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— Milestones of Radioactive Waste Management in Germany =

'« Agreement to dispose of radwaste in DGR, preferably in salt

e Start of research in the research mine of Asse salt mine

» Begin of disposal in Morsleben (ERAM)
“ e Start of evaluation of the Konrad iron ore mine

» “Entsorgungsnachweis’ requirement for NPP operation

e Begin of exploration in Gorleben salt mine

« Begin of construction of Gorleben interim storage facility

15t SNF storage in Gorleben interim storage facility \

15t Gorleben moratorium (for 10 years)

M e [stlicence application for on-site interim storage (Emsland)

e [t SNF storage in on-site interim storage (Emsland)

L_—

M  New radioactive waste disposal facility road-map

e 21d Gorleben moratorium

_—

“ e Site selection act
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— Some Assumptions and Definitions ...

——  Borehole Emplacement
 NOT deep boreholes, rather ‘tight drilled vertical drifts’

BSK3
» Disposal only casks for borehole emplacement

CASTOR®
» Transport and storage cask

Conditioning

» Here: Preparation for disposal — Originally planned at the repository site (nuclear
waste management center) with the full scale pilot plant still near the Gorleben
exploration mine, but principally without formal decision on the final location

CSD-C

« Compacted waste packages from reprocessing in France

DIREGT

« Concept for the direct disposal of CASTOR® casks

IR A A

POLLUX®
» Transport and disposal cask
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— Spent Nuclear Fuel Management in Germany

Spent
Nuclear Fuel

Reprocessing Direct Disposal

* Exclusive option » Exclusive option
formally until 1994 formally since 2005

» Transport to * Development of Direct
reprocessing facilities Disposal since end 70ies
prohibited since 2005 e Completion of Pilot

* Return of HAW until Conditioning Plant
2014 (PKA) in 2000

» Appr. 6000 t, » Appr. 10000 ty,

Preparation
for Disposal

. R
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— Main Concepts for Spent Nuclear Fuel Disposal

On site storage

Preparation for
Disposal after
interim storage

Transfer to

[ ' f-Y
final disposal =~

Final disposal

Status

Reference Concept

Additional Concepts

POLLUX® BSK 3 DIREGT

CASTOR® V

CASTOR®V

Fuel element
disassembling

CASTOR®V

Fuel element §
disassembling §

POLLUX® BSK 3

transfer cask

horizontal
borehole

vertical
borehole

Emplacement
demonstrated

Feasibility
studies

Emplacement
demonstrated
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— Reference Concept — Repository Design
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— Reference Concept — On Site Storage

Protection plate
(= 80 mm thick)

CASTOR® V/19

Secondary lid

S (= 100 mm thick)
:
& Pressure switch

P ———— Maoderator plate

T———_ Primary lid
(=250 mm thick)

Upper trunnion

___ Fuel basket
{19 loading positions)

~ Polyethylen moderator rods
(in cask wall)

Monolithic cask body
with cooling fins
{Ductile Cast Iron)

= 5860 (without protection plate)

125t CASTOR ® cask
for max. 19 PWR spent :
fuel elements

Lower trunnion

Cask weight, loaded: 126 Mg (Source: GNS)

N Figure shows the storage configuration. : -
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— Reference Concept — Preparation for Disposal

1. Entnahmezelle

il?

3. Beladezelle

Behalter-

Mitarbeiter- handhabung

Sozialrdume

2. Zerlegzelle

3 HeiRe Zellen

|I

Tk amanls- L . .
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— Reference Concept — Preparation for Disposal

10 3 9 1 1 8
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3700 mm ——— —b|

5517 mm - —

Shielding Cask
Shielding Lid

Inner Cask

Primary Lid

Welded Secondary Lid
Welding Seam
Damping Element
Moderator Plate (Graphit)
Moderator Rods

10 Fuel Rods

11 Trunnion

WO~ uU Lk —

12 Basket Structure

65t POLLUX® cask
for max. 10 PWR spent
fuel elements (Source: GNS)
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- Reference Concept — Transfer to Final Disposal
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— Reference Concept — Final Disposal

| Dismantling of Heater Cask
(2000/2001)

Installatlon of ' Heate )(:ask
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— BSK Concept — Motivation

‘ Emplacement technologies for both categories of waste (vitrified waste and spent fuel)

Emplacement technology which can be used for the handling and emplacement of
different types of casks

Improvement of heat transfer from waste canister to the host rock (rock salt) by
means of close contact

Compared to the POLLUX emplacement concept a faster process (creeping of
host rock) to achieve the entire enclosure of the waste cask by host rock

Reduction of required footprint of the repository by using the host rock in three
dimensions

‘ Economical benefit by saving cask and operating costs

‘ Reduction of potential gas generation (corrosion) due to reduction of metallic material
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— BSK Concept — Repository Design

access drifts with 25 boreholes
for vitrified waste canisters in triple packs

Go 1002
main transport drift O
North 6 boreholes for THTR/AVR, KNK, MTR2
access drifts with
142 boreholes
for BSK3 access drifts with 30 boreholes

for CSD-B and CSD-C in triple packs

. East 3
main transport drift South

access drift with 18 boreholes
with SF structural parts | | |

crosscut East 1 000 m

shaft 1 infrastructure

DEBETEC—

Dr. T. v. Berl h
NWTRE, Novamber 18%, 2013 12 DBE TECHNOLOGY GrbH




— BSK Concept — Preparaﬂon for Disposal - —

i 1 HLW CSD-C
| L | canister canister

imimmll!
.! rfguaf‘MIﬂ'. WANNAEE!
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— BSK Concept — Transfer to Final Disposal

- '
H
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— BSK Concept — Final Disposal
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— DIREGT — Motivation
‘ Consistent emplacement technology for direct disposal of nuclear waste from

reprocessing and spent nuclear fuel

‘ Emplacement technology for disposal in transport and storage casks (CASTOR)

Avoidance of Preparation for Disposal / encapsulation of spent nuclear fuel

Prevention of time consuming and complex processes requiring severe
radiation protection

‘ Minimising the transports of casks to the repository
‘ Minimising general handling activities with casks

‘ Concurrent disposal of redundant transport and storage casks
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— DIREGT — Repository Design

197.5 m

j6.25 m 27.5m .

‘13 m

31m

290 m
1
|
|
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— DIREGT - Transfer to Final Disposal
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— DIREGT - Final Disposal

Ansicht A
Schubvormehtung
Hub 4x1630

(Source: Sandvik)
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— Major Limitations of BSK and DIREGT concept

|BSK Concept ‘ >

| Reference
Concept

» Feasible for  Handling of
deep layers very heavy
only loads

« Demonstration * Voids in casks
of retrievability « Criticality

* Proof of « Up to now only
backfllllng concept, no

 Low radiation demonstration
shielding yet
requires
complex
emplacement
technology

* High radiation
iImpact on host
rock

- J - J
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— Challenges

Challenges generally encounter when commencing with detailed planning of
operation or even when starting operation, e. g.:

Challenging
handling
equipment
design due to
different cask
designs

Specific
requirements
on hoisting
system due to
transport of
very heavy
loads

Uncommon
radiation
protection
Issues due to
back-

scattering of
neutrons by
the host rock

Complex and
time
consuming
activities due
to limited
space under-
ground
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To ensure
cost
effectiveness
excavations
have to be as
little as
possible
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