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INTRODUCTION
• Previous work [1,2,3] has shown that the expected levels of intermediate level waste (ILW) from DEMO can be of the order of 104 tonnes 100 years after reactor end of life (EOL).
• Since these calculations were published the DEMO models have undergone further development and possible waste mitigation approaches have been explored. The impact of this
on expected wastes is presented.

2. WASTE ASSESMENT METHODOLOGY

1. BACKGROUND
ACTIVATED WASTE FROM FUSION

• The methodology used in this work is the same
as previous DEMO waste assessments [1,2,3]:
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• Burning fusion plasmas produce a large flux of neutrons which impinge upon the
surrounding reactor structure causing material damage and activation.

Total
3
H
53
Mn
54
Mn
55
Fe
60
Co
63
Ni
94
Nb
14
C
β+γ limit

1012
11

• Many activation products are sufficiently long lived that after EOL many reactor
components will require disposal as radioactive waste.
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• It is hoped that most, if not all, fusion wastes can be classed a low-level waste (LLW) 100
years after EOL.
CLASSIFYING RADIOACTIVE WASTE
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• Different national radioactive waste management organizations have different waste
criteria.
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• This work uses the UK LLW classification scheme and the IAEA clearance index for nonactive wastes (NAW):
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Ø LLW: ⍺-activity < 4 MBq kg-1 and (β+𝛾)-activity < 12 MBq kg-1
Ø NAW: IAEA clearance index > 1

Neutron transport calculations (MCNPv6.2
[4,5] with JEFF3.3 [6]) determine the
neutron flux spectrum in each cell.

2.

Activation calculations are then performed
(FISPACT-II [7] with TENDL2017 [8] and
UK decay2012) for each material within
each cell. The resulting inventories are
classified with the UK waste criteria.

• Two heterogeneous DEMO models were
studied in this work:
1. Water cooled lithium-lead (WCLL)

Figure 1: The expected activation profile of Eurofer
steel under DEMO irradiation conditions. The
nuclides plotted are those which provide a significant
contribution to total activity.

Ø ILW: ⍺-activity ≥ 4 MBq kg-1 and (β+𝛾)-activity ≥ 12 MBq kg-1

1.

2. Helium cooled pebble bed (HCPB)
• Reactor components were irradiated for their
expected lifetimes, accounting for replacement
blankets and divertors.

3. WASTE ASSESSMENT
WCLL:

• The water content of the blankets moderates the
neutron spectrum, resulting in lower activation of the
vessel.
HCPB:
• The LLW mass is always dominant, despite this the
expected ILW mass at 100 years is on the order of 104
tonnes.
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• The increased total mass of the WCLL model is a
result of the Pb content and most ILW is in-vessel
material.
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• At 100 years most of the mass is NAW, but between 23⨉104 tonnes remains ILW.
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• Near blanket vessel region can require over 1000
years to be LLW.

Figure 2: The expected ILW, LLW and NAW masses from each of
the DEMO models studied for time after reactor EOL. The results
shown include all reactor materials and replacements

• The HCPB model produces less NAW than the WCLL
equivalent.

Figure 3:Time to LLW colour map of the WCLL and HCPB
geometries. The blankets are not coloured but are
included in other figures.
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Figure 4:ILW
mass expected
from each of
the DEMO
models after
decarburisation
has been
approximated.
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4. POSSIBLE MITIGATION STRATEGY
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after:
•Low-level
Industrial
processes exist to remove excess C from steels during manufacturing,
<1 years
decarburisation. It has been suggested [9] that such processes (which result in
1-9 years
C captured in CaCO3) could be used on active steels to reduce 14C activity prior
10-49 years
to disposal.
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• Long lived activity in Eurofer, the reduced activation steel used in the blankets,
is dominated by 14C (see figure 1).
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• Performing decarburization does decrease the expected ILW mass but not
Blankets
not coloured 100-years post EOL. Highly active Eurofer can still require 300
significantly
as universe structure
prevents
cell-by-cell
years
to meet LLW criteria.
colour coding.
Mitigation
• No
The
CaCO is expected to be secondary ILW, but is expected to be produced in
techniques applied. 3
relatively small quantities

CONCLUSION
• Fusion reactors will produce a significant amount of material which will require disposal as radioactive waste. It should become expected that some
fusion waste will require ILW disposal even 100 years post EOL.
• Levels of ILW could possibly be reduced via waste mitigation techniques. However, such technologies have not currently been shown to be applicable
to large volumes of active material. The calculations here assume 100% efficiency so should be considered a “best-case” scenario.
• Different LLW criteria may change the effectiveness of a waste mitigation strategy. For example, Under French criteria decarburization would not be
necessary as 94Nb activity would cause ILW classification not 14C. Nb content of Eurofer could be lowered during manufacturing.
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