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Factors influencing how much waste Is
generated from a nuclear reactor

1. Reactor size (neutron leakage and component activation)
2. Fuel burn-up (radioactivity/radiotoxicity and decay heat of

spent fuel generated)
(3. and 4.) Coolant / moderator type (volume of ILW generated)
5. Fuel type (governs necessity for reprocessing)
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1. Reactor size: Neutron leakage = reactor inefficiency (CoRWM)
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Comparison of small and large PWR with same fuel enrichment

« Leaking neutrons mean that more fuel is required
to generate a given amount of energy.
« More fuel = more spent nuclear fuel waste.




2. Increased fuel enrichment

A greater fissile material content counteracts neutron leakage
 Most AMRs plan to use more highly enriched fuels
« Higher enrichment results in a greater content of fissile material in the spent

nuclear fuel
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Impact: The radiotoxicity of the spent fuel increases with enrichment. The
probability of criticality is higher for highly enriched fuels, which may have an
Impact on storage and GDF footprint.




3. Coolant type

« W4 N\
Water
(pressurised) GasgEeiic)
. J Y,

r

N\

Liquid metal

(sodium, lead,

\_

lead-bismuth)

J

\_

Molten salt
(alkali metal
chlorides and

fluorides)

J




3. Coolant type
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Liquid metal: Molten salts:
* Reactor should be built with « Corrosive in-reactor, requires
decommissioning in mind development of untested new alloys
« Hazardous reactions with water, air * Fluoride salts can generate corrosive
oxygen (sodium), toxic (lead) (e.g. HF) or explosive (e.g. H,) by-
» Super phenix sodium fires products
« Residual coolant that cannot be « Experimental molten salt reactors
drained must be removed under inert have experienced difficulties in

atmosphere and treated (to NaCl) decommissioning



4. Moderator type (CoRWM)
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« Fast reactors do not require a moderator. Rely upon neutron reflectors = neutron
activation of reflectors

* High temperature gas-cooled reactors will use a large amount of graphite
(pebbles / prisms)

« Graphite also intrinsically present in the TRISO fuel (cannot be separated post-
fission)
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4. HTGR graphite moderator (CoRWM)
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* No reprocessing (not possible to
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Impact: Large volumes of graphite waste, some intimately mixed with spent fuel.
Spherical nature of fuel / moderator results in large volume for disposal




5. Fuel types (CoRWM)
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UO, fuel:

* Chemically inert

« Does not require reprocessing prior to disposal, but can be
reprocessed using agueous routes

« Technically confident in the long-term behaviour in a GDF

UC /USI/UB /UN and metallic fuels: TRISO fuels:

« Chemically reactive « Layered fuel

* Require reprocessing or treatment prior to disposal  « Difficult to separate fuel
P o R TR from graphite — no

processing route
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(CoRWM)
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5. Fuel types

Molten salt fuel:
« LiF / >UF, salt
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* Requires electrochemical “pyro-reprocessing’
* Pyroprocessing is not well developed (not
demonstrated at an operational nuclear scale)
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5. Fuel types: Open or closed fuel cycle

The Nuclear Fuel Cycle
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Reprocessing Is required to
passivate most exotic fuel types and
make them safe for disposal

« Agueous reprocessing well
understood

« Alternatives (pyroprocessing,
voloxidation) still at low TRL

Impact: Reprocessing gives rise to a
wide variety of waste types (HLW, ILW,
LLW), some of which are yet to be
iInnovated (hence their storage and
disposability cannot yet be assessed)
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These are very generic considerations!

Can only truly assess impacts on waste generation,
management and disposal when the detailed designs are

understood.
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Krall et al., PNAS, 119 (2022)

(CoRWM)

Committee on Radioactive Waste Management

Energy-equivalent g S
waste volume S
R
160 P S L
30 = S
140 e P
- 2
120} 3
20| AQ
100+ =

10

AP1000 PWR

Waste volume (m*®/ GWth-yr)
(@)
o

60 -
a0l O
20
, a & > a
\N . \‘Q o £©o¢ % <O ?
000 Q\N N\“ ? \e'\?‘“?\ \x\ \? F A\ (e \“ \h &S 2% \N\K\ 6
pe SP \N we® \N %
oW s W W QW W
0O AQY A QO £,
Legend

[ SNF (including matrix, assemblies) [lll Reflectors, shielding (steel,

B Activated steel (long-lived LILW) boron-carbide, graphite)

[ ] Contaminated steel & concrete I Coolant (elemental sodium)
(short-lived LILW)

Radioactive waste

management factors

Radiotoxicity
(at 10 ky)

Fissile

.y
N

SNF Volume

.-//

,/"'

1000 .

100 _t.

P il

> g

> g

—_—

_— -

/
TN

e

AP1000
PWR

Molten
salt
reactor

| Short-lived
_~LIDW volume

N

Deca

heat

(at 100 y)

Long-lived
LILW volume

P

./’
,//

Large PWR
Small PWR



Conclusions

* The choice of reactor type and design has significant bearing on the
type and volume of waste generated

« Some designs are more advanced than others in terms of their
“waste and disposability” technology readiness

* Most types of waste have been generated in the past (experimental
reactors), but not without challenges

* It Is difficult to truly assess the implications for radioactive waste
management until detailed designs are made available
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