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VOTING SUMMARY - SECY-03-0085

RECORDED VOTES
NOT
APRVD DISAPRVD ABSTAIN PARTICIP COMMENTS ~DATE
CHRM. DIAZ X - X 5/30/03
COMR. DICUS X X 6/13/03
COMR. McGAFFIGAN X X 6/4/03
COMR. MERRIFIELD X X 6/9/03
COMMENT RESOLUTION

In their vote sheets, all Commissioners approved the staff's recommendation and provided
some additional comments. Subsequently, the comments of the Commission were
incorporated into the guidance to staff as reflected in the SRM issued on June 23, 2003.
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-excessive crud deposition. As:the: ficensee event report (LER 50-458/89-016-00) indicated, the
‘occurTence: of this event was unusual-and only happened once-elunag—the-preweus—elght—eyeles
-forﬁais-speeifle-plaﬁt The NRC staff has not found any other nuclear: power plants that
3 expenenced this unusually heavy crud formatlon Although a thm oxidatlon layer appears in
almost every operatmg reactor. the staff conslders heavy crud build up to be extremely rare.
Therefore ‘the: probability of. a: largebreak LOCA occurnng awhlle some: of the high ‘power -
bundlesvhave _se_vere crud _deposltlon ls zlower.-than that :of-e-dengn,ba___s__:s @ocident_.;,;_.., f_.;_.‘,, it
| 2. : _» The petztloner contended that lf & fast moving LOCA had occurred with severe _

e :;:.-..,s_crud deposited on’ some hlgh powerbundles, extensrve blockage of the flow

channels within the fuel bundles wouldrlikely have developed 4n addltlon, he

{ g—\—a\dd s:gued that dunng ablowdown. the redlstnbutlon of crud into any .0, all of several »

restrlcted channels would resultsin substantlal flow blockage The penhoner

postulated thatthe ;crud would break off during a LOOA to form ¥ blockage at the

4. down stream grid Iocations _ ,i ‘

The operating expenence relatnve to signlﬁcant crud deposlts has been that the |
: ='-'observed crud ls powdery or fluffy Dunng a Iarge-break LOGA. even lf the.pressure wave _
-breaks off some of the crud only small SO|ld partncles are expected to be carned downstream
No data was prowded in the petltlon to support the petrtloner's argument for crud blockage
The NRC also revrewed reoords of llcensee event reports and found no test data or documents
supporting the assumptlon that ina LWH the crud might break off and form a flow blockage
Therefore, the NRC &ee—net believe,fthat the petltloner‘s concems about the fiow blockage due

V' to'crud erezsupported by technlcal or sclentiﬁc data

Mok
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3. The petitioner argtted that with the degradation of core cooling due to the crud,
there would likely°have been a:rapid deterioration of defense in depth. The
<k,
-.petrtloner argued that if severe crud existed ‘within the fuel bundles, the crud

-could lead: tl» & loss of.coollng with consequent overheatrng of. zrrcomum and
/

f_~rapld autofatalytrc zrrconlum-water reactrons ofthe fuel claddlng

The NFtC agreesl that heavy crud could cause hlgher-than-normal fuel cladding

temperatures due to th addltlonal heat transfer resrstance dunng norrnal operatlon and

B 'postulated accldents In partlcular the porous tcrm of crud could tunctron as an. a _ f
? ctlon barner between the zirconrum claddmg and the coolant; 4Bt

Cm «beheve that th egetltloner's concem about-the;peselbllrty—ol-autocatalyhczrrcontumawater

reactlons ishral

/ft-lrewever fthe metal-water reactron is assurned to owur.-ﬂeeNRCbeﬁeves |

,a

*~t-het'thls addltlonal layer ct rnatenal would also 'form E: shleld between the coolant and the

f"':-vcladdmg matenal that would reduce the metal-water reactron rate Shculdthe metat-water

' reactlon oceur, the steam from the coolant stream would need to overcome the addltlonal mass

' ‘-’itransfer reslstance of the crud Iayer in order to: reach the claddrng, and the resulting hydrogen
generated at the claddlng surlace would need fo dlftuse outward through the crud.. Theretore
compared to - bare metal surface at the same temperature, a tuel rod wlth &8 tayer of crud
‘would be expected to have a reduced meta!-water reactlon rate thus reducing the addlt:onal
heat_generated by the metal-water re_action, .lt-’would be inappropnate .to_.conslder-only the
additional heat transfer resistance' and assume zero reducticn_ot the metal-water reaction rate.
'Sorne"locatiOns where the crud has icracks would not see the reduction of the rnetal-water
lreactlon However, at these’ Iocatlons lt ls expected that the steam would dlrectly cool the bare

‘metal surlace and form & colder surface reglon betorethe temperature rose: high enough to

Atrlgger the metal-water reactlon Lw?clfj
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4. The petitioner asserted that 10 CFR 50.46 does not address the impact of crud

on core cooling during the;iarge'-.breakLOQA._ -

Section 50 46 (b)(4) -hewever- provides @, requrrement regardrng the cooling of the core.
Thrs sectron states “Calculated changes in core geometry shall be: such that the core remains
amenable to coollng' In addrtron, Sectlon I C 3 of Appendix K to Part 50 states T he follovlnng
efiects shall be taken into account in the conservatlon of momentum aequatron....(S) area
change momentum flux (6) pressure Ioss resultlng trom area:change - Many phenomena

; and mechanrsmsmay cause a change in core geometry (e 9,7 the rod ballooning effect thermal _

_»expansion, crud buildup) The feve A ﬂ is/ ecessary for the regulatlon to o

explrcitly include ail the posslble mechanisms causing a change in core geometry

Although the scenano o’l & large break LOCA coincrdrng with heavy crud formation :is
' considered & low probabllrty event NRCs Standard Review Plan (SRP) ‘tor ECCS has already
-'-deflned detalled requlrements to monitor the eﬁect oferud deposlts The SRP outlrnes a :
E '«comprehensive set of acceptance cntena that serve to demonstrate complrance withregulatory .

requirements Three acceptance crltena that specifncaliy eddress the impact of fuelcrud -

| deposlts are provrded below

B 3 T Lo O TS S - .
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- 'SRP Section 4.2 Fuel System Qeslgn,,Acceptance_fcntenpn'-Il;A.-1 _.'(d). :

: I?O'xida‘tion;"hydrit:ling, and the buildup of corroSion -products-:(crud) should be 'limlted.
: 'Allowable oxidation.*hydrldmg. and crud levels should be drscussed in the Safety

B -Analysis Report. and. shown 1o be acceptable These levels should be: presumed to exist

in paragraphs (a) and (b) above.” .
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'SRP Section 4.4 Thermal And Hydraulic Design {Il.;:Acceptance-Criteria)

“8. The efiects of crud should be accounted for in the thermal-hydraulic design by
;mciudrng itin the CHF caicuiatrons inthe core or in the pressure drop throughout the
e f'RCS Process monltorlng provisrons should;assure the capabilrty ior detection of a

- - ‘three percent drop1n1he reactor coolant flow The flow shouid be monitored every

ERRE- 7 A ho'u.rs,t .s_gtf‘:'j:'c't-'=-:.ﬁ;fzi';'l.'f;‘*-:f’fzf»""-‘_,;: R ;j-;i-_,;g_-;'_ i;;--.__l;-,“.; .

ke - ‘. N - . -
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- fSRP Section r44 Zi'hermal And Hydrauhc Design Al Fievrew Procedures)

o f-“‘The revrewer ensurestthat adequate 'accountiis takemoi the effect of crud in the primary
. ,-scooiant system, such as in the calcuiation of CHF m the core, heat transfer in the steam

T ﬂ-=generators. and pressure drop throughout the RCS IR

. -.'-The NRC*staﬁ beiieves that these guidellnes adequateiy sddress the impacts of fuel

crud on normal reactor operation and ECCS performance during a iarge break LOCA

in additlon -«the-NR&beireves—that the nuciear industry has strong inoentrves to controi
‘-—'crud buiidup Excessive crud format:on oouid iead to operatron at reduced power Ieve!s or even
' ‘:-*:shutdown ii-cooiant -actlvity Ievels (suspended actrvated corrosion products) were to exceed
technroai speciflcatnons ﬁeduseei—gnd—power-rs-ceetiy Actlvated crud depositlon throughout
plant: systems 4ncreases dose-rate levels that would result in costiy increases in worker
“rafliation doses “The' industry is required to demonstrate efiortsto maintain occupatronai doses .
as: Iow asis reasonabiy achrevable (ALARA) The NRG beheves that incentives for optlmizmg
T power output and minimizing occupatlonai doses are: strong ;i-‘hs-Nﬂe-ie-eware-thaHhe EPHI

‘water chemistry guidelines that the industry follows. provrde eiiectrve methods to control crud
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around the damaged fuel bundiesafter the high ofi-gas system Kactivtty reading was observed
-even though the activity levels were below the technical tspecifi'c_ations fimit. -?rherefore,
: observed practice shows that tuel cladding damage due to excess -crud formation s -readily
- detectable during normal operatron, and effective mitrgatlon measures have been taken by

operators

e - i-'l'_J:nde'r cdndltions .Whe"re"f heavyr'crud deposition occurs.f%tuel _..dar'nag'e could eventually
lead to cladding cracks or balloonlng eﬁects The crud Iayer may 1 then hreak oft and tuel;pellets.
v..wlll be cooled dlrectly by the water, thus lowering the claddrng temperature Although the o
: eleva‘ted claddmg ternperature could theoretrcally tngger a metal-water reactron m a very ||mlted |
‘ '-‘"‘area of the tuel claddlng. the- crud also shields*the claddmg from the water :and causes

2d
fsrgnlﬁcant resistance to the metal-water reaction “[he NRC does.nct.gelzeve tnat the :

-petltloner's concern aboutthe—pesslbth’ey—et—autocatalytlc zlrconium-water reactrons lszvalrd
_ N . o _ N ; No{’ _

s ..-;=‘-f-: Furthermore, the NRG has not tound any evrdence to support the petltroner's vrew that

' ’the*cft-gas actrvlty would stay belowthe technlcal speclfrcatron llmlt whlle the heavy crud _.
deposltlon continues Operatrng expenence has shown that if a reactor operates contlnuously
under- heavy crud condrtxons ’the claddrng damage will result in. hlgher off-gas actrvlty readlngs

that are quickly noted by the plant operators Itis highly unllkely that the oﬁ-gas actwlty would

o 'remaln undetected by plant operators Recent operatlng expenence at plants with teakmg fuel

’~demonstrates that plant operators qulckly take actron to: suppress fuel feaks, and tn many

cases, shut down the reactor to lnspect and replace leakmg fuel e S

* Finally, crud formation'is one of many ltem"s which are required to-be. cdnsidered tor ;
‘both LOCA and translent satety analyses and exlstrng regulatlons and the NRG Standard

“Review Plan already provrde adequate gurdance on addresstng the lmpact of crud on plant
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safety.-(The

NRC believesthatthe
“will cause ‘agifional and unnece;
requiréd to'issue the. ‘

The NRC has evaluated the advantages and dlsadvantages of the rulemaklng

NRC Strateg:c Performance Goals

requested by the' petltioner with respect to the four NRC Strategrc Performance Goals as .

Collows: T e e e

1 Malntalnlng ’Safem The NRG belreves that the ’requested rulemaklng would not

-make ! slgnlfrcant contributlon mfmaintalnlng safety because current regulatlons and regulatory

gurdance already»address the effect of crud-related parameters on core cooling, because no
exrstlng data suggests 'that the amount of crud normally deposlted on rsreactor tuel can .
_ signlfrcantly interfere wrth coolant flow and because the probable cause of the single event at
- 'FRwer Bend Statlon notedby the petitnoner, namely a.transrent coolant chemistry excursion with
high lron and copper levels, Is knownand has been corrected Zl‘he NRC belteves that existrng
' ‘~fegulatrons gurdance and practlces pro\nde for monitonng, detectrng and correctrng any.

- ‘Lpossibl_e crud effects on core coollng before any srg_niﬁcantsafetyproblems -could occur.

’2 Enhancing Publrc Conﬁdence The,proposed revrsrons would not enhance ~publlc
conﬁdence First the ’NRC has concluded that the: petitloner's contentrons |ack an adequate
technical basis. Second, current regulatlons and guidance a!ready address the- effects of
norrnal crud accumulatlon on core coollng The petltroner's request ln effect would require that
substantral addrtlonal consideratron be 'glven to abnormally heavy accumulations of crud asa

potentral scurce cf coolant flow obstructlon which lsa. condltlon that has never been observed

lauma( sod,\ &p uuoeu% achon v\aﬁt«a& ‘From (h\v\\(, cor.mdwem-g B .H,L
el 2 o oResho “eid&}fw |
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"f»thattthrs addxtlonal conslderatnon 1s

| ‘"ﬁ"-'f»“-:xlmprove vefhcrency or eﬁectweness 1n addrtlon,;the NBC;'§ sources expended to;promulgate

zrst efhc:ency, eﬁectrveness, and realxsm ,because(llcensees would be requrred to

),

generateAaddrtlorl;lal 1nformat|on as part of ilhe development:of thelr ECCS sevaluatron rnodels

and the NRC would need to evaluate thedlcensee s data and analysis ?l'he NRC staﬁ belreves
S unpec.cscaw :

el 'because*the,petitnoner‘s scenanos ‘

are not*supported by a‘techmcal basrs* "Ihe additlonalNFlC staﬁ ' 'dalrcensee effort would not

the ruleand SUpporhng regulatory guldance would be ‘]inflcant. ,- -. i

‘ “ 1‘; :':';?.o.‘ PR A o ML SR N

_ Reasons for Denlal - ,
. The Commissron is denymg thetpetitlons for rulemaking Sectlon 10 CFR 50 46 already
requlres a nuclear power plant applrcantllrcensee tc add

ress the im acts ot the core geometry
e - W@

F ot this requirement has been

change on coohng in EGCS analyses —— interp:
'documented in the Commisslon s Standard Revrew Plan, vmlch speclhcally addresses the

potentlal buildup of crud and Its effects tor ECCS analyses and translent analyses -Fhe-

.r:easonable The petitroner's hypothetlcal drscusslon of fuel clad performance with severe levels
" of crud bulldup was nct supported by modellng, expenmental results or operattonal data

sufficient to demonstrate that fuel with high crud levels will actually behave in the manner
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‘postulated by the petitioner. The-NRC believes that there are -other;phenomen_a the;.petitioner
falled to consider that would tend to reduce metal-water reactions-and counteract autocatalytic
reactions even if the extreme conditions postulated by the petitioner could be reached. The
-operating experience at several ‘nuclear-povrer;olants'that have -e'xperienced fuel fallures shows
‘that fuel degradatron has progressed in a rnanner whlch is controllable, The event (Rrver Bend)i _
ldentlfred by the pehtloner as ewdence of the llkellhood of high. crud Jevels occurred only once |
- at’that plant and has not been repeated there or at any other plant ln the Untted States
i nally, technlcal speclﬂcat:ons for. rnonltonng of reactor coolant actlvrty and the requrrements ln
| “l 0 CFR Part 20 to malntaln occupatronal exposures as low as zreasonably achlevable (ALARA)
L "have resulted ln llcensee operatlonal practlces for early identrflcatron of coolant actrvrty increase
_ due ’to crud depos’lts?‘before they bulld to the ]evels postulated bythe petrtnoner. The '
Comrnlsslon mmat the petltroner’s hypothetlcal drscussion of a mechanism ’
‘«preventmg early detectlon of abnormal actlvlty levels ls éredrble For these reasons, the

"f.Commisslon has determined that the petutnoner‘s contentrons ’have tnotbeen substantlated

| For these reasons, thevComml_s_slon“ denles PRM50-73 _and_PBM{SO-?SA.

day of e .2003

h Dated at P.ockvllle, Maryland this
’ ‘FOR THE NUCLEAH REGULATORY ‘COMMISSION

. Secretary of the Commission .
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[7590-01-P]
NUCLEAR REGULATORY COMMISSION

10 CFR Part 50 -
[Docket Nos. PRM-50-73 and PRM-50-73A]

Mr. Robert H. Leyse; Denial of Petition for Rulemaking

AGENCY: Nuclear Regulatory Commission.
ACTION: Denial of petition for rulemaking.

SUMMARY: The Nuc!eay Regulatory Commission (NRC) is denying two related petitions for
rulemaking submitted by Mr. Rgbert H. Leyse (PRM-50-73 and PRM-50-73A). The petitioner
requested that the NRC revise its regulations at 10 CFR Part 50.46, “Acceptance criteria for
emergency core cooling systems for Iighf-water nuclear bower reactors,” and Appendix K to
Part 50, “ECCS Evaluatioh models.” The petitioner contends that these regulations are

. inadequate because they do not address the effect of gmd on the cooling of the reactor core
under the tufbu!ent coolant flow conditions of a loss-of-coolant-accident (LOCA), and during
normal operations. Crudis a colloquigl term for corrosion and wear products (rust particles,
etc.) that become radioactive (i.e., activated) when exposed to neutron irradiation. The
petitioner states that crud buildup during normal operations and its detachment and
:resuspension during a LOCA could obstruct flow of coolant, resulting in inadequate cooling and
ultimately leading to melb@;?l as;ﬁgf&fgféémmner requested that the NRC amend its

_ regulat:ons to mc!ude comparisons to appfcable expenmental data that address the impact of

e

w J';'O; :

: crud deposits on the ability to cool fuel rods.



ADDRESSES: Copies of the petitions for rulemaking, the public comments received, and thé
NRC's letter of denial to the petitioner may be examined, and/or copied for a fee, a_{ the NRC's
Public Document Room, located at One White Flint North, 11555 Rockville Pike, Public File
Areéib1 F21, Rockville, Maryland. These dqéuments are also avallable electronically at the
NRC'’s Public Electronic Reading Room on the Internet at http:/Awww.nrc.gov/reading-
m/gdams.htrn!. From this site, the public can gain entr;' into tI:Ie NRC's Agencywide Document
Access and Management System (ADAMS), which provides text and image files of NRC's
public documents. For further information cbnt‘act the PDR reference staff at 1-(800) 387-4209,
(301) 415-4737 or by e-mail to pdr@nrc.gov.

#
FOR FURTHER INFORMATION CONTACT: Alan K. Roecklein, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Corpmission. Washin_gton, DC 20555-0001, telephone

(301) 415-3883, e-mail akr@nrc.gov.

SUPPLEMENTARY INFORMATION:
Background
Section 50.46 specifies the performance criteria against which the emergency core
cooling system (ECCS) must be evaluated. Appendix K to Part 50 provides the required and
‘acceptable features of ECCS evaluation models. The criteria are’ &ak cladding temperature

&) 3 .
that cannot be exceeded, %e maximum cladding oxldatlon thicknessRhe maximum total

ance &
hydrogen generatnon, md@eqalrem@w assure'na core geometry that can be cooled and

¥ E) asferved. 6T
abundant long term cooling. The regulatlons also state that assessments of cooling

performance following postulated LOCAs must be calculated in accordance with an acceptable

%

\o'B A7
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refueling, extensive blockage of flow channels within the fuel bundles would have developed,
leading to a degradation of core: cooling and compromising defeﬁsei:rdepth. The petitioner l |
further sfated that sig;'liﬁwnt crud deposits could lead to an extensive fuel failure during full-
power operation and that the amount of failed fuel would then lead to a declsion to shut down

the reactor as the inventory of radioactive material in the reactor coolant reached the limits

allowed by the technical specifications.

‘ PRM-50-73A
The petitioner stated that §50.46 and Appendix K to Part 50 do not address the impact
of severe crud deposits on fuel buncile cooling during normafl‘gg;gerraﬁons cf-edightweter-eocoted I
reactor-atpower. The petitioneﬂr stated that a licensed power reactor had ‘operated with
.unusually heavy crud deposits which, had they been allowed to build, would likely have blocked
flow channels, interfered with core cooliqg and led to significant damage to structural
components of the core. The petitioner requested that §50.46 and Appendix K be revised to

include consideration of the impact of crud deposits on fuel bundles during normal operations.
Public Comments on the Petitions

PRM-50-73
The five letters of public comment received were opposed to this petition. Framatome
X} LIV el /
ANP/did not agree thaf' crud would collect within the core as the petitioner suggested, nor that it
would pose blockage problems. Framatome discussed the gﬁe’cts of crud for the sections of
' the regulations addressed by the petition, and stated tﬁat for each section, the effects of crud

are adequately addressed. In Framatome’s experience, typical crud formed on the surface of

fuel cladding does not have the consistency to create coolant flow blockage during either

‘&(& v 302



. -5-
normal opefation or blowdown (i.e., 8 LOCA). Framatome ANP stated that thermal transiénts in
the cladding and movement resulfing from strain might promiote crud breakoff from the cladding
but would produce small pieces that would be further broken down by the turbulence and
velocity of the blowdown flow rates. . .
g fower reeadfsr hzensdey l

Exelon Nuclea}ktated that the petitioner's requested action was not necessary because
10 CFR 50.46 already rt’e.qui;es that the oodling perform;nce & the ECCS following postulated
LOCAs meet certain acceptance criteria. Exelon stated that NRC regulatory guidance and
approved ECCS evaluation models already address cfudland other phenomena that could
potentially impact performance relative to the acceptance criteria. Furthermore, Exelon Nuclear
stated that it and its predeceésgrs have over 30 years of experience in monitoring fuel
performance in numerous nuclear power plants (NPPs) and that they have identified only ohe
cycle, in one unit, with crud induéed failufes. Exelon further stated that corrective actions taken
after those observed failures have resulted in no further failures due to crud at this or any other
Exelon unit. In Exelon’s experience, crud is powdery, and its characteristics, in terms. of size or

strength, indicate that it would not block the coolant fiow channels and lead to fuel failures.

in géneral, Exelon asserted, industry experience related to significant crud deposits has
been that they are isolated cases, and that after extensivé root cause evaluations, effective |
‘corrective actions have prevented recurrence. Exelon also stated that crud deposits are
effectively controllea through the use of the Electric Power Research Institute (EPRI) Chemistry
~ Guidelines.
. G nvc.l&x’ Y?/JOF)'
Westinghouse Electric Company, LLC.,Spposed the petition based on its extensive 1

poolside and laboratory examinations of crud deposits on fuel rods used in pressurized-water

qé.ﬁg,‘).d
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reactors (PWRé), including cases In which abnormally high levels of crud could be detected l
during normal operation. {ts results showed that it would be vn'tuaﬂy impossible for any
sngniﬁcant amount of the crud to contribute to flow blockage in the event of a large-break
LOCA. Westinghduse also sfated'mét most of any crud released would become suspended
partié!es that would not affect core coolant ﬂbw. In one cited case, a water chemistry ehangé
resulted in a sudden release of all the aécumulated crud in the core. A very small changé in
reactor coolant flow was observed as a resuilt of this rel;ase. "

16 noeleer vevrdes)

GE Nuclear Energy'bpposed the proposed change on the basis that the event described
in the petition was a unique event, not typical of crud buildup in boiling water reactors (BWRs).
Even with that unusual buildup%ihe core remained in a conﬁgﬁraﬁon that could be cooled
throughout the cycle and would have remained in a configuration that could be cooled in the
event of a LOCA. GE also stated that tl'y;e safety evaluation concerning this event showed that,
even with crud deposition, there would be substantial margin to the 2200 °F peak cladding
temperature acceptance criterion specified by 10 CFR 50.46. |

Thé Nuclear Energy Institute (NEI), an industry group representing all U.S. commercial
nuclear power plants, plant designers, architect/engineering firms, and fuel cycle facilities,
opposed the petition. NEI stated tﬁat existing NRC regulations establish performance criteria

"for maintaining core cooling and specify realistic ECCS evaluation models that address
potential impacts on these performance measures. NEI stated that numerous thermal-hydraulic
phenomena are addressed in the technical evaluation models. However, the regulations are

B not overly prescriptive in terms of phehomena to be addressed, which allows for advances in

the technical database and updating of the evaluation procedures without the need for

(L-13-02
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rulemaking. Fue! performance and other performance measures are monitored routinely to

ensure that core evaluation models accurately reflect real conditions. .

NE! stated that considerable data has been accumulated on crud deposits and their.
impa& on coolant flow properties. The data do not support the pbstulated existence of
- characteristics that might lead to a substantial blockage of flow. NEI believe;s that the
provisions of 10 CFR 50.46 and Appendix K provide an:ac'lequ."-.tte rriechanism fof ensuring that

_ coolant flow and fuel performance are thoroughly monitored and maintained.

. PRM 50-73A
In addition to his petitior%’ (PRM-50-73) regarding the effect of crud on reactor cooling
during a LOCA, the petitioner submitted a supplemental petition for rulemaking, PRM-50-73A.
The supplemental petition stated that §5?.46 and Appendix K to Part 50 do not address the
impact of severe crud deposits on fuel bundle cooling during mma‘lo'g;::ations#a-ﬁght—wate#
-cooled-reacteratpower. The petitioner stated that a licensed power reactor had operated with
unusually heavy crud deposits, which, had they been allowed to build, would likely have blocked
flow channels, interfered with core cooling, and led to significant damage to structural
| components of the core. The petitioner requested that §50.46 and Appendix K be revised to

consider the impact of crud deposits on fuel bundles during normal operations.

Of the seven letters of public comment received in response to PRM-50-73A, two were
submitted by the petitioner, and provided additional information and related technical support

" for his assertions in PRM-50-73 and PRM-50-73A. The other five letters opposed the request

0&‘&13"’?
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for rulemaking as-disctiased in PRM-50-73A.
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‘ NEI noted that it had commented on the Initial PRM-50-73 and provided a copy of the
initial NEI comment letter. With respect to the changes to the regﬁlatipns for normal operating
conditions requested in this supplemental petition, NEI stated that the changes are not needed.
ln NEI's view the NRC Standard Review Pian (SRP) specifies a comprehensive set of
aoceptance criteria that specifically address the impact of fuel crud deposits and ensure that
fuel design limits are not exceeded during any conditions of normal operation, including the
effects of anticipated operational occurrences. NEI stated that‘any accumulation of crud that
iﬁterfered with coolant flow would be detected quickly by pressure drop monitoring throughout

the reactor cooling system.

A consortium of nuclear :"i)ower plants, Strategic Teaming and Resource Sharing
(STARS), supported the arguments against the petition presented by NEI and &ise-stated that l
- STARS opposed the supject petition. ST:ARS stated that chemistry controls and core design
constraints are in place to reduce susceptibility to heavy crud deposition and that during
operation, chemistry indicators and core power measurements are evaluated continuously for
evidence of heavy crud deposition or movement. STARS also stated that visual inspections of

Jited e

fue! assemblies during refueling have found no evidence of heavy crud deposits. STAR
not believe that nuclear safety.uﬁll ge enhanced by adopting the requested rulemaking.

.GE Nuclear Energy stated that the supplemental petition for rulemaking held no
technical merit. GE stated that the requested revision of the ECCS evaluation basis and criteria
is based on a single event that occurred at one plant during one cycle of operation; that the
B unique condition of heavy crud buildu_pA has occurred ‘oniy once in over 1,000 reactor years of
BWR operation, and the postulated scenario (rapid and uncontrollable fuel and core melt) is not

a credible scenario as shown by the damage characteristics observed for the cited event; and

(G
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that the postulated inability to effectively détect and mitigate fhe occurrence of a heavy-crud-
induced fuel damage condmon during normal operation is invalid, as was adequately shown by
the responsible and effective actions taken by the affected plant.

_ p nucleer fowes fed” leensC,
Tennessee Valley Authonty (TVAY'stated that the requested revisions in the
supplemental petition are unnecessary because current regulations adequately address the
 impact of fuel crud deposits oh the cooling of nuclear fu:el duriliig normal reactor operations. In

addition, TVA supported the comments submitted by NEI.

Westinghouse Electric Company had-epposed.thajnmal-peahen-fer-m!emakmg-PRM!
§6-73-and-also opposed the action requested In this supplemengpemea-tomlemakmg ]
Viastinghowse stateﬁhat the postulated scenario leading to rapid core melting is completely
speculative and is not supported by gsy Itear.h’nical or scientific data. Westiﬁghouse also noted
that the regulations recommended for modification in PRM-50-73A are not related to normal

operating conditions, but rather apply to LOCAs.

NRC Technical Evaluation

The NRC reviewed each of the petitioner’s claims and provides the following analysis.

1. The petitioner stated that a licensed power reactor operated with unusually
heavy crud deposits on many of the fﬁel rods, which could lead to restricted

coolant flow and ultimate core meltdown. -

The event referred to by the petitioner occurred at the River Bend Station in 1999. A

coolant chemistry excursion occurred with relatively hfgh iron and copber levels, leading to -

&@’ V\g,m
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exeessive crud deposition. As the licensee event report (LER 50—458/99—01 6-00) indicated, the
occuneﬁce of this event was unusua! and oﬁly happened once during the previous eight cycles
for this specific plant. The NRC staff has not found any.other nuclear power plants that
| experienced this unusually heavy crud formation. Although a thin oxidation layer appears in
almoet every operating reactor, the staff coneiders heavy crud build up to be extremely rare.

Therefore, the probability of a Iarge break LOCA occurring whlle some of the high power
th‘&'é:& 3

,Q,e,\ bundles have severe crud deposmon ower than that of a—des:gn‘basm“accident—
The. Lolh cieng and 'ﬂua
reduces Hig pefmetod riek &
ré ‘demrrd;
2. The petitioner contended that Iif a fast movmg LOCA had occurred with severe
crud deposited on some high power bundles, éxtensive blockage of the flow [
channels within the fuel bundles would likely have developed. In addition, he
argued that during a blowdown, the redistribution of crud into any or all of several
restricted channeis would }'esult in substanﬁel flow blockage. The petitioner
postulated that the crud would break off during a LOCA to form a blockage at the

el
down stream”Yrid locations. ' ’

~ The operating experience relative to significant crud deposits has been that the
observed crud is powdery or fiuffy. During & large-break LOCA, even ii the-preasure-wave ’
émakscﬁ-eeme—e#ﬁaecmd?&ﬁmaﬂ solid particles are expected to be carried downstream. ‘
‘No data was provided In the petition to support the petitioner’s argument for crud blockage.
The NRC also reviewed records of licensee event reports and found no test data or documents
supportmg the assumption that,daﬁd#ﬂ the crud mxght break off and form a flow blockage. ’

Therefore the NRC does not believe that the petmoner's concems about the flow blockage due

g

v

to crud are supported by technical or scientific data. -



- Sherewetld-ikely-have-been-arapid.dsteroration-cf- deforse-n-depth: The i
petitioner argued that if severe crud existed within the fue! bundles, the crud
could lead to a loss of cooling with consequent overheating of Zirconium and

rapid autocatalytic zirconium-Water reactions of the fuel cladding.

The NRC agrees that heavy crud could cause h;gher-tiiaan-normal fuel cladding
temperatures due to the additional heat transfer resistance during normal operation and
postulated accidents. In ﬁarticular. the porous form of crud could function as an-additismakheat

induletar -
f fer between the zirconium cladding and the coolant. But the NRC does not
believe that the peﬁtioner‘s con'ié:em about the poséibility of autocatalytic zirconium-water
reactions is valid. However, if the metal-water reaction is assumed to occur, the NRC believes
that this additional layer of material woulp alsoforma shigld between the coolant and the
| cladding material that would reduce the metal-water reaction rate. Should the metal-water

reaction occur, the steam from the coolant stream would need to i

4ransfortresistaneoafthe crud layer in order to reach the cladding, land the resulting hydrogen
generated at the cladding surface would need t mumard through the crud Therefore,
compared to a bare metal surface at the same temperature, a fuel rod with a layer of crud
would be expected to have a reduced metal-water reaction rate, thus reducing the édditionai
'heat generated by the metal-water reaction. It would be inappropriate to consider only the
additional 'heat transfer resistance and assume zero reduction of the metal-water reaction rate.
A Some locations where the crud has cracks would not see the reduction of the metal-water
.- reaction. However, at these Iocations; it is expected th;at the éteam would directly cool the bare
metal surface and form a colder surface region before the temperature rose high enough to

&

trigger the metal-water reaction.
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4, The petitioner asserted that 10 CFR 50.46 does not address the impact of crud

on core cooling during the large-break LOCA.

Section 50.46 (b)(4), hewvewer; provides a requirement regarding the cooling of' the core. l
This ‘éection' states: “Calculated changes in core geometry shall be such that the core remains
amenable to cooling®. In additipn, Section 1.C.3 of Appendix K to Part 50 states: “The following
A _effects_ shall be taken into account in the conservation o:f moméntum equation:...(3) area
éhange momentum flux...(6) pressure loss resulting from area charige...'. Many phenomena
“and mechanisms may cause a change in core geometry (e.g, the rod ballooning effect, therma!
expansion, crud buildup). The NRC does not believe that it is nec’essary'for the;' regulation to

explicitly include all the possibleﬂ mechanisms causing & change in core georﬁet‘ry;

Although the. scenario of & large I‘areak LOCA coinciding with heavy crud formation is
considered a low probability event, NRC's Standard Review Pian (SRP) for ECCS has already
defined detailed requirements to monitor the effect of crud deposits. The SRP outlines &
comprehensive set of acceptance criteria that serve to demonstrate compliance with regulatory
requirements. Three acceptance criterié— that specifically address the impact of fuel crud

~ deposits are provided below:
SRP Section 4.2 Fuel System Design, Acceptance Criterion 11.A.1.(d)

“Oxidation, hydriding, and the buildup of corrosion products (crud) should be limited.

Allowable oxidation, hydriding, and crud Ieve!ss:hould be discussed in the Safety

Analysis Report and shown to be acceptab!e.

| %ﬁbn?
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SRP Section 4.4 Thermal And Hydraulic Design (Il. Acceptance Criterié)

-_—

“8. The effects of crud should be accounted for in the thermal-hydraulic design by

[Eedeel hest Letoc’]
includmg it in the CHF calculations in the core or in the pressure drop throughout the

- Drezedecoalent tusjom 1
FlCS Process monitoring provisions should assure the capability for detection of &
three percent drop in the reactor coolant flow. The flow should be monitored every

24 hours.” : f
SRP Section 4.4 Thermal And Hydraulic Design (lll. Review Procedures)

“The reviewer ensures that adequate account is taken of the effect of crud in the primary
coolant system, such as in the calculation of CHF in the core, heat transfer in the steam

generators, and pressure drop throughout the RCS.”

¢od
!

The NRC staff believes that these guidelines adequately address the impacts of fuel‘

crud on normal reactor operation and ECCS performance during a large break LOCA.

oxali e,

In addition, the NRC believes that the ruelearindustnrhas strong incentuves to control
crud buildup. Excessive crud formation could lead to operation at reduced power levels or even
shutdown i coolant activity levels (suspended activated corrosion products) were to exceed
§ 4 retonsand ghis {2
technical specifications. Rgduced grid power & costly. Activated crud deposition throughout
plant systems incfreases a&fgﬁate‘levds that wezzd result in costly increases in worker
mdoses,aﬂ‘ige industry is required to demonstrate effprts to maintain occupational doses
" as low as is reasonably achievable (ALARA). The NRC believes that incentives for optimizing
power output and minimizing occupafional doses are strong. The NRC is aware that the EPRI

water cherhistry guidelines that the industry follows provide effective methods to control crud

?@’ \5»07 .
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_ formation and buildup. Occupational doses over the past fifteen years have declined, and
sustained power output levels have increased, suggesting that crud control incentives and

methods are effective..

5. In PRM-50-73A, the petitioner contended that if the deposits continued to build
during normal reactor operation, a severe crud buildup might form. Blockage of
the flow within the fuel bundles would likely deve!op and overheatmg of the
cladding would trigger an autocatalyti fooﬁﬁ:m.ﬁf?”rﬁ; ion. Subsequently, /
the petmoner stated that buildup could initiate substantial and rapid localized
core melting while theﬁzis at (full) power. Further, the petitioner contended '
that amy&be operated within its licensing basis and the technical ’
specifications during the transition from unusually heavy crud to severe crud. '
The petitioner made a hypothesis that the increase of the off-gas system activity
would not be regarded a"s:'!an indicator of a possible heavy crud deposition and,

therefore, the plént would continue to operate until the transition from heavy crud -

deposition to a severe level occurs.

Crud build-up is generally a very slow process. With {88 water chemistry control, the l |
transifion time from heavy crud to sev)ere crud deposition will be on the order of weeks. Even
befdre‘the formation of a heavy crud layer, the elevated cladding temperature due to crud can
‘cause crud-assisted corrosion which usually results in pin-hole type fue! cladding damage. The
longer the rod experiences the elevated temperature caused by the érud, the more damage to
the fuel rod cladding would oecilr. With only & few fuel rods.damaged, the ofi-gas activity would
“ increase. Abnormally high activity readings in the off-gas system require operators to take
action to mitigate fuel cladding damage. In several cases gt different operating reactors, the

operators were able to adjust the control rod pattern to lower the local power peaking factor

0&.@4"3’0

b



. -16- _
safety. The NRC believes that the requested regulatory change is of'marginal safety value and
will cause additional and unnecessary NRC and licensee resource expenditure. NRC resources

required to issue the rule would be significant with little return of value.

NRC Strategic Performance Goals
The NRC has evaluated the advantages and disadvantages of the rulemaking
requested by the petitionér with respect to the four NRC-Stratlec Performance Goals as

follows:

1. Maintaining Safety: The NRC believes that the requested rulemaking would not
make a significant contribution tg maintaining safety because current regulations and regulatory
guidance already address the effect of crud-related parameters on core coaling, because no
existing data suggests that the amount of crud normally deposited on reactor fuel can
significantly interfere with coolant ﬂdw. and because the brobable cause of the single event at
River Bend Station noted by the petitioner, namely a transient coolant chemistry excursion with
high iron and copper levels, is known and has been corrected. The NRC believes that existing
regulations, guidance and practices provide for monitoring, detecting and oorreciing any
| possible crud effects on core cooling before any significant safety problems could' occur.

L kekovts Phefthe, _ ’

2. Enhancing Public Confidence: Thebroposed revisions would not enhance public
confidence. First, the NRC has concluded that the petitioner's contentions lack an adequate - ‘
technical basis. Second, current regulations and guidance already address the effects of

normal crud accumulation on core cooling. The petitioner’s request in effect would require that

*-* substantial, additional consideration be given to abnormally héavy accumulations of crud as a

potential source of coolant flow obstrubtion, which is a condition that has never been observed.

The NRC does not believe that such unnecessary and costly regulatory action to address a

©
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non-safety significant issue, without technical justification, would enhance public confidence in

the safety of nuclear power.

3. Improving Efficiency, Effectiveness. and Realism: The proposed revisions would

decrease efficiency, effectiveness, and realism because licensees would be required to
generate additional information as part of the development of their ECCS evaluation models
éhd the NRC would need to evaluate the licensee’s data and &nalysis. The NRC staff believes
that this additional consideration s of marginal safety value because the petitioner’s scenarios
are not supported by a technical basis. The additional NRC staff and licensee effort would not
' improve efficiency or effectiveness. In addition, the NRC resources expended to promulgate

the rule and supporting regulatgry guidance would be significant with little retum of value.

4; Reducing Unnecessary Requlatory Burden: The requested rule would increase
i
licensee burden by requiring significant additional testing and analysis of ECCS effectiveness
with little expected benefit.

Reasons for Deniat

The Commi‘ssion‘ is denying the petitions for rulemaking. Seeten 10 CFR 50.46 already l
requires a ﬁuclear power plant applicant/licensee to address the impacts of the core geometry
change on cooling in ECCS analyses. The deﬁiled interpretation of this requirement has been
‘documented in the Commission’s Standard Review Plan, which specifically addresses the
potential buildup of cn;d and its effects for ECCS analyses and transient analyses. The
Commission does not befieve that crud buildup to the levels postulated by the petitioner are
" reasonable. The petitioner's hypotheﬁcal discussion o’f fuel dad performance with severe levels
of crud buildup was not sdpported by modeling, experimental resuits or operationa! data

sufficient to demonstrate that fuel with high crud levels will actually behave in the manner

@f’ \30‘0?
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postulated by the petitioner. The NRC believes that there are other phenomena the petitioner
failed to consider that would tend to reduce metal-water reactions and counteract ahtocatalytic
reactions even if the extreme conditions postulated by the petitioner could be reached. The
operating experience at several nuclear power plants that have experienced fuel failures shows
that fuel degradation has progressed in a manner which is controllable. The event (River Bend)
identified by the petitioner as evidence of the likelihood of high crud levels occurred only once
at that plant and has not been repeated there, or at any other plant in the United States.

Finally, technica! specifications for monitoring of reactor coolant activity and the requirements in
10 CFR Part 20 to maintain occupational exposures as low as reasonably achievable (ALARA)
have resulted in licensee operational practices for early identification of coolant activity increase
due to crud deposits before they build to the levels postulated by the petitioner. The ’
Commission does not believe that the petitioner's hypothetical discussion of a mechahism
preventing early detection of abnormal activity levels Is credible. For these reasons, the

baszs .ﬂa,—/.a?,,ws-éng rakmatons
Commission has determined that the petitioner‘s’ben«teﬁﬁ@ have not been substantiated.

For these reasons, the Commission denies PRM-50-73 and PRM-50-73A.

Dated at Rockville, Maryland, this day of , 2003.

FOR THE NUCLEAR REGULATORY COMMISSION

Annette Vietti-Cook
Secretary of the Commission
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refueling, extensive blockage of flow channels within the fu_el bundles would have developed,
leading to a degradation of core cooling and compromising defenepth. The petitioner
further stated that significant crud deposits could lead to an extensive fuel failure during full-
power operation and that the amount of failed fuel would then lead to a decision to shut‘down
the reactor as the inventory of radioactive material in the reactor coolant reached the Iimiisl.

allowed by the technical specifications.

_ PRM-50-73A
The petitioner stated that §50.46 and Abpend”ux K to Part 50 do not address the i’mpact
of severe crud deposits on fuel bundle cooling during normal operations of a light watef cooled
reactor at power. The petitioner stated that a licensed power re:actor had operated with
unusually heavy crud deposits which, had they been allowed to-build, would iikely have blocked
flow channels, interfered with core cooling and led to significant damage to structural
co-mponents of the core. The petitioner requested that §50.46 and Appendix K be revised to

include consideration of the iirnpact of crud deposits on fuel bundles during normal operations.
Public Comments on the Petitions

PRM-50-73
The five letters of public comment received were opposed to this petition. Framatome
ANP did not agreé that crud would collect within the core as the petitioner suggested, nor that it
would pose blockage problems. Framatome discussed the effects of ciud for the sections of
the regulations addressed by the petition, and stated that for each section, the effects of crud
are adequately addressed. In Framatome’s experience, typical crud formed on the surface of

fuel cladding does not have the consistency to create coolant flow blockage during either

P
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rulemaking. Fuel performance and other performance measures are monitored routinely to .

ensure that core evaluation models accurately reflect real conditions.

NEI stéted that considerable data has 'béen accumulated on. crud deposits and their
impact on coolant flow properties. The data do not support the postulated existence of
characteristics that might lead to a substantial blockage of flow. NEI believes that the
provisions of 10 CFR 50.46 and Appendix K provide an adequate mechanism for ensuring that

coolant flow and fuel performance are thoroughly monitored and maintained.

PRM 50-73A

Of the seven letters of public comment received in response to PRM-50-73A, two were
submitted by the petitioner, and provided additional information and related technical support
for his assertions in PRM-50-73 and PRM-50-73A. The other five letters opposed the request

for rulemaking as discussed in PRM-50-73A.
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excessive crud deposition. As the licensee event report (LER 50-458/99-016-00) indicated, the
occurrence of this event was unusual and only happened once during the previous eight cycles
- for this specific plant. The NRC staff has not found any other hﬁclear power plants that
experienced this unusually heavy crud formation. Although a thin oxidation layer appears in
almost every operating>reactor,' the staff considers heavy crud build up to be extremely rare.
Therefore, the probability of a large break LOCA occurring while some of the high power

bundles have severe crud deposition is lower than that of a design basis accident.

2. The petitioner contended that if a fast moving LOCA had occurred with severe
crud deposited on some high power bundies, extensive blockage of the flow
channels within the fuel bundles would likely have developed. In addition, he
argued that during a blowdown, the redistribution of crud into any or all éf several

" restricted channels would result in substantial flow blockage. The petitioner
postulated that the crud would break off during a LOCA to form a blockage at the

down stream grid locations.

The operating experience relative to significant crud deposits has been that the
observed crud is powdery or fluffy. During & large-break LOCA, even i the pressure wave
breaks off some of the crud, only small solid particles are expected to be carried downstream.

ratiats
No data was provided in the petition to support the petitioner’s-e-rgurnem%r crud blockage.
The NRC also reviewed records of li e event reports and found no test data or documents
ool RS (TR -
supporting the assumption that, in aiWR) the crud might break off and form a flow blockage.

Therefore, the NRC does not believe that the petitionér’s concerns about the flow blockage due

to crud are supported by technical or scientific data.
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SRP Section 4.4 Thermal And Hydraulic Design (Il. Acceptance Criteria)
E n‘i‘féal Hﬂf{' Fr\b(]
“8. The effects of ctud should be accounted for in the thermal-hydraulic design by
including it in the: CHF calculations in the core or in the pressure drop throughout the
[Resctty Colonf_— . = . o
i,sﬁm ] RCS. Process monitoring provisions should assure the capability for detection of a
three percent drop in the reactor coolant flow. The flow should be monitored every

24 hours.” -
SRP Section 4.4 Thermal And Hydraulic Design (l1l. Review Procedures)

“The reviewer ensures that adequate account is taken of the effect of crud in the primary
coolant system, such as in the calculation of CHF in the core, heat transfer in the steam

generators, and pressure drop throughout the RCS.”

The NRC staff believes that these guidelines adequately address the impacts of fuel

crud on normal reactor operation and ECCS performance during a large break LOCA.

In addition, the NRC believes that the nuclear industry has stréng incentives to-control
crud buildup. Excessive crud formation could lead to operation at reduced ‘power levels or even
shutdown if coolant activity levels (suspended activated corrosion products) were to exceed
technical specificatiohs. Reduced grid power is costly. Activated crud debosition throughout
plant systems increases dose-rate levels that would result in costly increases in worker
radiation doses. The industry is required to demonstrate efforts to maintain occupational doses
as low as is reasonably achievable (ALARA). The NRC believes that incentives for optimizing
power odtput and minimizing occﬁpational doses are strong. The NRC is aware that the EPRI

water chemistry guidelines that the industry follows provide effective methods to control crud



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

Mr. Robert H. Leyse
P.O. Box 2850
Sun Valley, ID 83353

SUBJECT: PETITIONS FOR RULEMAKING PRM-50-73 AND PRM-50-73A: IMPACT OF
CRUD BUILDUP ON ECCS CAPABILITY

Dear Mr. Leyse:

|.am responding to your letters of September 4, 2001, and November 5, 2001, which submitted
petitions for rulemaking that asked for amendments to 10 CFR 50.46 and Appendix K of Part
50. Your letters contend that these regulations, and associated guidance, are inadequate
because they do not address the effects of crud buildup during normal operations and the -
effects of crud detachment and resuspension during & loss-of-coolant accident (LOCA) on the
capability of the emergency core cooling system (ECCS). You further state that these
inadequacies could result in overheating of the core, leading to meltdown both during a large
break LOCA and during normal operations. :ﬁ é/

The NRC published notices of receipt of PRM-50-73 on October-12, 2001, and PRM-50-73A-on
January 29, 2002. Five letters of public comment were received on PRM-50-73, and seven
letters on PRM-50-73A. All of the letters of public comment, except two that you provided on
PRM-50-73A, opposed the proposed actions. The commenters afgued’that existing rules
require the ECCS to meet stringent performance criteria by, among other procedures,
controlling buildup of crud; that only one cycle in one plant ever had & significant crud buildup,
which was quickly observed and remediated; that concemn for controlling dose rates from crud
buildup and a desire to operate a plant at full power provide strong industry incentives to control
crud; and that all safety analyses have shown that crud has not had any impact on required
thermal safety margins.

The Commission is denying your two petitions for the following reasons. There is no apparent
safety problem. The NRC found no reports or data indicating that heavy crud buildup had ever
threatened the capability of the ECCS to manage a LOCA or that heavy crud buildup could
significantly interfere with coolant flow during normal operations. The NRC believes that the
ECCS performance criteria, along with three specific references to crud control in the Standard
Review Plan, assure that licensees will continue to address crud buildup in their analyses of
ECCS performance. The NRC believes that specifying that crud buildup be addressed
specifically in the rules would provide little benefit and would not contribute to performance

based regulation.
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