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Future fuel cycle requirement:

“Reduce waste generation and
lower environmental impact”

At NNL, sustainability is

Clean Energy a core part of the

approach

A thriving nuclear power Example:
sector is an essential
component of the UK’s path
tonet zero

dvanced Fuel Cycle
rogramme
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green = AFCP fuel cycle themes
rectangles = processes
circles = outputs
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. °y2 . WASTE MANAGEMENT
Sustainability toolkit il

ECONOMIC
ASSESSMENT

ENVIRONMENTAL
ASSESSMENT

e
Ce]

7

MODELLING LIFE CYCLE
AND SIMULATION ASSESSMENT
FUEL CYCLE TECHNOLOGY
MODELLING ASSESSMENT

ROADMAPS AND
COLLABORATION

J. Turner, J. Spencer, L. O'Brien, S. J. Palethorpe, A. Banford, and R. Taylor, ‘Applying the Waste Hierarchy for Future
Recycling of Nuclear Fuels’, Nuclear Future, vol. 17, no. 6, pp. 43-50, Dec. 2021.
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Background

Characterisation Generation of Regulator
of the influent influent waste Initial assessment & y
guidance

Management waste source term
Hierarchy

potential options

Plant design & Re-use of existing plant

permissioning

Modifying existing plant or building new plant
Construction/ - Construction/

modification modification

Aqueous * waste
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Process

Is there a way that we can prevent this
WASTE PREVENTION effluent through modification of the process

__oripputs?

Is there a way that we can minimise this
WASTE MINIMISATION effluent through modification/optimisation of

Is there a way that we can reuse this effluentin a
RE-USE OF MATERIALS beneficial way to reduce resource consumption
PREFERRED (water, reagent, energy) or discharges?

APPROACH

RECYCLING

components from the effluent?

DISPOSAL If we must abate effluent, manage discharges and
generate secondary waste, can we reduce the amount

and reduce the capital and operating costs of the
associated abatement/waste treatment plant?

J. Turner, J. Spencer, L. O'Brien, S. J. Palethorpe, A. Banford, and R. Taylor, ‘Applying the Waste Hierarchy for Future
Recycling of Nuclear Fuels’, Nuclear Future, vol. 17, no. 6, pp. 43-50, Dec. 2021.
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Process - Where to start?

« Use expertise already in the laboratory,
gained from supporting current generation
reprocessing plants

« >400 person year experience

- Opportunity to train the next generation

« Understand our baseline process
* Apply the waste management hierarchy
* ldentify solutions

From this over 50 opportunities were
identified
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Process - Sim Plant and the power of modelling

«  What s Sim Plant?
« gProms model of a recycle plant, based around decontamination factors
«  Supporting facilities initially based off of Thorp

f’h‘. le DF

— - S Mass flows:
el — . Elements
S { L] Chem species

- = Activity flows
i D - . Volume flows
v O e

N,
= = | =
oy :'Q—G*‘ -
*Evaporator Throughput :CT
*Calciner Throughput D
) gufrl‘ t}F[)pe *Waste Container Limits » E]
. urnu Rk i Tac Snocnerc:
. Cooling + Throughput .:iz:r.l.l.mum buffer capacity ‘ gﬂ
v ! o1 0—
FISPIN : Supporting Facilities " o
(Spent fuel =——P» Reploces=na (e.g. Waste
: Flowsheet
inventory) Treatment)

*Historical cost data for UK plants
*Sizing parameters

Sizing and
Costing Models |<—
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Process

« Enables life cycle consideration
« Upstream changes can lead to lower waste demand
Demand

—

Processes
InPUts Receipt and Abatement

fuel, cladding storage, Technology,
transport flasks, dissolution, recycle, recovery,

; rocess

cover water solvent extraction, _ process
e intensification
finishing

Abatement
Technology,
recycle, recovery,
process
intensification

Variables
Irradiation, cooling
time, cladding,
storage
arrangements

ETIE] S
Throughput,
composition,
discharge
authorisation

Variables

Throughput,

composition,
activity

ETdE] S
Throughput,
processes,
reagents

Challenge the demand
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Highlights

DISPOSAL
Immobilised ILW Hulls (solid waste) Off-gas system MMV ANASEEEN  [ntegrated approach to the capture
and immobilisation of iodine, which

A V. may open up a new way of dealing
B with a challenging isotope
AFCP project: Off-gas Capture

UOX & MOX
SNF from LWR

Receipt
& storage

[ Head end R \/ASTE PREVENTION

Use of solid sorbents in the off-gas
treatment system that may eliminate the
need to generate spent caustic effluent
AFCP project: Off-gas Capture

Recycle O O Solvent
to reagent Solvent & Solvent | recycle

make up <+ liquid effluents | wash cycle y Chemical separation (advanced PUREX)

A + i
B .Solvent
. 5‘ E "
Solvent & Solvent | . recvcle

(MA separation) Process intensification using centrifugal

y

Chemical separation ] WASTE PREVENTION

liquid effluents wash cycle : 4
v | | contractors, leading to reduced
Immobilised MA
ILw Vv FP+Tc
: b | WASTE PREVENTION
Uranium ', U & Pu HLW Use of alternative separation reagents
oxide . co-finishing Minor treatment & based on C, H, O and N atoms,
i actinide immobilisation reducing waste volumes
Nitric acid finishing AFCP project: Aqueous Recycle
recycle
[ Lecenn: 1 (UPuNp) " IS IEN  \WASTE MINIMISATION
FP - Fiss-ion Product - & izl L HLW Optimising solid wasteforms for a
HLW - High Level Waste b v A ";'zir('jc< — future repository to minimise volume
ILW - Intermediate Level Waste RECYCLING ¢ reuse el . of high level waste
LWR - Light Water Reactor Recycling of degraded solvents to % . MA Ry AFCP project: Aqueous Waste
MA - Minor Actinides maximise value from solvent o containing :
e BXICGHNE] AFCP project: Advanced Solvent frare
PE -_PILe|tpo #i:';m and Effluent Treatment L RE-USE OF MATERIALS
_ Online monitoring that enables efficient
??FTeEEEQttiL’:‘mUdear e BHASTE RREVENTION re-use of efﬂuentgs
U - Uranium Pl may 2RO AFCP project: Advanced Solvent
UOX - Uranium Oxide (fuel) U(IV) or (?ther chemical processes and Effluent Treatment
L ) AFCP project: Aqueous Recycle
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Highlights

mmmmm

- Develop ‘dry’ fuel shear ‘:

. Ellmlnate off-gas scrubber effluent (treat and 1
solidify) T

« Eliminate solvent wash liquor (absorbents) . .

« Eliminate steam strip (different evaporation ==== o
approach)

[e======Ezzz =

p— . mEEEEE===== =f

. Slgnlflcan‘t reduction in treatment volume/day NN
(smart skips) EEEEEEEEEEEE.

« Pl opportunities in upstream processes (further —t -
reduce volume burden) ============

« Chemical burden EEEEEEEEEEEE Q-

« Significant Na reduction through process
modification

« Enable re-routing of effluent through common
technology with no waste burden
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Re-use of materials

Highlights: Re-use and recycle Re-use reagent

« Near complete recycle of nitric acid

« Extensive recycle of solvent (up to 60 times)
« Other reagents identified for recycle

Re-use water
« Significant volume/day identified to be re-used
« Concept effluent recycle centre developed

Re-use of process heat
50% reduction in energy usage
80% reduction in process water usage

Water

Process
use

Process

Process effluent

Low acid

Reagent
make up

Recycling

Acid

» Electrodeposition and reuse of catalysts
« Recovery of critical resources (Platinum group

m eta | S) @ wonitoring 4
Official [ ]

Treatment
unit

I Effluent Recycle Centre |
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Conclusions

 ldentified >>50 opportunities to improve
source term

« Using our sustainability toolkit to understand
challenges and develop solutions

» Significant knowledge transfer and ;
development of early career workers

« Opportunity for established experts to reflect
on:
« Historic design decisions
« Technology developments
« Challenges to realise opportunities
understood e.g. Monitoring & I s | —
supplementary treatment requirement

Official
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