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Most documents cited in Nfl0 pubhcations will be available from c"o of the following
sources:

1. Tne NRC Pubhc Document Room, 2120 L Street, NW., Lower Level Washington, DC
20555

2. The Supennte * dent of Documents U.S. Government Printing Office, P.O. Box 37082,
Washir gton, DC 20013 7082

3. The National Technical information Service, Springfield, VA 22161

A!! hough the listing that follows represents the rnajority of docurnents Cited in NRC publica-
tiens, it is not intended to be exhaustive.

Referenced documents avaihble for inspection and copying for a fee from t_he NRC Publ_ic
Document Room include NRC correspondence and internel NRC memoranda: NRC bulletins,
circulars, information notices, inspection and investigation notices; licenses event reports;
vendor reports and correspondence: Commission papers; and applicant and hconsee docu-
monts and correspondence.
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Program; formel NRC staff and contractor reports, NRC-sponsored conference proceed-
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ings, international agreement reports, grant publications, and NRC booklets and brochures. I
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Documents such as theses, dissertations, foreign reports and translations, and non-NRC
conference proceedings are available for purchase from the organization sponsoring the
pubbcation cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written
request to the Of fice of Administration, Distribution and Mail Services Section. U.S. Nuclear
Regulatory Commission, Washington, DC 20555,

Copies of industry coces and standards used in a substantive manner in the NRC regulatory
I process are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, for-

use by the pubhc. Codes and standards are usually copyrighted and may be purchased
from the originating organization or, if they are American National Standards, from tha
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AllSTRACT

This report, the seventh in a series of annual reports, was for related decisions in support of NRC hcensing and
prepared in response to congressional inquiries concern- inspection activities. 'Ihis .escarch is necessary to make
ing how nuclear regulatory research is used. It summa- certain that the regulations that are imposed on licensees
ritestheaccomplishmentsof the Office of Nuclear Regu- provide an adequate margin of safety so as to proicet the
latory Research during IT 1991. health and safety of the public.'lhis report describes both

the direct contributions to scientific and technical knowl.
'the goal of this office is to ensure that safety related edge with regard to nuclear safety and their regulatory
research provides the technic:d bases for rulemaking and applications.
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IIIGIII.IGIITS
1

IIllegrity Ol' RCilClOr CompOllCHIS tensile strength not any of the several electrical
measurements taken during the experiment exhib- :

ited a consistent trend with ag;ng. hiost of the cables
Pressure Vessel Safety were found to be functional throughout the 60 year

o The pressurized thermal shock rule,10 CFR $0.61, aging and the loss-of-coolant-accident tests that fol-

was amended on hiay 15,1991, to incorporate the lowed aging.

embrittlement calculation procedure current!y con-
tained in Revision 2 of Regulatory Guid 1.99. "Ra- Renet6r 1sguiptnent Qualification
diation Embrittlement of Reactor Vessel hiateri- * A modified valve thrust formula for bounding clos.
als." ing thrust requiremenL for gate valves was devel-

o Analysis methods, material property models, and ac. oped. 'lhe formula reflects the effects of friction,

ccptance criteria have been developed that permit ternperatures, pressure, and fluid conditions that oc-

evaluation by the regulatory staff of the potential for cur in a motor operated valve during actual opera-

ductile failures of reactor pressure vessels contain. tion. 'the use of the revised equation more accu-

ing materials whose Charpy upper shelf encrpy (the rately predicts the force required to close a gate
indication of reactor vessel toughness) falls below valve against high flows that will occur if a pipe

breaks. This estimate is then used to check whetherthe 50 f t Ib regulatory limit. A regulatory guide will ,

be prepared based on this information.'there are 17 the proper sac ef electric motor is installed on the
operating reactors that may be affected by this issue. valve to cause the valve to dose under potential

blowdown con &tions.
o lhermal anncaling of the Novovoronezh Unit 3 nu-

clear power plant teattor vessel, witnessed by a Earth Sciences
team of researchers and industry representativesled

Field investigations of the surface rupture accompa-by RiiS staff members, demonstrated feasibility for *

reducing embrittlement due to neutron radbtion in nying the 1989 Ungava, Quebec. carthquake by the
U.S. plants. Geological Survey of Canada indicated that the main

surface rupture was 2 kdometers longer than
mapped in 1990. This fault is the only documented:,iping Integrity historic coscismic surface rupture in castern North

, .

o Dynamic, simulated seismic loading tests were com- America. This disemery documented the potential

plcted on typically sized piping.1he results showed for carthquake surface rupture m central and cast-

that the effects of dynamically imposed strain rates ern Notth Arnerica and provided a clear indication

on fracture toughness generally are adequately ad- of the earthquake source characteristics important
for the occurrence of surface rupture.dressed by current models used by the N RC for leak-

before-break analyses of LWR piping systeus. ,

b,e,ismic E,ngineering Research

Results were published (NUREG/CR-4867. Janu.Aging Research *

ary 1991)on seismic testing of relays associated with
A report (revision to NUREGICR-$587) was issued Gencrie I ctter 87-02," Verification of Seismic Ade-o
providmg the technical bases for identifying the quacy of hicchanical and lilectrical Equipment in
risk-sigmficant comp (ments using prioritization pro- Operating Reactors," Unresolved Safety Issue
cedures. The report includes a description of a pro- (USI) A-46. The issue of relay chatter during an
cedure for identifying those aged passive compo- carthquake has been a difficult issue to resolve be-
nents with the most impact on plant risk. It described cause there are many different types of relays As a
the effect that inspection and maintenance actions result of this work, a list of less seismically rugged re-
can have in controlling aging and the consequential lays has been developed and will be used in conjunc-
reduction in risk. tion with the implementation of USI A-46 and the

" " " "" "
Accelerated aging and accident survival tests of ca-o

Agreement has been reached to build an experimen-ble products were completed at the low Intensity *

Cobalt Array facility at the Sandia Nationallabora- tal structure in llualien, Taiwan, for the purpose of
tories. During these tests, cables were aged to the using actual carthquake data to check analytical pre-
equivalent of 20,40, and 60 years of operation 'lhe dictions. The Ilualien experiment is a joint venture
results of these experiments showed that neither involving entities from the United States, France,

,
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Taiwan. Japan, and Korea. 'this agreement repre- }{ ego]yjng Safety [ssues nnd Developingsents a major nulestone m the program to validate
gg ggggjgggthe soil structure-interaction auumptions used eur-

rently m plant licensing and inue resolution,
(icneric Safely IS5ues

l'reVeliting Danlinge To lleactor Cores 1 inal technical resolution for four generic issues wase

completed (see Table 5.2).
Perumnet performance research was used to de-e

, p ; gg ;
Pvelop the lluman I crformance Iraestigation Proe-

css to provide a standardized method to identify the (see .I able 5.1).
causes of human ertorsflhe process was pilot-tested
by Region I inspectors. 'lhe feasibility of an initial Developing and improving llegulations
method for obsening certain organi/ational factors

e 'l Commission has approved a complete revis, ionwas evaluated m cooperative tests with two utilities.
to he NRC regulations for radiation prottetion in
10 CFR Part 20. The final rule was issued in May

iteactor Containnient i>o o mance 1992-

The technical evaluation to suppun a tevision to the The final rule,10 CFR 5045," Monitoring the lif-e
e

fectiveness of Maintenance at Nuclear Poweroffsite radiologiecd assessment eliteria for
radioiodine (!!D-14844) was completed. The re- Plants " was issued on July 10,1991.

suits indicate that, with proper pli control of the The final rule,10 CFR Part $4, " Nuclear Power*

containment water inventory, cemental iodine in- Plant License Renewat," was issued on December
ventories can be maintained at low levels 13. 1991.

<

Integral testing of the d! rect containment heating A pmposed rule,10 CFit Pan $1,[Fnvironmental**

phenomenon, one W the dominant potential catly Reviewfor Renewalof OperatingiJCenseS, * ,

Wa5 is-
containment failure mechanisrns postulated for se, med on September 17,1991. This rule reflects the
vere accidents, was initiated. draft G,enene linvironmental Impact Statement.

N URIIG- 1437.
Experimental research on debris coolabihty was in'*

A final rule,10 Cl R 50.73, on access authorization*
itiated through two programs: the WI?TCOR pro-
gram conducted at the Sandia National I aboratories at nuclear power plants and an accompanying regu-.

and the cooperative ACl!/MACl! program con- laton guide were issued in April 1991.

ducted at the Argonne National laboratory.These A final rule that amended the regulationsin 10 CFRo
programs are intended to prodde the data concern- Parts 20,30,40, and 70 to revise licensee reporting
ing the coolability of core debris, under severe acci- requirements regarding notifications of incidents re-
dent conditions, for advanced reactors. lated to radiation safety was issued in August 1991.

A final rule that amended the regulations in 10 CFR*

lleactor Accident llisk Analysis Part 50 to require the licensee to implement the
NRC-approved limergency Response Data System

Reviews were completed of PRAs for the South (I!RDS) at all nuclear pimer plants was issued ino

Texas plant, Diablo Canyon plant, and the Gli Ad. August 1991.
vanced nWR'

A f nal rule to amend the 10 CI:R Part 35 regula-*

The final version of NUREG-ll50, " Severe Acci- tbnsthat apply to the methcal usc of tryprodw:t ma-*

dent Risks: An Assessment for Five U.S. Nuclear terial was :ssued in J uly 1991.
Power Plants," was issued in December 1990.

A final rule that would recogni/c a third-party certi-
, *

fication program of the Ametican Society for Non.
Confirming Safety of Nuclear Waste destructive Testing (ASNT) was issued in March

1991.D.isposal

"" "1 inal amendments to 10 Cl R Part 40 on licensinge

procedures for the custody and long-term care of Individual plant examination submittals were re-e
uranium and thorium mill tailings disposal sites were ceived and reviews initiated for Oconee, Seabrook,
issued in October 1990.

and Turkey Point. The draft safety evaluation report
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was completed for the Yankee llowe submittal, and data base for selected radionuclides, was issued for
the review of the Seabroot submittal was com- comment.
pleted. * Models on health cliccts of ioniting radiation (pre-

sented in NUltli(1/ Cit-4214) were modified based
Radiation Protection and llealth Effects on the reports of the United Sta*es Soentific Com-

mittee on the I!ffects of Atomic 11adiation (UN-
A draft report (NUl(l!G/ Cit-5631), "Contobution SCl! Alt,1988), the National Academy of Sciences /*

of Maternal itadionuclide llutdens : : Prenatal lla- National 1(esearch Council lilillt V Committee
dittion Doses," which provides a n>dology I'or (NAS/NI(C,1990), and the revised recornmenda-
calculating internal doses to the embqo! fetus and a tions of ICitP40 (1C11P 1091).

|
1
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EXECUTIVE SUMMAltY

NRC safety research is vital for implementing a large 1991) that allows increasingly more accurate
number of the agency's programs. Research provides the estimations of the fractu e toughness and of
bases for timely rulemaking and related beensmg and the Lincties of toughness loss for components
inspection activities that are based on NRC's longstand- in sersiee based on th material specification,
ing philosophy of defense in depth.'this philosophy pro- composition, and other knowledge about the
vides a clear and logical structure for the safety research specific materials. Itclatively conservative pre-
mission area, which consists of five major programs: dictions can be made tf only the rnaterial chem-
Integrity of itextor Com;vients, Preventing Damage to istr) is known. Ilowever, tmire accurate predie-
Reactor Cores, Reactor Containment Performance, Con- tions can be made if more is known about the
firming Safety of Nuclear Waste Disposal, and Resohine inaterial characteristics. 'ahus. much improved
Safety issues anJ Descloping Regulations. judgments can be made about the long term

serviceability of the component.
Provided herein are the findings, results, and accompush- g; ;

ments of the safety research mission areas t(tat (1) have 'aonitoring techniques are now available toled to, or are being incorporated in, specific Commissmn
evaluate crack imtiation and growth in reactorana staff attmns to ensurc or enhance the lo cl of safety in

, gg g gg g
activities er facihties being regulated ((2) demonstrate a

N-.171 allows use of this method to monitorneed for thange in regulations or regulatory approach; or
(3) wnfitm or support the iegulations or regulatory ap- nad growth in operating reactor comp (ments.

proach. A nummarv of the results in the five safety re- .the technology is currently bemg used to moni-

scarch programs is'ptovided below. Regulatory products tor and evaluate the growth of an acceptably

emerging from these programs are hsted in the appendix smal! intergranular stress corrosion crack in a
safe end weld at the Limetick Unit I reactor.to this report.
t ionitoring during the hlay 19S9 to September
1990 fuel cycle has been completed and the

A. Iniegrity of iteactor Components resuas analyzed. Comparisons were made be-
tween the crack growth indicated by Ah and

1. Specific Actions to linhance i evel of Safety that mdicated by followup uhrasonic testing.
The Ali monitoring at 1.imerick Unit I was

lirunttlement o, reactor pressure vessel ma. deemed sufficiently useful so as to be contin-a.
tertais is the most important issue for pressure ucd for a second fuel cycle. 'llus application will

vessel safety, and pressurized thermal shek provide further -alidation of the technology.

(prs) a the r"ost serious postulated transient d. Wtid sections hase been obtained from the
for these vessels. The regulation concernmg reactor pressure vessel of the c;meeled hiid-
the permissible levei ef embrittlement to guard

land Umt 1. These welds are twical of otheragamit *,essel failure due to l'I'S is 10 Cl'R welds fabricated by liabcock and Wilcox using
50.61. Tbc procedure ler calculating embritt- materiah that are' highly sensitive to neutron
tement m the ru!c, hoivever, has not been in radiation ernbrittlement and have a low resiv
agreement with Revision 2 of Rcgu?atory tance to ductile tearing. While simihr welds
Guide 1.99, " Radiation limbrittlement 01 Re' have been fabricated in the laboratory, this is
actor Vessel hiaterials." The rule was there- the first opportunity to study these welds in
fore amended on hiay 15,1991, to incorpora'.e detait usin~ as-fabricated materials. The stud-
the current repelatory guide fctmt.;ation* ies ce<en'trated on fully evaluating the unir-

radiated material characteristics and the flaw
b. Some elbows and pump and vane bodies in density in the as-fabricated weld. Additional

light-water reacto s GWRs), as well as the work ti under way to study the embrittlement
primary system coolai,t pipes of tr,any pressur- trends for these materials, proviJing a detailed
ired water reactors (PWRs). are made of cast study of what may be the " life-limiting" factor
stainless steels. These materiais, however, for as many as 17 nuclear power plants.
based on their composition anJ processing,
may gradually lose toughness simply by eq.o- e. Thermal annealing has bn n identified as one
sure to normal operating temperatures; too means to recover the properties of highly
much of a loss could climinate the safety mar- embrittled reactor pre %ure vessels. Several re-
pins. A methodology has now been developed search efforts have been conducted in the past
and reported in NURliG/CR-4513 (June to evaluate the matertal response to thermal
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annealing, altho *igh there has been only lun. - steam generator and coolant pwnp supporta
ited eviduation ci the engineering feasibility of can carry the additional loads; (3) control rods
high- temperature ther nal annealing. Ilmlding can stillinsert during the most unfavorable tilt-
on moperation developed under the auspices ing due to support failure:(4) instrument tubes
of the Joint Coordinating Committee on Civil- can accommodate the most unfavorable mc-
ian Nuclear Reactor Safety, NRC staff mem- tions associated with support failure; (5) pump
bers led a team of researchers and industry coastdown is not ndversely affected to a serious
representatives to witness the annealing of the degree; and (6) branch lines do not rt pture

_

pressure vessel of the Novovce iczh Nuclear because of support failure Unfortunately,
Power Plant, Unit 3. in the USSP (etwrently . these results cannot be generalized to other
known as CIS). While several differences be- reactors ATask Action Plan (TAP)for resolu- |

tween the Soviet and U.S. designs and c4mdi- tion of Generic Safety Issue 15." Radiation Ef-
tions were identified, it was generally con. fects on Reactor Vessel Supports," was devel ' i

cluded Jthat the Soviet experience oped. The TAP addresseo the underlying
demonstrated the feasibility of annealing a causes of support embrittlement, the conse+
U.S. reactor pressure vessel. Additional work is quences of support failure, and possible melh-

"

under way to improve our ability to predict ods to mitigate the effects of support embritt-
annealing rtcovery and riembrittlement rates. terrent.

f. Seismic tuting of electrical and mechanical Many prwursors to intersystem LOCA OS-
equiprr,ent involves (1) qualification testing to LOCA)have occurredleading to concerns that

e pu cribed level to ensure integrity of the this scenario would dominate early sat'shtye

- m and (2) testing beyond design basis con, rnks.1o address these concerns, a mapt re-
"" " " * i. to determme margins and - failure
human factors was a. "E C"E

"M, ""Nw
' mtiated. One aspect uf thisu this latter is termed tragility testing

r ad is necess.ay for seismic probabilistic risk w rk deals with estimating the pressure capac-
assessments (PRAs) and margin studies. Seis- ity f low-pressure piping to withstand RCS
mic fragility information is much rarer than pressures and temperntures. A milestone ef-
qualification information but is'necessay for fod to develop methods for determmmg me.,

quantifying margins and estimating risks. As a dian pressure capacities and uncertainties for
result of a 5-year data col!cction and analysis piping,11 ng s, pumps, valves, and various
activity involving more than 15 source organi tanks was completed.-The method was exer-

4

zations, a comprehensive bst of seismic fragili- cseg for three PWRs to allow the staff to pH-
ties became available for electri%I and me, gritue the factors tiet contribute to ISLOCA
chanical eclipment, lloth the .acdian and *
uncertainties are quantified, and caveats asso-

i. ManY uncertainti 3 exist about \he causes ofciated with the tise of the data are given. Tips
C mationhasbeenusedforUSI A-46, Scis- earthquakes in the Eaetern 4.nd Central
mic Qualification of Equipment in Operating United States and about the natun c carth-r

,

Plants, and is also nceded for the scistmc por- quaic ground motions. As part of its ov;rall
tiou of the mdividual plant examinations fm plan to reduce these unbowns, the NRC is-

external events (IPEEE) and for tue in seismie sup orting the establichment oltle Na[onal- ,

PRAs on future plants, Seismographic Network (NSN) by the U.S.
gg g 3,, .N NSN d w h h
regional seismographic networhs - currentlya

g. The Trojan plant has reactor pressure vessel funded by the NRC by FY 1993. The fjRC is'
- (RPV) supports kwated in the t.elt-line region also supporting many pound rnotion research

'' ;

that are subjected to high tensile stresses. It- projects.
cannot be ensuted that during design basis -
transients the supports erm maintain their in- j. Information from the: present networks and-
tegrity with the postulated low temperature- analyses of ground motion data has substan- -

;low Pufembrittlement. A consequence evalu- tially reduced these uncertainties over the past - '

- ation, however, has demonstrated that RPV decade. Information that will be acquired by
support failure will not lead to unacceptable .. the lugh precision intruments of the NSN,,

consequences hecnuse (1) the inlet and outlet : combined with sta:e-of-the-art analytical
piping can transfer loads during postulated methodologies, will greatly accele rate ihe reso-
earthquakes and pipe ruptures to the steam lution of many of the remaining ' unknowns in
generator and coolant pump supputs; (2) the the fuiure.
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k. Geologic and seismic unknowns tuat ' cad to a ores in milhng operations, hyh-level waste re-
wide range of uncertainties in scimic hazard pository beensmg, onsite spent fuel storage,
anab es include causes of seism city in the licensing of plutonium pmcessing and fuel fab-i

3

nastern and Central United Statcs; the magni- rication plants, und license application reviews L

tudes, frequencies of occurrences, and levels of for uranium enrichment facilities. It was con-
ground motions of earthquakes that occurred cluded that the NRC's current practice meets
prior to the historic record; and t e nature of the requirements of the Executive Order andh

seismic sources in both the Eastern and West- no regulatory action is necessary.
ern Urated States. As part of the overall effort

2. Need for Changeto resolve thes: uncertainties, the NRC began.
within the last decade, to focus research on m Fatigue desien of reactor components is gov-
identifyt g and evaluating geolog, cal evidence erned by fatihue life curves in Section 111 of thei

of prehistoric carthquakes.The results of these ASMI Code. 'these curves were produ~d<

studies along with more and better earthquake from polished specimens tested at room '
records and modern analytic techniques have perature in air. Ilut tests that have om ^
gr cally improved the accuracy of estimating po" performed in typical reactor emant < ~ -

tential euthquakes and vibratog ground mo' ments and at typicat a tempermuusy
tions. Among these palcoscismic studies are show a shorter fatigue life. Although this has
palcohquefactions, neotectonics, geodesy * imp!; cations for license renewal applications, itfault sedimentation, Mccrs anu Crmer fault is also important fe. currect regulation. Con-
analysis, and palcoscismic im estigations m the tractor testing effoits bare been exp;mded, and :
Pacific Northwest. cooperation is under way with industy groups

and the international cornmunity to produce
< l. Appendix A,"Seistoie and Geologic Sieing Cri- appropriate data and methods so that a consen-

teria for Nuclear Power Plants," to 10 CFR sus can be reached on modifications t, the
'

Pvt 10d, " Reactor Site Cnteria," is currently Code curses and methodology, if necessary, for
bemg revised to climmate its major shortcom- more accurate fatigue life predictions and de
ings. Among thest sMrtcomings are the in- sign for future applications. In the short term,
flexibihty of Appe i % so that difficulties tne hternationt.1 tuly of available data is being
arise in mmbryir t to incorpomte new infor- reviewed and evrduated to develop interim fa-
mation and the fa that u text is too prescrip- tigue curver for the NPC's use to ensure the
tive. The revbed oguinio T is call"d Appendix continued safe operation of today's plants.
11. Several supportive re 'alatory i ; ides are be-
ing developed simultan$ously. The regulatory b. Remits from test reactor irradiations suggest

guides for Appendix 11 are being written to that the current approach to shifting the frac-

include present-day geoscience and engineer. ture toughness curves to account for irradiation
,

ing practices and are being made flexible so damage m reactor vessel materials may not
that new information and changes in the state completely account for that damage. It appears

of the art can be casily incorporated in them, that the procedure may be underpredicting the

The regulation contains brief general require. actual shift in the fracture toughness curves,

ments, whereas the regulatory guides describe decreasing the anticipated margin of safety in

the requirements and methodologies in detail. some of the regu;atory analyses. At the same

The NRC staff is being assisted by the time, other aspects of the overall pressure ves-

lawrence 1.ivermore National laboratory set integrity analyses are known to be extremely
conservative so that the final evaluations are(11NL) and a panel of carth scientists and en,

gineers still quite conservative. These results have
been presented to the cognizant ASMli Sec-
tion XI groups for their consideration. Addi-

m. Durmg the past year, c staff performed a tionally, test reactor irradiations are under way
careful review of the Executive Order 12699, to provide the technical basis for any needed
" Seismic Safety of Federal and Federally As~ revisions.
sisted or Regulated New lluilding Construc-
tion," and NRC requirements for the design c. It is necessary at this time to use the most
and construction of buildings associated with advanced equipment methodologies in the
nuclear power reactors and other activities. process of acquiring and analyzing earthquake
The other activities" included Class 104 li- mformation to increase our knowledge about
censes for medical therapy and tescarch and seismic sources and vibratog ground motion.
development facilines, processing of uranium Predicting vibratory ground motion through
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probabilistic seismic hazard assessments is be- ses. Regulatory guidance will be prepared that
coming more important. Methodologies for - will build on the ASMF Code efforts and that
such assessments must be rtudied in greater . will incorporate the material property models,
detail in order to arrive at more robust results. providing a complete analysis meRodology.

d. "lhe extent of the uncertainties regarding the
c- A draft regulatory guide issued for public comenatute, locations, and sizes of seismic sources;

estimating the magnitudes of earthquakes on ment wasdeveloped toadvise utilities planning

those sources; and develop, g gmund motion to renew their licenses of the necessary techni-m
models became apparent after completion of - cal informatioa needed to support their appli-

the LLNL and Electric Power Research Insti- cations.The document provides guidance crite-

tute (EPRI) seismic hazard studies. Fo obtain
ria for the selection of the key plant structures, I

'
more emptncal information to improve scismic - systems, and components needing aging man.

hazard study results, the NRC began support. agement programs; guidance on evaluation of

mg the research listed above under " Specific - operational and environmental factors that

Actions to Enhance Level of Safety,, item k. may contribute to age-relatc<' gradation of
these key structures, systems, m.o components;
aging mechanisms and their kications; and.

3. Confirmation of Regulations guidance on the mitigation and management of -
the resulting aging degradation.The necessary

a .A modification to General Design Criterion 4 inbrmation used to develop this guide is a
several years ago allowed utilities to eliminate pmduct of tne Nuclear Plant Aging Research
many pipe whip restraints through establish- UNE *-
ment of leak before break (LBB) approach in
piping systems of LWRs. Permission to employ

d. Satisfying NRC seismic requirements (Appen-Lill! requires proof of appropri, e material,
loading, and environmental charactenstics. Dy- dix A to 10 CFR Part- 20) has been accom-
namic and simulated seismic hiading tests nave plished in the past by basing conclusions on

now been completed on typial size piping in Umitcd scismic and geolog,c mformation. Ac-i
,,

the first International Piping Integrity Re- 9**u*".of data by the current regional scis-
search Group (IPIRG-1) program. 'lhis w rk mographic networks has mdicated that most of

demonstrated that dynamically imposed strain these cmNsions'were relatively accurate al-

rate effects on fracture toughness of the pipe though untested by a large carthquake. The
generally are acceptably handled by the analy- regulation as it is currently bemg revised will

sis methods c7rrently being used by the NRC require even more empirical information. the
,

and the industry for LBB in LWR piping sys- greater precision of the NSN instruments and

temsJ Additional work is expected to be p'r- - the results of the ground' motion studies wille

} formed as part of a follow-on international add to the seismic data base and either con-
group (IPIRG-2) to further evaluate h>admg t!m lo confirm previous conclusions based on

rate and crack size effects and to evaluate the tk mgdadms or show where modifications
fracture of fittings ctmtaining cracks. " " " * S*"'Y-

b. The potential for ductile failure of reactor e. Appendix A to 10 CFR Part[100 requires that
pressurevesselsis addressed in Appendix G to maximum canhquakes be associated with
10 CFR Part 50 by requiring that pressure ves- cither tectonic structures or tectonic pmvinces.
set materials maintain a Charpy upper shelf Hecause of the paucity of geologic and scismic

. ' energy of atleast 50 ft-lb. lf this regulatorj limit - dats, the boundaries of these structures and
is exceeded, an analysis must be performed to . provinces were hip.hly controversial it is being -
demonstrate an adequate margin against fail. - pmposed that the revised Appendix A (now

- ure. Research results have contributed to the Appendix B) to 10 CFR fart 100 require a
development of acceptance criu ia for these deterministic analysis similar to that in the pre,r
acalyses. The acceptance criteria and general sent Appendix A but also require a probabilis-
analysis method are being considerLl for inclu- tie analysis to take into account the uncertain -
sion in Section XI of the ASMB Hoiler and ties. Palcoscismic' research will continue to

-

Pressure Vesel Code. Additionally, models provide information that can be used to vali-
have been developed that permit es9mation of date the seismic hazard analyses, both the
the material properties needed in these analy- - deterministic and the pmbahilistic ones,

i
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B. I'reVenting Dalnage To Reactor ing licensees' accident management plans.
Thm dedsions w cre chosen in advance, were

Cores appropriate and consistent, and were the same

1. ' Specific Actions to Enhance Level of Safel. ior all calculations. Thus, for example, the
same bicak scenario with primary coolant
pump starts by the operator would follow a

Personnel performance research was used to different path and the resulting minimum cool-a.

develop the Iluman Performance investigation levd would likely be different. Ilowever, it
Process to provide a standardized method to s believed that the uncertainty would be simi-
identtfy the causes of human errors. Both Re- gy*
gion 1 and NRC headquarters personnel have
been tmined in the use of the process; it has

b. Research was carried out to evaluate the po-also been pilobtested by Region 1 inspectors. A
study of operator performance danng 8-hour tentialloss of required shutdown margm dur-

versus 12-hour night shifts was conductc<l and ing refueling operations. A report, NUREG/

the data are currently being analyzed. A CR-5771, analyzing the operation was issued

method derived from the DeGroot memory and showed that the probability of inadvertent

paradigm was tested as a potential measure- criticality during reloadmg is acceptably low
ment method for evaluating human-computer and risk to the public is acceptably small. A
interface; in the area of methods to support bulletin issued to alert utilities to the possible

PRA, the feasibility of an initial method for loss of shutdown margin during refueling has
been shown to be sufficient, NURl!G/obser ing the effects of certain organizational

factors on safety was evaluated in cooperative CR-5771 will provide further insights to utili-
tests with two ut'ilities. Alternative methods are ties in addressing the problem.

being explored for field testing in 1992. In the
area of risk-based performance indicata s, a
method has been developed for monitoring the C. Reactor Containment Performance
avadahility of three scleeted safety systems.

1. Specific Actions to Enhance I.evel of Safety
b. The March 9,1984 instability at the laSalle-2

a. In February 1987, the NR' issued the draftpower plam led to a reevaluation of HWR sta-
bility. More than 90 related HWR transients version of the " Reactor Risk Reference Docu-
were simulated on the Brookhaven National ment" (NUREG-Il50), as well as a series of
1;aboratory Engineering Plant Analy/cr to de- supporting contractor reparts, for public com-
termine the causes and the potential magni- mentJlhe drah report assessed the risks from
tude of power, flow, and temperature oscilla- possible core damage accidents in five U.S. nu-
tions as well as the possible consequences from clear power plants-Suny (Virginia), Zion (11-
postulated scenarios on suppression pool con- linois), Sequoyah (feunessee). Peach Bottom
ditions. The results of these tests were instru. (Pennsylvania), and Grand Gulf (Mississippi).
mental in bringing about improvements to The report discussed the implications of the
BWR ATWS emergency oferating proce- five analyses on regulatory issues such as imple-
dures. mentation of the Commission's Safety Goal

and Severe Accident Policy Statements. Two
2. Confirmation of Regulations NRC-funded reviews of the draft report were

obtained and published as NUREG/CR-5000
and NUREG/CR-5113. In addition, thea. A research project applied code scaling. appli.

cability, and uncertainty (CS AU) analyses us. American Nuclear Society sponsored and pub-

ing RELAP5/ MOD 3 to a hypothetical PWR lished a review of the draft report.
(B&W)small-break i OCA.The uncertainty in
predicting the safety parameter of reactor ves- The NRC staff and supporting contractors up-
sel water inventory was determined. This st udy dated the five risk analyses.The updates, which
showed that this type of accident can be evalu- were quite extensive, were intended to reflect
ated using these methods with excellent accu- comments received, to reflect the present plant
racy. The study also showed that, while the design and operating charactenstics, to im-
large-break LOCA scenario follows a rather prove the methods used, and to incorporate
standard path, the nd of small-break LOCA new experimental data on severe accidents re-
scenarios is hminated w operator action deci- sulting from the research programs of NRC

;

sions. This information is important in evaluat- and others. '
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The completed new version of NURiiG-1150 surfaca temperature. (l'he lower head thick-
was delivered to the Commission in April 1989 ness wu 5 inches.) -
and published as a second draft for peer resiew
in June 1989. A peer review panel, organized lower hcid failure maps have been developed
under the Federal Advisory Committee Act, for local penetration failure and for local and
completed its fonnal review of the document _ global creep rupture failure as a function of the |
and provided gcnerally positive findings. 'The characteristes of the lower head debris and of

'

final version of the report (NUREG-il50)was the lower hecd structure.'lhe analytical basis
issued in December 1990. forthese mapsissupportedbytheresultsof the

metallurgical analyses of the samples in the
b. Protubihstic risk analysis (PR A) is used by the TMI-2 lower head program.' A NURHO/CR

NRC staff to support the resolution of a wide report on this antlysts is undergoing peer re-
spectrum of regulatory issues. For licensed view wd will be inued in FY 1992,
plants, PRAs are sometimes voluntarily sub-
mitted by licensees to support their s;3ecific b. : A comprehensive Utaft ''Research Plan for
proposed means for resohing such issues. For Melt Progression Issle Resolution" was pre-
advanced plants of the future, applicants are pared and subjected to expert peer review."Ihe
required to perform and submit PRAs as part plan and comments of the reviewers wd,l be
of their overall license applications. Ti.e fol, used as a basis to update the Severe' Accident
lowmg reviews were performed: Research Plan in the melt progression area.

Technical evaluations to sepport the revisionc.
Sout h Texas (Texas).This PR A was a voluntary
submntal by the licensee, who plans to use the - to current methods for evaluating the chemis-

,

docuruent as a reference m future techmcal try of the iodine component of the source term

okcussions on regulatory issues, enteting the containment duriag a severe acci.
dent (l'ID-14844) werc completed. The Oak
Ridge National laboratory performed analyses

Diablo Canyon (California),This PR A was de- using a chemical kinetic model to determine
veloped and submitted as part of a long-term the equi:ibriu_m distribution of the iodine, cc- ;
seismic program.

sium, hydrogen, and steam species emering the _
'

containment. The results indicate that iodine
GE Advanced InVR. A PRA was submitted as entering the containment is at least i $ percent
part of the licensing application for this ad. Csl (Cesium ledide) tmd 5 percent ni l or til
vanced ilWR. In May 1991, a draft safety evalu- . (clemental iodine or hydrogen iodide)
ation report was ernpleted and transmitted to
NRR. This was subsequently transmitted to Once within the containment Cslis expected to -
Ganeral Electric. deposit onto interior surfaces and disso've in

water pools, forming I-(iodide) in sohtion.-
In support of the advanced reactor design certi- Subsequently, iodine behavior within the con-c.

fication process, EPRI has developed a set of tamment depends on the t- : and pil of the
requirements to guide the design of such reac, w ter solution. If pil control is avmlable ayd
tors. One part of this guidance relates to the maintamed, very little of the dissolved iocae

.

performance end use of PRA methodologies, will be converted to elemental iodine.
A review c' this guidance was made with a draft -

- accident 1 scaling methodologyd. A severe .

evaluation transmitted to NRR in August 1991.
This evaluation was reviewed by NRR and (SASM) was developed to guide the formuia-

,

transmitted to EPRI in October 1991. tmn of experimental programs and analytical
methods. Documentation of the S ASM and ap.

. plication of the methods to the direct contain- .2. Confirmation of Regulations.
- ment heating (DCll) issue were addressed in

t

NUREG/CR-5809,' published in November -
a. : Examination of the vessel samples from the 1991.

*1?dl-2 lower head indicated that a small region -
of the lower head (approximately 2 feet in di- Integral testing was initiatec. .o investigate the

|ameter) experienced inner surface tempera- containment -loadings resulting from DClic j
tures of about 1350 K.The. examination also The experimental program will explore .inte- 1indicated that the temperature 2 inches into gral DCll phenomena at different scales for
the wall was about 100 K lower than the inner representative reactor designs _

NUREG-1266 xviii
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c. A joint agrectnent was reached for a coopera- will facilitate an efficient focus on critical needs
tive program with the Ministry ofInternr.tional for completing code development.
Trade and Industry of Japan and the Nuclear
Power lingineering Center. Under this pro-

D. C.,onfIrIning Safety of Nucleargram high-temperature high-speed hydrogen
combustion research will be conducted for 5 Waste Disposal
years. Two combustion vessels will be used for
this research program at the Brookhaven Na- 1. Specific Actions to linhance Confidence in Waste
tional laboratory. The conceptual design re- Management I.icensiag

port that describes the program was com-
A petition for rulemaking (PRM-61-1) froma.pleted.
the North Carolina chapter of the Sierra Club
was completed. The petitioner requested the

f. An interim version (CORCON MOD 3) of the Commission to adopt a regulation to permit the
core-concrete mteraction code CORCON was design and construction of a zero.rclease low-
developed. In addition to improved thermal- level radioactive waste disposal facility w. a
hyttrauhc modeling, CORCON MOD 3 incor- saturated zone. The petitioner stated that the
porates the VANiiSA model of aerosol gen- regulation was necessaiy in order for the Gen-
eration and radionuclide release durmg cral Assembly of North Carolina to consiJer a
cor e-concrete interactions. Henchmark valida' waiver of a North Carolina statute that requires
tion of CORCON MOD 3 is currently under that the bo tom of a low-level waste facility be
""Y' at least 7 feet above the season high water

table. A denial of petition was published in the
Two experimental research programs address- Federal Registcr in July 1991 (56 FR 34035).
ing the debris coolability issue were initiated.
The Advanced Containment 11xperiment b. Final amendments to 10 CFR Part 40 that pro-
(ACli) program. conducted at thc Argonne Na- vide licer. sing for the custody and long term
tional laboratory, is an internationally spon- care of uranium and thorium mill tailings dis-

| sored program with NRC participation, one posal sites were published in the Federal Regis-
phase of which deals with melt cooling issues, ter in October 1990 (55 FR 45591).These pro-
the Melt Attack and Debris Coolability F : peri- cedures will ensure that long-term
ment (M AC1!) One MACli test was per- performance of uranium mill tailings disposal
formed under the ACli program. The Wi1T- sites is properly monitored and that detenora-
COR program, conducted at the Sandia tion requiring restoration will be detected so
National Iaboratories, is an NRC-s, :nsored that appropnate action c:.m be taken.
program that supplements the M ACli pro-
gram and that deals with the morphological
behavior of core debris during the cooling proc. 10. Resolving Safety Issues and
ess. The first of a series of three WIiTCOR Developing Regulations
tests was conducted.

1. Specific Actions to tinhance 1 cyci of Safety

g. Completion of the initial study of HWR Mark i Final technical resolution for the following ge-
contaminent shell failure was documented by neric issues was completed:
issuance of NURl!G/CR-5423 m July 1991.
Peer review of the study indicated the need for , g; .'lilectrical Power Reliability"
additional evaluation of selected subjects,
which is being undertaken in FY 1992. GI-130, "Liscential Service Water System*

Failures at Multiplant Sites"
h. The principal integrated computer codes that

e GI-135, " Steam Generator and Steamsupport the evaluations of nuclear plant re-
sponses to postulated severe accident scenarios 1.ine Overflow"
are being independently reviewed for their

GI-IlJ.4.1, "Revisc Deficiency Reportadequacy to meet NRC objectives. The first *

such comprehensive peer review was com- Requirements"
pleted for the Mlit.COR code; other codes
such as CONTAIN and SCDAP/Riil AP5 are b. Prioritization of the followmg generic issues
being reviewed starting in FY I492.The results was completed: j
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* GI-24, " Automatic Emcrgency Core tention to hold rulemaking in abeyance for a
Cooling System Switch to Recireu- period of 18 months. During the 18-month time
lation"-Mi'DIUM interval, the Coinmission monitored industry

initiatives and progress in maintenance im-
GI-38, " Potential Recirculation System provements and reevaluated the need for issu-*

Failure as a Consee,uence of Ingestion of ing a final rulemaking. Ilased on its evaluation,
Containment Paint Flakes or Other Fine the Commission concluded that a regulatory
Debris"-DROP framework should be in place to provide a

mechanism for evaluating tue overall continu-
* GI-72, " Control Rod Drive Guide Tube ing effectiveners oflicensee maintenance pro-

Support Pin Failures"-DROP grams. Accordingly, the Commission issued a
final rule,10 CFR 50.65, " Monitoring the lif-

e GI-73, * ;tached Thermal Sleeves" fectiveness of Maintenance at Nuclear Power
-NEIRIN RIiSOINED Plants," on J uly 10,1991,

GI-100, "OnceJihrough Steam Genem-o

tor Level"-DROP d. The NRC has been considering what require-
ments should be placed on nuclear power

GI-120, "On Line 'iestability of Protec- plants in the event that licenses to operate be-e

tion Systems"-MIiDFJM yond the 40-year term of the original license
should be pranted. Public comments on license

GI-143, " Availability of Chilled Water renewal requirements have been solicitede

Systems and Room Cro:ing'-111G11 three times through the Fcdcral Repstcr-the'
first time in connection with seven major li-

GI- 150, "OvergvessariMen of Contain- cense renewal issues (published November 6,
*

men Penetrations"-DROP 19S6) and 15e second as part of an advance
notice of caposed rulemaking (published

G I-151, "R eliabiHty of isnucipted Tran- August 29, 1988). The advance notice re-e

sient Without Scram Recirculaten Pump quested comments on NUREG-1317,"Regu.Trip in llWRs"-MEDIUM latory Options for Nuclear Plant License Re-
newal/' issued in August 19S8. Comments

GI-153,"I oss of Essential Sen.cc Water were summarized and analyzed in NURiiG/e

in 1.WRs-HIG1i CR-5332 "Surveyand Analysisof PublicCom-
ments on NUREG-1317: Regulatory Options

GI-A19. " Digital Computer Protection for Nu: lear Plant I.icense Renewal," issued in
e

System"-IJCENSING ISSUE
March 1989/The third time occurred when the
NRC published the proposed rule for nuclear

* G1-1122, " LWR Fuel"-DROP
power plant license renewal on July 17,1990
(55 FR 29043)Jihe final rule (10 CFR Part 54) !

In March 1988, the Commission issued a Policy with apptopriate supporting documents was
c.

Statement on the Maintenance of Nuclear published on Deceraber 13,1991 (56 FR
Power Plants. In this stmement, the Commis- 64943),
sion indicated its intention to pursue a
rulemaking on maintenance. In developing this
proposed rulemak'ng, the staff had extensive e. As part of a separate ruiem tking, he NRC has
interactions with U.S. industry (airline and nu- undertaken a generie environn ental study
clear)and studied foreign nuclear maintenance with the purpose of defin% tN scope and
programs and practices. A 3-day public work- focus of environmentai effects that need to bc
shop was held in July 1988 to solicit comments considered m individual relicensirq actions. An,

on rulemaking options.TSc information gath- advance notice of proposed rulemaking (10
cred was used in formulating the proposed rule CFR Part SI) was :ssued on July 23,1990 (55
and its supporting regulatory guideflhe Cora- FR 29964). Also, a ratice of intent to prepare a jmission issued the proposed rule for public generic envimnmer,'ai impac' statement '

comment in November 1988 and the support. (GEIS) on the effects of renewing the operat-
ing draft regulatory guide in August 1989. In ing license of individual nuclear power plants
Dectmher 1989, the Commission issued a re- was issued (55 FR 29967). The NRC pub!ished
vised policy statement to restate its views with the ptoposed rule and draft GlilS for comment
respect to maintenance and to indicate its in- on September 17,1991 (56 FR 47016).
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f. 'Ihe pressurized thermal shock rule,10 CFR k. . A final rule that amended the regt.lations in 10 -
50.61, was amended in May 1991 to incorpo- CFR Part 50 to require the licensee to imple.

N
rate the embrittlement calculation procedure ment the NRC-approved Emergency Re- '

currently contaiacd in Revision 20f Regulatory sponse Data Systern (ERDS) at all nuclear
Guide 1.99. " Radiation Embrittlement of Re- power plants was published in the Federal Reg-
actor Vessel Materials." ister in August 1991 (56 FR 40178), liarlier, the

proposed rule was published in the Federa/ Reg-
g A Iinal rule,10 CFR 50.73, on access authoriza- ister for public comment in October 1990 (55 -

tion at nuclear power plar*.s and an accompa- FR 41695). 'lhe rule wouhl wpplement the
rejing regulatory guide wac published in the voice tranmission over tia c wing Emergency
Federal Register in April 1991 (56 FR 18997). Notification System (l!NS) and require a direct
The rule secuires a nuclear power reactor li- electronic data- link between the licensee's
censee to have an access authorization program : cornputer and the NRC's Operation Center to
in its site physical security plan. This would be activated by the licensee during an alert of
provide increased assurance that persons higher emergency condition to transmit timely -
granted unescorted access to protected and vi- and accurate updates of critical information on
tal areas are trustworthy and do not pose a - plant conditions. This would allow the NRC to .
threat to comrmt radiological sabotage. perform its primary role during an emergency

,

at a licensed nuclear power facility, which is-
h. A proposed rulemaking.10 CFR Part 74, on one of monitoring the licensee to ensure that

the raaterial control and accounting, require- appropriate recommendations are made with
ments for uranium enrichment plants and a respect to necessary offsite actions to protect

.

associated regulatory guide were published for public health and safety.
pablic comment in the Federal Register in De-
cember 1990 (55 FR 51726).The rulemaking is 1. ! A final rule was published in the TcdcralRegis-
following an accelerated schedule because a terin J uly 1991 (56 FR 34101) to amend the 10
1; cense application has beca filed by I ouisiana CFR Part 35 regulations that apply to the medi-
Energy Services for the construction and op- cd use of hypnxluct material. The amend-
eration of a gas cc:atrifuge plant that would ments require medical-use licensees to imple- -

produce low-enriched uranium for the com- ment quality management (QM) programs and
niercial market. The rule will facilitate the li- revise misadministration; reporting- require-_
censing of such a facility. We expect the final ments. Implementation of the new perform-
rulemakiag will be published in the Federal ance-based requirements is supported by the -
Register early in FY 1992. issuance of a regulatory guide '. hat includes

specific guidance for QM progro.ns and an ap-
i. In a program initiated in 1985 and continued - proach acceptable to the NRC for meeting the .

through 1991, the NRC staff undertook to requirements of the final rule. The rule pro -
evaluate existing regulatory requiremems in vides a high confidence that byproduct material
terms of their risk effectiveness and to climi- - and radiation from bypnx!uct material will be
nate or modify requirements with only a mar- - administered as directed by the authorized _ user
ginal safety importance. Final recommenda- physician. The feasibility of this approach was -
tions were forwarded to the Commission in J uly evaluated during a pilot program involving 70
1991. Implementations of final recommenda- . medical use licensees and subsequent discus-
tions will begin in FY 1992. sion with professional associations and Agree-

ment States.
j. . A final rule that araended the regulations in 10

CFR Parts 20. 30, 40, and 70 to revise licensee m. The Commission issued a denial of a petition
Seporting requirements regarding notifications. for rulemaking-(PRM-50-50) f om Charles
of incidents related to radiation safety was pub- Young for publication in the Federal Register in .
lished in theredera/Regirterin August 1991(56 January 1991 (56 FR 1749). The petitioner re-

'

FR 40757).This rule will ensure that significant quested the Commission to amend its regula-
occurrences at facilities cperated by material tions to prevent nuclear power plant operators -
licensees are promptly repor'ed to the NRC. - from deviating from license conditions or tech-
'ihe Commission will be able to determine nical specifications during an emergency. The.-

whether a licensee has taken the actions neces- petitioner beileves that nuclear power plants
sary to protect public health and safety and should be operated in accordance with the op-
whether generic safety concerns that :nay re- erating license and appropriate technical speci-
quire prompt NRC actions are identified. fications and that re tairing a senior operator to

xxi NUREG-1266
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.ollow the technical specifications durmg an sumed to occur and that its radulogical conse-
emergency enhances plant safety. quences should be evaluated assuming that the

containment leaks at itt " expected demonstra-
n. Approximately 16 safety-related regulatoryim- ble leak rate."

pact analyses (both -initiated and completed)
I were processed in IT 1991. Since '.962, a better understanding of the tim- l

ing and nature of the Fssion product release
o. Major efforts on the individual plant examina- has been obtained.- As a result, a number of

tion (IPE) program involved review of IPE areas of regulatory netivity have been identified
subrmttals and completion of the procurement that may benefit from change as a result of
process to obtain contractual assistance for the source term and severe accident research, in R.
IPE reviews. Three additional IPE submittats IT 1991,v ork continued on a replacement for
were received and reviews initiated.They were TID-14844, and the staff initiated rulemaking
the Geonce (South Carolina), Seabrook (New to decouple siting from plant design. This ef-
llampshire), and Turkey Point (Florida) sub- fort will more directly incorporate require-
mittats. The draft safety evaluation report was ments related to acceptable site characteristics.
completed for the Yankee Rowe submittal. A proposed rul_c is expected to be sent to the
Also, the review of the Scabrook IPE was com' Commission in June 1992. [pleted. Because the Turkey Point IPE submit-
tal was the fint submittal not based on a previ.

r, . We staff imtiated rulemaking to add emer-
. ..

ously reviewed PRA, it is the first submittal
selected for a more indepth review. 8""CY P.lanning requirements to 10 CFR Part

?? for mdependent storage of spent nuclear
p. In December 1987, the NRC established an fu i and high level radioactive waste, it is ex.

' External Event Steering Group (EESG) to pred that a proposed rule will be sent to the
inake recommendations concerning the indi. Comass on by mid-1992. Alsd a revision to
vidual plant examinations for vulnerabilities to Regulatory Guide 1.101," Emergency Planning .

severe accidents initiated by external events and Preparedness for Nuclear Power Reac-
(e.g., carthquakes, floods, fires). Recommen- tors," was mtuated to revise the approach for

,

dations were needed relative to: (1)what exter, the development of Emergency Action I.evels.

nal events need consideratior. in the IPE, (2) A draft u expected to be mued for pubhe com-
what methods can be used in the examination, ment m early 1992,

and (3) how- the IPE for external events
(lPEEE) can be coordinated with other ongo- s. A study to improve understanding of the con,

_

ing regulatory activities involving external tribution of maternal radionuclide burdens to
events, particularly in the seismic area. prenatal radiation exposure was continued with

significant progress. The NRC recently pub.
In May 1990 the staff completed work on a lished for comraent NUREGICR-5631," Con.
draft generic letter and draft guidance docu- tribution of Maternal Radionuclide Hurdens to
ment (NUREG-1407) to be sent to licensees, Prenatal Radiation Doses " This NUREG pro-
_ hich describes the scope, acceptable meth- vides methods for calculating internal doses tow

ods, and reporting . requirements for the the embryo / fetus and a data base for selected
IPEEEJrhe staff revised the generic letter and radionuclides. Wark is currently under way to - a

NUREG-1407 to clariN and incorporate. reissue NUREG/CR-5631 vith an expanded
changes resulting from coi nts received at a data base that will include uranium and addi.
workshop and subsequenty .ssued the final ge- tional . isotopes of clernents such as Sr-89,
neric let;cr, GI. 88-20, Supp!cment 4, and Cs-134, and Pu-238. Research that will permit '
NUREG-1407 in June 1991.The generia letter inclusion of other radionuclides, such as tech- '

required licensees to submit their plans and netium, molybdenum, americium and other
schedules for performing their IPEEEs in De- iransuranies,is plamned/the methods and data

. cember 1991, with completion of their IPEEEs developed under this project wil! be used by the
by June 1994,' NRC in preparation of an interin regulatory -

guide describing acceptable methods of com- '

q. Consideration of source terms entered the pt:ance with Section 20.208 of the revised 10
regulatory pmcess because the Commission's CFR Part 20. This guide will be revised as new
reactor site criteria (10 CFR Part 100) require information warrants The methodology will
that un accidental fission product release from also be used to calculate doses in cases of acci-
the core into the containment should be e dental releases of radioactive materials. i
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1. Revision 1 to NUREG/CR-4214, "licaith Ef- guide is accompanied by a techniul manual,
fccts Models for Nuc; car Power Plant Acci- " Air Sampling in the Workplace," describing
dent Consequer:ces Analysis," published in how the recommendationsin the guide can be
May 1989 contains health effects models and met. Both documents are scheduled to be is-
risk coefficients intended for use in severe acci- sued in final form in lY 1992.
dent analyses, probabilistic risk assessments,
emergency respsmse planning, and safety goal x. A proposed rule, published m the FederalReg-
and cost / benefit analyses. An addemium enti- ister (56 FR 46739) for public comment in
tied " Modification of Models Resulting From September 1991, would amend the Commis-
Recent Reports of Ilealth Effects of lonizing sion's regulations concerning the licensing of
Radiation" was published in August 1991. The urar,ium enrichment facilities to reflect

reports that led to the revision of models pre. changes made to the Atomic Energy Act of
sented in the NUREGICR-4214 are those of 1954 (the Act), as amended by the Solar, Wind,
the l'nited States Scientific Committee on the Waste, and Geothermal Power Production in-
Effects of Atomic Radiation (UNSCEAR, centives Act of 1990. The principal effect of
1988), the ! ational Academy oi Sciences /Na- these amendments is that uranium enrichment
tional Research Council BEIR V Committee facilities would be licenced subject to the provi-
(N AS/NRC,1990), and the revised recommen- sions of the Act pertaining to source material
dations of ICRP-60 (ICRp 1991). and special nuclear material rather than under

the provisions pertaining to a production facil-
u. A proposed rule for large irradiators was pub- ity. %c Commission is currently reviewing a

lished for public comment in the FederalRegis- license application by the Inuisiana Energy
ter in December 1990 (55 FR 29043). A 2-day Service Corporation to construct and operate a
public workshop to discuss the proposed rule commercial uranium enrichment facihty.
was held in Rockville, Maryland, in February
1991. Iarge irradiators are defined as those y. A proposed rule was pubUshco in the Federal
capable of delivering a dose of 500 rads in an Register (56 FR 50524) for public comment in
hour to a person staning 1 meter from the September 1991 to ar.:end the Commission's
sourcesfl'hc final rule is scheduled for publica- decommissioning reJulations to require hold.
tion in FY 1992. ers of a specific Lcense for possession of

byproduct material, source material, special
A final rule that would recognize a third-party nucl;ar material, cad independent storage ofv.

certification program of the Americar. Society spent nuclear fuel and high level waste to pre-
for Nondestructive Testing (ASNT) was pub- pare and maintain additional docrmentation
lished in the Federal Register in March 1991(56 identifying areas where licensed materials and
FR I1504). He rule would give licensees the equipment were stored and used.The Commis-
option of using the ASNT program in lieu of sion's intent is to provide both the NRC and the
describing their training program to NRC.The licensee the necessary information to ensure
certification program is expected to improve complete decommissioning of licensed facili-
training and safety performance in the ties, in addition, this action also is consistent
workplace. with similar requests made 3,1 the Syrar Com-

mittee llearing on decommissioning and an
A proposed regulatory guide," Air Sampling in carher G AO report.w.
the Warkplace," to meet the requirements of
the new Part 20 was published in the federal 2. Confirmation of Regulatiors
Regista for public comment (56 FR 52078)in
September 1991. The guide deals with issues ' Research programs have been initiated toindepend-
such as what should the licensee do to demon- ently evaluate the new design futures as well as the
rtrate that samples are representative of the air adequacy of advanced nuclear reactor designs to
mhaled by workers, and what measurements withstand severe accidents. These efforts will pro-
are necessary to be able ta adjust derived air vide the technical basis for NRC's support of plant
concentrations to account for particle siic. The design certifications.
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1 INTEGRrlY OF REACTOR COMPONENTS

'this program is conducted to ensure that reactor plant normal senice and accidents and that sufficient critical
systems and related components perform as designed experiments are conducted to validate those procedures
during both normal operations and accid :nts in order that and methods,

their functional integrity and operability can he main-
tained over the life of the plant. Reactor safety depends
on maintaining the reactor system pressure boundary un-
damaged and leaktight. Failure to maintain pressure 1.1.2 Program Strategy
boundary integrity could compromise the ability to cool
the reactor core and could lead to a loss-of-coolant acci-
dent accompanied by release of hazardous fission prod- The approach used for this element is to develop analyti-
ucts. cal procedures for predicting continuing integrity or con-

ditions for failure and to ensure that an adequate experi.
mental basis exists to validate those procedures.The most

1.1 Reactor Vessel and PipMg critical facet of pressure vessel integrity is embrittlement

Iniegrity of the pressure vessel steel as a res alt o? bombardment by
neutrons escaping from the fuel core during normal serv-
ice. Experiments are thus conducted to des clop a base of

1.1.1 Statement of Problem information on all the factors that will cause this embritt-
lement to increase during service life. M uch work is done

The primary system of a light-water reactor (l&'k)is the to establish correlations between small-specimen behav-
principal boundary enclosing the nuclear fuel core and ior and thick-section behavior to ensure that the analyses
the water coolat.t used both to maintain suitably low tem- performed to assess s.ructural integrity are valid. Thus,
pcratures on the fuel cladding and to conduct the heat use is made of large-scale "models" that realistically rep-
from the fission reaction to heat exchanger (for a pressur- resent the true components. Similarly, the abihty to pre-
ized water reactor (PWR)) where it can be converted into dict integrity in piping has required testing of full-sized
steam for electricity generation. The primary system in- sections of pipe havmg a variety of cracks that could
cludes the reactor pressure vessel, primary coolant pip- develop in senice to determine if such cracks could cause
ing, primary pumps, and steam generators. For bmling failure during either normal service or an accident. For
water reactors (BWRs), the primary system must include both vessels and piping, knowledge of the rate at which
the stcam line at least out to the first isolation valve.This cracks grow is very important to ens' ire that a component
boundary must be kept intact and fully serviceable at all will not fait during its fonhcoming operational period.
times to ensure that water coolant is always available to Thus, many experiments are conducted on a wide variety
cover the fuel core so that heat, either from direct power of pertinent materiab under a very wide range of typicad
generation or from decay followmg shutdown, can always and expected exposure conditions to determine the maxi-
be safely conducted away, thus precluding a core melt- mum bounding rates of c,ack growth. Detection and siz-
down accident. The pcinciples of ensuring the structural ing of flaws and cracks in all primary system components
integrity of the primary system componcats are embodied are conducted by the industry through periodic inservice
in the elements of fracture mechanics proccdures used to inspections at shutdowns. To ensure that the inspections
predict conditions for failure. These elements are (1) reliably detect and accurately size the flaws, extensive
knowledge of the material properties (strength, tough- tests are conducted with inspection teams drawn from the
ness, embrittlement, etc.), especially the changes in those industty using typical equipment and techniques on sam-
pro; rties that can occur as a consequence of nuclear ples whose flaw conditions are known. From the results, it
operations:(2)knowledgeof the pressureendotherstress is possible to determine which techmques are effective
loadings that can be applied to the components either and the magnitude of the error bands for both detection
from normal operations or from accidents: and (3) knowl- and sizing. Improvements in methods are pr.) posed and
edge of the presence and size of cracks or other flaws in qualification procedures developed that can provide bet-
the compments. The regulations, codes, guides, etc., that ter assurance for not missing flaws in future inspections
tatain to the structural integrity of 1 WRs are focused to and for sizing flaws more accurately. Use is made of mate-
ensure that possible combinations of material properties, rials and components removed from actual service to
h) ads, and flaws will yield adequate margins against fail- measure the real condition of matenal properties result-
ure of primary system componentsflhe goat of the Reac- ing from years of senice, to establish the real corrosion
tor Vessel and Piping Integrity element is to ensure that state,and to validate the exisience of flaws that have been !

appropriate analytical procedures and inspection meth- " called" and estimated in si/c through nondestructive |

ods exist foi assessing the safety of comp ments during examination procedures. J
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1.1.2 Research Accomplishments in FY 1991 Computing Sersice< Jeveloped mathematical models ca-
_ pable of predicting the ductile tearing resistance of pres-

1.13.1 Pressure Vessel Safety sure vessel steels and weldments. This work, funded un-

The NRC's regulations for vessel safety have alway s been
der a Small Business Innovation Research contract,

designed to ensure an adequate level of ductility and provides the NRC and the industry a statistically based

fracture toughness in the base metal and welds of reactor methodology for estimating the material properties
needed in these analyses.

pressure vessels. liowever, many of the analysis methods
and material characteristics used in evaluating vessel Several years ago, ORNL, as part of the NRC's Heavy
safety were based on engineerin3 practice, which was Section Steel Technology program, performed several
intended to be very conservative. As plants have aged and large-scale "venchmark" experiments-the so-called in-
as the industry has satrted to consider license renewal, it termediate Test Vessel tests and the Pressurized Thermal -
has become clear that the safety analysis methods must be Shock Experiments-for the purpose of validating the
accurate, not just arbitrarily conservative, and that the fracture analyses used in reactor pressure vessel safety
data bases used to deduce material characteristics and evaluations. More recently, other large-scale experi-
properties rnust reflect actual material behavior. Thus, ments have been conducted in the United Kingdom, the
validation of the analyses and the material data bases is Federal Republic of Gertuany, and Japan.The results of
necessary to ensure an adequate margin of safety and to these experiments, combined with those from the earlier
preclude unnecessarily large margins. ORhL work, provide test cases that cover a wide spec-

trum of conditions over which the pressure vessel fracture
The NRC's fracture evaluation research includes both analyses are expected to be valid.
analytical and experimental efforts. During FY 1991, re-
scarch continued to evaluate the validity and accuracy of During FY 1990, as part of an effort by the Committee on
reactor pressure vessel fracture analyses, evaluate the the Safety of Nuclear Installations (CSNI) Princi al.E
cffects of parameters that affect the fracture analyses to \V rk.mg Group 3, ORNL organized an m. ternational
identify those warranting additional research, develop w rkshop to compare predictions of the fracture behavior
and refmc analysis methods that can be used reliably in in the large-scale experiments to the experiment results.
predicting reactor pressure vessel fracturc, and develop .The overall results of this effort led the NRC to increase
the material property data neederl as in put to these analy. the emphasis on refinements to the fracture analyses,

His work was continued dunng FY 1991 and is expected
,

ses.

to continue for at least another year, culminating in an-
The potential for ductile failure of reactor pressure ves- other analysis demonstration. He expanded program:

sets is addressed in Appendix G to 10 CFR Part 50 by builds on the ongomg work at ORNL and the David
requiJng that pressure vessel materials maintain a Faylor Research Center and brings expertise at the Um-
Charpy upper shelf energy of at least 50 ft-lb. If this versity ofillinois, the University of Maryland, the Univer-
regulatory limit is exc:eded, an analysis must be per- sity of Tennessee,and the Umversity of Kansas to bearon -

,

formed to demonstrate an adequate margin against fail- the problem. The FY 1992 effort is expected to mclude
ure. During FY 1990, signtficant emphasis was placed on ther private sector research institutions.
developing data and analyses that could be used to evalu-
ate _ the potential for ductile failure cf reactor pressure As the fraciure analysis technology has matured, the em-

vessels. Research at the U.S. Navy's David Taylor Re- phasis in the NRC's research has moved Irom broad spec-

search Cemer in Annapolis, Maryland, and at the Oak trum scoping research to research aimed at developing
Ridge National laboratory (ORNI.) was aimed at devel- analyses and the supporting data that can eliminate some

oping independent analyses for pressure vessel fracture of the very conservative assumptions incorporated in the -
and for evaluating the frac *ure resistance of the material early regulatory analyses. A significant initiative in the

,

based on results from small laboratory specimens. During pressure vessel research program is aimed at evaluating

FY 1991, most of this work was corap;eted and contrib- the apparent increase in frnire resistance for shallow
flaws.

uted to the developn ent of proposed changes to Section
XI of the-ASME Doiler and Pressure Vessel CoJe_ During FY 1990,-it was demonstrated that increares in

- changes that are being endorsed by the staff as acceptable fracture toughness for very shallow crach could have a
criteria for evaluating materials with a low resistance to - significant effect on pressurized thermal shock (frp3)ductile tearing.

analyses.This led to an analytical and experimental pro-
gram to quantify the so-called shallow crack effect for

Additionally, during IT 1991, work was completed to reactor pressure vessel stcels. During FY 1991, tests were
develop equations for predicting the material properties performed to confirm that shallow cracks initiated at
needed in analyses or pressure vessels co itaining materi- higher fracture toughness values than did deep cracks,
als with a low resistance to ductile tearing. Using pattern This led to an expanded program, linked directly to the
recognition techniques, researchel at Modelling and analysis efforts described above, that seeks to quantify
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and validate this fracture behavior. This program is ed The surveillance program is a central part of the overall
pected to continue for 2 to 3 years. Ilowever, once com- process to ensure pressure vessel safety. An important
pleted, the results could have a major impact on pressure aspect of the surveillance program is the prediction of the
vessel safety analyses and may significantly reduce the amount of neutron radiation exposure (neutron fruence)
currently perceived risk due to accidents such as l'fS. of the vessel. Fluence determinations are made by caleu-

lations to compute the Cuence, by dosimetry measure-
ments at key surveillance hv:ations, and by a consolidationIn addition to the research efforts, the FY 1991 program

. of the measurements and ca"uhtions to reduce uncer-mcluded an unusually large effort in support of the Office tainties of predictions at critical h) cations of the vessel.of Nuclear Reactor Regulation (NRR). A significant ef-
These predictions must be reasonably accurate in order tofort was devoied to performmg mdependent analyses of ensure that the plant is operating in cImformance with thethe vessel failure frequency due to l'IS transients for a NRC safety regulations,

paiticular plant These cfforts drew on expertise m proba-
bilistic fracture mechanics, embrittlement trenJs, flaw

Dosimetry research has led to improved analytical meth-
si/c distributions, and insenice inspection techniques. ods for estimating the neutron flux and the neutron en-
While the regulatory decisions concernmg this plant were ergy spectrum anu has provided the experimental valida-made m NRR, the research efforts contributed substim'

tion of these analytical methods. During l'Y 1991, this
tively to the decision process. In addition to the FF5 research haa provided new values for the eross section for
analyses, analyses were performed to evaluate altemative nelastic scattering of iron atoms that have been included
methods for determining pressure-temperature limits in the livaluated N uclear Data Files-data that at e essen-
and low-temperature overpressure protection setpoints. tial in determining the neutron fluence. Reevaluation of
,rhe resulc of this work contributed directly to staff delib' experinants using these data files has resulted in dra-

= crations on industry proposals. The overall effort during matic improvements in corre ation between calculations
FY 1991 demonstrated that the results and expertise de- and measurements for predicting reactor vessel fluences.veloped by the resectch program provide a valuable re-

F nally, the dosimetry research has provided the basis forsource that et n be tapped to provide answers for unusual impro'vements in dos'imetn measurements, includirig ex-
plant-specific appheations. vessel dosimetry measurenients.This work will culminate

in a regulatory guide on dosmetry that is expected to be
I!mbrittlement due to neutron radiaaon is the chief aging published in 1492.
mechanism for reactor prersure vessels.The NRC's rege-
!ations require surveiPance programs, where samples of The early embrittlement research efforts emphasired an
the pressure vessel materials are irradiated in the reactor empirient approach where pertinent materials were irra-
pressure vessel durmg operation, to monitor the level of diated in test reactors under accelerated conditions
embrittlement. Ilased on these surveillance results, it While these programs were useful in developing an un-
appears that embri tlement is huther in many plants than derstanding of some of the controlling variables,it soont

previously thought.The NRC's regulatory documents are became obvious that the number of variables that could
being updated to reflect this realization. Further, re. have a signihcant influence nn embrittlement was so !arge
search is being performed ta examine the factors that and interrelateJ tha: an erapirical approach cocid ,ct
control neutron radiation embrittlement and to develop cumpletely resolve the issue. Thus, emphasis has been
additiord data useful in updating the regulatory cocu, increasing on studying the underlying mechanisms of neu-
ments. a related effort, the effect of :owenperature, tron radiation embrittlemer.t. While this work will not be
low-flux irradiation on the integrity of reunor pressure completed for several years, there has been significant
vessel supports is being evaluated. progress in the recent past throughIhe use of high resolu-

tion devices such as the field ion atom microprobe and
small angle neutron scattermg. This progress has im-

,The Flh, rule, 'l0 CFR 50.61, was amended on May 15 proved confidence in interpreting the empirical results
1991, to make the methadology for evaluating reference and in defining additional test reactor tradiation pro-troperature consistent with that in Regulatory Guide grams. An international group of experts has been
1.99, Reusion 2. Specifically, the amende) rule uses the formed to cooperate on these problems.
same formula used in the regulatory guide and permits
the use of " credible" surveillance data in evaluating the Recent results from text reactor irradiations suggest that
RT salues for each plant. With the amended rule. tht the ASMI! Code procedure to account for irradiationm
RT value for some plants will increase and may de. damage may not completely adJress the damage. Itm
crease for others. In some cases, the new value may ed appears that the Code's procedure may underpredict the
ceed the FFS screening criterion prior to the end of thc actual shift in the fracture toughness cunes, eroding the
hcensed life for the plant. In these cases, the licensees will anticipated margo, of safety in some regulatory analyses. j

be considering ana!)ses and physical changes to the plant At the same time, other aspects of the overall pressure !

to satisfy the regulatory requhements. vessel integrity analyses are known to be extremeh
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conservative so that the final evaluations are still quite lhe results of the annerJing work have been supported by
conservative; During FY 1991, these results were pre. industry efforts and by results from research performed in
sented to the ASMll Code groups responsible for the the USSR and exchanged under the auspices of the Joint
Code's procedure and were factored into a " white paper" Coordinating Committee on Civilian Nuclear Reactor
on pressure vesselintegrityissues. Additional test reactor Safety. The combined results of these efforts provide
irradiations and material testing efforts are under way and reasonable assurance that thermal annealing is a practical

i will provide a firm technical basis for evaluating the method for mitigating the effects of irradiation damage.
Code's procedure. That work is capected to be completed During FY 1991, NRC staff members led a team of re-
in the next 3 to 5 years. searchers and' industry representatives to witness the an-

nealing of the reactor _ vessel at the Novovotonezh Nu.
To assist in pudicting margins of safety, research has clearI ower Plant Unit 3 in the USSR (currently known as
been initiated to study the toughness properties of reactor CIS), Several differences between Russian and U.S. de-
vessel weld metal from the canceled Midland Unit I nu. signs and conditions were dentified, but it was generally
clear plant, which has a relati ely low resistance to ductile concluded that annealing of U.S. reactor pressure vessels

( tearing. During FY 1991, a significant effort was ,:om, was viable._ Additional work is in place to improve our
pleted to characterize the unirradiated properties of the ability to predict annealing recovery and reembrittlement
weld material anJ to inspect these materials using ad. rates. While nuch more work is needed to provide appro-
vanced nondestructive examination techn%ues to charac. priate regulatory guidance, the principle has been dem-
terize the distribution of flaws in the as-fabricated welds. onstrated.
1he results of these tests and examinations provided
unique insights into the distnbution of chemical content .the embrittlement validation research using decommis-

and mechanical properties for actual prodrtion welds sioned reactor pressure vessels is a relatively new initia-

and provided support for toc density of "u..t al flaws t ve. The only decommissioned pressure vessel matenal,

assumed m earlier analyses of pressure vessel failure that has been examined to date is material obtained from
probability. Irradiation tests of the Midland weld maten' the Gundremmingen pSnt in the Fed,eral Republic o.f

Germany. During FY 1991, several other decommis-als will be conductea in 1992-1993 and should provide an
enhanced basis for safety analysis of a number of operat' sioned r'eactors were considered for study, and prelimi,
ing reactor vessels having similar w cid metal. nary plans for pursuing these studies were developed.

Finally, results from nn investigation of the embritt-
The mechanisms research conducted during FY 1991 lement of the decommissioned Shippingport shield tank
made significant progress in identifying mechanisms that have shed some light on the embrittlement of the reactor
seem to e mtrol the embrittlement process, partially pressure vessel supports. The results of this research
clearing the way for developing a predictive model that indicate that the Shippingport shield tank was not as
can replace the empirical approach currently used in embtilded as would be expected based on the trends
evaluating irradiation damage. The predictive r. 3 del is observed at the liigh-Flux Isotope Reactor. Since the
the ultimate goalof this research.While the resultsof the Shippingport shield tank was exposed to a more typical -
past research have contributed significantly to achieving irradiation, these results raise new questions concerning
this goal, they also have identified many interactions that the presumed severity of pressure vessel support embritt-
must be understood before a comprehensive predictive lement. During FY 1991, efforts were initiated to exam-
model can be completed, This research has demonstrated
that the dominant irradiation embrittlement mechanism

- ine the embrittlement trends of typical pressure tessel
support steels and to evaluate the neutron flux in the-

for pressure vessel steels is the accelerated formation of ' biological shield wall of a typical plant. These efforts will
extremely small (1-2 nanometers) copper-rich precipi- contribute to the final resolution of Generic Safety Issue
tales in the microstructure of the steel. Secondary 15. " Radiation Effects on Reactor Vessel Supports "
microstructural et.nges have also been shown to contrit>.
ute to the irradiation :mbrittlement nf steels. 1.13.2 Piping Integrity

The pipework of reactor primary systems is not subject to
The NRC's regulations and regulatory guidance contem- degradation by irradiation effects, but rather is more in-
. plate that there may be some prescure vessels that be- fluenced by fatigue, corrosion, and thermal aging. The -
come so embrittled that continued operation is unaccept. NRC's regulations and regulatory guidance concerning
able.The embrittlement research program has provided piping integrity are designed to limit damage due to nor---
initial data to demonstrate the effectiveness of thermal mal operations-fatigue and corrosion ior example-yet
annealing in recovering degradation in mechanical prop- include leak detection and fracture analyses to ensure the
erties due to Pradiation damage. The results of this re- integrity of the piping under normal and accident condi-
scart.h have iuentified optimum annealing temperatures tions in the event that some form of damage has occurred.
and annealing periods, at least for the relatively limited These are explicit applications of the uefense-in-depth
number of materials studied to date. ctmcept and have led to highly reliable piping systems in
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spite of unanticipated damage such as intergranular stress NURl!G/CR-.4513, provide an experimentally validated
corrosion cracking in llWRs. engineering tool that can t used to estimate the service-

mduced degradation in properties for cast stainless stects.

Residuallife assessment reviews for JVRs indicate that The research is continuing to examine potential degrada-

low-cycle fatigue is a potentially significant degradation tion in properties for st inless steel welds.
mechanism in piping systems. Current procedures for
estirnating fatigue life are based on the ASME Code With the discovery of inservice cracking of nuclear reactor

Section 11I and its fatigue design curves. These curves, pipmg came an mcreased interest in how such " service-

developed approximately 20 years ago, were obtained by degraded" pipe would behave under postulated accident

adding a safety factor tois mean data curve that was based conditions: would it leak or break? 'the matter of the
on tests of smooth, polished specimens tested in a room, leak-or-break alternatives had been addressed for years

temperature air environment. The safety factor was in, without the emergence of a strong consensus.The NRC

tended to account for several effects, including the effect and the industry have pursued parallel research efforts in

of bading rate, the effect of the water coolant environ. evaluating pipe fracture behavior. 'the industry's effort
has focused on the behavior of stress corrosion cracks, andment, the effect of surface roughness, and normal mate _

nal variability. the NRC has explored the broader question'; regarding
" leak-before-break" phenomena for all piping.

Based on results obtained dunng l'Y 1991, as well as The NRC has funded research into several aspects of pipe
results obtamed from earlier work m the United States fracture, including analysis of material properties and
amJ abt ,ad, it is now clear that the margins in the Code full-scale pipe fracture experiments.The NRC's primaryare smaller than intended for some situations. Since no pip ng fracture research program had been the Degraded
consensus fatigue hfe estimation pmcedure is availab!c, Pip ng Program, conducted by Itattelle in Columbus,cata from ongomg tests and from the literature and pro- This prograrn, initiated in 1984, was completed ingrams in Europe and Japan are being evaluated to de- 1988, and the final report was issued in 1989. The De-velop interim pmcedures that adequately account for the

graded Piping Program has, among its many contributions
effects of operating temperaturc and the water coolant on to an understanding of piping fracture technology,identi-fatigue life. Also, the NRC is participalmg in an interna ^ fied several areas that call for deeper study. Three par-tional effort to develop and execute a longer term re- ticularly iiapornmt areas are the effects of anisotropiesearch p gram for developing appropriate fati - t na&, aM tkcurves and hfe prediction nethodology for up'gue designma pq

ASME code for future applications. -
datine the ,

- effects of scismic r dynamic loadit _

During FY 1991 a study of several pipmg-related issues
(,ast duplex austenitie-ferntic stainless steels are used was continued at Battelle.This experimental and analyti-
extensively in the nuclear industry in pump casings and cal program studies the efket of chort cracks (in dept'a
valve bodies and in primaty coolant piping in PWRs. and lene,th) on the fracture ochavior of typical nuclear-
Recent investigations suggest that embrittlement in these grade piping materials. Prior expenmental and analvtical
steels may occur after 10 to 20 years at reactor operatin8 efforts examining the fracture behavior of piping that

~

temperatures. This coulf adversely affect t! c structural contains flaws have addressed etack depths and lengths
integnty of pressure boundary components during high greater than those encountered ,a service and greater
strain-rate loading typical of scismic events if those com- than those of interest in leak before-break analyses.
ponents contained a crack.The embrittlement is of most 'therefore, this study will provide expcamental data for
concern in PW Rs where slightly higher temperatures are validating and improving pipe fracture analysis methds.
typical -resulting in greater embrittlement-and cast Other efforts in this study examine the fracture behavior
stainless steel piping is widely used. of bimetallic welds and the significance of material prop-

erty variability.The study will continue through FY 1995.
Research on this subject has been ongoing since 1982.
During EY 1991, procedures and correlations fo. estimat- During FY 1991, the NRC completed the first Interna-
ing fracture toughness and tensile properties for these tional Piping Integrity Research Group (IPIRG-1) pro-
materials have been optimized and validated with experi- gram to evaluate the effects of seismic anJ dynamic loads
mental data from materials removed from a decommis- and other piping integrity issues. The IPIRG-1 was a
sioned nuclear power plant and from matenals exposed to consortium of nine government and mdustrial organiza-
accelerated aging in the laboratory. Conservative esti- tions that jointly funded this research.The work myolved
mates of fracture toughness can be made for cast stainless performing fracture experiments on a typical piping loop
steels of unknown chemical composition; progressively constructed with 16 inch diameter pipe that was 1-inch
more accurate estimates can be made based on the mfar- thick. Intentionally cracked test sections were welded into

Imation that is known about the material. These proce- the loop at a high stress h> cation. The tests were per-
dures and correlat ons, published in June 1991 in formed at typical PWR pressures and temperatures (2250
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, si and 550'F), and the loading was intended to simulate tinuously detect she initiation and growth of cracks in
seismic events, nuclear reactor components as it might occur during reac.

tor operation. Similar technology also provides a very
in general, the results support the NRC's pipe fracture sensitive coolant leak detection capabihty, developed un.
.malysis approach esed in leak-before-break analyses and der NRC sponsorship, at Argonne National laboratory
the fracture analysis approach used by Section XI of the (ANL). Results from this research to monitor the initia.
ASME Boiler and Pressure Vessel Code in descloping tion and growth of cracks are documented la the NRC
flaw evaluation procedures. However, issues were identi. report N URl!O/CR -5645Jrhe benefits expected include
fied that warrant further study. increased safety through detection and evaluation of-

crack growth as it occurs, improved capability to detect
The success of the IPIRG-1 program, and the progress and locate coolant leaks as they initiate, and reduced
made by the IPIRO participants toward an international personnel exposure to radiation through reduced need
consensus on pipe fracture technology, led the partici- for manualinspection of reactor components. 'the pro-
pants to form a second jointly funded pcogram, the gram has produced Ali monitorirg technology and meth-
IPIRG-2 program. 'lhat work, scheduled for completion odology proven in off reactor tests, as well as application
in about 3 years, will consider more representative scis- guidance used in ASTM Standard E 1139 and ASME
mic loading histories and will include short cracks and - Code Case N-471. Field validation is currently being per-
cracks in fittings. formed in cooperation with Philadelphia Electric Com-

pany (PECO) by the maaitoring cf an intergrannlai Stress
1.1.3.3 Inspection Procedures and Technology corrosion crack in a nozzle-to-safe-end weld at the I imer-

ick Unit I reactor.
This program includes studies of improved metimds for
the reliable detection and accurate sizing of flaws during Safety analysis had indicated that the flaw indication in
inservice inspection of carbon steel and wrought and cast the f imerick wc!d could remain in place dering another
stainless steel piping and pressure vessels. It also includes fuel eyde without compromising safety. PECO, however,

( studics of online continuous monitoring techniques, using - elected to apply AH monitoring on a test basis and a
j acoustic emission, for crack growth and leak detection, crack-arrest-verification specimen (CAVs) technique to

and studies of eddy current inspection techniques for give added assurance that the crack would not grow dur-
steam generator tubes. ing operation without detection. AE monitoring at Limer-

ick Unit I during the May 1989 to September 1990 fuel --
An improved method for more reliably detecting flaws cycle hasbeen completed and the results analyzed in FY
and sizing them with greater accuracy in LWR primary 1991. A relationship developed earlierin the AE program
circuit components is the Synthetic Aperture Focusing to relate AE data to crack growth rate was used to inter.
Technique for Ultrasonic Testing (SAFI'-UT). The pret the AC data in terms of estimated crack growth.
SAFF-UT technology is based on physical principles of There was partial correlaticn between the crack growth
pSasonic wave propagatba anci uses computers to proc- indicated by AE and that indicated by followup UT per-the data to produce high-resolutiori, three- formed at-the end of the fuel cycle, but the AE alsoe

ennensional images of flaws to aid the inspector in kicat- indicated cmck growth in k) cations not indicated by the
ing nnd sizing flaws. In December 1990, the S AFT system UT, This is not necessarily inconsistent w het. examined in
was used to inspect a reactor pressure vessel as part of an light of the nominal detection threshold of about 20 per-international study assessing the effectiveness of ad- cent of wall thickness for UT.The crack growth indicated
vanced ultrasonic technologies. Results from these latest by AE was smallin most locations, and inspection of the j
tests to dow the accuracy of the SAFF-UPinspection are - wcld by Uris particularly difficult in this case because of -
not available because these " blind test" round robins have the geometry of the weld. Comparing the three surveil-
not yet been completed and evaluated by the interna- lance methods on a common basis of masimum crack
tional study. In FY 1991, the SAFT technology was being . growth rate peryear, UTand AE agreed within about 25
tmnsferred to General Electric for incorpontion into percent, while the CAVs predictkm was about an order-
their next genemtion reactor pressure vesselinspection of-magnitudelower AE monitormgof theweldat Limer-
system. Discum ins were also held with other major nu; ick Unit I has been continued for a second fuel cycle to
clear industry vendors concerning the transfer of the maximize the rclial,ility of the ficid validation.This effort

- SAIT technology to them. NRR is considering the use o startal in December 1990 and will be completed about.
the SAFF technology to provide an independent review - May 1992.
.of the inservice inspections being planned for the Yankee

.

-

Rowe reactor pressure vessel examinauon. The NRC research activities support NRC regional and
. Nadquarters staff responsibilitics by assisting in training

h,".C-funded research at the Pacific Northwest 12bora- the staff in understanding the new and developing tech-
tory (PNI.) has produced technology in support of the nologies that are being applied to inservice inspection,
application of acoustic emission (AE) monitoring to con- - During FY 1991, the effort focused on selecting various
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computer-based ultrasonic inspection systems for de- " ? Aging of Reactor Components
tailed review and esaluation, conducting a seminar for
NRC staff entitled "An Introduction to Computer Ilased Cl Statement of Problem
Inservice inspection," fabricating test bhicks for NRC
staff, developing a waveform library from the test blocks. Aging affects all r: actor structurcs, systems, and compo-
developing pidelines for reviewmg ultrasonic fielj pro- nents in various degrees and has the potential to increase
cedures, and constructing a steam generator tube bundle risk ta public health and safety if its effects are not con-
mockup (discussed below). A draft report was prepared trolled, in order to ensure continuous safe operation,
that describes the general functions of computer-based measures must be taken to monitor key strucitaes, sys-
ultras <mic equipment and pmvides a review of selected tems, and components and interfaces to detect agmg deg-
systems. radation and to mitigate its effects through maintenance,

repair, or replacement. IM an older plant approaching
The inspection procedures and technology research in- the end of its design life and for w hich extendcd operation
cludes on effort to evaluate the integrity of steam pencra- beyond its original license period of 40 years is contem-
tor tobes. Results from a recently completed NRC re- plated, aging becomes a critical concern and will clearly
searc , cpTY I ~ 'he r 4tO of eddy current (EC) be crucial to any assessment of the safety implications of
inspe - + h . ' tt t de, < and characterize steam license renewal.
N .e3 ah a Mdicateda need forimprove-
cr J. I# ;? w 7., process.To address this need, Recently, the nuclear industry has iaitiated a significant
' , M i; # y cescarch at PNL to develop EC per- effort aimed at extending the hfe of existing plants beyond
c. w m . ration qualihcation requirements. their original term of 40 years. According to a Depart-

ment of Energy study, the projected net benefit to the
e i .u work focused on participation in the ASMii United States economy can be on the order e 3230 billions

Section XI Special Working Group on ET Examination through the ycar 2030, assuming a 20-year life extension
(SWGET)for development of generie performance dem- for current plants. If a 40-year life extension is judged
onstration qualification requirements. To,sard the end of 'casible, the benefit is even larger. The benefit reflects
FY 1990 a draft appendtx was prepared and submitted to both the lower fuel cost of the nuclear plants and reduced
the SWGET for consideration during FY 1991. An im- outlays for replacement of generating capacity, Utdities
portant addition was the adoption of regression methods are currently planning to apply for license renewals and
for grading !!C system performance on probability of have a tentative schedule for several steps in the p:ocess.
detection tests- The first submit tal to the NRC is expected in 1992, with a

large number of additional submittals to follow shortly
The NRC has also been actise in the international Pro- thereafter. To keep pace with these industry plans, the
gram for the Inspection of Steel Components (PISC)lask NRC will need to devote effort over the next several ears3
to conduct an international .o"nd robin on the effectise- to license renewal, The license renewal rule,10 CI'R Part
ness of stuam generator tube inspection techniques in $4, ' Requirements for Renewal of Operating Licenses
which seven U.S. teams are involved. for Nuclear Power Plants," was issued in final form in

December 1991. The initial form of draft Regulatory
Other activities in cooperation with the Electric Power Guide DG-1009," Standard Format and Content for Ap.
Research Institute (EPRI) during FY 1991 included the plications to Renew Nuclear Power Plant Opciating Li-
development of a mathematical model of steam genera- censes " was issued for comment in 1991. Review of these
tor tube inspections to evaluate the effect of probabihty applications at an early stage will provide an indication to
of plugging, initial sample size, tube population si/c, and the industry of the viability of the life extension option in
distribution of degradation o:, samplmg plan effective- sufficient time to elect an alternative option if necessary.
ness for ideruifying defective tubes. In addition. Monte
Carlo simulations of a sampling plan similar to one pro- L2.2 Program Strategy
posed by EPPI were performed.

N RC staff effort in aging is being pursued in several areas.
Emally, in support of NRC regional activities, a steam including technical and scientific research to identify the
generator tube bundle mockup is being prepared. The effects of aging on the key safety-related components of
design for the mockup was completed during FY 1991. the plant and to examine methods for mitigating such
Fabrication was started on mockup structural elements as effccts. Specihcally, the strategy is to achieve relative to
well as on wastage and fatigue-crack-degraded tube sam- each component the following results:
ples. Additional efforts are unde- way to contract for
fabrication of chemically degraded tube samples, includ. 1. Identuy and characteri/c aging and service wear ef-
mg intergranular atuck, stress corrosion cracking, and fects that, if unmitigated, could cause degradation of
pitting, and for characterization of cracked tube samples structures, systems, and components and thereby
by computed tomography. impair plant safety.

l
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1 2. Develop methods of inspection, surveillance, at l 4. Diese! Generators,
monitoring and of evaluating residual life of struc-,

1 iares, systems, and coraponents that will permit 5. Circuit lireakers and Relays, and
j cornpensatory action to counter significant aging ef.

6. Reactor Protection System.
4 fects prior to loss of safety funciton.

3. Evaluate the effectiveness of storage, maintenance, 1.2.3.2 Residual Life Assessment of Major LWR

; repair, and r eplacement practices, current and pro- Components

| posed, m mitigating the effects and diminishing the Intrinsic to the general exploration of reactor aging is the .
! rate and the extent of derMaica caused by aging. residual life assessment (RLA) of major components and
i structures.1he capability to predict the residual opera-

1.2.3 Research (sep'e awah. ,7 W 1991 tional lives of major LWR components and structures canI
; be of great bcr:cfit to resolvmg technical issues associated
i with plant aging and license renewa!.1he objective of the- 1.2.3.1 Aging Resex

RLA,as an element of the Nuclear Plant Aging Research
! Ilased on the rM :s xpet *, Meluding (NPAR) program, is to develop technical bases and crite.
I the available dates a . . pow m n .nteractions . ria to assess me'. hods of mitigating the effects of aging on
i with codes and standards comanco, Phase 1 aging as. major components and structures when considering pos-
| sessments were complued on the following special topics sible license renewal.1he approach is to gartge the degra-
j and safety-related components and systems: dation of the major LWR components and structures by '

: the' synergistic influences of radiation embrittlement,.
' L Instrument and Control Systems, thermal fatigue, corrosion, environmental attack,' metal.
} lurgical changes, microbiologically and otherwise induced

|
corrosion, moisture, intrusion, erosion, and so forth,2. Reactor Core Internals, _

3. Control Rod Drive System (PWR), As of the end of 1991, the RLAs of 21 components and
3 structures important to plant safety have been com-
! 4. Reviews of Industry Reports, and p e c mpen s am re am pmsme VM sup- :
; ports, reactor coolant pumps, PWR pressure vessels,
: PWR containment structures, PWR coolant piping, PWR5. Degr . btion Modeling of Components,

steam generators, PWR pressuriiers, PWR pressure
surge and spray lines, PWR reactor cooling system charg-i Reports were issued on the above-mentioned Phase 1 -ing and safety injection nonics, PWR feedwater lines,

; agmg assessments to idenufy degradation sites within the PWR control rod drive mechanisms and reactor internals,
!. component and system boundary, agmg mechanisms, and IlWR containments, llWR feedwater and main steam -
j_ aging concerns.T. a reports, which also made recommen' -lines, BWR control rod drive mechanisms and reactor.

dations for maintenance and agmg mitigation, were re- internals, electrical cables, and emergency diesel genera-)
; viewed by mdustry as well as professional society groups. tors. In these assessments, the degradation sites, degrada-
I tion mechanisms, stressors, and failure modes have been

Phase 2 aging assessments of components involve some dentified foi cach component and structure under study..

j combination of (1) tests of naturally aged equipment or The assessments also-include a review of the current
j equipment with simulated aging degradation; (2)labora- methods for inspection and surveillance of these compo-
; tory or in. plant verification of methods for inspe; tion, nents and structures.The results of this effort have been

monitoring, and surveillance: (3) development of recom- documented in NUREG/CR--473'1, Volumes 1 and 2, and,

mendations for inspection or monitoring techniques; (4) in NUREG/CR-5314.
-verification of methods for evaluating residual service '

_ lifetime;(5) identification of effective maintenance prac- The work completed in IT 1991 focused on developing
F

; tices:(6)in situ examination and data gathering for oper- models and procedures for estirnating aging damage in
j ating equipment; and (7) verification of failure causes, specific LWR components for continued safe operation.
; using results from in situ and post-service examinations. The work included the evaluation of advanced inspection,
1 During 1991; Phace 2 aging assessments were completed - surveillance, and monitoring methods for characterizing

on the following components and systems: the aging damage.~ The results will be useful for NRC
licensing to establish policies and guidelines for making-_

Solenoid-Operated Valves, license renewal decisions.The components that were as-j L

j sessed or that are currently being assessed are LWR rein-
2. Auxiliary Feedwater System, forced concrete c(mtainments, PWR pressure vessels,

j LWR metal containments, PWR steam generator tubes,
3. Auxihary Feedwater Pumps, and cast stainless steel components. Results with respect-

:
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to PWR pressure sessels,l.WR metal contamment, PWR culating the fadure probalJity of these wmponents when
steam generator tubes, and cast stainless steel compo- subjected to stresses caused by the loading on the compo-
nents have been documented in NURiiG/CR-5314, Vol- nents. 'the failure calculations can be substituted in a
ume 1 (draft) Volume 5 (draft), and Volumes 3 and 4, PRA for the plant that will calculate the effects of this
respectively. failure on plant risk. The method is demonstrated in the

report for the application to a pipe weld in which a crack
occurs. As the crack grows because of the pipe leadings

1.2.3.3 Technical llases for License Renewal (and stress corrosion), the crack will eventually reach a

A license renewal rule,10 CFR Part $4," Requirements depth that is unsatisfactory for ensuring continued safety.

for Renewal of Operating 1.icenses for Nuclear Power At this point the pipe can be considered failed, and the
Plants," was issued in December 1991 llesides a final effect on plant risk is determined. A computer program

rule, more detailed regulatory guidance addressing the has been developed for aiding in these calculations. A

technical safety issues related to aging ie meded, both to Pf0Cedure was also developed for identifying those aged

implement the rule and to advise hcumes on license passive components havmg the most impact on plant risk.
.

renewal application requirements, liffective inspection and maintenance actions can be
taken on these components that will control the effects of
the aging and reduce the risk.

A draft regulatory guide, developed on the standard for-
mat and content of technicalinformation for applications
to renew nuclear power plant operating licenses, was Demonstre.tions of this work show that aging effects, if

issued for public comment.The regulatory guide is being unmitigated, cause mcreases in plant risk; cause compo-

revised to reflect the changes in the fmal rule and to nent priorities to change as compared to the baseline
accommodate the public comments. The purpose of the PRA: and result in signifiermt impacts on plant risk and

regulatory guide is to establish a uniform format and component priorities from the interactions of multiple
content acceptable to the NRC staff for structaring and aged components. Methods of setting priorities according

presenting the technical information to be compiled by an to risk impacts and maintenance importance of active
applicant for a renewed nuclear power plant operatmg components were demonstrated, and listings of pnorities

license and submitted by the applicant as part of an appli. for components and systems were developed. Ap-
cation for a renewed license.The regulatory guide identi, proaches to effective maintenance practices, when fo-
fies the content of, and provides technical criteria for, the cused on the components having risk and maintenance

compiled technical information. importance, were demonstrated to control the impacts of
aging on plant risk.

1.2.3.4 PRA-llased Prioritization of Risk
Contributions and Maintenance 1.2.3.5 Regulatory Instrument Review: Management

of Aging of LWR Major Safety-Rchted
A second report (revision to NUREG/CR-55S7) was w Components
sued on seuing priorities among aged active components
according to their risk contributions and maintenance liight selected regulatory instruments, e.g., NRC regula-

importance.The second report was necessarv to resolve tory guides and the Code of Federal Regulations, were
numerous comments and suggestions that had been made reviewed for safety-related information on three addi-
as the result of an extensive internal NRC review of the tional major LWR components: e9bles. containment, and

basemat. The focus of the review was on 25 NPAR-de-first draft report.The format and content of the original
report have been changed to include the technical bases fined, safety-related aging issues, including examination,

for identifying the risk-significant components using the inspection, and maintenance and repair; excessive / harsh

pooritization procedures. For completeness, the second testing; and irradiation and thermal embrittlement. It was

report also describes various approaches for transforming concluded that safety-related regulatory instruments do

a baseline probabilistic nsk assessment (PRA) into an provide implicit guidance for aging management but that

age-dependent PRA, and it provides answers to the ques. there is room for improvement with regard to explicit
tions that are likely to arise when applying an age-depenJ- guidance.

ent PR A. In addition. the report incorporates the work
developed under a different task for including the effects 1.2.3.6 Inspection Integration
of agmg on passive components in the baseline PR A.

The NPAR program has the potential to support the
A report (draft NUREG/CR-5730) was !ssued on the ongoing inspection effort conducted by the regions in
development of a methodology to include the effects of accordance with the NRC inspection program. One old
aging on passive components (pipes, structures, and sup- jettive of the inspection effort is to ensure that safety
ports)and the resulting impact on plant risk.The method- systems and safety-related wmponents have not de-
ology is based on probabilistic structural analysis for cal- graded as a result of any catise, including aging.
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A review of NRC inspection procedures suggests that the ments will include time-dependent Markov approaches,
,

8 information requirements of the inspectors are vast and multiple degradation studies to model progression ofdeg-
. that the NPAR aging data base can assist the inspectors in radation, subcomponent level modeling, and the poten-
| focusing their activities on those components and systems tial for using the degradation modeling approaches in

most likely to affect the plant safety as the plant ages. PRA models of the plant to further define the core dam-<

Further, the NPAR-developed data ana research results age frequency as a function of aging.
can provide the inspector with criteria for judging the3

i validity of findings and the completeness of the licensee's 1.2.3.8 Components, Syst 1s, and Facilities
responses.

Comporent Cooling Water Systems, 'Ihe component
in light of the information needs identified by the inspec- cooling wa ter (CCW) system has been identified as one el
tors, NPAR reports for selected components and systems the support systems that is important to plant safety, An;

were reviewed, and information was extracted that could increase in CCW unavailability can adversely impact
be of potential use to inspection activities was excerpted plant risk, as discussed in studies such as NUREG-1150
and published in two documents-an " aging report sum. and the TIRG AIEX study. NRC Generic Safety Issue 65
mary" and an " aging inspection guide," 'the summary for relates to the high probability of core melt due to CCW

: each equipment type and system studied in the NPAR system failures. Because of its importance, an aging as-*

program includes the idenFrintion of aging-related proo- sessment of this system wps completed this fiscal year.'
tems, highlights of the operating experience, solutions to The objectives were to identify and characterize the aging

i aging problems, and references. This information will be degradation mechanisms relevant to the system, to assess
available as NUREG-1323," Insights Gained from Aging their impact on system unavailability, and; ) provide rec-,

'

Research." This report contains visual inspection tech- ommendations on the available methods for the detection
niques for detecting aging degradation, external and in- and mitigation of aging in the CCW system. Aging degra-

| ternal indicators, and important operating parameters, dation contributes to over 70 percent of the failures, with
a the most common aging mechanism being " wear." Fifty
! 1.2.3.7 Degradation Modeling of Components percent of the failures resulted in degraded performance
: of the system, while 27 percent caused a loss of redun.

Efforts in relation to the development of component deg- dancy. Component failure rates can increase with time4

radation modeling approaches to study aging and mainte- due to the effects of aging, which can lead to an increase in,
; nance effects on components are continuing. Application system unavailability as the plants age. To prevent this,

degradation modeling approaches to residual heat re- good detection and mitigation practices are required. Ba-
moval (RHR) pumps, service water pumps, and instru- si;it gection, surveillance, monitoring, and maintenance

4

rnent air compressors have demonstrated that the inclu- (ISM &M) practices are good, but they are not compre-
sion of degradation states in reliability modeling provides hensive enough to cor-'ately manage the effects of ag-

,

I a better understanding of aging and maintenance effects. ing.These basic methow u1clude ways to detect incipient
The model provides a quantitative means of characteriz- aging degradation before failures occur, as well as main te-

; ing aging effccts, evaluating maintenance effectiveness, nance practices to mitigate the effectsbf aging. However,
j and assessing component reliability. The model being they typically do not address all aging mechanisms. Sup-
; developed is applicable to both standby and continuously plemental activities are available that can improve the

operating components. system reliability. These were identified based on manu-.

facturers' recommendations or past plant experience.,

; Since age-related failures pass through a degradation Some of these supplemental activities include thermog-
state first, the degradation rate serves as a precursor of raphy examination of pumps to detect hot spots and eddy
the failure rate. Increasing aging trends in the degrada- current testing of heat exchanger tubes to detect cracks or:

tion rate can signal future increasing aging trends in the flaws. Each of the supplemental activities was correlated
failure rate, in the case of compressors, the failure rate, with the aging mechanism it helps to detect or mitigate.

*

which is significtmtly lower than the degradation rate in The smdy recommends that various supplemental prac-,

i the first three years, increases faster in the later years, ti^es be added to the basic practices to formulate an
] reaching approumately the same values as the degrada- effective ISM &M program for detecting and mitigating

tion rate at the end of 10 years of operation.This behavior aging.
iadicates the ineff;ctiveness of maintenance in prevent-

) ing degradation from transforming into failures as the air Control Rod Drive Systems for PWR Plants.The PWR
compressors age. Another finding relating to RHR control rod drive (CRD) system positions the control rods
pumps indicates a time-lag of 2 years for degradation to within the ontrol reactiviT changes encountered

] affcet failure occurrences.The model is being extended to during op, , and to provide a sufficient source of
explicitly show the reliability effects of different mainte- negative reactivity to ensure a rapid reactor shutdown.

. nance and test intervals, different maintenance and test The aging study ot this system exwnines the design, con-
! cfficiencies, and different repair times. Further develop- struction, operation, and nuintenance of the system to;
J
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assess its potential for degradation as the plant ages.*lhe nance. A substantial number of system problems were
extent to which aging can affect the safety objectives of found to result from the failure of hydraulic control unit
the system is also included in this study. One such consid- components, includmg the accumulator and various
cration includes component failures in the CRD system scram valves. 'lhe leading causes of CRD mechanism
resulting in plant transients, which unnecessarily chal- degradation were found to be embrittlement and fatigue
lenge other safety systems. The Westinghouse and Com- fracture of the Graphiton seats. Recommendations for
bustion Engineering (CE) plants use similar magnetic improved maintenance practices were provided to mini-
jack type mechamsms, with the exception of Palisades and mize some of the failures observedflhe results are docu-
Fort Calhoun, which use a rack and pinion drive mecha- mented in NUREG/CR-5699.
nism. llabcock and Wilcox (Il&W) plants use a roller nut
type mechanism.The magnetic jack and roller nut mecha- Ilcat Exchangers,Ileat exchangers are vital compments
nisms are actuated by externally mounted stator coils of nuclear power plants, servmg as mterfaces between
w hile an electric motor is used to drive the rack and pinion both safety related and non-safety-related systems and
mechanism. All the mechanisms use similar magnetically components and are the ultimate heat sink to provide for
actuated feed switches to provide actual rod position indi. safe operation and to mitigate the effects of accidents. A
cation. Forced air cooling systems are used by Westing. review of nuclear plant operating experience by ORNI.
house and CE, while ll&W uses a water-cooled system. indicated that interfluid leakage caused by corrosion or
inspections of design differences, consideration of certain crosion of tubing is the most cor.nnonly identified prob-
design modifications and improved maintenance tech- lem, accounting for approximately .10 puent of the to.al
niques are being provided as they become evident from reported failures. External leaks, usually from tube ern-
their operating experience. Some of the most significant sion or corrosion in space mr coolers or from gasket fail-
problems identified for the Westinghouse CRD include ures, accounted for atut 35 percent of the total. In most
unexpected wear o| control rod cladding surfaces, the cases, interfluid or extermd leakage is more of a nuisance
susceptibility of certain cast drive mechanism pressure condition than a threat te the abihty to bring the plant to a
housings to leakage due to embrittlement, the vulnerabil- safe shutdown condition. Of more serious consequence is
ity of electronic components to elevated ambient tem- the degradation of the ability of a safety-related heat
peratures, corrosion and wear of operating coil stack con- exchanger to provide design-basis cooling. In this cate-
nectors, and a potential generic concern related to gory, tube blockage, most often by bivalves or their shells,
inaccurate control rod position information. With regard accounted for approximately 22 percent of the total
to CE and B&W designs, corrosion due to primary cool. These types of problems may not be recognized because
ant leakage (scal degradation, housing cracks, and vent the exchangers normally operatc at thermalloads that are
valve leaks) and failures of power and control system only a fraction of design loads, and requirements for in-
components (power supplies) were the most prevalent service testing that would indicate degradation have been
aging degradation mechanisms. Because of the inherent minimal,

design features in the system and careful maintenance
activities performed by the utilities, this system has not The NRC's Generic Letter 89-13 requires development
evhibited any system failure as a result of componerit of pi nt-specific inservice testing programs by licensees.
degradation. In addition, the Operation and Maintenance (O&M)

Committee of the American Society of Mechanical Engi-
nem E) s an or inservice testing of heat ex-A wide vanation exists between the preventive and pre-

" E*' " "E "" Ydictive maintenance programs of the utilities; this has had
an effect on their ability to identify and mitigate aging. provides data, should provide definitive guidance in de-

tectmg degraded capability.This study has recommended an increased emphasis on
inspections and root cause analysis. Some of these activi. Friction in Motnr. Operated Vahes, A report (draft
ties include the use of advanced monitoring technQues NUREG/CR-5735) on the effects of aging on internal
such as infrared thermography for electronic comp ~ valve components was issued.The intent of this work is to
nents, motor current signature analysis to detect proper determine whether moving internal valve componentscontrol rod operation, and Electrome Characterization can be affected by corrosion buildup due to fluid condi-
and Diagnostics as a possible alternative to meggering for tions during normal plant operations. In the valve experi-assessing electrical integrity.

ments reported under Section 1.3," Reactor Equipment
Qualification," it was demonstrated that these internal

Control Rod Drive Systems for llWR Plants. A study was friction forces were underestimated. For the valves ta be
made by ORNI. under the .ging research program to able to operate as they should, it is necessary that the
collect and evaluate data on the past performance failure effects of friction be understood.Therefore, the informa-
mechanisms and aging of BWR CRD systems. A work- tion contained in the above draft report identifies the
shop was organi/cd and attended by BWR utility person- main aging mechanisms (corrosion, deposition, and ero- !
nel to review and collect information on CRD mainte- sion) that can influence the friction values. The follownp

|
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results of nuclear plant reactor trips where valves were the service water system to assess their impact on opera-
disassembled for inspection are also reported and show tional readiness and to provide methods for the mitigation i

that stainless steel valves are likely to be less affected than of at;ing i - 'he service water system.The following regula-
either carbon or low alloy valves. Although only a < mall tory apy ations evolved from the aging assessment of
number of valves were observed, this important work is the service water system:
being suppicmented with friction experiments to account
for other metal-flmd environment interactior s. ~ Technical basis for the implementation of Generice

Letter 89-13,
Cables.The NRC is currently sponsoring research at (l'c

Support for NRR in the modification of the Stan-Sandia National 1 aboratories (SNL ) to inwstigate cable o

condition monitoring methods and cable aging degrada, dard Technical Specifications addressing service
tion over a 60-year period of plant performance. Acceler, water systems, and
ated aging and accident survival tests of cable pnxlucts
have been completed at the SNI. Low Intensity Cobalt The development of a draft Research Information*

Array facility donng which cables were aged to the 1.etter (RIL) on service water systems.

equivalent of 20,40, and 60 years of operation. During the
agng process the condition of the cables was monitored To satisfy the need for a formal procedure to identify the
usiig both electrical and mechanical measurements, in- cause of aEe related degradation of senice water systems,
cluding insulation resistance, polarization index at three a root-cause method of analysis was developed. A positive

.

different voltages, capacitance and dissipation factors outgrowth of the service water system aging assessment

over a range of frequencies, elongation profiling, cable was the transfer of the methodology related to root-cause
indenter modulus measurements, and hardness and den- an lysis and artificial intelligence to a Department of
sity measurements. The most effective of the condition Defense facility.
monitoring methods was clongation at break. liardness,
indenter modulus, and density also correlated with agino Low Flow Operation of Safety Related Pumps. Ilulletm.

for some cable insulation and jacket materials. Neith[r M was hsued by the NRC requiring utilities to exam-
tensile strength nor any of the electncal measurements ine their safety-related pump operation to determine the
exhibited a consistent trtnd with aging. Most of the cables potential for dead-headmg pumps in parallel operation
were found to be functiona't throughout the 60-year aging and the adequacy of the minimum flow mte. ORNL
and the loss-of coolant-accident (1 OCA) tests that fol- evaluated the mdustiy responses under the aging re-
loud aging. search progran and made several site visits to review the

utilities' detailed calculations. It was found that low flow
Snubbers.The research results provide information rele- opgr tion can degrade pumps and there are no generic
vant to recent operating experience for both hydraulic guidelines for determining aeceptable pump operation m
and mechanical snubbers, particularly in regard to aging- 11 modes.The minimum low flow was found to be made-
relatcd influences. Methods were identified tha; are u;e- quakly addressed at some nuclear plants. it was recom-
ful in monitoring the service life of snubbera. Recommen- mended inat pump qualification criteria and new diagnos-
dations are being developed for the Subsection ISTD of tic techniques providing more meaningful information on
the ASME-O&M Code. The principal findings of this pump degradation be developed. Parallel pump dead-
research are:

'

headmg problems were identified m the residual heat
removal systems at some plants where the pump dis-

The primary environments that contribute to aging charge miniflow line originates downstream of the pump*

degradation in snubbers are temperature, vibration, discharge check valve. Results and recommendations are
,

moisture, and dynamic transients. provided in NURiiG/CR-5706.

liased on the eight nuclear power plants investi. Fire Safety.The NRC is currently sponsoring a research*

gated, approximately 47 percent were mechanical program at Sandia on the "Vulnerabdity of Aged Electri-
functional test raitures and 52 percent of test failures cal Components to Fire" and is also participating in a -
were service related. large-scale cable fire test program sponsored by Germany

at the IIDR reactor facility hicated in Kahl, Germany.
1lydraulic snubber seal life is primarily a function of Two separate studies on the impact of aging on the per-

*

operating temperature. Seal life limits originally formance of electric cables in a fire were completed at
proposed by snubber manufacturers are genemlly Sandia during 199 L The effect of cable thermal aging on
conmrvative. material flammability and on cable vulnerability to fire-

induced electric failure was studied. It was found that
Service Water Systems. The objective of the service cable materied flammability was signific:mtly reduced as a
water system aging study was to identify and charactert/c result of nging Cable thermal vulnerability to fire-
the prmeipal aging degradation mechanisms relevant to induced electric failure was only slightly increased by
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thermal aging. Thus, cable aging does not appear to ug- research attention and action. h was also intended that
nificantly increase fire risk, the results of the research would be incorporated into

standards.
The NRC is participating in the performance of fire tests
in the decommissioned German llDR reactor facility. Subsequent to the TMl research actisity, other safety
Recommendations were provided on the test arrange- issues were identtfied and, where these affected equip.
ments for the cable fire test to be run in December 1991 ment qualifications, research effort was proposed to de-
involving a large-scale calt tray fire in a lower elevation velop the data base to aid in the resolution of these high-
room in the containment ouilding.The NRC is providing priority safety problems. Current effort is addressmg one
electric cables and electric relays for installation in the of these genene safety issues. Another effort is providing
fire room to investigate the effectiveness of cable spatial guidelines for improving valve qualification standards,
separation in preventing fire damage and the thermal
vulnerability of electrical components to heat and smoke 1.3.2 Program Strategy
frorn a fire. Iifforts under this program also include par-
ticipation in an international fire computer code valida- One main NRC staff effort in the equipment qualification
tion comparison using the llDR fire test data. lhe fire program is involved with the completion of the develop-*

computer code models to be evaluated include those fre- ment of a technical data base and analytical procedures
quently used in the fire risk assessment for U.S. nuclear for addre" M6 the high-priority generic safety issue
power plants such as COMPHRN. (G SI-8-' ted to the operability of motor-operated

valves 0, v s). %is same effort is also providing impor-
Structural Components. During fiscal year 1991, three tant information and guidance for evaluating some of the
reports were generated by the structural aging research utility responses to Generic Letter 89-10,which is related
program. The first, an annual report, updated the pro- to GSI II.II.6.i. This work is resuhing in understanding
gress and status of the overall program, as well as giving the capabilities of diagnostic equipment to predict
projections and details of work still to be done. The sec- whether thrust measurements can be extrapolated from
ond report was a single-volume sample of a future four. typical in situ test conditions to accident level conditions.
volume set of data on how structural materials change as Past and current results will continue to be incorporated
they age. These data will eventually also be accessible in the ASMli valve qualification stanJard and in the op-
electronically via personal com;1uters. De third report crations and maintenanc' (O&M) standards. These up-
used three different, but typical, U.S. nuclear power plant graded standards will clarify some of the areas that the
typet to develop an aging assessment methodology. This staff believes may be contributing to MOV problems.
methodology uses relative weighting factors to rank con.
crete structures in nuclear power plants by the impor. Future efforts in the equipment qualibcation program
tance of their structural elements, safety significance, will be devoted to the continuance of the evaluation of
environmental exposure, and the influence of degrada. data to understand the behavior of other typical valves in
tion factors. high-energy environments and in other piping systems

when subjected to operational flows Other efforts wdl
Mechanisms for strength degradation due to corrosion of address the integration of the test data for regulatory
steel reinforcement and detensioning of prestressing ten. applications and for resolving new problems and safety
dons were incorporated into'the reliability analyses being issues consistent with safety and licensing needs. Since
developed for reinforced concrete structures. A consider. industry is becoming more invoh ed in solving some of the

able amount of concrete aging data was acquired for input pressing valve safety problems, some NRC effort will be
to the structural materials aging data base, devoted to followmg this work and evaluating the results

with regard to licensing applications. Another research
effort, which has been delased because of other high-pri-

1.3 Reactor Equipment Qualification oniy Gst work, will be d'evoted to understandmg tne
effects of large earthquake loads on the operahility of an

13.1 Statement of Problem aged gate valve.The effects of the large dynamic loads on
piping, supports, snubbers, and anchors will also be stud-

As a result of the Three Mile Island (TMI) accident, ied. The results from current and future efforts will be
concerns and quesuons were raised regarding the oper- incorporated in appropriate ASMis qualification and
ability and structural integrity of components dunng O&M standards to provide the basis for ensurmg safer
carthquake and LOCA environments. Although design com ponents.
criteria and loading definitions have changed over the
years to improve the integrity of these components, the 13.3 Research Accomplishments in FY 1991
concerns and questions dealt directly with the adequacy ot
the component qualifications. Therefore, those items INperiments were completed in early FY 1990 to de,er-
that were identified as high p. Drity w ere given immediate mine whether valves m high.cnergy pipes will close as
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they should to prevent leakage dunng a pipe-break acci- vide training for the NRC inspectors. Some of the areas
dent outside the containment.'lhe resulting high velocity where the research effort during FY 1991 has made im.
flows that develop in the pipe and in the valves must be portant inroads in advancing valve technology are:
stopped by the ulvei'ite Icakagc, if unchecked and if
the valves do not close, can hrve serious consequences, A modified valve thrust formula for bounding clos-e
not only because of steam release outside containment, ing thrust requirements for gate valves was devel-
but also because other emergency equipment may be oped. 'Ihe formula reflects the effects of friction,
exposed to the harsh water and steam endronment and temperature and pressure, and fluid conditions from
may fail. the experiments. 'The formula includes terms that

had not been previously identified in the industry
A total of six different valves were tested, three each standard formula.
having six-inch and 10-inch diameters. The six-inch-di-
ameter valves are typical of those mstalled in high energy progress has been made to quantify the effects ofo

hot water pipes, while the 10-inch-diameter valves are corrosion, wear in, fluid lubrication, and the impor.

typical of those mstalled in high-energy steam pipes. All tance of design parameters on valve operability.

hardware and fluid environments-flow velocity, pres' Clearances between valve internal parts are impor-

sure, temperature-were selected to simulate actual con- tant for identifying whether a gate valve will experi4

ditions that would occur m the event of a poquhted pipe ence damage during high-flow operation.

break accident at some operating nuclear p ur plant. A computer program has been develcped for the usee

of NRC inspectors in evaluating valve calculations at
The main findings from the valve experiments were that nuclear power plants.The program provides a con-
one 6-inch valve did not fully close because it had under. sistent set of criteria and methods the inspectors can
gone significant damage to internal parts during closure use when performing these difficult evaluations.
and the five other valves were capable of stopping the The program has also been made available to parties
high-velocity flows in all of the closing experiments. How, outr.ide the NRC for their use in predicting valve
ever, one 10-inch valve also experienced significant dam- performance.
age to its internal parts but the damage did not prevent
the valve from closing. (It should be noted that all valve The nudear industry is also contributing to improving

. .

actuators that provide power to close the valves had been valve reliability. An extensive program, including experi-
set to deliver larger thrusts than would normally be the ments on othervalves, has been developed by the Electric
case for in-plant operation to ensure closure during the Power Research Institute (EPRI)JThe pmgram started m
experiments.) Another important finding from the ex- April 1991 and will continue for approximately 3 years,
periments showed that ihe valve internal friction forces Some foreign c untries cerrently also have valve pro-
that must be overcome by the actuators are underesti- EI"*S under way. Although the NRC valve research ef,

.

mated. This latter finding leads to underpredicting the ort will continue, the level of effort will decrease m F1

required closing thrusts and ultimately may lead to under- 1992 and FY 1993. During th'.se years and in subsequent
sizing actuators for these valve applications. All the above years, the NRC cfforts will focus on reviewing, evaluat-
findings and all the test results have been made available ing, and confirming the EPRI program results and, where

to the nuclear industry for their use in improving the possible, the resuPs from foreign country programs.
overall reliabilityof valves. l'hese efforts wdl result m supplym, g the NRC inspectors

with additional technical information for evalualmg nu-
"

The results reported above support concerns at the NRC
about the capabilitics of similar in-plant valves to accom-
plish their intended safety funuions when necessary.The 1.4 SciSmic Safety
NRC had previously notified the nuclear power plant
licensees that a valve evaluation program should be insti. 1A.1 Statement of Problem
tuted at each plant to ensure valve operability over the -
remaining life of each plant or valve as the case may be. Earthquakes are among the most severe of the natural
Most plants have already started to comply with the NRC hazards faced by nuclear power plants. Very large earth-
request, and NRC inspectors have been auditing plants quakes would simultaneously challenge the ability of all
over the past several months to evaluate the respective plant safety systems to function and, coupled with the
valve programs. The inspectors have required training, likely loss of offsite power and depender t safety systems,
technical information, and criteria for performing their could pose a unique threat to pubh; safety. As with many
evaluations.Thus, during FY 1991, most of the research potentially severe conditions, there is much uncertainty
effort has been devoted to analyzmg the test data ob- asso^iated with the design and evaluation of nuclear

| tained from the valve experiments (identified earlier) to plants fo earthquakes. Seismic hazard in Eastern and -
develop the needed information and criteria and to pro- Central United States remains an issue that is not likely to
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be casily resolved.These regions contain the highest per- 1.4.2 Program Strategy
centage of nuc| ear power plants in the United States. g ; g;

scan.h to develop the methods and data that will support
Historically, the largest earthquakes in the United States the necessary scismic criteria development and provide
have occurred at New Madrid, Missouri, and at Charles. the evaluation tools. The research is focused on (1) im-
ton, South Carolinafnte geology of the central and cast- proving estimates of carthquake hazards by identifying
ern regions makes it difficult to establish earthquake mag- potential carthquake sources and determinmg the propa-
nitudes or seismic parameters for specific locations or to gation of scismic energy with distance,(2) estimating the
ensure a proper design basis for individual power plants, possible range and likelihood of seismic ground motions

at nuclear plant sites, and (3) assessing the effect of these
ground motions on soil, structures, equipment, and sys-

The publication of sciamic hazard curves in 1989 by both tems of the plants.The integrated results of this research
the NRC (NUREG/CR-5250) and EPRI (NP-6395) v.ill be used to quantify the risk to nuclear plants from
marks the end of major efforts to characterize the seistuic carthquakes, to assess the scismic safety margins inherent
hazard at U.S. nuclear reactor sites. Although the best in current or future plant design, and to help identify and
information and procedures available were t sed, they set priorities for what improvements are needed in plant
revealed that large uncertainties still remain in seismic desi ns or what parts of seismic design criteria may beF
hazard estimates. Also, recent full. scope probabilistic relaxed.
risk assessments, performed as part of the NUREG-1150
effort, continue to show that seismic hazard uncertainties A major focus of the NRC research programs in geology,
contribute significantly to the overall uncertainty in nu. seismology, and geophysics continues to be identifying
clear reactor risk estimates. These large uncertainties and defining potential carthquake sources or source
make it dilficult to place the contribution of seismic risk rones in the Eastern United States and using that infor-
into its proper perspective, e.g., in the development of mation in. assessing seismic hazards with respect to nu-
individual plant examination guidelines. c! car power plants. Alany unknowns exist regarding these

issues, including a strong basis for seismic zonation,
source mechanisms, characteristics of ground motions,

Recent successes in the geologal, geophysical, and seis- and site-specific response. The NRC is addressing these
mological studies sponsored by RES show that it is possi- uncertainties through research that encompasses sus-
ble to answer the basic scientific questions that underlie tained seismic monitoring, geologic and tectonic studies,
these seismic hazard uncertainties. It is the goal of the neotectonic investigations, exploring the earth's crust at
RES carth science program to significantly reduce the hypocentral depths, and conducting ground motion stud.
uncertainty in seismic hazard estimation in the next dec- ies,
ade through emphasizing this type of research.

The backbone of the NRC progtm in the Eastern United
States has been the seismographic networks deployed

in the 1970's and before, our interest in nuclear plant throughout the Eastern and Central United States.The
seismic design was mainly limited to response at design NRC is currently funding seismographic networks in the
levels (e.g., OBE and SSE) und our knowledge of this was following regions: Northeastern United States; V ginia;
primarily based on analytical techniques and assump- Charleston, South Carolina; the Southern Appaachian
tions. In the 1980's, a considerable effort was made to region; the New M3drid (Missouri) region; Ohio and Indi-
better predict the potential response of nuclear plants to ana; castern Kansas; and Oklahoma. An agreement was
earthquakes greater than those considered in design. Our reached in 1986 between the United States Geological
understanding has been increased greatly by the testing to Sut ey(USGS)and the NRC to jointly support the estab-
failure of couipment and structures, by the gathering and lishment of the eastern partion of a national seismo-
synthesis of carthquake experience data from non-nu- graphic network.The eastern portion of the national net-
clear facilities, and by the large number of seismic proba- work is scheduled to be fully in place by the end of FY
bilistic risk assessments that have been made. 1992. In the meantime, the curremly NRC-funded net-

works in the Eastern and Central United States will be

This research has generally found that the seismic capac-
ity of important nuclear plant structures and equipment in recent years, the NRC has supported seismic testing
(when properly anchored)is high. But there remain spe- and the collection of earthquake experience data in order
cific capacity concerns that need to be resolved, such as to improve and gain confidence in the use of seismic
now to address the potentially harmful effects of relay PRAs and seismic margin studies. These data are also
chatter. The importance of plant-specific walkdown re- being used to support proposed improvements to scismic
views to find nongeneric vulnerabilities has been noted in design criteria. The earthquake resistance of structures,
recent seismic margin studies. equipment, and piping has been found, in general, to be
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higher than previously thought. Major efforts in this area fleubility to incorlwate additional stations and regional
were completed in 1990, and the results are being suc- networks operated by universities and c her government
cessfully used in licensing actions. Relay chatter is the one agencies. Most of the network romponchts are based on
remaining seismic capacity issue that will require addi. commercially available products, thus minimi/ing costs
t;onal testing to resolve. and maintenance problems.

Upcoming inlividual plant examinations and USl A-46 NRC support for regional seismo .aphic networks in ths
scismic reviews will use the recent results of NRC seismic Eastern and Central United States was continued durm, g
rescarch. this fiscal year, again at a funding level that was somewhat

reduced from the previous year. This support function
will be continued until the end of IT 1992. At that time.

1.4.3 Research Accomplishments .in IN 1991 sufficient data will be available from the NSN, and all

1.43 1 E,arth Sciences regional network support from the NRC will end.

Scismic hazards contribute a sizable proportion of overall Additional investigations were conducted by the Geologi-

plant hazards and, because of inherent difficulties in de- cal Suncy f Canada in the area of ground rupture durmg

fining them, they form an even mor: significant portion of the December t5,1989 magnitude 6 Ungava, Quebec,

the uncertainty in estimating plant hazards. Although carthquake, and strong motion recorders deployed last

recent NRC (NUREG/CR 5250) and EPRI (NP-6395)
f 11 were retrieved during July 8 through 22,1991. The

studies base advanced the methodobgy for characteriz- stigations revealed that the main ruptare extended

ing seismic hazards at nuclear reactor siter, further scis- kilometers farther north than reported lastyear and many

fs mic hazard research will be needed. The goal of the RES other secondary ruptures were identified. Sub-bottom
carth science program is to reduce uacertainties in hazard acoustic profiling was conducted to detect seismically m-
esti-mates by continued research into the causes and dis- duced deformation in lake sediment in several lakes m the

tribution of scismicity. Successes of past research pro- area. The results revealed isolated pockets of disturbed

grams together with applications of nc .ly developed s 11.The aftershock activity was not large enough to trig-

methods promise to significantly reduce uncertainties in ger the strong motion recorders mstalled last year.

scismic hazard estimates within the next decade. Palcoscismic studies in the epicentral areas of moderate
. historic carthquakes in the northeastern United States

,Ihc Natonal Scismographic Network (NSN), established
and adjacent Canada have found paleoliquefaction fea-through a cooperative agreement with the USGS, has
tures induced by prehistoric carthquakes and have pro-

progressed to the operational stage and was officially vided data on seismically induced soil deformation struc-dedicated on April 3,1991. The NRC is providmg the
,

tures.
funds for the stations of this network in the Eastern and
Central United States and for the satallite receiving sta- last year investigations at Ferland, Quebec, the site of
tion and associated equipment for data processing and the November 25,1988 Saguenay earthquake and in the
storage at Golden, Colorado. In return, the USGS will vicinity of the 1727 Capc. 'nn earthquake at Newburg,
operate the network and provide seismographic data to Massachusetts, identified liquefaction features induced
the NRC. At the dedication ceremony, this agreement by these carthquakes and also paleoliquefaction 'catures
and the way it was put into effect were highlighted as an caused by prehistoric carthquakes. In FY 1991, following
example of unusually effective cooperation between two up on these stedies, new investigations were started at
government agenetes. Newbury and Moodus, Connecticut, and Ossippi, New

flampshire-sites of historic and ongoing seismicity.
At present, a few stations are operational, together with These studies are focusing on identifying geological evi-
the satellite link and processin, ' ilities in Golden. Ilow- dence for prehistoric carthquakes, including scismically:

ever, with the details of the inumentation having been induced liquefaction features as occur in nuvial soils,
worked out, installation of new stations will progress rap- glacial outwash deposits and lacustrinc sediments, and
idly, and a substantial portion of the network is expected landslides, rockfalls, and slumps. This research will also
to be in place by the end of FY 1992. Completion of the identify similar features that were caused by phenomena
full (eastern and western portions) network is expected to other than tectonic and will compare their characteristics
occur in FY 1994- with those that were tectonically induced.

With its dual range,3-component seismometers, this net- A seismic reflection survey that was completed in 1987
work will carry out the functions of both a microscismic included a traverse along the Roanoke River from Hedfor
and a strong motion recording network. The NSN is de- to Brookneal in a generally nonscismic zone and several
signed for fully error-corrected digital data transmission, lines in the central Virginia area near Richmond. Final
making data available for rigorous analysis within minutes interpretation of this survey, together with reprocessing
of the occurrence of an earthquakcJihe network has the and reinterpretation of the 144 seismic traverse acquired
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by the USGS and new geologietd data, has led to new the source of earthquakes with a magnitude preater than
conclusions concerning the structure and seismicity of 6 for the past several thousand years. Progress was made
this area. hiost significant is the interpretation that the in establishing valid criteria for recognizing neotectonic
Piedmont andIllue Ridge regionof the centralandsouth- features in these noncoastal areas.
ern Appalachians contains only one terrain boundary, Union County, located in the South ";olina Piedmont,namely the Taconic suture. 'the Taconic suture is re. was the site of an intensity Vil carthquake in 1913.1.i-
peated at the surface by faulting and folding, and it passes
through the lower crust and lithosphere somewhere east quefiable fluvial sands have been identified, but nolique-

faction features have been found so far. The investiga' ion
of Richmond. 'the rupture is spatially associated with

of this area will continue in winter when lower waterseismicity in the central Virginia seismic 7one, but it is not levels will expose additional outcrops.The Appalachiancomfortable with carthquake focal planes and s, ems to
area has very few deposits that are liquefiable.'ihose that

have little causal relation to them. are available will be innstigated, but additional neotec-
tonic methods are needed to obtain information on possi-

In central Virginia, the metamorphic Piedmont and Illue
Ridge plate is 9 kilometers thick, whereas its thickness in hic palcoseismic events. Possible seismically induced

the aseismic area of the Roanoke River traverse is only 3 landslides, ground fissures, and cave deposits have been

kilometers. Ilowever, the F:.te may be more extensively identified as possible sources of information. While a

broken by high angle normal faults in the central Virginia single line of evidence m this area may not be conclusive,

seismic zone. 'Ihus, greater infiltration by ground water it is expected that multiple lines of evidence may permit
firmer conclusions.may reduce the strength of the fault planes present and

lead to a higher rate of :ismicity. The New hiadrid (htissouri) area experienced an carth-
qu ke sequence in 1811-1812 that included the most

'lhe 1886 Charleston, South Carolina, carthquake is the
se s ds cycr generated in histonc times east of the

| largest seismic event to have occurred on the Atlantic R cky hiountams. Today the area is still the source of
seaboard of the United States. This carthquake caused considerable earthquake activity 'fhe source of the scis-
extensive liquefaction in its meizoseismal recion. Re- ty has b ibuM ancactivated faults withm a nftmsearch m this area also revealed geologic evience that * the crystalline basement. ,Ihc presence and extent of
there have been at least five prehistoric ca:thquakes in this ancient nft structure has been defined by geological

.

the Charleston earthquake area. Def.mus susceptible to and particularly hy geophysical means. Plots of epicenters
liquefaction are present near the cost from Florida to in this area also clearly reveal the trends of the underlying
New Jersey. h1 ore than 1,000 sites were investigated t stmeture.
within this region and no seismically induced liquefaction
was identified outside of South Carolina except for one Evidence obtained from an array of 3-component scis-
feature in North Carolina just north of the Sta:e line. An mometers (the PANDA array of hiemphis State Univer-
event occurred 1800 200 years ago for which evidence sity) deployed in the area has led to new insights into the
was found north of the Charleston meizoseismal area but structure of the New h1adrid area and has proved the
not near Charleston. Either this represents another seis' value of 3-component digital recordir - othods.The new
mic source or the evidence at Charleston has not been technology has made it possible to compute single-event
found as yet. The evidence for large prehistoric earth- focal mechanisms compared to the composite mecha-
quakes in coastal South Carolina and the lack of it else- nisrs used in the past. As a result it was determined that,
where on the Atlantic coast is consistent with a unique in the central segment of the seismic zone, carthquakes
source in the Chuston area. define a narrow. 30-kilometer long fault zone that dips at

33*-52' to the southwest. It was also found that a thin
During FY 1991 field and laboratory work was conducted low-vehicity layer exists at upper crustal depths in the
for a study extending the search for paleoliquefaction area. This is interpreted to be a clastic sediment layer.
features from the coastal areas of South Carolina inland

Tree-ring analys' ' were performed on drilled cores fromand into the southern Appalachians. Work concentrated es

on fluvial and lacustrine deposits along the Savannah and bald cypress trees in Recifoot I ake, Tennessee. Reelfoot
Edisto Rivers, on Carolina bays in the coastal plain, and Iake is reported to have been formed during the earth.
on the llowman and Union County areas. Some prelimi- quakes of 1811-1812, and growth responses in the bald
nary work in the scismic zones of the southern Appala- cypress confirm the coseismic subsidence of the Recifoot
chian area of Tennessee and Giles County, Virgima, was lake basin. While most of the hardwood trees in the area
also carned out. of the lake were killed, the bald cypress tolerates inunda-

tion well and many specimens up to MX) years in age
To date, no clear neotectonic features that are not related remain.The bald cypress shows a large growth surge after
to the Charleston source area have been found. Prelimi- 1811 because of the altered hydrologic regime. In com-
nary results suggest that the flowman area is not con- parison to other areas, Reelfoot I ake is the only area in
nected with tu Charleston sourm area and has not been the midcontinent that shows a growth surge in balo
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cypress at this time. A t.econd growth anomaly in the Southeaster n Illmois has had seven ugntficant es e nts dur-
Itecifoot 1.ake area is a sharp decline in the density of ing the 200-year historical r ecord/Ihere has been consid.
latewco,d that has lasted from 1812 until nowflhis aho is crable debate on the geological structures responsible for
ascribed to altered hydrologie conditions. A third charac- this seistr.:c activity, but none has been identified with
ter.stic of the Reelfoot coresis the pnsence of numerous confidence. l'or example, the continuity of the seistnicity
cratks in pcc.1812 portions that may indicate phystal belt, along with geephysical esidence, has led to the inte r-
d.unate susotined by the trees during the earthquakes. pretation that the fault system in southernmost Illinois

and Indiana is a northeastern extension of the New
Dunng IT IWI, the ikiothed hneament, a 113-kilome- hiadr'd seism;c tone. An altctnative explanation is that - - - _

ter-long lineament identified by satclhte photographic We canhquakes enginate in a wmplex trans&n rone
analysis in the New hiadrid senmic area, v.as ir.vestipted connecting two tectonic regimes. Partly because of this

,

- - - -

by feologic mapping, seistnic reflectian profiling, and lack of knowledge about a causative mechanism of the
-

trenching.1he in vesurations revealed that the lineament ya uaket ar invesugation was begun in i Y 1991 to
is a complex zone of strike slip deformation consisting of identiy and analyte palcoseii.mi: evidence along the __

multiple flower structures and fractm ed rock with defor- abad River and its tributaries.
mation at least as young as the base of Quaternary.

hlapping and analysis of large dikes and lateral spreads
exposed along the banks of the Wabash and White Rivers

'lhe northwest striking Meers.Duncan Criner fault zone and m.her drainages suggest that a large carthquake cen- --

hes along the northeastern border of a structural trough, tered near Vincennes, Indiana, occurred between 2,MX1
the southern Oklahoma auh coger, separating it from a and 7,500 vcars ago. Comparing the sizes, distribution, "
series of crustal uphfts to the southwe ' such as ex- and other characteristics of these features with scirpre sed by tir Wichita hiountains. 'lhe fault rone, which cally .nduced fcaturch at Charleston, South Carolina, and
is aseismic, consist of at least five segments. Two of the New Madnd, Missouri, suggests that this earthquake was 1
segments, the hlcers and Criner faults, show evidence of larger than the 1886 Charleston carthquake (magnitude
recent (at Quaternary) activity. of about 7.0) but srnaller than the 1811-1812 New Madria

carthquakes (magnitude of about 8.0). (
Palcoscismic studies along the Meets fault were com-
pleted in October 1%9. Detailed trench logging and geo- .N Pactfic Northwest is underlain by the Cascadia sub-
logic mapping indicate left latecal obbmc slip, down to duction zone,in which the oceanic Juan de 1 uca plate is -

the southwest. on a steeply nortLwest dipping to ricarly being subducted beneath the North Ame'ican plate.This
sertical fault. Analyses of inese data and radncarbon gg g g
dating show that these have been at least two surface cv dence indicates active subduction, but there have been

faulting events durit.c the put 3.200yca' i that were prob- no historic large-thnist earthquakes along the plate inter-
ably associated with car 8 quakes langing from magnitud face, a phenomenon observed in other subduction zones
6-3/4 to 7-1/4. 'lhe latest displacement occurred aSout stound the rim of the Pacific Ocean.
1,500 years ago. Analysis of faulted alluvial terrsces along
'he Mccrs fault suggests that a period of quiescence last- The USGS is conducting a major st udy ofIhe geology and

ing mTny tens of thousands of years preceded the faultmg tectonics of this region.'lhe NRC is partiat'y funding two
evento neotectonic research projects of this program, one in

southwestern Washington and the other in central Ore- f
pon. These projects are continuations of investigations

After completion of the Meets fault investigation, a study that revealed geologic evidence n:ggesting the occurof tiv Criner fault, another member of the Wichita fron- rence of several prehistoric and flohicene large eat 4
tal favit system, was begun. Geolopeal reconnaissance quakes. The evidence lies in buried marsh and shallow
and studies of aerial photographs suggest that the Criner marine sediments, w hich indicate several cycles of normal
fault may also have experienced late Quaternary displace- stratigraphie deposition abrupuy terminated by cata-
ment. It is downdropped in she southwest and is kicated strophic events These events are interpreted g most
about 80 kdometers southeast of the Mccrs fault. Mor- resr cners to indicate large subduction yone carth-
phclogic evidence suggests young displacement and qm hs. At least five events are in evidence in southern
crosscutting reationships between the fault, and late Washington. 'the ongoing research is to better define the
Quaternary terraw deposits at one kication suggest that ages of these events, determine their rtgional extent, and
the last displacen ent occurred between 10,000 and estimate their recurrence interwis using precise rad'os ar-
29,000 years ago. L etailed investigations similar to those bon dating techniques of subsidence-killed Sitka sprme
carried out on the Mccrs fault are ocing conducted to trees to reduce the errore inherent in the conventionalasses the seismic hazard potenti:d of the Criner fault technique of dating. Another stud) to accomplish this is
after a long delay in obtaining access to properties con- the analpis of diatom fossils and sand found on top oftaining cri'ical exposures of the fault. several buried peat layers. This analysis is expected to
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detennine whether these materials were deposited by studies that are in progrea. Part of the data collection has

tsut, amis following the carthquakes. involved field visits for onsite evaluation of published
infonnation and,in rome cases, development of new data

in conjunction with these studies, an investigation is un- such as slip per event for paleocarthquakes on segments
d:r way to identify and define seismically induced palcoll- that have had historical ruptures,
quefaction features in this region. Thus far, recormais-
sances aheg the Chelahis River and other nearby Studies during FY 1991 bave focused prhoarily n the j

Ro4ers Creek llayward fault rone. the segment of thedrainages have not identified evidence of seistnically in. Sa' Andreas fatalt that ruptured during the 1989 lomaduced deformation features. One paleoliquefaction fea.
ture was identified near the Copatis Iber, and detailed Prieta carttetiake, and the Wasatch fault rone. Possible

investigations were conducted. He ge of the feature, segmentation boundanes have Scen idendfied along the

which was determined to have been fooned 11,000 years Rodgers Creek and llaywan! ?dults and are being investi-

ago, does not coincide with the ages of any of the subsi. gated.'the im faults are sepamted by a 6-kilometer wide
dence events, owever, Additional river reconnaissances releasiag bend, %c tast rupture on the Rodgers Creek
will be carried out, and lake bed sediment will be exam. fault occurred in 18G3, and there is no current seismicity

ined for carthquake-induced deformation, or creep occurring 1hc Hayw|ard fuit, an the other hand,
is expeciencing creep nd scismicity,

lhe size of the maximum or characteristic earthquake
Geomorphic reconr.aissance and trench.ing m the Santa -

.

,

that a fault can produce and the location of that carth- Cruz Mountains showed that, although the f ema Prieta
quake along the length of a fault are major rucans of rupture did not scach giound surface, repeated surface
estimating design ground motions. Fault rupture length is faulting has occurred on this segment of the San Andreas
a key parameter for constraining ti c size of future earth, fault through time.1his indicates that variable modes of
quakes on a fault. This constraint can be obtained from rupture may occur on this segment,studies of the rspture lenth versus it.gitude or energy ,

release of previous cart'. wakes. During the past decade, Intraplate segmentation and its application to hazard fo-
fault segmentation has crocrged as a field of earthquake cused on comparing the relationship Wween long-term
rescarch that has important implications and applications 1, lip rates, slip per event, and palcoscistmcally determined '

for evaluatmg seismic harard. It is based on the common timing of cauhquakes by using the geologic history over.

observation that fault zones, especially long ones, do not the last 10,000 years of the Wasatch fault rone,
rupture over thcli entire length duttug a smgle carth-
quake. A variety of structural and palcoseismic studies lhe NRC supports sevemt strong ground anotion studies
and investigations of historical carthquakes clearly indi- relating to both the !! astern United States and Califor nia.

*

cate that the hication of rupture is not random, that there A study of soil dynamics at Garner Valley (near Anta),
are physical c4mtrols in a fault zone Ihat define the extent California, employs an array of wide band t,trong motion
of rupture and divide a fault into segments, and that seismome;crs placed at various depths in boreholes to
segments can persist through many seismic cycles. Inher- gain information on seil dynamics and ampli%ation of
ent i'i the concept of segmentation is the idea of persis- earthquake motion.nis study, performed by the Univer-
tent barriers that controt ruptur e ptopagation.1he rceag- sity of California at Santa 11arbara, is one of the many
nitior. ar.d identification of rupture segments have the research programs that demonstrate effective cost shar.
potential to provide new insights into characteriting scis- ing between the NRC and other agencies. ne study is'

mie restces and understa-ling controly of rupture initia- being funded in cooperation with the USGS and tt.c U.S.
tion and terminauon. - Arrny Corps of lingineers and w;th support from the

Commissariat a FEnergie Atomique of France.
Segmentation for selected faults is being evaluated using
palcoscismic recurrence data and information on slip per Although many theoretical and labomtory studies have
event and slip rate.The data base is small, but there are a investigated the effect of near surface soil layers on am. y

number of faults that have the potential to yield informa- plification of ground motion, very few direct measure-
'

tion ces long-term segmentation. He data collection and ments are available to confirm predictions made by the
analysis currently under way include: (1) timing of the more theoretical methods. The Garner Valley array is
most recent and prior events along the length of15e fault; k>cated between the San Jacinto and San Andreas faults
(2) slip distribution during the historical event and slip in an area of high seismicity. The site is underlain by soil
during paleocarthquakes on the same segment (repeated and weathered granite over a granitic basement at almut a
similar slips would imply fixed segment lengths; variable 45 meter depth. Seismometers wete emplaced at the rur-

i

siips would indicate. variability in segmentation); (3) slip. face and in boreholes at various depths ranging to 220
rates al different !' cations on the fault; and (4) structural meters. In less than a year.125 carthquakes were re-

'

geology and geop sysics of the fault rone. Although some corded with magnitudes ranging from 1.2 to 4.7. Analysis
data are availa'se in the published literature, much is of the data shows that, at low frequencies, amplification
being obtainN from unpublished files and palcoscismic. from bedrock to surface is a factor of six over a wide rarige
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of magmtudes.'l he lower frequencies are aha those that The onginal w t of GPS measurements for the d tstation-

base the highest damage potential for engmeered strue- crustal stram network covering the 1. astern and f entral
| tures. United States, which was meas uted during the winter of

1987-198R was recomputed in i Y 1991 using newer so!t-
During the summer of 1940. the 1 Pit t electcJ to jom ths vcare for improsed accuracy. This set cf measurements
expmtnent by supporting the Ihuversity of Caldernia at forms the baschne for future measurements.1%perience
S- Ilarlura in deploying a surface arr 9 and an adJi- gained, particularly from this fi.st set of GPS measure-
1 mal borehole instrument at the Garner Valley site. rnentN has led to beller surwy procedores. 'lhis, together

with improvements ir n. strum"ntation, software, and sat-
1)uring IT 19W, records from 17 earthquakes within 20 ellite availability, is espected to lead to further impim e.
Lilcmeters of the instrument array with magnituJes of 2 n'ents in accuracy for 'he network.
or great er w ere selected to etunine the amplification as a
function of frequency. 'ihen, in order to esamine the in addition to this national network, the NitC also sup-
effect oflap rmg the acceleration amphtude spectrum for ports a smaller h> cal strain network in Maine. Analysis of
S wases at vanous depths for two carthquakes rnagni. the two sets of position measurernents obtained m Maine
tuJes 4.2 and 2.5 were considered. The results showed so f * has slutwn t hat. within the error marnms and consid.
that the spectrum for r clatively unw eathered grn.ite bed. ering that the settical GPS componcnt is the least accu-
rock at 220 meters depth has a substantially greater rate, a consistent and clear pattern of subsiderte has not
amount of high-frequency energy than materials at shal. emerged. However, differences between the two sets of
lower deptnt Weathered grar.ite amplified low frequen. data do show indications of whsidence in the castern

'
eies but attenuated high f reqm neies, and soil amphhed coastal portion of Maine. It also appears that subsidence
the overall spectrum. rates are probably in the range el 5 millimeters per 3 car or

less. liarlier postulated salues of up to 9 mdhmeters per
Other ground motion research supported by the NI(C is ) ear are thus not substantiated.
being performed by the USGS and includes the analpis
of strong ground motion telescismic records of large in. Probabilistic scismic hazard assessments (i,S1I As) began

traplate e.uthquakes and estimating birb-frequer cy about a decadc ago, and they has c hecome an increasingly
ground motions for earthquakes in the 1:scrn United unportant aspect of gle evrJuations for nucler power
'%' plants and other facdities. I he revision of Appendix A to

10 CFit i art 100, which is in progress, will put substantial
in FY 1987, the NltC and the National Geodetic Survey empham on M Am pan of the investigations required
estabhshed a portion of a National Crustal Strain Net- for nu&ar power plant sites. PSilAs are of particular
work covering the castern two-thirds of the United States interest in the F. astern and ( entral United States where
and consisting of -15 stations whose positions are meas- the uncertainties created by a htck of detailed knowledge
med accurately every 2 years via the Global Positionmg of thmkmbty maWt difheult for a deterministie evalu-
System (GPS).The purpose of this network is to prmide a ation to arrive at a balanced estimate of scismic ha/ards.
different set of data to help analyze the causes of seis' Two large-scale PSII A studies are avadable for the liast-
micity. In addition to i'.s onginal purpose, the network
now forms the backbone of a iew GPS sursey sptem for ern and Central United States. One was performed by

the nation. llecause of this, many statewide high-preci- Iawrence 1 ivermote National laboratory (ILNI ), andd

sion networks me being tied to it. providing a much one was performed by liPill and sponsored by utilities in

grcater density of data points without extra cost to the the Scismicity Owners Group. These two studies tesulted
n similar me'thodologies and produce hazard curves with

S N R C-
similar characteristics; they also produce consistent rela-

The strain netv,ork was measured for a second time in iT tive hazard rankings for plant sites in this region. A difli-
culty arises, however, from the fact that absolute hazard

1990. With improved measurement procedures and a bet-
ter r.atellite constellation, the accuracy of the measure- levels may differ by as much as two orders of magmtude at

certain sites.ments was improved and made more consistent across the
netwo'k Accuracies were achiewd that translate to cr- llecause more consistent abschte ha/ard icvels will be
rors of a few centimeters over baselines of thousands of needed in the Ititure to resolve questions of power plant
kilometers. After at least three sets of measurement are design and licensing, a plan was forrnulated for a study
available, these data will be analyzed to a rive at prelimi- that wi:1 analy/c the two ex sting methodologies to deter-
nary conclusions on crustal strain in the United States, mine the sourcer aidiscrepancies and attempt to mit' gate
includmg at least an upper limit for strain. Directional the differences between the ILNL and liPRI ap-
effects will also be investigated because t hey may indicate proaches. From previous analyses, it is kno sn that ecrtain
non uniform strain. Ilowever, detailed answers on crustal input parameters, such as sei;mic parameters and ground
strain are expected only after a time span of about 10 motion models, cause some of the dif ferences, it appears
years. that the computer codes used to do the calculations will
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give approximately the same ruults for a given input Statement. A number of changes were made to the draft

although the validity of this statement also needs to bc guidance documeus as a resuh of an NRC spmsored
more fully venfied. 'the planned study is airned at a con. workshop and written ressmses from the public. Further
solidated methodology that will provide more uniform clarifications of staff guidance in the seismic area werc !

results and can be used as a basis for PS11 As for the next made during a question and answer session that was part |

decade or so. A peer review by a panel appointed by the of the Nuclear Management and Resources Council )
'

Nrtional Academy of Sciences is planned to ensure the (NUMARC) workshop.
impartiality and objectivity of the stody.

During the past 2 years, the development of guidance for
conducting the individual plant examinations for seismic .

1.4.3.2 Seismic lingineering Research events has been achieved through the formation of the

|
In addition to the carth scicnce research discussed above, lhternal Events Steering Group (1311S0) consisting of

i the NHC seismic research program includes several engi- senior level NRC managernentJihe lifiSO in turn estab.
neering-oriented programs to determine the effect of lished a seismic subcommittee (among other subcommit-

cart' jakes on nuclear plant structures and safety eys- tees), consisting of NRC staff members with expertise in
carth sciences, structural / mechanical engineering, sys.tenu,
tems analysis, and risk and reliability analysis. The scismic

Implementation of becuth e Crder 12699.lixectithe Or- subcommittee issued a report in March 1990. 'Ihe pur-
der 12699, *Scismic Safety of Federal and Federally As- pose of the report was_to recommend to the lillSO: (1) ,

sisted or Regulated New lluilding Constructiod," was the objectives for the scismic portion of the individual t

issued January 5,1990, by the President to implement plant examinations for external events (IPlillli), and (2)
certain provisions of the 11arthquake Ilazards Reduction guidance or guidelines for conducting the seismic portion ,

Act of 1977,'1hc IIxecutive Order applies to all Federal of the IPIIIIII. Resu'ts and insights from various seismic"

agencies that (1) are responsible for the design and con- research programs (e.g., seismic margir s method and
struction of new Federally owned building', (2) are re- compment fragibty testing programs) are incorporated

*

sponsible for construcuon and lease of new buildings for into this guidance,'Ihe staff resolved the comments on
Federal use, (3) assist in the fine.' :ing, through grants or the draft guidance and the final guidance was issued in FY
hians, of newly constructed buildings, (4) guarantee the 1991, as described above. (For iurther accomplishments,
financing, through loan or rnortgage insurance progn.ms, sec *lixternal livents" under Severe Accident Implemen-
of newly constructed buildings, or (5)are tesponsible for tation m Chapter 5.)

,

regulating structural safety of new buildings. Agencies
responsible for construction projects of the first two types The Commiss on approved draft guidance docurrent fori

listed must demonstrate complianec for all ,,rojects for individual plant examinations of external events nas en-
which development of detailed plans and spedfications is darsed the use of the scismic component fragilities devel- '

initiated subsequent to the date of the oroa. Agencice oped by the llrookhaven Nationallaboratory 'lhe com-
administering the other types of },tograms have 3 years ponents inclurled n ; motor control centers, switchgears
from the date of th order to establish an appropriate (Iow and medium voltage), panelboards, switchboards,
seismic hazard reduction program- power supplies, ir.strumentation and control nnels,

';

i
Irimsmitters, indicators, switches, t ransformers, batteries,

During the past year, the staff performed a careful review battery chargers, inverters, motors, and ciectrical pene-
of the fixecutive Order and NRC requirements for the tration assemblicsfl he scismic fragilities are expressed in
design and construction of buildings associateri with nu- terms of medium and standard deviations c' spectral ac.
clear power reactors and other activities. The "other ac- celeration enpacities to allow the NRC satff to understand
tivities" included: Class 104 licenses for medical therapy - the conservatisms associated with the estimates of scismic
and research and derclop'nent facilitics, processing of fragility. Attention has shifted toward understanding how
uranium ores in milling operations, high level waste re- relay chatter can influence circuit breaker tripping. 'Ihis
pository licensing, onsite spent fuel storage, licensing of has been identified as a safety concern because such a
plutonium processing and fuel fabrication plants, and scenario can cause failure to start emergency power dur-
license application reviews for uranium enrichment facill- ing and after an earthquake, leading to station blackout,
ties. It was concluded that the NRC's current practice Test plan development and equipment procurement is
meets the requirements of the lixccutive Order, and no under way to address this irsue.
regulatory action is necessary.

Seismic and Geologie Siting Criteria. Starting early in
.

Indhidual Plant Examinations for Seismic Dents. A ma- 1991, the staff began a major rulemaking effort-the
jor activity in the seismic engineering area concluded this revision of the scismic and geologic siting criieria for
year when the N RC published final guidance for conduct- nuclear power plants, Appendix A to 10 CFR Part 100.
ing the individual plant examinations for scismic events to ' Ns activity is intended to (1) benefit from the experience

; implement the Commission's Severe Accident Policy p,.ned in applying the existing regulation; (2) resolve

1-21 NURiiG-1266

.

e-.y--g 9m -~4%o+wgqqgys p pg-9a my pqpg- y gg r p tw .gy- -,-ug-.3dir e -W +--W--'-*+g= *re'W*----Musr*'1W O- M-4 9-r rF 'a--*':w'u-*PW- =9-87eeMwM1a-* *Pum"rT 'UNW6 *tMW- '*P ''1'-'"-9 M f's Me#



___

interpretatne questions, (3) provide needed regulatory methoJs for predictmg the scistnie response behauor of
fleubihty to meor;wnate state-of the art improvementsin nuclear plant ry stems.
t he peosciences and earthquake engmeeting; (4) simphfy
the language to a more " plain linghsh" text; and (5) ae- 'the I arre-Sca!c Seistaie 'l est (l .SST) program at
hnowledge various internal staff and industry comments. Iluatien, Taiwan, follows the so 1-structure interaction
Criteria not awoeiated with the selection of the site or (hS1) cxperirnents at Ivtung. Taiwan. In I etung, at a soft
establishment of the safe shutdown earthquake ground soil site, two scaled cylindrical reinforced concrete rmd-
motion will be placed in l' art 50. 'llus action is consistent cls (1/4-seate anJ 1/12 scale of typical full 4cale reactor
with the location of other design requirements in Part 50. containments) were constructed. The two tuodels and

their sorroundmg sod wer e f ully instrument cJ to monitor
Several issues are being adJressed by the stalf in conjune- ground motion and structural response. Smee the test
tion with the revision of the regulations. In thegeoscience facihty comple' ion in Oc tober 1985, inore inan 30 carth-
area, the emphasis on detettnmistic and probabdistic as- quakes :anging from magnitude 4.5 to 7.0 w cre recorded.
sessments, along with ruidance on how the two methods 'the i vtung experiments were completed in 1987 and the

I should be merged if applicable,is being evaluated in the data have been subsequently used to check the validity of
earthquake enpnecrmg arca, the proper rolc of the oper- cateulational models. The lotung expaiment was sue-
ating baus carthquake in future plant design is bemg cessful in that soil amphfication of the carthquake mo-
assessed. tions was sufficient to challenge the predictive meduds.

lloweser, bending modes of the structures wera not ex-
1)urmg the development of the proposed reputations, the cited due to the soliness of the soil. 'lhe planned SSI
staf f had twc pubhc meetmrs (March and April 1991) st udies a t l l ualien, Taiwan, will be per formed at a sttif soil
mth mterestcJ mdustry proups, principally NUM AllC site that historically has had, on avtrage, larger magni-
and liPRI. tude earthquakes than Intung. I!PRI has otgani/cd the

iluatien ISST experiment and coordinated participation
'the revision of the geologie, scismic, and earthquake with the Taiwan Power Company (Taipower), the NRC,
engmeeting erneria is being performed in conjunction the Cent ral Research Institute of 1.lectric Power Industry
with the revision of the teacter ' ting eriteria,10 C1:11 Part (CR il!PI), t hc Toky o llect ric Power Com pa ny (TliPCO),
100. The Comrniwioners have requested that the regula- the Commissariat a l'linergie Atomique (CliA),
tions should be revised as soon as possible to facihtate an lilectricite de 1 rance (lidi ),1 ramaiome, and new mem-
early site n new. The rulemaking packare was submitted bets Korea Power I?ngmeermg Company (KPil!C) and
to the Adnsory Cornmittee on Reactor Safeguards in Korea lilectric Power Corpondion (KliPCO).
October 1991 to facihtate an early 1992 release of the
proposed revision of the regulations to encourage partici. The test model designed for t he Ilualien i SST program is
pation from the public and other organita; ions in the almost a replica of the 1 etung model, except that, for the
development of the regulations, as planned, purpose os lowering the soibstructure-system frequency

'
to 3 to 5 llerti(the expected dominant frequency at the

International Scisinic Test Prog ams.The NRC's partici- site), the roof slab is enf atred and thickened to inercase
pation in interm.tional seismic test programs is beneficial the mass. This simdarity will enhance comparison of re-
Imth for the sharmy of research resources and for gaining suits between the two experiments. llecause of the stiffer
different perspectnes on seismic design issues.The pool- foundation, the llualien model is expected to experience
mg of resources allows the development of bipper, more more SSI than the lotung moJels. I he facility is sched-
complex tests, an important element in the validation of uled for full operation in the fourth quarter of 1942.
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1

2 PREVENTING DAMAGE TO REACTOR CORES
!

'lhis program encompasses research pertainir.g to the 2.1,2 Program Strategy
operations of the reactor as a system, including control. A dual anidytical mid cxperimental appmach is used to

.

ling power level, maintaining core cooling and heat re- achieve a hrm techmcal understanding of the Ib :rmal.hy.
movat, and maintaining proper coolant temperatures and draulic behavior of the reactnr. The NRC starts by simu.
pressures under hath normal and abnormal conditions of lating the actual reactor's continuous flow of heal and
operation. The program idso includes consideration of fluids with a computeriicd model consisting of many dis-
operator actions as an integral part of the reactor system. crete cells exchangmg heat, hquid, vapor, kinetic energy,
A complete understanding of the reactor operating as a and momentum at each small but firnte time step, physi.
system makes it possible to define the conditions of op. cal laws are used when possib!c to calculate all these
cration that prevent core damage and also actions to

exchanges. Empirically derived formulas, obtained from
! minimite the consequences of a core damage event,

expertments, are used as necessary to accotmt for suchshould one occur. This research program emphasizes se,
vere accident prevention ar'd mitigation by enhancing the

complex effects as friction between vapor and liquid /N
calculations are made for caen time step and for each cell.

understanding of both plant and human behavior related 'Ihe reactor nadels interact in a tightly coupled manner
to accidents and transients.'ihis information is used to

,

ensure that regulatmy requirements exist that suitably at every time step.

ensure that plant equipment, procedures, and personnel
Our reliarce on the comIiuter codes to Provide Predie-can deal with operatmg events _ and prevent serious acci. Ibns of reactor mponse with acceptable uncertainties

dents or can mitigate the consequences of an accident, depends on three levels of experiments ano comparistms
should one occur. of experimental results with code pedictions, l'irst are

basic experiments to derive crapirical fermulas for deter.
mining phenomena within each cell. Second are separate- ,

2.1 Platit Perl.arillal100 effect experiments to test the code's predictions for a
single, complex component such as a steam generator.
Third are integral system tests that are used to evaluate

2.1.1 Statement of Problem the code pr; dictions of a complete rea: tor.The results of
.

. . these tests provide feednack to correce the code and our
A wide range of remor plant design variations exists m understandmg of the transients.
the Umted States, and the safctv of these plants must be
ensured over a wide rance of normal and abnormal oper. 3.).3 Researcli Accontplisliments in 13,1991

.

ating conditions. T'ac NitC is required to independently .

assess licensees' safety analyses and performance in de- M3J Plant Transient Analysis
signing, constructing, and operating a reactor wit h respect
to the safety of the public for the complete spectrum of Modeling. As a result of the March 20,1990 cvent at the
credible operating conditions nnd events. Vogtle nuclear power plant in Georgia, tie staffinitiated

a comprehensive evaluation of safety during shutdown
and low-power operations, in partict'!at, ItES was asked

NRC's task is difficult because strai;;htforward testing of by the Office of Nuclear 1(cactor llegulat,on (Nitit) toi
all transients in all plant design variations would not be evaluate the effectiveness of alternate decay heat re-
technically and economically feasible. On thc other hand, maal meWods after the loss of residual heat removal
straightforward and exact theoretical analyses of a reac- WM A report, EGG-EAST-9337, Reusion 1,"'Iner-
tor's thermal-hydraulic behavior is not possibic because maWy&auMrocesm involved in less of R1IR During
energy, mass, and momentum exchanges take place over Redueed Inventory Operation " was completed on March
complicated interfaces between reactor components, 1,1991. Of the two cooling methods identified m
water, and steam and because of the moving mechanical NURi?G-1410 (a staff document on this subject), i.e..
interfaces in pumps and the extensive lufDe surfaces of gravity feed from outside sources such as the refueling
steam generators in the primary loops. water storage tank and redux coolmg, the RUS report

EGG-EAST-9337 concluded that gravity Ieed phenom-
As a result, the NRC must use available expei..nental ena were well understood but reflux coolir g at reduced
data to validate analytictd models for evaluating desifA pressures in the presen te of air was not well understood.-

basis accidents, the safety implications of actual events in
operating teactors, and hypothetical transient scenarios in order for reflux coolinp to work in a system partially
determined to be major contributors to risk as a *csult of filled with air, the pressure must increase enough to ex-
probabilistic risk assessment studies and tl.cse operating pose a condensing surface in the steam ger,crator. The
events, concern was that such a pressure rise may lead to blowing
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out tbc noule dams or the instrument thimble tube re. tarried out from 1985 to 1991. With the mission of ICAP
phecments, leadmg to a possible loss of coolant. 'lhe ce*npleted, a 1,uccessor program will tale ofIcci to r,ain-
design pressure of the thimt'a tube !cplacement is about tain a mde user's group focced on (1) code applicanons
50 psi, whde the low-temperature userpressure protec- for plant safety analysis and (2) cale maintenance.
tion setpoint is well above this, at atmut 100 psi.

Operating iteattor Assessments,in order to extend the
Pounding analyses w cre performed on U-tube steam pen. length of fucl cycles, utilities ope ating PWRs have been
emtors showmp that the pressure increase required to increasmg the ennchment of reload fuel /lhe fresh ieload
expose a condensing surface was only 15 psi, well below assemblics rnay be bghly reactive w hen they do not con
the 50 psi design pressure of the thimble tube replace, tain control element assemblics or many burnable poison
ments. In order to confirm these results with test data. toJ:,. If they are placed in certain loadmg conhpurations,
initial commitmants were obtamed from the French and this cou'd lead to a loss of shutdown margin below the.

Japanese to perform rdevant tests in the llElllSY and required 5 percent or, in the estreme, to an inadvertent
ROSA facilitics, respectively. entcality.

The pressure rise needed to expose a simdar condensing 'ihe NitC alertro PWR owners to this potential problem

surface in llabcock and Wilcox reactors with once- and rcquested that heensees ensure (via specific actions)

thniurh steam generators may be higher, Special tests that any inte ruediate fuel assembly configuration mairu

were performed at the Unisersity of Manland facility to tainde required shutdown margin. Nitit also requested
- at m We most appropnate deterministic andobtain data on the magnitude of this pressure nse.

probabilistic techrdques to analyie different refueling
A request was rcecived to evaluah fire software for use in wnfigurations in order to understand the potential for
calculating heat and smoke propagation in a multicom- lodng Mdown margin and for madvertent criticality,
partment structure to determine the inadvertent actua.

The resewi results showed that a cluster of at least fourtion of fire protection systems. 'Ihe results were to be
u sed in a probabibstic nsk assc>sment (PR A) study assoc" fresh fuel assemblies ,s needed to lose the required shut-,

ated with the iesolution of Generic issue 57,"Inuertent down margin, and the frequency of this event is expected
tobe 1.0lM/ year,if the conservative assumption is madeActuation of I ire Suppression Systems. A surTey con-

cluded that the National Institute of heience and Tech-
Nt it only takes fb : fresh assemblics to cause an inads cr-

nology (NIST) produced candidate software. lhe CCFM tent criticality, then the h equency is 4.81b9/ year, w hich is

cod : was evaluated, found to be appropriate, and then acceptably low. If such a enticality event were to occur,
there would be radioactivity released from the fuel but no

used to provide the analyses needed for the PRA study,
Additional modchng of vertical plumes and horimntal dose to the pubhc if the containment isolation systems

were effective.
ceihng sets was iJentified, and a more comprehensive
NIST code was then used to prmiJe results with these 'the March 9,1988 oscillation event at the laSalle nu-
models to corroborate the previous CCFM results clear pawer plant in Illinois brought into question the

ability of current analytic techniques to predict the insta.
Thermal mixing in rclation to pressurized thermal shock l@ty boundary in llWRs as well as the magnitude of the
has been examined expernaentally throughout the world power and flow oscillations that might occur when the
m a variety of scales. *lhese include the CRiiARhi-1/5, reactor became unstable. This past year the NRC dr ter-
the IVO/lVO(NRC)-2/5, the PURDUli(UCSilpl/2, mined that its analytic tools can predia such oscillatorythe CREARli-1/2, the'elDR-11), and the UPlF-l/l test behavior in llWRs. One major result found was that it is
facilities. Tbc regional mixing modei and the associated imponant to model major sy stems in the balanr:e of plam,
ci nputer programs REMIX and NiiWMIX are used to especially the feedwater temperature and flow, in order
interpret these data in a comprehensive fashion. These to correctly predict the oscillations in the reactor vessel. It
intergetations indicate that coutdown transients and de- should be noted that General Electric has nowimproved
gree of stratification can be predicted with confidence. their modeling capability to calculate similar oscillatmy

Fifteen countries participated in the International Code
Assessment and Application Program (ICAP). 'these Itescarch results this past year showed that suppression
countries are lle!gium, Finland, France, Germany, Italy, pool heatup after an anticipated transient without scram
Japan, Korea, Netherlands, Spam, Sweden, Switzerland, ( ATWS)with unstanic oscillations is well below any safety
Taiwan, United K!.igdom, USSR, and Yugoslavia. Repre- margm. Ilowever,it was found that there could be a large
sentatives ef these countries, Idaho National Engincenng increase in fuel rod temperaturc.Two potentialin. prove-
I aboratory, I,os Alamos National I ahoratory, and NitC mera to operating guidehnes were investigated. First, it
cooperated on reporting on assessitent results of NRC was found that significant osediations can start aboat ' or
therrnal-hydrauhc codes (Riii.AP5-MOD 3, TR AC- 3 minutes after an ATWS and thus the operator neti
PF1/ MOD 2, and TR AC-IIF1). This was a 7-yea < effort boron injection through the standby bquid control sy
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wl.ich may take about 10 mmutes ta influence the power a small-scale facdity u n ret oduce the key phenomenat

oscillations, viii not be immediately elfcctive. Secor J. it expected in the full scale plant; they can be reproducedin
was found that early trippmg of the feedwater pumps is the same *ime sequence, and their quantuative c haracter-
very cf fcctiv: m suppressm/ oscillations, iuits can be scatonably approdmated.

The 111.5 team reviewing the Yankee it,me submittal on 2.1.3.2 Accident hianagement
evaluation of their pressure vessel raised a question an
the calculation of the fluid temperature in the NitC research continued its dual role of (1) defming the
downcomer during a postulated small break loss of cool- necessary enmponents of a functionmg utility severe acci-
ant. A detailed review was performed, rnd it showed that dent inanagement plan, and (2) pronding the technical
the Yankee Itowe calculation with the IllihilX coJe was a basis for evaluating industry-documented products on ac-
best estimate of the downcomer temperature when only cident manapement.
hh;h pressure inject on is consider edfl his conclusion was
based on the nnsessment of !ti!N11X against data frem six in (Se first category, two ret) orts were completed and
scaled test facilities, published m April 1991 as NUltliGl transmitted to industry. 'the 9tst (NUltliG/ Cit-5543),
Cit-5677, "A Unified Interpretation of 1/5 to Ful Scale "A SystematQ Process for Deveioping and Assessing Ac-
'therrnal hining 1Npenments itelated to l'rcssurved cident hianagement Plans," clarifies how the five frame-
' thermal Stwk." work elementt (strategies, instrumentation, gti. dance,

decisionmaking, and training) could be mtegrated into a
An analytic study encountered difficulties in the use of working accident management plan. The second
thermal! hydraulic codes to calcuhite the time to fuel pin (NUltl!G/ Cit-5691), * Instrumentation Availability for a
fadute af ter a loss-of coolant accident (l OCA), 'the Pressuri/ed Water Iteactor w.th a large Dry Contain-
study investigated the use of new source term information ment During Severe Accidents," d;monstrates how to
to increase the allowed technical specification time for assess the potential availability or uaavailabdity of instru-
contamment isolation valve closure following a I.OCA mentation that is necessary to follow the course of a
After focusing on the key code issues for the analyses severe eccident.
being pe formed, the study wat compicted showing a time
of about 30 semnds to fuel pin failure. In the second category, significant progress was made in

identifying and assessing accident management mitigative
With the completion of tating and subsequent shutdown strategies. Two workshops held at UCl A, one on PWl(s
of large4cale U.S thermal / hydraulic test facilities in and the other on llWits, aided this progress by focusing
1989, the NitC was concerned whether small scale racili- on a limited set of specific strategies.The Ley mitigative
ties, such as the University of htaryland at College Park strategies identified for detailed assessment inchde the
(Uh1CP) facihty, could pro /ide useful data for code as- following: llWit boration, external vessel tlooding, PWit
sessment and issue resolution. ihe Uh1CP program was primary depressurization, late primary bleed and feed,
comp!ctcJ this year and showcJ that useful data could be use of containmeat sprays, containmer.1 venting, hydro-
obtamed after a proper scaling methodology was used to gen control, fusion product control, and late secondary
spee.fy the test boundary conditions and to interpret the bleed and feed.
resulting data. U h1CP results agreed wit h major resetts of
the larger scale hilST facihty after they were scaled to A study of potential recriticality in a llWit followmg a
vessel mventory and ufter appropriate se: ding of initial core damage event (NUllI!G/ Cit-5653) showed that
and boundary ccnditions was determined- about 700 parts per million of11-10 is suf ficient to ensure

suberiticality for conceivaole core configurations, includ-
'lhe UhtCP scaling report was reviewed by a group of irg standing fuel rodaand melted control rods. A related
experts, and their conclusions on the usefu! ness of such a strategy of initiating R1111 cooling of the suppression pool
small-scale facility wc re mixed. To summeri/c the review, as quickly as possible was suggested as a way to exts nd the
a small-scale facdity must be designed and operated with time available for boration.
careful attention to scaling principles. 'there is much less
experience with the Ishii sealing used for the UNICP than 'ihe stiategy of PWit primary depressuri/ation
the pewer to-volume, full. height, full-pressure scaling (NUltliG/ Cit-5447) v as shown to be most effective if
used for hilST and most other large-scide facihties. performed late rather th m early, For a loss-of-heat-

removal accident, " late" refers to time after the core
A small-scale iacihty may be more useful for uncovering begins to uncover. A survey was completed showing w hich
qualitative surprises in rystem interactions among compo- plants would respond favorably to this strategy, for which
nents than in providing quantitative data for code arsess- plants the strategy would not work at all;and which plants
ment.Thus, such a facihty c;m meet scahng goals that are would need further analysts to confirm the effectiveness
modest but achievablefihe UhtCP program showed that of the strategy.
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There is a qucstion of whether natural circulation rmght man .ad hardware considerations f4r evaluatmg
lead to failure of the prusuruer surn line and conse- ieliabaily and risk in NRC hetasmg, inspection, and regu-
quent unmtentional depressuritation. In order to address latory decnions.
t his qucstion in a syst ematic way, a wor kshop was held and
four processes were idenaried for inclusion in code mod- 2.2.3 ltesearch Accomplisliments in IT 1991
cling: (1) steam generator plenum mixing, (2) surpe line
flow, (3) hot leg / vessel flow behevior, and (4) hydrogen 2.2.3.1 Iluman l' actors 1(esearch
distnbution. Models and/or boundmg assumptions were
developed for ali four processes so that analyses can be An ongoing project in the petsonnel performance ele-
performed next year to resolve the question by predicting ment is the iluman Performance investigation Process
the possibility of inadvertent depressuritation. (llPIP), an investigative process designed to provide a

standardized m6 hod to identify the causes of human
errors, lloth Region I and NRC headquarters persomel

2.2 Iluman Performance have been trained in the use of the process;it has also'

been pet-tested by Region 1 inspectors. 'Ihre? contmu.
2.2.1 Statement of 1*roblem ing projects are related to human factors evaluation of

processes conJucted by materials licensecs-industrial
A large fraction of all safety.related events nported at radiography, brachytherapy using remote afterloaders,
nuclear power plan ts continue to involve human perf orm- and teletherapy. The objective of these projects is to

f a nce. Methods and data are needed to identify, systemati- identify factors contributing to human error in these proc-
cally set priorities for, and suggest solutions to human esses. Itescarch continued an an evaluation of the impact
performanu issues in the operation and maintenance of of overtime and shift scheduling on operator and plant
nuclear power plants during normal, transient, and eme> performance based on nuclear power plant data. A study
teng situations- of operator performance during Whour versus 12-hour

night shifts has been conducted, and the data are cur-y

2.2.2 l'rogram Strategy renti,, heing analyzed. Work continued on the develop-
ment of a method to evaluate the effectiveness of tmining

The human facion and reliabihty assessment research programs at nuclear power plants. A report describing the
program has three objectives: (1) to broaden NRC's results of a workshop of training evaluation expert in
understandmg of human performance ar.d to identify developing a framework on which ta base a training effee-
causes of human error;(2)tc accurately measure human tiveness meti odology is Seing t . pared. A research effort
performance for enhancing safer operations and preclud- addressing what factors are considered whe making
ing critical errors; and (3) to deselop the technical basis staffing decisions and how these factors relate to safe
for requirements, recommendations, and guidance re- startjp, shutdown, and opera' ions of nuclear power
lated 'o human performance. plants continued. A study contirued to establish the ap-

plicability of available information to the tmderstanding
The human factors regulatory research program is di- of the impact of environmental influences c,a human per-
vided into four interrelated program elements: (1) per- formance, llased on a comprehensive review of the litera-
sonnel performance, (2) human-system imerfaces, (3) or- ture in thi.; area,it has been decided to focus the study on
ganitat onal factors, and (4) reliability assessment. The the effects of heat and noise,i

purpose of the personnel perfonnance element is to de-
velop enhanced methods for collecting and managing A new research project in the personnel performance
personnel performance data and to improse understr.nd- clement addresses training for severe accidents, focusing
mg of the effects of personnel performance on the safety on cognitive skills development and training in skills for
of nuclear operations and maintenance. In adJition, per- coping with stress. A second related project will bring"

sonnel performance research will broaden the under- together a group of experts in a w orkshop to provide th eir
standing of such factors as staffing, qualificatiens, and independent views on other issues related to accident
trining that influence human performance in the nuclear management training and decisionmaking.
system and will develop information necessary to reduce

/ the negative impact of these influences on nuclear safety. Iluman-system interface research continued with NRC
Research in the human-system interface element will participation in the llalden Reactor Project of the Or.
provide the measures for evaluatmg the interface be- ganization fer liconomic Cooperation and Deveicpmeat.i

tween the system and the human user from the perspec- As a followup to an assessment of the costs and benefits of
tive of safe operations and maintenance. Organizational expanded regulatory guidance on normal and abnormal
factors research will result in the devciopment of tools for operatingprocedures(NURl!GK R-5448) r 1ew p oject
evaluating organizational issues within the nuclear indus- was initiated to develop guidance hr the review of proce-
try. And, lastly, the reliability assessment element in- dure upgrade programs. Activity continued toward the
eludes multidisciplinary research that will integrate hu- resolution of Generic issue 5.1 with an historical survey of

1
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plant incidents caused, at least in part, by madequate leading)indicaton of plant safety performanceflhiswork
consideration of human factors at hical control stations w ill develop met hods to in.cg ratt int o Pil A the important

(l.CS) and with a series of site visits to document the reality of organizational influencu
r;tatus of I.CS upgrades. Work on developing a guideline
for use in performmg human factors reviews of advanced in the area of methods to support PR A, the feasibility of

control and display technologs continued, as did a related an initial methoJ for observing certam organi/ational f ac-

effort to evaluate the effects ef alarm reduction tech- tors was evaluated in cooperatne te ts with two utilities,

niques on operator performance. Work also continued on Alternative methods are being developed for field testing
the identification of the frequency, severity,and nature of in 1992.

pnicedure violations in U.S. nuclear power plants. Re-
search continued on computer classification, v hich in. In the area of wogrammatic performance indicators, or.
volves review and evaluation of ex; sting regulatory guid- gani/ational factors that correlate with safety perform-
ance documents and quality assurance methods relative ance in luth the chemical industry and the nuc! car power

to their adequacy as apphed to computer-based safety industty are beir.g explored.
systems, and was expanded to focus on Class 11! systerns.
Resear ch continued on developing guidelines for verifica- 2.2JJ lleliability Assessment Rescaich
tion and validatien of expert systems, which is being
jointly funded by the Electric Power Rcscarth Institute 'lhis research is intended to develop methods for applying

ar.d the NRC. Work continued on the development of a relianility technology to help improve the regulatory pro-

baseline of operator performance that would sene as a gram in the following reas
base ac.ainst which io evaluate changes to operator inter.
laces. A method derived Irom the DeG root ruc mory para. In the area of technical specification requirements, this

digm was tested as a potential measurement method for work developed methods to analy/c the risk impact of

evaluating human-computer interfaces. A project on at. allowed outage times and surveillance test intervals. In

t,ibutes of high. integrity software wL initiated. Also, cf. M M these methods were enhanced to allow optimi-

forts on appheations of expert systems, neural networks, ration of suncillance test intervals from a risk perspec-

and task r.etwork modehng were initiated as first. phase tive. Also, me' hods are being developed to evaluate the

feasihihty prebets. risk impact of technical specification requircments re-
p .rding surveillance test inten als during plant shutdown,

Add:tional RI 5 activities in human performance have action stateracnts that require plant shutdown under cer-

included direc'. support for activities such as support for tain conditions, and strategies for scheduling preventi,e
rulemakina.on training, development of draft Regulatory maintenanet on standby equipment durir.g plant opera.
Guide 1.S on quahfication and tiaining of nuclear power tion.
plant perso.mel, and plant inspections. In addition, a
study was started to examine the feasibility of establishmg in the area of risk-based performance ind;eators, a
NRC human factors regulatory research facilities. method has been developed for monitoring the availabil-

ity of three selected safety ntems.

2.23.2 Orpani/ational l' actors in the area of cognitive errors, experiments are being
This research is intended to ch aracteri/c the attributes of conducted using training simulators and operating crews
nuclear Imwer plant orgam/ational and management at nuclear power plants.The objective is to understand
functions important to risk and to develop measures, pro- the thinking processes of operators when they are trying
cedures, and criteria for systematically evaluating plar.1 to handle novel and challenging sequences that go beyond
management performance. 'the results are intended to the spectfie guidance of existing training and pnicedures.
enhance the NRC inspections and diagnostic evaluations This understi.nding will be incorporated into an artificel-
of potential problems at nuclear power plants. Also, this intelligence computer simulation of thinking pnicesses of
work is intendcd to develop programmatic (if poscible, operators to help the analysis of ertordikely events.
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3 REACTOR CONTAINMENT PERFORMANCE j

'the basic cdtuta for licensing nuclear power plants for fa lure of a pipe or steam generator tubes, (5) energetici

construction and operation are judged to have provided a f uct-coolant interactions that occur as molten debris falls
considerable safety margin, affording the public protec- into the water filled lower head or as water is added to
tion imm radiation even under severe accident conditions rnoiten debris,(6) the composition, merphology, and tem-

such as those that occurred in 1979 at 'Ihree Mile Island. perature of debris at the time of vesel(or reactor coolant
'lhe physical po<sibility of even more severe accidents system) failure, and (7) the mode of vessel failure. The
than that at 'lW is, however, recognized. Considerable core melt and reactor coalant system (RCS) failure pro-

progress has been made in recent years in understanding gram is divided into three main activities: (1) core melt
the underlying physicaland chemical phenomena that can pmgressi.m and hydrogen generation, (2) the behavior
occu r in a severe accide nt. Such infonnation is essential as and chemistry of fission products released during core
a basis for assessing potential safety impmvements and melt, and (3) fuel-coolant interaction.The in vessel core
for making decisions on whether or not particular im- melt progression and hydrogen generation work includes

provements are warranted. As pointed out in the Com- in reactor experiments, out-of reactor experiments, ex-
mission's Severe Accident Polig Statement, such deci- amination of specimens fmm TMl-2, and analytical
sions should be based on a combination of engineering model dnelopment. The research on the behavior and
judgroant (i.e., a deterministic trethod of setting and as- chemical fonn of fission prodects releascJ from the fuel ~

sessin,, safety margins) aad the application of probabilis- in the course of a severe accisent is being conducted at

tic risk assessment techniques based on up-to-date ex. high temperatures when core geon,etry is changing and
perimental information to evaluate Qc likelihood of tbc fission product chcmistry and its effect or, retention of
occurrence of rare events. fission products within the RCS are significant. The fuel-

coolant interaction work is focused on the development
in similar fasHon, the same underlying science and deci- and validation of a model for fuel-coolant interactions for
sion process c4m be applied to reevaluations of existing use in accident analysis.'

safety systems and regulatory requirements to determine
if particular conservative assumptions have been war. 3.1.3 Research Accomplishments in FY 1991
ranted in terms of risk reduction.

3.1.3.1 Core Melt Progression and Ilydrogen
Generation

3.1 Core Melt anti Reactor Coolant I^"

S} stem Failure I"?"m*3 "" **" E*E""i"" d S'"b" 'h
**"'#

13 R actor core from core uncovery up to reactor ves-
s::1 meltthrough in unrecovered accidenS er through tem-

3.1.1 Statement of Problem - perature stabilization la accidents recovered by core ,

" "E" E # "" E" # " ' " "
Major uncertainties in estimating the probability o' carly # *#7 #" 7
containment failure, and the associated radioactive re- ac m- un Qn nt asub dmdt

| lease, appear to be significantly related to uncertainties in E ## " "'# *# * " " " # '" # "'#'
! the in-sesse: pmgression of the accident while the fuel on,a tempaatm Supeht) M tk md
' material remains in the reactor pressure vessel. Until a re e sed from the core and later from the reactor vessel at

better understanding of core melt, including fission pnxl- * E*E "E" "##"#
uct release, hydmgen generation, and response of the gen gen ra e an e es dat gwn @c
reactor coolant system to fuel melting and rebcation. is * # #'#" " * E" " " "#" "" ##'
gained, containment failure probabilitics and related " * "" "* # * W '* ' E *~
source terms willcontinue to be conserm vely biased to gressi n also provides the core conditions for assessm.g
ensure an adequate margin of safety. accident management strategies.

3.1,2 Program Strategy ^ great deallias been learned about the pmcesses in.
volved in severe fuel damage and in the early phase of

in order to better understand just what happens during a meh progression that extends through metallic (but not ,

core melt accident, and thereby reduce the uncertainty in ceramic) matHal melting and relocation. This informa-
both accident behaviorand the poter tial release of radio- tion has como : rom integral tests in the PDF, ACRR,
activity, the NRC is pursumg a program of research ad. NRU, NSRR, and phi! BUS test reactors, from the
dressing (1) the heatup and meltdown of the core. (2) LOFF l'P-2 test, from tests in the COR A ex-reactor fuel-
hydrogen generation, (3) fission pmduct release, trans- damage test facility, and from separate-effect experi-
port, and deposition within the reactor coolant system,(4) ments on significant phenomena. Most of the available
the natural circulation of hot gases that might cause early information on late-phase melt progression has come
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from the post-accident examination of the TMI-2 core. the results ei the experiments cited alvve have indicated
Despite the core refloodmg that successfully terminated ti.at for " wet core" conditions (with water in the bot tom of
the Th11-2 accident, the generallate. phase melt progres- the core) the rehicating molten metallic Zircaloy in the
sion phenomenology of that accident, although not the core frecies to block the lower core, as happened at
detailed behavior, appears to be applicable to un- 1MI-2. All previous expenments for both PWRs and
recos cred as well as to recovered accidents and possibly to llWRs were performed for these wet core conditions 'lhe
some llWR accidents as well. emergency operating procedures for U.S.11WRs, how-

ever, call for reactor depressurization, which would lead
~lhe results of these integral tes;s and the TMI-2 core to lowering the water level below the reactor core so that -
examination have provided a very consistent picture of core heatup occurs with very low steam flow through a
melt progression in blocked core accidents like Thil-2. " dry core " Analysis of 1his care indicates that the molten
This involves the development of a debris-supporting me. core metal (and later molten ceramic fuel) might drain
tallic blockage above the water level in the l'wer portion from the core rather than forming a blocked core as at
of the core during coolant boildown.1his blockage is Th11-2.1his would produce a major difference in the
produced by the relocation and freezing of metallic melt mass and other characteristics of the melt released from
formed from unoxidized Zircak)y cladding and con trol rod the core and later from the vessel at meltthrough. In FY
material. As shown by the M11-2 core examination, fis. 1991, preparations were made for a series of experiments
sion product decay heating produces a growing pool of to resolve this question of core blockage under llWR dry -

mostly cetamic UOp fuel and oxidized Zirealoy in the core conditions. 'lhe first of these experiments will be
particulate debris bed above the metallic corc blockage. performed in IW 1992.
'lhe growing pool melts downward through the support-
ing metallic blockage and the secondary ceramic crusts Experiment preparations and enalyses were also started
that surround the growing ceramic melt pool and also to develop an improved understanding e the process of
radially outward. At Th11-2 with a reflooded core, pool core melt behavior in accident sequences similar to
meltthrsugh was out the side of the core.The mass tnd TMI-2. Rese experiments are to be performed in the
other characteristics of the ceramic rnelt that drains from Annular Core Research Reactor (ACRR) at Sandh Na-the core into the lower plenum in bksked core accident tional laboratories. The results will be used to assess
sequences are largely determined by the hxation of the mmlets of the meltthrough process, and these in turn will
point of baakthrough of the supporting crust by molten he used to assess the adequacy of the modeling in thecore material. accident analysis codes MELCOR anu SCDAP/

RELAPS.
During FY 1991, a " Comprehensive Research Plan for
Melt Progression issue Resolution" was prepared and As core melt material rehicates to the lower head of thesubjected to expert per review. The plan and the com+ - reactor vessel, the major concern of severe accident
ments of the reviewers will be used as a basis to update the analysis becomes the mode and 1. ming of lower head
Severe Accident Research Plan in the melt progression failure. The research program in this arca includes analy-
areaJihe plan includes Ihe objectives of melt progression sis and the examination of samples from the TMI-2 tower
research, the technical background, a description of the head. l'ailure mode analyses have beer conducted to ex-

> current research needs, a d;scription of the current re- amine failure by the ejection of the vessel penetrations,
scarch program, and the anticipated results of this re- failure of a penetration outside the vessel shell, and
search.

global and kical creep-rupture failure of the vessel shell.
The failure mechanisms have been evaluated for debris

Current NRC research on melt progression is focused on and thermal-hydraulic conditions that have been esti-
two major uncertainties or issues.The first issue is deter- mated for current ilWR and PWR designs as well as for
mination of whether the TMI-2 bhicked core accident TMI-2 specific conditions.
sequence is applicable to all unrecovered LWR accidents,
including the 13WR dry core accidents that result from Typical severe accident scenarios have been used for each
automatic depressurization. He second issue concerns
the conditions for the meltthrough of the growing pool of

of the reactor types to develop lower head failure maps.

ceramic (fuel) melt that is supported by the metallie
The failure maps show the mechanisms by which a vessel
is most likely to fail as a function of system pressure and

blockage. ne meltthrough threshold and hwation largely inner versel wali temperatu c. The studies have shown
determine the mass and other characteristics of the melt
released from the core and later from the reactor vessel.

that significant parameters melude not only the system
pressure and vessel temperature but also the effective
flow area and wall thickness of the penetrations and the

A program cf experiments and corollary analysis has been size of the annular gap between the penetration tube and
started on both these melt progression issues. On the the vessel wall. A report on this analysis will be issued in
issue of bhrkage of the core by metallic melt, TMI-2 and FY 1992.
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Under conditions that result in low heatup of the sesse' nation 3 to seck out potential vulnetabilities previously
wall, the most likely mode of failure is ejection of a pene- undetected.
tration due to f adure of the vessel seal weld. In this case,
the friction between the penetration tube and vessel At present, research is under way to de sop theoretically
opening is so low that tube ejection can occur without based fission product behavior models to predict fission
tube rupture or damage. As the temperature of the vessel prod;:ct release and transport in the reactor coolant sys-
wall rises sufficiendy to testrain the penetration tubt by tem (RCS) and the containment. For the RCS, the
friction, failure may occur by melt material penetration of mechanistic VICI'ORI A code is being developed to pro-
the vessel through the tube with subsequent meltthrough vide the capability to estimate the quantities of fission
or rupture of the tube outside the vessel boundary.Two products and aerosols released from the reactor cote, tbc
modes of melt penetration have been studied for this extent of their transport through the RCS, the inventory
case: (1) conduction limited penetration and (2) bulk of radionuclides available for release aftec core debris is
freezing penetration. Conduction limited penetration has espelled from the recetor vessel, and the extent of fission
been found to give the greater melt penetration for all product revaporitation from the RCS.
reactor types. hiolten debris was also found to be more
likely to penetrate through a tube with a large effective A version of the VICTORI A code has been completed
diameter. such as a llWR control nxl guide tube or a and a user manual war published as NURIiG/CR-5545.
IlWR drain nonle, rather than through a smaller diame- hiodel development related to those phenomena en-
ter PWR instrument tube, counte:ed during late phases of sevcce accidents (e g.,

fission product release during late phases of core degra-
dationa centrainment of depos;ted fission products in theI ailure of the lower head of the vessel by creep tunture

may be pmsible when the system pressure and sessel RCS) has been completed. For the containment, the

temperature are sufficiently hipn. lhe failure mode can TRiiNDS models have been developed to calculate the'

be either a g'obaliailure of the hemispherical head that is partition of kxline between the aqueous phase ar.d the gas

circumferential around the vessel below the debris m. phase in the untainment, the product %n of organic io-

face or failure by hseal bulging and membrane rupture. dide species, containment watet poc a 9istry, and the

Vessel failure analyses ta date have assumed the debris extent of iocine revaporization and ._.spension from

conditions that dnvc simple thermal analyses. Dimen. containment surfaces and sumps. 'lhe models were used
to calculate the revolatilization of iodine from the con-sionless groups derived from these analyses may now be

used in further detail- t analyses with severe accident tainment water pool and the production of organic iodine

u Jes such r.s SCDAP/Riii AP5 to provide the debris in the containment.'the calculations were completed and

c( nditions. An analysis for the local bulging case has also the a csults documented in NURiiG/CR-5732 (Draft Re-
been developed. When the vessel wall heating is local. pon for Comment), % dine Chemical Forms in 1.WR

ired, the local failure temperature may be signifiamtly Sescre Accidents." The tesults will be employed ir, the

higher than the temperature for ginhal failure because o'f revision of the source terms delineated in TID-14844

the structural support trom the cooler, nonbulged, adja- (1962), which outline a procedural method to calculate

cent sessel walh ae offsite rachation dose from ioaine exposure. Ir. FY
1992, the TRl!NDS n.odels will be incorporated into the
CONTAIN ccdc used for the analysis of containment

Examination of the vessel samples from the TMI-21c ver epons to severe accident conditions.
head ind.cated that a small region of the lower head
(approximately 2 feet in diameter) experienced inner sur- In FY 1990, the NRC entered into aa international agree-
face temperatures of about 1350 K. the examina'. ion also ment with the Comcaissariat a l'linergie Atomique (Cli A)
mdcated that the temperature 2 inches ir'o the wall was of France to participate in the PillillUS-FP program.
about 100 K lower than the inner surface temperature. This program, spmsored by the CEA and the Commis-
('the lower head thickness was 5 mches.) sion of the fluropean Communities, cc isists of"m-pile"

severe fuel damage experiments and a study of the fission

3.1.3.2 Fission Product Behavior and L .mical Form product behavior and transport in the RCS and tne con-
tainment system. The program consists of six integral

" Source term" refers to ootaining information on the tests for five dtfferent simulated severe accidents. 'lhe
magnitudesof the radioactive materials released from the first test is scheduled for Octe' cr 1992.The agreement is
core to the containment atmosphere. The timing and of significant benefit to the NRC because, at a relatively
other release infocmation, as well as containment fadure modest cost, the NRC c:m participate in the PlillBUS-FP
mode and timmg, are needed to calculate the offsite con- project over the hfe of the project.The NRC will be able
sequences following a postulated severe reactor accident. to obtain integral experimenta| data to further validate its
'3he NRC conducts sontce term research to hdp define analytical models for fission product transport in the RCS
and focus accident. management concerns, containment and containment a.id for iodme chemist;y in the contain-
performance improvemerts, and individual plant exami- ment. Information on core melt progression will also be
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obtained to supplement data obtained under the NRC other scopmg test is scheduled for June 1992, and the
Cooperative Severe Accident 1(esearch Program. This base case test is scheduled for November 1992,
information is confirmatory in nature with regard to cur-
rent efforts to revise the source term assumptions now
based on TID-14844 and for other aspects of the NitC's 3.2 Reactor Containment Safety"lategration Plan for Closure of Severe Accident Issues"
(SliCY-88 147).

3.2.1 Statement of Problem

3.1.3.3 Feel-Coolant Interaction Core melt accidents have the potential to produce high
pressures and temperatures that rnight cause contain.The Integrated Fuct Coolant Interaction (IFCl) com- ment f . lure, it is known from previous risk studies, and

puter code is nearing completion at the Sandia National from Iae experiences at Chernobyl and Three Mile 1s-
laboratories. ~this code treats the major fuel. coolant in- land, that containment sur ival or even delayed failureteractions in an integrated manner. A draft documenta-
tion of the IFCI was completed in l'Y 1990. Data review has an all-important effect on minimizing the release of

radioactivity to the environment in the event of a core
and validation of the interactive models in IFCI were melt accident. If nalistic assessments of the conse-
continued in FY 1991 with the intent of completing the quences of core melt accidents, which so strongly depetidcode manual in FY 1992

on w hether or when containments might fail in the course
of the accident,are to be made. then an understanding of

The NKU, !!PL 1, and the Safety Technology institute of the phenomena that occur in containment in the latter
the Joint Pest arch Center of the Commission of ..a s' ages cf the accident that could lead to containment
European Cort nunitics (STI-JRC) at 1spra. Italy, have tailure is imperative.
ntered into a echnical exchange nrrangement to per-

icrm a series 01 fuel-coolant-interaction experimen.3 at
ths FARO faci ity kicated in ispra. At the STI-JRC 3.2.2 Program Strategy
FAK 9 facility,1. rge masses of real reactor core me crial
c m bs melted and can interact with different depths of NRC's research efforts in this program element focus
coolant at differc it temperatures and pressures. At least directly on the phenomena believed to be most likely to
five molto fuels oolant-interaction experiments will be produce high pressures anJ temperatures that might fail
conducted. "he d ta obtained from FARO is considered the containment: high-pressure ciection from the reactor
to reflect mom pr atotypical reactor conditions than ear. vessel of finely divided particles of molten core debris;
lier experimenu and should greatly enhance the existing generation of noncondensible and flammable gases frorn
severe accident oct i base in the United States. This tech. the decomposition of concrete by hot core debris; the
nical exchange arr. ngement is of signific: nt benefit be. direct thermal and chemical attack by molten core debris
cause it enables the NRC, at a modest cost, to obtain of structures and engineered safety features; and the
prototypic integre primental data to benchmark ana, burning or detonation of hydrogen and other gases pro-
lytical models used for p: edictions of molten fuel-coolant duced in the course of the accident.
interactions in containmei t. The information will supple-
ment those data obtained ;mder the NRC Cooperative NRC's research program dealing with reactor contain.
Severe Accident Resea n Program and will provide con. ment safety .cnsists of five areas of research. These five
firmatory informaties to support the source term as- research activities address: (1) direct c(mtainment heat-
sumptions and ot%r aspects of NRC's " Integration plan ing by molten debris particles ejected from the vessel at
for Closure of % vere Accident Issues"(SliCY-88-147), high pressure and hydrogen production resulting from
The first seging test at FARO was successfully per- steam oxidation of the metallic component of that dchris;
formed or acccmber 2,1991.The scoping test employed (2) the transport, mixing, and combustion of hydrogen in
32 kilogams of a UO ZrO molten mixture (80% UO;, the containment, including the potential for detonation;2 2

20% 1rOz) poured from a 10-centimeter single jet into a (3) the interaction of molten core debris with structural
47-centimeter-diameter chamber containing satumted cercrete, including the ablation of concrete structures,
water,50 bar pressure, and 1 meter depth. Preliminary heat transfer to structures in the contamment, the gen-
results indicate that there was no explosion, and the pres- eration of flammable and noncondensible gases, and fis-
sure increased by only 14 bar because of melt quenching. sion products containing acrosols; (4) the development,
The thermocoup!cs in the simulated lower head experi- validation, maintenance, and application of various com-
enced temperature excursions, which indicates that not puter codes that are capable of describing the multiple
all the melt was immediately quenched. This is consistent phenomena that occur in severe accid:nt sequences of
with the benign pressure increase. Data reduction and interest; and (5) assessment of severe accident phenom-
analysis are under way. '1he test resu{ts were reviewed. ena, including containment performance, for advanced
and the test matrix was completed in January 1992. An- reactors (see Section 5.2, " Advanced Reactors"),
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3.2.31(esearch Accomplishments IT 1991 deilagration to detonations (DD r), and detonations, the
NRC has sponsored over the past several years consider.
able research in the area of hydrogen combustion and3.2.3.1 Direct Containment lleating
transport that has led to the development and confirma-

in certain reactor accidents, degradation of the reactor tion of our regulatory approach. 'lhe current research is

core can take place while the RCS remains pressuri/cd. focused on expanding the experimental data base to in-
lxfL unmitigated, a molten core will slump and collect at clude hydrogen combustion and mixing under a wide
tht bottom of the scactor vessel. If a breach occurs, the range of conditiens that m3ht exist during severe ace;-
core melt will be ejected under pressure. If the material dents. Available theory and analyses suppcrt regulatory

should be eject ed from the reactor cavity into surroundmg positions for areas in which data are unavailable, princi.
containment volumes as fine particles, thermal energy pally combustton of gas mixtures at pre existing higa tem-

would be quickly transferred to the containment atmos- peratures; the research under way will provide the cor-
phere, *lhe mr.tallic components of the ejetted core de. rolxirating information. Dunng the reporting period,
bri could further oxidue in air or in steam, and that could several hydrogen research prcgrams were initiated.

generate a large quantity of chemical energy and further
pressurize the containment. 'lhis process is cadled direct The largest program initiated was under a joint agree-
containment heating (DCH). ment t>ctween the NRC and the Ministry ofInternational

Trade and Industry (MITI) of Japan (managed for Japan
To help develop a data base to estimate the risk awoci- by the Nuclear Power lingmecring Center).This program
ated with high pressure core melt accidents, the following is to address high.ternperature high-speed hydrogen com-
two activities were completed in FY 1991:(1) the devel- bustion modes, i.e., detonadons and DDT. Two combus-

opment of a rystem level scaling methodology to ensure tion vessels will be used for this research program at the

the applicabihty of future integral effects tests at differ. llrookhaven National laboratory. The design of these
ent scales to a full si/c containment, and (2) the modifica- two vessels is under way. Another joint agreement be-
tion of the 1/10th scale facility at the Sandia National tween the NRC and Germany involves a program to
laboratories (SNI ) and the 1/40th scale facility at the evaluate data from the KfWPilDR hydrogen behavior
Argonne National 1 anoratorv ( ANI.) to conduct compan- experiments. The University of Marvland is assisting in
ion tests. The development of a severe accident seiding the evaluation of the data from these experiments,
methodology (S ASM) was undertaken to guide the devel-
opment of experimental programs and analytical meth- Also, a hydrogen research program was initiated at the
ods. To assist in the formulation of a S ASM, a technical Rensselaer Polytechnic Institute to investigate diffusion
program group was formed that was composed of experts flame behavior. 'Ihe llMS code, a three-dimensional fi.
from a cross section of the research community. This nite difference analysis tool developed at the 1 os Alamos
group's actmtics to develop a SASM and to apply the National laboratory, is also used to provide more de-
methodology to DCil resulted in the issuance of tailed hydrogen transport und mixing calculations. The
NURFG/CR-5809 (Draft Report for Comment), "An assessment and documentation of the HMS code has
intgrated Struct ure a nd Scaling Methodology for Severe continued.
Accident Techmeal Issue Resolution," published in No.
vember 1991. In September 1991, the first integral test of

3.2.3.3 Core-Cracree !ateiavuonsiCore DebrisDCH phenomena was conducted in a 1/10th scale repre- Cmlamhtysentation of the Zion nuclear power plant. The Zion
design was chosen for simulation since its geometric con- In order to better characterize the long-tcrm conse-
figuration i- representative of a group of operating quences of core melt accidents, the NPC has sponsored
PWRs. In FY 1992, most of the integral effects tesa at research to investigate those phenomena that may occur
SNL (1/10th scale and li6th scade) cnd AN1 (1/40th subsequent to the failure of the reactor pressure vessel at7
scale) will be conducted. Appropriate analysis wdl also be lower pressures, i.e., relocation of the molten core to the
performed to assess the extrapolation of computer code concrete basemat and ablation of the concrete and gen-
models for DCH phenomena to a full-scale containment. eration of refractory radionuchdes. The NRC program

has included inte gral and separate-effect testing as well as
3.2.3.2 Hydrogen Combustion development and assessment of an analytical muhodoi-

ogy, the CORCON computer code, which is applied to
Hydrogen combustion research seeks to assess the possi- reactor analysis More recently the NRC research has
ble threat to containment and safety-related equipment. focused on the issue of whether water addition,i.e., cover-
It is necessary to understand how hydrogen is transported ing the molten core material with an overlying water pool,
and mixed within containment and to determinc tbe like- can quench or cool the debris and thereby terminate
lihood of various modes of combustion, i.e., deflagrations, concrete ablation and establish stable containment condi-
diffusion flames, accelerated flames, transition from tions.
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In FY 1991, the NRC analytical rescarch program re. heat transfer to the water, therchy diminishing the likeli-
suited in the interim release of the CORCON MOD 3 hood of establishing long4crm coolability. Additional
code. This code release is the culmination of significant tests using prototypic oxidic material are planned for lY
development activitics to improve the capability of the 1992. These tests wil! focus on morphological behavior of
code to calculate thermo-hemical reactions between crust formation and will provide a better understanding of
molten core debris and the concrete basemat of a reactor ne debris coo! ability issue,
containment. In addition to CORCON modeling im-
provements, the VANIISA model of acrosol genr:itk n Under the programmatic ciement of core-concrete inter.
and radionuclide release during core-concrete in.crac. actions / core debris cootability, the NRC has also spon.
tions has been fully integrated into CORCON. COR. sored rescatch to address resolutio 1of a severe accident
CON MOD 3 application and assessmet included analy, issue generic to llWR Mark I reactor containment shell
sis of core-concrete interactions associated with accidents meltthrough, so designated since it addresscs the che-
in a llWR Mark I reactor that were used toindependently nomena asswiated with the spreadir.g of molten core
assess the llWR Mar k I kner early failure evaluation.1he debris across the fhiot of the containment to the coctain-i
code was also successfully used to cond uct ,:alculations for ment shell. If the debris is sufficiently hot up( n reaching
the International Standard Problem (ISP 30) of the Ger. the shell, the resultant thermtd attack could fail the con-
man lieta Test V5.1, which involved molten steel and tainment boundary. The conclusion from an extensive -
zirconium reactions with concrete, and the ACli Ih ex. evaluation of this issue is that the presence of water on
periment that was performed at the ANL and imulved a top of the core debris would prevent containment shell.
prototypic oxidic rnett (00 , ZrO ) interacting with con. failure.2 2
"#

Over the past year, the NRC has worked to address the

IIxperimental research on debris coolability was started comments provided by the peer review group formed to
evaluate the methodology and conclusions of draftIhrough two programs: the Wl?TCOR program con-

ducted at SNL and the MACl! tests conducted under the
NURl!G/CR-$423,"Ihc Probability of Liner Failure in a

aegisof the Advanced Containment lixperiments(ACli) Mark 1 Containment." The outcome of the peer review

program at ANI. These programs are intended to pto* process was the establishment of four working groups of !

vide the data concerning the cootability of core debris. cxperts composed of perstms from industry, national
under severe accident conditions, for advanced reactors. laboratories, and acade ma to address, in detail, four cor-

'the ACl! program is an internatiotally sponsored project responding areas (shell failure criteria, corium spreading,

in which the NRC participates along with liPRI and the core-concrete interactions, and melt conditions) that war-

doi!. The project includes four phases:(1) phase A d* ranted additional analytical confinnation. While this ad-

with large scale filtration tests, usinn filter designe frac ditional analysis is not expected to alter the basic c(mclu.

different countries: (2) phase 11 involves experim4 ions of the report, which was published in final form in
.a

the physical and chemical behavior of iodine in a e uly 1991, the staff plans to issue an update documentingu
ment that includes the presence of hygroscopicae' V the completion and results of these confirmatory activi-

steam, and water pools; (3) phase C deals with sa " ties by December 1992. A final peer review will then be
conducted.

core-concrete interaction; and (4) phase D (M ACl!) dc.t S
with rnelt cooling issues, seeking a determination as to

3.2.3.4 Integrated Codes and Applicationswhat debris configu rations (power level and depth) can be
cooled by an overlying pool of water. Phase C testing was in order to support the evaluation of nuclear plant re-
completed in FY 1991 and seven integral core-concrete sponses to posttdated severe axident scenarios as well as
interaction tests that were conducted addressed the ef, analyze the results of phenomenologicaland system tests,
fccts of various compositions on typical concrete sub. the NRC sponsors research to_ develop, verify, and vali-
strates. Analysis and documentation of the phase C tests . date integrated / system computer codes.
willcontinue in FY 1992.The first M ACl3 experiment has

. .

been performed under phase D; two large. scale integral The CONTAIN code is a detailed mechanistic code for
tests are scheduled to be completed in FY 1992. the mtegrated analysis of eontamment phenomena. It has

been developed under NRC sponsorship to provide the

Under the WirTCOR program, the first test, Wi!T- capability to predict the physical, chemictd, and radiologi-

COR-1, was conducted in September 199L This test. cal coqditions inside a nuclear reactor containment in the

involving the induction heating of oxidic s:mulant mate- evca.t of a seven cccident and fission product releases to

rial to represent decay heating of molten core material,
-the emironmera m ;he event of containment failure.

was performed to investigate cooling of molt en debris and Severa research programs are ongoing in an attempt to
termination of conc:ete ablahon by an overlying water quantify the effecte of DCI L This program is closely cou-
pool. Test results indicate the potential for forming a pled to the DCil experimental programs at SNL and
crust on the top surface of the debris that severely limits ANI, Iimited code modifications were made.. to
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CONTMN in order to capture the dominant DCil proc. calculations were also provided with data from the LWR
esses. 'lhe CONTAIN code will be assessed arainst the Acrosol Containment lisperiment (IACli) lA-4 test,
experimentaldata and ultimately full scale power plants the ILECi!T-Sl!AS!!T natural circulation tew., and the
will be analyzed to determine the consequences for postu- German llDR V44 testing. Reports were prepared show.
lated DCil scenarios. 'Ihe NRC continues to update and ing the agreeraent of MiiLCOR results with data and the
upgrade code documentation; NUREG/CR-5715, the effects of parametric variations in Mlit COR input
CONTAIN Code Reference Man.ial. was published in choices on the comparisons of output with the data, in
July 1991. 'the QA procedures applied to CONTAIN certain cases, the results of MliLCOR cdculations were

development were documented in NUREG/CR-$$18. also compared with results from other codes that had
published in January 1991. 'the code will undergo peer been run to simulate the experiments.
review in i Y 1992.

The SCDAP/REIAPS code has been developed to pro-

The MdLCOR code was developed to model the progres- vide detailed modeling of the reactor core and reactor

sion of severe accidents in LWRs.1hc code treats the coolant system during severe accidents. In FY 1991, re-

entire spectrum of severe accident phenoinena, including ports were issued describing the quality assurance pro-
reactor coolant system and containment thermal-hydrau- gram for SCDAP/ Rill AP5 and the results of independ-
lic response, core heatup, degradation and relocation, ent review of the natural circulation calculations of the
and fission prodoet release and transport for both 11WRs code. A peer review for SCDAP/RI?l APS was started in
and PWRs. During FY 1991, a cornprehensive peer re- FY 1991 and s ill be completed in FY 1992.

view was completed, which had as its objective to assess
the adequacy of the code for the NRC.'lhe peer review- 3.3 Containment Structural Integrity-
ers found the code generally acceptable but had signtfi-
cimt comments and recommended that improvements be 3.3.1 Statement of Problem
made m several areas. 'these included improvements m
numerical stability, revtsing and improving certain 'the major source o. mk to the public from the operation
phenomenological models, adding some new models, of nuclear power pla o stems from accidents that lead to
performing more comprehensive comparisons of the code a containment failure.'lhe regulat';ty concern is that the
against data, and improving document ition. 'lhese rec- failure modes and associated load levels for containment
ommendations are being dealt with in the FY 1992 con- structures cimnot be predicted with any real confidence
tinuing code development efforts. by t. . methods used for design.'lhis is especially so if the

contemplated failure mode is h>calized leakage. Iloth as-
MELCOR code development in FY R91 produced new sessments of the risk posed by loads outside the design'

models for MELCOR for handling (Se following situ- basis and estimates of the effectiveness of proposed
ations: (1)in-vessel natural circulation, which previously mitigative steps require an ability to predict the way in
could not be done because numerical modeling did not which a containment will fail
allow downflow in the reactor core; (2) integrated con-
tainment response to direct containment heating (DCH) 3.3.2 Program Strategy
resultmg from the expulsion of molten core materials
through a failure in the reactor pressure vesse'; and (3) Research on containment failure modes is based on the
containment performance with the ice condenser safety observation that excessive leCage can occur, basically,
feature, specifically to handic the thermal and hydraulic from four sources:
effects and the fission product removal phenomena.The
addition of these models into MElfGR addresses both 1. Feiture of the shell, either the containment shell

long-range plans of NRC on the code's development and itself(in the case of steel containments) or the liner
recommendations for new models from the peer review. (in the case of concrete containncnts);

*
2. Leakage at large penetrations as a result of the in-

elastie deformations and/or degradation of seals andMELCOR benchmarking and assessment act;vities in FY
1991 included the application of MELCOR to the calcu- g skets;

lation of accident sec .cnces in a Combustion Engineer- 3. Leakage at electrical penetrations due to degrada-e
ing designed plant (Calvert Cliffs) and a flabcock and tion of materiali. under the high temperatures asso-
Wilcox designed plant (Oconce). Reports were written ciated with accident scenarios; and
describing the results of the calculations. Code calcula-
tions were also made and compared with data from the 4. Leakage through valves due to pressure and tem.
NRU 1;ull.Learth liigh Temperature-4 (Fl.IIT-4) ex- perature effects,
periment.which showed reasonable agreement between
the data and MELCOR results fcr the in-core heat trans- Research related to shell failure or defonnations of pene-
fer and fuel rod temperatures. Extensiv cod assessment trations rests en arialyses of and experiments on inodel
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tests of actual containment designs.These tests mvohe sp(mse of those designs to severe accident conditions.
pressurization up to failure levels under ambient tem- llowever, there are no experimental data against which
peratures. Since seal and pasket materials are adversely the predictive methods can be checked. The proposed
affected by the L.npetatures associated with severe acci- model test would fill that pap in the data base.
dents, separate tests focusing on the development of leak-
age are performed under pressure and tempemture con-
ditions, usually at full scale. IIxamining the possibility ef 3.3.3.2 ligninnent llatch Tests
developing leakage through electrical penetration assem-
blies and valves also requires experiments under tem. 'the final report for the pressure unscating equipment
perature and pressure conditions at full reale. hatch test program was cornpleted in FY 1991. His re-'

port, in addition to presenting the results of the test
program, preser ts analytical procedures to estimate the

3.3.3 Itesearch Accomplishments in lY 199] pressure and temperature conditions at which leakage
can be expected by unscating the hatchflhe test program

3.3.3.1 Structural . rests has therefore provided information useful in accident
scenario analyses and in future hatch desirns.

De major effort in this program for the next few years
will be a cooperative one with the Mffl of Japan. Two

3.4 itcactor Ac, lelit itisk Atlalys,sareas of cooperation have been identificJ-one dealing u i
with steel containments used in lxith the United States
and Japan for llWR d.gigns; the other relating to 3.4.1 Statement of l'roblemprestressed concrete contamments. De current genera-s

tion of Japanese PWR containments are prestressed con-
erete designs. Probabilistic risk analysis (PRA) has been shown to be a

systematic and comprehensive met hod for iden tifying and
evaluating the effectiveness of safety improvements pro.

A reinforced concrete model was chosen for the NRC- posed to reduce the likelihood and consequences of nu-
sponsored test at SNI, since it would provide a greater clear power plant accidents. PR A is used by the NRC staff
challenge for analytical models. Ilowever, there are two in a number of ways, including for evaluating the level of
main reasons for performing an additional prestressed safety at selected operating plants; for assessing the mar-
containment model test: gins of safety in current requirements in light of the Com-

mission's safety goal policy; for monitoring plant perform-
li Prestressed designs are the most common concrete ance; and for identifying potential improvements in

PWR s mtainment type in the United States.ncre equipment or operator reliability.
are 41 prestressed containments compared to 20
reinforced containments.

3.4 2 Program Strategy
2. De margin between the ultimate capacity and the

design pressere for prestiessed containments is The reactor accident risk analysis research effort is ap.

thought to be lower than that for reinforced con- plied in four ways: (1) providing expert review of severe

crete or steel containments; hence, it is important to accident PRAs to assess, for example, the risk implica-

have accurate predictions of the ultimate behavior tions of accident management strategies in order to mini-

of prestressed containments- n ze the release of radioactive material to the environ-
ment during seveie reactor accidents; (2) developing,
verifying, demonstrating, and maintaining methods for

A test to failure of a model of a steel llWR containment analyzing the consequences of in plant and offsite severe
vessel will also be included in the cooperative research accident physical processes for use in risk assessment and
pro 3 ram. The vessel would be fabrict.ted in Japan and developing and demo'istrating methods for quantifying
shipped to SNL in Albuquerque, New Mexico. This test the uncertainty in risF estimates and the relative cont ribu+
would complement the test to failure of a steel contain- tions of specific issue uncertainty to the overall uncer.
ment model performed by SNI.in 1984 under NRC spon- tainty;(3) reassessing periodically the frequencies, conse-
sorship. That model was cylindrical in cross section and quences, and risk of severe accidents in nuclear power
was representative of PWR ice condenser and llWR plants and performing pect review or methods used and

;Mark 111 ctmtainments. The proposed Japanese model results obtained; and (4) developing risk based manage-
would include the " knuckle regions" that are present in mu wls capable of determining the incremental risk
DWR designs in the United States. It is currently pre. reduction associated with proposed plant design and op-
sumed that state-of-the-art analytical methods can be crational modifications and assisting in the setting of pri-
relied uptm to provide adequate predictions for the re- orities for efforts in licensing and research activities.
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3.4.3 ltescarch Acconiplisliinents in IT 1991 'the completed .ew setsion of NURI G-ll50 was pub-
lished as a second draf t for peer teview in June 1989. A
peer review panel, organized under the 1:cderal Advisory

3.4.3.1 Review of PRAs Committec Act. completed its formal review of the docu-

PR A is used by the NRC staff to support the resolution of ment and provided generally positive findings. 'lhe final

a wide spectrum of regulatory issues. l'or licensed plants, version of the cport (NURl!G-il50) was issued in De-
PR A;are sometimes voluntarily submitted by liceosces to cember 1940 (Vols. I and 2) and January 1991 (Vol. 3).

support their specific proposed incans for resohing such
issues.1 or advanced plants of the future, applicants , re
required to perform : d submit PRAs as part of their 3.4.3.3 Risk Model Development and Application
overall license applications. Reviews performed in 17Y
1991 induded the following: probabilistic risk analysis has become an important tool in

the NRC's assessments of safety issues in the design and
South Tnas (Tnas).This PR A w as a voluntary submittal operation of commercial nuclear power plants. To use
by the bcensee, who plans to use the document as a this tool well,it is necessary to develop and use Mate.of-
reference in future technical discussions on regulatory technology methods for performing and reviewing PRA
issues. The review was completed in FY 1991- and to develop, maintain, and piovide quality assurance

for such met..ods.
Diablo Canyon (Californial. In order to comply with a
license condition, the licensee for Diablo Canyon has
developed a long-term seismic program. As pat 1 of this Version 1.5 of the M ACCS code-a computtr code that

program, the licensee has perfor med a PR A for seismic as estimates the post-accident release of radioactive mate-

well as other potential accident initiators.'lhe review was rial to the environment and heahh and econo'mic conse-
completed near the end of l'Y 1991. quences to the public-was completed and made avail-

able to the public in FY 1990.1:inal benchmat king of the

GE Ads anted ilWR. A PR A has been submitted as part of code with international standard problems is under way

the licensing application for this advanced llWR, in May and is expected to be completed in early 1:Y 1993.

1991, a draf t safety evaluation report was transmitted to
NRR. This was subsequently transmitted to General In regulatory decisionmaking, it is necessary to ask what
Electrie. impact a proposed modification to plant hardwate or pro-

cedures will have in terms of risk. Generally, the most
3A.3.2 Completion and Review of Reactor Risk appropriate way in which to anse er such a question is to

Reference Document examine existing pRAs, change the affected parameters,
perform the analysis again, and observe the resulting'

In February 14S7, the NRC nsued the draft version of the change in core damage frequency and public risk. Such
" Reactor Risk Reference Document (NU REG-1150), calculations are currently employed in setting priorities in
as well at a series of supporting contractor reports for the use of agency resources and for regulatory analyses of
public comment. The dra't -eport assessed the risks from pencric safety issues. Otbei uses, such as targeting inspec-
possible core damage accidents m !i"c U.S. nuclear power tion activities, are also emerging.
plants-Surry (Virginia), Zion (llhnois), Sequoyah (1 en-

,

tiessee), Peach Bottom (Pennsylvania), and Gtand Gulf
(Mississippi).The report discussed the implications of the The System Analysis and Risk Assessment (SARA) sys-
hve analyses on regulatory issues such as implementation tem and the Integrated Reliability and Risk Assessment
of the Commission's Safety Goal and Severe Accident System (IRRAS) were conceived to address the need
Policy Statements.Two NROfunded reviews of the draft described above and also to provide the NRC with reli-
report were obtained and published as NUREGI ability data that are currently availabie only on large
CR-5000 and NUREGICK-5113. In addition, the mainframe computers. The development of high-
American Nuclear Society sponsored and published a performance microcomputers has provided greater ca-
review of the draft report. pacities to interact with extensise data bases for a large

number of users. During IT 1991, versions of these codes
'lhe NRC staff and supporting contractors updated the were used by NRC contractors to perform risk studies of
five risk analyses. The updates, which were quite exten- accidents imtiated during low-porer and shutdown op-
sive, were intended to reflect comments received, to re- erations (described below), as well as by the stafi to assess,

flect the present plant design and operating characteris. for example, the sensitivity of NUREG-il50 results to
tics, to improve the methods used, and to incorporate new variations in human error rates and motor-operated valve

experimental data on severe accidents resulting from the failure rates and the benefit potentially achiesable by the
research programs of NRC and others. resolution of certain generie issues.
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3.4.3.4 lil'l(I 1(equu ec..ents lhvument 3.4.3.5 Ar.aly.sts of low-Power and Shutdown Accident
llisks

In support of the advanced reactor design certification
process, the lilectric Power llescarch Institute (liPill) Since 1989 the staff has had under waya study of the risks
has developed a set of requirements to guide tue design or associated with accidents initiated during low power and
such reactors. One part of this guidance relates to the shutd( vn p'iant operating conditions. The first phase of
performante and use of PR A rnethodologies. A review of Ihis analysis was completed, providing a rough categoriza-
this guidance was made r;;h a draft evaluation transmit- tion of potential accidents by their frequency and conse-
ted to the Office of Nucle .r lleactor llegulation (NRR)in quences. This information is being used by NRit in their
August 1991. This evaluation was reviewed by NRR and analysis of the need for additional regulation under these
transmitted to liPRI in October 1091. operating conditions.

:
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4 CONFillMING SAFETY OF NUCllAll WASTE DISPOSAL

'lhe NRC's waste management research seeks to (l) de- of a set of regulations and a licensing process for the
velop and verify methods for predictmg and assessmg the review and licensing of the lil W repository. 'lhis frame-
performance of waste disposal facihties:(2) valuate the work for NRC review will allow the formal licensirig ac-
data bases used in such performance assessments; (3) tivities and the supporting research to be focused on the
provide technical support to the licensing staff in their significant technical issues.
interactions with the Department of Energy (doi!)and
the States; and (4) deselop regulatory standards to sup- At present, the NitC has active sesearch programs in
port the bcensing of facihties and methods for the dW- hydrology, geology, materials science, geochemistry, end
posal and management of high-level and low. level radio- several other disciplines related to 1II W manager, * t.
active wastes. 'lhe wscarch combines theoretical study with laboratory

and field experiments to identify and quantify the physical
processes and phenornena ia portant to waste isolatism so

4.1 IligIl-lECl MIS (C that the NitC can assess repository performance and
quantify the uncertainties associated with characterita-

4.1.1 Statement of Problem tion and measurement of these processes. All this work is
integrated into an independert lit.W performance as.

The high-level waste (III.W) disposal polig for the sessment methodology. Effort is also required to validate
United States is defined by the Atomic Energy Act. the many of the models that underlie the methodology.'lhe
linergy Reorganization Act, the Nuclear Waste Policy ultimatc ;oal of t'.: NRi"s lit.W research program is to
Act, and the Nuclear Waste Policy Amendments Act provide the technical basis to suppor+ the licensing staff's
(NWl'AA)flhe last, signed nto law in 1987, provides for indepe+.knt review of the appropriateness and adequacy
the development of a geologic repository for the perma- of DOli's demonstration of compliance with 10 CFR P rt
nent disposal of high-level radioactive waste in the State 60 and the !!PA's 1ILW standard. In adJition, NRt"s
of Nevada at Yucca Mountain an<J assigns responsibility waste management research seeks to provide technical
for repository development to the DOli. According to the support to the licensing staff in their mteractions with
Federal Government's Reorganization Plan No. 3 of D0l!. the StMe of Nevada, and other participants and
1970.1II .W environmental standards development is the interested parties and to develop regulatory standards to
responsibihty of the linvironmental Protection Ageng support the licensing of the disposal and management of
(EPA), and the linergy Reorganization Act assigns the high-lesel radioactive wastes.
regulation of IILW disposal to pmtect public health and
safety and the environment to iha NRC g g g g. g g

An lil.W repository poses pioblems invo!ving regulatory
4.1.3.1 G,eohydrologyconsiderations and uncertainties related to waste em-

placement, monitormg. and performance assessment that Since transport by ground water is the most likely path by
are unique in the history of the NRC. Much of this which most radionuclides from disposed waste might
uniqueness stems from the ty pe of facility, first-of.its-kind reach the enviionment, the NRC is actively studying the
geologic disposal mstallation, its very long perf ormance movement of ground water in the unsaturaud fr'actured
time (specified as 10,000 years by the !!PA,), and the fact media currently under consideration by DOH. An experi-
that a wdl be placed in low permeability / low flow geologie mental site has been located in unsaturated fractured tuff
systems that have not been investigated previously be- (the sam rock type as the repository host rock)in Ari-
cause of their low economic value. ihe NRL must have zona, wnere field and laboratory testing is being con-
an independer t capability to evaluate the dot. safety ducted by the Univ;rsity of Arizona.'the objective of the
analyses and dseide whether long-term releases predicted f cid study is to determine what types of measurements
l- DOE will be withm established limits. lhe NRC re- are needed to characterize the hydrology of fractured
search program objective is to provide the technical car.a- rock and how measurement data should be analyzed to
bility necessary to evaluate DOli s site charac'entation model ground-water flow. This work currently entails as-
activities as required by the NWPAA and to asse ss DOli s sessing techniques and methods for measuring rock prop-
license application wher. It is submitted. erties in place and assessing infiltration and movement of

water in rock formations 'Ihe project is using numerical
4.1.2 Program Strategy calculations of flow and transport to assess the impor-

tance of site features, appropriateness of fracture models,
'lhe research program has been guided by the need to and theories and measurements of fimc. controlling prop-
provide the technical foundation for NRC development erties and processes.
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Investigators at the Center for Nuclear Wastt Rvpulatmy 4.1.3.4 Gem henustry
Analyses (CNWil A) m San Antonio, Texas, are examin-
ing methods to perform stochastic hydrologic analyses for Knowledge and application of geochemistry is important
repository-scale systems. And the validity of the models to an understandmg of many aspects 01 repoutory per-
used to describe groundmater flow and radionuclide formance, including problema related to waste package
transport is being appraised in an international project conosion, radionuchde release and transport, and altera-

called INTR AVAl The NRC stalIand research tontrac- tion of ground +ater flow paths. 'ihe NitC has an active
tors from the CNWR A, the Universitv of Ati/ona, Sandia rmard progmrn m peochemistry as it affects the man.
National imboratories, Massachuset s Institute of Tech- agement of Ill.W. In 1991, the chemistry of the natural li

,

nology, and the llattelle Pacifie Northu est I ahoratory ar c waters at Yucca Mountain was evaluated at the CNWR A
participating in the 13-country validation cifort. by geochemical models m the context of the variable

'

corapositions of mmerals that rapidly react with groun<J

Cooperative experiments and data analyses being done water.The evolution of water as it is heated w hile moving

under a cooperatoe agreement between N AGRA(Smt- toward the waste packages was modeled and used as input
for waste package performance testing. The state of the

/erland) and the NRC, negotiated during l'Y 1987, con'
tinue to augment the field tcstmg program cited above. art in measuring and modchng physical-chemical proc-

esses that retard radionuclide transport was reviewed by
the CNWRA. The NRC is participating in an interna-

4.1.3.2 Stabihty of Underground Openings tional ficld study at the Koongarra ore body in northern
Austraha. observing the actual movement of

When spectfying suitable site conditions for a repository, radionuclides. 't his study is providing a basis for validating
10 CI'R Part 60 specthcally requires consideration of performance assessment models to be used in llLW re-
natural phenomena and site conditions that could ad- pository licensing. The fourth year of the stady has seen
versely af fect achievement of the prescribed perforrnance the completion of data collection and the undcrtaking of
objectives. An important phenomenon that could affect indepth hydrologic and geochemical modeling. The re-
both the short- and long-term performance of a reposi- sults of simple transport rnodels have been compared
tory is ground motion resulting fror" scismic activity. with site data, and more sophisticated transport modchng
Similarly, ground motion caused by underground nuclear is continuing. A study at Johns llopkins University to
explosions at the Nevada Test Site needs to be evaluated. develop a coupled thermo hydiogeochemical transport
Ground motion from either source could cause rock dis- model has successfully completed inoJel development,
placement, rise in water tables, etc., which could violate and research has been started to test it against data from
established repos: tory performance objectives. natural systems such as the Koongarra ore body.

To mvestigate the effects of seismicity on the under. 4.1.3.5 Rulemakmg
ground openings for an llLW re ository, the NRC is
sponsoring research at the t NWn A. lnitial results f rom A proposed guide published for public comment in No-

the study m, dicate that structural damage at depth can vember 1990 provides the information needed by the

occur, and a field site in an existing mine is being mstru- NitC tc. review dol!'s license application for the ill W
mented to study these effects * repos tory.The NRCeontinued tocloselv monitorlil A's

development of a revised high-level radioactive waste
standatd. The NRC staff commented on l!PA working

4.1.3.3 Sealmg of Ilorcholes and Shafts in Tuff drafts of the standard. In July 1490, a petition was re-
ceived from the States of Washington and Oregon asking

The isolation of nuclear waste in deep geological reposi- the NRC to undertake rulemakmg regarding the classifi-
tories may require that penetrations in Ihe geological het cation of some radioactive wastes at DDli facilities at
rock barrien- mch as shafts, drifts, camps, and boreholes Ilanford, Washington. During 17Y 1991, the NRC com-
in the vic;nity of the repository-be sealed to prevent the pleted internal review of this petition, and formal resolu-
creation of potential pathways for the movement of tion is expected early in 1 Y 1992.
radionuclides to the accessib!c environment.

To evaluate the perlormance of seals in the unsaturated
llLW tuff environment, the NRC has supported research 4.2.1 Stateinent of Probicinstudies at the University of Arizona. Iloth laboratory and
field tes's of seals were conducted for a variety of poten- Disposal of low-level waste (1.1.W) mvolves issues con-
tial seal materials. Characterization testing confirmed cerning waste form and waste package integrity, transport
that tuff is an extremely non-uniform rock w.th highly of radionuclides through the disposal facihty environ-
variable properties and extremely low hydraulic condue- ment, and evaluation of long-term doses from releases of

,

tivity. radionuclides beyond the disposal facility environment.
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ltescatch is required to et tablish regulatory critena 'md The dnerse ILW iegulatory uscr commumty makes the
hcense application assessment mformation to permit coordination and defmition of IJ W research and the
sound evaluation of proposals for disposal facihties and to oissemination of awoeiated products a much more com.
ensure that all regulatory requirements, particulatly plicated undertaking than similar actisities for the Ill.W
those on radionuchde release Smits, wdl be met. Pcr- program. llecause many States are hcensers of 1 J.W dis-
forming the needed research in a timely manner is made p wal an>J are hioking to the NltC for technical support in
more urgent and complex by two fxtors. l'irst, the low- their ILW licensing and regulatory programs, NitC's
lesel 1(adioactis e Waste Policy Amer dments Act of 19A5 iLW research has to be more prescriptive and desclop-
(P.I.,99-240) sets a very tight schedule l'or estabhshing mental than the iII.W research program.
facilities within individual States or compacts of States.

Second, the States and compacts of States have chosen to
consider alternative disposal methods to shallow land 4.2.3.1 I!ngineered linhancements and Alternatives to
burial. Certain of these alternatives must be critically Shallow I and flurial
etamned by tightly focused research to determine ihnt .here is great interest on the part of States and State
acceptabihty and to give guidance to the States and com- compacts in alternatives to shallow land burial for the
P #. disposal of low-level radioactive waste. Concrete is ex-

'lhe direction of the ILW research program has re. pected to play an important role in enginected alterna.
tives to shaHow land bunal. In 1991, the NationalInstitute

sponded tolegislative action, the changing policy of States
now responsihb for disposal, and the lessons learned of Standards and Technology (NIST) continued investi-

from the history of shallow land buri;d of wastes at a gating, for the NitC. the durability of concrete in engi-
nected alternatives to shallow land burial, while the

number of sitcs for several decades. Vague and differing
criteria as to site suitability, waste package design, etc., Idaho National l!nginecrmg laboratory contmued to de-

have been employ ed and may charactente future ciforts. velop a mathemancal modd descrihmg concrete per-
formance, in NUlt!!G/ Cit-4269, N151' has reported on

Disposal entena for 1.1.W have evohed as expencna, inodehng transport processes in concrete and the diffu-
sion of chloride ions m concrete.knowledge, public awmeness, and political controversy

has e grown. In particular, through t he low-kvel Itadioac-
tive Waste Pohey Amendments Act of 19S5, the Congress 4.2.3.2 11.W Waste l'orms
has requ red the NitC to provtJe guidance for regulatory i nw level radioetive waste tolkctett from operating nu-
decisionmaking regardmg engmeered 1 I W disposal clear power stations and solidified in cement is being
methods. This change has broadened the scope of Nitt tested M the Idaho National lingineering Iahoratory.
1L% research. The studies are aimed at ensurmg that radionuchde and

chemical teaching characteristics, as well as the compres-
4.2.2 i rogram Strategy sive strength of the solidified waste, are consistent with

NitC technical poutions and requirements of 10 C1711
NRC research in support of heensing activities for iLW Pat 61 for waste form stability, Under examination is the
disposal facihties is examining enhancements and alter' stability of decontamination waste obtained from nuclear
natives to shallow land burial, I LW waste forms,infiltra- reactors using commercial decontamination processes
tion of water, ILW source term modeling, hydrologic and solidified in cement, l'ictd studies are being con-
flow and contaminant transport, and performance assess' ducted at the Oak Itidge and Argonne NationalI aborato-
ment. The NRC,s ILW tescarch staff also prepares rics to determine whether radionuclides are released
rulemakings that af fect iLW disposal. 'lhe NRC 1LW from solidified waste forms under certain environmental
research program is described in NURl!G-1380, which conditions. A report was issued on the release of
was published in November 19b9. NURl!G-13SO idenu- radionuclide and ehelating agents from cement-solidified
fies issues, regulatory needs, a strategy, and a schedule for i LW (NURl!G/CR-560i h
resolving them. It was widely circulated for comment to
potentially interested parties, including State regulatory 4.2.3.3 Infiltration of Water
agencies. N RC-funded i LW research is useful not only to
the NRC licensing staff but also to the States regulating The University of California at flerkeley, in cooperation
ILW dispos d. In order to make their research results with the University of Maryland,is continump to field test
avadable to the States, NRC research contractors, be- a variety of covers for iLW dispos;d units at the Maryland
sides publishing their work, gave presentations at meet- Agneultural lixperiment Station in lleitssille, Maryland.
ings well attended by State representatives such as (Results are reported in NURl!G/CR-4918, Volume 3.)
" Waste Management '91," the Annual DOli i I W Man- Tw o designs are proving to be particularly effective. One,
agement Conference, and the first annual 1.1.W research called bioengineenng water management, not only re-
review meeting organized by RilS. duced water infiltration to a negligible amount but also
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dewatered two experrnental cells. A second emer con- leas.es as a function of key parameters. 'lhis work repre-
sists of a resistive layer lurrier (compacted clay) over a sents a first attempt at quantification of source terms for
conductive layer barrier. Ihis second system has func- use in performance assessment.
tioned perfectly since its completion in January 1990.
llowever, its long-term perfonnance riceds to be as- 4.2.3.6 Ilydrology and Contaminant Transportsessed.

'lhe NRC continues to sponsor field tests of flow and

4.2.3.4 Performance Assessment
transport in unsaturated soils at a New Mexico State
University field site near I as Cruces New Mexico. 'lhe

Research is conthuing on a performance assessment program-which includes NRC-sponsored research by
methodology. Emphasis is being given to engineered en- ENI', the University of Arizona, and Mfl -ts mtended to

hancements to shallow land burial. 'lhe Sandia National confinn the reliability of unsaturated flow and transport
laboratories are assessmg the validity of performance odels of LLW disposal facilities. lhis work is a part of
assessment models, and thc Pacific Northwest l aboratory the MAVAL international study that deals with
(FNL)is exploring mathematical models for radionuclide model validation of ground-water flow and transport
transport through concrete. 'lhe Massachusetts Institute *"M S'
of Technology (MIT) has been investigating the use of
stochastic methods for dealing with large-scale non uni. 4.2.3.7 Rulemaking
formity of site hydrologie characteristics.The University
of An, zona and New Mexico State University are working grinal amendments to 10 CI'R Part 40 that provide licens-

coopcratively with MIT by providing a field test at Ias ing for the custody and long term care of uranium and
Cruces, New Mexico, of Mfl's theoretical work. thorium mill tailings disposal sites were published in the

Fedcral Rginct in October 1990 (55 FR 45591).,

4.2.3.5 Ll.W Source Term Modeling The resolution of a Petition for Rulemaking (PRM41-1)
from the North Carolina Chapter of the Sierra Club was

Development of the L1 W source term code, BLT completed.'t he petitioner requested the Commission to
(breech, leach, transport), continued during FY 1991. adopt a regulation to permit the design and construction
The limokhaven National laboratory has refined and of a zero-release low-level radioactive waste disposal fa-
expanded the transport submodel to consider geochemis- cility in a saturated zone. '!he petitioner stated that the
try and gas transport.To provide confidence in the model regulation was necessary in order fo. the General Assem-
predictions, the 11LT code continues to be benchmarked bly of North Carolina to consider a waiver of a North
against lysimeter experiments of saltstone waste forms at Caroliaa statute that requires that the bottom of a low-
the Savannah River laboratory and cemerit, bitumen, les el waste facility be at least 7 feet above the season high
and polymer waste forms at PNI Re dts of sensitivity water table. A Denial of Petition was published in the
analyses continue to be used to assess radionuclide re- Federal Regiscr in July 1991 (56 FR 34035.
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5 RESOLVING SAFETY ISSUES AND DEVELOPING REGULATIONS

'Ihis program is directed toward the development of the ber). 'lhe list of issues includes Thil Action Plan
technical basis and related regulatory requirements (NURliG-0660) items.The results of the NRC's continu-
needed to protect the health and safety of the public from ing effort to identify significant unresolved GSis will be
radiation and from the risk resulting from the generation included in future supplements to NURl!G-0933. Dur-
of electricity and the manufacture, use, transport, and ing 1:Y 1991, the NRC identified 29 new GSis, estab-
storage of nuclear fuel and other radioactive materials. lished priorities for 12 issues (rabic 5.1), and resolved 4
This program also suppens efforts to ensure that pro- GSis (rable 5.2). At the end of FY 1991, approximately
posed Commission regulations are adequate and that 30 proposed GSis were awaiting prioritization.
they are developed in an efficient and timely manner.

Table 5.1
issues Prioritbed in FY 1991

5.1 Generic Safety issues
" #5.1.1 Statement of l'roblem

24 Automatic limergency hillDIUh1In order to ensure the timely resolution of important
safety concerns raised by the staff and outside sources, the Core C,ooling System

Commission directed the NRC staff to prepare a priority Switch to Recirculation
list of all generic safety issues, including TMI-related 38 Pot ntial Recirculation DROP
issues. The list was to be based on the potential safety System Failure as a
significance and cost of implementation of each issue. In Conseque.cc of Ingestion
December 1983, the origmal listing and procedures were of Containment Paint
approved by the Commission. This guidance is reflected Makes or Other Fine
in the NRC Policy and Planning Guidance, the NRC Debris
Strategic Plan, and the NRC Five-Year Plan.

72 Controlllod Drive Guide DROP
Tube Support Pin Failures

5.1.2 Program Strategy
73 Detached Thermal Sleeves NiiAllN

A generic safety issue (GSI)is one that involves a safety RilSOINiiD
concern that may affect the design, construction, or op- 100 Once/lhrough Steam DROPeration of all, several, or a class of reactors or facilit ies and

Generatorlevel
may have a potential for safety improvements and issu-
ance of new or revised requirements or guidance. Timely 120 On l.ine Testability of h11!DIUh1
resolution of these issues is a major NRC concern. A Protection Systems
prioritization and management prmas has been estab-

143 Availabilitt of Chilled 111G11lished for identifying important issues for immediate ac-
Water Sys'tems andtion, for eliminating non-safety-related or non-cost-eflee-

tive and duplicate issues from further consideration, and Itoom Cooling

for keeping the Commission and the public informed of 150 Overpressurization of DROP
the resolution of these issues. Strategies for this program Containment
are to provide timely prioritization of proposed new GSIs, Penetrations
climinate the backlog of proposed issues (as resources

151 Reliability of Anticipated Ml!DIU6permit), and issue penodic updates on the status and
progress toward resolution of GSis. TmW WM

Scram Recirculation Pump
Trip in llWRs

5.1.3 Research Accomplishments in FY 1991
153 loss of lissential Service tilGH

Water in LWRsThe N RC has continued to use the methodology set out in
the 1982 NRC AnnualRepon for determining the priority A-19 Digital Computer LICliNSING
of OSis. In December 1983, a comprehensive list of the Protection System ISSUli
issues was published in "A Prioritization of Generic
Safety issues" (NURIIG-0933), and the list has been B-22 LWR Fuct DROP
updated semi-annually (supplements in J une and Decem-

|
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Table 5.2 reached the pomt where certifica: ion n expected in the
G(neric Safety issues Ilesobed in IT 1991 near term. Conseyoen9y, the cunent emphasis of the

advanced reactor research program is on developing the
Number Title information neeJed to support the certdication of the

passive Al%00 and SilWit reactor designs aM n%ing
128 Electrical Power Reliability appn>pdate rm>difications of existing regulat- T-

'

ments to accommodate the unique Patures on ac-
130 Essential Service Water System Failures at tors. A relatisely small amount of research is , an-

Multiplant Sites ducted on the evolutionary 1 WRs, and small research
135 Steam Generator and Steam 1.ine Overflow CU"flS "" t hC """C""VC"li"" I fC"" IFPCh h"VC hCC"

mitiated and will be maintained.
11J.4.1 Revise Deficiency Report Requirements

5.2.3 Research Accomplisliments in FY 1991

5.2 Advanced Reactors During this period, a review of the preliminary reactor
system design of the AP600 and SilWR and the related

5.2.1 Statement of Problem u ndor test program was carried out to identify any poten-
tial safety concerns and ensure that the vendors' test and

The Comm ssion has issued a policy statement on the NRC research programs were progly focused on these.

regulation of advanced nuclear power plants (51 1lt concernt in this revic. , several issues that warrant con-
24643). which states that the NRC will review and com- firmatory research were identified. Prominent among
ment on new design concepts with special emphasis on these were the effectiveness and reliability of natural
vendor test programs for confirming the performance of circulation under gravity flow conditions as a means of
novel safety systems. It also encourages early interaction re noving decay heat, the perNrmance of the boron injec.
with applicants. As part of this program, the NRC will t'on system used to mitigate certain anticipated reactor
develop, review, and implement advanced reactor safety transicats, the effectiveness of proposed containment
and polig issues in the ongoing NRC review of advanced cooling methods, qualification of advanced digital instru-
reactor concepts (NURFG-1226). Indepth independent mentation and control systems, containment structural
analysis will be performed as necessary to verify that performance during severe accidents. reliability of modu-
advanced reactor designs have the potential for enhanced tar construction, and the adequacy of existing computer
margins of s dely and that appropriate means will be used codes to accurately predict safety system performance
to accompL a their safety functions. under severe transients and accident conditions. New re-

scarch elforts were initiated for P1US and CAN DU 3, ar.d
5.2.2 Program Strategy ongoing wm k was redirected for the Al.M R and Mi fI'GR

designs. liarly emphasis is being placed on identifying
Research programs hase been initiated to support the important accident sequences and safet*| systems. System-
certification and licensing of advanced reactor designs atic screening is being done with risk-assessment tech-
being developed by the nuclear industry and the Depart- niques.
ment of linergy. I ight different designs are being consid-
cred for certification under the newly formulated 10 CI R Future work will be carried out by NRC to provide the
Part 52. 'these designs fall into two groups. 'the first independent capability needed to audit the submittals of
group conststs of four evolutionary and passive advanced license applicomts for the AP600 and SilWR reactors,
light-water reactor (1.WR) types: the Advanced lloiling This work will include computer code modification and
Water Reactor (AHWR), the C-li System 80 + , the ve rih,.eation and the execution of whatever experiments
AP600 Advanced Pressurized Water Reactor, and the are nuded to confirm safety system performance or to
Simplified lloiting Water Reactor (SHWR The second develop required assessment methods.The full scope ofc

group consists of four future advanced reactor types: the these programs will be det ermined after a iditional st udy.
Process Inherent Ultimate Safety (PlUS) reactor, the
Canada Deutenum Uranium heavy-water-cooled 5.3 Developing and linproving
(CANDU 3) reactor, the Advanced 1.iquid Metal Cooled
Reactor (AI.MR), and the Modular thph Temperature IkgnlMions
Gas-Cooled Reactor (MillGR). 5.3.1 Statement of Problem
The two evolutionary LWR designs ( AllWR and System RiiS has the primary responsibility to manage, coordinate
80 + ) have been judged to be similar enough to the cur- reviews of, and control all NRC rulemaking activities and
rent generation of 1,WRs so that little additional research to monitor scheduling of such rulemaking to ensure that
is needed to support their certification or licensing; the rules are developed in a timely manner, in addition, R ES
four nonconventional reactor design concepts have not provides support for preparation of the regulatory impact
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analyses (RI As) that accompany all rulemaking through A proposed rulemaking,10 Cl 11 Part 74, on the material
the development of genene methodology and guidance. control and accounting requircraents for uranium enrich-
'Iechmcal reviews of all RIAs are performed upon re- ment plants and an associated regulatory guide w cre pub-

quest. lhe NRC Regulatory Agenda Report and other lished for puPie comment in the federal Register in De-
management information systems associated with cember 1990 (55 l'll 51726). 'lhe rulemaking is following
rulemaking activities are maintained. an accelerated schedule because louisiana IIncrgy Serv

ices has filed a license application for the construction
and operation of a gas centrifuge plant that would pro-

Needed regulatory products, e.g., regulations and regula, duce low-enri hed uranium for the commercial market,
tory guides, are developed. Rulemaking is proposed or *Ihe rule wdl facihtate the licensing of such a facility. We
initiated, as appropriate, and complex rulemakings that expect the final r ulemalmg wdl be published in the red-
sp;m the technical or organizational responsibilities of aaMcdste cady in W 1992.
several groups or that involve novel or complex questions
of regulatory [vlicy are managed. Petitions for rulemak- In a program initiated in 1985 and continued through
ing are investigated. 1991, the NRC st..ff undertook to evaluate existing regu-

latory requirements in terms of their risk effectiveness

5.3.2 Program Strategy and to eliminate or modify requirements with only a mar-
ginal safety importance. A three volume research report

'lhe purpose of the NRC nuc! car regulatory program 5 to (NURl!G/CR-4330) previded detailed technkat assess-

ensure that nuclear facilities are desinned, constructed, ments of requirements associated with a limited number

and operated in a safe manner. Therefore, a continuing of topics. In a follow-on effort, a set of regulatory require-
ments were identified as candidates for ;ossible climina-need exists to revise rules and guides and to develop new
tion or modification. Work was started in 1990 to evaluateones. The strategies of this program : w (1) review the

effectiveness of 1 WR regulatory requements and guid. the safety significance of these c:mdidate regulations to

ance and make recommendations for revisons; (2) de. identify those of marginal safety significance and for
w hich modification or climination can be proposed. Final

velop screening methodology to systematic 2dly review re.
recommendations were forwarded to the Commission inquirements an'd guidance; (3) coordinate and review

proposed changes to the I Al!A safety standards; (4) de. J uly 1991. Implementation of final recommendations will

velop or assist the development of rules and regulatory begin in FY 1992.

guides; and (5) continue to develop and maintain manage- A final rule amending the regulations in 10 CFR Parts 20,ment mformation systems for rulemaking. 30,40, and 70 to revise licensee reporting requirements
regardmg notifications of incidents related to radiation

5.13 ltesearch Accomplisliments in IT 1991 Laf ety was published in the FederalRegister in August 1991
(561 R 40757)Jihis rule will ensure that significant occur-
ances at fach opuaW y matedal kenns am5.3.3.1 Develop or Modify Regulations promptly reported to the NRC. ihe Commission will be
a to e n n w ua enn as taken tk ac-

A fmal rule,10 CFR Part 71, on modifyinE N RC's trans- tions necessary to protect public health and safety and
portation regulations is awaiting publication until the De- whether genc5c safety concerns that may require pmmpt
partment of Iransportation is prepared to issue a com- NRC action are identified.
panion rule. Public comments on the proposed
rulemaking have been evaluated, and the final rule is A f nal rule amending the regulationsin 10 CFR Part 50
being developed. We expect the fmal rule to be published to require the licensee to implement the NRC-approved
in FY 1992.1his rule proposes limitations on the ship' timergency Response Data System (IIRDS) at all nuclear

.

ment of low-specific activity matenals and maximizes power plants was published in the federal Register in
compatibility between NRC and International Atomic August 1991 (56 FR 40178). (Ihe proposed rule had been
linergy Agency (I AliA) regulations. published in the Federal Register for public comment in

October 1990 (55 FR 41695).) The rule would supple-
A final rule,10 Cl !. 50.73, on access authorization at ment the voice transmission over the existing limergency
nuclear power plants and an accompanying regulatory Notification System and require a direct electronic data
guide were published in the federal Register in April 1991 link between the licensee's computer and the NRC's Op-
(56 FR 18997)flhe rule requires a nuclear power reactor cration Center to be activated by the licensee dunng an
licensee to have an access authorization prot am in its alert of higher emergency condition to transmit timely
site physical sc arity plan. This program would provide and accurate updates of critic;d information on plant con-
increased assurance that persons granted unescorted ac- ditions.This measure would allow the NRC to perform its
cess to protected and vital areas are trustworthy and do primary role during an emergency at a licensed nuclear
not pose a threat to commit radiological salotage. power facility, which is one of monitoring the licensee to
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ensure that appropnate recommendations ar e maJe with ing programs for management, superusory, professional,
respect to necessary offsite actions to protect pubhe and technical workers w ho have an impact on the health
health and safety. and safety of the public.1 icensees and apphcants would

also be required to establish qualification requirements
A final rule was published in the Trderal Regater in July for thw pannch h oWths of the proposed rule
1991 (56 i R 34101)toamend the 10 CI:R Part 35 regula- an' to codify existing industry practices related to pc rson-
tions that apply to the medical use of by pr duct material, nel training and quabficadon and to meet the directives

The amendments require medical-use licensees to imple- contained in Section 306 of the Nuclear % aste Policy Act
ment quahty management (QM) programs and revise of 1982 (Pub. l 97-425). We expect the proposed
misadministration reporting requirements. Implementa- rulemakmg will be published in the rederal Repstcr for
tion of the new performance-based requirements is sup- pubhc comrnent early in 1992.

ported by the issuance of a regulatory cuide that includes
specific guidance for QM programs'and an approach ac. 'lhe Commission issued a denial of a petition for
ceptable to the NRC for meetmg the requirements of the rulemaking (PRM-50-50) from Charles Yo ing for publi-
final rule. 'ihe rule provides a high confidence that cation in the federal Registo in January 1991 ($u 1 R
byproduct material and radiation frorn byproduct mate- 1749). 'the petitioner requested the Coaimission to
rial will be administeied as directed by the authorized amend its regulations to prevent nuclear power plant
user physician. The feasibility of this approach was evalu- operatorr 'iom deviating from li;ense conditions or tech-
ated durmg a pdat program involving 70 medical-use li. nical sr' stions during an emergency. The petitioner
censees and subsequent discussion with professional as. believt . nuclear power plant > should be operated in
sociations and Agreement States. accordance with the operating license and appropriate

technical specifications and that requiring a senior opera-

A proposed rule,10 (.111 Parts 31 and 32, on requu. tor to follow the technical specifications dunng an emer-
e-

ments for the possesuon of industrial 6 vices containing gency enhances pcmt safety.

bypmduct material was submitted to the Commission for
approvalin August 1991.'lhis rule woulJ require general A final ruk was published in the FederalRn;istcr in Janu-
licensees to provide the NRC with specific information ary 1991 amending the 10 CI R Parts 20 and 50 regula-
about radioactive material used under the provisions that tions that apply to the Operations Center Atca Code
establish general domestic licenses for byproduct mate- tekpnone numbers. 'lne amendment provides the cor-
rial. The proposed action would reduce the hkelihood of rect commercial telephone number for licensees to con-
unnecessary exposures from radioactive materials by en- tact the NRC Operations Center.
suring that generally licensed devices are properly ac-
counted for and disposed of. We expect the proposed During IT N91,91 rulemaking actions were processed,
rulemaking will be published m the federal Register for of w hich 23 rules were formally published,16 were f crmi-
public comment early in 1992. nated/ withdrawn, and 32 are ongoing (see Table 5.3).

liesides the 52 ongoing rulemaking actions, there are 49

A proposed rulemaking. Appendix 11 to 10 CFR Part 73, pyna ma ng actions, and it is estimated that in
I

en day-firing quahfications and physical fitness programs thue wiH be approximately 15 to 20 new
for security personnel at category I fuel cycle facilities was rulem king requests requiring Riih review and approval

e cu ector for Opaadontsubmitted to the Commission foIr approval in September
1991. The proposed rule would arnend the Comtnission's
regulations to include day-firing quahfication courses in Tahle 5,3
cach type of required weapon as well as a standardized Ruttmaking Actions Processed During IT 1991
physical fitness training course and fitness standards for
security personnel. Standardization of day-firing courses Rulemaking Activities Numberto be consistent with those established for night firing is
needed to provide a uniform, uforceable program. We
expect the proposed rulemaking will be published in the 1_ mal Rulemakings Published 23

Federal Registcr for public comment early in IT 1992. Rulemakings Terminated / Withdrawn 16

The Commission is considering a proposed rulemaking, Ongoing 1 inal Rulemaking Actions 14

10 Cl 1; Part 50, on training and quahfication of nuclear Ongoing Proposed Rulemaking Actions 25
power plant personnel. The proposed rule would amend
the Cornmission's regulations to require each applicant Rulemakings on lloid 13

and holder of a license to operate a nuclear power plant to
establish and use a systems approach in developing train- Total R ulemakings 91
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5.3.3.2 Regula'ary Analysis mechanism for evaluating the overall centinuing effec-
tiveness of licensee maintenance programs. Acco-dhgly.

The NRC conducts tern iy impad analyst W the Commission issued a final rule,10 Cl R 50.65,"Moni-
s(e.g., rulemakings, w tA toring the Effectiveness of Maintenance at Nuclearmpport of regulatc4 c

generic safety issu- tpc:y guica). The NRC is in Power P|antsc' on July 10 1991.
the process of updat.. vd rc . sing Nu?.EGfilR-0058.
Revision 1,"Regalatorv e eps Guidelinet of 'he U.S. 'lhe pt rpose of the maintenance rule is ta require com-
Nuclear ReguVtry % am m'

mercial nuclear power plant licen ees to monitor the'

,

CR-3568, "Ilars twok ior ' J cffectiveness c,f maintenance activities fer safety.related &*

Ihese documems r ,ablish d w- rd certain non. safety-related plant equipment, as de- h-

''and policy cou v.g the .- . 2 ined in 10 Ci R 50.65,in order to vinimi/e the likelihood
process. Thes,. ; visions v e4 g- M failures and events caused by the lack of effective
structure of the , visting , t%g, .J um ttt' maintenance. 'lhe rult ccqutres that licensees monitor
integrate backfit alysis cracnte and afeb the performance or condition of certain structutes, sys-
policy considerations anJ to ugets &c m- ho^ tems, and componnts (SSCs) against licensee-estab-
formation be for pe,/orming regulatory imf - lished goals in a manner sufficient to provide reasonable

d ses to reflec 3perience gained over the pet n a.,sarance that those SSCs will be capable of performing"

4. cars. Also, to aid NRC analysts in preparing RIN,wot - their intended functions. SC. monitoring would take
has begun on qxtatie.;' :eph,ccmer' energy cro s :md into account industry-wide operating experience. Where
estimating the long< , ;ose of a platt duc 14 m ace!- monitoring proves unnecessary. licensees would be per-
dent. These generic smg methods et weful in mitted the option of relying upon an appr"priate preven-
quantifying direct cosa, , industry and aver ed onste tive mainters arogram.
costs, whicn ar, both inte al enmponents of the value-t

impact portion of the RIA. The NRC staff will prepare a regulatory guide, a draf t of |
which wiM be released to the public document room at the

sevelopment of these types of methodoloys wiP con- cad oi A>tarch 1992.The nuclear industr) (NUM ARC)is
tinue in an cffort to facilitate NRC decisionmaking in producing a consensuguidance document for monitoring
evaluating the need for and the effectiveness of a variety the effectiveness of r .mtenance in nuclear power plants
of regulatory actions. including rulemaking, standards de- in para"c with & NRC staff effort, it is expected that
velopment, and haalitting safety improvements on nu- this G un e r u 7 be availabic, at least in draft form, for
clear power plants. During this tcport period, approD NRC evMim.ct the end of h1 arch 19M.The NRC will
maidy 16 safety-relatrd regulatory impact analyses (ht + make a pretiminary decision at that oint whether to
initiated and completed) have been processed- proceed with the staff-developed reguiatory guide or en-

- dorse tL ir,dustry guidelines. A final decision will be ,

5.3.3.1 hiaintenance of Nuclear Power Plants made at t< end of July 1992.

In March 1988, the Commission iscued a Policy Stat ement 5.3.3.4 License Renewalon the Maintenance of Nuclear Power Plants, in this
statement, the Commission indica:cd its intention to pur- The NRC has been wasidering wh.a requirements
sue a rutt aaking on maintenante. In developing this should b' > ' aced on nuclear oower plants in the event
proposed rulemaking, tie staff had extensive interactions that licenses to operate beyond the 40-year term of the
with U.S. industry (airline and nuclear) and stud.ed for- original license should be grai ted. Public comicants on
eign nuclear mainteuance programs and practices. A licenr, renewal rcquirements have been solicited three
3-day public workshop was held in July 1988 to soheit times through the Federal Register-the first time in con-

- comments on rulemaking options.The information gath. nection with seven major license renewal issues (pub-
cred was used ia formulatmg the proposed rule and its lished November 6,1986) and the second as part of an
supporting regulatory guide. the Commission issued the advance r.otice of nroposed rulemaking (published
proposed rule for public comment in November 1988 and August 29, 19803 The admuce notice requested com-
the supporting draft regulatory guide in August 1989. In ments on NI 'EG-1.U7, " Regulatory Options for Nu-
December 1989; .nc Commicsion Usued a revised policy clear Plant License Renewal," isT.ned in August 1988.

'

statement to rmtate its views with respect to maintwance Comments were summarized and analy7ed in NUREGI
# and to it.dicate its intention to hold rulemaking m abey- CR4332. " Survey and Analysis of Public Comments on

ance for a period of 18 months. During the 18. month time NIXEG-1317: Regulatory Options for Nuclear Plant
inter,al the Commission monitored indastry initiatives Urense Renewal." issued in March 1989. The third time
and progress m maintenance improvements and ocurred when the NRC published the proposed rule for i

reevaluated the need for issuing a . final rulemaking. nuclear power plant license renewal on July 17,1990 (55c.
Hase6 on its evhation, the Commission conclnded that a FR 29043).The find rule (10 CFR Part 54)was published

I _-_ ___-____-- - -_______ ___.
regulatory fra r.c Aork should be in place to provid: a in tiic Fcdnal Register on December 13,1991 (56 FR
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64943). 'Ihe following supporting documents were issued folk ving support documents were issued with the pro-
with the final rule: posed rule:

NUREG-1362," Regulatory Analysis for Fina1 Rule NUREG-1437, "Generie Environmental Impact* e

on Nuc; car Power Plant License Renewal," Decem. Statement for License Renewal of Nuclear Plants,"
ber 1991.1his regulatory analysis provido tie sup. Draft forComment, Volumes Iand II, August 1991.
porting mformation for the final rule that defi..es 'this document propda the technical basis for the
the NRC's requirements for renewing the ocerating proposed rule,
licenses of commercial nuclear power plants.

NUREG-1440, " Regulatory As.alysis of Proposed*

NUREG-1398,"Environmenta' Assessment for Fi- Arnendments to Regulations Concerning the linvi-*

nal Rule on Nuclear Power Plant L.icense Renewal," r nmental Memw for Heny'wal of Nuck'ar Power
December 1991. *lhis document provides an assess- Mant Opendng l.icenses, Draft for. Comment,

August 1991. ,Ih,s regulatory analysis examines al-ment of the nossible environmental effects of prom. t
,

ulgating nuclear power plant license renewal stan, ternatives to the preposed rule and provides infor-
dards by the final rule rather than applying mation that supports the alternative chosen,
requiret ents in an ad hoc manner in individual li'

Draft Regulatory Guide DG-4002, Proposed Sup-e
censmg actions.

piement I to Rsgulatory Guide 4.2, " Guidance for

NUREG -1412, Toundation for the Adequacy of the Preparation of Supplemental Environmentale

the 1.icensing Bases," December 1991.%1s analysts Reports in Support of an Application to Renew a,

desenbes th regulaterj bases for the generic finding Nuclear Power Station Operating License," August

for all r.uclear p :wer plants that the fir. dings of rea- 1991,Be proposed supplement to thiyuide details

sonab!c assurance of adequate protection for issu- the information that shoald be neluded in an appli-
cation for license renewal.ance of an opemting license continue to be true at

the tune ( f the renewal application and accordingly * NUREG-1429, " Environmental Standard Review
need not be made anew at the time cf '. cense re- Plan for the Review of 1.icense Renewal Applica-newat tions for Nuclear Power Plants" Draft for Com-

ment, August 1991. This repon provides a frame- '

NUREG-1428, " Analysis of Public Co.nments on
work for the NRC staff to determine whether or not

*

the Preaosed Rule on Nuclear Power Plant License environmental issues important to license renewal
,

Renewa.. mbec 1991. This report provides a have been identified and the impacts evaluated and' of public commenis on the
prov? des acceptance standards to help the reviewers

summary an v
,

proposed licc al rule and documents the
2

comply with~ the National Environmental Policy Act.
N)(C% resolutier. u ma issues raised by the com-
mente:s.

The final Part 51 rule and GEIS are expected to be pub-
NURl!G/CR-5382, " Screening of Generic aafety lished in 1992.e

issues for License Renewal Considerations," De
cember 1991. This report presents a review of ge- 5.3.3,5 Safety GoalImplementat;on
neric safety issues to identify those whose resolution

t could be affect ^d by an additional operating term of In 1986, the Commission published its Safety Goal Policy
20 years. Statement. On June 15,1990, the Commission directed

i
the staff to routinely consider the safety goals in reviewing

As part of a teparate rulemaking, the NRC has under- and developing regulations and regulatory practices. To '
taken a generic environmental study in or der to define tne accomplish this objective, plans have been esttnished to
scope and focus of environmental effects that need to be develcp a formal mechanism to ensure that future regula-

i

considered in individual relicensing actions. An adsance tory initiatives are evaluated for confarmity with the
notice of proposed rulemaking (10 CFR Part 51) was safety geal polir requirements. While the Commission
issuv] on July 23,1990 (55 FR 29964). Also, a notice of recognizes 4 hat consideratien of the safety goal in assess-
intent to prepare a generie environmental impact state- ing regulatory actions will at first vary, the Commission
ment (GEIS) on the effecti el renewing the operating also believes, as detailed guidance is developed and expe-
license of individual nuclear power plants was issued (55 rience gained, this variation will be m 7 mal. In support ofi' FR 29967). The NRC published the proposed rule and the implementation plan for the Safe j Goal Policy State."

draft GELS for comment on September 17,1991 (56 FR ment, a definition of a "large release"is being developed.'

47ill6). Also announced at that time wsa public work- Wher, completed, this definition will provide a subtier
shop to review the technicM basis of the proposed rule. element for use in reviewing and developing regulations
This public workshop was held in the fa!! of 1991. The and regulatory practices.

;
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3.4 Severe Accident Implementation ms program ch ment provides for the impicmentation
of the Commission's Severe Accident Pohey Statement
and the application of the results d severe accident re-

5.4.1 Statement of Problern search directly to the regulatory process. Modification of
. . the Commissian's rules or policies regardmg siting. emer-

A severe accident m a nuckar power plant is an event m gency planning, and containment design are examples of
which the core is damaged and there is a potential for areasin which the results of severe accident research may
release of large amounts of fission nroducts. digmfican' affect future changes.
research has been performt ; on the Itkehhood, progres-
sion, and consequences of a sesere accident as discussed
earlier. Much of this work has concentrated on the per. . 4.2 Program Strategy
formance of the containment during a severe accident, .P.c Containment Performance improvement (CPI) pro-
including potential containment failure mecharsme, anc gram systematically examines insights gained from ses ere
the ab"'y of the containment to maate the conse- ecident research to identify containment vulnerabilities
quer.a of a severe accident. tu.J to identify potential improvements to correct vul-

"
In the Commission pelicy statement on se- e accid nts
in nuclear power plants issued on August 8,1985 (50 Fil llecause of concerns about Mark I containments, the CPI
32138), the Commission concluded that existing plants program initially studied these containments. Ilowever,
pose no undue risk to the public hec!th and safety and that studies of all typ'es of containments are also in progress. If
there is no immediate need for generic rulemaking re' potential improvements that provide significant enhance-
lated to severe accidents. However, based on NRC and ments to safety are identified and are shown to be cost
industry experience with plant-specifie protabilistic risk effective pursuant to 10 CFR 50.109, this program will
assessments (PR As), the Commission is corninced of the recommend specific regulatory tequirements. The CPI
need fora systematic exammation of each existing plant to program is closely related and complementary to the indi-
identify any plant-specific vulnerabilities to severe acci' vidual plant exa nimtions (P i) and accident manage-
dents. The pohty str.cment indicated the intent of the ment programs. 's oe CPI p agram examines contain-
Commission to take all icasonable steps to reduce the ments for vulnerabilities on a generic basis so that utilities
probabibty of a severe accident and, should a severe acci~ do not have to deal with complex and highly uncertain
dent occur, to mitigate its consequences to tiu extent severe accident phenomena on an indiviuual basis. 'Ihe
possible. As p tri of the implementation of the iommis- IPli, on the other hand, deals with plant-specific contain-
sion's Sescre Accident Policy Statement, the staff has ment vulnerabilities unique to a particular plant that are
requ..ed mJividual plaat examinations (IPlisj of all extst- not treated under the generic CPI nrogram.
ing plants to identify any plaat-specific vulnerabilities to
severe accidents. RES has been given ti- responsibil.ly for the implemen.

tation of the IPE. This implementation has involve'J de-
Much of the work pedormed to iraplemeat the Severe veloping guidance for performance of the .. E, preparing
Accident Policy Statement has focused on research into a generic letter to plant operators requesting the IPE, and
phenomena that would occur durmg severe accidents and develoning revicw plans and eventually reviewing the
methods to systematica'ly discover vulnerabihties for se- results of the IPE submittals in cooperation with the
vere accidents. This work has shown that the causes and O[fice of Nuclear Reactor Regulation.The requirement
consequences of severe accidents can be greatly influ- to correct any identified plant-specific vulnerabilities not
enced by nuclear power plant operators and that many voluntarily corrected will be determined by the backfit
vulnerabilities to severe accidents can potentially be rule. Accident management is not required as part of the
climinated by proper operator actions. The TM1-2 acci- IPE process but was highlighted in the IPE generic letter
dent and other abnormal occurrences in nuclear power as a future requirement that will make use of the results
plants have shown that operatorr do not stand idle but of the IPE process. Severe accident vulnerabilities due to
actisely intervene in attempts tc antrol the event. If external hazards (e.g., carthquakes, floods, fires) are be-
operators are provided with prope. ;,uidance and training ing considered under the IPE for Ex.ernal Iivents
to take beneficial actions when needed and, most impor- (IPEliE) program.
tantly, refrain from actions that can have adverse effects,
the consequences of a severe accident can potentially be On May 25,1988, the staff prest nted to the Commission
significimtly reduced. Since many accident management an " Integration Plan for Closure of Severe ^,ccident
strategies do not involve significant plant design -hanges, issues," SIX'Y-83-147.This plan discusses the relation-
substantial salcty benefits cIm be quickly achi"ved by en- ships among the major elements of the plan, which
suring proper operator actions. Thus, the initiatbn of include (1) the CPI program, (2) IPEs,0) external haz
accident management programs at operatmg plants is a ards. (4) accident management, (5) improved plant op e
logical result of the IPE process. tions, and (6) the severe accident research program (see
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Sections 3.1 and 3.2). The commission paper also dis- pleted for the Yankee Rowe submittal. Also, the review
cusses the relationship with related eiements such as of the Scabrook iPE submittal was ccmpleted.To support
safety goals, severe accident policy for future plants, and the IPE reviews, three contracts were awarded to allow
generic safety issues as well as ree,uirements for closure of for a more indepth review of select IPE submittals. Be-
severe accident issues. This program element includes cause theTurkey Point iPE submittal was the first one not
work to examine the areas of siting, emergency planning, based on a previously reviewed PR A, it is the first submit-
and generic safety issues for potential resolution of issues tal selected for the more indepth resiew.
or changes to existing regulations as a result of severe
accident research findings. 5.4.3.2 External Events

In December 1987, the NRC established an External
5,4.3 Research Accomplishments in FY 1991 Event Steering Group (EESG) to make recommenda-

tions concerning the individual plant examinations for
5.4.3.1 Ind vidual Plan' Examinations vulnerabilities to severe accidents initiated by external

events (e.g., carthquakes, floods, fires); Recommenda.
On November 23,1988, hw NRC issued Generic letter ' tions were needed relative to: (1) what external events 188-20, " Individual Plant Examination for Severe Acci- need consideration in the IPE, (2) what methods cat. be
dent Vulnerabilities-10 CFR 50.54(f)," to all licensees used in the examination, and (3) how the IPE for external
of nuclear power plants. This letter requested that all events (IPEEl'.) can be coordinated with other ongoing
licensees perform a plant examination that looks for vul- _ regulatory activities invohing external events, particu- i

neraMlities to severe accidents and cost-effective safety larly in the seismic area.
improvements that reduce or eliminate the important
vidnerabilities. The specific objectives for these mdivid- Three subcommittees were established in April 1988 to
ual plant examinations (IPEs) are for each utility to (1) make recommendations in the areas of (1) seismic, (2)
develop an overall appreciation of severe accident behav- fires, and (3) high winds, flood, and others (e.g., man-
ior; (2) understand the'most likely severe accident se- made hazards such as nearby transportation and military
quences that could occur at its plant; (3) gain a more and industrial facilities). During 1989, the three subcom-
quantitative understanding of the overall probability of mittees completed their studies and made recommenda-
core damage and radioactive material releases; and (4) if tions for the IPEEE to the EESG.
necessary, reduce the overall probability of core damage
and radioactive material release by appropriate modifica. In May 1990, the staff completed work on a draft generic
Gons to procedures and hardware that would help prevent letter and draft guidance document (NUREG-1407) to -
or mitigate severe accidents. Upon completion of the be sent to licensees, which describes the scope, accept-
examination, the utdity would be required to submit a able methods, and reporting requirements for the
report to the NRC describing the results and conclusions IPEEE. Tlic draft documents were issued for public com-
of the examination.This submittal would be rniewed and ment on July 25,1990. In September 1990, the staff con-
evaluated by the NRC. ducted a worksi op on the draft generic letter and on -

NUREG-1407 to solicit comments and answer questions
The NRC also issued NUREG-l?35, " Individual Plant c neerning their cantent. Approximately 210 representa-
Examinatiom Submittal Guidance," as a draft for com- tives from mdustry. State agencies, and the pubhc at-
ment in January 1989 to provide guidance on the conduct tended the workshop.The staff revised the geneneletter -
of the IPEs. A workshop was held on February 28 and and NUREG-1407 to clarify and incorporate changes ;
March I and 2,1989, in Fort Worth, Texas, for utilities resulting from feedoack received at the workshop and

~

and interested members of the public to address com. subsequently issued the final generie letter, GL 8h20,
ments and quest:ons on the IPE process and the guidance Supplement 4, and NUREG-1407 m June 1991.- the

document. NUREG-1335 was revised ta reflect com- gmne leuer m]mm Hcensees to submit their plans and
schedules for perform, g thrir IPEEEs m Decemberments received and issued in final foon in August 1989. m

The issuance of NUREG-1335 formally started the IPE 1991, with completmn of their IPEEEs by June 1994.
- process. Utilities would have 3 years (until September 1,
1992) to complete and submit their IPEs to the NRC. I.; August 1991, the staff completed its review of an -

EPRI/NUMARC fire evaluation methodology, " Fire
Vulnerability Evaluation Methodology (FIVE)" and is-Major efforts on the IPE in FY 1991 have involved review
sued an evaluation report endorsing the use of FIVE as a

of IPE sucmittals and completion of the procurement viabic alternadve to fire PRA in the l' .EE process,process to o' tain contractual assistance for the IPE re-o

views.Threc additional lPE submittals were received and ILc staff is currently developing a ic,..:w plan for the
reviews initiated. They are the Oconee (South Carolina). IPEEE submittals. It is expected that the approach for
Seabrook (New Hampshire), and Turkey Point (Florida) review of the IPEEE will follow closely the one developed
sebmittals.The draft safety evaluation report was com- for review of the internal-event IPE submittals.
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5.4.3.3 Containment Performance improvement at its " expected demonstrable leak rate." 'the criteria for
the release into the containment are derived from the

Severe accident research has identified a numbet of in- 1962 report, TID-14844, which assumed an instantane-
sights ccacerning containment performance during a se' ous release of fission products. Although this source term
vere act ident. These insights have included both is included in the Commission's regulations for siting, it
strengths and weaknesses of existing containment de- has traditionally affected plant design more tlian siting.
signs. In some cases, identified containment weaknesses
or uncertainties in containment performance have raised Since 1962, a better understandmg of the timing and
concerns about severe accidents, particularly for llWR nature of the fission product release has been obtained.
Mark I containments. The Containment Performance As a result, a number of areas of regulatory activity have
Improvement (CPI) program systematically examined in- been identified that may benefit from change as a result of
sights gained from severe accident research to identify source term and severe accident research. In FY 1991,
containment vulnerabihties and to identify potential im- work continued on a replacement to TID-14844, it is
provements to correct vulnerabilities. Because of con- expected that a draft report will be sent to the Commis-
cerns about Mark I containments, these containments sion in February 1992,
were initially studied under the CPI program. Tne result
was a requirement that BWR Mark I plants backfit a In FY 1991, the staff initiated rulemaking ta decouple
hardened containment vent. However, studics of all other siting from plant design. This effort will s directly
types of containments were also made, incorporate requirements related to acceptable site char-

acteristics. A proposed rule is expected to be sent to the
The CPI program is closely related and complementary to Ccmmission in February 1992.
the IPE and accident management programs. The CPI
program exammes containments for vulnerabilities cn a The staff initiated rulemaking to add emergency planning

ger.cric basis and has resulted in identifying certmn fea, requirements to 10 CFR Part 72 for mdependent storage

tures that licensees should evaluate on a plant-specific of spent nuclear fuel and high. level radioactive waste it is

basis as part of their IPEs. expected that a proposed rule will be sent to the Commis-
sion by mid.1992. Also in FY 1991, a revision to Regula.

All major elements of the CPI program have been com- tory Guide 1.101, " Emergency Planning and Prepared-
ness for Nuclear Power Reactors," was imtiated to revisepleted. Genene letters (GLs) have been issued to licen-

sees starting the plant-specific txickfit of the hardened the appronch for the development of Emergency Action

vent for all BWR Mark I containments (GL 89-16, dated 1.evels. A draft ts expected to be issued for pubhc com-
' that cther improve- ment in early 1992.September 1,1989) and regi >

ments be co%sidered in the i 3upplement I to Gl.
88-20 dated Augurt 29,1989, for llWR Mark I contain- 5.5 Radiation Protection and IIcaltl1
ments and Supplement 3 to GL 88-20, dated J uly 6,1990 Effects
for the other containment types). The only remaining
activity under this program is to complete and issue for 5.5.1 Statement of Problem
information a series of Iechnical reports documenting the
analyses and evaluations done by the staff and its centrac- The NRC must provide radiation protection standards
tors in assessing the various containmerit types. 'ese and guidance that ensures that workers and members of-

reports address the potential vulnerabilities id "fied the general public are adequately protected from the
(characterization reports), the potential fixes evaluated adverse consequences of exposure to ionizing radiation
(enhancement reports), and analyses of the effects of from licensed activities. RES activities needed to support
uncertainties (parametrics reports). It is expected that the program include developing radiation protection
these reports will provide licensees with information they standards; developing guidelires for implementing these
may find useful in assessing their plants av part of the IPE. standards; and planning, deveioping. and directing safety
To date,11 out of the planned 12 reports have been research to provide the information necersary for licens-
issued with the remaining report scheduled for issuance ing decisions, inspection and enforcement activities, and
by November 1991. the standards development process. This includes analyz.

ing available scientific eviden;c to evaluate the relation.

5.4.3.4 Regulatory Application of New Source Terms ship between human expocure to ionizing radiation and
radioactive material and tne potential occurrence of both

Consideration of source terms entered the regulatory late and early radiogenic health effects, includmg the
processbecause the Commission's reactor site criteria (10 radiation risk to workers and the pubhe, and estimates of
CFR Part 100) rr Wre that an accidental fission product the protebility J increased incidence of cancer and ge-
release trom ths ; into the containment should be rietic effects.These analyses are used to provide bases for
assumed to occur and that its radiological consequences severe accident consequence analysis, probabilistic risk
should be evaluMed assuming that the containment Icaks assessmer.t (FRA), the development of safety goals and
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j cmcrgency pians, the identification of radiation pmtec- Federal guidance was approved by the President on oc cus
i tion problems, the allocation of priorities for repilatory pational radiation protection. Fanher, the ICRP has pub
j action, and environmental impact assessments. Recom- lished new recommendations for radiological protectk n.
j .. mendations of such organizations as the International As a result of this new guidance, NRC regulations and

'

: Commission an Radiological Protection (ICRP) and the regulatory guides will have to be revised. The strateries of i

{ National Council on Radiation Protection at : Measure- this program are to (1) modify radiatioa pmtection guid-
i ments (NCRP), Presidential guidance to ' aeral agen- ance ar.d standards to be consistent with Presidentia;
j cies, consensus standards, licensee perios : ance indica- guidance on cadiation protection requirements, and (2)

,

!

j tors, cost and feasibility data, and available technical continue to monitor licensee performance indicators by
; information also provide bases for developing regulatory using the Radiation Exposure information Reporting Sys.
.

and technical documents related to radiation protection tem program.
! for workers and the public.

The NRC needs to develop a regulatory appmach to
) Effective regulation associat-d with environmental policy Cvaluate future requests involving decommissionings and

h.eense termmations. This regulatoiy approach shouldj and decommissioning activities invohes the task of plan-
def' e acceptable alternatives, requirements, and critena4 mning, developing, and issuing appropriate regulatory posi-

: tions. Using information generated internally or through for decommissionmg before such a request is received.
| narrowly directed research, new positions are developed The strategy has two parts: (1) to develap or modify

or existing positions are modified. These positions can regulatoty requirements and ppdance to protect workers
*

!. take the form cf regulatory requirements, policy state- and the public from radiation nsks associated with opera-
t,ons mvolving thc decommissioning of heensed nuclear: ments, guid.mcc, or criteria for acticales pertaining to i

i decontaminating and decommissioning licensed nuclear facilities, and (2) to establish radiological critena for re-

} facilities, exemption of materia's or products from regul - s dual radidactivity.
'

tory control and disposing of low-level radioactive waste in the area of "below regulatory concern" (HRC), the
i streams. Settmg pnonties for rcgulatory needs or deft-

ciencies are undertaken to ensure that the problems of lew-Level Radioactive Waste Policy Amendments Act of i

1985 requires NRC to establish standards and procedures,

j greatest significance to the public health and safety or the for expedited action on BRC waste disposal petitions.
common defense .md secunty are addressed m an expr d '
tious manr>cr throu;h properly defmed tegulatory and Federal agencies, including NRC, are currently in thei

process of establishing and implementing flRC or exemp-supporting research programs.
tion levels for radioactive waste disposal as well as other

j areas. The strategy of this ptogram is to carry out Com-
| 5.5.2 Prograrn Strategy mission directives to develop and implement Commission
1- BRC policy and, in particular, the Commission initiative
t 'Ibc Commission's regolatory process requires that safety . to establish a consensus on HRC policy issues. This con-

enhancements to rules and guidance be systematically sensus would serve as the framework for specific exemp-
screened to ensure that there is substantial increase in tion decisions involving disposal of low level waste

| public protection and that based on analysis the costs are streams, as well as other activities concerning the release
justified. Realistic values of the dollar-per-person-rem or use of radioactive material.:

; criterion are needed for analysis to justify charges, but
; technology gaps in knowledge associated with radiation 5.53 Research Accomplishments in FY 1991
- health effects cause uncertainties in these analyses. The

~ategies of this prograrn are to identify and compensate 5.5.3.1 Radiation Protection Iscues
',

a

. lor uncertainties in radiation risk coefficients used for ALARA Center, The Brookhaven National Laboratory
health effect estimates m PR As and regulatory decisions. (BNL) ALARA Center, funded by the NRC, continued

its suncillancc of the Department of Energy and industry
j. When the Commission approved the whole body . dose reduction and ALARA research during the report

dosimetry accreditation rule, they directed the NRC staff period. HNL1.as published a series of reports (NUREG/i

| to extend the rulemaking to include extremity dosim::try. CR-3469) that abstracts 252 nationnt and international
Therefore, the stratt'gies of this program are to (1)im- publications discussing dose reduction in areas such as

'

prove regulatory performance for radiation protection by plant chemistry, stress corrosion cracking, steam genera-
i establishing measurement performance criteria and ac- . tor repair and replacement, robotics, and decontamina-
[ creditation programs in the areas of extremity dosimetry, tion. In 1991, BNL focused on providing guidance to high

bioassay, and air sampling: (2) investigate effective new dose worker groups and developing an international dose
measurement techniques for these areas:(3) establish the reduction data base.
data base required for regulationr: and (4) monitoi ape-,

; cific indicators to detect improvirg and declining licensee l'he Center is recognued by the nuclear industry and
! performance. others as a major source of information on new and
i

4
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cffective dose reduction techniques, and its publications tive parthles on the skin and backscattering of radiation,
are standard references for Al.AR A planning. The H9L and it will permit the calculation of dose from diff(rent

shapes of particles and articles separated from the skinstaff is available through the Center to the entirr NRC ?
organization and to its licen'ecs for information and ad- by clothing. The code will also calculate the dose from
vice on all aspects of radiation protection e nd dose reduc- both gamma and beta radiations.
tion. This effort becomes even more important with the
implementation of the new Part 20, making Al. ARA a Self Powered Photon Detector. Research to develop a

requirement. large area self powered photon detector using a concept
similar to that for self-powered neutron detectors (first

In FY 1991, the llNI A ARA Center worked on an developed in the Soviet Union in 1961 and improved
analysis ef impacts of impluaenting new recommenda. upon and patented in Canada in 1968)is completed.The
tions by the ICRP and the NCP,P for dose limits. This contractor has applied for a patent application for the use

wor k will provide a technical base for future NRC regula. of this detector, A final report on this escarch will be
tory decisions regarding further changes in worker dose published shortly as NUREG/CR-4833,
"* Tissue Equivalent Thermoluminoscent Dosimeters.

Accreditation and Testing of Personnel Dosimetry Proc- Phase 11 of research to develop a gamn}a ray spectrome-

essars. An ongoing prograrr that requires accreditation of ter/ dosimeter has begun.The purpose is to demonstrate

personnel whole body dosimetry processors became ef- the feasibility of developing a differential energy absorp-

fcctive in February 1988. Accreditation is acquired tion spectrometer coupled to a small microcomputer that

.hrough the Nation'al Voluntary Inboratory Accredita- would have essentially the same response to radiation as
that< human tissue over the energy range of 0.5-10tion Program (NVIAP), operated by the National Insti-
MeV. Wrent dosimeters r. e essentially flat over thistute of Standards and Technology (NIST), and reac-

creditation of processors is required every 2 years. The ' nge while tissue response varies by a factor of about

progrom goal is to improve and maintain quality assur- eight. Phase I research demonstrated feasibility of the~

ance and quality control over all aspects of personnel concept using a four-detector cadmium telluride assem-

dosimetry processing bv . : quiring all processors to meet bly but had some 6 : or leakage problems that pre-
the performance requirements of the national consensus vented makmg low dosc measurements.These have now

been corrected, and i i; projected that the Phase 11 re-tstandard for processing, ANSI N13.ll-1983.
search will provide adequate measurements to lead to

As of July 1,1991,67 laboratories, includmg one in Tm. development of a commercial prototype under Phase !!!,

wan, were accredited for processing whole tuly dosime- "llot Particles" on Clothing Detector.The rapid detec-
ters. I'hese melude commercial dosimetry processors, tion, measurement, and location o'small particulate ra-
mditary establishments, wmmercial shipbuilders, nu- dioactive material on laundered (" clean") protective
clear power companies, and other commercial estabiish- clothing is the objective of aucther research contract.
ments that use radiation measurement techniques. A Under Phase 11 of this cor. tract, a prr'otype of a system

tory guide that will discuss methods of meet- for surveying clothing has been successfully demon-draft reguh| LAP procedures for processor accreditationing the N\ strated. It is expected that this system will be marketed for
will be published for comment early m FY 199e.. commercial use. The system has potet 21 for reducing

In the extremity dosimetry are;ts, a revised standard has radaWn ymp d pmd do may wear Wan"
protective clothmg and be unaware that the clothing

been voted on by the Health Physics Society Standards bears particulate radioactive material.
Committee (H PSSC), and it is expected that ANSI accep-
tance will occur early in 1992. Tests against the revised 5.5.3.2 Health Effects Research
standard (IIPSFC P/N !3.32) have begun, and testing is
expected to continue mrough June 1992. Twenty-four Embryo / Fetal Dose from Matirnal Intake. A study to
facilities are expected to participate. Should the tests improve understanding of the contribution of maternal
indicate that the revised standard is a stutable criterion for radionuclide burdens to prenatal radiation exposure was
testing, app.opriate rulemaking wdl be initiated to re- continued in FY 1991 with significant progress.The NRC
quire extremity dosimeters to be processed by processors recently published for comment NUREG/CP-5631,
certified under the NVLAP procedures in use at NIST. " Contribution of Maternal Radionuclide Burdens to Pre-

natal Radiation Doser " This report provides a methodol-
New Skin Dose Computer Code. A new computer code ogy for calculating internal doses to the embryo / fetus and
for calculating dose to the skin from radioactive materials a data base for selected radionuclides. Work is currently
on the skin will be pubbshed in 1992. This code will under way on reissuance of NUREGICR-5631 with an
repimee the VARSKIN code in use since 1986. The new expanded data base that will include uranium and addi-
code will be a great deal more flexible than VARSKIN, tional isotopes of previously described elements such as
allowing for self-r.hsorption of radiation witton radioac. Sr-0, Cs 134, and Pu-238. Research that will permit
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inclusion of other radionucli#s, such as technetium, mo- published for comment in April 1990, a final report is-
lybdenum, americium and other transuranics, is plannedi scheduled for publication in 1992.
The methods and data developed under this project will
be used by the NRC in preparation of an interim regula. 5.5.3.3 Development of Rules and Regulatory Guides -
tory guide describing acceptable methods of comoliance
with Section 20.208 of the revised 10 CFR Part 2d His Occupuional Exposure Data Systems, ln 1969, the,

guide will be revised as new mformation warrants. Ihe Atomic Energy Commission began requiring certain li-
methodology will also be used to calculate doses in cases censees to submit reports on occupational radiation dose

of accidental releases of radioactive materials' received in v.orkers.These data are collected and com-
puterized in an NRC system called the Radiation Expo-
sure Information Reporting System (REIRS). The systemImprovement of llcalth Effects Models. Revision 1 to

NUREG/CR-4214, mealth Effects Models for Nuclear provides a permanent record of the data and permits -
expeditious analyses of the two kinds of reports required

Power Plant Accident Consequences Analysis," pub-
(annua'l statistical summaries and individual termination .lished in May 1989, contains health effects models and
reports). Exposures received aa a result of medical t roce-

risk coefficients intended for use in severe accident analy- dures are not required to be reported.-
ses, probabilistic risk assessments, emergency response
planning, and safety goal and cost / benefit analyses. An A preliminary compilation of summaries of the annual
addendum entitled " Modification of Models Resulting statistical reports for 1989 revealed that about 203,000
From Recent Reports of Health Effects of Ionizing ".a- persons were monitored of whom about 53 percent re-
diation" was published in August 1991. The reports that ceived measurable doses.De workers received a collec.
led to the revisan of modek presented in the NUREG/ tive dose of approximately 36,200 person-rems or an aver-
CR-.4214 are the reports a the United States Scientific age annual dose of about 0.33 rem per worker among;

Committee on the Effects of Atomic Radi e'N- those receing a measurable dose. These figures are,

SCEAR,1988), the National Academy of Scw<
da- about 10-15 percent lower than ihose found for 1987. 01 --

ticnal Research Council llEIR V Committet. JAS! the persons monitored,90 percent worked in nuclear
NRC,1990), and the revised recommendations of power plants, and they incurred about 90 percent of the
ICRP-60 (ICRP 1991). total annual collective dose. After declinmg for several -

years, the annual collective dose incurred by nuclear
Cellular and Molecular Iliology.11ased on the discovery power plant workers appears to have leveled off. Prelimi- x
of oncogenes, the development techniques cf recombi nary compilations of the exposure data reported by nu-
nant DNA molecular biology, and the progress that has clear power plants for calendaryear 1990 are not signifi-
been rnade in the characterization nf certain human can- cantly changed. One additional reactor was reported- i
cers in genetic terms, the NRC sponsored a feasibility during this period.

- fstudy aimed at reduction of uncertainties in risk coeffi-
cients. He results of this study were reported in A second kind of exposure report required of certain
NUR EG/CR-5635," Cellular and Molecular Research to NRC heensees provides identification and dose data cach -

Reduce Uncertainties in Estimates of HetIth Effects t me a momtored person terminates work at the b, censed
from low-Level Radiation." facility.-Such information ts now maintained for some

575,000 persons, most of whom worked at nuclear power
The study concluded tM it is feasible to reduce uncer. plants. The computerization of these data enables the

taintier of radiation-induced health effects by mountinga o msynd qdy to quests h mMal
program of radiation research directed at the mecha. exp sure bistories and to analyze the data for trends.The

#"" " * * * * * " ' "# Inism(s) of radiation-induced cancer with special refer .
ence to risk of neoplasia due to protracted, low doses of transient workers as thej move ; rom plant to plant, For-
sparsely ionizing radiation NUREG/CR-5635 has been example, further analysis of the data reported for 75,400 -

distsibuted to Federal agencies,' CIRRPC, National persons terrninating empi yment during 1988 revealed
Academy of Scienc (NAS), Radiation Effects Research at 3,622 q tkm had woM at two or mom ndcar
Foundation (RERF), and individual scientists. W* " " " " * "" #* " U*?in excess of the regulatory limits as a resuh of their multi-

Chemical Toxicity of Uranium flexafluoride Compared'

to Radiation Doses (NUREG-1391). His staff report llevision of Part 20 Radiatian Standards.The Commis-
compared the chemical toxicity of uranium hexafluoride - sion has approved using a complete resi3 ion to the NRC
wit the acute effects of a radiation dose of 25 rems to the reguladons for radiation protection in 10 CFR Part 20.
whole body (the value used in Part 100 dealing with reac- The final rule was published in the FederalRegister in May
tor siting criteria). ne work will be used to support devel- 1991 (56 FR 23360).This revision updates the Commis-
opment of licensing requirements for commercial ura- sion's regulations to incorporate recommendations made
nium enrichment facilities. The draft report was by the-ICRP, the NCRP, and the revised Fede,rl
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Radiation Guidance for Occupational Expmure issued in pertaining to a pusluction facdity. 'lhe Commission is
1987. The new sim.dards represent a significant change currently reviewing a license application by ;he leuisiana
from the methods previously employed to assess and con- Eacrgy Service Corporation to construct and operate a
trol radtation doses.1he new Part 20 will result in reduc- commercial uranium enrichment iacility.
.ng the annual occupational dose from a possible 17 rems
(3-rem / quarter ( :ternal + 5-rem annual internal) to a 'lhe staff is continuing to follow emerging technologies
total effective dose of 5 rems per year. The dose limit for for uranium enrichmert and other fuel cycle facilities for

mambers of the general public is reduced from an implicit potential radiological, chemical, und criticality safety con-
cerns. NUREG/CR-5768, " Ice Condenrer Aerosol0.5 rem per year in the present rule to an explicit value of

0.1 rem per year. The new Part 20 contains appendices Tests," was publisned and presents the results of an ex-

that give the radionuclide concentration limits for air, perimental investigation of aerosol particle transport c.nd

water, and sewerage, capture using a full-scale height and reduced-scale cross
section test facility based on f he design of the ice compart-

Proposed Rule on Large Irradiators. A proposed rule for ment of a PWR ice-condenser containment system. Re-

large irradiators was published for pubhe comment in the sults of 38 tests included thermal-hydraulic as well as
Fedcral Regis:ce in December 1990 (55 FR 29043). A 2-day aerosol particle data,
public workshop to discuss the proposed rule was held in
Rockville, Maryland,in February 1991.1;trge irradiators 5.5.3.4 Decommissioning
are defmed as those capable of delivermg a dose of 500 A nroposed . le was pubhshed in the Federal Register (56
rads in an hour to a person standing 1 meter from the Fli 50524' public comment in September 1991 to
sourcesflhe final rule is scheduled for publication in FY amend the o nmission's decommissioning regulations to
1992 require hokers of a specific license for possessian of

byproduct material, source material, special nuclear ma-
Certificat, n of Industrial Radiographers. A final rule terial, and independent storage of spent nuclear fuel andm

that would recognize a third party certification program high-level waste 1, prepare and maintain additional docu-
of the Arr'rican Society for Nondestructive Testing rnentation identifying areas w here licensed materials and
(ASNT) was published m the Federal Register in March equipment were stored and used.The Commission's in-
1991 (56 FR 11504). The ule would give beensees the tent is to provide both the NRC and the licensee the
option of using the ASNT program in lieu of desenbing necessary information to ensure complete decommission-
their training program to NRL The certification program ng of licensed facilities. In addition, this action also is
is expected to impcove training nd safety performance m consistent with similar requests made at the Synar Com-
the workplace. mittec Ilearing on decommissioning and an earlier G AO

*
Air Sampling in the Workplace. A proposed regulatory
guide. " Air Sampling in the Workplace," to ,acet the A Notice of Reccint of Petition for Rulemaking was pub-
requirements of the new Part 20 was published in the fished (56 FR 4835) on a joint petition by the General
Federa! Register for public comment (56 FR 52078) in lilectric Company and the Westinghouse Electric Corpo-
September 1991flhe guide deals with issues ..uch as what ration requesting that the Commission amend its decom-
should the licensee do to demonstrate that samples are missioning regulations to provide a means for self-guar-
representative of .he air inSaled by workers, and what antee ef decommissiorJng funding costs by certain NRC
measurements are necessary to be able to adjust denved non-electric utility reactor licensees who meet stringent
air concentrations to account for particle size. The guide financial assunnce and related reporting and oversight
is accompanied by a technical manual, " Air Sampling in requirements. As requested by the Commission, the no-
the Workplace " describing how the recommendations in tice also solicits public comments on other self-guarantee
the guide can be met. Both documents are scheduled to criteria, if any, and the tuis foi the criteria and additional
be issued in final form m FY 1992. information on self-guarantec.

Fuel Cycle. A proposed rule, published in the Federal Four reports associated with reactor decommissioning
Rcgister (56 FR 46739) for public comm nt in September technology and costs were published. These are
1991, would amend the Commi:x m's regulations con- NUREG/CR-5343, "Radionuclide Characterization of
cerning the licensing of uranium enrichment facilities to Reavor Dccommissioning Waste and Spent Fuel Assem-
reflect chnnges made to the Atomic Energy Act of 1954 bly Hardware"; NUREG/CR-2601, Addendum 1. "Re-
(the Act), as amended by the Solar, Wind, Waste, and evaluation of the Cleanup Cost for the Boiling Water
Geothermal Power Production incentives Act of 1990. Reactor (HWR) Scenario 3 Accident from NURLG/
The principal effect of these amendments is that uradum CR-2601"; NUREG/CR-1307, Revision 2, " Report un
enrichment facilities would be licensed subject to the Waste Burial Charges"; and NUREG/CR4m72, Adden-
provisions of the Act pertaimng to source material and dum 4, " Comparison of Two Decommissioning Cost
special nucicar material rather than under the provisions Estimates Developed for the Same Commercial Nuc'c r
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Reactor Power Station." The final regulatory guides on Commission,'was completed on May 31,1991. The staff
standard format and content of plans for reactor decon- effort on the development of information on the safety,
missioiing and reauor decommissioning recordkeeping costs, and wastes related to the decommissioning of

- are in progress. LWRs and o*ter nucicar facilities is progressing accoro-
ing to schedule. As stated in SECY-41-164, the staff

A Commission Paper, SECY-91-1M,"Decommissionin ; expects the completion of revised sust estimates for
Cests," for nuclear power reactors, as requested by th: LWRs by October 1993. -'

.

r
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APPENDIX

FY 1991 llegulatory Products from the Office of Nuclear Regulatory IteSearch

Date Regulatory Product Description
_ _

Integrity of Reactor Components

December 1990 Draft Regulatog Guide Provides regulatory guidance
DG-10M on standard format and content

of technical information for applications
to renew nuclear power plant operatmg
licensas.

May 1991 Revision of 10 CFR 50.61 Revision to provide consistency in
irradiation embri!!!cment trend curves
with Regulatory Guide 1.99, Revision 2.

May 1991 NUREG-1426, Volume 1 Provides a compilation of
reports from research suppotted by the
Materials Engineering Branch (1965-
1990).

July 1991 NUREG-1377, Revision 2 Provides a listing and summaries of
reports issued througi. June 1991 oa the
NRC research program on plant aging.

Reactor Containment Performance

December 1990 NUREG-Il50 This final report assessed the risks from
possible core damage accidents in five
U.S. nuclear power plants-Surg (Va.),
Zion (111.), Sequoyah (l'enn.), Peach
Bottom (Pa.), and Grand Gulf (Miss.).

May 1991 Safety I! valuation Report Staff evaluation of PR A perfonned by
GE as part of AHWR design ecitification
submittal.

June 1991 NUREG-0675 Supplernent 34 Staff evaluation of PRA pe? Nd as
operating license condi; ion for Diablo
Canyon nuclear power station.

August 1991 Safety Evaluation Report Stafievaluation of PRA guidance
developed by EPRI in support of ALWR
design certifications.

October 1991 Safety Evaluation Report Staff evaluation of PRA performed by
Sc,uth Teris plant to support license
modifications.

Confirming Safety of Nnckar Waste Disposal

October 1990 Final Rule The NRC regulation (10 CFR Part 40)
was revised to provide licensing for the
custody and long-term care of uranium
and thorium mill tailing disposal siter

A-1 NUREG-1266
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Date Regulatory Product Description

These procedures will ensure that long-
term performance of uranium mill tailing
disposal sites is property manitored and
that deterioration requiring restoration
will be detected so that appropriate
action can be taken.

November 1990 D aft Regulatory Guide Provides guidance on the information
"

DG-3003 needed to review DOE's license
application for an HLW repository.

July 1991 Petition Denial Demal of petition for rulmaking-
(PRM-61-1) from the North Carolina
chapter of the Sier-a Club to permit the
design and construction of a zero-release
low-level mdioactive waste disposal
facility in a saturated zone.The petitioner
maintained that the regulation was
necersary in order for the General
Assembly of 30tth Carolina to consider a - i

waiver of a North Carolina statute that
requires that the t'ottom of a low-level
waste facility be at least 7 feet above the .;

season high water table.

Resolving Safety Issues and Ducloping Regulations

October 1990 - Generie Safety Issues For generic safety inues erioritized and
September 1901 resolved in FY 1991, see Tables 5.1 and

-b.2.

December 1990 Proposed Rule / Draft The proposed rulemaking would
Regulatory Guide amend the NRC regulation (10 CFR
D G-5002 Part 74) on the material cimtrol and

accounting requirements for uranium
enrichment plants. .An accompaipag
diaft regulatory puiJe wu issued. The-
rulemaking and guidance will facilitate.
licensing of facihties that request
construction and operation of a gas
centrifuge p!arit to pmduce low-enriched.

. uranium for the comrnercial market.

December 1990 Proposed Rule The proposed rule would amend NRC
regulations to incorporate a new regula-1
tion for large irradiators that are capable
of delivering a dose of 500 rads in an
hour to a person standing i meter f.nm
the sontces.

January 1991 Petition Denial . Denial of a petition for rulemaking
(PRM-50-50) from Charles Youna to
amend NRC regulations to previ
nuclear power plant operators frs
deviating from license conditions or

NUREG-1266 A-2
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Date Regulatory Product Descriptica

g technical specificaticus during an emer-
gency. The petitioner maintains it it
nuclear power plants should be op > rate'l
in accordance with the operating lit ;nu;
and appropriate technical specificat ans
and that requiring a senior operator to
follow the technical specifications dt,-ing
an emergency enhances plant safety.

January 1991 Final Rule The NRC regulations (10 CFR Parts 'O
and 50) that apply to the Operations
Center Are;t r telephone numben
were revised. The rule provides correc,

i
commercial telephone numbers ior
licensees to contact the NRC Operatior. :
Center.

January 1991 Proposed Rule The proposed rule would arr7110 CFR
Pan 50.55a, " Codes and Standards," to

. , ' update references to the American
:; Society of Mechanical Engineers (ASME)

c Boiler and Pres"ure Vessel Code,
'

Sections III & XI, through the 1989
lidition.

'c March 1991 Final Rule The NRC regulations were revised to
( recogni7e a third party certification

-

program of the American Society for
Nondes.ructise Testing (ASNT). The
rule would give licensees the option of
using the ASNT program instead of

I describing their training program to
NRC. The certiiication program is
expected to improve trai ing and safety
performance in the workplace.

April 1991 Final Rule / The NRC regulation (10 CFR 50.73)
Regulatory Guide 5.66 on access authorization at nuclear power

plants was revised, and an accompanying
regulatory guide was issued. The rule

*requires a nuclear power reactor hcensec
to have an access authorization program
in its site. physical security plan. This
would provide increased assurance that
persons granted unesecried access to

- protected and vital areas are trustworthy
and do not pose a threat to commit raJio-
logical sabotage.1he regulatory pide
piovides associated guidance for irapte-
menting the NRC regulation.

April 1991 Draft NUREG-1391 The staff repon compared the chemical
Lnicity of uranium hexafluoride with the
acute effects of a radiation dose of 25
rems to the whole bod; (the valac used in

A-3 NURiiG- 12.66
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Date Regulatory Product Description
_

Part 100 dealing with teac:or sitin :
criteria).The work yill be used to
support developme'it of licensing rei uire-
ments for commercial uranium enric) -
ment facilities.

May 1991 Fmal Rule Tne NRC regulations for radiation
protection in 10 CFR Part 20 were
revised. This revision updates the
Commission's regulations to incorporate
recommendations raade by the ICRP, the
NCRP, and the revised Federal Radiation
Guidance for Occupational Exposure
issued in 1987.The new standr Js
represent a significant change from the
methods previously employed to assess
and control radiation doses. The new Part
20 will result in reducing the annual
occupational dose from a possible 17

1 rems (3-rem! quarter external + 5-rem .
) annual internal) to a total effective dose

of 5 rems per year. The dose hmit for
members of the general public is reduced
from an implicit 0.5 rem per year in the
present relc to an explicit value of 0.1
rem per year The new Part 20 contains
appendices that give the radionuclide
concentration limits for air, water, anu
sewerage.

1 June 1991 NUREG-1374 " Technical Findings Related to Gent. :c
Issue 79: Reactor Vessel Thermal Stress
During Natural Convection." Resolution
did not require any action by licensees.

June 1991 Generic Letter 88-20, "Individua! Plant Examinations of
<

Supplement 4 External Events (IPEEE) for Severe
- Accident Vulnerabilities-10 CFR
50.54(f)," which de.c ibes the scope. - 4

acceptable methods, and reporting
-. requirements for the IPEEE.

June 1991 NUREG-1407 " Procedural and Submittal Guidance for
the IPEEE for Severe Accident
Vulnerabilitia"

July 1997 Final Rule 10 CFR 50.65. " Monitoring the Effect've-
ness of Mamtenance at Nuc: car Power
Plants," was issued to provide a regula-
tory framework for evaluating the overall
effectiveness of licensee mainte tance
programs.

July 1991 Genenc Letter 91-11 Provided resolution for GI-128, "Electri.
cal Power Reliability " which found exist-
ing requirements were adequate.

NUREG-1266 A-4
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Date Regulatory Product Description
_

July 1991 l' mal Rule The NRC regulations (10 CFR Paq 35)
were revised to require medical-use
licensees to implement quality manage-
nent programs and revise misadmin.
istration repmting requirements. The
rule provides ; high confidence that
byproduct material and radiation from
tr; product material will be administered
as Crected by the authorized user physi-
cian.

August 1991 Final Rule The NRC regulations (10 CFR Parts 20,
30 and 70) on licensee reporting
requirements regardiag notifications of
incidents related to raoiation safety were
revised. This rule will ensure tnat signifi-
cimt occurrences at facilities operated by
material licensees are promptly reported
to the NRC.The Commission will be
able to de crmine whether a licensee has
taken the actions necessary to protect
pubhc health and safety and whether
generic safety concerns that may require
prompt NRC actions are identified.

August 1991 l'inal Rule The NRC regulations (10 CFR Part 50)
were revised to require the licensee to
implement the NRC-approved Emer-
gency Response Data System at all
nuclear power plants. The rule would
supplement the voice transmissien over
the existing Emergency Notification
System and require a direct electronic
data link between the licensee's u,mputer
and the NRC's Operation Centu to be
activated by the licensee during an alert
of higher emergency condition to transmit
timely .md accurate updz les of critical
information on plant conditions. This
would allow the NRC to perform its pri-
mary role during an emergency at a
heensed nuclear power facility, which is
one 01 monitoring the licensee to ensure
that arnropriate recommendations are
made with respect to necessary offsite
actions to protect public health and
safety.

September 1991 Proposed Revision I to Provide guidance on " Air Sampling in
Regulatory Guide 8.25 the Workplace," to rr ect the require-

ments of the new Part 20.The guide
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Date Regulatory Product Description

deais with issues such as what the
licensee should de to demonstrate that
samples are representative of the air
inhaled by workers an0 w' tat meast.re
ments are necessary to t : n' ole to adjust
derived air concentraio.is to account for 5
partic!c size. The guide is accompanied by

'

'

a technical manual, " Air Sampling in the -
Workplace," describing how the
recommendations in the guide can be
met.

September 1991 Proposed Rul: The proposed rule auld amend the
Commission's regulations concerning the
licensing of uranium enrichment facilities -

to reflec, changes made to the Atomic
Energy Act of 1954 (the Act), as
amended by the Solar, Wind, Waste, and
Geothermal Power Production Incentives
Act of 1990.The principal effect of thesc -

amendments is that uranium cr.richment
facihties would be licensed subject to the
provisions of the Act pertaining to source
material and special nuclear material
rather than under the provisions pertain-
ing to a production facility.

September 1991 Proposed Rule The proposed rule will amend decommis-
sioning regulatians to require halders of a
specific license for possession of
byproduct material. source material,
special nucicar material, and independent
storage of spent nuclear fuel and high-
level waste to prepare ar,d maintain
additional documentation identifyir.g
areas where licensed materials and
equipment were stored and used. The
Commission's intent is to provide both
the NRC and the licensee the neecssary
information to ensure complete decom-
missioning of licensed facilities.

September 1991 Proposed Rule 10 CFR Part 51," Environmental Review
for Renewal of Operating Licenses " to
define the focus and scope of environ-
mental effects to be considered in
reticensing actions.

September 1991 NUREG-1437 Generic Environmental Irnpact State-
ment (GEIS) for License Renewal.

September 1991 NUREG-1445 " Regulatory Analysis for the Resolution
of Generic issue 29: Botting Degradation
or Failure in Nuclear Power Plants.",

.
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Date Regulatory Product Description

September 1991 Safety livaluation Iteport 'lhe draft Safety livaluation Report was
completed as part of the IPl! for the
Yankee Rowe plant.

September 1991 Safety livaluation Report The review of the IPli for the Scabrock
plant was completed.

December 1991 Final Rule 10 CFR Part $4," Nuclear Power Plant
License Renev5 ,' was issued to describe
requirements ict nicensees to operme
beyond the 40-year term of the original
license (56 FR 64943).

*

A-7 NURiiG-1266

- - - - - - -___ - __ ______ _ _ _ _ _ _ .



_ _ _ - _

NRC FORM 335 U.S. NUCLEAR REGULATORY COMM6SSION 1. REPORT NUMBE R
Q -848 )

i Assign =3 tiy NHC. Add Vol.,
mcM tica, supp , Rev,. and Adderwiun Num-
3m. 32c2 BIBLIOGRAPHIC DATA SHEET t* * - " any 1

NURFG -1266<s instmetes on it. re.s.)
v0i' b

2. im E AND SUH DTLE
3. DAT E HEPORT PU6USHED

NRC Safety Research in Support of Regulation - FY 1991 yey7s j yEAn

April 1992

4. FIN O*) GRANT t#JMBER

5. Aul t+0F< t s: 6 1 YIt OF HEPORT

Regulatory

7. FIR 600 COVERED (inctusive Dates)

FY 1991

6. PERFORMfNG OHGAN.1ATION * NAME AND AJOHESS (ff NRO, provtos Divt.mn, Othee or Hagion, U S. Feisar F4egulatory Commission, and
rnatilng address; it contractor, provios name at malling address.)

Office of Nuclear Regulatory Rescarch
U.S. Nuclear Regulatory Commission
Washingten, DC 20555

9. SPONSOHNG ORGAteZATION - NAME AND ADDRESS (if NRC. Ige "Sarne as above"; if contractor, provide NHC Dieston, Othee or Reg >on.
U.S. Nuclear Requistory Comrnission, and mail;ng adaress )

Same as 8, above.

10. SUFMEMENT AHY NOTES

+

11. ABSTRACT (200 words or less)

This report, the seventb 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 FY 1991.

The goal of this office is to ensure that safety-rdated research provides the technical bases for rulemaking and for
related decisians in support of NRC licensing and inspection activities. This research is necessary to make certain
that the regulations that are imposed on licensees provide an adequate margin of safety so as to protect the health
and safety of the public. This report describes both the direct contributions to scientific and technical knowledge with
regard to nuclear safety and their regulatory applications.

13. AVAiLAB:LfrY STATEMENT12. KEY WORDS/DESCAPTORS (i'st words or phrases that wut assist researchers tr. tocating the report.)
Unlimiud

14. SECJHITY CLASSIFICATION
Nucleac regulatory research (7,,, ,,,,,

Regulatory products from research
Unc:assifiedSa'-ty research
(This Report)

Unclassified
Ib. NUMOEH OF PAGES

16. PHICE

_

NRC FORM 336 (2-89)

- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _



_ _ _ _ _ _ _ ___- _ _ _ - _ _ - _ _ - _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ - _ _ _ _ _ _ _ _ - - _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - . . _ _ .

THIS DOCUtiENT WA8 PRINTED USING RECYCLED PAPER

___---____ _ _ ____



NUREG-1266,",51. 6 :: NRC SAFETY RESEARCH IN SUFPORT OF REGULATION - FY 1991 ~
~

' AFRIL 1993!

, UNITED STATES
' ~ NUCLEAR REGULATORY COMMISS!ON ' SPECIAL FOURTH-CLASS RATE

POSTAGE AND FEES PAC
WASHINGTON, D.C. 20555 USNRC'

| PERMf7 NO. G-67

OFFICfAL RUSINCSS
PENALTY FOR PRIVATE USE, $300

,rvl''IS1
*

.. "} $ , p 5J - T{f _
4: r't' -'

. 2:,-
* * _ , ' 1

aL\- :-. ,
, 1

y . <
, ][[i .a i , c c c r< v

r 9 k

'
s v

=

- - - - - - - - _ _ _ - _ _ _ _ . _ _ _ _ .
.

_ _ _ __ _


