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ABSTRACT

This report, the third in a series of annual reports, was prepared in response
to congressional inquiries concerning how nuclear regulatory research is

used. It summarizes the accomplishments of the Office of Nuclear Regulatory
Research during 1987.

The goal of this office is to ensure that research provides the technical
bases for rulemaking and for related decisions in support of NRC licensing and
inspection activities. This report describes both the direct contributions to
scientific and technical knowledge with regard to nuclear safety and their
regulatory applications.
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PRINCIPAL RESEARCH ACCOMPLISHMENTS DURING 1987

The principal accomplishments achieved by the Office of Nuclear Regulatory
Research during 1987 are listed below. Page references to more complete
descriptions of these accomplishments are also provided.
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2-6

2-8

Completed the second Pressurized Thermal Shock Experiment (PTSE-2),

a test of a deliberately flawed intermediate-scale pressure vessel
containing material that simulated low upper-shelf weld metal. The
test, which was performed under simulated pressurized thermal shock
(PTS) accident conditions, supported the positions regarding PTS that
appear in § 50.61 of 10 CFR Part 50.

Completed the experimental portion of the Steam Generator Group
Project. Results included validation of empirical methods for
predicting failure pressure of flawed steam generator tubing and
highlighted possible inadeauacies of eddy current inspection methods.

Completed a seismic margins review of the Maine Yankee nuclear power
plant, using techniques developed under NRC sponsorship. A safety
evaluation report, based on the results of this review, was issued.

Thermal-hydraulic facilities--At the MIST facility, which simulates
B&W reactors of the lowered-loop design, completed all testing in
the third phase of a four-phase program; at the ROSA-1V facility,
used three test results in understanding and assessing the phenomena
occurring during the depressurization process; and at the Japanese
facilities that are part of the 20/3D program, completed all testing.

Proposed amendments to 10 CFR Part 50 and Appendix K were published
to revise the ECCS rule.

Code improvement focused on defining the accuracy of the TRAC-PWR
code for large-break LOCAs in connection with the proposed Appendix K
revision allowing realistic LOCA analysis.

Completed a data base management system (NUCLARR) for processing,
storing, and retrieving human error and hardware failure data to
support reliability evaluations, and completed a Cognitive
Environment Simulation for analyzing intention formation aspects of
human behavior.

Supported the implementation of an initial set of plant performance
indicators.

Completed the Integrated Reliability and Risk Analysis System (IRRAS)
version 1.0.

Developed five sets of guidelines for use in individual plant
examinations.
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pressure vessel steel as a result of hombardment by neutrons escaping from the
fuel core during normal service. Experiments are thus conducted to develop a
base of information on all the factors that will cause this embrittliement to
increase during service life. Because it is known that cracks in thick-section
materials representing real pressure vessels will respond to stress somewhat
differently from cracks in small laboratory test specimens, much work is done
to establish valid correlations between small-specimen predictions and thick-
section material performance. Thus, use is made of large-scale "modeis" that
realistical iy represent the true components. Similarly, the ability to predict
integrity in piping has required testing of full-sized sections of pipe having
a variety of cracks that could develop in service to determine if such cracks
could cause failure during either normal service or an accident. For both
vessels and piping, knowledge cof the rete at which cracks grow is very impor-
tant to ensure that a component will not fail during its forthcoming opera-
tional period. Thus, many experiments are conducted on a wide variety of
pertinent materials under a very wide range of typical and expected exposure
conditions to determine tne maximum bounding rates of crack growth. C[etection
and sizing of flaws and cracks in all primary system components are conducted
by the industry through periodic inservice inspections at shutdowns. To ensure
that the inspections reliably detect and accurately size th2 flaws, extensive
tests are conducted with inspection teams drawn from the industry using typical
equipment and techniques on samples whose flaw conditions are known. From the
results, it is possible to determine which techniques are effective and the
magnitude of the error bands for both detection and sizing. Improvements in
methods are proposed and qualification procedures developed that can prcvide
better assurance for not missing flaws in future inspections and for sizing
flaws more accurately. Use is made of materials and components removed from
actual service to measure the real condition of material properties resulting
from years of service, to establish the real corrosion state, and to validate
the existence of flaws that have been "cailed" and estimated in size through
nondestructive examination procedures.

1.1.3 Research Accomplishments in 1987
1.1.3.1 Pressure Vessel Safety

Under certain postulated accident conditions-=such as small-break loss-of-
coolant accidents, main steam line breaks, steam generator overfilling condi-
tions, and associated instrument and component failures--a pressurized water
reactor (PwWR) pressure vessel could be subjected to severe cooling rates, which
results in high t'armal stresses, coupled with a continuing high pressure.

This combination of thermal stresses and internal pressure, called pressurized
thermal shock (PTS), could pose a serious challenge to the integrity of some
older pressure vessels that have developed a significant degree of embrittle-
ment due to neutron irradiation.

The resolution of the PTS problem, based on preliminary research results, took
the form of a 1985 amendment of 10 CFR Part 50 (§ 50.61) that established an
embrittliement screening criterion. In 1987, Regulatory Guide 1.154 was issued
to furnish to the nuclear power plant licensees methods of analysis that may

be performed to justify continued operation of the reactor beyond the screen-
ing criterion. Such justification may he based on corrective measures for
reducing the rate of radiation-induced degradation of the vessel or for mitigat-
ing the effects of the degradation.
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316NG stainless steel is extremely resistant to intergranular stress corrosion
cracking but becomes susceptible to transgranular stress corrosion cracking at
289°C in water with dissolved-oxygen levels characteristic of conventional BWR
water chemistries.

The process of crack growth in weld-overlay repairs of cracked pipe has been
studied in simulated BWR environments and at iow strain rates. The test speci-
mens were fabricated, using standard industrial practice, in such a manner that
the crack wo.ld propagate through the original sensitized pipe material into
the weld overlay. The results of the experiment indicate that cracks do not
extend into the weld overlay, confirming the suitability of this type of repair.

The pipe fracture experiment results from the Degraded Piping Program (phase
IT) have proviced a means to validate the flaw evaluation procedures being
developed by the ASME Code. For example, during 1987, work on welds in stain-
less steel pine showed that the flaw evaluation nrocedures used for submerged
arc welds are conservative and typically achieve actual margins of safety
greatiy in excess of the Code's intended margin. However, the research also
showed that the fracture toughness of the actual weld fusion Yine is on the
order of one-half that of the weld metal or the heat affected zone material.
This discovery is important in defining material properties to be used in
evaluating Teek-before-breax analyses as well as in making certain that the
A-4E Code is adequately conservativ:

1.1.3.4 Inspection rrocedures and Technologies

Research has been under way at fNL to develop the use of acoustic emission for
the continuous online monitoring of reactors to detect and locate crack growth
and to estimate the severity of the cracking from the acoustic emission signals.
In 1987, activities focused on technology transfer by developing an ASTM stand-
ard for continucus acoustic emission monitoring of pressure boundaries, which
has teen approved, and by preparing a nonmandatory appendix to ASME Section XI
Code for continuous monitoring of reactor pressure boundaries during ojeration,
¥5ich 1s now in the approval process. Also. two successful applicetions of
technology developed under this nrogram were accomplished in the nuclear area.
One was to aonitor the High Flux Isotope Reactor vessel at Oak Ridge National
Laboratory during a critical hydrostatic pressure test to verify that cracking
did rnot occur in irradiation-embrittied sections of the vessel. The other was
to monitor vitrified high-level waste during cooling to determine if and when
cracking of the glass matrix occurred. Efforts continue to identify a circum-
stance where acoustic emission monitoring can be applied vo reactor piping over
a short period (1 year) to demonstrate acoustic emission detection of crack
growth under actual reactor operating conditiuvas. The availability and proper
use of this technology will mean that reactors can be continuously monitored
and that any cracks that develop can be detected and evaluated. In this way,
proper and timely action can be taken to avoid extensive crack growth or compo-
nent failure.

1 2 Aging of Reactor Components
1.2.1 Statement of Problem

Aging affects all reactor components, systems, and structures in various degrees
and has the potential to increase risk to public health and safety if its effects
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The initial NRC-funded investigations o the historically aseismic Meers Fault
in Oklahoma have been completed. These investigations have shown, with severa)
lines of evidence, that about 26 kilom ters of the fault have undergone recent
displacement, the latest of which probably occurred 1,100 to 1,200 years ago.
Cumulative displacements of up to 5 meters of reverse offset and a much larger
left latera)l strike-slip offset were recorded.

1.4.3.2 Component Response to Earthquakes

The static testing of two large reinforced concrete models representing a
portion of a nuclear power plant building (i.e., shear wall and floor segment)
was performed in 1987. Based on a preliminary evaluation, it appears that the
1987 stutic test data contradict previous dynamic test observations. That is,
an excellent comparison of analytically derived stiffness was obtained from the
recent tests. The differences obtained from the static and dynamic tests are
under investigation.

The majority of the experimental work in a cooperative EPRI/NRC piping and
fitting dynamic reliability program was completed by the end of 1987. A mile-
stone was reached with the completion of a series of design-level and high-
level seismic input tests of a pressurized 6-inch carbon steel piping system.
The piping system was well instrumented, and the recorded response data will
provide valuable benchmarks for future evaluation of linear and nonlinear pip-
ing analysis methods. Of immediate interest is that for the first time a
failure of a pressurized prototypical piping system was achieved under very
high seismiclike loads. An input scaled roughly 25 times nigher than normal
safe shutdown earthquake (SSE) design 1imits produced hanger and valve operator
failures and ratchetin? in elbows, but not leakage. The input was then scaled
even higher and excessive ratcheting at an elbow resulted in rupture.

Fragility data were developed for motor control centers, switchgears,
panelboards, and dc power supplies. This information will be used in future
seismic probabilistic risk assessments (PRAs) and margin studies to identify
weaknesses and strengths in nuclear power plant seismic design and to assist in
seismically related licensing decisionmaking.

1.4.3.3 Seismic Design Margin Methods

The successful completion of the Maine Yankee seismic margins review (NUREG/
CR-4826) in March 1987 and the issuance of a safety evaluation report based on
this review are major milestores in the seismic evaluation of nuclear power
plants,

The Maine Yankee margins review followed the eight-step process outlined in
the guidance of NUREG/CR-4482. The review involved the Maine Yankee Power
Corporation, Yankee Atomic Electric, the NRC, Lawrence Livermore Nationa)
Laboratory as preject manager, and fragility and system analysis teams. The
review demonstrated that the seismic design margins program methodology can be
successfully implemented and be used to solve seismic licensing issues. Plant
seismic vulnerabilities were found and upgraded as a result of the review.

The importance of both peer review and utility cooperation was clearly shown.
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by developing a method for reliability/risk evaluation of performance indica-
tors. The results are intended to strengthen NRC's use of performance indica-
tors (1) to improve Systematic Assessment of Licensee Performance (SALP) and

(2) to identify trends of declining or improving performance between SALP
reviews, During 1987, a research project conducted by the Brookhaven National
Laboratory and gAIC developed an improved method for monitoring trends in the
availability of important safety systems. The staff is evaluating this improved
indicator as a possible addition to NRC's set of performance indicators.

2.3.3.2 Operational Safety Reliability

Operational safety reliability research is evaluating the effectiveness of a
program that can help to maintain the reliability of important safety systems.
The elements of a reliapility program identified by this research are being
adapted and used as part of the technical basis for the resolution of Generic
Safety Issue B-56, "Diesel-Generator Reliability."

2.3.3.3 Plant Technical Specifications

Technica) specifications are design and procedural limits that entail explicit
restrictions on the operation of nuclear power plants and the maintenance of
safety systems in a pre-accident-ready condition. In response to findings by
an EDO task group on enhancing the safety impact of technical specifications
(NUREG-1024), RES established a broad-based research program (Procedures for
Evaluating Technical Specifications) in 1984 to examine approaches for develop-
ing methods for setting limiting conditions for operations (LCOs) and surveil-
lance requirements based on reliability and risk analysis principles. During
1987 this program achieved progress in several areas.

For the first time, a rigorous basis was established to examine the influence
of different parameters affecting diesel generator availability and the crite-
ria in Regulatory Guide 1.108. NUREG/CR-gglo (dated May 1987) details this
effort and discusses other related issues, such as the separation of demand and
standby time-relatad failures, testing strategies (e.g., sequential, staggered,
and adaptive), and the impact of maintenance activities on diesel test inter-
vals in developing ri.k-effective surveillance test intervals. Revising
Regulatory Guide 1.108 based on the study results will allow diesel generator
accident unavailability to be more effectively monitored and controlled. Also
investigated were risk control and regulatory considerations related to allowed
cumulative vutage times (ACOTs). If, based on ACOTs, LCOs were established for
components, licensees could be permitted greater flexibility in being able to
accommodate widely varying component downtimes. Another area of research
focused on the importance of uncertain.ies of risk analyses related to modifi-
cations of technical specifications. This analysis provided an understanding
of the range of uncertainty and insights for reviewing risk-based submittals.

2.3.2.4 [IRRAS

The Integrated Reliability and Risk Analysis System (IRRAS) version 1.0 was
completed. I. is a fault tree construction and analysis tool that will run on
a PC. Over 150 copies of IRRAS have been distributed in the United States.

The recipients include staff at the NRC, natioral laboratories, contractors,
vendors, utilities, other government agencies such as DOD and NASA, and univer=-
sities. The reception of IRRAS has been very positive. Nationa! laboratories
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and their subcontractors have been using IRRAS on NRC risk problems. Nuclear
power plant vendors are using IRRAS in their PRA work of standard plants.
Utilities have shown interest in using IRRAS as a too)l in the IPEs. IRRAS 2.0,
being developed in 1988, will contain the capabilities of defining accident
sequences and determining their minima) cutsets from the system cutsets.

2.3.3.5 Dependent Failure Analysis

During the last 2 years, FPRI and the NRC have been developing a common cause
failure analysis procedures guide. The work on the main report is completed

and documented in NUREG/CR-4780, "Procedures for Treating Common Cause Failures
in Reliability and Safety Studies.” Tiis work presents a framewor for perform-
ing common cause failure analysis. This framework integrates qualitative
ipsights from engineering assessments with historical evidence from recorded
rultiple failure events. This allows the analyst to approach common cause
failure analysis in a practical, systematic, and clearly documented fashion.

2.4 Accident Management and Individual Plant Examinations

2.4.1 Statement of Problem

A severe accident in a nuclear power plant can be defined as an event in which
the core is damaged and there is a potential for release of large amounts of
radioactive fission products. In the Commission policy statement on severe
accidents in nuclear power plants issued on August 8, 1985 (50 FR 32138), the
Commission concluded that existing plants pose no undue risk to the public
health and safety and that there is no immediate need for generic rulemaking
related to severe accirents. However, based on NRC and industry experience
with plant-specific PRAs, the Commission is convinced of the need for a sys-
tematic examination of each existing plant to identify any plant-specific
vulnerabilities to severe accidents. The policy statement indicated the intent
of the Commission to take all reasonable steps to reduce the probability of 2
severe accident and, should a severe accident occur, to mitigate its conse-
ouences to the extent possible. As part of the implementation of the
Commission's Severe Accident Policy Statement, the staff will require indivi-
dual plant examinations (IPEs) of all existing plants to identify any plant-
specific vulnerabilities to severe accidents.

Much of the work performed to implement the Severe Accident Policy Statement
has focused on research intoc phenomena that would occur during severe accidents
and methods to systematically discover vulnerabilities for severe accidents
(see Chapter 3). This work has shown that the causes and consequences of
severe accidents can be greatly influenced by nuclear power plant operators and
that many vulnerabilities to severe accidents can potentially be eliminated by
proper operator actions. The TMI-2 accident and other abnormal occurrences in
nuclear power plants have shown that operators do not stand idle but actively
intervene in attempts to control the event. I1f operators are provided with
proper guidance and training to take beneficial actions when needed and. most

importantly, refrain from actions that can have adverse effects, the consequences

of a severe accident can potentially be significantly reduced. Since many
accident management strategies do not invclve significant plant design changes,
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substantial safety benefits can be quickly achieved by ensuring proper operator
actions. Thus, the inivistion of accident management programs at operating
plants is a logical resuly of the TPF nrocass.

2.4,2 Program Strategy

RES has been given the responsibility for the implementation of the IPE. This
implementation involves development of guidance for performance of the IPE,
preparing a ?enoric Tetter to plant operators requesting the IFE, and develop-
ing review plans and eventually reviewing the results of the IPE submittals in
cooperation with NRR. The requirement to correct any identified plant-specific
vulnerabiiities not voluntarily corrected will be determined by the backfit
rule. Accident management will not be required as part of the IPE process but
will be highlighted ?n the [PE generic letter as a future requirement that will
make use of the results of the IPL process. The consideration of severe acci-
dent vulnerabilities due to external hazards (earthquakes, flood, wind, etc.)
will also be deferred until the staff considers how best to consider these
hazards. Consideration of seismic hazards by the IPE process must be coordi-
nated with a number of other seismic regulatory activities.

In support of the Severe Accident Policy Statement implementation and the IPEs, |
RES is initiating an accident managewent rasearch program. This pro?ram has

the objective of providing an independent evaluation of selected accident

management strategies to provide a technical basis for staff review of 1.cen-

see accident managemert programs. This program will alsc transfer the results

of severe accident research to the industry in a form that can be practically
applied and attempt to demonstrate the potential benefits of an accident

management program,

2.4.3 Research Accomplishments in 1987
2.4.3.1 Individua)l Plant Examinations

During 1987 the accident management research program developed five sets of
guidelines for use in IPEs, an integrated systematic approach (using either a
method developed by the Industry Degraded Core Rulemaking (IDCOR) group or a
mcre complete PRA method) to examine each nuclear power plant now operating and
under construction for possible significant risk contributors (outliers) that
might otherwise be overlooked. These guidelines apply to plant features and
operator actions that were found to be important to either the prevention or
mitigaiion of severe accidents. They incorporate the insights gained from
industry-sponsored PRAs, NRC source term studies, and IDCOR reference plant
analysis.

2.4.3.2 External Events

During 1987, existin? PRAs were reviewed to determine the influence of various
external events on plant risk. The objective of this review was to determine
if external events are important contributors to plant risk so as to warrant
consideration in the IPE process. This review confirmed that some external
events (e.g., earthquake, fire) can be important to risk and should be con-
sidered by an IPE. This work will continue in 1988 to determine how best to
include these external events in the IPE.



2.4.3.3 Accident Management

Accident management is a new research program in 1987 and its overall scope
is still being planned. In 1987, preliminary investigations of containment
venting as a strategy to prevent containment failure and vessel depressuriza-
tion to preclude direct containment heating were completed. These investiga-
tions provided insights on these potentially important strategies for use in
the IPE guidance but also highlighted the need for a more complete investiga-

tion to fully understand the implications of these strategies. This research
is continuing in 1988.

2-9



3. REACTOR CONTAINMENT PERFORMANCL AND PUBLIC
~——PROTECTION FROM RADIATION

To ensure that existing regulations relating to severe accidents (i.e., siting,
?onoral criteria, emergency planning) adequately protect the public, research

s needed to confirm the technical bases upon which the existing regulations
are founded. These bases include the behavior of fission products released
from melting fuel, the temperatures and pressures produced during a core melt
event, and the capabilities of containment buildings to retain radioactive
materials during such events. The behavior of radioactive materials released
to the environment (movement in air and water, uptake by plants and animals) is
also an important consideration in protecting the public from radiation. Based
on such information, the Commission will be better able to confirm the adequacy
of its requirements for the siting, design, construction, operation, and reli-
ability of those safety systems installed to mitigate the effects of severe
accidents and to identify where improvements in the regulations are necessary.

3.1 Reactor Containment Performance

3.1.1 Statement of Problem

The potential for new or revised regulatory requirements and policy in reactor
safety arises primarily from two suurces, operational experience and research.
In the early days of reactor licensing, very little information was available
from either of these sources. This gave rise to a deliberate approach to
regulation that stressed defense in depth and multiple layers of conservatism
in the setting of design criteria to ensure that nuclear power plants could be
operated safely and without undue risk to the public.

The physical possibility of serious accidents resulting in the release of
fission products into the environment was recognized from the outset and
embodied in public protection principles, both individual and societal, in the
reactor siting criteria of 10 CFR Part 100 published in 1962. With the subse-
quent publication of the General Design Criteria, Appendix A te 10 CFR Part 50,
and the codification of requirements and criteria for emergency core cooling
systems (ECCS), an adequate regulatory basis was judged to exist to implement
the defense-in-depth policy. Concurrently, and following the passage of the
National Environmental Policy Act (NEPA), the Commission issued a proposed

rule change dealing with the environmental impacts »f reactor accidents. This
defined a set of classes of accidents of increasing mawnitude of impact,
designated 1 through 9, in which all but the last were to be treated in environ-
mental impact statements in accordance with NEPA. Clas: 9 accidents, however,
were not to be considered in reactor design on the grounds of remote likelihood
of occurrence. This system of classification wic si-uctured to be consistent
with the safety philosophy and practice of 10 CFR Parts 50 and 100 and as
discussed in Appendix ! to Regulatory Guide 4.2, "Preparation of Environmental
Reports for Nuclear Power Stations.”
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The accident management issue relates to the improvement of existing accident
procedures and operator training. This is to ensure that operators are able to
reasonably minimize the likelihood and consequences of core degradation acci-
dents. This conclusion is based on recent risk studies (e.g., draft NUREG-
1150) and reviews of licensee procedures and training. Should such core damag-
ing accidents be initiated, assurance is needed that proper actions are taken
to minimize the 1ikelihood of pressure vessel failure and containment bypass or
failure. Accelcrated and reprogrammed research on melt progression and the
primary systex, pressure vessel, and containment responses to such accidents is
vital to ensuring adequate operator procedures and training.

There are a number of other related issues whose resolution would benefit
from this research:

. Individual Plant Examinations - Resolution of issues related to the plant-
specific searches for risk outliers as part of the implementation of the
Commission's Severe Accident Policy Statement.

8 Enor?ency Planning = Issues relating to the guidance for reducing early
and latent health effects risks arising from accidental releases.

o Future Plants - Resolutions of issues and development of criteria and
standards for future advanced light water and other advanced reactor
designs.

. Adequacy of Existing Oesi?ns - The design of certain plant features (e.g.,
filter and heating, ventilation, and air-conditioning systems for operator
and public protection; sprays, suppression pools; depressurization sys-
tems) under severe accident conditions has generally been recognized as
providing some margin against severe accident conditions. The level of
margin, however, and whether additional regulatory requirements would be
cost beneficial needs further consideration.

Safety Issue Resolution and Prioritization - Resolution cf generic

issues, unresolved safety issues, and backfit evaluations in large measure
depend on evaluations of severe accident risks. The research is expected
to help accelerate resolution by reducing the very large uncertainties in
the present understanding of containment performance and accident
management.

Research is needed in the following general areas to address the above issues:

b Core Melt Progression

1.  Support for continued examination of the TMI-2 core.

2. Experiments to improve our understanding of melting cores, i.e., the
temperature, pressure, and composition of core melt debris at and
during vessel failure. This understanding, in turn, is vital teo
considerations of subsequent containment failur: by overpressure from
direct containment heating, core-concrete interactions, combustible
gas ignition, ex-vessel steam explosions, and containment bypass.
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Primary System Response

¥

Experiments and calculations to better understand postaccizent

natural circulation and to assess why TMI-2 showed little or no
heating of the upper internals that is usually associated with

natural circulation effects.

Improved understanding of vessel failure modes and analysis of
strategies proposed to prevent or mitigate such failures.

Containment Loading

1.

Experiments and analyses of the likelihood of, and loading phenomena
resulting from, direct containment heating for the different existing
containment designs.

Experiments and analyses of pressure and temperature loading by
core-concrete interactions and releases of fission products and
combustible gases and how they may be mitigated by operator actions.

Experiments and analyses of fission praduct chemical forms and their
changes and interactions within the containmert.

Containment Response

Analyses and experiments of core debris attack on containment liners
and how such effects may be mitigated by operator actions.

Analyses of containment bypass, including the attenuation of fission
products, and how such situat.ons may be mitigated.

Analyses of containment structural and penetration responses to early
and late temperature and pressure loadings.

Probabilistic Risk Assessment (PRA)

1.

- &

Development of improved models of severe accident phenomena in risk
codes.

Development of improved methods of analyzing and displaying
uncertainties,

3.1.3 Research Accomplishments in 1987
3.1.3.1 Fission Product Behavior

The NRC is participating in an internationally sponsored project called LWR
Aerosol Containment Experiments (LACE) to study the aerosol behavior of fission
products within a containment and immediately after leaving a containment. The
six experiments (now all completed) were performed to investigate inherent
aerosol retention behavior in the containment or auxiliary buildings for
postulated high-consequence accident conditions. These experiments will also
provide a data base for validating containment aerosol and related thermal-
hydraulic computer codes.
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3.1.3.5 Core-Concrete Interactions

In those accident scenarios in which the reactor vessel fails, high-temperature
core debris may fall into the reactor cavity where it interacts with siructural
concrete. The consequences of these thermal and chemical ccre-concrete inter-
actions may significantly impact containment loading, the modes of containment
failure, and the radiological source terms. To characterize the threat to
containment integrity and the nature of the ex-vessel releases, experiments are
being performed, and mathematical medels are being developed and assessed.

The CORCON code was developed as a best-estimate computational tool to calcu-
late the physical and thermodynamic variables needed to characterize the
progression of high-temperature core debris as it erodes concrete in the reac-
tor cavity. CORCON is incorporated into the NRC Source Term Code Package
(available for licensing and regulatory applications) and has now been inte-
grated into the CONTAIN and MELCOR codes. Improved models for the treatment of
decay heat, time-dependent mass addition, and axial heat transfer to concrete
have been developed. The code is being actively used in 17 research institu-
tions throughout the world. Large-scale integral experiments with sustained
induction heating were performed to study the effects of metallic zirconium
present in molten stainless steel interacting with limestone and siliceous
concrete. A summary review of available data on core debris-concrete interac-
tions is being prepared in support of model validation.

3.1.3.6 Direct Containment Heating

In certain reactor accidents, degradation of the reacter core can take place
while the reactor coolant system remains pressurized. Left unmitigated, core
melt will slump and collect at the bottom of the reactor vessel. If molten core
material attacks the bottom head of the reactor and a breach occurs, the core
melt will be ejected under pressure. If the material should be ejected from the
reactor cavity into surrounding containment volumes as small particles, thermal
energy would be quickly transferred to the containment atmosphere. The metallic
components of the sprayed core debris can further oxidize in air or in steam to
generate & large quantity of chemical energy and further pressurize the contain-
ment. Simple analyses indicate that even a large, dry PWR containment can be
pressurized beyond its ultimate strength if a significant fraction of the core
material participates in direct containment heating (DCH).

Curing 1987, work on two experimental programs was continued: the Surtsey
direct containment heating test program at Sandia and the separate-effect test
program at Brookhaven National Laboratory. Preliminary observations of the
Surtsey facility test results have been used to benchmark DCH models. Because
of the complexity of the DCH problem coupled with the high cost of running
large-scale tests in the Surtsey facility, separate-effect tests are being
performed at Brookhaven to address core debris dispersal. 1/42-scale tran-
sparent plexiglass models of Zion, Surry, and watts Bar reactor cavities were
constructed,

3.1.3.7 Hydrogen Combustion

The hydrogen combustion program assesses both the consequences and methods used
to control or mitigate deflagrations, diffusion flames, accelerated flames, and
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with characterization and measurement of these processes. The ultimate goal of
the NRC's waste management research is to provide the technical basis to
support the licensing staff's independent judgment as to the appropriateness
and adequacy of DOE's demonstration of compliance with 10 CFR Part 60 and the
EPA's HLW standard. In addition, NRC's waste management research seeks to
provide technical support to the licensing staff in their interactions with
DOE, the State of Nevada, and other participants and interested parties and to
develop regulatory standards to support the licensing of the disposal and
management of high-level radicactive wastes,

4.1.3 Research Accomplishments in 1987
4.1.3.1 Geochemistry

Work on the use of ground-water dating techniques to help understand and model
geohydraulic systems was completed. The results indicated that a combination
of isotopic and g.ochemical techniques have the potential to provide an
independent data base for ground-water flow model validation.

4.1.3.2 Waste Package Performance

Investigating the performance that can be expected from the waste form and waste
package is essential if the NRC is to be able to independently evaluate DOE's
demonstration that the waste form and vaste package comply with the containment
and controlled release requirements of 10 CFR Part 60. OQuring 1987, NRC-spensored
research into the mecnanisms of local corrosion of carbon steel was completed.

As a result of this work, a significant new understanding of localized corrosion

in carbon steel, of particular importance to geologic disposal of HLW, was
realized.

4.1.3.3 Rulemaking

In February 1987, the NRC published an advanced notice of proposed rulemaking
(ANPR) on the definition of high-level radicactive wastes. The purpose of the
ANPR was to solici*t comments on the classification and management of waste above
class "C," which is not now considered HLW.

4.2 Low-level Waste

4.2.1 Statement of Problem

Disposal of low-level waste (LLW) involves issues at the forefront of technology,
e.g., waste form and waste package integrity, and long-term retention of radio-
nuclides in the disposal facility environment. Research is required to establish
regulatory criteria to permit sound evaluation of proposals for disposal facilities
and to ensure that all regulatory requirements, particularly those on radionuclide
release limits, will be met. Establishing these criteria in a timely manner is
made more urgent and complex by two factors. First, the Low-Leve) Radicactive
Waste Policy Amendments Act of 1985 (P.L. ©9-240) set a very tight time schedule
for establishing facilities within the various States. Second, the States and
compacts of States have chesen ‘o consider alternative disposal methods to shallow
land burial. Certain of these alternatives must be critically examined by tightly
focused research to determine their acceptability and to give guidance to the
States,
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enhanced margins of safety, and appropriate means will be used to accomplish
their safety function.

The Commission has issued the policy statement on standardization (52 FR 34884).
The purpose of the policy statement is to encourage standardization and to
provide for certification of plant desi?ns that are essentially complete in
both scope and ievel of detail. The policy statement also reflects the appli-
cable provisions of the Severe Accident Policy Statement (50 FR 32138) and the
proposed Nuclear Power Plant Standardization and Licensing Act of 1987. As
part of this policy, the NRC will develop, review, and resolve reactor stand-
ardization policy issues and oversee their implementation.

5.2.2 Program Stategy

The Department of Energy has submitted three advanced design concepts for NRC
review. These are the Sodium Advanced Fast Reactor (SAFR), Power Reactor
Inherently Safe Module (PRISM), and Modular High-Temperature Gas-Cooled Reactor
(MHTGR). The strategies for this program are: (1) conceptual design review of
these three plants, (2) identification of major issues that need to be addressed
prior to licensing, (3) identification of design features that should be veri-
fied, and (4) issuance of safety evaluation reports (SERs).

With regard to standardization, as part of the implementation of the Commis-
sion's licensin? reform proposals, the legal staff is presently working on rule
changes to clarify agency policy on design certification by rulemaking per-
mitted under Appendix 0. RES support has been requested in connection with
this rulemaking.

Parallel with the policy development effort, NRR is reviewing three standard
designs (ABWR, the Westinghouse SP-90, and the CE CESSAR) and design require-
ments prepared for standard plants by EPRI. Gereric issues pertaining to
standardization requiring further attention are expected to emerge from these
reviews.

The strategies of this program are: (1) support of the legal staff's rulemaking
activities on standardization and (2) resolution of generic issues pertaining to
standardization arising from the ongoing standard plant reviews.

5.2.3 Research Accomplishments in 1987
5.2.3.1 Advanced Reactor Concepts

The staff continued to review three advanced reactor concepts submitted by the
DCE. The purpose of these reviews is to determine the licensability of these
unigue designs. The conceptual designs consist of two advanced Liquid Metal
Reactors and one advanced Modular High-Temperature Gas-Cooled Reactor.
NUREG-1226, "Development and Utilization of the NRC Policy Statement on the
Regulation of Advanced Nuclear Power Plants," was prepared to provide further
guidance on the staff's advanced reactor review plans.

5.2.3.2 Plant Standardizations

The NRC believes that standardization of nuclear power plant designs is an
important initiative that can significantly enhance the safety, reliability,
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£.4.3 Research Accomplishments in 1987
5.4.3.1 Develop or Modify Regulations

Continued in 1987 is a program to investigate existing regulatory requirements
in terms of their risk effectiveness and to eliminate or modify those require-
ments that have a marginal safety importance. A two'volume research report

was published in 1986, and in 1987 Volume 3 was added to NUREG/CR-4330. This
report provided detailed technical evaluation of requirements in four regulatory
areas: (1) postaccident sampling system, (2) impregnated charcoal filters,

(3) recombiners in BWR Mark I and Mark II, and (4) turbine missiles. The NRC
staff is currently considering these research results and will recommend whether
to eliminate or modify related requirements that have marginal safety importance.

Some nuclear power plant licensees have requested that the NRC amend their
operating licenses to permit them to keep their fuel in the reactor for o
longer period than is their current practice (extended fuel burnup). In order
to evaluate the environmental consequences if this method of fuel use receives
a widespread following, the NRC commissioned a study documented in NUREG/
CR-5009 entitled "The Environmental Consequences of Migher Fuel Burn-up." The
study considered the various aspects of fuei production, transportation, power
generation, and waste management in determining the effect of extended fuel
burnup. The overal)l finding of the study was that there would be no signifi-
cant increase in the environmental impact associated with the widespread use
of extend.d fuel burnup. The NRC staff is currently considering this result
and will recommend whether to modify the existing regulations on fuel burnup.

5.4.3.2 Independent Review and Control of Rulemaking

Durin? 1987, RES was given lead responsibility in the NRC for rulcnakin?.
Therefore, the control of rulemaking responsibilities was broadened to include
coordination of rulemaking with the requesting offices and recommendations for
assignment of requested rulewriting within Rtg.

During 1987, 57 rulemakings were processed for potential irdependent review
by RES for initiation or continuation. Of these, full reviews were completed
on 11 rulemakings, 30 were exempted from RES review because of final publica-
tion or EDO action, and 16 were in progress at the end of 1987 or had been
deferred until 1988,
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