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The fission process produces various isotopes of iodine' from mass 127 to 139. However, the
most significant of these are '*I (t,,= 1.6 x 10" y) and "' ( t,,, = 8.05 d) in terms of radionuclide
release concerns. The short half life of "*'I lessens its role in control scenarios after spent fuel
cooling times in excess of one year. Therefore, the major concerns in sequestering iodine rests
with L.

For the sake of this discussion, the source of iodine, its chemical form and impurity concerns will
be with respect to PWR spent fuel in aqueous reprocessing plants. Other source terms for iodine
will vary somewhat, but not to the extent that they alter the considerations and conclusions herein.
The purpose of this report is to evaluate the iodine source term with respect to the Molten Hydroxide
Trapping (MHT) process * --- to identify the nature and amount of iodine that must be dealt with and
the need to remove impurities prior to the introduction of the iodine stream into the process itself.
Detailed reports on iodine off-gas treatment, in a more general sense, are available’; but this
discussion will focus on the MHT process alone.

For a typical PWR fuel in a 5 ton/day processing plant, the amount of I to be treated would be 0.19
Ci(1.12kg) perday'. A discharge limit of 5 mCi/GW(e)/y was established’ in January 1983 for this
isotope over the uranium fuel cycle. Nearly all of the iodine release comes during reprocessing, so
this limit applies, in effect, to reprocessing plants. For a 1500 ton/y plant, it would typically require
a decontamination factor (DF) of 220 for the reprocessing plant off-gases --- the primary pathway
for iodine movement during processing.

The radioiodine release pathways in a conventional oxide fuel reprocessing plant can proceed
through the following off-gas streams: (1) Head-end off-gas, HOG; (2) Dissolver off-gas, DOG; (3)
Vessel off-gas, VOG; and (4) Cell ventilation off-gas, CVOG. Of all the above, the DOG would be
expected to contain most of the iodine radionuclides and, to simplify the current considerations, will
be the only one considered here.

The DOG is expected to have an air flow rate of 50 to 300 m*/h. During dissolution >95% of the
iodine present is can be treated to volatilize the iodine into the DOG. The removal efficiency
required for iodine is 99.0 to 99.9 % (DF’s of 100-1000; cf., typical value of 220 above). More than
90 % of'the DOG iodine is expected to be molecular iodine; but some HI, organic iodide (principally

’ See, for example, Ref 1



CH,l) from reactions of iodine with organic impurities, and small amounts of HOI and ICN are
expected’, as well. For the 1.12 kg of iodine involved and the total flow of gas, the anticipated
concentration of all the iodine species in the gas flow would then be expected to be 10-100
ppm/volume.

Besides the iodine components in the DOG, the bulk of the flow will be moist air containing
relatively large amounts of NO, gases. The principal ingredients of this flow that could present
problems in any iodine trapping operations (not exclusively limited to the MHT process) are
moisture, CO, and the NO, gases. The atmospheric components will be present in amounts up to
those that are found in normal air while the NO, gases will be present in amounts like that found in
equilibrium over solutions of 1- 6 N HNO;. The following table summarizes the concentrations of
the various components that are expected in the DOG:

Table 1. Concentration of typical DOG air stream coming from a
5 ton/d PWR fuel processing operation.

Conponent® PPM/v
QQQRRQQQQQARRQQQQQ QQQRRQQQQQQQ
TIodine species 10-100°

CoO, 300

NO, gases 100-500
H,O 25000-30000

a) Balance of DOG are other atmospheric components.
b) Principal species is molecular iodine.

Therefore, any process for trapping iodine will have to either be unaffected by the additional
components or provide a means of removal of these prior to the trapping operation. It will be shown
in a more detailed report on the MHT process? that moisture and NO, gases present no problem to
the MHT. Carbon dioxide could present problems with carbonate precipitation similar to those in
aqueous caustic scrubbing operations. While this might provide a means of '*C removal, it might
interfere with the production of a suitable Nal target material for transmutation. The possible
scenarios for handling CO, will be discussed further in the detailed MHT report.

Most of the conditions described above for such an iodine source are general and apply to any
trapping procedure. This report should therefore be the basis for evaluating the potential utility of
any process in capturing iodine in the nuclear fuel cycle.
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