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RIBECTOR'S DECISION UNDER 10 CFR 2.206
I INTRODUCTION

By Petitions submitted pursuant to 10 CFR 2,208 on September 26, 1998, and
November 1998, respectively, Mr. David A. Lochbaum, on behalf of the Union of Concerned
Sclentists (U-.8 or Petitioner), requested that the U.S, Nuclear Regulatory Commiasion (NRC)
take Immadiate action with regard to the River Bend Station (River Band) and the Perry Nuclear
Power Plant (Perry).

In the Petitions, the Petitioner requested that the NRC take immediate enforcement
action by suspending the operating license for River Bend and Perry until all leaking fuel rods
were removed from the reactor core or until the facilities’ design and licensing bases were

updated to permit operation with leaking fuel assemblias. Accompanying the Petitions was the
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UCS report “Potential Nuclear Safety Hazard—Reactor Operation With Failed Fua! Cladding.”
dated April 2, 1998, Entergy Operations, Inc. (the River Bend licensee), provided the NRC with
ta response 10 Ita Patition In a lotter datod February 11, 1999, RirstEnargy Nuclear Oparaling
Company (the Perry licanaco) provided a response to its Petition in a letter also daled

February 11, 1999, On Fabruary 22, 1099, tha NRC hald an informal publiic hearing at which
the Pelitioner presented Information relaled to the saloty concerns in the Putitions. The NRC
staff has datermined that the information presented in the Petitions and af the informal public
hearing did not support the action requested by the Petitionar. The basis for my dacision in this

matior follows.

. BACKARQUND

In support of the racuents presenied in the Pelition dated Beptember 28, 1004, he
Potitioner raised concerns stomming trom NRC Daily Event Report No. 34815, Hled on
Seplember 21, 1998, in which Entergy Operations, Inc., reported a possible fuel cladding defect
at River Beand. Tha Patitionar repeatad the aoncaerna ralaed in the UCH report of Aprit 2 100y
regarding nuclear plant operation with fuel cladding leakage. The UCS considers such
operation to be polentially unsale and to be In violation of Federal regulations. In addition. the
Petitioner cites instances in the licensing bas!s for River Bend that it belleves prohibit operation
ol the tacility with leaking fuel,

In the November 9, 1998, Petition, the Petitioner raised similar concerns originating from
the NRC Weekly Information Report for the weak ending October 30, 1888, in which fuel leaks
detected at Perry on September 2, 1998, and on October 28, 1998, were discussed. The
Petitioner also repeated the concerns raised In the UCS report of Aprll 2, 1998. The matiers

raised In support of the Pelitionor's requents are discussed herein,



3.
I, QISCUSSION

The Septambar 25, 1998, Petition presonts safaty concerna for River Bond along with
the associated genaric concerna addroased In the UCB raport of April 2, 1990, The
plant-spacific concarna are based on portions of the River Bend Updaled 8alaty Analysis
Report (USAR) clted in the Petition. The November 9, 1888, Petition presents safaty roncerns
lor Perry arlaing ecaentially from the associated ganaric concerns addressed In the UCS rapon
of April 2, 1898, The Perry Patition does not reference plant-spac' - licensing basis

dogumaentation,

8ince the generic concerns presenied in the UCSE report bear upon the plant-spocific
concerns cited in the two Petitions, the staf!'s ovaluation firat considars the UCS report and

follows with a discusaion of the plant-apaailic concerna.
A. Generia 8afety Concerna

In the UCS report of April 2, 1898, UCS expressas the opinion that existing design and
llioensing requiremants for nuclear power plants preciude thelr operation with known fuel
ocladding leakage. The UCS position 18 based on the assessment of updated final safety
analysis 1wporta (UFBARs) of four plants, vendor dooumentation, standard technical
specifications, and pertinant NRC cor v . ‘ndence. The report stalas that the following

regulalory and safety concerns exist for plants operating with leaking fuel;

. 10 CFR 50.59, “Changes, tests and experiments,” is violated bacause operation with
fuel cladding leakage oonstitutes an unapproved change to the licensing basis for a
plant. The report states that such operation is an unresolved safaty question because

the criterla of 10 CFR 50.59(a)(2) are satinfind (e.q., nrobability and foneanancas Af s
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10 CFR 80.71, "Maintenance of tecords, mnaking of reports,” a violaled because the
liconsing basis as documented In the technical specifications and the analyses
contained in the UFSAR for the facllity do not accommodale operation with lenking fual,
8aloty analyaen for postulated accidonts asaume Intact fuel cladding before the avent,
therelore, plants with known fuel leakage could have accidonts with morq sovere
consequences than predicted as a result of fuel damage. The report further states that
no Information was avallable showing that operation with leaking fuel has baan
proviously evaluated.

10 CFR 80.34a, “Design objoctives for equipment to control releases of radiocactive
matarial In affluantia~—~nuclear power reactors,” and other regulations ralated o the

as low as Is reasonably achlevable (ALARA) principle tor radioactive materials release
are violated since plant workars are axposed lo a graater riak than nccebaary becausa

of higher coolant activity lovels attributable 10 leaking fuel.

In addition to reaquesting that the NRC take atepa to prohibit nuclear power plants trom

operating with fuel cladding damage, the report specifically requests that plants be shut down

upon delection of fuel loakage, and that safety ovaluations be Included in plantlicensing basas

that consider the effects of operating with leaking fuel to Justity operation under such

circumstances.,

Before addressing the regulatory concerna ralsed In the Aptil 1888 UCS report, the

following discussion provides background and bases for current NRC guidance and practices

with regard lo fuel detects.



In order to protect public health and safety from the consequences of potential

uncontrolled releases of radicactive fission products resulting from the operation of nuclear
power plants, plants are designed with multiple barriara to fleslon-product raleass, Thia
traditional “defensa-in-depth" philosophy is key to assuring that radiological doses from normal
operation and postulaled accidents will be acoeptably iow, as outlined In 10 CFR Pan 100,
“Reactor Site Criteria.” Fuel cladding is integral to the defense-in-depth approach to plant
safety, serving as the‘ﬁrst barrier to fisslon-product release.

Tha premise of tho dofense-in-dapth philosophy with regard to the potential (or
fisslon-product release Is that plant safety does not raly on a single barrier for protection. In this
way, a limited amount of leakage from each of the barriers—the fuel cladding, the reactor
coolant system pressure boundary, and the containmant--is a design considaration and aome
leakage from oach batrier, within prascribed limits, is accaptable during operation. These
limits, defined within the tachnical speclfications, are established as a key component of a
plant's design and licensing basis. The leakago associated with fue! cladding defacts Is
accounted for in plant aalety Analyses, as discussod later in this ovaluation under "Saloly
Analysis Assumplions.”

Therefore, to meat its defense-In-depth objectives, fuel I not required to be leak-frae.
A limited amount of fuel cladding leakage Is acceptable during operation since (1) in the event
of an accident, other fission-product barriars besides the fue! cladding (l.e., the reactor coolant
system pressure boundary and the containment) help prevent uncontrolled reloases,

(8) limita for reactor coolant system activity, as presoribed In the technical spacitications, limit

the level of fuel leakage that is permitted so that the release guidelines of 10 CFR Part 100,
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“Reactor 8ite Crilerla," will not be exceeded during accldents, and (3) plant design features and

operating procedures anticipate leaking fuel and provide meana 1o deal with the effacts.

Bources of activity in-reactor coolant are fisslon products released from fuel, corrosion
products activated in the reactor during operation, and fission producta releasad from impuritios
in fuel cladding, tritium produced from the irradiation of waler, lithium, and boron. Although
reactor operators should strive to maintain low levels of coolant activity from all of these
sources, the slall has long recognized thal reactor goolan! aativity cannot be entirely aliminated
and that soma fission products from loaking fuel could be prosent (se0 Standard Raview Plan
(S8RP), NUREQ-0800, Section 4.2, "Fuel Syatem Design”). Thus, plant design considorations,
such as reactor coolant cloanup ayntoms, shlelding, and radwaate controls, have boan davinad
to minimize rigk to plant workers from exposure to radiation from reactor coolant, Plants also
Implcmont procedures to respond to laaking fuel when leakage Is discovered, as was
demonstrated by the example of the follow-up actions taken by the River Bend and Perry
Operalors (o Hmn the production of Hulon products in the vicinity of the leaking fuel rods.

By containing fuel and fission products, cladding also helps maintain radioacive
reloasas to as low a lavel aa Ia reaaonably achievable, Aa pravioualy slaled, the leahnioal
specifications contain limits for the maximum level of coolant activity so that the dose guidelines
in 10 CFR Part 100 are r~t exceeded during accidents. These are the maximum levels of
activity assumaed 1o exist in the reactor coolant from normal operating activities. The Iimits on
reactor coolant system specific activity are also used for establishing standardization in
radiation shielding and procedures for protecting plant personnel from radlation (see Saction
B3.4.18 of NUREG-1431, “Standard Technical Specifications, Waestinghouse Plants”), Thus,
they are consistent with NRC regulations requiring licensees to follow an ALARA approach to

radiation protection.
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The connection betwean technical spocification limits for coolant activity and ALARA

requirements is key to demonstrating that limited fuel leakage during oparation ia consiatent
with safa piant oparation, The ALARA requirement (s givan in 10 CRM 80.24a and 80.36a. The
Statement of Conalderations for (hose NRC regulations (38 FR 18388, Decomber 3, 1970)
oontains A discussion of the "reasonabloncss” aspoct of the ALARA approach. When the
Statemant of Conesiderations was writton, the Commission believed that reloasos of radioactivity
In plant effluania wera ganarally within the range ol "as low as praclieable." The Commission
aiso stated, tharein, that “as a result of advances in reactor technology, further reduction of
those roloases can ba uchievad." Advances in fual Intagrity, dealgn of wastn tremmem
systems, and appropriate procedures were clited as areas In which the plants had taken steps
to mee! the roasonablencss standard. It is Important to note that the Commission did not
require leak:lroe luel an a moans to satisfy ALARA requirements, In addition to the physical
barriers 10 the ralease citad above, othar laglors, such aa radwaste cleanup and plant
procedures, pro.vlda conlidenae that fisaion«product telease from the luel can be controlled so
a8 10 prevent undue risks.

Later in the same Atatemani of Conaidarationa, the Commisalon acknowlsdgad the
need to aliow tlexibility of plant operation, “Operaling flaxiblilty is nacessary 1o take into nccount
somae varlation in the small quantities of radioactivily, as a result of axpectod oparalional
0caurrences, which may temporarily result In lavels of radioactive effluents in excess of the low
levels normally reloased” but still within regulatory limits. The Commission recognized that a
balance should be maintained belween limiting exposure o the public and plant operational
requiremonts. Therelore, the NRC regulations allow the possibllity of increased reactor coolant
activity levels that might result from limitad fuel cladding leaks, but require the use of plant
equipment to maintain control over radioactive materlais In gaseous and liquid effiuents

produced during normal reactor operations, Including expected operational occurrences. The
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Commission went as far as to define “as low as practicable” (the phrase later replaced with "as
low a8 I reasonably achievable® in 40 FR 10440, May 8, 1978) in terms of the stale of
technology, the economics of Improvements in relation to benefits to public health and safety
that could be derived by Improved tachnology and methods of controlling radioactive materials,
and “Iin rolation to the utllization of atomic energy in the public interest.” This definition appears
In Soction 50.34a Itself, mandating that the Commisasion maintain the balanco between safety
and plant operational requirements.

By publishing 10 CFR Pant 50, Appendix |, “Numerical Guides for Design Objectives and
Limiting Conditiona for Operation To Meaet the Critarion ‘As Low As Is Reasonably Achlavable'
for Radioactive Materlal In Light-Walor-Cooled Nuclear Power Reactor Effluents,” the
Commission took stops (0 provide more definitive guidance for licensees to maet the “as low an
practicable” requirement. Appendix | was published as guidance that presented an acceptabie
method of establishing compliance with the “as low as practicable” requirement of
10 CFR 50,34a‘and 50.38a. In the Statement of Considerations for Appendix | (40 FR 19439,
May &, 1975), the Commission characterized the guidance as the "quantitative expression of
the meaning of the requirement that radioactive matorial in effluents releasod to unrestricted
areas from light-water nuclear Power reactors be kept ‘as low as practicable'," The technical
basis for Appendix | contained assumptions for a small fraction of leaking fuel rods, as is stated
in the Atomic Energy Commission's report of July 1973, WASH-1258, “Final Environmental
Statement Concerning Proposed Rule Making Action: Numerical Guides for Design Objectives
and Limiting Conditions for Operation To Meet the Criterion 'As Low as Practicabie' for

Radioactive Material in Light-Water-Cooled Nucloar Power Reactor Effluents.®



2. Associated Regulations and Quidance

Fual Integrity Ia explicitly addrassed in NAC ragulations In several instances, and plant

ficensing bases speciiically discuss fuel parformance limits. To Implement NRC regulations. the
staff deveioped a numbar of guidance documaenta for licensees to use in daveloping thelr
llcensing basis. This section outlines the regulatory framework on fue! Integrity during normal
plant operation and discusses Instances in which the staff has considered the safety

Implications of fuel integrity.

a. Reguiatory Requiramenta

The Ganeral Design Criteria (QDC) of 10 CFR Part 80, Appendix A, “General Desig:,
Criteria for Nuclear Power Plants,” contain references to fuel design criteria, When fuel
performance is used as a critarion for a safety function, system, or component, the phrase

“specified acceptable fuel design limits" (SAFDLs) nppears In the following GDC:

. QDC 10, “Reactor Design*

o GDC 12, “8uppression of Reactor Powar Oscillations®

. QDC 17, "Elactric Powsr Systems*

. GDC 20, “Protection System Functions”

. GDC 20, "Protection Bystem Requirementa for Reactivity Control Maltunationa®
. QDC 28, "Reactivity Control 8ystem Redundancy and Capability"

. ADC 33, "Reactor Coolant Makeup®

. QDC 34, "Residual Heat Removar"

GQDC 10, 17, 20, and 26 use this wording In conjunction with anticipated operational

Occurrences and conditions of normal operation. For example, GDC 10 requires “appropriate
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margin to assure that specified acceptable fuel design limits are not exceeded during any
condition of normal operation, Including the effocts of anticipated oparational occurrances.” As
discussed later in this section, SAFDLa for a plant are described in piant documentation,
typically the UFBAR or the F BAR, and are met by operating within technical spocifications
fimits.

NRC regulations also speclly that certain conditions beyond steady-state oparation be
Included In evaiuations of the normal operaling regime for a plant. These are called anlicipated
operational cccurrances (AOOs) and are someatimes refarred to as “anticipated operating
transients.” In Appendix A 1o 10 CFR Pant 80, tho stalf dofines AOOs as “those conditions of
normal operation which are axpected to occur one or more times during the life of the nuclear
power unil." QDC 29, “Protection Against Anlicipated Opaerational Ocourrancas,” gives a
genoral requirement for protection system and reactivity control eystem performance during
AOQOs, but doas not mention fuel integrity. Examples of AOOs are the loss of all roactor
coolant pumpa, turbine irlp events, and ioss of control power. Such occurrences are distinct
from evenis termed “accidents,” such as a loss-of-coolant accident (LOCA) or a main
steamlina break. The referencos to fuel Integrity requirements rolated to accidents and those
regarding emergency core cooling system (ECCS) performance are beyond conditions of
normal operation,

The UCS report relates other regulations beyond the QDC to fuel Integrity during normal

operation as foliows:

J 10 CFR 60.34a, “Design objectives for equipment to control reloases of radivactive
materlal in etfluents—nuclear power reactors”
. 10 CFR 50.38, “Technical specificationg”

. 10 CFR 50.59, “Changes, tests and experiments”
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. 10 CFR 80.71, "Maintenance of records, making of reports®
. Appendix | to 10 CFR Part 50, “Numerical Quides for Dasign Objectives and Limiting
Conditions for Operation To Meet the Criterion 'As Low As |s Reasonably Achlevable'

for Radioactive Materlal in Light-Water-Cooled Nuclear Powar Reactor Effluents”

Although 10 CFR 60,30a, “Technical specitications on eHluents from nuclear power
reactors,” was nol directly referenced in the report, by citing 10 CFR 50.36, the slaff inferred
that Section 50.38a Is linked to fuel integrity when considering the discussion on the UCS

report,
b. NRC 8laff Quidance Doouments

To Implement NRC regulations, saveral NRC staff guidance documents are used,

Including the following.

. Ragulato'ry Guide 1.3, “Arsumptions Used for Evaluating the Potential Radiological
Consequances of a Loss of Coolant Accident for Bolling Water Reactors"

. Regulatory Guide 1.4, “Assumptions Used for Evaluating the Potential Radiological
Cnrsoquencos Jf a Loas of Coolant Accident for P-~esurized Water Reactors”

. Regulatory Quide 1,77, *Assumptions Used for Evaluating a Control Rod Ejection
Accident for Pressurized Water Reactors”

. Regulatory Quide 1.112, “Calculation of Releases of Radioactive Malerials in Gaseous
and Liquid Etfluents From Light-Water-Cooled Power Reactors”

. 8RP 8ection 4.2, “Fuel System Design"

. 8RP 8action 4.4, “Thermal and Hydraullc Design®
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Along with the regulations, licenseas use the guidance documaents listed above to form
the licansing basis for fuel integrity at their plant, The licansing basis for a nuciear power plant,
as dofinod In 10 CFR Part 54, “Requirements for Ranowal of Ope-ating Licenses for Nuclear *
Power Reactors,” is “the set of NRC requirements applicabie to a specific plant and a licensoe's
writton commitmants for ensuring compliance with and operation within applicable NRC

requiremonts and the plant-spocific design basis...that are docketed and in effect.” The

| definition continues by listing elements of the licensing basis, such as technical spocifications,

the FSAR, and licansoe commitmaents documented In NRC salety evaluations. Several
componants form the plant's licansing basis for fue! performance: (1) NRC regulations tha
specifically refer (o fuel integrity; (2) technical spacification limits on coolant actlvity; (3) tuel rod
performance specifications and analysis assumptions defined in the plant's FSAR and
referenced lopical reports; and (4) commitmaents to NRC rogulatory guidance and to generic
communications addrossing fuel performance.

Accoptar;ca criteria in the SRP sections, which may be adopted by licensees to
implemeont the regulations, are based on meeting the requirements of GDC 10 with appropriate
margin to ensure that SAFDLs are not excesded during normal operation, including AQOQs.
Specifically, SRP Sectinn 4.2 has as an objective of the safety review “to provide assurance

that the fuel system is not damaged as a result of normal operation and anticipated operational

occurrences.” The reviewer should ensure that fuel dool not leak as a result of specitic causos
during normal operation and AOOs, and that leaking fuel is accounted for in the dose analyses
for postulated design-basis accidents. Further, fuel rod failure is defined in SRP Section 4.2 as
“the loss of fuel rod hermiticity,” meaning fuel rod leakage. However, n SRP Section 4.2, the

staff also states that “it is not possible to avoid all fuel rod fallures and that cleanup systems are

installed 1o handle a small number of leaking rods.” Such leaks typically occur as a result of
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manufacturing flaws or loose parts wear, Therefore, on the basis of this review guidance, the
staff accepts the possibility that fuel may leak during normal opaeration.

In the case of the Calvert Clifls Nuclear Plant, a plant cited as an example in the UCS
report, the plant's licensing basis contains a commitment to adhere {0 the guidance in the SRP,
The following four objectives for fua! design given in SRP Section 4.2 may be used as fuel

design objectives within a plant's licensing basls as Is done in the Calvert Clitfs FSAR:

. Fuol is not damagod as a result of normal operation and AOQs.

. Fue!l damage li nover 80 sovere as lo provoni control rod insertion when raquired.
. The number of luel rod fuilures is not underestimated for poslulated accidents,

. Coolabllity is always maintained,

8RP Bection 4.4 has as an objective thal the thermal and hydraulic design of the corn
should provide accnptable margins of safety from conditions that would lead to fuel damage
during normal reactor operation, Including anticipated opaorational transients. It gives two
examplos of acceptable approaches 1o meet tho accoptance criteria. one based on a
§8-percent probability at a 85-porcent confidence lovol thal the hottest rod in the core doas not
exceod proscribed thormal Iimits during normal operation, Including AOQOs, and the other using
a limiting value for thermal limits so that at least 99.9 percent of the fuel rods are not expactod
to exceod tharmal limits during normal opaeration, Including AOOs. Thes. :riteria are limits that
strive to maintain a very low likelihood of fue! damage during operation; however, '~v do not
preciude the posaibllity that some fuel defects could occur.

A plant's licansing basis contains fuel performance Sriteria that are spucified for normal
operation, including AOOs, and analyses are conducied 10 ensure that these criteria will not be
exceeded. The criteria are related to the SAFDLs mentioned in the GDC and are normally

presented in terms of prescribed thermal limits, which can be calkulated and are reliable
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predictors of the onset of fuel damage. For bolling-water reactors (BWRS), critical heat flux or
the critical powar ratio s used as the predictor of fuel damage onset, and for prassurizod-wator
reactors (PWRs), the critarion Ia the departure from nucleate boiling (DNB), ot the DNB ratio
(ONBR),

An example of fuel design limits Qiven in plant documantation is found In the FBAR (o
Calvert Citfs Units 1 and 2. Section 3.8 of the FSAR prosants fuel design and analysis bases.
Fuel rod cladding Is designed to stress and strain limits, considering the operating temperature,
the ciadding material, tho expected property changes as a result of Irradiation, and the
predicted life span of the fual. Extenaive fuel mechanical analyses are detalled, along with
partinent fuel taat data, whioh heip 1o confirm the analysis results. The calculations are used lo
demonalirale that the crileria are satisfied lor hmiting cases under imiting assumptions.
Chapter 14 of the Calvert Cliifts FSAR givos tho fuel behavior acceplance criteria for oach
category of design-basis evont analyzed. For AOOs, the minimum DNBR is chosen to provide
atloast a 95-por‘conl probability with a 98-percent confidence level that DNB will not be
experienced along the fuel rod with that DNBR (l.e., tha B8RP Section 4.4 critaria), This lIimn
ensures that thoro is a low probability of fus! rod damage as a result of overheated cladding.
The luel temperaturo SAFDL is sot 8o that no significant fuel melting will occur during
steady-state opaeration or during a iransient. Compliance with the limn offors assurance that the
fuel rod will not be damagod as a result of material property changes and increases in fuel
pollet volume, which could be associated with fuel melting. Again, as with the hmits discussed
in BAP Bectio~ 4.4, thase limits are set to prevent fuel damago, but the posasibility of fuel
leakage is recognized.

Tho key to plant licensing bases regarding fuel integrity Is fho technical specification
limiting the concentration of aciivity allowed in reactor coolant during plant operation. These

limits are based on maintaining a margin to the dose guidelines in 10 CFR Part 100 for steam
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generator lube rupture (8GTR) accidents iIn PWRs and main steamiine broak (MSLB) accidonts

in BWRs. The specific activity limits of the reactor coolant sysiem are staled in lorms of doso
equivalent lodine- 131, which is attributable solely to fuel leaks. That is distinct from gross
coolant activity, which is Ine aggregate activity from all sources, including fuel leaks and
corrosior: product activation. The tachnical basis for these limits can be traced !0 the guidance
given In Appendix |, which is, In turn, based on assumptions that fuel laaks would oxis! during
operation. Technical specificalions for reacior core saleaty limits, including the reactor
protection system selpnints, are set 8o that the SAFDLs are not exceeded during normal
operation or AQOs  The tachnical apectiicalions fo1 protegtion sysiem aalion are intendad 1o
prevent luel damage, but the spccifications for coolant aclivity levels recognize that some small
amount of fuel leakage is aliowable during operation. The technical spacifications concerning
coolant aclivity are based on maaeting the doae acceptance critaria In the 8AP for (ha Imiting
doesign-basis accident (usually 8GTR or MSLB for PWRs and MSLB for BWRs). These limits
are used as assumplions In design-basls accident dose analyses to show comphance with dose
accoptance criteria lor the control room operators and the pubiic. By maintaining the levels o!
coolant activity within thase imits during normal operation, the continued vaiidity of the
design-basis analyses is maintained.

The siaft has addressod fuel performance problems in several generic communications
fo licensees. Prominent among these were NRC Information Notice (IN) 93-82, “Racent Fuel
and Core Performance Problems in Operating Reactors.” and Generic Letier (GL) 80-02,
*Alternative Requirements for Fuel Assemblies in Design Features Section of Technical
8pecitications.” In IN 93-82, the statf discussed fuel leaks oceurring during normal operation
from a specific cause—tretting wear in PWR fuel, which was parily atiributed to mixed fuel core
designs. The staff alerted licensees 1o the introduction of modified fuel designs that requires

added attention to ensure that the core design basis Is not violated. This information notice |s
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&n examplo of staff action to use operating Information gathered from fuel leaks at a faw planta

to avold similar problems at other reactors, thus reducing the potential for more widespread fue!
leakage. In GL 80-02, the ataff provided licensees with added flexibility to take actions to
reduce lission-product releases during operation by removing defactive fuel rods during
refueling oulages.

The staff has previously considered the safoty implications of operation with fuel
leakago on a gonoric basis. Generic Safety Issue (Q8I) B-22, “LWR [Light Water Reactor)
Fuel,” which i relaled to lual leakage, Is discussed in NUREQ-0933, "A Priotitizalion of Goneric
Safety lssues,” wupplomont 22, March 1998. In GSI B-22, the siatf considered the ability to
accuralely predict fuel parformance under normal and accident conditions. The GS! review was
conducted to determine If predictions of fuel behavior under normal operating and accident
conditions were sufficient to demonstrate that regulatory requirements were being met. In its
ovaluation ol the issuoe, the stal! concluded that releases during normal operation would be
increased bocm'no of luel defects, but would not be increased beyond regulalory limita. The
stalf also stated that, “additional requirements would not decrease the number of fuel dolects
significantly.” Furthermore, the statf concluded that the release from fuel damaged during
design-basis accidents and savere accidents would bo much larger than the rolease attributed
1o preexisting fuol defects, and the magnitude of the release would nol be significantly affected
by preexisting fuel defects. Thus, the consequence from leaking fuel was determined o be
very small. The statf concluded thal because fus! manufacturers have taken an active role lo
Iimprove fuel performance, fuel leaks are now rare, and the significance of the issue has
diminished. Tharofore, the issue was dropped from further consideration.

In the resolution of GSI B-22, the stalf concluded that the influence of additional
restrictions to operation with fuel leaks on core damage frequency and public consequence

would be Insignificant. Thus, operation with a limited number of fuel defects and leaks under
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normal operating conditions is not associated with an excessive leve! of risk, provided that the

plant continues o operate within technical specifications limits for reactor coolant activity.

3. Evaluation of Generic Concerns

The statf evaluated the generic noncurna associated with fuel leakage idenlifiad

previously by the Petitioner, as follows:
a. 10 CFR 80.69, “Changes, tests and experiments”

A premise of the UCS report Is that 10 CFR 50.59 Is violated because reactor operation
with limited fusl leakage constitutes an unapproved change to the licensing basis (or a plant.
The report states that *Federal regulations require formal NRC approvat prior to any nuclear
plant operating with fuel cladding fallures.” The attachment to the report is an assesernont of
operation with fuel loaks as an unreviewed safety question on the bas.~ of the criteria in
10 CFR 80.59, 'Tho report alates that such operation is an unreviewed safety question because
operation with leaking fue! (1) increases the probabllity and consequences of an accident,

(2) creates an accident ditferent from any In the safety analysis for the plant, and (3) reduces
salety margins.

The staff does not agroe that operation with leaking fuel necessarily constitutes a
change to or violuL.wun of the licensing basls for a plant. A small amount of fuel leakage during
operation is permitted by NRC staff guidance impiementing NRC regulations and is accounted
for in plant licensing bases. A key componant of the licensing basis regarding fuel
periormance is the technical specification limiting reactor coolant system activity. The
fission-product release from the level of leaking fuel associated with the technical specilication
imit Is included In the design-basis accident dose analyses described In the FSAR for a plant to

show compliance with the dose acceptance criteria in the 8RP. Therefors, operating with
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leaking fuel, within the coolant activity technical apecification limits, does not constitute a

change in the plant licensing basis, and 10 CFR 50.58 does not apply.
b. 10 OFA 80.71, "Maintenancas of records, making of reporte”

The Patitioner states in the report that *any plant operating with fuel cladding fallures s
violating its design and licenaing bases requirements, a condition not allowed by Federal salaty
regulations.” The Petitioner further states that when plants operate with leaking fuel,

10 CFR 00.71 In viclaled since the licensing basis for a plant, as doournented In the technical
specificalions and In the analyses conlained in the FSAR, does not accommodate such

operation.

This concern is closaely linked to the previous discussion regarding 10 CFR 50.59, in that
FBARs for plants operating with leaking fuel should, in the view of the UCS, Include safoty
analyses accounting for the effects of fuel leaks. As previously discussed, plant licensing
bases do lncorp‘ornlo assumptions for limited levels of fuel loakage through technical
specificationa requirements and designe for plant reactor water cleanup sysiems. Plant FSARs,
Including the example discussed earller In this evaluation, typically contain Irmormation on fuel
leakage effects, and the safety analyses explicitly allow for coolant activity levels attributable to
leaking fuel under normal operation. Thus, the stat! does not consider 10 CFR 50.71 to be

violated by operation with fuel leakage.
c. Salaty Analysis Assumptions

The UCS report states that *safety analyses assume that gll three barrlers [to
radioactive materiai release) are intact prior to any accident.” Therefore, according to the UCS,

plants with known fuel loakage could have accidents with more severe consequences than
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predicted. The report also states the following: “Pre-existing fuel cladding faliures have not

heen considered in the salaty analyses for this accident [LOCA), or any other accident.”

In the discussion that follaws, the staff explains that preoxisting fuel cladding leaks aro
accountad for in plant licensing basaes and that safety analyses do not assume that all the
fisslon-product barriers are fully Intact before an accident.

The analyses of limiting postulated design-basis releases do not assume that all the
fission-product barriers are Iuily intact before an accident. For the loss-of-coolant accident,
which typically yleida the most limiting posiulated releases, all three barriors are assumed 1o
aliow the release of some fission products. The methodology used to analyze this acaident is
given in Regulatory Guides 1.3 and 1.4, and SRP 8ection 16.6.5, “Loss-0f-Coolant Accidents
Resulting From Spectrum of Postulated Piping Breaks Within the Reactor Coolant Pressure
Boundary.”

For the containment and reactor coolant system (RCS) barrlers, these assumptions aro
explicitly given. ‘Tho containment is assumed to leak at the leak rate Incorporated In the plant
technical speoifications when the containment is at positive pressure. The RCS inside the
containment is assumed to complately fall as a fisslon-product barrier at the beginning of the
accident. Systems outside the containment that interface with the RCS are also assumed o
experience fallures.

The assumption of preexisting lsakage for the fuel cladding barrier, aithough not
explicitly given, is inherent in the assumption of a conservative nonmechanistic release from the
fusl. The entire lodine and noble gas inventory of the core Is assumed to be released to the
reactor coolant. A conservative fraction of this inventory is assumed 0 be released Into the
containment and subsequently released to the environment. Assuming that this release occurs

instantaneously further enhances the conservatism of these analyses, This assumption
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disregards the fission-product containment function of the fuel cladding at the beginning of the

acoident, ,

Accidents, which may nol be bounded by the radiological consequences of a LOCA,
include the control rod drop accldent for BWRs and MSLB outside of containment for PWRs.
However, the conaervatiesm of the source term assumptions (or these analyses parallels those
for a LOCA, 8ome of the same assumptions used for radiclogical consequence ovaluation of a
LOCA are used for the analysis of MSLB outside of containment, Appendix A to BRP Section
16.1.8, "Rdiological Consequences of Main Sleam Line Faillures Outside Coniainmani of a
PWRA," contains an acoeptance oriterion ithal relerences Regulatory Quide 1.4, The radiological
assumptions for the control rod drop analysis are similar to those for a LOCA, as stated In
Appendix A to BRP Section 18.4.9, “Radiological Consequences of Control Rod Drop Accident
(BWR).* and Regulatory Quide 1.77. For axample, the guv. dines assume that the nuclido
inventory in the p?tontlally breached fuel alements should H¢ calculated and !t should be
assumed that all gaseous constituents In the fuel cladding gaps are released.

The radioactivity assumed for release from the LOCA is much greater than that
associated with proexisting fuel leakage allowed by plant technical specifications. Tha stal! has
compared releases from preexisting delects with the release resulting from fuel damagn during
an accident. In ita consideration of Q81 B-22, the stafl concluded that, “the magnitude o. a
release from failed fuel during an accident is much larger than the reloase from a preoxisting
fuel defect” and that “the resultant consequence from failed fuel was determined to be very
smalf® (NUREG-0933). These assumptions are made despite the provisions of 10 CFR 50.48
requiring an ECCS that must be designed o prevent exceoding thermal imits that cause such
gross luel fallure. In addition, for design-basis accidents In which fuel damage is not assumad,
the preexisting fuel claddiiig defects are typically assumed (o serve as release paths facilitating

a splke In radiolodine concentration In the coolant.
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Addltional NRC fuel design requirements complement the conservative defense-in-depth

assumptions as previously described to prevent an unanalyzed large release of fission
products. To lllustrate its concern about fuel leakage Influances on accident prograssion, the
UCS report describes a LOCA saquence and postulates that hydraulic loads on the fuel rods
could lead to cindding fallures, which would result In a large release of flasion products into the
coolant and prevent control rod Insertion. Fuel dosign requirements and guidance specifically
address the abillty to insert control rods, and statf roview guidance recognizes that preexisting
fuel cladding delects could have an effect on fuel performance during accidents. In QDC 27,
*Combined Reactivity Control Systoms Capability,” the staff requires that reactivity control
systems, including the conlrol rod system, have the capabiliity to control reactivity changas
under postulated accident conditions In order to assure core cooling. SRP Section 4.2 includes
the objective that “fual aystem damage is never 8o sovere as 1o prevent control rod Insertion
when it is required.”

To ensure that the preceding objective is met, fuel designs consider axternal losds on
fuel rods. This is discussed In the appendix lo SRP Section 4.2, *Evaluation of Fuel Assombly
8tructural Response lo Externally Applied Forces.” The basis for much of the appendix to SRP
Section 4.2 is contained in NUREG/CR-108, “Review of LWR Fuel System Mechanical
Response With Recommendations for Component Acceptance Critoria,” prepared by EG&G
Idaho In September 1978. This report atates that “Cyclic fatigue and malterial degradation may
cause a fallure [of a fuel system component] at any point in the transient {Le., a LOCA]." Thus,
material degradation that could lead 1o fue) leakage during operation is considered in accident
analyses, Furthermore, design considerations, such as control guide tubes In PWRs and tuel
channel boxes in BWRs, help separate control rods from the fuel. The separation provided
prot¢ cts control rods from material degradation of fuel that might oceur In accidents, thus

helping to prevent control rod obstruction. Such safety analysis assumptions as these (which
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assume preexisting faliures of the flssion-product barriars) provide confidence that the
preexisting cladding defects allowed by technioal spacifications limits on coolant activity will not

erode the safety margin 2.ssumaed lor acoident analyses.

d 10 OFR 80.34a, "Design objectives for equipmant lo control releases of radioactive

material in sffiuents—nuciear power reactors"

In its report, the UCB claims that 10 CFR 60,34a and other reguiations related to the
ALARA principle for radioactive materials reloase are violalud since plant workers are exposed
1o & greater risk than neceasary bacause of higher boolanl aclivity levels attribulablie lo leaking
fuel. The UCS report continues; “Faderal regulations require nuclear plant ownars 10 koep the
relense of radioactive malorials as low as reasonably achievable. Therelore, It Is both an iegal
activity and a serious health hazard for nuciear plants to continue operating with fue! cladding
damage,” The UCB report citas Appendix | to 10 CFR Part 80 when contending that fuel
releases poss n;\ undue risk to plant workers. Appendix | contains the numarioal dose
guidelines for power reactor operation to meet the ALARA criterion. These dose values are a
small fraction of the 10 CFR Part 20 annual public dose Iimit of 100 miliirem (l.e., 3 millirem
from liquid effluents and 8 millirem from gaseous effluants).

The bases for the guidelines In Appendix | are given In WASH-1288, which
acknowledges that radioactive material from a number of sources, Including fission-product
leakage to the coolant from defects In the fuel cladding, will be present in the primary coolant
during normal operation. Further, in the “Bases” section on RCS specific activity In
NUREQG-1431, “Standard Technical Specifications, Waestinghouse Plants,” April 1995, the limits
on apecific activity are linked to exposure control practices at plants., The section clearly atales
that the limits on RCS specific activity are used in the design of radiation shieiding and plant

personnel radiation protection practices.
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In addition, occupational dose considerations were discussed in the resolution o' GSI

B:22, Tho sla!f acknowledged that localized dose rates wore expected to increasa as a rosult
of fuel defects, but etfacts are Iimited by requiremanta for plants to operate within their technical
specifications for coolant activity and releases. In some cases, plants will often slay within
allowable releane iimita and coolant aclivity levels by operating at reduaed power unlil the nexi
refueling outago allows the problem to be corrected.

On the basis of the praceding diacussion, oparation with a limited amount of leaking fual
s within a plant's liconsing basis and, In itsel!, does not violate ALARA-related regulations.
Operatlon Involving leaking fuel, howevar, will likely require plant operators to take additional
measures In ordor lo ensure that ALARA requirements are baing met, but these would need to

be considered on a casa-by-case basls.

4. UCH Repor Recommendations

+

In the report, the UC8 recommends that the NRC take stepa lo prohibit nuclear power
plants from operating with fuel cladding damage unlil the safaty concerns raised by the report
are resclved. The following steps are specifically recommended: (1) requiring plant shutdown
upon detection of fuel lonkage, and (2) requiring that safety evaluations that conaider tho
eltects of operating with leaking tusl be Iinciuded In plant licensing bases to Justily operation
under such circumstances, Further, the UCS recommends that URBARSs be revised (o
establish sale operating limits to accommodate operation with leaking fuel.

On the basis of the stafi's consideration of the stated salety concerns in the repon,
there Is no lechnical or regulatory basis to require that plants operating with leaking fual be shut
down, provided they are operating within their technical speclfications limits and In accordance

with their licensing basis. The UCS repor, in raising its concerns, does not offer any new
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Information to demonstrate that the overall risk of operating with fuel defects presents an undue

hazard to plant workers or the public.
Further, since the staff does not consider plants operating with leaking fuel to be
violating 10 CFR 50.59 or 80.71, there Is no basis for requiring plants to perform additional

safety analyses to model the efects of fuel dafects on accident progressions o update plant

safety analysis documentation,
B. Plant-8pecific Concerns - River Bend Station

On the basls of the reported fuel loakigo at River Bend, the Pelitioner states that the
generic concerns contained in its repon apply to River Bend. The September 25, 1998, Petition
then presents a numbar of referances to the River Bend USAR as instances in which, In the
oplinion of the Patitioner, plant licensing bases do not permit operation of the plant with known

fuel loakage.

A referonco to the USAR in the Petition Is the USAR definition of unacceptablo
consequences (USAR Tab!a 15A.2-4), which lists as an unacceptable consequence “Failure of
the fuel barrler as a resull of exceeding mechanical or thermal limits." The Petitionor considers
this criterion violated since a fuel failure exists in advance of any design-basis accident that
may now ocour,

The Petition then discusses USAR Chapler 15 accident analysis descriptions, which
state either (1) that fuel cladding intagrity will be maintained as designed or (2) radioactive
material s not reloased from the fuel for the event. The following events cited in the Patition
have event descriptions in the River Bend USAR, which state that fuel cladding will function and

maintain its Integrity as designed:

. Loss of Feedwater Heating (USAR Section 15.1.1.4)
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. Feedwater Controller Failure—Maximum Demand (LUSAR Section 15.1.2.4)

. Pressure Regulator Fallure—Open (USAR Section 15.1.3.4)
. Pressure Regulator Fallure—Closed (USAR Section 15.2.1.4)

The following two events cited in the Petition have event descriptions In the River Bend

USAR, which state that “no radioactive material is released from the fuel” during the event;

. Control Rod Withdrawal Error at Powar (USAR Section 15.4.2.8)

. Reclirculation Fiow Control Fallure with Increasing Flow (USAR Section 15.4.5.5)

The Potitioner also states that tha River Band licansing basis for worker radiation
protection Is violated by operation with leaking fuel. Again, the Petition cites the USAR

(8ections 12.1.1 and 12.1.2.1) as tha pertinent referance to the liconsing basis,
Evaluation of Plant-Specitic Concerna

As discussed in the consideration of generic safety concerns, the stalf does not agree
that preexisting fuel cladding defects and resultant fue! leakage violate plant licensing bases.
The stalf also considars that conclusion valld for River Band. The basis for this conclusion I

supported in the following discussion.
a. USAR Appendix 15A

The Petitioner referenced two sactions of USAR Appendix 15A, “Plant Nuclear Salety
Operational Analysis (NSOA)" (as stated):

UFSAR 15A.2.8, “General Nuclear Safety Operational Criteria,” stated:

The plant shall be operated so as to avoid unacceptable consequences.
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UFSAR Table 15A.2-4, “Unacceptable Consequences Criteria Plant Event
Category: Design Basis Accidants,” definad 'Unaccaplable consequances' as follows:;

4-1  Radioactive material release exceeding the guideline
values of 10CFR100,

42 Failure of the fuel barrier as a rosult of oxceeding
mechanical or thermal limits,

4-3  Nuclear system stresses exceeding that allowed for
accidents by applicable industry codes.

4-4  Containment stresses exceading that allowed for accidents
by applicable industry codes when containment Is
required.

4-5  Overexposure to radiation of plant main control room

personnel.

The current operaling condltion at the River Bend Station apparently violatos the

spirlt, If not the latter, of Criterlon 4-2 since the fue! barrier has already falled,

albelt to a limited extent. This UFSAR text does nol accep! a low level of fuel

barrier fallure based on meeting the offsite and onsite radiation protection limits.

Integrity of the fuel barrier is an explicit criterion in addition to the radiation

requiremeonts,

In the Petition, the UCS highlights the table concerning the consequences for il:e
design-basis accident. This plant condition Is a highly improbable event, and safety analyses
ensure that safety limits and regulatory requirements are not exceeded as a result of the
accident occurring. This is why USAR Table 18A.2-4, tem 4-2 states, “Fallure of a fuel barrler
a3 a resylt of exceeding mechanical or thermal limits” (emphasis added). The unacceptable
consequences of this type of event are independent of preexisting fuel cladding defects. The
unacceptable consequences of this event are additional fuel failures as a result of the accident
occurring.

Within the framework of the USAR, “unacceptable consequences” are specified
measures of safety and analytically determinable limits on the consequences of different
classifications of plant ev ints. They are used for performing & nuclear safety operational

analysis. Unacceptable consequences are described for various plant conditions, including

*Normal (Planned) Operation,” “Anticipated (Expected) Operational Transients,” “Abnormal
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(Unexpected) Operational Transients,” “Design Basis (Postulated) Accidents,” and “Special

(Hypothetical) Events.” USAR Tables 15A.2-1 through 15A.2-5 identify the unacceptable
consequences for each of the five plant conditions, and are ditferent for each of the cases.

The USAR text clearly documents the acceptabllity of a low level of fuel cladding fallures
basad on meeting the offsite and onsite radiation protaction limits. For example, USAR
Table 16A.2-1 discusses the unacceptable consequences for normal operation. This USAR

tablo defines unacceplable consequences for normal operation as follows:

4-1 Release of radioactive matarlal to the environs that exceeds the limits of either
10 CFR Part 20 or 10 CFR Part 80.

4-2  Fuel fallure to such an extent that were the freed fission products released to the
environs via the normal discharge paths for radioactive materlal, the limits of
10 CFR Part 20 wouid be exceeded.

4-3  Nuclear system siress in excess of that allowed for planned operation by
applicable industry codes.

4.4 Existonoce of a plant condition not considered by plant safety analysis,

Item 4-2 in Table 15A.2-1 implies that fuel cladding fallures are not an unanticipated
condition during normal operations and s, therefore, consistent with other parts of the River
Bend licensing-basis. Fuel cladding defects are acceptable to the extent that they do not
Jeopardize radiation protection limits established in the plant technical specifications and other
licensing-basis documents. USAR Table 18A.2-4 does not apply for normal operations; only
USAR Table 15A.2-1 applies. Furthermore, the provisions found in USAR Table 15A.2-4 would
continue to be met for postulated design-basis accidents.

USAR Section 16.0.3.1.1 provides further clarification in its list of unacceptable safety

consequences for “moderate frequency" events, which lists: "Reactor operation induced
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fuel-cladding failure as a direct result of the transient analysis above the minimum critical power
ratio (MCPR) uncertainty level (0.1 percent)." Accordingly, preexisting cladding defects are
considered during some postulated transients. In fact, the acceptance criteria for moderate-
frequency event analyses, based on the GDC (10 C{°R Pant 50, Appendix A) and the Standard
Review Plan, and described in the Safety Evaluation Repont (SER) for River Bend
(NUREQ-0088), state the following expactations for fuel cladding performance: *An incident of
moderate frequency...should not result in a loss of function of any fission product barrier other
than the fuel cladding. A limited number of tuel rod cladding perforations are acceptablo.”

USAR Chapter 11, “Radloactive Wasta Managament,” Section 11.1, "8ource Terms,”
detalls the expected reactor coolant and main steam activities to be used to form the basis for
ostimating the average quantity of radioactive materlal released to the environment during
normal operations, including operational occurrences. This section further addresses that the
offgas release rate of 304,000 uCl/sec at a 30-minute delay time corresponds to design failed
fuel conditions, £hat Is, maximum acceptable cladding failure for normal operation, and is also
conservatively based upon 105 percent of rated thermal power, This is consistent with limits
prescribed in Technical Specification 3.7.4, *Main Condenser Oftgas,” which requires that the
gross gamma activity rale of the noble gases shall be <200 mCl/ses (or <290,000 uCl/sac) after
a decay time of 30 minutes.

In addition, two other parts of the fuel system licensing basis for River Bend show that
limited fuel leakage during plant operation Is a design consideration:

The fusl system design basis for River Bend Is given in USAR Section 4.2.1 by
reference to the generic topical report “General Electric Standard Application for Reactor Fuel,”
NEDE-24011-P-A. The generic topical report detalls fue! cladding operating limits to ensure
that fuel performance Is maintained within fuel rod thermal and mechanical design and safety

analysis criteria. The limits are given for normal operating conditions and AOOs in terms of
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speclfic mechanical and thermal specliications. Evaluations of spacific fuel failure mechanisms
undor normal operation and AOOs ware discussed, such as stress/strain, hydraulic loads,
fretting, and Internal gas pressure to ensure that fuel failure did not result from these causes.
The design basis did not praciude the possibility that fusl could fail for other reasons, such as
preexisting cladding flaws loading 1o leakage.

The Technical Spacifications (Section 3.4.8) for River Bend contain a limit for reactor
coolant system spoclfic activity, The basis for this limit o the same as that discussed in the
conslideration of the generic safety concerns, Section B 3.4.8 of the River Bend Technical
Spacifications “Bases” acknowledges that “the reactor coolant acquires radioactive materiais
due to release of fission products from fuel leaks.” Thus, tission products released during plant
operation are cloarly considered to be contributors to the source term used for safety analysis
ol the MSLB ralease consogiiences, The Technical Specifications state that the limit is set to
ensure that any release as a consequence of an MSLB is less than a small fraction of the
10 CFR Pan 10'0 guidelinaa. Those portions of the River Band licensing basis are conaistent
with NRC regulations regarding fuel performance and the assoclated NRC guidance used by
llcensecs to iImplement those NRC regulations that were covered earlier in the discussion
regarding generic concerns.

The River Bend licensing-basis items listed by the Petitioner are consistent with the
parts of the fuel licensing basis discussed above with the exception of some minor
inconsistencies in documentation (as discussed below). That Is, fuel leakage during plant’
operation Is not preciuded by licensing-basis provisions requiring that fue! Integrity be
maintained as designed. The design basis itse!f allows the posshbitty of leakage while ensuring
that cladding damage does not result from spacific operationally related causes. Fuel is also

designed to maintain its structural integrity to ensure core coolability and to ensure that control

rods can be inseried.
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b. Chapter 16 Accident Analysis

The Petitioner also cited references taken from accident analyses described In River

Bend USAR Chapter 15 (as stated):

UCS reviewed the UFSAR Chapter 15 description of accident analyses
performed for the River Bend Station. UFSAR Section 15.1.1.4, “Barrier
Performance,” for the loss of feedwater heating event stated:

The consaquencas of this event do not result in any termperature or
pressure transient in excess of the criteria for which the fual, pressure
vessel, or containment are desligned; therefore, these barriers maintain
their integrity and function as designed.

UFSAR Sections 15.1.2.4 for the feedwater controller fallure - maximum event.
16.1.3.4 for the pressure regulator failure - open event, and 16.2.1.4 for the
pressure regulator failure - closed event all contain comparable statements that
barrier parformance was not performed because the fuel remained intact,

These analyzed ovents appear to be valid only when the River Bend Station is
operated with no failed fuel assemblies. Operation with pre-existing fuel fallures
(l.e., the current plant configuration) appear to ba outside of the design and

licansing bases for these design bases events.

UFSAR Saction 15.4.2.5, “Radiological Consequences,” for the control rod
withdrawal error at power event stated:

An evaluation of the radiological consequences was not made for this
avent since no radioactive material Is released from the fuel.

UFSAR Section 15.4.5.5, “Radiological Consequences,” for the recirculation flow
control failure with increasing flow event stated:

An evaluation of the radiological consequences is not required for this
event since no radloactive material is released from the fuel.

These analyzed events also appear valid only when the River Bend Station is
operated with no failed fuel assemblies. Operation with pre-existing fuel failures
(I.e., the current plant configuration) appear to be outside of the design and
licensing bases for these design bases events,

The effect from pre-existing fuel failures was considered, at least partially, for
one design bases event. UFSAR Section 15.2.4.5.1, “Fission Product Release
from Fuel,” for the main steam isolation valve closure event stated:
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While no fuel rods are damaged as a consequence of this avent, fission
product activity associated with normal coolant activity levels as well as
thal released from previously defective rods Is released to the
supprassion pool as & consequence of SRY [safety rellef valve] actuation
and vessel depressurization.

The aforementioned design bases events (e.g., control rod withdrawal error at

power, loss of feedwataer heating, et al) are not bound by these results bocause

the radioactive material is not “scrubbed” by the suppression pool water as it is In

the M8IV [main stoam isolation valve] closure svent.

As previously stated, the Petitioner cited four references to the USAR accident analysis
saction antitled "Barrler Performance.” Al isaue are essentlially equivalent statements made
where the USAR stated, in part, that the defense-in-dapth'“barriers maintain their integrity and
function as designed.” The UCS concluded that operation with preexisting fuel failures Is,
therefore, outside the River Bend design and licensing bases. In stating that barriers are
“maintained,” the USAR clearly implies that the events themselves do not result In additional
fuel cladding failures. To further support this conclusion, the radiological consequences
described for three of the four events (Section 15.1.2, “Feedwater Controller Failure—Maximum
Demand"; 8ection 15.1.3, “Prossure Regulator Falluro~Opan"; and Section 15.2.1, “Pressuro
Regulator Failure~—Closed™) are, indeed, bounded by an event that takes into consideration the
effects of preexisting cladding fallures. The three preceding events all result In actuation of the
safoty relief valves (SRVs) to the suppression pool. The USAR discussion (see USAR section
titled “Radiological Consequences”) notes that radioactlvity is discharged to the suppression
pool, and that the activity discharged is much less than those consequences Identified in USAR
Section 15.2.4.5 (for the MSIV closure event).

The MSIV closure event, as described In the USAR, clearly considers the activity
released from “previously defective rods” in determining dose consequences. The source term

used In these calculations assumes the same lodine and nobte gas activity ag an Initial

condition as is used in the basis for determining RCS activity technical specifications limits.
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USAR Section 15.2.4.5.1, “Fission Product Release from Fuel,” also explains, “Since each of

those transients identifled previously which cause SRV actuation results in various vessel
depressurization and steam blowdown rates, the transient evaluated in this section [the MSIV
closure event) Is'that one which maximizes the radiological consequences for all transients of
this nature.” Thus, the USAR explicitly describes how “the aforementioned design-basis
events” are bounded by the results for the MSIV closure event, for those events resulting in an
SRV actuation. Furthermore, USAR Section 15.1.1.5 describing the fourth event, the loss of
feedwater heating, also states that “this event does not result in any additional fue! failures,”
further reinforcing the stafi's position.

The quotation taken from the control rod withdrawal error from power and recirculation
flow control error event descriptions—“{a)n evaluation of the radiological consequences was not
made for this event since no radioactive material is released from the fuel"—appears to be
taken out of context. Considering the many references nstensibly permitting operation with
preexisting fuel 'cladding fallures found within the USAR, technical specifications, NRC
regulations, statf Implementing guldelines, and other licensing-basis documente, the intent of
this statement is clearly that no additional radioactive material is released from the fuel as a
consequence of the event.

Finally, in each of the accldent analysis cases listed in the Petition, the event is
classified as a “moderale froquency” event (or an “anticipated operational transient”). Specific
criteria for unacceptable consequences are delineated in USAR Table 15A.2-2. For this type of
anticipated transient, unacceptable performance of the fuel is described as, “{rleactor operation
Induced fue! cladding failure as a direct result of the transient analysis above the MCPR
(Minimum Critical Power Ratio] uncertainty leve! (0.1%)" (emphasis added). Therefore, fue!

cladding defects existing before the accident are not precluded from consideration.
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¢. Fuel Cladding Defect Propagation

The Petition then raised concerns regarding the possibliity that preexisting fuel cladding
defects could propagate under design-basis transients (as stated):

As detailed in UCS's April 1898 report on reactor operation with failed fuel

cladding, it has not been demonsirated that tha effects from design basis

transients and accidents (l.e., hydrodynamic loads, fue! enthalpy changes, etc.)

prevent pre-existing fuel failures from propagating. It is therefore possible that

significantly more radioactive material will be released to the reactor coolant

system during a translent or accident than that experlenced during steady state

operation. Thus, the existing design bases accident analyses for River Bend

Station do not.bound its current operation with known fuei cladding fallures.

As previously stated in the evaluation of generic issues raised by the April 1968 UCS
report, the statf has previously considered the safety implications of operation with fuel leakage
on a generic basis, In GSI B-22, the staff considered the ability to accurately predict fuel
performance under normal and accident conditions. In its evaluation of the lssue, the statf
concluded that releases during normal operation would be increased because of fuel defects,
but would not be increased beyond regulatory limits. The staff also concluded that the release
from fuel damage during design-basls accidents and severe accidents would be much larger
than the release attributed to preexisting fuel defects, and the magnitude of the release would
not be significantly affected by preexisting fue! defects. Therefore, the consequence from
leaking fuel was determined to be very small.

The Petitioner has, however, noted some apparent inconsistencies in documentation of
the licensing basis as found in the USAR for River Bend that could be taken out of context. The
statements cited for two events—the control rod withdrawal error from power and recirculation
flow control error—are not consistent with the other parts of the River Bend licensing basis
discussed in this evaluation, The technical basls for coolant activity limits clearly permits

operation with a limited amount of fuel leakage and, as discussed, the design basis does not

preciude the possibility of limited fuel leakage during operation. Therefore, although these
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events should not cause fuel damage, preexisting leakage could still be a consideration. and
only the activity In the reactor system coolant up to the technical specification limit would be
available for release, The MSLB is considerad the limiting event with respect to release of
coolant activity from leaking fuel. The staff expects that the consequences of the MSLB would
bound those that would be predicted for the control rod withdrawal error from power or the
recirculation flow control error events. Thus, the minor discrepancles uncovered by the
Petitioner in the documentation of the plant licensing basis do not constitute a safety concern
requiring NRC action,

The licensee has taken actions to limit the effects of the minor fuel rod defects at River
Bend reported on September 21, 1998. The control 1od pattern has been altered to achieve a
depressed flux profile in the vicinity of the leaking rods, thereby suppressing the production of
fisslon products as the plant continues operation at slightly less than full powar. Following the
initial detaction of a leaking rod, the licensee reduced the activity in the pretreatment otfgas
sample from 22..5 mCi/sec to 1.8 mCl/sec, which was very close to the prefuel-leak level of
1 mClsec. The peak value was never more than a small {raction of the technical spacification
limit of 290 mCl/sec. The offgas treatment system hos been effectively eliminating any
detectable radioactivity in offgas effluent, and only small dose rate Increases ware observed in
areas of the plant in which offgas system components are located. Since work is not normally
performed in those areas, the licensee did not Institute any additional exposure controls.
However, the licensee Is continuing to closely monitor the offgas system to ensure that the

coolant activity concentration remains within {echnical specifications limits,
d. ALARA Concerns

The Petitioner further stated that Entergy Operations, Inc., was violating its licensing

basis with regard to the ALARA worker protection program (as stated):
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In addition to oparating with non-bounding design bases accident analyses, it
appears that the River Bend licensee Is also violating its licensing basis for
worker radlation protection. L'SSAR Section 12.1.1, “Policy Consideration,”
stated:

The purpose of the ALARA [as low as reasonably achievable] program is
to maintain the radiatiun exposure of plant personnel as far below the
roegulatory limits as s roasonably achlevable,

UFSAR Section 12.1.2.1, *General Design Considerations for ALARA
Exposures,” stated that River Bend's efforts to maintain in-plant radiation
exposure as low as is reasonably achlevable Included:

Minimizing radiation levels in routinely occupied plant areas and in vicinity
of plant equipment expected o require the attention of plant personnel.

According to the NRC Information Notice No. 87-39, “Control of Hot Particle
Contamination at Nuclear Plants:”

A plant operating with 0,125 percent pin-hole fuel cladding defects
showed a five-fold Increase in whole-body radiation exposure rates in
some areas of the plant when compared to a sister plant with
high-integrity fuel (<0.01 percent leakers). Around certain plant systems
the degraded fuel may elovate radiation exposure even more.

Industry experience demonstrated that reactor operation with failed fue! cladding

Increased radiation exposures for plant workers. The River Bend liconsee has a

llcansing basis requirement to maintain radiation axposures for plant workers as

low as is reasonably achlevable. The River Bend licensee informed the NRC

about potential fuel cladding fallures. 1t could shut down the facility and remove

the falled fuel assemblies from the reactor core, Instead, it continues 1o operato

the facility with higher radiation levels,

In its letter to the NRC dated February 11, 1999, the River Bend licensee stated that if
the plant were to shut down solely to remove leaking fuel bundles, worker exposure would be
increased since additional exposure would later be incurred for normal shutdown and
maintenance activities. Also, during the February 22, 1898, Informal public hearing on the
Petition, the River Bend licensee stated that dose rates In the generai plant areas are
essentially unchanged and that the average dally dose to plant workers has remained al the
historical level of approximately 0.14 person-rem per day during normal operations. River Bend

has seen some increased leve!s in dose rates in isolated areas, such as in rooms containing
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offgas system equipment; however, these areas are not routinely occupied and access to the
rooms are controlled by the health physics department. The licensee stated that if a 14-day
outage were conducted io remove defective fuel bundies, the outage would incur a worker dose
on the order of 9 person-rem for reactor disassembly, reassembly, and refueling activities. This
exposure would be In addition to that Incurred from activities planned for the scheduled
refueling outage. The licanses contends that shutting down in this situation to replace leaking
fuel would be an action contrary to ALARA. The staff agrees that conducting plant shutdown
only lo addrass tha current situation at River Bend would be contrary 1o the ALARA principle for
plant workors, provided exposure levels remain at their current values.

River Band has two independent radiation-detection sysiems capable of sensing
lission-product releasc from leaking fuel rods—main steam line radiation monitors and otfgas
system radlation monitors. The main steam line radiation monitors are used to dete: t high
radiation levels from gross fuel fallure. The otfgas system radiation monitors can detect
low-lovel omlulo‘no ol noble gases, which are Indicative of minor fuel damage. The offgas
system monitor indication signaled the recent fuel damage found at River Bend.

The actions laken by the licensee to limit further fuel damage, as well as the continued
attontion to reactor coolant activity and offgas radiation levels, provide confidence that River

Bend can continue safe operation, within its licansing basis, with the limited fuel leakago

recently detected.
C. Plant-Specific Concerns - Perry Nuclear Power Plant

On the basis of the reported fuel leakage at Parry, the Petitioner states that the genaeric
concerns contained in the UCS report apply to the Perry plant. In the opinion of the Petitioner,

plant licensing bases do not permit operation of the plant with known fuel laakage.
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As discussed in the consideration of generic safety concerns, the statf does not agree

that pre-existing fuel cladding defects and resultant fuel leakage violate plant licensing bases.
The stalf also considars that conclusion valid for Perry, Fuel leakage during plant operation is
not precluded by licensing basis provisions requiring that fuel integrity be maintained as
daesigned. The Perry design basis itself allows the possibility of isakago while ensuring thal
cladding damage does not result because of specific operationally related causes. Fuelis also
designed to maintain its structural integrity 1o ensure core coolabllity and to ensure that control
rods can be inserted,

The Updated Salety Analysis report (USAR) for Perry contains unacceptable
consequencaes oritoria for different event categories (USAR Tables 18A.2:1 through 18A.2-4).
The unacceptable consequences for normal operation do not preciuds fuel leakage. The
second criterion listed preciudes fuel failure to the extent that the limits of 10 CFR Part 20 would
be exceeded. The unacceptable consequences for anticipated operational lransients prohibit
luel fallure predicted as a direct result of transient analysis. For abnormal transients and
design- basis accidents, widespread fuel cladding perforations and fuel cladding fragmentation
are prohibited,

Two parts of the fuel sysiem licansing basis for Parry show that limited fusl lankage
during plant operation is a design consideration. The fuel system design basis for Perry is
given In tho USAR Section 158 by reference to the generic topical report “General Electric
Ctandard Application for Reactor Fuel," NEDE-24011-P-A. The generic topical report detalls
fuel cladding operating limits to ensure that fuel performance Is maintained within fuel rod
thermal and mechanical design and safety analysis criteria. The limits are given for normal
oboratlng conditions and AOOs in terms of specific mechanical and thermal specifications.
Evaluations of spocific fuel fallure mechanisms under normal operation and AOOs were
discussed, such as stress and strain, hydraulic loads, fretting, and Internal gas pressure, 10

ansure that fuel failure did not result from these causes. The design bases did not preciude the
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possibliity that fuel failure could occur for other reasons, such as pre-existing cladding flaws
leading to leakage.

The Tochnical 8pecifications for Perry (Beation 3.4.8) contain a limit for RC8 speciiio
activity. The baals for this Iimit s the samae as that discussod in the consideration of the generic
safety concerns, Section B3.4.8 of the Perry Technical Spacification “Bases” acknowledges
that "the reactor coolant acquires radioactive matorlals due to release of fission products from
fuel leaks.” Thus, fission products released during plant operation are clearly considered to be
contributors 1o the source term used for safety analysis of the main steamiine break release
consequences. The (échnlcal specifications state that the limit is set to ensure that any release
as a consequenca of A main steamiine broak is less than a small fraction of the 10 CFR Pan
100 guidelines. Theso portions of the Perry licensing basis are consistent with NRC regulations
reparding fuel performance and the assoclated NRC guidance used by licensees to implement
those NRC regulations that were covered earliar In the discussion regarding generic concerns.

The licensoe has taken actions to limit the etfects of the axisting minor fue! leaks at
Perry. The control rod pattern has been altered to achieve a depressed flux profile in the
vicinlty of the leaking rods, thereby suppressing the production of fission products as the plant
continues operation, The off-gas treatment sysiem has been effectively eliminating radioactivity
in off-gas atiluent, and there has been no change in general radiation area dose rates.
However, the licensee is continuing to closely monitor the ofi-gas system pre-treatment
radiation levels and is ensuring that the coolant actlvity concentration remains within technical
specliications limits.

Perry has two independent radiation detection systems capable of sensing fission
product rolansa from leaking fuel rods: main steamline radiation monitors and off-gas system
radiation monitors. The main steamline radiation monitors are used to detect high radiation
leveis from gross fuel failure. The ofi-gas system radiation monitors can detect low-level

emissions of noble gases, which are indicative of minor fuel damage.
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In its letter lo the NRC dated Fabruary 11, 1899, the Perry licensee stated that If the

plant ware to shut down solely to remove fuel bundios exhibiting leakage, plant worker
exposure would be increasod since additional exposure would later be Incurred for normal
shutdown and maintenance activities. The licensee contends that shutting down In this
situation to replace I&aking fuel would be an action contrary to ALARA. The statt agrees that
conducting plant shutdown only to address the current situation at Perry would be contrary to
the ALARA principle for plant workers, provided exposure levels remain at their current values.
The actiona taken by the licensee to limit turther fuel damage, as woll as the continued
attention to reactor coolant activity and off-gas radiation levels, provide confidence that Perry

can continue safe operation, within its licensing basis, with the limited fue! leakage detected.

IV. CONCLUSION

The Petitionar's requaests are denled for the reasons speciiied in the precoding sections
that discuss the Potitionor's information supporting the request. The Petitioner did not submit
any significant r;ew information about safety issues. Neither the information presented In the
Petition nor any other subsequent information of which the NRC is aware warrants the actions
requested by the Paetitioner.

A copy of this Director's Decision will be filed with the Secretary of the Commission for
review in accordance with 10 CFR 2.208(c). This Decision will become the final action of the
Commission 25 days after its issuance unless the Commission, on its own motion, institutes a
review of the Decision within that time,

FOR THE NUCLEAR REQULATORY COMMISSION

Mor

Office of Nucloar Reactor Regulation

Dated at Rochville, Maryland,
this 18thday of Apri) 1699,



