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Abstract

Radioactive iodine has always been an important consideration in the regulation of nuclear
power reactors to assure the health and safety of the public. Regulators adopted conservatively
bounding predictions of iodine behavior in the earliest days of the development of nuclear power
because there was so little known about either accidents or the chemistry of iodine. Today there is a
flood of new information and understanding of the chemistry of iodine under reactor accident
conditions. This paper offers some thoughts on how the community of scientists engaged in the
study of iodine chemistry can present the results of their work so that it is more immediately
adopted by the regulator. It is suggested that the scientific community consider the concept of
consensus standards so effectively used within the engineering community to define the status of
the study of radioactive iodine chemistry for reactor safety.

It is a pleasure to speak before this meeting of specialists in the chemistry of iodine under
reactor operational and accident conditions. Proceedings of previous meetings of this type [1-3]
have become, quite literally, the text books on iodine chemistry. There can be little doubt that this
meeting too will provide new and important results on how iodine behaves in nuclear power plants
and the implications of this behavior on the safety of nuclear power reactors.

I come before you not as a researcher engaged in the study of iodine chemistry, but as a user
of the results of such research in the regulation of nuclear power reactors. I am, however, here to
offer only my personal opinions on the way iodine appears in the licensing and regulation of
nuclear power plants. As all of you know, iodine has been an essential consideration in the
regulation of nuclear power reactors since the earliest days of the development of nuclear power
[4]. In those early days, it was, of course, known well that radioactive iodine released into the
environment could constitute a serious threat to the health and safety of the public. Little was
known, however, about the way iodine would behave once it escaped the reactor fuel. Solubility of
iodine in water was recognized as was the potential of iodine reactions with materials within a
reactor. Nevertheless, it was necessary to adopt very conservative or bounding estimates on the
amount of iodine that would be available for release from a reactor in the event of an accident. In
the USA, this bound has long been known as the TID source term [4] and has usually meant that
about 25% of the initial core inventory of iodine is immediately available in the event of an
accident for release from the reactor containment in the form of elemental iodine. These
assumptions, which were thought to be conservative, have had an enormous influence on the design
of power reactors. Measures to assure the habitability of the control room and the speed with which
containment isolation must be achieved are just two examples of the effects of these assumptions
that have proved costly to the nuclear power industry in the USA. It is interesting to note that the
safety efficacy of both these examples has come to be questioned as we have learned more about
the real behavior of iodine under both design basis accident conditions and under the conditions of
more severe accidents.
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Since the reactor accident at Three Mile Island and especially since the accident at the reactor
at Chernobyl, great research interest has been devoted to the issues of iodine chemistry. Our current
thinking is, of course, that iodine escapes the core of reactor during accidents predominantly as
metal iodides that upon cooling form aerosol particulates. Once in the reactor containment or
before, these soluble metal iodides will dissolve in water. There is the possibility that aqueous
iodine can partition from the water phase into the gas phase as either elemental iodine or as some
organic iodide:

21 ^ '2(aq) ^ '2(gas)

CH 4( a g) + I2(ag) —*" CH 3I (a$ ^ CH 3I

The latest assessments of iodine behavior in reactor accidents by the US Nuclear Regulatory
Commission [5] considers only a small fraction of the iodine released from the reactor core under
severe accident conditions to reach the reactor containment as a gaseous species (Ij, CHjI, HI, etc.).
Numerous natural and engineered mechanisms are known to be capable of removing the metal
iodide particulates from the containment atmosphere into water [6 - 9]. Prescriptions have,
however, not yet been developed on what happens to the iodine once it is trapped in water.

US regulations on safe containment of iodine and other radionuclides in the event of design
basis accidents consider two time regimes. The first of these time regimes is the so called worst two
hours when radioauclide concentrations in the containment are highest and the leakage of these
radionuclides will create the highest dcse at the site boundary. The second time regime is a period
of 30 days following an accident where interest focuses on the integrated dose over the low
population zone surrounding the reactor. It has become clear from the vast amount of research on
the radionuclide source term that the first of these time regimes will be dominated by the behavior
of paniculate radionadides. Chemistry of iodine and the formatica*of gaseous forms of iodine that
partition from the aqueous phase back into the containment atmosphere from which they can leak to
the environment are of interest for the longer term time regime. Presumably, long term
considerations of iodine chemistry and partitioning from water are of interest for severe reactor
accidents and the assessment of risk as well as for design basis accidents.

The USA is now embarked on the certification of so called evolutionary and advanced light
water power reactors. The aspiration by both the nuclear industry and the regulatory body is for
these new reactor types to be about an order of magnitude safer than the already very safe existing
reactors. To do this, attention must be paid to the chemistry of iodine and a lot of research results
have been obtained to help do this. This research has shown that the aqueous chemistry of iodine is
affected by:

• the pH or hydrogen ion concentration of the aqueous phase,

• the radiation dose to the aqueous phase, and

• may be affected by subtle interplay of oxidizing and reducing agents in the water.

Many of the evolutionary and advanced reactor designs incorporate systems in the containment to
maintain high aqueous pH values within water bodies in the reactor containments to suppress any
tendency for iodine to partition back into the atmosphere as a gaseous species.
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But, a quantitative understanding of iodine chemistry is still not in hand with sufficient
confidence that it can be used facilely by the regulator. There is, for instance, not quantitative proof
that the results of laboratory studies of relatively pure systems translate to the rather large scale of
contaminated aqueous systems to be found in reactor containments. Proof that radiation effects and
the formation of volatile organic iodides will not reverse the protection provided by maintaining
high aqueous pH is not now available to bolster decisions by the regulator. We do not now know
what chemical process may precipitate buffer agents from the aqueous phase or otherwise interfere
in the maintenance of high pH over the long period of time that will be of interest following a
reactor accident. The recent suggestions by Beahm and co-workers that the synergistic thermal
and radiolytic degradation of electrical insulation within the containment to yield acidic, water
soluble products is yet another example of the uncertainties that affect decisions faced by the
regulator. Great certitude in the safety of reactor designs is needed for certification. Such
certification confers a 15 year license on the design and can bar raising again technical issues of
iodine chemistry. The regulator must, in some sense, prognosticate the future.

In a perfect world decisions concerning iodine chemistry and reactor regulation would be
deferred until more satisfactory information became available. Resources needed to accelerate the
information needed for critical decisions would be found. As most of us have long suspected ours is
not such a perfect world. The regulator must make decisions with great uncertainty. Faced with the
many remaining uncertainties, the regulator will naturally seek a bounding, conservative
approximation. Caution is called for in the selection of this bounding approximation. Such caution
is needed not just for technical reasons. Bounding approximations can be expensive for the nuclear
industry and such expense is undesirable if it does not really contribute to the health and safety of
the public. Also, once a decision is reached it often takes quite a long time to improve upon a
bounding approximation even in the face of overwhelming data.

At this stage in the development of our understanding of the chemistry of iodine under reactor
accident conditions, it is not obvious what is an appropriate bounding approximation to adopt to
replace the estimates based on the old TID source term. There are numerous possible approaches.
One can imagine for instance a bounding approximation based on the steady state gaseous iodine
concentration in the containment atmosphere that results from iodine partitioning from the aqueous
phase and iodine reaction with ozone to form nonvolatile, soluble products. Development of such
approximations is quite difficult for the regulator. His examinations of the ongoing results from
research by many groups reveals many diverse opinions. He finds disagreements over such
fundamental quantities as equilibrium constants, what are the most important reactions, and what
are the rate constants for such reactions. Many of the divergent opinions are formulated within
narrow contexts that seem not to include all the considerations that arise in the integrated analysis
of reactor accidents researchers are often quite careful to delimit the range of applicability of their
results! When forced to make decisions, the regulator will choose among the diverse opinions
often opting for the most conservative set. The regulator does not review and integrate the results of
a well developed field like iodine chemistry with great confidence. He would be far more
comfortable if the researchers developing the opinions would provide a standard that he could
adopt.

Iodine chemistry is not the only field where regulators are called upon to make decisions in
the face of uncertainty and incomplete technical understanding. The challenge of such decision
making has been recognized within the engineering community for many technical issues. This
community has devised the consensus standard to provide the regulator and the designer with a way
to proceed that makes use of the best current understanding. It might be of use for the community
of iodine chemistry researchers to consider adopting this approach to aid the regulator. Consensus
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standards could provide anything from agreed upon equilibrium constants and reaction rate
constants to actual analytic approaches. The consensus standard is not static. Typically within the
engineering community consensus standards are examined for updating every five years. Standards
are not tied so tightly to the torturous process of legal rulemaking. Specialists meetings such as this
would be then an excellent opportunity for upgrading consensus standards on iodine chemistry in
reactor accident environments. The research community itself may well find consensus standards to
be of use since they necessarily identify where understanding is well in hand, where approximations
must be made and where research is still needed. But, the most important feature of consensus
standards is that they free the nonspecialist regulator from reviewing and interpreting the work of a
technical community that is fully capable of assessing its own work.
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