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Overarching aims of evaluation

* This analysis is an initial engineering evaluation and design of
the off-gas abatement systems required for future used nuclear
fuel (UNF) reprocessing facilities.

* This engineering study is conceptual and not tied to a specific
UNF processing facility.

* Intended to assess the complexity and sizes of the required systems.
* |t evaluates:

Engineering Evaluation
of an Integrated Off-Gas
Treatment System for
Used Nuclear Fuel
Reprocessing Facilities

* (1) relative equipment sizes,

* (2) energy requirements,

* (3) key instrumentation requirements, and

* (4) the extent to which key design data are, or are not, available for the
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Major Assumptions

* The basis of the facility design
 Aqueous processing of UNF
* Throughput = 1000 t/year
Plant operating time = 200 days/year.
Off-gas systems operate 365 days/year.
Fuel cooling time = 5 years
Fuel type = UOX (UO>-based fuel), 60 GWd/tIHM burnup
Steady state conditions.

Halogens other than iodine from the UNF and process chemicals
are included for sizing the DOG iodine beds.

Maximum decontamination factors (DFs):
e 3H, 14C, 85Kr, and 129 are those found in Jubin et al. (2012).
* Ruthenium DF is found in Jubin et al. (2014).

April 19, 2021 UK/US Off-Gas Technical Exchange 4



Target DFs used in analysis

April 19, 2021 UK/US Off-Gas Technical Exchange 5



Process design assumptions

* Tritium capture system based on two primary operating flowsheets.
 Case 1: Base case UNF dissolution.
e Case 2: Adds air tritium pretreatment (TPT).
A NO,-based TPT, being studied because it may be more efficient, is
addressed in a separate report.

* lodine capture analysis addresses iodine distribution throughout the
facility and iodine speciation.

* Silver mordenite (AgZ)
* Silver-functionalized silica-aerogel (Ag-Aerogel) (Matyas et al. 2011)

* Removal of NO, is based on acid/water scrubbing.
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Process design assumptions

e Caustic scrubbing is used for the removal of 14C (e.g., 14CO,).

* Both cryogenic and sorbent-based capture systems for noble gas
capture are evaluated.

* Tramp species are included.
* Halogens (fluorine, chlorine, etc) from process chemicals.

 Water vapor and CO, in the plant air.

* The effects of extended operations on equipment size and design are
considered.

 Where possible, sorbent beds are desighed for greater than a 6 month
operating lifetime.
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Process streams considered
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Aqueous head-end and DOG Base Case

Aqueous Head-end and Dissolver Off-gas Systems (No TPT)
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Aqueous Head-end and Dissolver Off-gas Systems
Near-Term Target Case #1, Air Tritium Pretreatment
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Vessel off-gas system
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Ruthenium removal
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DOG iodine removal
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Xe removal
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Kr/Xe removal

Kr RECOVERY COLUMNS

<t <t <t =i-183—= TO PRECOOLER

Ny~ @53t
DRIER
COOLER/CONDENSER
: 0, RECOMBINER Kr COLD TRAP
COLD N, TO REPT%‘CFEANTEW FROM
COLU?‘##CKET X X X 25% (1 COLUMN) PRECOOLER @LZ10D
ANNUALLY @ <D, g?ACK
€ED LN, Kr
: coLD (1)
TRAP
CHWR
3 Kr TO
ED— iorace
; WATER
iR 10K FEED= 10w
PURIFICATION O WASTE
EVAPORATOR
TANK
% % % FEED TANK
FROM Xe
RECOVERY
TO XelKr
™ BVPASS FROM HZ PAN
FROM MOF
/ Kr CAPTURE (HZ-PAN) H, @18D) CHWS
33"C II:IFII
Kr PURIFICATION
J‘
Er j'_}le | p—
Salid [ifu-l- 20
Sarbont |
HAH-F1 5
— o

April 19, 2021 UK/US Off-Gas Technical Exchange 15



Additional

* Energy balance and recovery were not evaluated.
* Gas and water cycle/recycle were not evaluated.

* The possibility of installing by-passes around equipment for use when there is
insufficient volatile radioactive species present to warrant treatment should be

investigated.

* Subsequent studies should add similar assessments for the cell off-gas (COG) and
melter off-gas (MOG) systems.
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