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HIGHLIGHTS

Integrity of Reactor Components

Pressure Vessel Safety

The pressurized thermal shock rele, 10 CFR 5061,
was amended on May 15, 1991, to incorporate the
embrittiement calculation procedure current'y con-
tained in Revision 2 of Regulatory Guid 1.9, “a-
diation Embrittiement of Reactor Vessel Materi-
als.”

Analysis methods, material property models, and ac-
ceptance criteria have been developed that permit
evaluation by the regulatory staff of the potential for
ductile fatlures of reactor pressure vessels contain-
ing materials whose Charpy upper shell energy (the
indication of reactor vessel toughness) falls below
the 50 f1-1b regulatory Emit. A regulatory guide will
be prepared based on this information, There are 17
operating reactors that may be affected by this issue.

Thermal anncaling of the Novovoronezh Unit 3 nu-
clear power plant reator vessel, witnessed by a
team of researchers and industry representatives led
by RES staff members, demonstrated feasibility for
reducing embrittlement due to neutron radiation in
LLS. plants.

diping Integrity

Dynamic, simulated seismic loading tests were com-
pleted on typically sized piping. The results shoved
that the effects of dynamically imposed strain rates
on fracture oughness generally are adequately ad-
dressed by current models used by the NRC for leak-
belore-break analyses of LWR piping systews.

Aging Research

A report {revision 10 NUREG/CR-5587) was issued
providing the technical bases for identifying the
risk-significant components using prioritization pro-
cedures. The report includes a description of a pro-
cedure for identifying those aged passive compo-
nents with the most impact on plant risk. It described
the effect thac inspection and maintenance actions
can have in controiling aging and the consequential
reduction in risk.

Accelerated aging and accident survival tests of ca-
ble products were completed at the Low Intensity
Cobalt Array facility at the Sandia National Labora-
tories. During these tests, cables were aged o the
eqgurvalent of 20, 40, and 60 years of operation. The
results of these experiments showed that neither

tensile strength nor any of the several electrical
measurements taken during the experiment exhib-
ited a consistent trend with aging. Most of the cables
were found 10 be functional throughout the 60-year
aging and the loss-of coolant-accident tests that fol-
lowed aging.

Reactor bquipment Qualification

A modified valve thrust formula for bounding clos-
ing thrust requirement. for gate valves was devel-
oped. The formula reflects the effects of friction,
temperatures, pressure, and fluid conditions that og-
cur in a motor-operated valve during actual opera-
tion. The use of the revised eguation more accu-
rately predicts the force required to close a pate
vilve against high flows that will occur i a pipe
breaks. This e.timate is then used to check whether
the proper scze of electric motor 18 installed on the
valve to cause the valve 1o close under potential
blowdown conddions.

Earth Sciences

Field investigations of the surface rupture accompa-
nying the 1989 Ungava, Quebec, carthquake by the
Geological Survey of Canada indicated that the main
surface rupture was 2 kilometers longer than
mapped in 1990, This fault is the only documented
historic coseismic surface rupture in eastern North
America. This discovery documented the potential
for earthquake surface rupture in ¢entral and east-
ern Notth America and nrovided a clear indication
of the carthquake source characteristics important
for the occurrence of surface rupture.

Seismic Engineering Research

T R N T A RN R S R R R SRS g == el B

Results were published (NUREG/CR-4867, Jany-
ary 1991) on seismic testing of relays associated with
Generic Letter 87-02, “Verification of Seismic Ade-
quacy of Mechanical and Electrical Equipment in
Operating  Reactors,” Unresolved  Safely  Issue
(USI) A-46. The ssue of relay chatter duning an
carthquake has been a difficult issue to resolve be-
cause there are many different types of relays. Asa
result of this work, a list of less seismically rugged re-
lays has been developed and will be used in conjune-
tion with the implementation of USI A-46 and the
individual plant examinations for external events.

Agreement has been reached to build an experimen-
tal structure in Hualien, Taiwan, for the purpose of
using actual carthquake data to check analytical pre-
dictions. The Hualien experiment s a joint venture
involving entities from the United States, France,
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Develop methods of inspection, snrveillance, ar
monitoring and of evaluating residual life of struc-
wares, systems, and coraponents that will permit
compensatory action 1o counter significant aging ef-
fects prior 10 loss of safety function.

3. Evaluate the effectiveness of storage, maintenance,
repair, and replacement practices, current and pro-
posed, in mitigating the effects and diminishing the
rate and the estent of deeraiiiion cansed by aging.

1.2.3 Research £ ccievpds swesiy " 77 199]

1.2.3.1 Aging Rese.v

Based on the rev. ; ce xpet o omcluding
the available dauw et snde a8 - ateractions
with codes and standards covsic ners, Vhase 1 aging as-
sessments were compleied on the following special topics
and safety-related components and systems:

1. Instrument and Control Systems,
2. Reagtor Core Internals,

3. Control Rod Prive System (PWR),
4. Reviews of Industry Reports, and

5. Degr o tion Modeling of Components.

Reports were issued on the above-mentioned Phase |
aging assessments tov identify degradation sites within the
component and system boundary, aging mechanisms, and
aging concerns, 1 2 reports, which also made recommen-
dations for maintenance and aging mitigation, were re-
viewed by industry as well as professional society groups.

Phase 2 aging assessments of components involve some
combination of (1) tests of naturally aged equipment or
equipment with simulated aging degradation; (2) labora-
tory or in-plant verification of methods for inspe. tion,
monitoring, and surveillance: (3) development of recom-
mendations for inspection or monitoring techniques; (4)
verification of methods for evaluating residual service
lifetime; (5) identification of effective maintenance prac-
tices: (6) in site examination and data gathering for oper-
ating equipment: and (7) verification of failure tauses,
using results from in situ and post-service examinations.
During 1991, Phase 2 aging assessments were completed
on the following components and systems:

oo Solenow-Operated Valves,
2. Auxiliary Feedwater System,

3 Auxiliary Feedwater Pumps,
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4. Diesel Generators,
S, Circuit Breakers and Relays, and

6.  Reactor Protection System.

1.2.3.2 Residual Life Assessment of Major LWR
Components

Intrinsic to the general evploration of reactor aging is the
residual life assessment (RLA) of major components and
structures. The capability to predict the residual opera-
tional lives of major LWR components and structures can
be of great ber:efit to resolving technical issues associated
with plant aging and license renewal. The objective of the
RLA, as an element of the Nuclear Plant Aging Rescarch
(NPAR) program, is to develop technical bases and crite -
ria to assess methods of mitigating the effects of aging on
major components and structures when considering pos-
sible license renewal. The approach is to ga ge the degra-
dation of the major LWR components and structures by
the synergistic influences of radiation embrittlement,
thermal fatigue, corrosion, environmental attack, metal-
lurgical changes, microbiologically and otherwise induced
corrosion, moisture, intrusion, erosion, and so forth,

As of the end of 1991, the RLAs of 21 components and
structures important to plant safety have been com-
pleted. The components are reactor pressure vessel sup-
ports, reactor coolant puinps, PWR pressure vessels,
PWR containment structures, PWR coolant piping, PWR
steam generators, PWR pressurizers, PWR pressure
surge and spray lines, PWR reactor cooling system charg-
ing and salety injection nozzies, PWR feedwater lines,
PWR control rod drive mechanisms and reactor internals,
BWR containments, BWR feedwater and main steam
lines, BWR control rod driye mechanisms and reactor
internals, electrical cables, and emergency diesel genera-
toes. In these assessments, the degradation sites, degrada-
tion mechanisms, stressors, and failure modes have been
dentified for each component and structure under study.
The assessments also include a review of the current
methods for inspection and surveillance of these compo-
nents and structures. The results of this effort have been
documented in NUREG/CR-4731, Volumes 1 and 2, and
in NUREGACR-5314.

The work completed in FY 1991 focused on developing
models and procedures for estimating aging damage in
specific LWR components for continued safe operation.
The work included the evaluation of advanced inspection,
surveillance, and monitoring methods for characterizing
the aging damage. The results will be useful for NRC
licensing to establish policies and guidelines for making
license renewal decistons. ‘I he components that were as-
sessed or that are currently being assessed are L. WR rein-
forced concrete containments, PWR pressure vessels,
L. WR metal containments, PWR steam generator tubes,
and cast stainless steel components, Results with respent
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A review of NRC inspection procedures suggests that the
mformation requirements of the inspectors are vast and
that the NPAR aging data base can assist the inspectors in
tocusing their actvities on those components and systems
most likely 10 affect the plant safety as the plant ages.
Furiher, the NPAR-developed data ana research results
can provide the inspector with criteria for judging the
validity of findings and the completeness of the licensee's
responses.

In light of the information needs identificd by the mspec-
tors, NPAR reports for selected components and systems
were reviewed, and information was extracted that could
be of potential use o inspection activities was excerpted
and published in two documents—an “aging report sum-
mary” and an “aging inspection guide.” The summary for
cach equipment type and system studied in the NPAR
program includes the iden “ficstion of aging-related proo-
lems, highlights of the operating experience, solutions 10
aging problems, and references. This information will be
availavle as NUREG-1323, “Insights Gained from Aging
Research.” "This report contains visual inspection tech-
nigues for detecting aging degradation, external and in-
ternal indicators, and important operating parameters.

1.2.3.7 Degradation Modeling of Components

Effurts in relation o the Jevelopment of component deg-
radation modeling approaches to study aging and mainte-
nance effects on components are continuing. Application
degradation modeling approaches to residual heat re-
moval (RHR) pumps, service water pumps, and instru-
ment ir compressors have demonstrated that the inclu-
ston of degradation states in reliability modeling provides
a better understanding of aging and maintenance effects.
The model provides a quantitative means of characteriz-
ing aging effects, evaluating maintenance effectiveness,
and assessing component reliability. The model being
developed is applicable 10 both standby and continuously
operating components,

Since age-related fatlures pass through a degradation
state first, the degradation rate serves as a precursor of
the failure rate. Increasing aging trends in the degrada-
ton rate can signal future increasing aging trends in the
fallure rate. In the case of cnmpressors, the fatlure rate,
which is significantly lower than the degradation rate in
the first three years, increases faster in the later years,
reaching approximately the same values as the degrada-
tion rate at the end of 10 years of operation. This behavior
indicates the ineff ctiveness of maintenance in prevent-
ing degradation from transforming into failures as the air
compressors age. Another finding relating to RHR
pumps indicates a time-lag of 2 years for degradation to
affect failure occurrences. The model is being extended to
explicitly show the rehability effects of different mainte-
nance and test mtervals, different mamntenance and test
efficiencies, and different repair times. Further develop-
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ments will include tme-dependent Markov approaches,
multiple degradation studies to model progression of deg-
radation, subcomponent level modeling, and the poten-
tial for using the degradation modeling approaches in
PRA models of the plant to further define the core dam-
age frequency as a function of aging.

1.2.3.8 Components, Syst s, and Facilitics

Comporent Cooling Water Systems. The component
cooling water (CCW) system has been identified as one of
the support systems that is important to plant safety. An
increase in CCW unavailability can adversely impact
plant risk, as discussed in studies such as NUREG-1150
and the TIRGALEX study. NRC Generic Safety Issue 65
relates to the high probability of core melt due to CCW
system failures. Because of its importance, an aging as-
sessment of this system wos completed this fiscal year.
The ubjectives were to identify and characterize the aging
degradation mechanisms relevant to the system, to assess
their impact on system unavailability, and . ; provide rec-
omunendations on the available methods for the detection
and mitigation of aging in the CCW system. Aging degra-
dation contributes 1o over 70 percent of the failures, with
the most common aging mechanism being “wear.” Fifty
percent of the failures resulted in degraded performance
of the system, while 27 percent caused a loss of redun-
dancy. Component failure rates can increase with time
due to the effects of aging, which can lead to an increase in
system unavailability as the plants age. To prevent this,
good detection and mitigation practices are required. Ba-
St i ection, surveillance, monitoring, and maintenance
(ISM&M) practices are good, but they are not compre-
hensive enough to cor~'~tely manage the effects of ag-
ing. These basic methou. wiclude ways to detect incipient
aging degradation before failures occur, as well as mainte-
nance practices to mitigate the effects of aging. However,
they typically do not address all aging mechanisms. Sup-
plemental activities are available that can improve the
systern reliability. These were wentified based on manu-
facturers’ recommendations or past plant experience.
Some of these supplemental activities include th

raphy examination of pumps to det=ct hot spots and eddy
current testing of heat exchanger tubes to detect cracks or
flaws. Each of the supplemental activities was correlated
with the aging mechanism it helps to detect or mitigate.
The stody recommends that various supplemental prac-
tices be added to the basic practices to formulate an
effective ISM&M program for detectiny, and mitigating
aging.

Control Rod Drive Systems for PWR Plants. The PWR
control rod drive (CRD) system positions the control rods
within the ontrol reactivi changes encountered
during op. - and to provide a sufficient source of
negative reactivity 1o ensure a rapid reactor shutdown.
The aging study of this system examines the design, con-
struction, operation, and maintenance of the system to












they should to prevent leakage duning a pipe-break acci-
dent outside the containment. The resulting high-velocity
flows that develop in the pipe and in the valves must be
stopped by the vaives. The lcakage, if unchecked and if
the valves do not close, can heve serious consequences,
not only because of steam release outside containment,
but also because other emergency equipment may be

exposed to the harsh water and steam eny ronment and
may fail.

A total of six differemt vaives were tested, three each
having six-inch and 10-inch diameters. The six-inch-di-
ameter valves are typical of those installed in high-energy
hot water pipes, while the 10-inch-diameter valves are
typical of those installed in high-energy steam pipes. All
hardware and fluid environments—flow velocity, pres-
sure, temperature —were selected to simulate actual con-
ditions that would occur it the event of a postilated pipe
break accident at some operating nuclear [+ . cr plant.

The main findings from the valve experiments were that
one b-inch valve did not fully close because it had under-
pone significant damage to internal parts during closure
and the Zive other valves were capable of stopping the
high-velocity flows in all of the closing experiments. How-
ever, one 10-inch valve also experienced significant dam-
age 1o its internal parts but the damage did not prevent
the valve from closing. (It should be noted that ail valve
actuators that provide power to close the valves had been
set to deliver larger thrusts than would normaily be the
case for in-plant operation to ensure ciosure during the
experiments.) Another important finding from the ex-
penments showed that Jhe valve internal friction forces
that must be overcome by the actuators are underesti-
mated. This latter finding leads 1o underpredicting the
required closing thrusts and ultimaiely may lead to under-
sizing actuators for these valve applications. All the above
findings and all the test results have been made available
to the nuclear industry for their use in improving the
overall reliability of valves.

I'he results reported above support concerns at the NRC
about the capabilities of similar in-plant valves to accom-
plish thewr intended safety funcaons when necessary. The
NRC had previously notified the nuclear power plant
licensees that a valve evaluation program should be insti-
tuted at each plant to ensure valve operability over the
remaining life of cach plant or valve as the case may be.
Most plants have already started to comply with the NRC
request, and NRC inspectors have been auditing plants
over the past several montiis to evaluate the respective
valve programs. The mspectors have required traming,
technical information, and criteria for performing ther
evaluations. Thus, durtng FY 1991, most of the research
effort has been devoted 1o analyzing the test data ob-
taines! from the valve expenments (identified earlier) to
develop the needed mformation and criteria and to pro-
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vide training for the NRC inspectors. Some of the areas
where the research effort during FY 1991 has made im-
portant inroads in advancing valve technology are:

® A modified valve thrust formula for bounding clos-
ing thrust requirements for gate valves was devel-
oped. The formula reflects the effects of friction,
temperature and pressure, and fluid conditions from
the experiments. The formula includes terms that
had not been previously identified in the industry
standard formala.

®  Progress has been made to quantify the effects of
corrosion, wear-in, fluid lubrication, and the impor-
tance of design parameters on valve operability.
Clearances between valve internal parts are impor-
tant for identifying whether a gate valve will experi-
ence damage during high-flow aperation.

& Acomputer program has been develcped for the use
of NRC inspectors in evaluating valve calculations at
nuclear power plants. The program provides a con-
sistent set of criteria and methods the inspectors can
use when performing these difficult evaluations.
The program has also been made available to parties
outtide the NRC for thewr use in predicting valve
performance.

The nuclear industry is also contributing to improving
valve reliability. An extensive program, including expeni-
ments on other valves, has been developed by the Electric
Power Research Institute (EPRI). The program started in
April 1991 and will continue for approximately 3 years.
Some foreign countries cerrently also have valve pro-
grams under way. Although the NRC valve research ef-
fort will continue, the level of effort will decrease in FY
1992 and FY 1993. During th-se years and in subsequent
years, the NRC efforts will focus on reviewing, evaluat-
ing, and confirming the EPRI{ program results and, where
possible, the resul's from foreign country programs.
These efforts will result in supplying the NRC inspectors
with additional technical information for evaluating nu-
clear power plant valve programs.

1.4 Seismic Safety
1.4.1 Statement of Problem

Earthquakes are among the most severe of the natural
hazards faced by nuclear power plants. Very large carth-
quakes would simultaneously challenge the ability of all
plant safety systems to function and, coupled with the
likely loss of offsite power and depender t safety systems,
could pose a unique uireat to publi: safety. As with many
potentially severe conditions, there is much uncertainty
associated with the design and evaluation of nuclear
plants fo earthquakes. Seismic hazard in Eastern and
Central United States remains an issue that is not likely to
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delermine whether these materiais were deposited by
tsunamis following the earthquakes.

In conjunction with these studies, an investigation is un-
der way 10 identify and define seismically induced paleol-
quelaction features in this region. Thus far, reconnais-
sances alang the Chelahis River and other nearby
druinages have not identified evidence of seismically in-
duced deformation features. One iquefaction fea-
ture was identified near the Copalis B ver, and detailed
investigations were conducted. e of the feature,
which was determined to kave been foned 11,000 years
ago, does not coincide with the ages of any of the subsi-
dence events,  wever. Additional river reconnaissances
will be carnied out, and lake bed sedim2nt will be exam-
ined for earthquake-indnced deformation.

The size of the maximum or characteristic eartnguake
that a fault can produce and the location of thai carth-
quake along the length of a fault are major means of
cstimating design ground motions. Faalt rupture length is
a key parameter for constraining the size of future earth-
quakes on a fault. This constraint can be obtained from
studies of the rupture lenzh versus m.. aitude or energy
release of previous eart®..akes. During lbf)'pul decade,
fault segmentation has emerged as o field of earthquake
rescarch that has impoctant imphications and applications
for evaluating seismic hazard. It 18 based on the common
observation that fault zones, especially long ones, do not
rupture over then entire length during a single carth-
quake. A variety of structural and paleoscismic studies
and investigations of histoncal earthquakes clearly indi-
cate that the location of rupture is not random, that there
are physical controls in « faul! zone that define the extent
of rupture and divide a fault into segments, and that
segments can persist through many seismic cycles. Inher-
ent in the concept of segmentation s the idea of persis-
tent barricrs that control ruptute propagation. The recog-
nitior. 2rd identification of rupture segments have the
sotential to provide new insighis into characterizing seis-
mic & arces and understarting controls of rupture (nitia-
ton and termination

Segmentation for selected faults is being evaluated using
paleoseismic recurrence data and information on slip per
event and slip rate. The data base is small, but there are a
number of faults that have the potential 10 yield informa-
tion ¢a long-term segmentation. The data collection and
analysis currently under way include: (1) tming of the
most recent and prior events along the length of the fauly
(2) slip distribution during the historical event and slp
during palcoearthbquakes on the same segment (repeated
sunilar slips would imply fixed segment lengths, vanable
stips would indicate variability in segmentation); (3) slip
rates at different | cations on the fault; and (4) stroctural
geology and geop wysics of the fault 20n0e. Although some
data are availa’ @ in the published literature, much is
being obtaine s from unpublished files and paleoscismic

studies that are in progress. Pant of the data collection has
involved field visits for onsite evaluatiun of published
information and, in some cases, development of new data
such as slip per event for paleocarthquakes on segments
that have had histonical ruptures.

Stucies daring ¥Y 1991 bave focused prooarily 1 Lae
Ro gers Creek-Huywaed fault cone, the seginent of the
Sa  Andreas faull ihar ruptured dunng the 1989 Loma
Pricsa earttouake, and thie Wasatch fault sune. Possible

tation boundaries have been idenalied along the
Rodgers Creek and Hayward Laults and are being investi-
gated. The twe: faulis are separated by a 6-kilometer-wide
releasiag bend The last rupture on the Rodgers Creek
fault occurred in 1863, and there is no current seismicity
or creep occurring. The Hayward faait, on the other hand,
1§ expe.iencing creep and seismicity.

Geomorphic reconsaissance and trenching in the Santa
Cruz Mountains showed that, ilthough the Loma Prieta
rupture did noi reach giound surface. repeated surface
faulting has occurred on this segment of the San Andreas
{ault through time. This indicates that variatile modes of
rupture may occur on this segmeni.

Intraplate segmentation and its application 1o hazard fo-
cused on comparing the relationshy = ween long-term
slip rates, slip per event, and paleoseismically determined
timing of eaichquakes by using the geologic history over
the last 16,000 years of the Wasaich fault zone.

The NRC supports several strong ground motion studies
relating to both the Bastern United States and California.
A study of soil dynamics at Garner Valley (near Anza),
Calfornia, employs an array of wide-band strong motion
seismome.ers placed at various depths in boreholes 1o
gain information on setl dynamics and ampli® _ation of
carthquake motion. This study, performed by the Univer-
sity of California at Santa Barbara, is one of the many
research programs (hat demonsirate effective cost-shar-
ing between the NRC and other agencies. The study 1s
being funded in cooperation with the USGS and the US.
Army Corps of Engincers and with support from the
Commissariat a 'Encrgie Atomique of France.

Although many theoretical and laboratory studies have
investigated the effect of near-surface soil layers on am-
plification of ground motion, very few direct measure-
mients are availlable to confirm predictions made by the
more theoretical methods, The Garner Valley array 18
located between the San Jacinto and San Andreas faults
in an area of high seismicity. The site is underlain by soll
and weathered gramite over a granitic basement at about a
45-meter depth. Scismometers were emplaced at the s
face and in horeholes at various depths ranging to 220
meters. In less than a year, 125 certhquakes were re-
corded with magnitudes ranging from 1.2 10 4.7, Analysis
of the data shows that, at low freguencies, amplification
from bedrock to surface 1s a factor of six over a wide range
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give approximately the same results for a given inpul
although the validity of this statement also needs 1o be
more fully verified. The planned study is aimed at 4 con-
solidated methodology that will wde more uniform
results and can be used as a hasis for PSHASs for the next
decade or s0. A peer review by a panel appointed by the
Neuonal Academy of Sciences is planned 1o ensure the
impartiality and objectivity of the stindy.

1.4.3.2 Seismic Enginecring Rescarch

In addition to the carth scicnce research discussed above,
the NR( seismic research program includes several engi-
neering-oriented programs o determine the effect of
cart’ aakes on nuclear plant structures and safety sys
tens.

Implementation of Executive Crder 12699, Fxecuine Or-
der 12699, “Seismic Safety of Federal and Fedcm!!y As-
sisted or Regulated New Building Construction,” was
issued January 5, 1990, by the President to implement
certain provisions of the Earthquake Hazards Reduction
Act of 1977, The Executive Order applies Lo ail Federal
agencies that (1) are responsible for the design and con-
struction of new Federally owned buiiding’, (2) are re-
sponsibic for construcuon and lease of new huildings for
Federal use, (3) assist in the fing. cing, through grants or
loans, of newly constructed buildings, (4) guaraniee the
financing, through loan of MOrigage INSUrance programs,
of newly constructed buildings, or (5) aie 1esponsible for
regulating structural safety of new baildings. Agencies
responsibie for construction projects of the first two types
listed must demonstrate comphiance for all ~rojects for
which drvetopment of etailed plans and spefications is
initiated subsequent to the date of the oroc . Agencier
administering the other types of jrograms have 3 years
from the date of th order to establish an appropriate
seismic hazard reduction program

During the past year, the staff performed a careful review
of the Executive Order and NRC requirements for the
design and construction of buildings associated with nu-
clear power reactors and otter activities. The “other ac-
tivities” included: Class 10¢ licenses for medical therapy
and research and deve'opment facilities, processing of
uranium ores i milling operations, high-level-waste re-
pository licensing, onsite spent fuel storage, licensing of
plutonium processing and fuel fabrication plams, and
license application reviews for uran:um enrichment facili-
ties. 1t was concluded that the NRC's current practice
meets the requirements of the Execative Order, and no
regulatory action is necessary’,

Individual Plant Fxaminations for Seismic Events. A roa-
jor activity in the seismic engincering area concluded this
year when the NRC published final guidance for conduct-
ing the individual plant examinations for seismic events to
implement the Commission’s Severe Accident Policy

Slatement. A aumber of changes weie made to the draft
guidance documends as a resul, of an NRC-sponsored

and written responses from the public. Further
clarifications of siaff guidance in the sewsmic area were
made during & question and answer session that was pan
of the Nuclear Management and Resources Council
(NUMARC) workshop,

During the past 2 years, the development of guidance for
conducting the individual plant examinations for seismic
events has been achieved through the formation of the
Iixternal Events Steering G (ELESG) consisting of
senior level NRC management. The EESG i turn esiab-
lished @ seismic subcommitice (among other subcommit-
1ees), consisting of NRC stafl members with expertise in
carth sciences, structural/mechanical engineering, sys-
tems analysis, and risk and reliability analysis. The seismic
subcommitice issued a report in March 1990, The pur-
pose of the report was 1o recommend 10 the EESG: (1)
the objectives for the seismic portion of the individual
plant examinations for external events (IPEEE), and (2)
guidance or guidelines for conducting the seismic portion
of the IPEEE. Resu'ts and insights from various seismic
rescarch programs (e.g., seismic margirs method and
component fragility testing programs) are incorporated
into this guidance, The staff resolved the comments on
the draft guidance and the final guidance was issued in FY
1991, as described above. (For further accomplishments,
sec “Fxternal Events” under Severe Accident Implemen-
tation i Chapter 5.)

The Commiss‘on-gpproved draft guidance document for
individual plant examinations of external events nas en-
dorsed the use of the scismic component fragilities devel-
oped by the Brookhaven National Laboratory. The com-
ponents incladed (- » mator control centers, switchpears
(low and medium voliage), paneiboards, switchboards,
power supplies, instrumentation and control pane:s,
transmiiters, indicators, switches, transformers, hat'eries,
buttery chargers, inverters, motors, and etectrical pene-
tration assemblics. The seismic fragilities are expressed in
terms of medium and standard deviations ¢ spectral ac
celeration capacities to allow the NRC saaff 10 understand
the conservatisms associated with the estimates of seisnic
fragility. Attention hus shifted toward understanding how
relay chatter can influence circuit breaker tripping. This
has been dentified as a salety concern because such a
scenario can cause failure 1o start emergency power dur-
ing and after an earthquake, leading 1o station blackout.
Test plan development and equipment procurement is
under way to address this isue.

Seismic and Geologic Siting Criteria, Starting carly i
1991, the staff began a major rulemaking effort—the
revision of the seismic and geologic siting cryeria for
nuclear power plants, Appendix A to 10 CER Part 100.
T “igactvity is intended to (1) benefit from the experience
gened in applying the existing regulation; (2) resoive
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2 PREVENTING DAMAGE TO REACTOR CORES

This program encompasses research pertainicg (o the
operations of the reactor as a system, including control-
ling power level, maintaining core cooling and heat re-
moval, and maintaining proper coolant temperatures and
pressures under hath normal and abnormal conditions of
operation. The program slso includes consideration of
operstor actions as an integral part of the reactor system.
A compicte understanding of the reactor operating as &
gystem makes it possible to define the conditions of op-
eration that prevent core damage and also actions to
minimize the consequences of a core damape event,
should one occur, This resesrch program emphasizes se-
vere accident prevention and mitigation by enhancing the
understanding of both plant and human behavior related
(o accidents and transients. This information 15 used to
ensure that regulatory requirements exist that suitably
énsure that plant equipment, procedures, and personael
can deal with operating events and prevent senious acer
dents or can mitigate the consequences of an accident,
should one occur.

2.1 Plant Performance

2.1.1 Statement of Problem

A wide range of restor plant design variations exists in
the United States, and the safety of these plants must be
ensured over a wide ran e of normal and abnormal oper-
ating conditions. Tae NRC s required 10 independently
assess licensees’ safety analyses and perfarmance in de-
signing, constructing, and operating a reactor with respect
1o the safety of the public for the complete spectrum of
credible operating conditions and events.

NRC's task is difficult because straightforward testing of
all transients 10 all plant design variations would not be
technically and economically feasible. On the other hand,
straghtforward and exact theoretical analyses of a reac-
tor's thermal-hydraulic behavior is not possible because
encrgy, mass, and momenturn exchanges take place over
complicated interfaces between reacior components,
water, and steam and because of the moving mechanical
mterfaces in pumps @nd the extensive baffle surfaces of
sieam generators in the primary loops.

As a result, the NRC must use available cxper.nental
data 1o validate analytical models for evaluating desiga
basis accidents, the safety implications of actual events m
operating reactors, and hypothetical transicnt scenarios
determined to be major contributors 1o risk as a “esult of
probabilistic risk assessment studies and these operating
events,

ra

2.1.2 Program Strategy

A dual analytical and experimental approach is used to
achieve a fiem technical understanding of the tharmal-hy-
draulic behavior of the reactor. The NRC starts by simu-
lating the actual reactor's continuous flow of heat and
fiunds with a computerized model consisting of many dis-
crete cells exchanging hieat, hquid, vapor, kineuc energy,
and momentum at cach small but finite ime siep. Pliysi-
cal laws are used when possible to caleulate all these
exchanges. Empirically derived formulas, obtained from
experiments, are used as necessary 10 account for such
complex effects as friction between vapor and liquid. Thae
calculations are made for each time step and for each cell,
The reactor moels inteeact in a tightly coupled manner
at every time step.

Our relirce on the computer codes 1o provide predic-
tions of reactor response with accepta®ic uncertainties
depends on three levels of experimeids and comparisons
of experimental resulls with code predictions. First are
basic experiments to derive erapivical formuias for deter-
mining phenomena within each celi. Becond are separate-
effect experiments to test the eode's predictions for a
single, complex component such as 1 steam generator,
Third are integral system tests that are used to evaluate
the code pr.dictions of a eamplete rea stor. The results of
these tests provide feedback 1o correc the code and oor
understanding of the transients.

2.1.3 Research Accomplishment: in FY 1991

2.1.3.1 Plant Transieni Analysis

Modeling. As a result of the March 20, 1990 event at the
Vogtle nuclear power plant in Georgia, the stall initiated
a comprehensive evaluation of safety during shutdown
and low-power operations. In particvtac, RES was asked
by the Office of Nuclear Reactor Regulition (NRR) 1o
evaluate the effectiveness of alternate decay heat re-
moval methods after the loss of residual heat removal
(RHR). A report, EGG-EAST-9337, Revision 1, “Tuer-
mal-Hydraulic Processes tnvolved in Loss «f RHR During
Reduced Inventory Operation,” was completed on March
1, 1991, Of the two cooling methods identified in
NUREG-1410 (a staff document on this subject), 1.¢.
gravity feed from outside sources such as the refueling
water storage tank and reflux cooling, the RES report
FEGG-EAST-9337 concluded that gravity [eed phenom-
ena were well understond but reflux coolir g at reduced
pressures in the preser e of air was not well understood.

In order for reflux cooling to work in a sysiem partially
filled with air, thie pressure muslt increase crobgh (o ex-
pose a condensing surface in the steam generator. The
concern was that such a pressure rise may lesd 1o blowing
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3 REACTOR CONTAINMENT PERFORMANCE

Ihe basic ¢.itena for licensing nuclear power plants for
construction and operation are judged to have provided a
considetable safety margin, affording the public protec-
tion from radiation even under severe accident conditions
such as those that occurred in 1979 at Three Mile Tsland.
The physical possibility of even more severe accidents
than that a: TV is, however. recognized. Considerable
progress has been made in recent years in understanding
the underlying physical and chemical phenomena that can
oceur in a severe accident. Such information is essential as
u hasis for assessing potential safety improvements and
for making decisions on whether or not particular im-
provements are warranied. As pointed out in the Com-
mission's Severe Accident Policy Staiement, such deci-
gions should be based on a combination of engineering
judgment (i.¢., a deterministic method of setting and as-
sessin,, safety marging) aud the application of probabilis-
tic risk assessment techniques based on up-to-date ox-
perimental information to evaluate ine likelihood of the
occurrence ol rare events,

In similar faskion, the same underlving science and deci-
sion process can be applied to reevaluations of existing
safety systems and regulatory reqrurements (o determine
if particular conservative assumptions have been war-
ranted in terms of rigk reduction,

3.1 Core Melt and Reactor Coolant
System Failure

3.1.1 Statement of Problem

Major uncertaintics in estimating the probability o early
containment failure, and the associated radicactive re-
lease, appear to be significantly related io uncertaintics in
the in-vesse! progression of the acadent while the fuel
material remains in the reactor pressure vessel. Until a
vetter understanding of core melt, including fission prod-
uct release, hydrogen generation, and response of the
reactor coolant system 10 fue! melting and relocation, is
gained, containment failure probabilities and related
source terms will continte (o be conservetively biased 1o
ensure an adequate margin of safety

3.1.2 Program Strategy

In order to better understand just what happens Juring a
core melt accident, and thereby reduce the uncertainty in
both acerdent behavior and the poter tial release of radio-
activity, the Ni ' is pursuing a program of research ad-
dressing (1) the heatup and meltdown of the core (2)
hydrogen generation. (3) tission product release, trans-
port, and deposition within the reacior coolant system, (4)
the natural circuiation of hot gases that minht cause early

farlure of a pipe or steam generator tubes, (5) energetic
fuel-coolant interactions that occur as molten debris falls
into the water-hiled lower head or as water is added to
moiten debris, (6) the composition, morphology, and tem-
perature of debns at the ume of vecsel (or reactor coolant
system) failure, and (7) the mode of vessel failure. The
core melt and reactor coolant system (RCS) failure pro-
gram is divided into (hree main activities: (1) core melt
progression and hydrogen generation, (2) the behavior
and chemistry of fission products released during core
melt, and (3) fuel-coolant interactiop. The in-vessel core
melt progression and hydrogen generation work includes
in-reactor experiments, out-of-reactor experiments, ex-
amination of specimens from TMI-2, and analytical
model development. The rescarch on the behavior and
chemical form of fission prodeas released from the fuel
in the course of a severe acci ent is being conducted at
h'gh temperatures when core geon,etry is changing and
fission product chemistry and its effect or. retention of
fission products witkin the RCS are significant. The fuel-
coolant- interaction work 16 focused on the development
and vatidation of a model for fuel-coolant interactions for
use in accident analysis.

2.1.3 Research Accomplishments in FY 1991

3.1.3.1 Core Meit Progression and Hydrogen
Generation

In-vessel core melt progression describes the state of an
LWR reactor core from cors uncovery up to reactor ves-
21 meltthrough in unrecovered acciden® - of through tem-
perature stabilization . accidents recovered by core
reflooding. Melt progression provides the initial condi-
tions for estimatinge loads that may threaten the integrity
of the reactorcont  ment. The signilicant results of melt
progression are 1. melt mass and the rate of release,
¢ position, and temperature (superheat) of the melt
released from the core and later from the reactor vessel at
meltthrough. Melt progressior provides the in-vessel hy-
drogen generation and the conditions that govern the
in-vessel release of fisston products and aerosols and their
transport and retention in the primary system. Melt pro-
gression also provides the core conditions for assessing
accident management Strategies.

/v grean deal uas been learned about the processes in-
volved in severe fuel damage and in the early phase of
melt progression that extends through metallic (but not
ceramic) mate=al melting and relocation, This informa-
tion has com. rom integral tesis in the PBF, ACRR,
NRU, NSRR, and PHEBUS test reactors, from the
LOFT FP-2 test, from 1ests in the CORA ex-reactor fuel-
damage test facility, and from separate-effect expen-
ments on significant phenomena. Most of the available
information on late-phase melt progression has come
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CONTAIN in order to capture the dommnant DCH proc
esses. The CONTAIN code will be assessed aganst the
experimental data, and ulumately full-scale power plants
will be analyzed to determine the consequences for postu-
lated DCH scenarios, The HRC continues to update and
upgrade code documentation; NUREG/CR-5715, the
CONTAIN Code Reference Manaal, was published n
July 1991, The QA procedures applied 1o CONTAIN
development were documentad in NUREG/CR-5518,
published in Janvary 1991, The ¢ode will undergo peer
review in FY 1992,

The MOLCOR ende was developed to model the progres-
sion of severe accidents in LWRs. The code treats the
entire spectrum of severe accident phenotaena, including
reactor coolant system and containment thermal-hydrau-
lic response, core beatup, degradation and relocation,
and fission proGwt release and transport for both BWRs
and PWRs. During FY 1991, a comprehensive peer re-
view was completed, which had as its objective 10 assess
the adequacy of the code for the NRC. The peer reviews
ers found the code generally acceptable but had signifi-
cant comments and recommended that improvements be
made in several areas. These included improvements in
numernical stability, revising and umproving  ceriain
phenomenological models, adding some new maodels,
performing more comprehensive comparisons of the code
againsi data, and improving document ition. These rec-
ommendations are being dealt with in the FY 11392 con-
tnuing code development efforts.

MELCOR code development in FY 1491 produced new
models for MELCOR for handling thie following situ-
ations: (1) in-vessel natural circulation, which previously
could not be done because numerical modeling did not
allow downflow in the reactor core; (2) integrated con-
tnment response to direct containment heating (DCH)
resulting from the expulsion of molten core materals
through a failure in the reactor pressure vessel; and (3)
containment performance with the ice condenser safety
feature, specificaily 10 handle the thermal and hydraulic
effects and the fission product removal phenomena. The
addition of these models into MELTOR addresses both
long-range plans of NRC on the code’s development and
recommendations for new models from the peer review-
ers.

MELCOR benchmarkiig and assessment actvities in FY
1991 included the application of MELCOR 1o the calcu-
lation of acaident seq ences in a Combustion Engineer-
ing designed plant (Calvert Cliffs) and a Babcock and
Wilcox designed plant (Oconee). Reports were written

Jscribing the results of the caiculations. Code caleola-
tions were also made and compared with data from the
NRU Full-Leagth High-Temperature-4 (FLHT-4) ex-
peniment which showed reasonable agreement between
the data and MELCOR results foo the in-core heat trans-
fer and fuel rod temperatures. Extensi - code assessment

3-7

calculations were also provided wich data from the LWR
Aecrosol Containment Experiment (LACE) LA-4 test,
the FLECHT-SEASET natural circulation test-, and the
German HDR Va4 (esting. Re were prepared show-
ing the agreetaent of MELCOR results with data and the
Ienf?em of parametric vanations in MELCOR input
choices on the comparisons of outpul with the data. In
certain cases, the results of MELCOR cuiculations were
also compared with results from other codes that had
been run to simulate the experiments.

The SCDAP/RELAPS code has been developed to pro-
vide detailed modeling of the reactor core and reactor
coolant system during severe accidents, In FY 1991, re-
ports were ssued describing the quality assurance pro-
gram for SCOAP/RELAPS and the results of independ-
ent review of the natural arculation caleulations of the
code. A peer review for SCDAP/RELAFS was started in
FY 1991 and v ill be completed in FY 1992,

3.3 Containment Structural Integrity
3.3.1 Statement of Problem

The major source o, & to the public from the operation
of nuclear power pla. - stems from accidents that lead to
a conta:nment failure. The regulatory concern is that the
failure modes and associated load levels for containment
structures cannot be predicted with any real confidence
byt methods used for design. This is especially so if the
contermplated {ailure mode 1 localized leakage. Both s
sessments of the risk posed by loads outside the design
basis and estimates of the effectiveness of proposed
mitigative steps require an ability to predict the way in
which a containtment will fail.

3.3.2 Program Strategy

Research on contamnment failure modes is based on the
observation that excessive 1oe age can occur, basically,
from four sources:

1. Feilure of the snell, either the containment shell
itself (in the case of steel containments) or the liner
(in the case of concrete containiients),

to

Leakage ut large penctrations as a result of the in-
clastic deformations and/or degradation of seals and
paskets;

3 Leakage at electrical penetrations due to degrada-
tion of material. under the high temperatures 58o-
ciated with acoident sceparios: and

4.  lLeakage through valves due to pressure and tem-
perature effects.

Rescarch related o shell failure or deforinations of pene-
trations reses on apalyses of and experiments on model
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64943). The following supporting documents were issued
with the finat rule:

®  NUREG-1362, “Regulatory Analysis for Final Rule
on Nuc.ear Power Plant License Rencwal,” Decem-
ber 1991, This regulatory analysis provides the sup-
porting wformation for the final rule that defies
the NRC's requirements for renewing the o, crating
licenses of commerial nuclear power plants.

®  NUREG-1398, “Environmentz' Assessment for Fi-
nat Rule on Nuclear Power Plant License Renewal,”
December 1991, This document provides an assess
ment of the nossible environmental effects of prom-
ulgating nuclear power plant license renewal stan-
dawds by the final rule rather than applying
requires ents in an ad hoc manner in individual 1i-
censing actions,

¢ NUREG 1412 “Foundaton for the Adequacy of
the Licensing Bases,” December 1991, This analysis
describes th~ regutatery bases for the generic finding
for all r.aclear p -wer plants that the findings of rea-
sonatle assurance of adequate protection for issa-
ance 1f an operating license continue to be true at
the tome 7 the renewal application and accordingly
need not be made anew at the time ~° cense re-
newal.

¢  NUREG-1428, “Analysis of Public Conments on
the Privmased Rule on Nuclear Power Plant License
Renewa., “mher 1991 This report provides a
summary ap  ar - of public commenis on the
sroposed licy 4l rule and documents the
NRCTs resolution. w2 1ssues raised by the com-
inentess

® NUREG/CR-5382, “Screening of Generic safety
wssues for License Renewal Comsiderations,” De
cember 1991, This report presents a review of ge-
neric safety issues to identify those whose resolution
could be affect~d by an additional operating term of
20 vears.

As part of a separate rulemaking, the NRC has under-
taken a genenic environmental study in order to define the
scope and focus of unvironmental effects thai need to be
considered in individual relicensing actions. An advunce
notice of proposed rulemaking (10 CFR Part 51) was
msucd on July 23, 1996 (55 2R 29964). Also, a notice of
intent to prepare u generic environmental impact state-
ment (GEIS) on the effecte of renewing the operating
license of individua! auclear power plants was issued (55
FR 29967). The NRU published the proposed rule and
draft GEIS for comment un September 17, 1991 (56 FR
47016). Also announced at that time was a public work-
shop to review the technical basis of the proposed rule.
This public workshop was held in the fall of 1991. The
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follc vikg suppent documents were issued with the pro-
pased rule:

® NUREG-1437, “Generic Environmental Impact
Statement for License Renewal of Nucicar Plants,”
Drart for Comment, Volumes I and I1, August 1991,
This document provid ¢ the technical basis for the
proposed rule,

® NUREG-1440, “Regulatory Aralysis of Proposed
Amendments o Regulations Concerning the Envi-
ronmental Leview for Renewal of Nuclear Power
Plant Operating Licenses,” Draft for Comment,
August 1991. This regulatory analysis examines al-
ternatives to the proposed rule and provides infor-
mation that supports the alternative chosen.

®  Draft Regulatory Guide DG-4002, Proposed Sup-
plement 1 1o Regulatory Geide 4.2, “Guidance for
the Prepacation »f Supplemental Environmental
Reports in Support of an Application to Renew a
Nuclear Power Station Operating License,” August
1991, The proposed supplement (o thie puide details
the information that shoald be ncluded in an apphi-
cation for license renewal.

¢  NUREG-1428, “Envitonmental Standard Review
Plan for the Review of License Renewal Apnl'ca-
tions for Nuclear Power Plants.,” Draft for Com-
ment, August 1941, This report provides a frame-
work for the NRC staff (o determine whether or not
enviranmental ssues important to license renewal
have been identified and the impacts evaluated and
provdes acceptance standacds to help the reviewers
comply with the National Environmental Policy Act.

The final Part 51 rule and GEIS are expected to be pub-
lished in 1992,

5335 Safety Goal Implementation

[n 1986, the Commission published ns Safety Goal Policy
Statement. On June 18, 1990, the Commussion directed
the staff to routinely consider the safety goals in reviewing
and developing regulations and regulatory practices. To
accomplish this objective, plans have been esta: ashed to
develcp a formal mechanism 1o ensure that future regula-
tory initiatives are evaluated for confurmity with the
safety geal poli  requirements. While the Commussion
recognizes Jhat consideration of the safety goal in assess-
g regulatory actions will at first vary, the Commission
also believes, as deiailed guidance is developed and expe-
rience gained, this variation will be m mal. In support of
the implementation plan for the Safe , Goal Policy State-
ment, a definition of a “large release™ is being developed.
Wher. completed. this definition will provide a subtier
element for use in reviewing and developing regulations
and regulatory practices.
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emergency puans, the identification of radiation protec-
tion problems, the allocation of priorities for regulatory
action, and environmental impact assessments, Recom-
mendations of such organizations as the International
Commission on Radiological Protection (ICRP) and the
Nauonal Council on Radiation Protection ar ; Measure-
ments (NCRP), Presidential guidance to ' ieral agen-
cies, consenisus standards, licensee perfor @ nce indica-
tors, cost and feasibility data, and available technical
information also provide bases for developing regulatory
and 1echmical documents related to radiation protection
for workers and the public.

Effective regulation associated with environmental policy
and decommisstoning activities involves the task of plan-
ning, developing, and issuing appropriaie regulatory posi-
tions. Using information generated internally or through
narrowly directed research, new positions are developed
or existing positions are modified. These positions can
take the toum of regulatory requirements, policy state-
ments, guidance, or critena for activities pertaining to
decontaminating and decommissioning licensed nuclear
facilities, exemption of matena’s or products from regul--
tary control, and disposing of low-level radioactive waste
streams, Setung priorities for regulatory needs or defi-
ciencies are undertaken to ensure that the problems of
greatest significance 10 the public health and safety or the
cormmon defense snd security are addressed i an expr di-
tous manrer thtouzh properly defined regulatory and
supportng research programs.

§.5.2 Program Strategy

The Commussion’s regrlatory process requires that safety
enhancements 1o rules and guidance be systematically
screened to ensure that there is substantial increase in
public protection and that based on analysis the costs are
justified. Realistic values of the dollar-per-person-rem
enitenon are needed for analysis to justify changes, bui
technology gaps in knowledge associated with radiation
health effects cause unceriamties in these aualyses. The
» “ategies of this program are to identify and compensate
tor uncertainties in radiation risk coefficients used for
health effect estimates in PRAs and regulatory decisions.

When the Commission approved the whole body
dosimetry accreditation rule, they directed the NRC staff
to extend the rulemaking to include extremity dosim 2try.
Therefore, the strategies of this program are to (1) im-
prove regulatory performance for radiation protection by
establishing measurement performance coiteria and ac-
creditation programs in the areas of extremity dosimetry,
bioassay, and air sampling: (2) investigate effective new
measurement tech niques for these areas; (3) establish the
data base required for regulations” and (4) monitor spe-
cific indicators to detect improving and declining licensee
performance.
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Federal gaidance was approved by the President on o 2u-
pational radiation protection. Farther, the ICRP has put.-
lished new recommendations for radiological protecty n.
As a result of this new guidance, NRC regulations ard
regulatory guides will have to be (evised. The strategies of
this program are to (1) modify radiatioa protection guid -
ance and standards to be consistent with Presidentia
gurdance on cadiatior. protection requirements, and (2)
continue 1o monitor licensee performance indicators by
using the Radiation Exposure Information Reporting Sys-
tem program.

The NRC needs to develop a regulatory approach to
evaluate future requests involving decommissionings and
license terminations. This regulatory approach should
define acceptable alternatives, regairemenis, and criteria
for decommissioning before such a request is received.
The strategy has two parts: (1) 1o develp or modify
regalatory requirements and puidance 1o protect workers
and the public from raciation risks associated with opera-
tions involving the decommussioning of licensed nuclear
facilities, and (2) 1o establish cadiological criteria for re-
sidual radicactivity.

In the ares of “below regulatory concern™ (BRC), the
Low-Level Radioactive Waste Policy Amendments Act of
1985 requires NRC to establish standards ana procedures
for expedited action on BRC waste disposal petitions.
Federal agencies, including NRC, are currently in the
process of establishing and implementing BRC or exemp-
tion levels for rdicact’ve waste disposal as well as other
arcas. The strategy of this program is to carry out Com-
mission directives to develop and impletnent Comimission
BRC policy and, in particular, the Commission initiative
to establish a consensus on BRC policy issues. This con-
sensus would serve as the framework for specific exemp-
ton decisions mvolving disposal of low-level waste
streams, as well as other activities enncerning the release
or use of radioactive material.

5.5 3 Research Accomplishments in FY 1991

§.5.3.1 Radiation Protection Iseues

ALARA Center. The Brookhaven National Laboratory
(BNL) ALARA Center, funded by the NKC, continued
its susveillance of the Department of Enerey and industry
dose reduction and ALLARA research during the report
period. BNL Las published a series of reports (NUREG/
CR-3469) thue abstracts 252 nationst and international
publications discuss.ig dose reduction m areas such as
plant chemistry, stress corrosion cracking, stcam genera-
tor repair and replacement, robotics, and decontamina-
tion. In 1991, BNL focused on providing guidance to high
dose worker groups and developing an international dose
reduction data base.

Ihe Center s recognized by the nuciear industry and
others as a major source of information on new and
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FY 1991 Regulatory Products from the Office of Nuclear Regulator ¢y Research
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