NUREG-1422

JEE

U.S. Nuclear Regulatory Commission

Office of Nuclear Regulatory Research

206250386 20630
PDR  NURE@
1422 R PDR




[—— |

AVAILABILITY NOTICE

Availability of Reference Materials Cled in NRC Publications ‘
Most documents coited in NRC pub'cations will be availabie from one of the following ‘i

SOUroes:
1. The NRC Public Dooument Room, 2120 L Street, NW., Lower Level, Washington, DG
20555

2. The Superintendent of Documents, U.§ Government Printing Office, P.0. Box 37082,
Washington, DC  20013-7082

3. The National Technical Information Service, Springlield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publica-
tions, it is not intended 10 be erhaustive.

i Referenced documents aveilable for inspection and copying for a fee from the NRC Public
Document Room Include NRC correspondence and internal NRC memoranda; NRC bulleting,
circulars, infermation notices, inspection and investigation noticee; licensee event reports,; |
vendor reports and correspondence; Commission papers’ and applicant and licensee docy- !
ments and correspontence. ‘

, Tie following documents in the NUREG series are av. iiable for purchase from the GPO Sales
; Program: ‘ormal NRC staf! and contractor reports, NRO-sponsored conference proceed:

ings, internantional agreement reports, grant publications, and NR_ booklets and brochures . ‘

Also avaiiable are reguiatory Quides, NRC regulations in the Code of Federal Reguiations, |

end Nuclear Regulatory Commission Issuances. }

|

Documents available from the National Technical information Service include NUREG-series
reporns and technical reports preparec by other Federal agencies and reports prepared by
she Atomic Energy Commission, forerunner agency 1o the Nuclear Regulatory Commission.

Documents available from public and specian technical libraries include all open literature :
ftems, such as books, journal articles. and transacti 1s. Federal Register notices, Federal |
and State legisiatiun, and congressional renorts can usually be obtained from these ‘\
libraries. j
Documents such as theses, dissertations, foreign roports and translations, and non-NRC

. conference proceedings are available for purchase from the organization sponsoring the j
publicatic 1 cited. ,

Single copies of NRC draft reponts are available free, to the extent of supply, upon written
request to the Office of Administratio, Distribution and Maii Services Section, U.S. Nuclear
Regulatory Commission, Washington, DC 20555,

il b el TR - e

Copies of industry codes and standards used in a substantive manner in *1e NRC regulatory
5 proeoess are maintrsed at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, for
use by the public. Codes and standa“ds are usually copyrighted and may be purchased
fram the originsting organization or, if they are American National Standards, from the
American National Standards institute, 1430 Broadway, New York, NY 10018,

e




NUREG-1422

Summary of Cherncbyl
Followup Research Activities

U.S. Nuclear Regulatory Commission

Office of Nuclear Regulatory Research

’’’’






NUREG-1422

Summary of Chernobyl
Followup Research Activities

Manuscript Conspleted: May 1992
Date Published: June 1992

Division of Safety Issue Resolution
Office of Nucleas Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555




S Y RIS - R R R RO, r— P G ——

ABSTRACT

In NUREG~1251, "Implications of the Accident at Chernoby! for Safety Regulation
of Commercial Nuclear Power Plants in the United States," April 1989, the NRC
staff concluded that no immediate changes in NRC's regulations r.garding design
or operation of U.5. commercial reactors were needed;, however, it recommended
that certain issues be considered further. NRC's Chernoby! followup research
program consisted of the research tasks undertaken in response to the recommen<
dations in NUREG=1251. It included 23 tasks that addressed potential lessons
to be learned from the Chernoby! accident.

This report presents summaries of NRC's Chernobyl followup research tasks, For
each task, the Chernobyl-related issues are indicated, the work is described,
and the staff's findings and conclusione are nresented. More detailed reports
concerning the work are referenced where applicable. This report closes out
NRC's Chernobyl followup research program as such, but additional research will
be conducted on some issues as needed. The report inciudes remarks concerning
significant further activity with respect to the issues addressed.
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INTRODUCTION

In April 1989, the U.5. Nuclear Regulatory Commission (NRC) staff issued NUREG-
1251, "Implications of the Accident at Chernobyl for Safety Regulation of Com-
mercial Nuclear Power Plants in the United States,” Final Report. As reported
in NUREG-1251, Volume 1, the NRC staff concluded that no immediate ct inges in
NRC's regulations regarding design or operation of U.S. commercial reactors were
needed; however, it recommended that certain issues be considered further,

The staff found that most of these issues were already under consideration as a
part of onqo1n? NRC work, but adjustments of ongoing programs were made to take
the Chernobyl lessons into account. In a few cases, the staff initiated new
research tasks as a direct result of the recommendations stemming from its
assessment of the implications of the Chernobyl accident.

NRC's Chernobyi followup research program consisted of the research tasks
undertaken in response to the recommendations in NUREG-1251. It included 23
tasks that addressed potential Chernobyl lessons. Nine of these tasks involved
fssues pertairing to operational practices and administrative controls, six
involved design-related issues, two were related to the containment, three to
emergency planning, and two to severe-accident phenomena. To the extent that
reactor type had a bearing, these 23 tasks addressed primarily 1i?ht-vatar
reactors. Two additional tasks recommended in NUREG-1251 were related to high-
temperature gas-cooled reactors (HTGRs). These tasks were not pursued, because
Fort St. Vrain, which was the country's only operating HTGR, ceased operation
in 1989.

The staff initiated three of the Chernoby! followup research tasks in direct
response to the Chernobyl impiications assessment. These were Task 1.1B,
“Procedure Violations"; Task 1.4C, "Analysis of Risk at Low-Power and Shut-
down Conditions"; and Task 2.1A, "Reactivity Accidents." A fourth task, 1.2B,
"NRC Testing Requirements," was initiated partly in response to the Chernobyl
implications assessment and was influenced by Chernobyl, but would have been
undertaken even in the absence of the Chernobyl assessment. The remaining 19
tasks represent limited adjustments of ongoing NRC (or NRC-sponsored) projects.

This report presentc summaries of NRC's Chernobyl followup research tasks. For
each task, the Chernobyl-related issues are indicated, the work is described,
and the staff's tindings and conclusions are presented. More detailed reports
concerning the work are referenced where applicable.

This report closes out NRC's Chernobyl followup research program as such. It
should be noted, however, that some of the tasks involve issues on which work
will continue beyond the nominal closeout of the Chernobyl followup program
(e.g., Task 1.4C, "Analysis of Risk at Low-Power and Shutdown Conditions," and
Task 4.4A, “Decontamination”). Such work, even when its content is clearly
influenced by the lessons learned from the Chernobyl accident, will be pursued
in the normal course of NRC business. The Chernobyl followup program is not
being extended as a discrete program to encompass such further activities. The
individual task summary reports presented include, where applicable, remarks
concerning significant further activity with respect to the issues addressed.

NUREG-1422 1

R I B T EE————






CHAPTER 1
ADMINISTRATIVE CONTROLS AND OPERATIONAL PRACTICES

TASK 1.1A, "SYMPTOM-BASED EMERGENCY OPEF"TING PROCEDURES"

Task Leader: Susan F. Shankman, Hume ~+ .rc Assessment Branch, Division of
[Tcense Performance and - a17* Eval. (1, Office of Nuclear Reactor Regulation

Issue:

At Chernobyl serious operational errors aggravated ‘“e emergency situation that
occurred and were crucially implicated in the disa..rous consequences that
ensued. Although design and operational-contrc) protection at U.S. reactors
provide assurance against the chain of events that occurred at Chernobyl, the
Chernoby] experience suggests close attention should be paid to effective emer-
gency operating procedures (EOPs) and the ability to use them. Symptom-based
0Ps and their full implementation are a key part of the necessary preparedness
for effective mana?ement of emergencies. Recent audits by the NRC contirue to
identify deticiencies in the implementation of new symptom-based EOPs. In addi-
tion, NRC examinations have identified the .eed for additional training on the
use of these EO0Ps.

Purpose:

To take into consideration the Chernobyl experience through increased emphasis
on symptom-based EOPs.

scope:

The staff undertook an accelerated inspection program pert ing to the EQOPs,
which wis aimed at evaluating whether they were technically correct, whether
they could be physically carried out, and whether they could be correctly car-
ried out. A1l U.S. reactors have been inspected. Possible regulatory action
to further upgrade programs or further study of any inconclusive results will
be considered as part of the staff's ongoing evaluation of the results of this
inspection program. This Chernobyl followup task consists of the integration
of Chernoby)! lessons into this EOP effort.

Work Description:

During 1988, the NRC staff inspected EOPs at 30 plant sites. The inspections
included an audit of the technical adequacy of the EOPs, control room and plant
walkdowns, simulator exercises, and a review of licensees' programs for ongoing
evaluation and revision of EOPs.

In late 1988 and early 1989, the NRC staff met with each of the vendor owners
groups to discuss the inspection findings. At those meetings the staff reiter-
ated the importance of developing and maintaining high-quality EOPs, of providing
operators with appropriate training, and of requiring compliance with the EOPs.

NURE: 1122 40



In June 1989, the Nuclear Management and Resources Counci) (NUMARC) sponsored
EOP workshops in Washington, D.C., and Denver, Colorado. The NRC staff parti-
cipated in both the planning and implementation of these workshops, and repre~
sentatives from most nuclear utilities attended the workshops, Open discussions
were held on a variety of topics including those relevant to Cr .rnobyl issues
such as training and procedural compliance. The workshops provided an excel-
Tent forum for reemphasizing NRC expectations in the area of symptom-based EOPs.

Findings:

The great majority of EOP problems identified during inspections conducted from
March to October 1988 resulted from incomplete implementation of EQP programs.
The most significant programmatic problems were lack of a multidisciplinary
team approach in the development of EQPs, lack of independent review of the
EOPs, and lack of a systematic process for ensuring that the quality of EOPs
does not deteriorate over time, These findings were discussed with NUMARC ana
the owners groups and were published in NUREG-1358 (Ref. 1, see also Ref. 2).

The EOP inspection program has been completed, and all operating plants have
been inspected. Results of the inspections conducted in fiscal years 1989
through 1921 indicated some improvement in the implementation of EOP programs;
however, problems previously identified in NUREG-1358 continue to exist. Sig-
nificant findings from the recent EOP inspections will be addressed in a sup=
plement to NUREG-1358 thit is being developed.

Conclusions: :
|
|

At present, there appears to be no need for the NRC staff to develop additional
regulatory actions or initiate new research pertaining to EOPs. In general,

a system of EOPs is in place in plants that results in emergency actions needed
to brin? the plant to a safe shutdown condition. The NRC staff has identified
needed improvements in both the EOPs and their supporting programs, and licensees
are committed to making these improvements. The staff continues to monitor
plant performance in this area, and EOP followup inspections will continue to

be conducted as necessary.

References:

1. U.S5. Nuclear Regulatory Commission, NUREG-1358, "Lessons Learned From the
Special Inspection Program for Emergencv Operating Procedures," April 1989,

2. G. Lapinski, S. Shankman, and W. Regan, "An Interim Report on the NRC
Special Inspection Program for Emergency Operating Procedures," paper
presented at the winter meeting of the American Nuclear Society in San
Francisco, California, November 1989,

TASK 1.18, "PROCFDURE VIOLATIONS"

Task Leader: Jerry Wachtel, Human Factors Branch, Division of Systems Research,
ce of Nuclear Regulatory Research

Issue:

Among the root causes of the Chernobyl accident was a series of procedure
violations committed before and during the event. For example, the test
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procedure was never submitted to the RBMK design group for a safety ev~luatior
before the test was performed, in viclation of Soviet administrative review
requirements. In addition, while conducting the test the Chernoby! operators
violated the test procedure and, more importantly, violated their standard oper-
atin? requirements by disabling the emergency core cooling system in order to
compiete the test.

Because of design differences between the RBMK reactor and the reactors in use
in the U.S, commercial nuclear power industry (notably the avoidance of positive
void reactivity coefficients and the use of containment structures), an accident
identical to Chernobyl could not happen here, However, the NRC's concerns about
the possibility of procedure violations causing a sigrificant event in the
United States led to the initiation of a research projact on this issue. As

the NRC's Chernobyl Task Force noted in NUREG-1251 (Ref. 1):

Although the staff recognizes that errcrs and violations will occur,
the measures taken by the NRC and the industry should keep violations
to a minimum. Since Technical Specifications containing the opera+
bility requirements for aafety equipmen. are so prominent in opera-
tors' and management's minds, the staff believes that operators,
because of their concern for safet), will not willing.y violate these
requirements and put the reactor in jeopardy. It should be recog-
nized, however, that since violations of procedures do nevertheless
occur, a study that would characterize the nature, severity, and fre-
quency of violations could be of value. It might provide a firmer
basis for a reassuring conclusion or lead to a consideration of addi-
tional means of reducing inadvertent violations and deterring willful
ones. (p. 1-6)

Purpose:

To (1) distinguish intentional procedure violations from errors and (2) assess
the extent, nature, and consequences of procedure violations in U.S. commercial
nuclear power plants.

Scope:

The scope of inguiry was a search for and anaiysis of published reports of
procedure violations in U.S. commercial nuclear power plants that occurred
during the period extending from January 1984 to July 1988. Although the NRC
had previously sponsored research assessing industry practices and problems
associated with plant emergency, normal, abnormal, and maintenance procedures
in response to Item 1.C.9 of the Three Mile Island Task Action Plan (Ref. 2),
prior studies have not focused on the particular issue of procedural adherence.
Consequently, this project was a new task arising out of the Chernobyl Task
Force's concerns.

Work Description:

Personnel at Battelle's Human Affairs Research Centers and at the Pacific
Northwest Laboratory screened more than 1,200 incident reports and identified
707 occurrences in which a failure to follow procedures played a role, These
occurrences were then further characterized as described below.

a2
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The term "procedure violation" can refer to any failure to follow the procedural
and administrative requirements that guide huma: actions in the work processes
of nuclear power plants. However, NRC Enforcement Policy (10 CFR Part 2,
Appendix C (Ref. 3)) specifically distinguishes between violations that are
"willful" and those that are "inadvertent." This distinction depends on evi-
dence regarding the intentions and knowledge of the worker committing the vio-
lation. Thus, in cooperation with the NRC's Office of Enforcement, three ca.e-
gories of procedure violations were operationally defined for this project to

conform with the language in 10 CFR Part 2, Appendix C, as regards the concept
of willfulness:

Level A Violation - A procedure violation which, in the judgment of

e , has been determined by a preponderance of the evidence to
have been "willful" as defined in 10 CFR Part 2, Appendix C. Note
that thise procedure violations defined in this study as Level A were
subject to NRC enforcement actions.

Level B Violation - A procedure violation which may or may not have
been "wiTT1ful,™ as defined in 10 CFR Part 2, Appendix T, but for which
eithev: (a) insufficient information was available to the NRC, after
review, to make a determination of willfulness based upon a preponder=
ance of the evidence; or (b) due to NRC resource limitations and an
apparent lack of safety significance, the procedure violation was not
subjected to the scrutiny of such a review.

Level C Violation - An inadvertent procedure violation which clearly
was not "w ul." These violations may be due to error, misjudgment,
ignorance, or confusion

Procedure violations that occurred during the study period and that were
described in either licensee event reports (LERs) or NRC inspection reports
(IRs) reported in NUREG-0940 (Ref. 4) comprised the two data sets used in the
subsequent analyses. Each violation was coded according to the plant and
region involved, the level of the violation committed (i.e., Leve) A, B, or C),
the type of procedure or administrative requirement involved, the Job category
of the person committing the violation, the probable cause(s) of the violation,
and the consequences of the incident. Insufficient detail in many of the reports
reviewed made it impossible to derive complete information from the data avail-
able. Level B and C violations data were statistically analyzed to address the
rentral questions of the study; however, the small number of Level A violations
precluded their inclusion in the statistical analyses.

Findings:

The data on the extent of procedure violations indicated that all three levels
of violations occurred in U.S. nuclear power plants during the study period.
However, only 1.4 percent of _.he reported violations were coded as Level A vio-
lations (10 out of 707). A larger number of “iolations were categorized as
Level Bs (118 out of 707, 16.7 percent). The very large majority of the vio-
lations were characterized as Level Cs (579 out of 707, 81.9 percent).

Although not based on a random sample of plants, statistica) examination of

the distribution of the IR data set across plants showed that some plants had
higher numbers of procedure violations than would be expected if violations

NUREG-1422 -4






Although detailed information about the factors that contributed to the
procedure violations was not provided in the reports, core conclusions about
the causes of the violations were possible. In both the LER and the IR data
sets, Level B violations appeared to involve personnel misuse of the procedures,
such as the omission of a procedure step or the performance of actions that
differed from those prescribed by the procedures; whereas the causes cited for
the Level C violations primarily pertained to deficiencies in the procedures,
such as an inadequate level of detail, ambiguities, or inaccuracies in the pro-
cedures. Interestingly, the cause of procedure violations most frequently cited
in the IRs was the failure to use a procedure; whereas, in the LERs, the cause
most frequently cited was an inadequate level of detail.

The analyses of consequences associated with the procedure violations in the
data set confirmed that procedure violations in the United States have not been
directly linked to significant events that resulted in harm to public health
and safety. The most frequently coded consequence category in both data sets
was "no immediate safety consequences." In descending order, for the LERs,

the next most frequently cited cetegories were automatic scrams and engineered
safety feature actuations. In the IRs, the next most freguently cited category
of consequences was "other" (unrelated to operational safety). followed by
personnel exposures to radiation within regulatory limits and personnel
exposures that ¢ -“eeded regulatory limits.

Ana’yses of the relationship between the fregquency of procedure violations and
plant safety performance indicators showed that rates of procedure violations
at plants were moderately correlated with these broad measures of performance.
Level B violations were more often correlated with the safety performance indi-
cators than Level C violations. Higher numbers of violations of health physics
and maintenance procedures were associated with higher values of the total
person-rem exposure performance indicator. Safety system actuations were posi-
tively correlated with increased numbers of violations of maintenance procedures
and technical specifications; safety system failures were positively correlated
with violations of normal operating procedures, technical specifica ions, and
health physics procedures. Although these correlations do not indicate that
procedure violations cause poor plant performance, they indicate that procedure
violations were linked with operational problems at U.S. plants during the
period of this study.

Conclusions:

Because of the manner in which U.S. nuclear power plants are designed, operated,
and regulated, the probability of a single procedure viclation resulting in a
major event is extremely small - no single procedure violation reviewed for this
study resulied in a major event, M.ltiple viclations were associated with sig~
nificant operational events, but did not affect public safety in the data
analyzed. Since the NRC continues to receive reports of procedure violations
being committed at U.S. plants, it must be assumed that the potential exists for
such violations to act as precursors to serious events or to compound the
seriousness of events as they occur. Thus, while the results of this study do
not indicate that strong and immediaie action is warranted, additional efforts
to reduce the incidence of procedure violations may further ensure safe opera-
tions in U.S5. nuclear power plants.

NUREG-1422 1-6
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Remarks:

A complete description of this project will be publiished as a NUREG/CR report.
The findings of this project indicate that substantial reductions in the
incidence of procedure violations and errors are likely to result from
improvements in te quality of industry procedures and from programs for
procedure development, change, anc adherence. A project to develop guidance
for NRC review of procedure upgrade programs was initiated in fiscal year 1992
as part of the resolution of Generic Issue HF 4.4, “Guidelines for Upgrading
Other Procedures." The scope of this project was broadened as a result of
the findings from the procedure violations study.

References:

1. U.S. Nuclear Regulatory Commission, NUREG-1251, "Implicatiois of the
Accident at Chernobyl for safety Regulation of Commercial Nuciear Power
Plants in the United States," Final Report, Veol. 1, April 1989.

2. ===, NUREG-0€50, "NRC Action Plan Developed as a Result of the TMI-2
Accident," Vol. 1, May 1980.

3. Code of Federal Regulations, Title 10, “Energy," U.S. Government Printing
Office, Washington, D.C., revised periodically.

4. U.S. Nuclear Regulatory Commission, NUREG-0940, "Enforcement Actions:
Significant Actions Resolved," Quarterly Progress Reports, April 1984
through September 1988.

TASK 1.2A, "TEST, CHANGE, AND EXPERIMENT REVIEW GUIDELINES"

Task Leader: C. Craig Harbuck, Technical Specifications Branch, Division of
Operational Events Assessment, Office of Nuclear Reactor Regulation

Issue:

NRC regulation 10 CFR 50.59 (Ref. 1) requires that licensees review beforehand
planned tests and experiments not described in their safety analysis reports

as well as changes to the facility and procedures described in thuse reports to
ensure they can be carried out without compromising plant safety and that the
NRC be afforded the opportunity to review them if an unreviewed safety question
is involved. Licensees perform thousands of these reviews each year. However,
in some instances, these reviews were not adequate. As a result, the NRC was
not always afforded the opportunity to review those tests, experiments, and
changes that involved an unreviewed safety question before the tests or experi-
ments were conducted or before the changes were made. Without appropriate
reviews by licensees and the NRC, tests could be performed without adequate
safety provisions or some safety features could be unacceptably altered, and

the unsafe condition could remain undetected for lengthy periods. The Chernobyl
accident occurred during a test. The lack of adequate planning review, prepara-
tion, and implementation of the Chernoby] test emphasizes the need for attention
to this issue.

NUREG-1422 1-7



Purpose:

To improve guidance and criteria for performing reviews of proposed tests,
changes, ana 2xperiments.

Scope:

The scope of tests or experiments that can be performed and of changes that can
be made without prior NRC approval is governed by 10 CFR 50.59. Accordingly,
the scope of this task is limited to the development of guidelines to be used hy
licensees in determining whether proposed tests, experiments, or changes can be
implemented within the limits imposed by 10 CFR 50.59 or whether they must be
reviewed by the NRC before they are implemented.

This is not a new task stemming from the Chernobyl experience; it was originally
conceived as a part of the Technical Specification Improvement Program to pre-
vide greater confidence that proposed changes to requirements relocated from the
technical specifications would receive adequate technical reviews before imple-
mentation. However, the Chernobyl experience confirmed the importance of pro-
viding the guidance necessary to ensure the quality of the reviews.

work Description:

In response to the NRC requirement that the 10 CFR 50.5% review process be up-
graded as a part of the Technical Specification Improvement Program, a Nuclear
Mlnagenent and Resources Council/Nuclear Safety Analysis Center (NUMARC/NSAC)
Working Group was formed in March 1986 to develop an industry standard in this
area, NSAC-125 (Ref. 2). This working group produced several drafts of the
proposed standard, which were provided to the industry at large and the NRC for
comment. A final draft, which included consideration of the comments received
up to that time, was issued for trial use in June 1989,

Findings:

The work done in developing the guidance on 10 CFR 50.59 now in trial use
confirmed that weaknesses existed in the test, change, and experiment review
process and needed to be corrected. These weaknesses involved both the review
process itself and the criteria for defining such items as "the margin of safety"
that need tn be considered in determining when an unreviewed safety question
exists in connection with a proposed action. The findings and proposed correc-
tive actions are discussed in detail in Reference 3.

Conclusions:

The need for additicnal guidance in this area has been confirmed, and this
guidance (revised NSAC-125) has been issued by a NUMARC/NSAC Working Group in
consultation with the NRC staff. The NRC plans to continue monitoring the trial
use of this guidance as an element of the Technical Specification Improvement
Program. This issue is considered closed as a Chernoby! followup task. Final
action on the NRC endorsement of guidance on the 10 CFR 50.59 review process
will be accomplished as part of the Technical Specification Improvement Program.

NUREG-1422 1-8
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In addition, the Nuclear Plant Aging Research Program provided background infor-
mation on component reliability and types of degradation.

gigzel generator testing is being addressed separately as Generic Safety Issue

Findings:

Using the screening criteria 1isted under "Work Descrintion," the NRR staff
identified 46 surveillance requirements for PWRs and 31 surveillance require-
ments for BWRs for specific evaluation. As a result of the specific evaluation,
;he ;s;ff recommended reduring 33 surveillance requirements for PWRs and 20

or 5.

Equipment failures and personnel errors during several types of surveillance
testing have caused reactor trips. In particular, reactor protaction system
testing, turbine valve testing, main steam isolation valve testing, nuclear
instrumentation testing, en?incered safety features logic testing, and reactor
trip breaker testing were all significant contributors to reactor trips.

In addition to causing reactor trips, testing has resulted in spurious isolation
of the control rcom, fuel handling building, auxiliary building, and containment
ventilation. Inadvertent emergency diesel generator starts are relatively com-
mon results of surveillance testing; actuation and isolation of standby safety
equipment occasionally occur.

Wear on equipment is also a significant concern; some instrument parts (such as
connector pins and plugs) experience wear because of the amount of plugging and
unplugging required for testing. Auxiliary feedwater pumps were found to be

subjected to wear because of the small recirculation lines used during testing.

Emergency diesel generators have been subjected to an excessive amount of
testing, especially those diesel generators in plants with older technical
specifications. For example, a problem with one diesel generator can result

in testing the other(s) every 8 hours. Furthermore, the requirement for fast
starting and loading a diesel generator comes from assumptions in the analysis
regarding a large-break loss-of-coolant-accident (LOCA). Current LOCA analyses
that are based on more realistic assumptions and experimental data indicate that
the current fast-start-and-load requirement of 10 seconds could be extended to
30 seconds or more (Refs. 4 and 5). Such an extension would further reduce the
adverse effects of wear on the diesel generator.

Radiation exposure of personnel as a result of surveillance testing ranges up
to approximately 20 percent of the total integrated dose incurred at ¢ site.
Although the biggest contributor to incurred dose is maintenance, not testing,
some surveillance tests do result in a significant incurred radiation dose.

Tests that require containment entry while the reactor is in operation (e.g.,
containment purge and exhaust isolation valve leak testing) cause significant
doses. Walkdowns of systems to check valve alignments and snubber operability
also were fou d to be significant contributors to radiation dose.

Examples of recommended changes to NRC requirements for surveillance testing are
listed in Table 1.2B-1 (Ref. 2).
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Table 1.2B-1 Examples of recommended changes to surveillance test requirements

Surveillance test requirement

Recommended change

REACTIVITY CONTROL SYSTEMS

Perform control rod movement testing
monthly (PWR),

Perform standby liquid control system
pump test monthly (BWR).

Perform reactor trip test to verify
operability of scram discharge vol-
ume vent and drain valves; required
once every 1€ months (8WR).

TURBINE OVERSPEED PROTELTION

Perform turbine valve cycling once
every 7 days; direct observation of
turbine valve cycling required
monthly (PWR, BWR).

REACTOR COOLANT SYSTEM

Check capacity of pressurizer
heaters quarterly (PWR).

Demonstrate emergency power supply
to pressurizer heaters is operable
every 18 months (PWR).

EMERGENCY CORE COOLING SYSTEM

Perform analog channel operationa)
test on accumulator level and pres-
sure instrumentation monthly (PWR).

CONTAINMENT

Test hydrogen recombiner semiannually
(PWR, BWR).

Change to quarterly.
Change to quarterly.

Delete requirement. Require an
evaluation of scram discharge volume
system response after each scram to
verify that no abnormalities exist.

Change all turbine valve testing to
quarterly if turbine vendor agrees.

Change frequency to refueling inter-
vals on a plant-specific basis,

Retain for those plants where power is
not from vital bus. Otherwise delete.

Change to quarterly.

Change frequency to refueling
intervals.

Conclusions:

Although some testing of standby safety systems during power operation is
essential, safety can be improved by reducing the amount of testing at power.
Licensees appear to have taken the steps within their power to 1imit the dose

from testing.

The number of tests is large. In an 18-month cycle, between 15,000 and 20,000
surveillance tests typically are required (without counting simple channel
checks). A4 Zomment heard during plant visits conducted as part of this effort
was that equipment was tested that never failed (except, perhaps, becaus: of the
testing). Because of the large amount of testing and the fact that it may be
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4. Nuclear Safety Analysis Center, NSAC-96, "Effect of Diesel Start Time on
BWR/6 Peak Cladding Temperature," Palo Alto, California, January 1986,

$. ===, NSAC-130, "Effect of Diese] Start Time Delay on Westinghouse PWRs "
September 1988.

6. U.S. Nuclear Regulatory Commission, staff requirements memorandum from
5. J. Chilk, Secretary, to J. M. Taylor, Executive Director for Operations,
"Resolution of Generic Issue B-=56," March 6, 1992.

- Cog% of Federal Regulations, Title 10, "Energy," U.S. Government Printing
ce, washington, D.C., revised periodically.

8. U.S5. Nuclear Regulatory Commission, Regulatory Guide 1.9, "Selection,
Design, Qualification, Testing, and Reliability of Diesel Generator Units
Used as Onsite Electric Power Systems at Nuclear Power Plants."

TASK 1.3A, “"BYPASSING SAFETY SYSTEMS"

Task Leader: J. Persensky, Human Factors Branch, Division of Systems Research,
ce of Nuclear Regulatory Research

Issue:
e —————

The bypass or override of a safety or protection system is typically any activ.
taken by the operator that inhibits or prevents the system or some portion of
the system from performing its safety-related protective functions.

Multiple safety systems that could have prevented or mitigated the consequences
of the accident at Chernoby! were intentionally bypassed by the plant operators
as part of a test procedure that ultimately led to the accident. Additionally,
the operators deviated from the test procedure and bypassed additional safety
systems in order to complete the test. It is apparent that administrative
controls governing the availability of safety systems did not exist or ware
violated by the operators.

Some safety system bypasses are necessary to prevent inadvertent actuations of
plant safety systems that might otherwise disrupt plant operation or result in
unnecessary challenges to safety systems in specific operating modes. If used
correctly, safety system bypasses actually contribute to the overall safety of
the plant. The use of bypasses at U.S. commercial reactors is controlled by
plant-specific technical specifications. The technical specifications require
the operability of safety systems consistent with the transient and accident
final safety analysis.

Pureose:

To assess whether the existing regulations and guidance applicable to the issue
of bypassing safety systems contain clear and comprehensive information for
licensees.

Scope:

The score of this task is limited to the administrative controls and hardware
design features used to ensure the availability eof sufficient safety systems
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to respond to transient and accident conditions; that is, controls concerning
conditions under which deliberate bypass is recuired or permitted.

Work Description:

The staff made an assessment of whether regulations and guidance concerning
administrative controls and hardware design features contain the information
needed to adequately inform licensees and applicants of requirements an: guide-
lines concerning the bypass of safety systems. Criteria and guidance considered
include 10 CFR 50.55a(h) (Ref. 1) and Institute of Electrical and Electronics
Engineers (1EEE) Standard 279-1971 (Ref. 2) and IEEE Standard 338-1975 (Ref. 3)
as supplemented by Regulatory Guide 1.118 (Ref. 4), Regulatory Guide 1.22

(Ref. 5), and Regulatory Guide 1.47 (Ref. 6).

Findings:

An assessment of relevant regulations and guidance indicates that the information
provided is sufficiently clear and comprehensive to guide licensees in order io
reduce the likelihood of loss of safety system function due to system bypass.

Conclusions:

Though the existing guidance provides information for licensees to reduce the
likelihood .f inappropriately bypassing a safety system, ongoing NRC activities
will improve the informaticn available regarding safety system bypass.

Remarks:

Three specific, ongoing NRC activities will provide guidance on further reducing
the probability of inappropriate safety system bypass. The effort under way at
the NRC to revise Regulatory Guide 1.47 should continue, especially with regard
to the inclusion of human factors considerations as recommended in NUREG/CR-J621
(Ref. 7). 1In its ongoing reviews of maintenance and surveillance activities,
the NRC continues to assess administrative controls used tc ensure the avail-
ability of redund nt safety systems. Pursuant to the resolution of Generic
Issue 102 on wrong-unit/wrong=train events, the NRC is continuing to evaluate
the effectiveness of industry efforts to reduce the incidence of such events.

References:

1. Code of Federal Regulations, Title 10, “Energy," U.S. Government Printing
ce, washington, D.C., revised periodically.

2. Institute of Electrical and Electronics Engineers, IEEE Standard 279-1971,
“Criteria for Protection Systems for Nuclear Power Generating Stations.”

3. ---, IEEE Standard 338-1975, "IEEE Standard Criteria for the Periodic
Testing of Nuclear Power Generating Station Safety Systems."

4. U. S. Nuclear Regulatory Commission, Regulatory Guide 1.118, "Periodic
Testing of Electric Power and Protection Systems," 1978.

5 ---, Regulatory Guide 1.22, "Periodic Testing of Protection System
Actuation Functions," 1972.
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6. ===, Regulatory Guide 1.47, "Bypassed and Inoperable Status Indication
for Nuciear Power Plant Safety Systems," 1973,

7. ===, NUREG/CR-3621, "Safety System Status Monitoring," Pacific Northwest |
Laboratory, 1984,
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TASK 1.4A, "ENGINEERED SAFETY FEATURE AVAILABILITY"

Task Leader: F. Mark Reinhart, Technical Specifications Branch, Division of
Operational tvents Assessment, Office of Nuclear Reactor Regulation

Issue:

Operability requirements for engineered safety feature (ESF) equipment necded
to mitigate the design-basis accidents (DBAs) and transients are included in
technical specificaticis iv 2nsure the equipment is available for all modes of
operation. In some instances all of this equipment has not been » 7" ua*ed in
light of the need for its availability for plant shutdown modes.

Purpose:

To evaluate and specify operability (availability) requirements for those ESF
system: and support systems needed to mitigate DBAs and transients. Reactor-
vendor owners groups will implement this task for Standard Technical Specifica-
tions (STS). The results will be made available to individual licensees for
plant-unique technical specifications as part of a voluntary industry-wide
program to improve technical specifications.

Scope:

This task is being accomplished under the Technical Specification Improvement
Program (TSIP), which is an ongoing joint NRC and industry program. It is part
of the overall program to ensure that the owners groups and individual licensees
specify the appropriate plant-status modes for ESF equipment. In some of the
older technical specifications, mode requirements far operability may not be
specified for other than the power operating mode. In the rewriting of the bases
section of the technical specifications, the reasons for the limiting conditions
for operation are being included. If the mode is absent or is inappropriately
specified, the bases sections are being clarified to identify ESF equipment
required for each operational condition. However, required ESF availability is
only being addressed under the TSIP with respect to the design-basis accidents,
transients, and initial conditions (i.e., modes) currently analyzed in the fina)
safety analysis reports. The required ESF availability during shutdown and low-
power conditions is being evaluated separately as part of the shutdown and low-
powe. risk study (Task 1.4C). That study specifically includes tasks to define
appropriate technical specifications for shutdown and low-power conditions, in
accordance with the Commissfon's policy statement on technical specification
improvements (Refs. 1 and 2).

This is not a new task stemming from the Chernobyl experience; it was originally
conceived as a part of the TSIP to provide greater confidence that appropriate
specifications for all modes of operation are included in technical specifica-
tions. However, the Chernobyl experience reinforced the importance of ensuring
that the technical specifications govern the availability of the ESF equipment
during all modes of operation.
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TASK 1.4C, "ANALYSIS OF RISK AT LOW-POWER AND SHUTDOWN CONDITIONS"

Task Leader: Richard Robinson, Probabilistic Risk Analysis Branch, Division of
Systems Research, Office of Nuclear Regulatory Research

Issue:

Traditionally, probabilistic risk assessments (PRAs) of severe accidents in
nuclear power plants (including those discussed in NUREG-1150 (Ref. 1)) have
considered the set of initiating events that could occur during full-power oper-
ation. Some screening analyses of accident initiators during low power, shut-
down, and other modes of plant operation other than full power have been per-
formed. These analyses suggested that risks during these modes were small rela-
tive to those during full-power operation. However, other studies (discussed
later) and the Chernoby! accident, which occurred during low- ower testing exer-
cises, suggested that accident risks during lTow-power and shutdown conditions
could be significant. The 1990 loss-of-power event at Vogtle Unit 1 (Ref. 2),
while the plant was at cold shutdown, further emphasizes the need to systemat-
ically and comprehensively evaluate plant safety when operating at other than
full power. As a result, the analysis of the frequencies, consequences, and
risks of these accidents was identified as one task (Task 1.4C) in the NRC
staff's study of the implications of the Cherncoyl accident for U.S5. commercial
nuclear power plants (Ref. 3).

Purpose:

To (1) assess the frequencies of severe accidents initiated during plant oper-
ational modes, other than full-power operation, for a commercial pressurized-
water reactor (PWR) and a boiling-water reactor (BWR); (2) combine accident fre-
quencies with accident progression, source term, and offsite consequence anal-
yses to yield estimates of severe-accident risks from these piant operational
modes in the PWR and BWR studied; and (3) compare the estimated core damage fre-
quencies, important accident sequences, and otuer qualitative and quantitative
results of this study with those of accidents initiated during full-power oper-
ation (as assessed in NUREG-1150 (Ref. 1)).

Scope:

As discussed above, the work performed under this task involves the investigation
of two operating commercial reactors, a PWR and a BWR, at plant operatinnal modes
other than full-power operation. The current plan consists of a two-phased
approach in order to provide an early analysis overview and to highlight any
potential problem areas. Phase 1 (now completed) was dedicated to producing
preliminary PRA results, including internal fire and flooding analyses, for

other related studies under way in the NRC. Phase 2 is to produce a final PRA,
guided by the Phase 1 results, to proportionately allocate the effort among the
various operating modes, the dominant sequences, and pertinent data items accord-
ing to their importance to core damage frequency and risk. The scope of Phase 2
was broadened to include a seismic analysis and to develop a more detailed human

reliability analysis (HRA).

The general tasking for Phase 2 includes the following topics:
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(1)

(2)

(3)

(4)

(%)

(6)

Identification o” Plant Operational States (P0Ss) and Parameters

Several POSs other than full-power operation are characterized by parameters
such as reactor criticality, reactor coolant system (RCS) pressure, RCS
temperature, and percent thermal power. These P0Ss are a restructuring

of the technical specification modes of operation: low power, startup,

hot standby, hat shutdown, cold shutdown, and refueling. Thus, the scope

of this task includes the definition of the P0Ss of interest as a founda-
tion for performing risk analysis

Determination of the Applicable Initiating Events for Each POS

The scope of this task includes the determination of a set of initiating
events for each POS that potentially result in core damage, including those
initiating events associated with and resulting from maintenance activities
and plant modifications, as well as those associ/ated with internal fires
and floods.

Fstablishment of the Applicable Systems and Success Criteria far Each POS
and In‘fiaf;gg;!venf

The initial conditions of the plant, . ecially RCS pressure and tempera-
ture, and the availability of steam w1 1 affect tie operability of engi=
neered safety systems (and come systems not defined as “safety" but for
which safety credit may be given). The scope of this task includes the
idestification of the applicable systems for each POS and initiating event
witl. the corresponding success criteria so that system models can be
constructed.

Development of a Data Base for P0Ss Other Than Full-Power Operation

Plant testing and maintenance practices, procedures, and logs will be
examined under this task to characterize equipment and systems unavailabil-
ities for the various POSs. Mean time duration (per year) will also be
established for each of the P0Ss. Operating procedures will be reviewed

to determine if and what systems may be bypassed during a given POS. Tech-
nical specifications will be reviewed to determine what relaxations will be
in effect during the given POS.

Analysis of Accident Frequencies

For each POS, using the initiating events identified for that POS, an
accident frequency analysis will be performed that encompasses data anal-
ysis, systems analysis, event tree analysis, internal fire and flooding
analysis, seismic analysis, dependent failure analysis, human re iability
analysis (both conventional and detailed), accident sequence quantifica-
tion, plant damage state analysis, and uncertainty analysis.

Accident Progression and Containment Analysis

The scope of this task includes the examination of applicable technical
specifications for each POS to identify containment status and systems
availability and develop accident progression and containment event trees,
and to carry out guantification and develop accident progression bins far
each plar* damage state.

NUREG-1422 1-20




{(7) Source Term Analysis

The next step in the risk calculation is the source term analysis. The
results of the source term analysis are release fractions for groups of
chemically similar radionuclides with associated energy content, time, and
duration of release for each accident progression bin. Source terms for
shutdown and lower power events will be corrected for reduced fission
product and decay heat levels from the full-power source terms.

(8) Conseguence Analysis

The f, al step in the risk quantification wil) be the offsite consequence
analysis for source terms cefined in the previous step. The specific con-
sequence measures may include early fatalities, latent cancer fatalities,
and population dose.

After risk quantification has been completed for the two plants, generic insights
and specific recommendations, if necessary, will be developed to reduce estimates
of frequencies and consequences for accidents that may occur during the low-power
or shutdown modes of operation.

Work Description:

Under this task, a studv of a BWR plant is in progress at the Sandia National
Laboratory (SNL) and a study of a PWR plant is in progress at the Brookhaven
National Laboratory (BNL). For the selected BWR plant, some of the ongoing work
includes review of the Final Safety Analysis Report (FSAR) and technical speci-
fications to develop a matrix that describes each operating mode in terms of the
selected parameters such as temperature and pressure. [abulated information on
technical specification requirements versus operating modes is also being devel-
oped. Various documents, including safety analyses contained in the plant's
FSAR and licensee event reports, have been reviewed to define initiating events
relevant to low-power and shutdown modes. The preliminary (Phase 1) accident
frequency quantification for both plants was completed in late 1991 in final
draft form and is available from the NRC Public Document Rcom. Because of the
enormity of the potentiai effort, Phase 2 will start with a specific POS for
each reactor type: mid-loop for the PWR and cold shutdown for the BWR. A

Level 1 analysis is expected to be completed in Final draft form by the end of
January 1993 and a Level 2 and 3 analysis toward the end of 1993. Some of the
other completed studies relevant to this task are discussed in References 4-13.
Also, in response to the March 20, 1990, event at the Vogtle nuclear plant, the
NRC has established a broad-based evaluation (exte.ding beyond the PRA approach)
of low-power and shutdown operations. This is described in Reference 14.

Findings:

In most of the PRAs, it has been assumed that the level of risk associated with
accidents initiated during full-power operation, although small, is substantially
greater than that associated with accidents during low power or shutdown, This
assumption is supported by the fact that because of the lower decay heat levels
and smaller radionuclide inventory during ~ow-power and shutdown modes, gencrally
mocre time is avallshle to recover from acdverse situations during thcse modzs of
speration. Howrver, other factors might exacerbate the situation during acci-
dents at low power and shutdown. Some of these factors are (1) the fact that
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many ° the automatic safety systems may have been disabled during these modes,
thus requiring greater operator intervention; (2) high equipment unavailability
as a result of planned maintenance; (3) potential maintenance configurations
requiring minimum RCS coolant inventory; (4) open containment penetrations and
hatches; and (5) inadequacy of full-power emergency procedures to address
emergencies during low-power and shutdown modes.

In addition to the above factors, certain experiences and events at operating
reactors provide further impetus to study risk during low-power and shutdown
modes of operation (e.g., see References 7-9, 15, and 16). One type of event

is the Chernobyl type of event, that is, rapid insertion of reactivity causing
accidents. Other types of events represent loss of decay heat removal functions,
loss of coolant inventory, and inadvertent pressurization. To systematically
examine these concerns, two of the NUREG-1150 (Ref. 1) plants are being analyzed
further under low-power and shutdown modes of operation.

Reference 11, which is a report of work performed in support of Task 2.1A,
prevides the results of a study of accidents that result from large reactivity
insertions at a PWR plant and a BWR plant. The potential reactivity accidents
were categorized in that study as follows:

PWR Events
addition of diluted water from the accumulator during refueling

' addition of diluted water from the refueling water storage tank during
shutdown

‘ loss-of-coolant accident (LOCA) with diluted emergency core cooling system
water

. LOCA with sump water diluted
steam generator tube rupture with secondary coolant diluting primary coclant
’ inadvertent boron dilution at shutdown
startup of reactor coolant pump after improper boron dilution
beyond-design-basis rod ejection accidents

thermai~hydraulic transients with positive modera’or temperature
coefficient

other beyond-design-basis events
BWR Events

beyond-design-basis rod drop accident
rod ejection accident
beyond-design-basis overpressurization events
flushing of boroun during an anticipated transient without scram
operation in reaion of instability
refueling accidents
* other beyond-design-basis events
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concluded, by comparison with the results of the Zion probabilistic safety
study, that the annual frequenc, =f fuel damage from events initiated during
shutdown is less, by a factor of 5 to 20, than the frequercy of core damage
from transients initiated at power. However, the shutdown risk is highly
dependent on operator error, and wider uncertainty exists for the shutdown
rmodel results than for the full-power results. A similar probabilistic study
was also performed for Brunswick Unit 1 {a BWR) (Ref. 5), where the core
damage frequency of a lose .. AMR during cold shutdown was estimated to be
7E-5 per reactor-year,

In support of the resolution of Generic Issue 99, which deals with loss-of-
residual~heat-removal events in PWRs, BNL reanalyzed the Zion study (Ref. 7) by
applying some modifications in the definition of ocutage phases and their dura-
tion and the modeling of human cognitive errors. The estimated core damage
frequency represented a nontrivial (5E-5) contribution to overall core damage
frequency (at full power ard shutdown).

Reference 2 describes the investigation by an NRC inspection team of a recent
incident at Vogtle., The plant was operating in a mid-loop condition (reduced
inventory) when a loss of offsite power occurred as a result of an accident in
the switchyard. One of the onsite diesel generators was down for maintenance,
and the other diesel generator failed to operate. Cooling for decay heat
removal was lost for 36 minutes.

Reference 12 describes research by Electricite de France (EDF) in which PRA
methodology was used to analyze the effect of * chnical specifications on the
core melt frequency of a French 900-megawatt-electric (Mwe) PWR during cold
shutdown. By implementing changes in shutdown technical specifications in the
area of scheduled unavailabilities of certain systems (mainly affecting the RHR
system), the core melt frequency was said to be reduced by about a factor of 4.

Reference 13 summarizes the resuits of two PRAs: one done by EDF for a S00-Mwe
PWR, anc the other done by Institut de Protection et de Surete Nucleaire (IPSN)
for a 1300-MwWe PWR. Both PRAs investigated the importance of ri_x when the
reactor is not at operating power (i.e., shut down with the RHR system operat-
ing, or during refueling). These states accounted for more than half (55 per-
cent) of the total core melt frequency (about 1E-5 per year) in the 1300-Mwe
plant and almost one-third of the total (about S5E-5 per year) in the S00-Mwe
plant.

Findings of the studies discussed above will be reviewed under this task, and
insights gained will be used to develop models and perform analyses.

Conclusions:

Work under this task is still in progress. However, as discussed previously,
some work has alrezy been done to evaluate risk during modes other than full-
power operation. Phase 1 of the program (a preliminary Level 1 PRA of two
plants) revealed no new alarming accident sequences, but the findings did
emphasize some plant configurations and sequences that are being studied in
more detail during Phase 2. For the PWR, the plant appeared more vulnerable
during mid-loop configuration and during a station blackout when at shutdown.
As was also found in a Vogtle sequence, the use of temporary seals at the sea)
table as a temporary pressure boundary during shutdown operation can result in
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an immediate primary system leakage ~n loss of core cooling capability and on
an RCS pressure increase. Further pressurization can quickly lead to core
uncovery.

For the BWR, the study indicated the 'mportance of anticipated operator
vesovery actions, primarily as & result of several hours available to the

obr ators during many of .he potentialiy high core damage sequences. The

uom ya.* configurations were from cold shutdown to refueling with the water
leval raised to the steamlines, and égain during refueling with water raised

to the steamlines. Two important in-tiating events were the loss of instrument
ai” as a unique initiating event and loss of the RHR system. A more deta. led
s'mmary of the Phase 1 results can be found in Reference 14.

‘01lowing the resolution of Generic (ssue 99 and events tha® occurred at oper-
ating plants, the NRC issued several notices to licensees (e.g., Refs. 17 and
18). Admin.-trative and procedural changes have been evaluated and implemented.
Several hardws~e changes have also been made.

Remarks:

At the completion of this task, the NRC will publish two NUREG/CR reports
addressing risks at a PWR plant and at a BWR plant during the low-power and
shutdown modes. These studies may lead to recommendations regarding possible
hardware, proceaural, training, and staffing changes.

Following the establishment of NRC's research program in this area, a shutdown
event (mentioned previously), involving loss of all vital ac power, occurred at
the Vogtle plant. In response to this incident and growing concern in this area,
the NRC Executive Director for Operations issued an August 8, 1990, memorandum
(Ref. 19) regarding followup actions to the NRC inspection team's report on
Vogtle (Ref. 2). Subsequently, a task plan was formulated to evaluate plant
safety during shutdown operations to ensure that risk during all modes of opera-
tion is acceptably low. These evaluations are to form the basis for (1) any
proposed changes to current technical specifications that govern shutdown opera-
tions, (2) changes in direction regarding the new Standard Technical Specifica-
tions that are being developed by the staff, (3) recommendations to industry
regarding emergency response procedures and outage management and control, and
(4) modifications to the NRC inspection program. The NRC staff also has devel-
oped a working agreement with industry representatives to ensure cooperative
efforts in addressing shutdown risk. Topics that will clearly involve signifi-
cant interaction with industry groups include technical specifications, emer~
gency operating procedures, and risk management applied to shutdown activities.

The results based on this plan are presented in a draft report issued for
comment in February 1992 (Ref 14). The objective was to assess risk broadly
during shutdown, refueling, and startup with all of the tools at hand, address-
ing not only issues raised by the Vogtle event, but also a number of other
shutdown=relate. issues that had been identified by foreign regulatory organi-
zations as well as the NRC, and any new issues uncovered in the process.

The fundamental conclusion of the evaluation of reactor shutdown issues is
that public health and safety has been adequately protected while plants were
in shutdown conditions, but that numerous and significant events have occurred
that indicate that substant al safety improvements are possible and appear
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TASK 1.6A, "ASSESSMENT OF NRC REQUIREMENTS ON MANAGEMENT"

Task Leader: Joel Kramer, Human Factors Branch, Division of Systems Research,

Office of Nuclear Regulatory Research

Issue:

Failure of management to recognize and respond appropriately to hazardous
conditions during the conduct of a test was a major factor in the Chernoby1i
accident. One reason for this failure may have been an excessive burden of
non~critical requirements. NRC requirements on nuclear power plant management
for oversight of tests, maintenance, and operations must not contravene safety.
The issue is whether compliance with NRC requirements has the potential to
divert management's attention from safe operations. It is important that NRC
requirements on management be reasonable and not impose burdens that could
divert the implementation of critical responsibilities.
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TASK 2.1A, "REACTIVITY ACCIDENTS"

Task nga!r: fuat (Frank) Odar, Reactor - . Plant Systems Branch, Division of
ystems Research, Office of Nuclear Regulatury Research

Issve:

Reactivity insertion mechanisms are considered in standard safety acalysis. 1In
addition to the events that are analyzed, low probability events that could
conceivably have more severe consequences can be hypothesized. In the past,
these unanalyzed events either were precluded by specific design features or
required combinations of causative events that were judged too improbable to be
of concern, Hence, these sequences have been considered to be insignificant
contributors to overall risk and were not studied in detail,

After the accident at the Chernobyl plant, the NRC published NUREG-1251 (Ref. 1).
In that report, the NRC staff explained how the positive void reactivity coeffi~
cient and slow response of the shutdown system contributed to the accident. It
also pointed sut that “ight-water reactors (LWRs) do not have the same charac-
teristics as the reactor at Chernobyl. However, one of the recommendations in
the ro??:t w?: to verify that previous judgments regarding reactivity accidents
are st valid.

The issue is whether these earlier judgments can be recor?:rmed using the more
sophisticated analytical tools now available and taking into account the
Chernoby] experience.

Purpose:

To analyze reactivity events th2i might be postulated for the different LWR
designs that are currently licensed. This would reconfirm, or bring into ques-
tion, previous judgments ¢ the potential reactivity accident sequences hitherto
selected for analysis as a basis for design approvals.

The study included both probabilistic analysis to determine the freguency of an
event and deterministic analysis to assess the potential conseguences. he
events of interest were those during which there is a relatively large reac-
tivity insertion and/or the response of the shutdown system is inadequate.

The Chernoby! experience suggested that attention be focused on sequences
. that might involve a positive void coefficient or moderator temperature

coefficient
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. multipie rod bank withdrawa)
- unlimited boron diluiion

- coclant temperature increase with positive moderator temperature
coefficient

. ATWS with less negative moderator temperature coefficient

» reactivity events with more than one rod stuck out
Both PWRs and BWRs were considered bg selecting one PWR plant (Westinghouse
four-loop plant) and one BWR plant (BWR-4 type) and by performing analyses of
these plants and noting the extent to which the resuits obtained apply to
various reactor designs within each of the broad LWR subclasses.

(3) Probabilistic Quantification of Events

The accident sequences that emerged from Item (2), "Selection of Events," were
quantified to establish those that meet the appropriate selection criteria,

The s.antification process involved a detailed search of various data bases and
otheé” suuizes to obtain failure rates and event probabilities.

(4) Physical Assessment of Events

A deterministic analysis was done for each sequence of events for which the
trequency of occurrence is either unknown or expected Lo be significant. Key
parameters were determined, and their l1imiting values were quantified. For
example, the maximum rate of reactivity insertion vas a key parameter for an
event initiated by a multiple rod bank withdrawal in a PWR. The yuantification
was done primarily by using the results of analysis already in the literature
for other purposes. A limited number of independent calculations were also dpne
using txistin? codes and reactor models when it appeared that the potential
safety significance of the postulated event warranted this additional effort.

(5) Report

The NRC published a report (Ref. 2) that integrated the results (probabilistic
and deterministic elements) of the above tasks. The report discusses

. the criteria used to judge the significance of different events
. the events considered and how they were determined

‘ the methods and results of the probabilistic analysis to determine the
expected frequency of different sequences

‘ the methods and results of the determinist < analysis to determine the
physical consequences of events

' recommendations and conclusions
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Findings:
The primary results from the study are the following:

' Many sequences in 17 broad categories were studied. A1l but two of the
sequences that have the potential to cause rapid fuel damage have fre-
quencies too low to warrant further consideration at this time.

Of the two sequences with estimated frequencies in the range of interest
for severe accidents, the most important is a refueling accident in a BWR.
This accident is caused by the loading of fue) surroundin? two or more
positions where control blades have been removed and are inoperative. The
consequences of a refueling accident can be severe because the vesse) head
is open and the containment is not sealed,

. The other sequence with an estimated frequency that is significant is the
rasult of the flushing of boron during an ATWS at a BWR because of an
uncontrolled depressurization and injection of unborated water from low-
pressure cooling systems. Calculations show that the reactivity insertion
in this transient will not rause rapid fue) disintegration. The results
are reported in Reference 3.

. Several sequences under shutdown conditions were found not to lead to
rapid fue)l damage but to lead to core melt. These seqguences have low
estimated frequencies of occurrence.

Table 2.1A~1 summarizes the results.

Conclusions:

Only one sequence studied s important. It is the refueling accident in a BWR.
Since the probabilities of occurrence of the other sequences are very low, their
further consideration 1s not warranted. The probability of the refueling acci-
dent based on crude preliminary calculations wes indicated to be potentially
sufficiently high - and its consequences are sufficiently severe - that changes
in operating reactor technical specifications may be nece_sary to prevent it or
to substantially reduce its probability. At present, Genera)l Electric (GE) and
the Electric Power Research Institute are conducting a joint effort to quantify
more exactly the probability and consequences of the event. NRC research
planned for fiscal year 1993 under Task 1.4C will address the probability and
consequences of this transient. The results of this research and GF findings
may lead to the identification of some changes in procedures.

References:
1. U.S. Nuclear Regulatory Commission, NUREG-1251, “Implicatiuns of the Acci-

dent at Chernobyl for Safety Regulation of Commercia) Nuclear Power Plants
in the United States," Final Report, Vol. 1, April 1988,

2. ===, NUREG/CR-5368, “Reactivity Accidents - A Reassessment of the Design
Basis Events," Brookhaven Natisna) Laberatory, January 1990.

3. ===, NUREG/CR-5573, "Boron Flushing During a BWR Anticipated Transient
Without Scram " Brookhaven Nationa) Laboratory, June 1990.
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4. J. P, Berger, "Probabilistic Safety Assessments at EDF," paper presented at
Committee on tne Safety of Nuclear Installation workshop on applications
and limitations on probabilistic scfety assessments in Santa Fe, New Mexico,
September 4-6, 1990.

5.  U.S5, Nuclear Regulatory Commission, NUREG-1449, "Snutdown and Low-Power
Operation at Commercia)l Nuclear Power lants in the United States," draft
report for comment, February 1992.

6. C. A Cameron, General Electric, letter to U.5. Nuclear Regulatorv Com=
mission, "Telecon - Condition Germane to Safety,” June 25, 198°

Table 2,1A~]1 Summary of reactivity accidents

Expected

conseguences for Estimated
Event worst sequernce frequency
PWR Events

Addition of diluted water from the

Core melt or rapid

< 1E~8/reactor-

accumulator during shutdewn as a fue)l damage, but cal- year (RY),
result of slow leakage or blow- culations are needed insignificant
down through a single valve to verify possibility

of latter
Addition of diluted - .cer from the Same as above < 1E-7/RY,
refueling water storage tank (RWST) insignificant
during shutdown as a result of
inadvertent safety injection,
leakage because of improper valve
apening or closing, or filling of
cavity
Loss-of-coolant accident (LOCA) Same as above < 1E-7/RY,
with diluted emergency core cooling ingignificant
system water from more than one
accumulator or RWST
LOCA with sump water diluted Core melt Insignificant
Steam generator tube rupture with Core melt Analysis by NRC
secondary coolant diluting primary to be published
coolant
Uncontrolled boron dilution from Core melt < 1E-6/RY,
chemical and volume control system insignificant

during shutdown

Startup of reactor coolant pump
after improper boren dilution

See footnotes at end of tablo.
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TASK 2.3A, "CONTROL ROOM HABITABILITY"

Task Ligg!G: Charles Ferrell, Severe Accident Issues Branch, Division of Safety
ssue Resolution, Office of Nuclear Regulatory Research
Issue:

The radioactive g=s and smoke released during the accident at Chernobyl Unit 4
spread to the other three operating units at the site. The airborne radicactive
material was transported to the other units through a shared ventilation system
as well as by way of general atmospheric dispersion paths. This raises the
question of how accidents at one unit of a multiple-unit site affect control
room habitability at the remaining units,

Purpose:
To describe staff efforts under way that address this issue.

Scope:

In Section 2.3.4 of NUREG-1251 (Ref. 1), the staff concluded, "In the event of
a severe accident in one unit of a multiple-unit site, the control room opera-
tors are ld.ﬂu:tuly protected by design features that will ensure a habitable
environment.” It also concluded that additional control room habitability
studies under way, as part of ongoing Generic Issue 83, "Control Room Habitabil-
ity," were expected to confirm this conclusion. The scope of this task, there-
fore, 1s to discuss efforts under way pertaining to Generic Issue 83.

Work Description:

As noted in NUREG-1251, the NRC staff fnitiated a review of the existing design
and maintenance of control room ventilation systems. One result of this effort,
designated as Generic Issue 83, has been a survey of the as-built control room
ventilation systems of 12 operating nuclear power plants., The report on this
survey was published in October 1988 as NUREG/CR-4960 (Ref. 2). This survey
indicated that many as-built control room ventilation systems were performing
differently (in terms of air flow, infiltration rate, etc.) than they were
designed. During another study performed as part of th's issue, the improved
estimation of atmospheric dispersion for assessment of control room habitability
associated with building wakes was investigated. The diffusion models in this
report are based on tracer studies at reactor sites. Tne report on this study,
which was published in May 1988 as NUREG/CR-5055 (Ref. 3), suggests that pre-
vious staff assessments made using Standard Review Plan (SRP) Section 6.4

(Ref. 4) may have been unduly conservat ,ve. Also as p -t of Generic lssue 83,
the staff is studying improved computer models for estisating concentrations of
toxic substan-»s at control room air intake structures and for tracking fission-
product movement within typical plant flow paths. The staft is also examining
improved dose assessment models.

In addition, the nuclear industry is preparing a proposed standard on control
room habitability systems. This work is being done under the auspices of the
American Nuclear Society (ANS) (Working Group ARS 59.7).
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Findings:

The Commission directed the staff to approve the installation of a hardened
vent by any Mark I licensee who voluntarily chooses to do so (Ref. 3). Al
BWR Mark | plants have or wili iastal]l hardened vents.

The BWR emergency procedure guidelines currently endcrse venting through the
suppression pool as a means to reduce the possibility of initiating core damage.

These venting arrangements provide for partial filtering by the suppression pool.
The Commission's directive was based on staff recommendations on the CPI Program,

one of the main elements of the staff's coordinated effort to understand and
resolve uncertainties in containment response to severe accidents (Ref. 4).

No generic recommendations for enhanced venting for other containments arose
from the CPI Program. A1) plant-specific findings are being pursued as part of
the Individual Plant Examination Program.

Conclusions:

The Commission has addressed the issue of enhanced vontin? for containments, as
discussed above. It approved a hardened filtered vent, via the suppression
pool, for the BWR Mark I containments because of the expected reduction in core
melt accident frequency. The benefit of hardened venting was shown to be less
f:; th: remaining containment types. External filters do not appear to be cost
effective,

References:

1.  U.S5. Nuclear Regulatory Commission, NUREG/CR-4696, "Containment Venting
Analysis for Peach Bottom Atomic Power Station,” Idaho National Engi-
neering Laboratory, December 1986.

2. ===, memorandum from R. W. Houston, Division of Reactor Accident Analysis,
Office of Nuclear Regulatory Research, to Guy Arlotto et al., Division of
Engineering, Office of Nuclear Regulatory Research, "Filtered Vent 'White
Paper,'" December 8, 1987.

3. ===, memorandum from S. J. Chilk, Se..etary, to V. Stello, Executive
Director for Operations, "SECY-89-017, Mark I Containment Performance
Improvement Program,” June 30, 1989.

4. -=-, SECY-88-147, "Integration Plan for Closure of Severe Accident Issues,”
May 25, 1988.
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CHAPTER 4
EMERGENCY PLANNING

TASKS 4.3A, "INGESTION PATHWAY PROTECTIVE MEASURES";
4.4A, "DECONTAMINATION"; and
4.48, "RELOCATION"

Task Leader: George Sege, Reactor and Plant Safety Issues Branch, Division of
afety 1ssue Resolution, Office of Nuclear Regulatory Research

Issue:

The phenomena of radicactive contamination pathways and the nature and effec~
tiveness of protective measures after the Chernoby) accident constitute the
common underlying issue of this group of tasks. The tasks are directed at
deriving possible lessons for emergency planning to be used for U.5. reactors,
In addition, information to be gained on accident consequences may improve the
information base for cost-risk tradaoffs where these are involved in regulatory
analyses of potential safety requirements and for backfits in cases where the
results may be significantly influenced by the economic consequences of acci-
go?gs. The more specific issue areas for the three tasks involved are as
ollows:

. 4.3A, "Ingestion Pathway Protective Measures"

After the Chernoby! accident, human and animal food chains in the Soviet Union
and other European countries were contaminated in varying degrees. The Soviet
and other affected governmenta)l authorities took measures - both short term and
lon?or term - to protect the public from receiving unacceptably high levels of
radiation through consumption of contaminated food. The findings on contamina-
tion levels and the experience with the Soviet and other European control mea-
sures could provide important extensions of the data base with regard to the
planning of protective measures in the United States.

4.4A, "Decontamination"

The practicality and effectiveness of measures to decontaminate structures, land,
etc., after a major accident can be a significant factor in the evaluation of
accident consequences as well as in the formulation of plans and approaches for
post-accident decontamination. Evacuation and reoccupation of structures and
areas as well as other social and economic “onsequences could be substantially

affected.

The ex.ensive experience in the Soviet Union with decontamination after the
Chernobyl accident could provide important extensions of the data base.
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' 4.48, "Relocation”

Notwithstanding cultura) and socioeconomic differences, the Soviet experi-
ence with the post-accident evacuation and relocation of the population of
contaminated towns and villages near the Chernobyl reactor may well uffer
valuable lessons for U.S. emergency planning.

Purpose:

To participate, with the Federa) Emergency Management Agency (FEMA) and other
Federal and appropriate international agencies, in the planning and eventual
execution of efforts to obtain available information or the Soviet (ard, where
applicable, other European) experience with post-Chernobyl contamination control
measures, 1ncludin¥ the ingestion pathway (Task 4.3A), decontamination (Task
4.4A), and relocation of people (Task 4.48),

Scope:

The scope of the inftia)l efforts to date has been to establish plans, contacts,
and arrangements for the exchange of information and to begin execution of the
plans. The work is expected to be coordinated primarily under FEMA and wil)
also fnvolve other Federal agencies, such as the Food and Drug Administration
and the U.S. Environmental Protection Agency, and international agencies, such
as the International Atomic Energy Agency (IAEA). NRC's initial and continuing
participation in this work is intended to ensure that NRC's area of interest
(1.e., regulation) is adequately represented in the effort and to obtain infor-
mation for NRC's regulatory purposes. The work 1; expected to continue for a
number of yea:s and will encompass lessons learned from the long~term as well
as the nearer-term experience.

Work Description:

The principal continuing internationa) arrangement for implementation of these
tasks has been the U.S$.~USSR (non U.S.-CIS) Joint Coordinating Committee on
Civilian Nuclear Reactor Safety (JCCCNRS), in which the NRC has been the prin-
cipal U.5, participant. An initial 2-year set of activities for the JCCCNRS
has - through its Working Group 7 = included those pertaining to the environ-
mental and health effects of the accident at Chernobyl. Two noteworthy meetings
under thz auspices of Working Group 7 were the meeting of Subgroup 7.1, "Envi-
ronmental Transport of Radiation,” in Moscow in September 1989, and that of
Subgroup 7.2, "Health £ffects," in Kiev in October 1989. (Ref. 1) The envi-
ronmental transport work associated with severa) subsequent working group meet-
fngs, most recently in Germantown, Maryland, on March &, 1992, included contri-
butions on atmospheric dispersion modeling, wind~d iven resuspension of toxic
aerosols, transfer of radionuclides through t + strial food chains and the
resulting dose to man, long-term dose from con.amination of aquatic food chains,
and modo?ing the behavior of radionuclides in a soil-aquatic system including
rivers and reservoirs (Ref, 2). The work specifically included study of the
January-March 1991 Pripyat River flood event,

An NRC staff member attended the First Internationa) wWorkshop on Severe Acci-
dents and Their Consequences, organized jointly by the American Nuclear Society
and the Soviet Nuclear Society, which was held in 3ochi, USSR, on Cctober 30-
November 3, 1989, and which was devoted entirely to Chernobyl., (Refs. 2 anu 4)
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were not performed under prototypical conditiens (i.e., initial and boundary
conditions) and cannot be used directly to assess the potential for DCH at reac-
tor scale and accident conditions. Comparison of these four tests showed that
the atmosphere heating does not scale directly with the mass of the debris being
expelled into the atmosphere. 'ow-pressure experiments suggest that a 1ow~
pressure cutoff exists that prevents complete dispersal and that the value of
this threshold pressure is above the accumulator set point. However, the ability
to achieve a low-pressure cutoff pressure “or which DCH loading is nonthreatening
has not yet been demonstrated.

Yydrogen combustion experiments to investigate resuspension and volatilization
suggest that al) combustion modes enhance these processes. These studies were
perfcrmed for the NRC in support of the LACE International Program (Large-Scale
Aeroso) Containment Experiment managed by the Slectric Power Research Institute)
(Ref. 3). Experiments to investigate the behavior of hydrogen-air and hydrogen-

air-steam mixtures for temperatures up to 100° C are now complete, and the
YECTR (lumped-parameter) code has been developed, assessed, and applied to LWR

containment analyses (Refs. 39-12).

Remarks:

The NRC-sponsored Technical Program Group has completed the development of a
general severe-accident scaling methodology (SASM). A high-pressure melt ejec-
tion (HPME) accident scenario was used as the first application of this method-
olo?y. The SASM framework has been applied to develop the int:)ral effects test
scaling analysis t¢ assist in the development of integral experimental testing
at the SNL 1:10 linear scale Surtsey facility and counterpart testing at the
1:40 linear scale facility at ANL. The integral effects tests include both the
Surry and Zion cavity models. The goal is to be able to use the results of
scaled integral experiments to validate a system-level computer code such as
the CONTAIN code. The validated CONTAIN code in turn zould be used to predict
containment load due to DCH in a nuclear power plant.

The iniegral experimental tests currently planned for SNL and ANL are consid-
erably different from the tests proposed before the SASM was developed. Speci-
fically, these tests are improved for these reasons: (1) the initial and bound-
ary conditions for the tests are scaled fcr specific accident scenarios for
specific plants; (2) important scaling groups have been matched, or the distor-
tions have been minimized for those tests in which matches rannot be achieved;
(3) technology has been crveloped and scoping te.is have been conducted, and
instrumentation and procedures required to carry out HPME/DCH experiments are
reliable and reproducible; and (4) test conditions include more prototypic con-
ditions (i.e., steam-driven melis, more realistic co tainment compartmentaliza-
tion, sources of water, potential for hydrogen combus ‘ion, etc.). These inte-
gral effects tests are needed to evaluate the effects of water, chemical reac-
tion, debris/gas heat transfer, and their related synergetic effects on DCH.

A program to conduct high-temperature high-steam hydrogen combustion experiments

to address flame acceleration and deflagration-to-detonation transition and
detonations has peen initiated at Brookhaven National Laboratory.
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TASK 5.2A, "STRIPPING IN FISSION-PRODUCT RELEASE"

Task Leaders: T. J. Walker and R. Lee, Accident Evaluation Branch, Division of
Systems Research, Office of Nuclear Regulatory Research

Issue:

The late enhanced release of fission products during the Chernoby! accident

may be attributable to the chemical and/or thermal stripping of urania (UOgz)
fuel. Such mechanisms have been observed ir. in-pile and out-of-pile experiments
when UO; fuel rods were exposed to steam or high temperatures (and other severe
degraded core conditions). During the process of thermal stripping, for example,
fission products were released in proportion to the amount of UDp vaporized.

The rate of fission-product release is thus controlled by U0, vaporization.

Fission-product release by chemical and thermal stripping mechanisms is not
modeled o current severe-accident source term codes. The Chernoby! accident
ha- demuisirated that such mechanisms can be impertant in fission-product
release under some conditions.

Purpose:

To introduce Chernobyl lessons into the continuing research on chemical and
thermal stripping and to ensure that sufficient data for mode)! development and

assessment are developed.

Scope:

The scope of present research on U0, stripping is to complete ongoing experiments
investigating thermal stripping mechanisms, to collect and review experimental
data on chemical stripping mechanisms, and to apply both the thermal stripping
and chemical stripping data to improve present fission-product-release codes.

work Description:

The two competitive mechanisms for the release of the semivolatile fission
products and actinides are solid-state diffusion to the surface with subsequeni
volatilization and, at higher temperatures, stripping of the surface by volatil-
jzation of the urania matrix or substrate. Most fission-product-release data
have been determined by after-the-fact analysis of in-pile tests or from studies
with simulants. In this NRC-sponsored work at Battelle (Coiumbus, Ohio), high-
pressure, high-temperature mass spectrometry was used to obtain releases of pre-
cise species under conditions of temperature, pressure, gas composition, and
flow rates commensurate with nuclear accidents. The equipment description and
tables of fission-product species are provided in Reference 1. In brief, a
modulated molecular beam was coupled with a mass spectrom~ter that was designed
to operate to a temperature of 2400K and to a pressure of 30 bar. Fuel pellets
that hz1 operated to 40,000 megawatt-days/ton were included in the test program.

Findings:

Analytical reviews of related literature by Battelle and recent NRC-sponsored
experimental research have shuwn conclusively that solid-state transport and
subsequent vaporization of fission products from urania (U0z) surfaces are less
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Oxidized species typified by gaseous RuOs and Ru04 have also been added to the
chemistry base so that the matrix stripping phenomena can be adequately modeled
in VICTORIA for any chosen atmospheric condition and volumetric flow rate.

References:

1. €. A. Alexander and J. S. Ogden, "Rea) Time Mass Spectrometric Evaluation
of Fission Product Transport at Temperature and Pressure,” Proceedings of
the Meeting of the American Chemical Society, Nuclear Chemistry Division,
Anaheim, California, September 1986.

2. ===, "Vaporization of UQ;, at High Temperatures and High Pressures. A
Generic Relation for ‘olatilization," High Temperatures - High Pressures,
Vol. 22, pp. 149-156, 1990.

3. €. A, Alexander et al., "Matrix Stripping of Fission Products Released at
High Temperature," Severe Accidents in Nuclear Power Plants, Vol. 2, IAEA
SM 296/99, pp. 179-T84 (Sorrento Proceedings, Vienna,
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