

At the time of repository closure, it is required that the results of safety assessment be confirmed by taking
account of additional data obtained from the construction and operational phases.

Assessment and compliance with safety standards

The primary concern is that radioactive material dissolved from the vitrified HLW will be

transported to the surtace environment. Based on scientific and technical knowledge obtained
from the literature, experiments, field tests/investigations and calculations, the behavior of the
radioactive material and its impact on humans can be estimated by computer calculations. It 1s

important to confirm that the maximum impact on humans is below the regulatory satety

standards even though it occurs in the far future.

Computer simulations

Experiment using simulated un-
derground chemical conditions derground stress field

G TR0 98020 - e L g
AR 2561 B 6 L~ S PR A LS L B R R A R 5 O

i W 4 TR0 WS SR TECHNICAL
— IR R IR e & REPORT 93-22
e

- ] SN
r _r = ------ material to the human environment
S0 ) ;A M A nmm;u
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' Estimation of transport of radioactive

Field tests and investigations

Estimated radiological Safety

Impacts on humans

Assessment of
long-term safety

Tests/investigations In under- Investigations using borehole
ground tunnel

(Photos:@) ~(@) courtesy of JNC, ©),() courtesy of Nagra:taken from Special Edition (1998) and Nagra Bulletin No.2(1990).)

\ standards |
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- 4. Long-term Safety

What can Happen if Radionuclides

4]

The multi-barrier system limits release of
radioactivity. Even if radioactivity is
released into the human environment in the

future, the amount will be extremely low.

Predicted evolution of the geological disposal system

At least 1000 yrs...

The carbon steel overpack 1s unlikely to be breached because of very

slow corrosion underground. This provides complete confinement of
the vitrified HLW for over 1,000 years.

are Released into Groundwater?

The overpack provides complete containment of vitrified HLW for more than 1,000 years so that short-
lived radioactive materials decay away.

Even if the glass makes contact with water immediately after overpack failure, the amount of
radioactivity released into the water is extremely low and it takes a long time for it to reach the human
environment. The radioactivity further decreases during this period, so that the amount released into
the human environment is far less than that of naturally occurring radioactive materials.

A few tens of thousands of years...

eEven 1f the glass makes contact with
water after overpack tailure, the amount
of radioactivity released from the glass is
extremely low and it takes more than a
tew tens of thousands of years for the
glass to completely dissolve

eIn addition, radioactive materials are

absorbed onto the buffer and rock, so that

their movement 1s slowed.

T Eiegh
g BT Y

After a few hundreds
of thousands of
years...

Even 1f radioactivity 1S
released 1nto the human
environment, the amount 1s
far less than that of naturally
occurring radioactive
materials found in soil and
river water, etc.

e [t can take more than a few tens of
thousands of years for deep
groundwater to return to the
surface.

e Since movement of dissolved
radioactive materials is slowed by
absorption onto the rock, it takes
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Generation 100yrs 1,000yrs

Short-lived radioactive materials
decay completely during the period of overpack containment.

Decrease In
radioactivity
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10,000yrs

100,000yrs

surrounding rock so that

decay during migration; most of these are finally released into the human




- 4. Long-term Safety

How Does the Radiological Impact of Geological Disposal Atfect Our Lives?

Th ere a re n O Sig n ifi cant im paCtS o n o u r The repository is operated with appropriate controls so as to ensure no significant radiation impact on

the environment.

Iives during either the Operational Even if radioactivity is released into the human environment after closure of the repository, the

estimated radiological impact on our daily lives would be extremely low compared with normal

phase Or the pOSt-C'OSU re phase. exposure arising from natural radiation.

Extremely low compared

Radiological impact due to geological disposal

with natural radiation levels

Estimated impacts | Natural radiation levels |

Operational phase in post-closure phase

We are exposed to natural radiation in our daily life.

Like other nuclear facilities, repository operation, including transportation of vitrified waste, 1s
In our daily lite, we are exposed to natural radiation

from rocks and soil, cosmic rays and intake of naturally
0.8~1.2 mSv/y occurring radioactive materials. This fact will remain the

same 1n the future.

The natural radiation level varies in different places and
Safety standards for HLW disposal according to lifestyle, with ranges of 0.8~1.2mSv/y
(difference : about 0.4mSv/y). However,
the impact on our health arising from these
regional and habitual differences 1s

carried out in a controlled manner with rigorous safety management and never leads to Natural radiation level:

exposures exceeding the regulatory protection levels.

Post-closure phase

Even it radioactivity is released to the human environment in the future, as is considered in employed overseas: 0.1~0.3 mSv/y

JNC's H12 Report (Japan Nuclear Cycle Development Institute, 2000), its impact on human

beings 1s extremely low.

: : _— negligible.
According to the H12 calculations, for a repository built in the range of geological «— Case assuming uplift/erosion:
environments which occur in Japan, the maximum calculated doses are between Blax, dise: .0 mSwy Natural radiation levels
0.00000002~0.0004 mSv/y. These are approximately 1/2,000 ~1/50,000,000 of the natural IN Japan

o . (National Institute of Radiological Sciences, 1988)
radiation level in Japan (0.8~1.2 mSv/y). The figure shows natural radiation
levels from rock and soil, cosmic rays
and Ingestion of foodstuffs in each
region. (note : inhalation of radon,

which also depends on different

places and habits, 1s not included :
in the figure). p ‘ I

Even in an extreme case, assuming uplift of the repository and eventual erosion at the surface,

the maximum calculated dose is only 0.06 mSv/y.

The above results are also below the range of safety standards employed overseas

(0.1~0.3 mSvly).
The Japanese safety standards tor HLW disposal will be set by the regulatory authority at later

stage.

The range of cases for HI12

(Base Scenario):

Max. dose ranges of:
0.00000002~0.0004mSv/y

[ ] below 0.89

106 1 0.90~0.99

0.00000001 100 [ ] 1.00~1.09
[ ] over1.10

(MmSvly)

(mSvly)
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