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European Summer School g(IT
Radiochemistry and nuclear instrumentation (low level radioactivity)

Karlsruhe Institute of Technology

Visit at the Institute for Nuclear Waste Disposal (INE),
Karlsruhe Institute of Technology (KIT)

23 august 2017

Programme

09:00 h Arrival at KIT-Campus North entrance

09:15h Welcome at INE and introduction H. Geckeis
09:30 h Research towards radioactive waste disposal at KIT-INEH. Geckeis
10:15h Coffee break

10:30 h Ultratrace analysis of radionuclides by AMS F. Quinto

11:30 h Radionuclide speciation by laser spectroscopy C. Garcia-Perez

12:30 h Lunch

13:30 h Synchrotron based X-ray spectroscopic
characterization of radionuclides and

Visit of INE-Beamlines at ANKA (ANKA buiding) T. Vitova
15:00 h Visit of INE laboratories
+« Hot cells M. Herm
« Mass spectrometry F. Quinto
s |aser spectroscopy C. Garcia-Perez
+ (Geochemistry C. Joseph

17:00 h End of visit
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a What is KIT?
m Nuclear waste in Germany and worldwide
m Research at the Institute for Nuclear Waste Disposal
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The research programme NUSAFE

Nuclear Waste Management and Safety as well as Radiation Research
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Nuclear waste in Germany ﬂ(IT

Karlsruhe Institute of Technology

Irradiated
Nuclear fuel

Vitrified waste Repository

From reprocessing For heat producing —
Radioactive e . -
Waste : |

Non-heat producing radio-
Active waste from
NPP and decommissioning

Repository
> e For non-heat
producing
Radioactive
Waste

e

Non-heat producing radioactive waste Intermediate storage
From medicin, research etc.
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Nuclear waste in Germany ﬂ(IT

Karlsruhe Institute of Technology

# it
4

Irradiated
Nuclear fuel

Vitrified waste
From reprocessing

Non-heat producing radio-
Active waste from
NPP and decommissioning

Intermedia

Non-heat producing radioactive waste
From medicin, research etc.
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Spent fuel arising world wide

1000 tones HM

AT

Karlsruhe Institute of Technology

Cumulative Spent Fuel Arisings, Storage and Reprocessing,

B SF Discharged

1990-2020

300 T == sF Stored
430 [ 5F Reprocessed
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Per year:
Cumulative until 2020:

1950 1995 2000

Fukuda et al. IAEA overview of global spent fuel storage,

IAEA-CN-102/60

11

2005

Year

2010

2015 2020

10.500 t spent nuclear fuel

~ 445.000 t spent nuclear fuel

~ 1/3 reprocessed = Vitrification of
remaining high level liquid waste
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Content of high-level nuclear waste
spent fuel
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Karlsruhe Institute of Technology

Potential host rocks for nuclear waste
‘[epositories in Germany
\’ ;_‘\

,White
map

of 5
Germany* ... IS not white! {
5

I Salt domes

[l clay formations

I Cristalline rock
e
Miinchen
(o)

E

\
Source: BGR, AFP
A oA “é

No host rock formation oo
excluded

=>» Site selection does not only require a science based selection of host rocks
but also a selection of repository concepts!

4,836 mm_

50 mm copper

Estimated weight (kg):
Copper canister

Insert 13,600
Fuel assemblies (BWR) 3,600
Total 24,600

Copper canister for spent nuclear fuel

Crystalline rock

Argillaceous rock

Rock salt

INSTITUT FUR NUKLEARE ENTSORGUNG (INE)

13



Topics .\\J(IT

ttttttttttttttttttt f Technology

a What is KIT?
m Nuclear waste in Germany and worldwide
m Research at the Institute for Nuclear Waste Disposal

14 INSTITUT FUR NUKLEARE ENTSORGUNG (INE)



KIT — Institute for Nuclear Waste Disposal (INE) g("'

thlttt fTh\q

Research and development activities at KIT-INE are an integral

component of national provident research and encompass the
following areas:

» Long-term safety research for nuclear waste disposal
» Actinide coordination chemistry
» Decommissioning of nuclear facilities

» Geothermal energy

> Research for radiation protection NUSAFE
> (Immobilisation of high level radioactive waste by B neLmnoLr; R
vitrification) | ASSOCTATION g e

15 INSTITUT FUR NUKLEARE ENTSORGUNG (INE)



Long term safety of nuclear waste disposal

Processes in the multibarrier system ﬂ(IT
- Chemical and geochemical aspects -

- Assessment of RN
retention potential

- Analysis of the isolation .. .
potential T Biosphere

- Quantification of
RN dispersal

- Analysis of con- Geologicalfparriey

sequences

Geological barrier

RN -migration

eSO Water access: rechrical bar
- retention —  Technical barrier

RN-source
(solubility)

I—— Waste form

Container

Source term: Transport + retention:

2
=k, x A xe B RT "”* g |a" f(AG,) _— %+Da G _P 8c aCi
° L1 "2 P 6 a
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Long term safety of nuclear waste disposal

UO ”ﬁ(IT

Karlsruhe Institute of Technology

Nuclear waste form behavior
- spent nuclear fuel

- HLW glass

- Cementitious waste

Fuel pellet

[Fu]“—1010 Min 0.1 M NaCl

Aquatic chemistry sl e $EEE A
- Solubilty Sl SmE o)
- Redox 2.1 %l b -
- Complexation £ 18 ‘ "

o

-10

Solid/liquid interactions

- Sorption to mineral surfaces
- solid-solution formation

- Colloid formation
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Processes in the near field of a repository for spent nuclear fuel
POSIOTY Tor'Sp QICIT

Molar ratio:
Groundwater components Fe:U:Pu ~ 40-50:1:0.01

Ca?, Na*, Mg?", K*, AP*
H,3Si0,", CO;%, HPO,, SO, CI', F

Groundwater radiolysis : H H,
y : OH H, / .‘
* H2O 1 H,0. @
Bl o,

i) Radiation fields 1 0,

H, from container corrosion inhibits radiolysis
=» stabilizes spent fuel UO, matrix againt dissolution
(Spahiu et al., 2004; Grambow et al. 2010; Pomssot et al. 2009; Metz et al. 2012)

7 (UO,”) surface o release —
U0, dissolution
& Cx (102" solution

1. Establishment of reducing conditions due to anaerobic Fe corrosion

nucled

1 =» Favoring redox state RN species of low solubilities
(eg U Np, Pu, Tc, Se)

0X front

~ 1

OO0 - e s -
B oy surtace U0,(COp5* i e Ny
= i R 1 T T . Colloids F_

Secondary phases from Fe corrosion may act as sorbents for RN
=» Surface sorption / Mineralization

TONoIa Torms T every
R R ' Co- precnpltates
|

[ Oxidizing | 3 | Reducing

R. Ewing, Nature Mat., 2015
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Long term safety of nuclear waste disposal

The role of the waste form: ﬂ(IT

- S p e nt n u C I ear fu el - - . - . . Krlsruhlnstwtute of Technology

- Impact of radiolysis on fuel
behavior in a repository

- Long term stability of fuel in the
repository (,H,-effect”)

- Instant release* fraction

T

- New issue: degradation behavior of

heat generating radioactive waste < matrix (S1)
under extended interim storage =
conditions? sec. phases (solub. limited) (U, Pu)

10 100 1000 10000

Time / days

Actinides

a m | | (FP) cl
aaaa2 ENTRIA i o 8 1A
L L] | H Se Se Nb
= Matrix i
H Sn
cl Pd release
t

I Instant Release Fraction (IRF)
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I[KIT

titute of Technology

- -
-

: w2y SARF TPea¥ey
7/11/07 10.@kY 2.0kx 10.0um

SNF #3

Anoxic corrosion of UOX fuel Anoxic corrosion of UOX fuel in presence of H,

Source: Loida et al. (2007) MRS SBfNWM 30, vol. 985, 14-20; Metz et al. RCA, 2012
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HR-XANES analysis of Uranium oxidation state
In spent UO, fuel ﬂ(IT

Karlsruhe Institute of Technology

U M,

1 u" uv ,Low" burn-up
%1 ,High* burn-up
7 71 uo,
§ 6- Metaschoepite
O .
& 5-
c i
2 4
Q)
2
2 -
14
3723 3726 3729 3732 3735
T Energy (eV)
,High® burn-up
. rim
,Low" burn-up
 — center Sti: _
10s*20 fram‘e's‘ L 1 tl me:

HR-XAS spectrometer at INE-Beamline

Detection of U(V) in spent fuel

X-ray beam
S. Bahl et al., to be submitted to Environ. Sci. Technol.
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Long term safety of nuclear waste disposal

Fundamental
research

Applied
research

22

U (— Actinet-id)

Example: redox chemistry of actinides/fission products

[Pul,,,= 1.0107 Min 0.1 M NaCl

-4 1.0

-0.8

TC (— ReCosy, Vespa)

[Tehy, =

AT

Karlsruhe Institute of Technology

THEREDA

1

TR P T T T P B |
2 3 4 5 868 7 8 9 10 11 12 13

pH
mechanistic understanding, thermodynamics, kinetics

(coop.: Kyoto University, KAIST, LANL - Carlsbad office)

1:1 scale experiments
from the Asse mine

pH

-0.8

e TAR 4.
EFNER o ———

Reference

data base
projects

Oko-Institut eV,
Institut Hir angewer Okologie

Institut L ndte
Institute for Applied Ecology

Secondary phase formation

During cement corrosion

~0-8years | ~8-13years ~13-21years
5 T T
4l Mg Ca
jc‘a‘ k3] Pl
T 2f a
o la
= 1t
° 7
E
~ 1E6
S 0% 0a.0,
B 1ET u o
§ﬂEE} = ©
5 0% °
© o
1E-9 L -
9 10 "
PHy,

— &

Bundesamt fiir Strahlenschutz

Geochemical description
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Redox chemistry of Plutonium

AT

Karlsruhe Institute of Technology

B PuO,CO4(aq)
\
B B = \ PuO,(CO3)p>
i PUO2F+ ) -~ l\_ ; 2 3/2
MI“"}{”AN.KFUR'I'ER z\LLGEMElNIT‘. SONNTAGSZEITUNG
PuO,(CO4)5 "~ |
\ Das elementare Bose
s\ PuO2AOH:) mummisime: P
_ *\\ \ %‘i{%{%ﬁﬁﬁiﬂ puliil) :lé(ug? Pu(w_j ‘Pu(Vl_g su(Vil)
..“L) 05 e \\\‘\ iiberhaupt dariiber? ! [ ‘ |
S PuOYCO5~ s —
s 7/ 9 ‘
m
— G SN
] U,
g PuO,OH(aq)  The element of evil
O N
o
B . Pu(OH)l(aq)
© -~
[} e
o N
\\
\\
Pu(lll) -
\\ -

Pu(lV) ==

Pu(V) g

Pu(VI) N

[0 natural waters e
-~
| 1 1 | 1 1 \\\
0 2 4 6 8 10 12 14
pH

(Ewing et al., MRS Bull. 35, 2010)

23

Fellhauer, Altmaier, Fanghéanel, 2010
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Redox chemistry of Plutonium _\“(IT

p— 1 Karlsruhe Institute of Technology
-2
.5*’1 ER ALLGEMEINE SONNTAGSZEITUNG

= elementare Bose

o |

E R £ pullln HCIO Pu(V) pu(VI1) pu(VII)
/( ~~
=
: <
U
e
: O
¢ The element of evil
C( ~—
i
<
(
0

| | L | L |

9 10 11 12 13

I -
0 2 4 6 8 10 12 14

(Ewing et al., MRS Bull. 35, 2010)

Fellhauer, Altmaier, Fanghénel, 2010
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Long term safety of nuclear waste disposal

Host rock: crystalline Host rock: clay rock ﬂ(IT

Impact of glacial meltwater onto the erosion Diffusion and retention of Karlsruhe Institute of Technology
of bentonite barriers in a repository in granite radionuclides iin clay rock: Impact of
and onto the clay nanoparticle borne radionuclide Pore water composition (I, pH, Eh, COz*, T...)

transport

Potential host rocks for nuclear waste
repositories in Germany

‘o

l Salt domes
[} clay formations

R [ cristalline rock Enplacoment el s S
\

Laboratory underground rock
laboratory

#®|ZE" KOLLORADOe Sorption
sheet silicates (i.e. montmorillonite).
2 iiin?)

Bundasministarium
for Wirtschaht

®
= yspoe T

GM

(ol e IEAHH IR ESEE
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Comprehensive approach: from the nanoscale to the field ﬂ(IT
Example: Impact of glacial melt water
induced erosion of bentonite barriers

in a repository in crystalline rock

Geochemical
speciation,
Reaction kinetics

In-situ experiments
(laboratory; underaround rock
laboratories - Grimsel, Aspo)
=» upscaling

cm{lhepeces detrbrtion &)
= 8 5 ® B @

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

ccccccccc

>pectroscopy, Radionuclide
Quantum 8
Chemistry ; behaviour in the
geosphere
#|5EE KoLLORADOE

Simulation of radionuclide
migration by reactive
transport modeling

Z BELBaR,
" EURATOM ’

(Gn

O + = =1-1—
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Karlsruhe Institute of Technology

Laboratory platform AT

A v e Unique combination of actinide
(\ %’* Sl Iy B5s laboratories and spectroscopies
- e - Fundamental science
Radio- & & @ ; - ,European Actinide Pooled Facility”

| chemical Transnational Access Initiatives
\ (Actinide) ,Seed crystal“ for international
Labs ) cooperation (EU, USA, Asia)

Analytical N J‘

( techniques

Spectroscopy
- Laser

- X-Ray

- Mass

y

—

EURACT TP
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Investigation of POLLUX storage/disposal ﬂ("‘
scenarios (rock salt and clay stone)

=== ENTRIA

9
B rouiux
8
. Carriage E‘ 7
. « ~
(a) Transport (b) Location under the storage equipment . > g
. Locomotive V)
= s
heed
. Cabin Q
E; 4 M 3 x POLLUX-3
. Storage equipment (Y |3 m POLLUX-10
IRE
. : Q
(c) Placement (d) Retreat of the storage equipment A |1
pSv/h 0 h —
Transport  Location Placement Retreat of

A

1.43E-03
3.30E-04

1.80E+02 | the storas
4 14E+01 ;
9. 55E+00 storage equipement
2 20E+00 equipement
507E-01

- 1.17E-01

— — 6.21E-03

Comparison - a similar amount of SNF should be disposed:
« Germany: 90% UOX + 10% MOX

« POLLUX-10 casks in rock salt

« POLLUX-3 casks in claystone (temperature constraint)
=> 1 POLLUX-10vs. 3 POLLUX-3
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NORM residues from geothermal power plants ﬂ("'

Karlsruhe Institute of Technology

Data: Scheiber et al. (2012)

NORM residues C [Bq /g] Dose rate [heat exchanger]
(exemplarily)

up to 1,350 (Ra-226) 12 uSv/h in 1m distance
up to 1,100 (Pb-210) > 34 uSv/h in 0.1m distance

3
) '.. a [ -~ e
ﬂﬁ!, e |/

Preheater 1 || Preheater 2 ORC Evaporator

@ Formation of scalings particularly in the cold part of the
facility (AT 90° C)

OH CH; CH
@ Primarily Ba/Sr-sulfate & PbS
@ 22%Ra in Ba/Sr-Sulfate, 21°Pb PbS.
HEDP as crystal growth inhibitor @ Development of Inhibitor concept to avoid scale
(hydroxyethylidene- diphosphonate, formation

C,HgO,P,):
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KIT - Institute for Nuclear Waste Disposal (INE
WALEE] INE:

e employees: ~ 105

e Radiochemical laboratories

e Hot cell laboratories

e Glove boxes

o ,State of the Art"-
instrumentation

e Research is embedded in European and International projects and cooperations I
¢ INE is engaged in training and education of students I
e Close cooperation with various universities I
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