NOTE: The availability of this draft rule language, as it exists in this document, is intended to inform
stakeholders of the current status of the NRC’s activities to revise the requirements for emergency
core cooling systems to support an upcoming meeting with the Advisory Committee on Reactor
Safeguards. The NRC staff is considering restructuring the current Section 50.46 regulation to
distinguish ECCS performance requirements (i.e., criteria governing acceptable capability of ECCS
to perform its cooling function during and after a design basis LOCA) from fuel/cladding
performance requirements (i.e., criteria intended to ensure that the fuel and cladding do not result in
prevention of successful cooling during and after a design basis LOCA, and any other effects with
adverse impacts on the capability or other safety systems). Additionally, the NRC staff may add new
paragraphs to address long standing issues and concerns with the current regulation. As such, this
draft rule language may be incomplete or in error in one or more respects, and will be subject to
further revisions during the rulemaking process. The NRC is not requesting formal public comments
on this draft rule language. The NRC may post updated materials, including updated draft rule
language, to this page. Interested stakeholders should periodically check this page for updates and
added materials.

Draft Rule Language for 10 CFR 50.46¢

¢ Requirements

(a) Applicability. The requirements of this section apply to each holder of an operating
license for any light water nuclear power reactor (LWR), regardless of fuel design or cladding
material, except for a licensee who has submitted the certifications required under

10 CFR 50.82(a)(1) to the NRC.

(b) Definitions. As used in this section:

(3) Breakaway oxidation means, for the purposes of this section, the fuel cladding
oxidation phenomenon in which weight gain rate deviates from normal kinetics. This
change occurs with a rapid increase of hydrogen pickup during prolonged exposure to a
high temperature steam environment, which promotes loss of cladding ductility

(c) General performance requirements for any fuel design or cladding material. Each LWR must
be provided with an emergency core cooling system (ECCS) designed so that, when fueled with
an acceptable fuel design, the following performance requirements are satisfied in the event of a
postulated loss-of-coolant accident (LOCA):

(1) Core geometry remains amenable to cooling;
(2) Generation of combustible gas is limited to the maximum extent practicable;

(3) Core temperature is maintained at a value sufficient to ensure compliance with criteria
in paragraphs (c)(1) and (c)(2) of this section;
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(4) Decay heat is removed for the extended period of time required by the long-lived
radioactivity remaining in the core.

®)

applicable specified and
acceptable

(d) Specific requirements for fuel designs consisting of uranium oxide or mixed uranium-
plutonium oxide pellets within zirconium-alloy cladding material. Each LWR must be provided with
an ECCS designed so that, when fueled with an acceptable fuel design consisting of uranium
oxide or mixed uranium-plutonium oxide pellets within cylindrical zirconium-alloy cladding, the
following performance requirements are satisfied in the event of a postulated LOCA:

(1)
(i) Except as provided in paragraph (d)(1)(ii) of this section,

(i) Cladding embrittlement. Specified and acceptable analytical limits on peak cladding
temperature and time at elevated temperature shall be established which correspond to
the measured ductile-to-brittle transition for the zirconium-alloy cladding material based
on an acceptable experimental technique. The calculated maximum fuel element
temperature and time at elevated temperature shall not exceed the established
analytical limits.

If the peak cladding temperature established to preserve cladding ductility is lower than
the 2200° F limit specified in (d)(1)(i), then the lower temperature shall be used in place
of the 2200° F limit.

iii) Zirconium fuel cladding oxidation limits. To ensure that the zirconium-alloy cladding
material’s susceptibility to breakaway oxidation is beyond the realm of postulated LOCA
core temperature excursions, the total accumulated time that the cladding is predicted
to remain above a temperature at which the zirconium alloy has been shown to be
susceptible to this phenomenon shall not be greater than a specified and acceptable
limit which corresponds to the measured onset of breakaway oxidation for the
zirconium-alloy cladding material based on an acceptable experimental technique. The
onset of breakaway oxidation shall be measured periodically on as-manufactured
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cladding material and any changes in the time to the onset of breakaway oxidation shall
be reported at least annually as specified in § 50.4 or § 52.3 of this chapter, as
applicable, and shall also be addressed in accordance with § 21.21 of this chapter.

()

®)

(4) Evaluation model.

(d)(4)()

(d)(1), (2), and (3)

(i)

(ii) Oxygen diffusion from the cladding inside surfaces will reduce the allowable time at
elevated temperature to embrittlement. If an oxygen source is present on the inside
surfaces of the cladding at the onset of the LOCA, the effects of oxygen diffusion from
the cladding inside surfaces shall be considered in the evaluation model.

(e) [Reserved]
(f) [Reserved]
(9) [Reserved]
(h) [Reserved]
(i) [Reserved]
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() [Reserved]
(k) Reporting.

(1) Each applicant for or holder of an operating license or construction permit issued under
this part, applicant for a standard design certification under part 52 of this chapter (including
an applicant after the Commission has adopted a final design certification regulation), or an
applicant for or holder of a standard design approval, a.combined license or a manufacturing
license issued under part 52 of this chapter, shall estimate the effect of any change to or
error in an acceptable evaluation model or in the application of such a model to determine if
the change or error is significant. For this purpose, a significant change or error is one which
results in a calculated peak fuel cladding temperature different by more than 50 °F from the
temperature calculated for the limiting transient using the last acceptable model, or is a
cumulation of changes and errors such that the sum of the absolute magnitudes of the
respective temperature changes is greater than 50 °F.

(2) For each change to or error«discovered in an acceptable evaluation model or in the
application of such a model that affects the temperature calculation, the applicant or holder
of a construction permit, operating license, combined license, or manufacturing license shall
report the nature of the change or error and its estimated effect on the limiting ECCS
analysis to the Commission at least annually as specified in § 50.4 or § 52.3 of this chapter,
as applicable. If theschange or error is significant, the applicant or licensee shall provide this
report within 30.days and include with the report a proposed schedule for providing a
reanalysis ord{aking other action as may be needed to show compliance with § 50.46
requirements. This schedule may be developed using an integrated scheduling system
previously approved for the facility by the NRC. For those facilities not using an NRC
approved integrated scheduling system, a schedule will be established by the NRC staff
within 60 days.of receipt of the proposed.schedule. Any change or error correction that
results in a calculated ECCS performance that does not conform to the analytical limits
established in accordance with this section, as applicable, is a reportable event as described
in §§ 50.55(e), 50.72, and 50.73. The affected applicant or licensee shall propose immediate
steps to demonstrate compliance or bring plant design or operation into compliance with §
50.46 requirements.

(3) For each change to or error discovered in an acceptable evaluation model or in the
application of such a model that affects the temperature calculation, the applicant or holder
of a standard design approval or the applicant for a standard design certification (including
an applicant after the Commission has adopted a final design certification rule) shall report
the nature of the change or error and its estimated effect on the limiting ECCS analysis to
the Commission and to any applicant or licensee referencing the design approval or design
certification at least annually as specified in § 52.3 of this chapter. If the change or error is
significant, the applicant or holder of the design approval or the applicant for the design
certification shall provide this report within 30 days and include with the report a proposed
schedule for providing a reanalysis or taking other action as may be needed to show
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(I) Authority to impose restrictions on operation.
for licenses issued under 10 CFR 50) or the Director of the Office of
New Reactors (for licenses issued under 10 CFR 52)

the requirements of

(m) Relationship to other NRC regulations.
analytical limits
established in accordance with this section,

of this part.

(n) Implementation.

(1) Construction permits issued under Part 50 after [EFFECTIVE DATE OF RULE] must
comply with the requirements of this section.

(2) Operating licenses issued under Part 50 which are based upon construction permits in
effect as of [EFFECTIVE DATE OF RULE] (including deferred and reinstated
construction permits) must comply with the requirements of § 50.46¢ by no later than the
applicable data set forth in Table 1. Until such compliance is achieved, the requirements
of this section continue to apply.

(3) Operating licenses issued under Part 50 after [EFFECTIVE DATE OF RULE] must
comply with the requirements of this section.

(4) Operating licenses issued under Part 50 as of [EFFECTIVE DATE OF RULE] must
comply with the requirements § 50.46¢ by no later than the applicable date set forth in
Table 1. Until such compliance is achieved, the requirements of this section continue to

apply.

(5) Standard design certifications under part 52 of this chapter, whose applications
(including applications for amendment) are pending as of or docketed after [EFFECTIVE
DATE OF RULE], and new branches of these certifications whose applications are
pending as of or docketed after [EFFECTIVE DATE OF RULE] must be amended to
reflect compliance with this section no later than 36 months after [EFFECTIVE DATE OF
RULE]. For purposes of this paragraph, a “branch” represents an alternative to the
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certified design as approved in the original design certification rulemaking. Such
amendments | are not subject to either the issue finality provisions under 10 CFR
52.103(g) or the backfitting requirements under 10 CFR 50.109.

(6) Standard design certifications under part 52 of this chapter, or branches of standard
design certifications in effect on [EFFECTIVE DATE OF RULE] but not referenced in an
application for combined license or in a combined license, must be amended to reflect
compliance with this section 36 months after the design certification rule is referenced in
a combined license application or upon renewal, whichever is later. Such amendments
are not subject to either the issue finality provisions under 10 CFR 52.103(g) or the
backfitting requirements under 10 CFR 50.109.

(7) Combined licenses under part 52 of this chapter must comply with this section no later
than completion of the first refueling outage after initial fuel load. Until such compliance
is achieved, the requirements in § 50.46 continue to apply.

(8) Standard design approvals under part 52 of this chapter issued before [EFFECTIVE
DATE OF RULE] must comply with this section before the design approval may be
referenced in a construction permit, operating license, design certification, combined
license or manufacturing license issued by the NRC.

(9) Applications for standard design approvals under part 52 of this chapter issued after
[EFFECTIVE DATE OF RULE] must comply with this section.

(10) Applications for manufacturing licenses under part 52 of this chapter submitted after
[EFFECTIVE DATE OF RULE] must comply with this section.
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Table 1: Implementation dates for Nuclear Power Plants with operating licenses as of
[EFFECTIVE DATE OF RULE] or operating licenses which are based upon construction permits
in effect as of [EFFECTIVE DATE OF RULE] (including deferred and reinstated construction
permits).

Calculated Local Oxidation (ECR’) Latest Date for Demonstrating
Reported in UFSAR Compliance

ECR > 100 No later th_an 36 months from
effective date of rule

10.0 > ECR > 5.0 No later th'an 48 months from
effective date of rule

ECR < 5.0 No later th_an 60 months from
effective date of rule

' Equivalent cladding reacted
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In Appendix K to 10 CFR Part 50: (1)(B)

The
thermal effects of crud and oxide layers that accumulate on the fuel cladding during plant
operation must be evaluated.

In Appendix K to 10 CFR Part 50: (I1)(5)

§50.46¢(d)(4)(1)
§ 50.46¢(d)(4)
C

ML110970044




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


