THE T1DCCR FPROGRAM--GEVERE ACCIDENT ISSUES, INDIVIDUAL

PLANT EXAMINATIONS AND SQURCE TERM DEVELAFHMENTS
fnthony R. Buhl, Jamesa C. Cartfer, Mario H. Foptana,
Robert E. Henry* and Harold A. Hitchell

Energex Asscciates, Inc., ODak Ridge, Tennessee 37320

#Fauske Associates, Inc., Burr Ridge, Illiaeis 60521

NBSTRACT

The Industry Degraded Core %ulemaking (IDCOR) Program has established
a kechnleal foundaticon for resolving the severe accident issues asSoclabed

Wibh the operation of light water reactor {LWR) nuclear power planks.

Tha

techniecal program began iln early 1981 amd was comoleted by 1GB4. IDCOR

cam to three primary technical concluszions and one major policy
conolusion.

- First, the probabilities of severs nuclear aceldents occurring

are exhremely low.

. Seccnd, the fiassion product source terms--quantities and typea of
radicactive material released in the event of severe accidents—-
are likely to be much less than had been caleulated in previous

studies.

. Third, trhe risks and consequences to the publie of gevere nunlear

accldents are significantly below those predicted by prevlous

studiex and are much smaller than the riak levels lncorporated (n

the NRC interim safety geoals.

4 From a policy standpoing, ITCOR concluded that ma)or design ar

operational echanges in reactors are not warranted.

The IDCOR program was extended through 1985 with the following new
directions:

. To malntain an industry presence with tha MRC to c¢lose open

technical isaves and assutre appropriate Industry input into the

NRC decisfon processas.
. Te deomonstrate generlc appllecabilaty of IDCOR results amd

suppart the devalopment of an integraked approach for individual

plant examinations.

. To use IDCOR results and other information to improve Lhe source
terms used in regulatory nuclear plants and to improve emergency

planning.

this oresentation provides the status of the IDCOR efforts on all three

frenks.,
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individual plant examinatiens, source terms, policy making

The Response to TMI

The accident at Three Mile Island (TMI) on March 28, 1979, prompted
ned Lhitiatives for nuclear safety. The TMI degraded core reached
conditions far more severe than those in a design basis accident. Several
publie inguiries questioned the eX1sting regulatory process for licensing
nuclear power plants.

fs a result of the degraded core accident at TMI and subsegquent re-
evaluation of regulatory processes, the NRC initiated, on October 2, 1980,
a "long-term rulemaking to consider to what extent, if any, nuclear power
plants should be designed to deal effectively with degraded core and core
melt accidents" (NRC, October 2, 1980). The NRC's rulemaking proposed to
address the objectives and ¢ontent of a degraded core-related regulation,
the reiated design and cperational improvements under consideration, their
effects on other safety considerations, and the cost and benefits of
design and operational improvements.

Recently, the NRC 1ssued a Severe Accident Policy Statement (NRC,
August 8, 1985) which withdrew the Cetober 2, 1980, Advance Notice of
Rulemaking and replaced 1t with a severe accident decision process on
specifiec standard plant designs and with individual examinations for
ex1sting plants.

IDCOR: An Integrated Industry Evaluation

In late 1980 and early 1981, the nuclear industry organized an
independent evaluation of the technical i1ssues related to potential severe
accidents 1n nuclear power plants with LWRs. The IDCOR technical program
began 1n March 1981, under the direction of a Policy Group chairec by John
Selby, Chairman of Consumers Power Company. A4 12-member Steering Croup
chaired by Cordell Reed, Vice President of Commonwealth Edison Company,
administers the Policy Group's direcfion and acts as the ezecutive
committee for IDCOR. The IDCOR Program Manager, originally Technology for
Energy Corporation, then ENERGEX, and now IT provides the day-to-day
program management

The history, crganization, technical program structure, and technical
results of IDCOR are well documented (Fontan, November 1981; Buhl, October
20, 1982: Bunhl, September 18-21, 1983; Fontana, August 28 - September 1,
1983; Sears, July 15-19, 1984; Fontana, September 11, 1984; Buhl, March
10-13, 1985; and Buhl, May 19-22, 1985.) Background material from the
IDCOR program will not be repeated here except as needed to set the stage
for describing IDCOR's present activities.

IDCOR aeveloped a long 11st of severe accldent 1ssues and reviewed
these with the NCR, Advisory Committee on Reactor Safeguards (ACRS), and
many other Interested organizations, both foreign and domestic.

This paper Will address the following topics:

¢ IDCOR Contributions to Severe fccident Technology

= IDCOR Program for 1985

* NRC Interaction Process

¢ Major Technical Issues and Preseription for Resolutionh

+ Individual Plant Evaluation Methodology
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¢ Source Term Program
IDCOR CONTRIBUTIONS TO SEVERE ACCIDENT TECHNOLOGY

The criginal IDCOR mission was to gather and critically review
existing technical work related to the severe accident issues and to
perform the additional technical work required to develep a comprehensive
and thorough understanding of these issues. IDCOR also served as the
industry spokesman with the NRC on these matters.

IDCOR selected four reference plants, which are representative of the
reactor and containment designs in the United States, fer the most
extensive technieal evaluation of power plant response to severe accidents
ever performed. The four plants selected for detailed analysis were: (a)}
Zion {Westinghouse pressurized water reactor (PWR} with a large dry
containment system}; (b) Sequoyah (Westinghouse PWR with ice condenser
containment); (¢) Peach Bottom (General Electrie¢ boiling water reacter
(BWR) with Mark I pressure suppression containment); and {(d) Grand Gulf
{General Electrie BWR with Mark I1I pressure suppression containment).

dceident progressions from initiation to core melt and containment
failure were analyzed and quantified by IDCOR. In order to perform these
analyzses, IDCOR developed a new suite of physical and chemical models,
data, and computer codes based on analytieal and experimental data from
government and industrial research programs in several countries.

application of this new understanding of key phencmena and new
analytical techniques has yielded major new conelusions on the changes of
oceurrence and on the consequences of severe accidents (Fontana, November
1984). The key findings are:

s The release of fission products is greatly influences by the
containment features and plant systems found in existing light water
reactars (e.g., primary systems, containment volumes, suppression
pools, and ice beds).

. The a¢cident sequences which dominate the risk from severe
accidents can be represented by a few categories of functional
failures (e.g., pipe breaks with loss of emergency cooling, blackout,
and transients with failure of decay heat removal).

+« The frequency of these acecidents is extremely low and only a
small fraction of these lead to signifieant envircnmental releases.

s - Debris from severely damaged cores can be cooled for an
indefinitely long time, given water, power, and ways to remove the
residual heat generated by core debris materials., The containment can
hold in radicactivity for an indefinite pericd under these conditions.

= Previous risk studies, notably the 1975 NRC Reactor Safety Study,
identified three mechanisms by which containments eould fail early in
an accident sequence: steam explosions, high pressures produced by
rapid steam generation, and hydrogen combustion. Those postulated
failures were the result of the overly conservative calculations and
assumptions used in previous studies.

The IDCOR studies show that steam explosions and rapid steam
generation are nct likely to be the cause of early containment
failure. Hydrogen detonation cannot occur in prototypical reactor
aceident conditions and hydrogen combustion would not cause failure of
large, dry containments. Small comtainments have hydrogen control
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measures, such as inerted containment cor igniters, that would be
effective if needed.

s If containment should fail, failure would occur many hours after
the start of the accident. Because of these long times before
containment failure, there would be enough time to reduce the risk to
the public by at least two methods: reactor operator intervention to
correct the error or condition, and if that was not completely
successful, emergency response measures away from the reactor. These
long times alsc allow for reduction in the radioactive fission
products that could be released by natural processes such as settling
to the floors of the containment building.

There is one exception to this general rule. One BWR accident
sequence is calculated to have a short time before containment

fails. However, the amount of radioactive fission products that would
be released to the environment would be smail because of the filtering
action of the suppression pocol Wwhich is part of that design and
existing emergency procedures.

. If a containment should reach failure pressure or temperature, it
would be expected to fail by creating a small leak which would
preclude further pressure inerease and subsequent large size failure.
In addition, IDCOR has shown that resuspension of previously settled
fission products would not occcur even during rapid depressurizatiecn
caused by large size containment failure.

» Although it is possible that containment could be bypassed by
simple events that have nothing to do with accident sequences, such as
leaving a door or vent open by mistake, the likelihood of these
conditions, given freguent inspection, is small. Even if the
containment was to be partially circumvented by this or similar
events, IDCOR calculated that the added risk to the public would be
smail,

* Fission product release to the enviromment, even if containment
should fail, would be much less than estimated in past studies. Most
aceident sequences lead to veiatile releases of one percent or less, A
few exceptional accident sequences, as described above, lead to
volatile releases of 10 perecent or less., This is due to a number of
factors. Some of them increase the estimated release while others
decrease it.

Taken tocgether, these factors decrease the effect on the public., The
major reasons are: (a) more realistic apalysis of core damage
processes; {b) improved understanding of pressure and temperature
loads on containment: {c) better understanging of the chemical and
physical forms of fission products which have lower vapor pressures
and less mobility than the forms assumed in prior analyses; and (d)
more realistic analyses of the transport of these fission products
from the fuel, through the primary coclant system, and in the
containment system,

¢ The so-called "China Syndrome", where a mass of molten core
debris penetrates the bottom of the reactor and the containment
basemat, has been evaluated. If containment should fail by this
mode, it would usually be much later than a failure due to high
pressures. In any case, if this event were to occur, its added risk
to the public, compared with other accident sequences, would be small.



Most of the discusgion 50 far has dealb with events that are not
caused by humans, at least directly. Humans can both skart aecident
secuences by errars or halt them by taking corrective aeckizn, whather
carvectiva action can be counted on will deperd, t3 a large extent, on how
“azk ~ha aecident sequence proceeds.

IZC0R found that most potentially severe acclidsnbs progress slowly,
and that thers are ample opportunities for hwhan intervention te halt and
reverse events. The industry has emergency procedure guidelines which
direct the operator to act in accardanuse with a limited set of observed
symptoms, without requiring dizgrosis of a large mass of information.
Theze guidelines correctly assizhk the operator and allow him multiple
apportunities to prevent and termimate severe accidents.

The IDCOR anmalyses of the reference plants showed that these risks
are generally less than those presented in previous studies. For example,
in contrask to orior evaluations, the IDCOR calculations of aonseguences
of severe accidents show that no early fatalities would result.

However, some risi is caleulated as latent fatalikies over a 30-year
pericd. The risks calculated by IDCOR are lazz than tnose in previous
stucies, and much smaller than those set forth [n NRC's [nterim safety
goals.

Figure 1 illustrates the rangs ol risks for the four reference plants
ealeulated by IDCOR and contrasts these with pre-IDCOR values, the NRC
ingerim safety goal, ang normal cancer fatalities expected for the
population wwer a thirty-year period.

(DCOR eame bo Three primary technleal conclusions and cne qwerall
pelicy eonulusion.

. First, the probabilities of =evere nuclosar accidents occurring
are extremely low and cnly & small fractizn of those sequences result
ir. significant releases.

The risk of latent cancer fatalities frem sperztlag the IDCOR
reference huelear plants is 1,000 times Jower than the interim NRC
safety goal. The risk froz potentlal severe accidents at these
plants is only cne miiliontn of the normally occurring cancer
fatalities [or the populaticn living within 50 miles of the plants.

. Srpond, the Sission product source terms--quartibies and Lypes of
radicactive makterizl released in the event ol severe accidents--are
murh less bhan were calculated In previcus studies.

« Third, the risk= and consequences toc the publie of sewvere muclear
ancidents are significantly below those predicted by previous studies
zno are much smaller than the risk leweis incorporated in the NRC
inkerim safety goals.

+ From a poligy standooint, ICCOR ‘concluded that major design ar
operational changes !n reactors are not warranted.

THE [DCOR PROGRAM FOR 1235

8azed ar tha findings of MRC and TDCOR, the Commission haz agreed
Wwith IDCOS 3 owverall conelusion that major backfits ta plants arp not
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needed Ffor severe accidents (Nuclear Regulatory Commission, August §,
1985). The Commission and staff now believe that only confirmatory
research and individual plant evaluations are needed to resolve the long-

NORMAL CANCER

= LI FATALITY INCIDENCE

g

Sw o'y

60

z .

2% 102

=8

20 .l NRC INTERIM

g Z 10 SAFETY GOAL

wi 4 PRE{DCOR CALCLLATION

05107 (HIGH VALUE fOR

zs REFERENCE PLANTS}

Q< 1~ 51

guw 10 {LOW VALUE FOR

g REFERENCE PLANTS)

a 10% IDCOR

- CALCULATION
2L (HIGH VALUE)

19 now
.8 VALUE)
10

Figure 1.

Risk of Latent Cancer Fatalities From IDCOR Reference Plants

The risk of latent cancer fatalities from operating the IDCOR
reference nuclear plants is 1,000 times lower than the interim NRC
safety goal. The risk from potential severe accidents at these plants
is only one millionth of the nermally oecurring cancer fatalities for
the peopulation living within 50 miles of the plants.

standing sévere accident issues for existing plants.

The industry has maintained an [DCOR presence for several reasons.
First, all technical issues have not heen resoived. Second, IDCCR is
developing the methodology needed to perform the individual plant
evaluations now being required by the NRC. Third, the Industry can take
advantage of the reduced source terms from IDCOR to obtain relief in
emergency preparedness and perhaps in other areas as well.

IDCOR has pursued three basic objectives in 1985:

1) Resolving the remaining technical issues with NRC.

2) Develcping and obtaining NRC and industry acceptance of an
individual plant analysis methocdelogy for demonstration of generic
applicability.of the peositive IDCOR severe accident conelusieons.

3} Developing the technical basis for changes in regulatory
requirements for emergency planning through utilization of new source

term information.

Technical Resolution of Open Issues

IDCOR has assessed the original set of technical issues and
identified a few key issues that needed to be addressed in 1985. IDCOR
initiated specific tasks to develop additional technical information on
these issues. Resolution is progressing through meetings with NRC senior
management and technical exchange meetings with NRC staff. The technical
exchange meetings are better defining the issues and working toward
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agreement on an acceptable basis for resclution. Senicr management
meetings between IDCOR and the NRC are guiding this process.

Individual Plant Methodology for Generic Applicability and Individual
Plant_Evaluatians

IDCOR 1s developing a methedology for demonstrating whether
individual plants are comparable with IDCQR reference plants with respect
to severe accident issues. The methodology will be structured to identify
unusual system designs or operational situations. The mechodology will
address accident prevention, containment response, and accident
management. The activities leading to acceptance of the methodology
include the following:

* Evaluating potential approaches and selecting an acceptable
methodology.

¢ Reviewing the apptoach with NRC management and obtaining
concurrence

»*  Applying the methodology for the IDCOR reference plants.

e Verifying the methodology as necessary and applying 1t to three
additional plants.

*  Developing positions on methodology use and 1nterpretation.
* Presenting results to IDCOR groups.

* Presenting final results to the NRC.

. Preparing an umplementation report.

* Briefing utilities on methodology appllcation to individual
plants.

Souree Term Reduction and Emergency Planning

The 1985 IDCOR effort is focused on the techniecal work necessary to
provide 2 basis for reducing source terms and to support emergency
planning relief, IDCOR established a technical foundation for source
terms which is an excellent starting point for pursuing source term
reduction, Additionally, :n 1985, IDCOR 15 pursuing resolution of a few
remaining issues that can affect the source term. Once the technical
bases are established, IDCOR will interact with the NRC to establish the
requirements for emergency planning relief which will focus imitially on
graded response and 1ncreased public notification times.

Existing IDCOR results and other available and ongoing work will be
integrated with the additicnal work tasks defined below to establish
technically sound source terms. These tasks are scheduled for
presentation of IDCOR positions to the NRC staff and the ACRS in late 1985
ar sarly 1986,

The source term program logic includes:

*  Documenting the present IDCOR source terms and determining
emergency planning relief attainable at present.

. Recommending improvements 1n scurce term models, incorpeorating
them inte MAAP, ard performing analyses of selected seguences.
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* Determining furcner scurce term reauctions required to Justify
relief in emergency planning.

. Evaluating technical uncertainties and aspects of plant design
and eperation which affect source terms for IDCOR piants.

* Determining practical improvements which could reduce source
terms and documenting the technical basis for source terms.

NCR INTERACTION PROCESS

IDCOR was chartered by the industry to develop the technical basis
for resolving the severe accident issues and to be the industry's spokeman
with the NRC on these matters, IDCOR and the NRC have met many times to
review IDCOR planning, progress, and results, From late 1983 through
1984, IDCOR provided documented technical results of all its work toc the
NRC. IDCCR and the NRC conducted five multi-day technical exchange
meetings to review these IDCOR results. Following this intensive
interaction process, early in {985 the NRC defined 18 remaining open
1ss3ues. Most of these are either resolved or near resolution. Five or
s1x will likely extend beyond 1985.

The NRC has been conducting z major severe accident research program
in parallel with IDCOR. Their program is similar to IDCOR 1n philesophy
and content but 15 on an extended schedule. The NCR program is funded at
a level about 10 to 20 times the IDCOR effort. Many of the major results
of the NRC program will be forthcoming in the next few months. IDCOR
expects to participate in extensive reviews of the NRC reference plant
results, of NUREG-0956 on source term teehnology, and of other Important
research products.

The NRC and IDCOR developed precise definitions of the remaining
teechnical issues and identifies the necessary techilcal work requlreg to
address these issues. Further meetings were proposed by the MRC to arrive
at a closer technlcal understanding before developing final technieal
pesitions. Also, the NRC reguested meetings to present thelr reference
plant results.

IDCOR has the technical work under way to achieve resoluticn of these
remalning open technical 1ssues. The major differences and resoluticn
needs are discussed in the next section IDCOR expects to cbtain
documented agreement from the NRC management on the resolution of all
1538ues

MAJOR TECHNICAL ISSUES AND PRESCRIPTION FCR RESOLUTION

The many severe accident technical 1ssues originally perceilved to be
important have been reduced tc a tractable few. The IDCOR 'B5 technical
task was directed toward identifying the important remaining i1ssues and an
appropriate path te resolution. That work has been compieted.

Many issues were resolved In 1984, Including containment failure due
to in-vessel steam explosion, rate and magnitude of fission product
release from fuel in-vessel, resuspension of cesposited fission products,
and selection of importantly types of sequences., The effort in 1985 nas
resuited in additional information which should address concerns raised by
the NRC 1n other areas, 1ncluding treatment of the interaction of
tellurium and zircenium, importance of natural circulation in high
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preasure sequences, fission produect anhd aerosol deposition in reactor
ceelant systems and contalnments, direet containment heating, and
revaporization of fizsion products. Essentially nc additicnal effort was
required in several addltional areas including medeling of cmergency
respanae, aeroseol produection from control materials, revaperization of
fIssion products, and behavior in secondary containments.

In general, progress has been made ip providing a technical basis for
the few remaining arc¢as of disagreement with the ¥RC, Thyo mrore important
remaining issues whick may extend into 1986 are:

+ Hydrogen production (Issue 3)
*  Ex-vezael reieage af Fission products {Tszue @)

» (opiability of debris on concrete in the presence 9f water {Issue

. Hydrogen combustion in ice condenser containments (Taaus 17)
¢ DNirset esntainment heating {Issue 8)
+ Containment performance {Issue 7]

The NRC analyses of core relocstion and hydrogen productivn ead Lo
early containment failure in ice pcondenser transients and in large LOCA
sequences in Mark I 8WR containments., [DCOR efforts have besn directed
toward compariscn af models with integral experimencs ang THI-Z
eyperisnces, to the degree possible. and furtker effort may be
ner283sry.  The behavior of core debris interaction with conerete and the
related release of fissian preducts is complicated by the dearth of
infarmation on ¢hemical tarms of low volatile fission products ard
adequate experimentai data under appropriate conditicns. Tnla area will
probably require adcéitlonal effort as experimental data oeccmes
available. These areaz are Lreated in dekzil In the IDCOR analyses nnd
are expected to be the focus of important discussions with the NRC.

GENERIC APZLICAZILITY AND INDIVIDUAL PLANT EVALULTIQNS

DCON analyzed the potential far, and consequences of, severs
accidents for the reference plants, Grard Julf, Peach Bottom, Sequoyah,
and Zion. These analyses cemonisbrated thik the probabilities for uovers
ageidents were low and that the releases of fission products to the
environmeént were weli delow those conaidered in the Reactor Safety Study
(WASH-1400}, Tke IDCCR 'B5 Program iz directed ab developing a
methicdolezy to determine if these resulta are generally applicable through
irdividual plant analyses.

IPE methodology concentrates on twe major aspects of the accident
evaluation: 1} the core damage prevention capability and {2}
envirenmental releasez given a severe aceident. In tkis regard, the
analysis focuses on the controlling areas far each, such that major
outliers in either area zan be detected. Fer this to be sxecuted in a
timely manner, the methodology musk be an approximate representatism o
both a l.evel ' probabilistic risk assessment., (PRA and a containmens
response ahalys2is Tor the dominant sequences as wguld be performed in a
Level 2 PRA.) However, since the specific task of the analysis is to
idarctify major outliers, conecentrating cn the contrelling systems and/or
physical processes for the different designs Lg a sufficient approach.
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The IDCOR approach is divided intc the two main areas and further
supdivided into areas associated with BWR designs and PWR systems. The
systems analysis for both designs conmcentrate on the front line core
protecticn systems and their major support systems such as electrical
power and service water. The basis for the structure of the BWR and PWR
systems analysis is the extensive work performed on PRAs for both types of
designs. Both methods concentrate on system level fault trees and the
dependencies between the front line systems and the major support systems
as well as the dependencies between support systems. The net result of
performing these analyses is an approximate assessment of the core damage
frequency which identifies those systems, operator actions, design
dependent configurations, ete., which eantrol the order of magnitude of
the probability for a severe core damage event.

Assessments of the environmental releases for severe core damage
events are based upon the integrated systems analyses carried cut for the
IDCOR reference plants, In these analyses, specific design features were
found to eontrol the ultimate releases to the environment. For example,
in a large dry containment, the hald-up within the primary system and in
the containment was demonstrated to be a most important aspect of the
accident progression. So much so that the other details of the accident
sequence had little influence on the ultimate release of the
environment. In addition, the analyses for the BWR Mark III design
demcnstrated that the serubbing of fission preducts in the suppression
poocl was the dominant physical process determining the ultimate releases
to the environment. &s a result, the specific physical configurations for
the different designs are highlighted and designs of similar character are
analyzed for a similar capability of fission product retention. In this
regard, the specific accident sequences identified for the reactor system
must be considered and these are carried out by an integration between the
systems analysis and the approiimate fissicn product release evaluations.

This approach to individual plant evaluations has been presented to
the NRC staff and has received their tentative endorsement. The
methodology for the two elements of these evaluations was completed in
July 1985, and reviewed with the NRC staff, the IDCOR Steering and Polley
Groups, and also the ACRS. These methods are being applied to the four
IDCOR reference plants to provide a validation of the appreach. In this
effort, the specific interest will be in whether the approximate
methodology is sufficient to evaluate the fundamental features of the
reference plants, While this test is somewhat circular in character, it
does provide for an internal check of the methods before their application
to other systems. This will be completed by March 1986.

The IDCOR IPE methodology will be applied te three additional plants,
ireluding a BWR Mark II system, a Cotsbustion Engineering plant with a
large dry containment, and a B&W NSSS with a large dry containment. This
extension of the methodology will provide an example of the implementation
for the methods that can be reviewed by the industry (owners' groups and
individual plant cwners) and will also be presented to the NRC staff. In
1986, the IDCOR Steering Group plans to seek NRC appreoval of this
methodology as an acceptable way to examine existing plants and
demonstrate their acceptability with respect to the severe accident
issue. IDCOR anticipates NRC approval to be documented in a letter to
licensees specifying the requirements for gqualifying individual plants.

SOURCE TERM REDUCTION AND EMERGENCY PLANNING

Source terms, based on TID-~1484Y4 and WASH-1400, are pervasive in
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regulatery regquirements which affect many aspects of plant design and
operation, siting, and emergency planning. A sound technical basis for
more realistic source terms is needed to define the benefits of source
term reductions 1n improving emergency planning, or other regulatary areas
should the industry or the NRC decide to pursue them.

The tasks being performed in this area was listed above 1n the
section on the IDCOR Program for 1985.

IDCOR's analyses of the four reference plants found several major
effects that reguce source terms. These include:

1) Retention of volatile fission products in the primary system cue
to their release from the fuel and recondensing or settling on cooler
surfaces with the primary system.

2) Chemical forms of the fission products, particularly cesium and
iodines, the inerease their retention hecause of their low vapor
pressures and high solubility in water, Virtually nc elemental lodine
or cesium are calculated to occur, which is opposite from TID-148L4
azsumptions,

3) No occurrence of early containment failures from pressurized
state. This allows time for fission product laden aerosols feo settle
on the surfaces. Once eon surfaces, material has been shown to remaln
there in the event of containment depressurization.

4) Retention of fission products by the large amounts of available
water within the primary system and containment.

%) Retention of fission products in secondary buildings, primarily
by aerosol settling.

fis noted earlier, the source terms are lower than previous estimates,
including the Reactor Safety Study. Alsc, releases to the environment, if
this cccurs at all, generally cecur a long time after accident i1nitiation.

Although all themochemical calcoulations indicate that CSI and CSOH
would be the dominant chemical species, preliminary (unpublished)
experiments performed at Sandia Naticnal Laboratories indicate that CSI
may decompose 1n the presence cof stainless steel and radiation and ceuld
release elemental :odine. Cesium appears to remain on the surface. We
are waiting for the results of confirmatory experiments. Meanwhile, we
incend to start preliminary ewvaluation to determine what influence this
effeet has on iodine transport in reactor accident sequences.

IDCOR will document the present source terms and identify emergency
planning 1mprovements, such as graded response and longér public
notification times, that can be derived form them.

Several additional areas are also being investigated further because
they could affeet present source term values. Amohg these are:

¢ Chemical reactions of fission products. {1) Tellurium ean react
with zirconium ang remaln wWith the core debris during pressure vessel
melt-through and be released ex-vessel during concrete attack rather
than being released at the time of initial fuel melting or be retained
in the primary system on surfaces. (2) Lanthanum and other
refractories may form oxides during core-concrete interactions that
are more volatile thar forms assumed by IDCOR.
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s  Uncertainties in containment failure. Early containment failure
and depressurization can cause larger source terms. The NRC
calculates greater generation of hydrogen than IDCOR and predicts
early failure of ire condenser containments due to hydrogen global
burning. IDCOR analyses predict continuous hydrogen burning enabled
by natural circulation of air in containment; no early failure is
predicted.

¢  Water pools existing over the debris bed may dry cut in certain
aceident sequences and allow higher fission product release rates.
Small scale experimental evidence suggest debris beds may not be
quenched when water is added as IDCOR has predicted. However, the NRC
has ignored (1) the effects of debris dispersal, which would result in
thinner debris beds, (2) the fraction of debris initially
participating in concrete attack, and (3) the long times cver which
the fuel remaining in the vessel, after initial vessel failure, would
enter the cavity.

IDCOR will then improve source term models. Two basic areas are
being studied that could lower source terms further. First, models are
MAAP that control heat transfer from the primary system are being refined,
inecluding additional nodalization and radiative heat transfer losses.
Second, better knowledge of chemical forms may also reduce the present
source terms as well as inerease them as discussed above. This is
possible because IDCOR ignored the potential for reacticn of the volatile
Fission products with the steel surfaces of the primary system which would
form less volatile forms of the fission products. Ytilizing this
obgervation would substantially reduce the amount predicted to revolatize
and be released through the containment breach.

IDCOR is also studying other means cof reducing source ferms,
primarily through operator actions and plant design. For exampie, based
on the potential release of fission products from debris beds, the
operator may reduce releases significantly if he can maintain a pool of
water aver the debris hed. Actions, such as containment venting, may
alter the timing of release and induce transport paths, such as through
suppression pools, that enhance aeroscl retention. IDCOR anticipates that
a number of such means will be identified that will reduce source terms if
implemented.

Further desired changes in emergency planning procedures will be
assessed to determine If further research on source term reduction would
be justified. This would preclude expenditures te support furthesr
reductions having little useful impact.

Finally, if so justified, IDCOR will determine further practical
improvements which could reduce source terms and will document their
technical bases.

SUMMARY

The IDCOR technical program is complete and documented in 48
teehnical reports and a Technical Summary Report. The results of the
IDCOR program show that present generation plants, which comply with
existing regulations, can tolerate a broad spectrum of severe accldents
and will provide adequate public protection. Thus, major retrofifs to
designs or regulations to further account for severe accidents are not
warranted, However, a few questions remain open; IDCOR and the NRC are
pressing toward closure of these questions curing 1985 and 1986,
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Work is underway to reach the IDCOR objectives added in 1985. The

methodology for individual plant evaluations has been developed and is
being verif'ied against seven plants. IDCOR is evaluating improvements in
source term technelogy and applying it to emergency planning.
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