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Release Following Extensive Core Damaje Accidents.
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The report of the Technical Committee to the Agency,
which presents a consensus summary of the Meeting on
Airborne Fission Preoduct Release Following Extensive
Core Damage Accidents and recommendations for further
actions by the Agency, is presented. Summaries of other
presentations made during the meeting, but not included
in the committee report, are also presented; these sum~
maries include a report of the accident in the Lucens
Reactor, a description of a proposed aerosol study using
the Marviken Facility, and a discourse cn the decision of
the Government of Sweden to equip the Barsebdck Reactor
with a filtered ventilation system.
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i« Introduction

The pur,ose of this trip was to participate in the International Atomic
Energy Agency (IAEA) Technical Committee meeting on "Airborne Fissicn
Product Release Following Extensive Core Damage Accidents” which was
held October 12-16 in Vienna, Austria. The author of this report alsc
presented an invited paper entitled "Fission Product Release from Fuel.”
The agenda of the meeting and a list of participants are included as

Appendices to thls report.

The purpose of the meeting was to review the state of the technology
regarding fission product release and transport during nuclear reactor
accidents (in general) and those accidents involving extensive core
damage (in particular). The major question that was to be addressed by
the participants concerned the role that the IAEA should have in this
matter.

Summary statements of the Technical Committee were prepared in the areas
entitled "Accident Scenarios,” "Release of Fission Products,” "Chemistry
of Fission Products,” and "Aerosols.” These summaries are included in
the report of the Committee which is presented in its entirety in

Sect. 3 of this report.

As is shown in the Appendix, the original Meeting Agenda was revised to
include presentations of (1) a description of the Lucens Reactor
accident; (2) a French overview of reactc safety issues addressed at
the meeting; (3) a proposed aerosol transport program to be directed by
the Electric Power Research Institute (EPRI), utilizing the Marviken
Facility in Sweden; and (4) the Swedish plan to incorporate vented con=
tainments in t*~ir reactors. Brinf reports of these presentations are
given in Sect. 2 of this report along with the general impressions of
*he traveler concerning the usefulness of the meeting.

2, Additional Meeting Topics and General Impressions

As indicated avbove, several topics were added to the Meeting Agenda,
with only a few days' notice given to those who were asked to make these
presentations. As a consequence, ther~e presentations tended to be of
less technical content and more poorly organized than the other presen=
tations. Nonetheless, some information of vaiue was presented. In this
section, brief summaries of these presentations are given.

The Lucens Reactor Accident

This accident has bzen described in a recent issue of Nuclear Safety
(January-¥ebruary 1981). The incident involved a reactor that was
cooled with carbon dioxide gas, but moderated with D;0, Because the
release pathway was through the D;0 moderator, it was noted that
although all of the noble-gas fission products released from the
affected fuel escaped into the reactor cavern, virtually quantitative
holdup of all other fission products, including iodine, in the D0 was
experienced.




French Overview of Reactor Safety lssues Addressed at the Meeting

(It should be pointed out that all of the count-ies participating were
given an cppertunity to provide overview presentations. Some, notably
the English, Swiss, and Argentinian representatives, presented such
overviews in the form of remarks to the more formal presentations.
Others, primarily the Czechoslovakian, Finnish, Indian, and Spanish
delegations, chose not to comment extensively — possibly because they
were not the proper ones to comment in the areas that were addressed.)

The French programs appear to be somewhat more heavily o-iented toward
studies of degraded core accidents as opposed to core meltdown acci-
dents. In addition, unlike the other European countries represented
who voiced concern that the United States is overemphasizing the signi-
ficance of fission product iodine, the French are conducting studies of
iodine aqueous chemistry, particularly with regard to radiolysis
effects. Otherwise, the French program is similar to that of the other
rountries participating.

The Aerosol Transport kExperiment in the Marviken Facility

The EPRI is proposing the use of an abandoned test reactor, the Marviken
Reactor, in studies of aerosol behavior in reactor primary circuits. A
$7 million program is proposed, and EPRI would like to have the par-
ticipation of six other organizations at $1 million each, in the conduct
of the program. It was clear from the brief presentation that the
prograrm will undoubtedly undergo a pcriod of evolution, so that while
the author has many reservations concerning the program as presently
conceived, it is likely that these concerns will be addressed as the
program develops. (A detailed description of the Marviken facility and
proposed experiments is available from the author.)

Vented Containments

The Swedish Government has enacted a bill requiring the use of a
filtered vented containment syst2m in the Barsebidck Reactor no later than
1985, The bill zlso states that unless an updated technical data base
or the design of other methods indicates otheisise, a decision to pro-
vide vented containments at Ringhalls, Oskarshamn, and Forsmark must be
made by 1989, All of these reactors are similar to the General Llectric
Mark II Boiling Water Reactor design, but are manufactured by ASEATOM.

A set of viewgraphs which outlines the Swedish vented containment con=
cept (FILTRA), is available from the author. Mr. Johannson, who made
the vented containment presentation, took this as an oppoertunity to
state that the Swedish position is to regard both containment failure by
steam explcsion and core meltdown as incredible events.

General Impressions

The British are to embark upon a Public Inquiry regarding the safety of
Pressurized Water Reactors within about 18 months. As a consequence,



they pushed very hard for another meeting of the Technical Committee
within 1 year, with two aims in mind: (1) to be made aware of the most
current status of research results concerning source=term development,
and (2) to utilize the expertise of the Technical Committee in a review
of the presentations which the British staff are expected to make at
their Inquiry.

The Technical Committee Meeting can serve as an excellent forum, not
only for an exchange of technical information concerning the development
of nuclear reactor source terms, but also for the evolution of tech-
nically sound and consistent regulatory guides which are based upon
these source terms. In anticipation of a broader exchange of technical
information and regulatory perspectives at the next meeting, a set of
recommendations has been forwarded by the Technical Committee to the
IAEA (See Sect. 3). The implementation of some of these may, however,
require modifications of existing bilateral exchanges which currently
exist between the U.S. NRC and foreign governments. In addition, it may
he necessary to review the DOE position with regard to the dissemination
of information concerning fission product behavior at the Three Mile
Island Reactor.

3. Report of the Technical Committee to the Agency

This section contains a draft report of the Technical Committee to the
IAEA, The report is given here in its entirety (with the exception of
the summaries of the papers presented, as these are not yet available)
because it reflects a consensus view of representatives of many
countries regarding the status and direction of nuclear-source-term
development.

Report of the Technical Committee on the Meeting on Airborne
Fission Product Release Following Extensive Core Daumage Accidents,
Vienna, Austria, October 12-16, 1981

Introduction

During the week 12—16 October 1981, the IAFA convened a meeting on
Airborne Fission Product Release Following Extensive Core Damage
Accidents. The meeting was attended by experts from 14 member states
and one international organization. The major purpose was to review a
central and current issue of the nuclear reactor safety community — the
matter of the size of the "source term” in view of recent developments
questioring the validity of traditionally used values — in a broad
international setting. A second purpose was to ascertain whether the
IAEA had a role to play in this area, and if so, to define the role and
to decide when it should be implemented.

The sub ject matter is not only controversial among member states but
also within the member states themselves, and it is furthermore very
broad in its need for expertise in many disciplines. An attempt was



made, however, to reach a consensus on certain aspects. In areas where
no consensus seemed possible, the differences of opir_un were isolated
and highlighted.

The more formal presentations made by the participants are given in the
following section. In this section, the Secretariat has attempted to
summarize the '_.scussions that took place during the week and, hope-
fully, to retain the flavor of the meeting. The distillation of many
hours of technical discussion into a few readable pages necessarily
requires that many details be lost. It is hoped that the inclusion cf
the summary presentations in the next section will make up for that
loss.

It was recognized that whereas one sourcc term might be appropriate for
siting, for example, another one may be more meaningful in emergency
planning considerations or in the design of engineered safety features.
There was also the alternative of adopting the probabilietic risk
assessment approach for all three aspects.

Another {important consideration that was brought out was the impact of
plant design on source term. The inherent differences in the size of
the containment volume or in mitigating devices between PWRs and BWRs
will lead to significant differences in source term for many accident
sequences.

The coaleccence of the week-long discussions into a finite framework as
presented in this section was achieved through the guidance of the
chairman, Mr. Gilby, and with the cooperation of the experts in all of
the scientific disciplines from the various member states. It is from
this summary of the week's discussions that the recommendations to the
Agency have been gleaned.

Summary of Presentations

(These summaries, to be prepared by the respective authors of the oral
presentations, are not available at this time.)

Examination of the Magnitude of the Source Term Relation to Fission
Product Chemistry and Aerosol Behavior

fhe incorporation of realistic descriptions of aerosol behavior and
fission product chemistry into particular LWR accident sequences is
still in an early stage. There is general agreement that there will be
reductions in the source terms developed in earlier U.S. and German Risk
Studies, but there is also uncertainty in the amount of these reduc-
tions. For sequences where the (1) water or wet stezm is present in the
flow path, (2) the containment remains intact, or (3) failure is delayed
for some hours or more, tle reduction in source term could well bhe
several orders of magnitude. These reductions could be important in the
consideration of emergency planning and siting but possibly would not
significantly affect overall risks as currently evaluated. For sequen-
ces involving early containment failure, it is less clear that such



significant reductions in source term will result from new assessments.
However, even a breached containment may delay the release of aerosols
for many tens of minutes and so give an order of magnitude attenuation
factor. This is especially so if condensing conditions are predominant.
Ma jor uncertainties exist in the current ability to predict the mode and
timing of containment failure. A point of major difficulty concerns the
behavior in the primary circuit where aerosol densities and steam tem-
peratures and flow rates are very different frem those in which aerosol
codes are usually applied.

The Committee recognizes the great importance of developing a fuller
understanding of the source term and of reducing unuecessary conser=
vatism. To achieve this desirable ob jective, the following items arose
in the work of the Committee:

e A better understanding of thermal hydraulic conditions for an
appropriate range of accident scenarios is required.

2, Application of aerosol codes to conditions representa’ive of the
primary circuit is needed, and an experimental program designed to
validate predictions is required. These studies should allow for
the appropriate c'emistry, water, and steam conditions.

Accident Scenarios

The general understanding of the timing and progress of the major stages
of core meltdown scenarios in LWRs is good, although there are uncer=
tainties associated with human factors. The release and transport of
radioactive material is, however, closely influenced by the details of
the thermal and hydraulic behavior of the scenarios. The current abil-
ity to predict the timing of the release of fission products frum the
fuel, the formation of aerosols, the transport of radiocactive materials
through the reactor coolant system and the containment, the effect of
possible retention mechanisms, and ultimately the magnitude of release to
the environment is limited by the accuracy of thermal, hydraulic, and
structural analyses. Although the description of the physical processes
of reactor accidents does not fall within the primary purpose of the
meeting, the Committee feels that the following areas of deficiency
should be identified that have a direct influence on the magnitude of
the source term to the environment:

1s The estimation of the core temperature profile vs time.

2, The prediction of surface temperatures, flows, water content, and
condensation in the reactor coolant system and in the containment
system.

3. The prediction of the mode and timing of containment failure, and
the release pathways which result.



Release of Fission Products

“he release of fissior products from defected fuel rods is well
understood to fuel temperatures of about 1200°C. Release data from
1200°C to the appearance of molten material (about 1800°C), however, are
sparse; additi-nally, no adequate mechanistic description has been deve-
loped. This temperature range is important for the release of the noble
gases and the semivolatile fission products, such as the chemical spe-
cies of cesium, iodine, and tellurium. With the possible exception of
scaling effects, a knowledge of the release from molten material appears
to be adequate, but it is based upon experiments with simulants and
needs to be confirmed by tests with irradiated fuel.

Little information is available on the later stages of the accident sce-
nario, such as release from hot fuel as it is quenched and leached by
water, release during interaction of the molten core with the concrete
basemat, and release from dispersed fuel material under possible oxi-
dizing conditions. With the possible exception of ruthenium, releases
in the latter two situatieras will impact on the scurce term only through
their effect on aerosol Lehavior.

The Committee recognizes the lack of experimental data in some areas,
particularly of the release of the semivolatile species over the
approximate temperature range 1200 to 1800°C. These data are especially
appropriate in determining the extent to which several radiologically
important fission product nuclides (such as cesium, iodine, and
tellurium) are ascociated with particulates. Also, it has been noted
elsewiiere that aerosnl characteristics depend to some extent on the che-
mical forms and rates of fission product release from the fuel. Other
than these areas, however, the Committee notes that only a limited
effect on source terms could be expected by additional results of
fission product release.

Chemistry of Fission Products

Recent studies have led to a better understanding of iodine behavior
under accident conditions. These studies may explain the small iodine
releases described in the paper reviewing accidents.

Ma jor uncertainties are associated with organic iodide formation, and,
although total iodine partitioning into the gas phase is small, organic
{odides may be the dominant airborne chemical forms.

Equilibrium thermodynamic calculations for reducing steam conditions in
the primary system indicate that Csl is the dominant iodine chemical
form. Similar calculations for cesium show that CsOH and Csl are the
most stable species. Tellurium is predicted to appear as elemental Te
at temepratures below ~500°C, and as Te;, Te, and HyTe at higher tem-
peratures. Since reaction rates are fast at high temperatures, the
equilibrium calculations may give a reasonably accurate description of
primary system chemistry. Below ~500°C, the vapor pressures of the I,
Cs, and Te species will be low, and very little will be in the gaseous
state.



1f water is contacted in the primary system, iodine and cesium will be
converted to nonvolat’le I” and cs*. The Cs* does not form volatile
aqueous species and will not be transported to the gaseous state.
lodine, in dilute solutions, exists primarily as nonvolatile 1~ or
103~ over a broad range of conditions, and little partitioning into the
gas phase is expected if proper water chemistry conditions are
established. In this regard, it was noted that dissolved impurities
were unlikely to lead to oxidizing conditions.

In dilute solution, radiation effects are not expected to be important,
but for the high concentrations of cesium iodide which may be expected
in aerosols, there is a possibility of formation of some elemental
fodine.

Ir most reactor accident scenarios, particularly those involving aqueous
conditions, other fission products (except for the noble gases) will not
be volatile and will not be expected to occur in a gaseous form.

The Commictee recognizes that there are some ma jor conservatisms in the
treatment of fissfon product chemistry in existing risk studies and
helieves that much of the necessary work has already been carried out to
enable a more realistic assessment to be made, which should result in a
major reduction of the source term for all scenarios involving nonoxi-
dizing and aqueous conditions. Some further work is still necessary,
however, in the following areas:

1. asrganic iodide production;

24 reaction rate measurements to assess the relevancy of thermodynamic
prediction at low temperatures;

3. radiation effects in CsI solutions;

4., water chemistry between ~200°C and the critical point;

Se chemistry of other fission oroducts such as Te.

Aerosols

There is a good general understanding of aerosol physics, and quantita-

tive calculations using existing codes have been validated in a range of

conditions including initial concentrations up to some tens of g/md .

However, aeroedl production and behavior can be very dependent on the

particular scenario and may well vary with changes in temperature, flow

rate, and the various parameters associated with the thermal hydraulic

conditions in the various event sequences.

Recent review papers have suggested that for short times in a fuel

melting accident there may be extraordinarily high-density aerosols

(kg/m®) in and near the damaged core. Some recent papers have suggested
that large decreases in aerosol concentration must occur if due account



is taken of the very large aerosol densities, the extensive surface area
available, and the presence of water and steam in many scenarios.

It has been suggested that the aerosols would carry much of the airborne
fission product inventory in fuel-melting accidents.

While the physics of aerosol behavior, once airborne, is reasonably well
understood, the following matters of importance are in need of defini-

tion:

1. the rate of production of aerosols as a function of temperature,
heating rate, pressure, steam flow, and time;

2, the relative timing of the escape of fission products (especially
cesium, {odine, and tellurium) and the production of aerosols;

s the use of thermal hydraulic computer programs as input for the
movement and behavior of aerosols;

4 experimental validation of aerosol code predictions for appropriate
conditions;

5. the possible existence of very dense aerosols in some accidents and
their resultant stability;

6. an investigation of a number of specific effects associated with
LWR accidents which have not yet been adequately studied,
including:

a. effect of hydrogen combustion on aerosol behavior;

b. possible resuspension of aerosol anc fission products at
various stages of the accident;

Ce effects of steam condensation on aerosol and fission product
hehavior;

d. effect of small steam explosions on aerosol behavior.

Recommendations to IAEA

The Technical Committee agreed that the first meeting had led to a use-
ful exchange of information and of participants' views on airborne
{ission preduct release fcllowing extensive core damage accidents.,
Attention was concentrated on the source cerm which was to be used in
the assessment of the radiclogical consequences of airborne releases to
the environment. Information on this topic is required for quantitative
risk assessment, siting issues, and emergency procedures.

The discussion showed that there was active consideration of the topic
in many countries, and research and development programs were being
organized in many centers. It was also noted that licensing and regula-
tory policies were under active development in many countries.



The main technical report shows that it is likely that reductions in the
conservation in current source terms will be achieved, and useful
progress has already been made in this area. In addition, special areas
in which further work will be required have been noted.

Although the Committee structures its work around a series of separate
topics, it was clearly recognized that fission product behavior in acci=
dent 'anditions involves complex interactions of many phenomena (e.g.,
aerosol behavior in both primary circuit and containment cannot be
treated separately from the chemical ~onsiderations and may also depend
on the whole history of the fission products from release onwards). It
was emphasized that the presence of water and/or steam at various stages
of the accident sequence could be of dominant importance.

The Technical Committee recommends that a second meeting should be held
in about 1 year. Items that should be included in the agenda include:

1, review of research programs and results to date, including an
update on TMI;

2, update of current licensing and regulatory perspectives on siting
and emergency planaing as related to source-term specifications;

3. review of the NEA aerosol group (if established);
4. report of the Advisory Group on Accident Experience (if established).

The Agency was asked to encourage further participation in the work of
the Committee and to maintain the current balance between R&D and regu-
iatory interests.

The IAEA was also asked to undertake the following activities:

1, Member states was requested to review their countries' events
(accident, destructive tests, etc.) involving fission product
release to see if Lhese contribute to the understanding of behavior
in the case of water reactor accidents. If support from the member
countries justifies it, the Agency should convene a small Advisory
Group Meeting in the Spring of 1282 that would report to the next
Technical C-mmittee meeting.

2 Delegates were requested to make suitable information available on
planned and ongoing experimental work for preparation of a report
by the Secretariat for distribution to Committec members. The
Secretary would circulate proposals for the form of the contributed
items. Typical headings include (a) Fission Product Release,

(b) Fission Product Chemistry, (c) Aerosol Behavior, and
(d) Integral Experiments.




The Committee noted that the current uncertainties in aerosol
hehavior justified further expert discussion and sugzested that as
an initial approach NEA should be asked to reconvene the existing
Expert Group on this topic. They cautioned that the terms of
reference should not be set so narrowly as to exclude other
aspects important for aerosol behavior.

The Secretariat was asked to contact Committee members to prepare a
bibliography of recent reports and papers on topics discussed at
the meeting.
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Monday

Tuesday

12

TECHNICAL COMMITTEE MEETING

an

AIRBORNE FISSION PRODUCT RELEASE FOLLOWING
EXTENSIVE CORE DAMAGE ACCIDENTS

09.30-10.00
10.00-10.30

10.30-11.15

11.15~11.30

11.30-12.30

14,30-15.15

15.15~15.30
15.30-17.00
17430

9.00-9.45
9.45-10.30

10.30-10.45

10.45-11.30
11.304T2.15

14.00-14.45
14,45-15.30

13.30-15.45

3 .
16,.30-17.15

Tentative Agenda

12 = 16 October 1981

WELCOME and Adoption of Agenda ~ Chairman

Discussion of Procedures & Organization of

Working Groups

Review of Past Reactor Acciden. Experience
- Stratton

COFFEE BREAK
Discussion
LUNCH

Key Features of LWR Accident Sequences
Which Effect the Consequences - Denning

COFFEE BREAK
Discussion

i T e D pe— e g ey
FPUHRCASSL .’{uDER - HIURI Y fiatsl

Fission Product Release From Fuel - Malinanskas
Discussion

COFFEE BREAK

Chemiscry of Fission Products - Torgerson
Discussion

LUNCH

Fission Product Transport & Depletion = Schock
Discussion

COFFEE BREAK

Key Areas of leeded Research = Scnikarski
Panel Discussion



wednesday

Thursday

Friday

9.30-10.30

10.30-10.45

10.45-12.00

14.00-15.45

15.45-16.00

16.00-17.00
Morning

Afterncon

Morning

Afrernocon

13

Regulatory/Licensing/Industry Perspective -

rasedoy
COFFEE BREAK

Panel Discussion
LUNCH

Round Table Assessment of Where We Are, Role of
TAEA,

Desirability of Future Meetings and/or Other
Activities (what Activities, Purpose of Mer-ing,
etc.)

COFFEE BREAK

Convening of Working Groups
Develop Draft of Presentations & Discussions

Prepare Agenda/Participantcs for
Next Meeting (i1f any)

Review Draft and Make Changes

Review Final Drafct.



Wednesday

Thurs

14

Revised Agenda

9.00-10.00  Regulatory/Licensing/Industry Perspective- Pas lag
10.00-10.45 Discussion

10.45=11.00 COFFEE BREAK
11.00-11.45 LCENS Experience - Chakraborty

French Overview - Devillers

11.45-12.1% Discussion.

Pnc;o:zu Acvose| "Aptviucuf o MavviKey i 1
s

14.00-14.45 - lohannson/Vogel Vented Glanna

14.45~15.3C Discussion
15.30=15.45 COFFEE BREAK
15.45=17.00 Possible Future Role of IAZA in this Subject Area

Areas of Agreement/Disagreement Reached - Should
This be Made Part of the Record (How?)

Develop Draft of Technical Committee Recommendations to the Agency

on Furthur Actions and Activities

Develop Draft Summary of Areas Discerned in which Agreement/Disagreement
has been Reached.

Morning Feview Drafts and Make Changes

Closing of Meeting
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