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ATTN: Rulemakings and Adjudications Staff

Subject: RIN 3150-AH42, Comments on Advance Notice of Proposed Rulemaking for Performance-Based
Emergency Core Cooling System Acceptance Criteria.

Project Number: 689

The Nuclear Energy Institute (NEI) is pleased to provide substantive comments on the staff's Advance Notice
of Proposed Rulemaking (ANPR) as published in the Federal Register,(FR) on August 13, 2009. The ANPR
FR notice solicited comments on the following:

* Proposed rulemaking effort to revise the acceptance criteria for emergency core cooling systems
(ECCS) for light-water nuclear power reactors

" Expanding the applicability of the rule to all current and future cladding materials

* Modifying the reporting requirements

* Addressing concerns raised in a petition for rulemaking (PRM) regarding crud and oxide deposits and
hydrogen content in fuel cladding.

NEI relied on a number of experts from the nuclear industry to support our response; representatives of the
fuel vendors, EPRI, and numerous licensees made substantial contributions. Our review identified a number of
areas of concern. Industry believes these concerns represent significant challenges to moving forward with
this ANPR. The key issues that need to be addressed are highlighted in the Attachment. As we compiled our
response, NEI was unable to identify safety significant issues based on operating experience and fuel
performance during the 30 plus years of operation of the US nuclear fleet that would necessitate the
rulemaking in the timeframe established by the proposed schedule. This conclusion is supported by the
February 23, 2009, "Plant Safety Assessment of RIL 0801" (ML090340073), where the NRC determined that:

* "reasonable assurance that plant operations and public safety are not challenged"
* "revising 10CFR50.46(b) and implementing these new requirements into the operating fleet may

proceed on a reasonable schedule"

For these reasons, NEI respectfully requests that the rulemaking be delayed until sufficient technical
information is developed and evaluated.

James H. Riley
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October 27, 2009

Secretary
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
ATTN: Rulemakings and Adjudications Staff

Subject: RIN 3150-AH42, Comments on Advance Notice of Proposed Rulemaking for Performance-
Based Emergency Core Cooling System Acceptance Criteria.

Project Number: 689

The Nuclear Energy Institute (NEI) 1 is pleased to provide substantive comments on the staff's
Advance Notice of Proposed Rulemaking (ANPR) as published in the Federal Register (FR) on August
13, 2009. The ANPR FR notice solicited comments on the following:

* Proposed rulemaking effort to revise the acceptance criteria for emergency core cooling
systems (ECCS) for light-water nuclear power reactors

• Expanding the applicability of the rule to all current and future cladding materials

* Modifying the reporting requirements

* Addressing concerns raised in a petition for rulemaking (PRM) regarding crud and oxide
deposits and hydrogen content in fuel cladding.

NEI relied on a number of experts from the nuclear industry to support our response;
representatives of the fuel vendors, EPRI, and numerous licensees made substantial contributions.
Our review identified a number of areas of concern. Industry believes these concerns represent
significant challenges to moving forward with this ANPR. The key issues that need to be addressed

1 NEI is the organization responsible for establishing unified nuclear industry policy on matters affecting
the nuclear energy industry, including the regulatory aspects of generic operational and technical issues.
NEI's members include all utilities licensed to operate commercial nuclear power plants in the United
States, nuclear plant designers, major architect/engineering firms, fuel fabrication facilities, materials
licensees, and other organizations and individuals involved in the nuclear energy industry.
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are highlighted in the Attachment. As we compiled our response, NEI was unable to identify safety
significant issues based on operating experience and fuel performance during the 30 plus years of
operation of the US nuclear fleet that would necessitate the rulemaking in the timeframe established
by the proposed schedule. This conclusion is supported by the February 23, 2009, "Plant Safety
Assessment of RIL 0801" (ML090340073), where the NRC determined that:

* "reasonable assurance that plant operations and public safety are not challenged"
* "revising 10CFR50.46(b) and implementing these new requirements into the operating fleet

may proceed on a reasonable schedule"

For these reasons, NEI respectfully requests that the rulemaking be delayed until sufficient technical
information is developed and evaluated.

As requested in the FR notice, Industry developed responses to the Issues for Consideration in
Section IV of the ANPR; these responses are found in the Attachment. Industry cannot fully develop
cost estimates at this time, due to the lack of specificity in the proposed conceptual rule.

Industry is also providing the following general discussion on the four objectives presented in the
conceptual approach. More detailed discussions are contained within the responses in the
Attachment.

Objective 1: Expand the applicability of §50.46 to include any light-water reactor fuel
cladding material.
NEI supports the objective to expand the rule to include any light-water reactor fuel cladding
material. This is a positive step toward reducing administrative burden for Industry and NRC
and acknowledges that once a sound technical foundation is established, it remains valid.

Objective 2: Establish performance-based requirements and acceptance criteria specific to
zirconium-based cladding materials that reflect recent research fndings.
In general, Industry supports a move to performance based criteria; however, cladding
research is not complete at this time and the results have not been fully reviewed with
respect to realistic conditions. When this cladding research is completed, Industry and NRC
will be better prepared to proceed with rulemaking. Industry intends to explore alternative
test procedures with a wider range of controlled parameters. Industry also intends to
consolidate test results from the various laboratories/test procedures to set a range of test
conditions suitable for a round robin type of evaluation that could lead to a standard ASTM
test procedure. Conservatisms need to be properly considered to ensure the final guidance
does not become overly restrictive.
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Objective 3: Revise the LOCA reporting requirements.
Licensees are required to maintain LOCA analyses using approved LOCA evaluation models
that meet the regulatory limits. Existing requirements remain sufficient for reporting
exceedance of these limits. In addition, the existing requirement for reporting changes in
peak cladding temperature, and the accumulation of errors and changes, also remain
sufficient.

NRC has proposed increasing the reporting threshold from 50°F to 100OF for peak cladding
temperatures less than 20900F; Industry agrees with this proposed change. For peak
cladding temperatures greater than 20900 F, the NRC has proposed a graded approach for
reporting. Industry proposes that the existing 50°F reporting threshold be maintained for
peak cladding temperatures exceeding 20900 F.

NRC has proposed a reporting criterion for breakaway oxidation susceptibility within the
LOCA regulation. Industry does not agree with this proposal, as noted in the Attachment.

Objective 4: Address the issues raised in PRM-50-84, which relate to crud deposits and
hydrogen content in fuel cladding.
Industry is opposed to regulations requiring crud inspections during refueling. Severe crud
deposition has been an infrequent event. Industry has expended a great deal of effort in
recent years towards improving fuel performance and reliability with 'respect to crud
deposition related issues through coolant chemistry and fuel operational guidelines.
Industry has embraced good practices for water chemistry control including a crud and
cladding corrosion risk assessment each cycle. The industry objective of zero fuel failures by
2010 has also driven industry compliance with water quality guidelines and good practices.
Given that severe crud deposition has been an infrequent event, new guidelines are in place
to avoid unexpected depositions, and the existing NRC review process, NEI believes that a
regulatory requirement for periodic inspections for crud is not necessary or justified.

Industry believes that rulemaking is proceeding without sufficient technical basis for some of the
proposed conceptual changes; in summary:

* Industry and NRC would benefit from the proposed revision that expands the cladding
applicability.

* When laboratory testing of cladding specimens is completed and results are fully reviewed
with respect to realistic conditions, Industry and NRC will be better prepared to proceed with
a rulemaking that is better informed with results from current research.

* Existing requirements remain sufficient for reporting exceedance of LOCA analysis limits.

* A regulatory requirement for periodic inspections for crud is not necessary.
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In order to document the current thinking, it may be acceptable to capture some ideas from these

proposed conceptual changes in a generic communication until such time that the cladding specimen

test results can support rulemaking.

In keeping with the ANPR process, Industry is looking forward to meeting with the Staff at the

expected public workshops in order to discuss our comments more completely. If you have any

questions, please contact me at (202) 739-8137; jhr0nei.org or Gordon Clefton at (202) 739-8086;

cac@nei.ora.

Sincerely,

James H. Riley

Attachment

c: Mr. William H. Ruland, NRR/ADES/DSS, NRC

Mr. Paul M. Clifford, NRR/ADES/DSS, NRC

Mr. Ken Yueh, EPRI

Ms. Sue Simpson, AEP
Mr. Gregg Swindlehurst, Duke-Energy



Attachment
Industry Comments

Issues for Consideration

NOTE: Section IV, Issues for Consideration, of the ANPR contains 12 Requests for Comment. These requests for
comment are copied directly from the Federal Register Notice and are followed by industry responses.

Applicability Considerations

Request for Comment 1

Objective 1 describes a conceptual approach to expanding the applicability of § 50.46 to all fuel cladding
materials. Should the rule be expanded to include any cladding material, or only be expanded to include all
zirconium- based cladding alloys? The NRC also requests comment on the potential advantages and
disadvantages of the specific approach described that would expand the applicability beyond zirconium-
based alloys. Is there a better approach that could achieve the same objective ?

Industry Response - Comment 1

Industry is supportive of rulemaking Objective 1 of this ANPR, "Expand the applicability of § 50.46 to
include any light water reactor fuel cladding material." The rule should be expanded to include any
cladding material. This objective is addressed by specifying that all fuel cladding material used in
light water reactors (LWRs), without regard to its composition, must satisfy the three general
conditions which currently exist as the criteria specified in § 50.46 (b)(3) Maximum hydrogen
generation; § 50.46 (b)(4) Coolable geometry; and § 50.46 (b)(5) Long term cooling, with the
understanding that the § 50.46 (b)(3) criterion would be modified to limit generation of any
combustible gas rather than just hydrogen. Given the state of development of advanced fuel
materials, this seems to be the most reasonable approach.

Request for Comment 2

The rulemaking objectives do not include expanding the applicability of § 50.46 to include fuel other than
uranium oxide fuel (U02). Is there any need for, or available information to justify, expanding the
applicability of this rule to mixed oxide fuel rods?

Industry Response - Comment 2

This rule should not limit fuel types to U02 or mixed oxide fuels. The approach proposed by the NRC
to address Objective 1 and outlined in response to Request for Comment 1 assures that fundamental
requirements are met. Nuclear power reactor licensees rely heavily on applicable fuel vendor(s) for
information to demonstrate compliance with the applicable acceptance criteria. Thus, the burden of
proof in demonstrating that these criteria are met will be addressed by the fuel vendor, and it is
understood that this burden may be greater for advanced fuel types and/or cladding compositions.
The use of performance based criteria eliminates the need to specify the fuel type or cladding
composition.

1
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New Embrittlement Criteria Considerations

Request for Comment 3

The NRC requests information related to the maximum time span with cladding surface temperature above
1200°F (649 0C) for the full range of piping break sizes and NSSS/ECCS design combinations. This
information may be used to set a specified minimum time to breakaway in the proposed rule's applicability
statement.

Industry Response - Comment 3

Breakaway oxidation is a potential concern when portions of the core are uncovered for relatively'long
durations, which is primarily applicable to the small break LOCA (SBLOCA). The desired approach is
to assure that the time to breakaway oxidation for the cladding is greater than the time at temperature
during a postulated SBLOCA. It is anticipated that fuel vendors will establish the time to breakaway
oxidation for their cladding alloys. This information will be compared with the results of SBLOCA
analyses to confirm that breakaway oxidation will not occur during the postulated SBLOCA. Changes
to the vendor SBLOCA evaluation models may be required to comply with the proposed revisions to
§ 50.46(b) and may result in different time-at-temperature predictions such that the current
predictions may not be bounding. Representative predictions of time-at-temperature for the current
SBLOCA evaluation models exist in the UFSARs. The measured time to breakaway oxidation is
established from the results of laboratory testing of cladding specimens.

Also, existing breakaway oxidation test data do not support the need to perform testing/evaluations
down to 6490C. Test data published by Leistikow and Schanz [Reference 1] show:

* Breakaway oxidation at the lower -800 0C minima would not pose a concern since it is several
times longer than the breakaway oxidation time near the -1000OC minima

• Based on a 400 ppm hydrogen pickup threshold, the breakaway time at the -800 0C
breakaway time minima for pickled and cleaned cladding surface is greater than 10,000
seconds

• The breakaway oxidation time for the current belt-ground cladding surface finish at the
-800°C minima is expected to be much longer than 10,000 seconds

* 10,000 seconds is significantly longer than what the cladding would experience in a SBLOCA
due to operator actions

For example, conservative evaluations considered at or near upper bounds with respect to time above
649°C (1200 0F) for Westinghouse and CE designed plants provided in an earlier Westinghouse
submittal on the Technical Basis for New Performance-based ECCS Requirements, Figure 11-2 in LTR-
NRC-08-42, indicates the cladding is only above 649°C for around 3000 seconds, a time significantly
less than the breakaway oxidation time of 3600 seconds measured at -1000°C and much less than
the breakaway times of greater than 10,000 seconds at -8000C.

Therefore, the NRC proposal to evaluate breakaway oxidation time down to 6490C (1200°F) is overly
conservative and unnecessary given the breakaw'ay oxidation time at the second minima at ~800'C is
several times longer than the breakaway time at -1 000°C. Based on these observations, the industry
believes testing at -1000°C is a defensible and conservative margin to prevent breakaway oxidation.

2
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Request for Comment 4

The NRC requests comment on the two approaches to establishing analytical limits for cladding alloys, as
described in Section 111.2 of this document and expanded upon in the Appendices, where limits on peak
cladding temperature and local oxidation would be replaced with specific cladding performance
requirements that define an adequate level of ductility which must be maintained throughout a postulated
LOCA. In addition to general comments on these approaches, the NRC also seeks specific comment on the
following related items:

Industry Response - Comment 4

The industry supports the current rules and regulations associated with ECCS acceptance criteria. The need to
modify existing rules in the future will require substantive research to support any modifications to these rules. The
current rulemaking is proceeding prior to completion of sufficient testing even though there is no safety significance
to the issue as stated by the NRC. The industry supports test programs to establish acceptance limits pertinent to
realistic conditions.

Request for Comment 4a

a. The NRC requests any further PQD ring-compression test data that may be available to expand the
empirical database as shown in Appendix A of this document.

Industry Response - Comment 4a

The industry has published extensive test results with respect to the evaluation of material ductility.
However, these tests were conducted using slightly different test conditions relative to the Argonne
National Laboratory (ANL) tests. AREVA has published extensive Zircaloy-4 and M5 data on ductility
using ring compression, impact, and bend tests [Reference 2]. Japan Atomic Energy Agency (JAEA)
has also evaluated post quench ductility and their most recent results could be found in
References 3 - 7.

The industry is sponsoring an extensive high temperature LOCA oxidation and post quench ductility
testing of Zircaloy-4. The test matrix spans the range of relevant oxidation temperatures with
hydrogen contents up to 800 ppm. In addition to generating data that can be useful in establishing
acceptance criteria at lower temperatures, the test matrix is designed to further understand the
ductility degradation mechanisms. Important variables such. as oxygen diffusion, microstructure
changes during cooling, effect of cooling rate on microstructure evolution, effect of hydrogen,
hydrogen migration, oxidation, etc., will be evaluated. Results from these efforts will be available by
middle of 2010.

Request for Comment 4b

b. Because no cladding segments tested in the NRC's LOCA research program exhibited an acceptable
level of ductility beyond a hydrogen concentration of 550 wppm (metal), analytical limits may be restricted
to terminate at this point. Are any further PQD ring-compression test data available at hydrogen
concentrations beyond 550 wppm which exhibited an acceptable level of ductility?

Industry Response - Comment 4b

The industry does not support an arbitrary limit based on absence of data. New data submitted by

3
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ANL in response to this ANPR indicate significant ductility is maintained up to -600 ppm of hydrogen.
As described in response to Request for Comment 4a, the industry test plan includes post-quench
ductility (PQD) testing up to 800 ppm of hydrogen at 12000C and other oxidation temperatures more
appropriate to high burn fuel. The test program is scheduled to complete by summer of 2010.

Request for Comment 4c

c. Ring-compression tests conducted on cladding segments with identical hydrogen concentrations
oxidized to the same CP-ECR often exhibited a range of measured offset displacement. The variability,
repeatability, and statistical treatment of these test results must be evaluated for defining generic PQD
analytical limits. The NRC requests comments on the variability, repeatability, and statistical treatment of
ductility measurements from samples exposed to high-temperature steam oxidation.

Industry Response - Comment 4c

While it is true large scatters have been observed in the measured offset displacement for samples
with low equivalent cladding reacted (ECR), the critical ductile-to-brittle transition has been shown to
be relatively consistent using existing ring compression test (RCT) techniques. It is possible that data
scatter could be overcome using some other loading methods and geometries.

It should also be noted that current LOCA methodologies include significant conservatisms, such as
conservative decay heat modeling, the practice to demonstrate cladding ductility as a means to
assure coolable geometry is maintained, and others. Therefore, these conservatisms should be
factored into "variability, repeatability, and statistical treatment" of test results. The use of generic
PQD analytical limits that contain additional significant conservatism may be unnecessarily restrictive
and may not be warranted.

Request for Comment 5

Implementation of a hydrogen-dependent PQD criterion requires an NRC-approved hydrogen uptake
model The sensitivity of hydrogen pickup fraction to external factors (e.g., manufacturing process,
proximity to dissimilar metals, plant coolant chemistry, oxide thickness, crud, bumup, etc.) must be
properly calibrated in the development and validation of this model.

Request for Comment 5a

a. The NRC requests information on the size and depth of the current hot- cell hydrogen database(s)
and the industry's ability to segregate the sensitivity of each cladding alloy to each extemal factor and to
quantify the level of uncertainty.

Industry Response - Comment 5a

The industry has sponsored a number of hot-cell examinations for zirconium based alloys. The data is
generally proprietary to the fuel vendors and only in some cases are available to the public via publications
and/or symposia. Some of the recent released data could be found in the 2009 TopFuel meeting
proceedings [References 2, 8, 9].

Request for Comment 5bi

b. Pre-test characterization of some irradiated cladding segments revealed significant variability in

4
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axial, radial, and circumferential hydrogen concentrations.
What information exists that could quantify this asymmetric distribution in the development of a
hydrogen uptake model?

Industry Response - Comment 5bi

Given the absence of significant asymmetric hydride distribution at the most limiting hydrogen levels
and minor asymmetric hydride distribution up to the licensed burn-up limit, the use of average values
is reasonable. In addition, recent comments to the LOCA ANPR from ANL show even intermediate
levels of asymmetric hydride distribution do not significantly alter the outcome of the PQD.

Significant asymmetric hydride distribution does not appear to manifest itself until the formation of a
hydride rim which occurs after the hydrogen content is over the solubility limit at operating
temperatures. This level of high hydrogen content is mostly relevant to high burn-up third cycle fuel
where there is no potential to reach high temperatures during a LOCA.

Request for Comment 5bii

ii. What information exists that could inform the treatment of this asymmetric hydrogen distribution as
a function of fuel rod bumup?

Industry Response - Comment 5bii

See response to part 5bi above.

Request for Comment 5biii

iiN. This asymmetric hydrogen distribution could be addressed in future PQD ring compression
tests on irradiated material by such requirements as orienting ring samples such that the
maximum asymmetric hydrogen concentration is aligned with the maximum stress point or in
prehydrided material by introducing asymmetric distribution during hydriding. The NRC
requests comment on these or other methods to treat asymmetric hydrogen distribution.

Industry Response - Comment 5bili

How the hydrogen is distributed inside the fuel cladding depends on several key variables, such as
the rate it is generated/absorbed by the cladding, circumferential/radial and local axial interface
temperature variations. The normal axial variation of the hydrogen content can be correlated to local
corrosion and therefore is not a significant concern with respect to LOCA PQD testing. The radial
variation in hydrogen content has been demonstrated to easily redistribute at LOCA temperatures and
thus not a concern as well. Both of the above hydrogen distribution variations could be adequately
addressed by using average values.

Hot-cell examinations of non-failed fuel rods have not identified any high concentrations of localized
hydrogen around the circumference such that it could significantly alter conclusions from PQD tests.
With the exception of small localized regions where the hydrogen concentration may be lower, the
hydrogen distribution around the circumference has been shown to be fairly uniform and therefore the
use of average hydrogen values is adequate.

Furthermore, ANL test data indicate rapid hydrogen diffusion at LOCA temperatures may be possible,

5
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which further mitigates potential effects of localized hydride distribution. Specifically, while post-LOCA
circumferential hydrogen variations were detected on some ANL post-LOCA tested samples, they do
not correlate with the pre-test hydrogen distributions. The post-LOCA test sample hydrogen analyses
indicate a bi-modal segregation of hydrogen on opposing sides of the circumference (figures 168, 169
and 180 in NUREG/CR-6967), i.e., one side high and one side low. This does not correlate with
localized variations in the pre-test hydrogen distribution shown in Figure 164 in NUREG/CR-6967,
which indicates fairly uniform hydride distribution except for a small arc on the lower right hand side.
The difference in the post- and pre-test hydrogen distribution is graphically illustrated in Figure 1. To
further illustrate typical hydride distribution within the cladding circumference, a composite image
showing hydride distribution from a sister North Anna rod examined at Studsvik is shown in Figure 2.

• f 0"

Fi r 1I

Figure 1(a) Hydride etch of a ZIRLO sample at 2910 mm from bottom of rod
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Figure 1(b) measured hydrogen concentration distribution post-LOCA test

Figure 2 - Rod K12 - 2634 mm from rod bottom.
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Testing Considerations

Request for Comment 6

A draft proposed cladding oxidation and PQD testing methodology is provided at ADAMS Accession
number ML09090084 1.

Request for Comment 6a

a. The NRC requests comment on the details of the draft experimental methodology, including
sample preparation and characterization, experimental protocols, laboratory techniques, sample size,
statistical treatment, and data reporting.

Industry Response - Comment 6a

The industry has reviewed the PQD testing methodology in ADAMS Accession number ML090900841.
It is industry's position that the test methodologies are overly prescriptive and restrictive. A more
constructive approach would be to identify critical parameters, such as the temperature profile envelope,
with the allowance for industry to be flexible in meeting the requirements. The basis for our conclusion
that this is reasonable and sufficient is predicated on the specific test procedure and its benchmarking
against the existing database.

Request for Comment 6b

b. The NRC requests information on any ongoing or planned testing programs that could exercise the
draft experimental methodology to independently confirm its adequacy.

Industry Response - Comment 6b

The experimental phase of joint EPRI-Westinghouse and EPRI-AEKI LOCA PQD test programs are
underway. The industry intends to explore alternative test procedures with a wider range of
controlled parameters. The industry also intends to consolidate test results from the various
laboratories/test procedures to set a range of test conditions suitable for a round robin type of
evaluation that could lead to a standard ASTM test procedure. The industry goal is to be able to put
an ASTM procedure in place within two years.

Request for Comment 6c

c. Unirradiated cladding specimens pre-charged with hydrogen appear to be viable surrogates for
testing on irradiated cladding segments. However, the NRC's position remains that future testing to
support cladding approval reviews include irradiated material without further confirmatory work to directly
compare the embrittlement behavior of irradiated material to hydrogen pre-charged material at the same
hydrogen level. The NRC's LOCA research program reports PQD test results on twenty irradiated fuel
cladding segments of varying zirconium alloys and hydrogen concentrations that underwent quench cooling.
The NRC requests information on any ongoing or planned testing aimed at replicating these twenty PQD
tests for the purpose of validating a pre-hydrided surrogate.

Industry Response - Comment 6c

The industry testing program is currently being conducted on unirradiated cladding specimens that

8
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have been pre-charged with levels of hydrogen ranging from 200 to 800 ppm. All this test data will
supplement the hydrogen pre-charged PQD test database. Several tests will be conducted at
hydrogen concentrations similar to ANL testing of irradiated materials.

Based on PQD data generated to date, the industry believes hydrogen pre-charge is a viable
surrogate for irradiation. The experimental PQD observations supporting the use of hydrogen
pre-charge are consistent with the fact that irradiation damage is erased at LOCA temperatures. The
use of hydrogen pre-charge as a surrogate for irradiation is also supported by ANL test data showing
hydrogen pre-charged samples to have ductility levels consistent with trends established by irradiated
samples.

The non-uniformity of hydride distribution in the irradiated samples is only relevant to high burn-up
cladding where the concentration of hydrogen is high. Even for high burn-up fuel cladding, the
pre-test hydride distribution had minor variations. These variations (see Figures 1 and 2) are on the
order of the proven radial diffusion distance at LOCA temperatures and time scale and have not
resulted in test sample ductility behavior significantly different from uniformly hydrogen pre-charged
samples at similar average hydrogen concentrations. (Refer to graph shown on page 4 of ANL
response ADAMS Accession Number ML09280034.)

Request for Comment 6d

cL The NRC is considering defining an acceptable measure of cladding ductility as the accumulation of
1.00 percent permanent strain prior to failure during ring-compression loading at a temperature of 135 °C
and a displacement rate of 0.033 mm/sec. Recognizing the difficulty of measuring permanent strain, the
NRC requests comment on alternative regulatory criteria defining an acceptable measure of cladding
ductility.

Industry Response - Comment 6d

Industry is aware of shortcomings in the ability to measure cladding ductility and agrees that the
accumulation of 1.0% permanent strain is a reasonable measure to provide for uncertainty in the
determination of clad ductility using the RCT technique. Industry recognizes alternative measurement
criteria to address cladding ductility are needed but, as of now, an alternate methodology has not
been demonstrated. Different test loading conditions, such as uniform radial/axial loading, could be
designed to minimize the external stress concentration and thus improve sensitivity and
reproducibility. At the present time, the development of other 'acceptable measures of cladding
ductility has an undefined cost and benefit.

Request for Comment 7

The proposed revisions to § 50.46 include a new testing requirement related to breakaway oxidation. Due
to the observed effects of manufacturing controlled parameters (e.g., surface roughness, minor alloying,
etc.) on the breakaway phenomena, the proposed approach would include periodic testing requirements
to ensure that both planned and unplanned changes in manufacturing processes do not adversely affect
the performance of the cladding under L OCA conditions.

Industry Response - Comment 7

Fuel cladding vendors establish the performance characteristics of new alloys and report those
characteristics to NRC to obtain approval for a new cladding material. Furthermore, vendors perform
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qualification testing when new cladding material is introduced to establish that the product meets
performance requirements. These qualification tests are performed in accordance with the vendors'
Quality Assurance (QA) programs and those QA programs assure that material is produced in
accordance with the alloy specification and qualified manufacturing process. Each vendor's Quality
Assurance program has been developed to meet the requirements of 10 CFR 50 Appendix B and
has been approved by NRC. Fuel customers perform surveillance and QA audits of their vendors on
an on-going basis to confirm that the vendors are performing in accordance with their QA programs.

Furthermore, 10 CFR 21 requires the reporting of defects and non-conformances that create a
substantial safety hazard. Thus, existing regulations already require that vendors report defects that
result in reductions in the time to breakaway oxidation when those defects create a substantial safety
hazard.

No new rules are needed. As discussed above, existing regulations are adequate to assure that
acceptable breakaway oxidation performance is maintained.

a. The NRC requests comment on the testing frequency and sample size provided in the breakaway
oxidation testing methodology (ADAMS Accession number ML090840258) and technical basis for the
proposed breakaway oxidation testing requirement.

No new rules are needed; the existing programs adequately address the concern and are detailed below.

The vendor QA program is an NRC approved program per 10 CFR Appendix B, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel Reprocessing Plants" and complies with 10 CFR Part 21,
"Reporting Of Defects And Noncompliance". The industry recommends that a flexible approach be taken
such that the regulatory guidance associated with the rule identifies the cladding as a safety component
and breakaway oxidation as a characteristic to be addressed, and allowing the vendor QA program to
define the testing frequency and sample size. Such an approach would be consistent with the quality
assurance of other reactor components that have a safety function. It is envisaged that, within the QA
program, testing would be conducted to qualify a new alloy or a particular processing step (such as
cleaning process) that can affect the breakaway oxidation characteristic; and also when a process change
has occurred (such as changing the surface roughness). Subsequent testing frequency and sample size
can vary depending on how well the process is controlled and on the degree of statistical confidence in
avoiding breakaway oxidation.

The phenomenon of breakaway oxidation for zirconium based alloys has been known from the initial use
of the alloy. Recent interest on the subject has been precipitated by the very short breakaway oxidation
time observed in the Russian El 10 alloy. The short breakaway time behavior of the El 10 alloy has been
demonstrated via research co-sponsored by the US NRC at the Kurchatov Institute to be an artifact of the
electrolytic process used to manufacture the source material. Zirconium based alloys used in the United
States are fabricated from materials manufactured using the Kroll process which do not exhibit
susceptibility to short breakaway oxidations. Extensive testing in the past few decades showed Kroll
processed materials to have consistent breakaway behavior.

Barring the use of fluoride containing compounds in the final finishing operation, surface
finishing/roughness remains the only processing variable, for Kroll processed materials, that has been
shown in the ANL and Kurchatov test programs to influence the breakaway time. Impact from imperfect
surface finishing, such as unintentional scratches, has been shown to be consistently on the order of
200 seconds, a small fraction of the minimum 3600 seconds breakaway times observed in Kroll process
based materials. These observations support the conclusion that the thermal-
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mechanical/cleaning/handling processes are not primary factors that contribute to very short breakaway
times since the ANL test program included materials processed differently from different vendors.
Furthermore, changes to processing parameters, including surface finishing, are strictly controlled and all
vendor QA programs require re-qualifications for significant changes to ensure product requirements are
met.

b. Is there any ongoing or planned testing to further understand the sensitivity of breakaway oxidation to
parameters controlled during the manufacturing process?

The industry has initiated a test program to attempt to isolate impurities that may be responsible for
short breakaway oxidation and to determine if short breakaway oxidation could be detected at the
ingot stage. The first phase of the program involving detailed chemical analysis of both electrolytic
and Kroll process based materials, is complete. The detailed chemical analysis showed
concentrations of some impurities are lower in the electrolytic process material. These elements have
been identified for further investigation.

The second phase of the program involves melting of new compositions using electrolytic starting
material with deficient impurities added to the level of Kroll processed materials and re-melt of existing
materials known to be susceptible to short breakaway to verify if the phenomenon can be detected at
the ingot stage. The second half of the test program is expected to be completed by middle of 2010.
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Revised Reporting Requirements Considerations

Request for Comment 8

The NRC requests comment on the proposed concept that the reporting obligation in § 50.46 depend upon
the margin to the relevant acceptance criteria. Please also comment on the specific approach to
implement this objective as described under Objective 3 in Section III of this document.

Industry Response - Comment 8

The industry is concerned that the proposed expanded LOCA reporting requirements will create an additional
burden beyond the current requirements of 10 CFR 50.46(a)(3)(i) without any significant benefit. Licensees
are required to maintain LOCA analyses using approved LOCA evaluation models that meet the regulatory
limits. Existing requirements remain sufficient for reporting exceedance of these limits. In addition, the existing
requirement for reporting changes in peak cladding temperature, and the accumulation of errors and changes,
also remain sufficient. The NRC has proposed increasing the reporting threshold for peak cladding
temperatures <2090°F to 100°F; the industry agrees with this proposed change. For peak cladding
temperatures >2090°F the NRC has proposed a graded approach for reporting. The industry proposes that
the existing 50°F reporting threshold be maintained for peak cladding temperatures >20900F. This approach
provides NRC with the desired notification that a licensee is approaching the regulatory limit, but does not
create an undue burden.

All information related to LOCA analysis impacts is available for review by the NRC Resident Inspectors. This
ability to obtain first-hand data is clearly superior to any type of report that could be generated. In fact, the
ability to identify LOCA impacts quickly allows the NRC to take timely, appropriate actions.

The new element of the NRC's proposed reporting regulation is to add a reporting threshold for Cathcart-
Pawel Equivalent Cladding Reacted (CP-ECR). The new performance based limit for ECR will be established
for each cladding type and will decrease with increasing hydrogen content. The NRC has proposed that an
increase in CP-ECR of >2%, or a reduction in margin of >10% when within' 5% of the limit, for the reporting
limit. The industry proposes that the reporting criterion be when the CP-ECR exceeds 95% of the limit. This
approach provides the NRC with the desired notification when the regulatory limit is being approached without
causing an undue burden.

The NRC has also proposed a reporting criterion for breakaway oxidation susceptibility within the LOCA
regulation. The industry does not agree with this proposal and recommends the following approach. The
performance of the cladding will be established by testing to determine the time to breakaway oxidation The
LOCA analyses will confirm that the time-at-temperature during a postulated LOCA does not exceed the time
to breakaway oxidation, using an NRC-approved LOCA evaluation model. The fuel vendors will ensure that
the fabricated cladding will continue to perform as demonstrated during the breakaway oxidation tests by
establishing appropriate quality control criteria. Any deviations in the cladding quality will be evaluated by the
vendor under the vendor's QA program. Significant deviations will be reported under 10 CFR Part 21. The
industry maintains that this existing reporting process is sufficient. In addition, it is the vendors rather than the
licensees that will have the obligation of reporting issues related to cladding performance under breakaway
oxidation.

12



Attachment
Industry Comments

Issues for Consideration

Request for Comment 9

The NRC requests comment on the proposed concept of adding the results of breakaway oxidation
susceptibility testing to the annual reporting requirement. Are there other implementation approaches
that could help ensure that a zirconium-based alloy does not become more susceptible to breakaway
during its manufacturing and production life-cycle?

Industry Response - Comment 9

As discussed in response to Request for Comment 7, the industry recommends testing for breakaway
oxidation can be best addressed through vendor QA program. Any non-conformances would be
reported per 10 CFR Part 21. Therefore, existing regulations are adequate and no additional
regulations requiring periodic testing are needed.
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Crud Analysis Considerations

Request for Comment 10

The NRC requests comment on the proposed regulatory approach in which crud is required to be
considered in ECCS evaluation models. If actual crud levels should exceed the levels considered in the
evaluation model, the situation would be considered equivalent to discovering an error in the ECCS model.
The licensee would then be subject to the reporting and corrective action process specified in
§ 50.46(a)(3) to resolve the discrepancy. The NRC also requests comment on the imposition of a
requirement that one or more fuel assemblies be inspected at the end of each fuel cycle to demonstrate the
validity of crud levels analyzed in the ECCS model.

Industry Response - Comment 10

Industry is aware that regulatory review guidance that addresses the accumulation of crud and
oxidation deposits on fuel cladding surfaces exists. This guidance is contained in NUREG-0800.
Crud is already considered in fuel rod licensing calculations.

The industry is opposed to regulations requiring crud inspections during refueling outages. The
fuel vendors and the licensees are obligated to ensure the accuracy of the LOCA evaluation
models and analyses and to stay in compliance with the LOCA regulations. Identification of any
issue with the potential to affect compliance with the LOCA regulations will prompt an evaluation
under the existing quality assurance and corrective action programs, and will be reported to NRC
under the existing reporting requirements.

Inspections of BWR fuel involve additional complications because disassembly is required to view
the fuel rods. There have been recent inspections conducted in a number of BWR plants covering
different power densities, water chemistries, and fuel designs. The inspections did not identify
any abnormal or unacceptable crud conditions in the operating BWR fleet. A previous heavy crud
event was related to non-typical water chemistry conditions and produced fuel failures during the
cycle.

The industry has expended a great deal of effort in recent years towards improving fuel
performance and reliability with respect to crud deposition related issues through coolant
chemistry and fuel operational guidelines. These guidelines are based on the current state-of-the-
art knowledge and specify mandatory and best practice actions to avoid unexpected crud
depositions. A mandatory action specified in the guidelines is the requirement for each utility to
include a crud and cladding corrosion risk assessment for each cycle. This requirement serves a
constant reminder of potential negative impacts of the presence of excessive crud and
automatically generates an opportunity where undesirable core design attributes may be identified
and corrected. To ensure that requirements are based on the latest knowledge, the guidelines
are evaluated and revised as appropriate. Furthermore, as an added driver for flawless fuel
performance, the overall industry objective of zero failures by 2010 is having a tremendous impact
on how plants are operated with respect to operational margin and provides a strong motivation
for adherence to the guidelines.
Given that severe crud deposition has been an infrequent event, new guidelines are in place to
avoid unexpected depositions, and the existing NRC review process, the industry position is that a
regulatory requirement for periodic inspections for crud is not necessary.
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Request for Comment 11

What information exists to facilitate developing an acceptable crud deposition model that could correlate
crud deposition with measured primary water coolant chemistry (e.g., iron-oxide concentration)? For boiling
water reactors, it is difficult to perform visual inspections or poolside measurements of fuel rod crud
thickness without first removing the channel box. A crud deposition model would facilitate the confirmation
of design crud layers assumed in the ECCS evaluations and provide an indicator to reactor operators when
crud levels approach unanalyzed conditions. Are there ongoing or planned industry efforts to monitor
water coolant chemistry for comparison to observed crud deposition? If so, what amount of success has been
obtained? Could a properly correlated crud model be sufficiently accurate to preclude the need for crud
measurements at the end of each fuel cycle?

Industry Response - Comment 11

This issue explores the subject of development of a crud deposition model and the potential
application of such a model for predicting crud accumulation for comparison to what is assumed in the
LOCA analyses, and for avoiding conditions in which excessive crud would develop. The occurrence
of significant and unexpected crud events has prompted the industry to spend considerable resources
on understanding these events, improving guidance for water chemistry, and raising awareness of
other operating and reload design good practices with the intent of minimizing future crud events.
Analytical models for crud development and transport have also been developed and validation to
data has been undertaken. The current state-of-the art is that these analytical models are useful for
trending and comparison purposes. Additional development work is in progress. It is premature at
this time to consider applying these models now or in the future for licensing basis purposes. The
industry welcomes an opportunity to discuss the progress of these analytical models with the NRC
staff. There does not appear to be a connection between this subject and the proposed LOCA
regulations.
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Cost Considerations

Request for Comment 12
The U.S. commercial nuclear power industry claims that implementation of the proposed rule would
be a significant burden in both money and resources. The industry has discussed an implementation cost of
approximately $250 million (NRC2008-0332-0008. 1 at http:// www. requlations..qov).

a What options are available to reduce this implementation cost?
b. Are there changes in core operating limits, fuel management, or cladding material that would reduce the

cost and burden of implementing the proposed hydrogen based PQD criterion without negatively impacting
operations?

r A staged implementation would be more manageable for both the NRC and industry. One potential
approach involves characterizing the plants based upon safety margin and deferring implementation for
the licensees with the largest safety margin (e.g., lowest calculated CP-ECR). The NRC requests
comment on this implementation approach.

Industry Response - Comment 12a - c

The industry has previously discussed a substantial cost estimate for implementation of the proposed
changes to 10 CFR 50.46(b). The main contributors to the implementation cost are: 1) Vendor testing
programs to establish the performance of cladding alloys during LOCA conditions; 2) Vendor
development of revised LOCA Evaluation Models that meet the new regulations; 3) Vendor reanalysis
of the licensing basis LOCA break spectrums, both large break and small break, with the new NRC-
approved Evaluation Models; 4) Licensee implementation of the revised LOCA analyses; and 5) NRC
review fees associated with reviewing the revised LOCA Evaluation Models, the revised LOCA
analyses, and other LOCA-related submittals such as revisions to Technical Specifications, Core
Operating Limits Reports, and Updated Final Safety Analysis Reports (UFSAR). Based on a review
of the documents associated with this rule change, the industry believes that there are several
unknowns that could impact the initial cost estimate dramatically.

With consideration of the large scope of work required by the industry to implement the expected
changes to 10 CFR 50.46(b), and the large estimated cost, there are two major opportunities for
reducing the cost. The first involves the NRC review of the revised LOCA analyses (Item #3 above).
Current practice in the industry is for the first application of a new or revised LOCA Evaluation Model
for a given plant to be submitted for NRC review and approval. Preparation of this submittal and NRC
review is a substantial cost to the industry with limited value. Each licensee will be revising their
UFSARs to include the revised LOCA analyses to demonstrate compliance with the revised
regulations. In this manner, the licensing basis will be maintained current as required, the LOCA
reanalysis results will be published, and the results will be shown to be within the regulatory limits.
Given that the NRC would have already reviewed and approved the revised LOCA Evaluation Models,
the results of the application of the approved LOCA Evaluation Models do not require NRC staff
review. Avoiding this NRC review and the time required will also provide either more time for
licensees to implement the revised LOCA analyses, or earlier implementation.

The second opportunity for reducing the cost of implementation involves the large scope of work to
identify and analyze the limiting LOCA break scenario for demonstrating compliance with the new
time-at-temperature cladding temperature response associated with the breakaway oxidation
phenomenon. For zirconium-based alloys used for cladding in the U.S. the time required for
breakaway oxidation to occur will be established by testing. These test results can then be compared
to the existing LOCA analysis results. For many plants there exists a large body of LOCA analysis
results from which the time-at-temperature behavior is well understood for the LOCA break spectrum,
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and there is no possibility of breakaway oxidation assuming the minimum performance of the
Emergency Core Cooling System permitted by the regulations. It should be sufficient to document in
the UFSAR the technical justification for no occurrence of breakaway oxidation by referring to the test
results and the time-at-temperature results from the existing LOCA analyses. This will avoid a large
analytical exercise to specifically determine the worst case time-at-temperature response, when it is
obvious based on experience that the result is a very large margin to the regulatory limit. As
examples, the two UFSAR figures that follow illustrate the limiting SBLOCA peak cladding
temperature vs. time for a B&W design PWR (top figure) and for a 4-loop Westinghouse design PWR
(bottom figure). It is evident from these figures that there is a large time and temperature margin to
the breakaway oxidation threshold. For some plants this approach is not appropriate and new
analyses to determine the limiting scenario will be necessary.
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The NRC has asked if there are changes in core operating limits, fuel management, or cladding
material that would reduce the cost and burden of implementation without negatively impacting
operations. Industry is continuously evaluating design and operations to optimize and balance design
margin, reliability, performance, and cost. The impact of the proposed regulations will cause an
evaluation of options and alternatives.

The NRC has asked for comments on a staged implementation process, perhaps based on safety
margin. Both the industry and NRC recognize that substantial resources will be required, both
industry and NRC resources, over a period of years. The industry is proposing a streamlined
process for implementation as described above that should lessen the need for a staged
implementation process. There may also be a rationale for a staged implementation process that
does not require the licensee to submit a new LOCA analysis until the submittal is required due to a
plant change. This approach would be supported by the understanding that safety margins are
adequate. Clearly, licensees requiring NRC review of an LAR with LOCA content should be given
higher priority when assigning NRC resources. The industry is willing to further discuss such a
process with NRC. Discussions on a staged implementation process should involve the PWR and
BWR Owner's Groups.
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