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CAST - Project Overview

The CAST project (CArbon-14 Source Term) aims to develop understanding of the
potential release mechanisms of carbon-14 from radioactive waste materials under
conditions relevant to waste packaging and disposal to underground geological disposal
facilities. The project focuses on the release of carbon-14 as dissolved and gaseous species
from irradiated metals (steels, Zircaloys), irradiated graphite and from ion-exchange

materials.

The CAST consortium brings together 33 partners with a range of skills and competencies
in the management of radioactive wastes containing carbon-14, geological disposal
research, safety case development and experimental work on gas generation. The
consortium consists of national waste management organisations, research institutes,

universities and commercial organisations.

The objectives of the CAST project are to gain new scientific understanding of the rate of
release of carbon-14 from the corrosion of irradiated steels and Zircaloys and from the
leaching of ion-exchange resins and irradiated graphites under geological disposal
conditions, its speciation and how these relate to carbon-14 inventory and aqueous
conditions. These results will be evaluated in the context of national safety assessments and
disseminated to interested stakeholders. The new understanding should be of relevance to
national safety assessment stakeholders and will also provide an opportunity for training for
early career researchers.

For more information, please visit the CAST website at:

http://www.projectcast.eu



http://www.projectcast.eu/
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Training Course 1

Executive Summary

This report contains the presentations made at Training Course 1 of CAST held on 5" and
6™ July 2016 at Karlsruhe Institute of Technology.

The length of the Executive Summary will depend on the report but please aim for a

maximum of no more than 2 to 3 pages.
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1 Introduction

This report contains the presentations made at Training Course 1 of CAST held on 5th and
6th July 2016 at Karlsruhe Institute of Technology C-14 behaviour under repository
conditions:

Vanessa Montoya, C-14 in wastes from LWR and its relevance to the long-term safety of
waste disposal,;

R. Dagan, M. Herm, V. Metz, M. Becker, Production of C-14 in fuel elements of light water
reactors — introduction to calculation methods and related NEA databases;

E. Gonzalez-Robles, Release of radionuclides from SNF under deep geological repository

conditions;
Felix Himmerkus, Waste Management of LLW / ILW at HDB;

Michel Herm, Separation and analysis of gaseous/dissolved C-14 compounds in structural
parts of irradiated LWR fuel elements; and

Volker Metz, 14C behaviour under repository conditions — application to geo-chemical
based long-term safety analysis for a underground disposal system.




































































































































































































































































































































































































































































































































































































































Example: Long-term safety analysis of SURAO (Czech Republic)

Estimate of effective doses with contribution of C-14 in probabilistic calculations for a normal
evolution scenario in a SNF repository in granite.

Effective dose
ratein
biosphere
(Sv/year)

source: Antonin Vokal (2015) SURAO contribution to D6.1. in Kendall et al., Handling of C-14 in current safety assessments: State of
the art. CArbon-14 Source Term. CAST-2015-D6.1



Example: Long-term safety analysis of NAGRA (Switzerland)

Estimate of effective doses with contribution of C-14 in probabilistic calculations for a normal
evolution scenario in a spent nuclear fuel (SNF) repository and low-/intermediate level waste
(L/ILW) repository in clay stone. m-'éE e
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Simplified thermodynamic stability fields of 4C compounds at 25°C

s (V)

1.5
i CO,(g)
o4 o= T._ - P(0.,)> 1 atm
0.5 -
2
L 00— | === ——
“t
051 G (o)
01 P(Hy)> 1 atm CHa c(av)
-1.5 I I I I ! !
00 20 40 60 80 100 120
pH

14CO,%, H1CO; , CH,, “CO,

14.0

however other organics species are not included (mixed oxidation states)



Chemical speciation of released C-14

Under repository conditions, 4C is released from spent nuclear fuel, cladding (Zircaloy) and
other metallic parts of fuel assemblies as

organic solutes (e.g. methanol, ethanol, formaldehyde, acetaldehyde, formate, acetate)

* aqueous inorganic species (e.g. 4CO3%, H'4CO3") ?Spegt“puclearfuel

organic gases (e.g. “CH4)

 inorganic gases (e.g. “CO2)

— defining the *C source term

: 14
organic gaseous " C _
Zircaloy-4

cladding

<1%

organic dissolved *C

inorganic gaseous/dissolved **C




Transport [ retardation processes under repository conditions

After breaching of the container,
radionuclides may be released from the
waste after contact with water

G C-14 and other mobile

radionuclide species

Transport and retardation of radionuclides in
the engineered barriers

= chemical interactions with ground-water /
porewater (e.g. Ca2+ + 4C0O3* —
precipitation of calcite) ruled by solubility
phenomena

and biotransformation of organic species
into “CH4, 4CO2

and chemical interactions with solid phases
(corroded metal, bentonite, concrete, host
rock)

e isotopicdilution,e.g. CaCO3 — CaCO3

e sorption, surface precipitation, solid
solution formation, incorporation



Basic concept for concentration limitation due to solubility phenomena
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Basic concept for migration and retention in geo-engineered [ geological barriers

Porous media (e.g. sandstone)
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biotic degradation of organic *C compounds into “CH, and "CO,

-

\_

small organic species
(methanol, ethanol,

formaldehyde, acetaldehyde,
formate, acetate)

~N

J

4CO3%, H'*CO3 (aq)

“CH,(g)

14CO,(g) |

\

e aerobe respiration CH,O + O,=CO, + H,O

CH,O + 4/5 H* + 4/5 NO; = CO, + 2/5 N, +7/5 H,0
CH,O + 8 H* + 4 Fe(OH), = CO, + 4 Fe>* + 11 H,0
e SO, reduction CH,O0 +"/,H*+"/,S0,>=CO, +'[, HS + H,0

e denitrification

e Fe3* reduction

aqueous inorganic species
partly retained; small
organic species sorbed to
some extent

biotic

degradation

* methanogenesis C;H,,O, + H,0=3CO,+3CH,

(14CH,(g)

\

N\
\ S

r 11C0O,(g)

'4CH,(g) is highly mobile
(hardly any retention in
multi-barrier system);
4C0O,(g) retained to some
extent under alkaline
conditions
















Summary

4Cis relatively fast released from spent nuclear fuel as well as fast released from
metallic parts of fuel assemblies

Retention of *C by container material, geo-engineered barriers and geological barriers
depends both on chemical speciation of *C and on geochemical milieu in repository
system

4C is expected to migrate through multi-barrier system as dissolved species or as gases

Since knowledge on chemical speciation of 4C and reliable knowledge on retention
mechanisms is rather poor, a significant '4C release and negligible '4C retention is
assumed in safety assessments for repositories in clay [ clay stone and crystalline rock
— "4Cis one of the radionuclides that produces the highest releases

With respect to “normal evolution scenarios”, no 14C release is expected from the near-
field of a SNF [ HLW repository in rock salt
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