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iwoCLEAR REGULATORY COMMISSION
10 CFR Part 50
RIN: 3150 - ADS7
Fracture Toughness Requirements For
Light Water Reactor Pressure Vessels
AGENCY: Nuclear Regulatory Commicsion.

ACTION: Proposed rule.

5UMARY: The Nuclear Regulatory Commission (¥°C) is proposing to amend its
regulations for 1ight-water-cooled nuclear power plants to clarify several
items related to the fracture toughness requirements for reactor pressure
vessels (RPV). The proposed amendments would clarify the pressurized thermal
shock (PTS) requirements, make changes Lo the Fracture Toughness Requirements
and the Reactor Vessel Material Surveillance Program Requirements, and provide

new requirements for thermal annealing of a reactor pressure vessel.

DATE: The comment period expires (90 days from publication date). Comments
received after this date will be considered if it is practical to do so, but

the Commission is able to assure consideration only for comments received on

or before this date.

ADDRESSES: Mail comments to: The Secretary of the Commission, U.S. Nuclear
Regulatory Commission, Washington, DC 20555, Attention: Docketing and

Service Branch.
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Comments may be delivered to: One White Flint North, 11585 Rockville
Pike, Rockville, MD 20852, between 7:30 am and 4:15 pm on Federal workdays.
Comments received on the proposed rules may be examined at the NRC Public
Document Room, 2120 L Street NW. (Lower Level), Washington, OC.

A free single copy of draft regulatory guides DG-1023, DG-1025, and
DG-1027 may be requested by those considering public comment by writing to the
U.S. Nuclear Regulatory Commission, ATTN: Distribution and Mail Services
Section, Room P-130A, Washington, DC 20555. A copy is also available for

inspection and/or copying in the NRC Public Document Room, 2120 L Street NW.

(Lower Level), Washington, DC.

FOR FURTHER INFORMATION CONTACT: Alfred Taboada, Divisior of Engineering,
Office of Nuclear Regulatory Research, U.S. Nuclear Regulatory Commission,

washington, DC 20555, telephone: (307) 415-6014.

SUPPLEMENTARY INFORMATION:
Background

Maintaining the structural integrity ot the reactor pressure vessel
(RPV) of light-water-cooled reactors is a critical concern related to the safe
operation of nuclear power plants. To assure the structural integrity of
RPVs, NRC regulations and regulatory guides have been developed to provide
analysis and measurement methods and procedures to assure that each RPV has
adequate safety margins for continued operation. Structural integrity of a
reactor pressure vessel is generally assured through a fracture mechanics
evaluation, including measurement or estimation of the fracture toughness of
the materials which compose the RPV ~ However, the fracture toughness of the
RPV materialec varies with time. As the plant operates, neutrons escaping from
the reactor core impact the vessel beltline materials (e.g. the materials that
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surround the reactor core), causing embrittiement of those materials. The

NRC's regulations and regulatory guides related to RPV integrity provide the
criteria and methods nceded to estimate the extent ol the embrittlement, to
evaluate the consequences of the embrittiement in terms of the structural
integrity of the RPV, and to provide methods to mitigate the deleterious
gffects of the embrittiement.

The NRC has several regulations and regulatory guides that establish
criteria and procedures for assuring the structural integrity of RPVs. With
the addition of a proposed rule on thermal annealing and several draft
regulatory guides, the existing and proposed regulatory documents contribute
to a comprehensive set of regulations and regulatory guidance pertaining to
REV ntegrity, including:

i The fracture toughness criteria that each RPV must satisfy (10 CFR
50.60, 10 CFR 50.61, and 10 CFR Part 50, Appendix G).

% Irradiation embrittlement surveillance requirements (10 CFR Part

50, Appendix H).

3. Guidance for estimating the fracture toughness of the RPV

(Regulatory Guide 1.99 and a draft regulatory guide on dosimetry) .
4. Guidance for cases in which the RPV is estimated to axceed

specified screening criteria (Regulatory Guide 1.154 and a draft

regulatory guide on evaluating RPVs with Charpy upper-shelf energy
less than 50 ft-1b).
5. Requirements and guidance for using thermal annealing of the RPV

as a method for mitigating the effects of neutron irradiation

(proposed 10 CFR 50.66 and a draft regulatory guide).



This notice proposes changes to the following requirements:
a. The Pressurized ihermal Shock (PT5) rule (10 CFR 50.61).
b. Appendix G of 10 CFR Part 50, "fracture Toughness Requirements."

e Appendix H of 10 CFR Part 50, "Reactor Vessel Material Surveil-

Jance Program Requirements.”
This notice also proposes a thermal annealing requirement, 10 CFR 50.066.

In addition to the proposed amendments addressed in this document, the
NRC is publishing for public comment a draft regulatory guide on thermal
annealing, DG-1027 (see the "Notices” section of ihis Federal Register for a
document announcing the availability of this draft regulatory guide for
comment ) .

Two related draft regulatory guides have been published for public
comment (58 FR 51392; October 1, 1993). These draft regulatory guides are:
i. A draft regulatory guide that addresses evaluation of RPVs with Charpy

upper-shelf energy levels less than 50 ft-1b (DG-1023).
2. A draft regulatory guide on dosimetry (DG-1025) .

Uther regulatory guides pertaining to APV integrity, Regu itory Guilos
1.99 and 1.154, are under evaluation. Revisions to these guides, if any, will
be addressed in the future.

Other regulatory issues related to reactor pressure vessel integrity,
such as low temperature over-pressure protection system setpoints, are being

addressed as part of a broader scope evaluation of the pressure vessel

regulations and are not part of this proposed amendment.



Reasons for the Proposed Changes

The needs for *hese proposed amendments to the fracture toughness
regulations have been identified from three sources:
The 1989 Nuclear Utility Backfitting and Reform Group (NUBARG)
appeal concerning use of nuclear heat to warm the RPV for system

leakage and hydrostatic pressure tests,
2. The 1990 review of the RPV integrity of the yankee Nuclear Power
Station; and
3. A comprehensive review of the reguiations by NRC staff, resulting
in the identification of the .cea i‘or clarifications, corrections,
and improved guidance in certain areas.
The recognition in 1986 by NRC staff that certain boiling water reactor
{BWR) units were using nuclear heat to warm the system prior to performing
leakage and pressure tests led to an NRC staff initiative to amend Appendix G
to 10 CFR Part 50. During the NRC staff review to determine if this use of
nuclear heating was permissible under either the ASME Code or the NRC
regvlations, the Nuclear Utility Backfitting and Reform Grou, (NUBARG) filed a
backfitting claim, and later an appeai of the determination that a backfit was
not involved. Stemming from this claim and appeal process, the Committee o
Review Generic Requirements recommended to the Executive Director for
Ojerations that the affected portions of Appendix G be revised to clearly
indicate that all required leakage and pressure tests of the reactor pressure
vessel must be performed when the core is not critical.
In 1990, the NRC began a review of the integrity of the Yankee Nuclear
Power Station (YNPS) RPV. That review, along with stated plans by the
licensee to consider thermal annealing of the RPV, highlighted the need for
+he NRC to amend its regulations and guidanc. pertaining to RPV integrity.

The NRC staff proposed a plan to revise and clarify the pertinent regulations
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in SECY-91-333 (October 22, 1991) and SECY-92-283 (August 14, 1992), including

schedules and general descriptions of Lhe changes contemplated. The proposed

changes included clarifications and corrections planned prior to the YNPS
review. However, the YNPS review identified the need to clarify the

requirements in Sections IV and V of Appendix G to i0 CFR Part 50, and the

need to provide more complete requirements and guidance for thermal annealing.

The PTS rule, 10 CFR 50.61, was amended on May 15, 1991 (56 FR 22300) to
make the method for evaluating irradiaticn embrittiement consistent with the
recommended procedures of Regulatory Guide 1.99, Revision 2, "Radiation
Embrittlement of Reactor Vessel Materials." Subsequent inquiries to the
Com 1ss’on cuacerninn the appropriate margin terms and use of surveillance
data indicated that the PTS rule required clarification. A recent review of
the rule by NRC staff concluded that the PTS ruie should also be modified to

bring the prucedures for evaluating Ripye into complete agreement with the

recommended procedures in Regulatory Guide 1.99, Revision 2.
Overview of the Proposed Changes

PTS Rule (10 CFR 50.61)
The pressurized thermal shock rule, 10 CFR 50.61, was initially

published in final form on July 23, 1985 (50 FR 29937) and amended on May 15,
1951 (56 FR 22300). This rule provides a screening criterion for irradiation
embrittlement of RPV beltline materials, above which the plant cannot continue
to be operated without justification. Historically, a value of reference
temperature has been determined for each vessel beltline material for
comparison to the PTS screening criteria. These values of reference
temperature are termed RTpyg values. However, the method for evaluating Rlpyg

values has not been consistent with the embrittiement estimates used for other
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"purposes, such as pressure-temperature limit calculations. The May 15, 1991,
amendment was a step towards unifying the embrittlement estimate methodolog
The amendment included the procedures given in Regulatory Guide 1.99, Revision
2. for the evaluation of irradiation embrittlement of the RPV beltline
materials. The 1991 amendment left two differences between the rule and
Regulatory Guide 1.99, Revision 2. These two differences are:

1. Values of unirradiated Rlyny are specified for general classes of
material in the PTS rule, while greater flexibility in determining
unirradiated values is permitted in Regulatory Guide 1.99,

Revision 2; and

2 The margin terms used in the PTS rule are based on assumptions which
are not consistent with the method used in Regulacory Guide 1.99,
Revision 2 for calculating the margin term.

This proposed amendment is intended to make the evaluation of Ripyg
consistent with the recommended methods of Regulatory Guide 1.99, Revision 2,
which are used to evaluate Rlypy. In this case, the RTpyg value for each
vessel be'tline material is simply the RTyny value estimated for the projected
end of license fluence.

Th.. propused amendment to the PTS rule would make three changes:

1. The Regulatory Guide 1.99, Revision 2, method for determining RTypy.
of which RTpre is @ unique value determined for the end of license
fluence, would be incorporated in total, including treatment of the
unirradiated RTygy value, the margin term, and the explicit
definition of “credible" surveillance data.

2. The section would be restructured to improve clarity, with the
requirements section giving only the requirements for the RTpte
value. The method for calculating RTpys would be moved to a new

paragraph of the rule.



3. Thermal annealing would be introduced as a method for mitigating the

effects of ncu.ron irradiation, thereby recucing RTpyg.

Additionally, it should be noted that evaluations of current
surveillance data have indicated that the standard deviation of the
differences between predicted and measured shifts in Riypy, termed the
residual, are higher than the margin values used in the PTS rule and in
Regulatory Guide 1.99, Revision 2, particularly for plate materials. However,
the mean embrittlement estimation equations in the rule and in Regulatory
Guide 1.99, Revision 2, overestimate the actual surveillance data by less than
10°F on average. The NRC staff consicered amending the PTS rule to
incorporate *he revised margin terms and the overes.imation bias, but decided
against such an amendment due to the small number of plants that would be
affected by such a change, and a related NRC research program that addresses
the overall issue of irradiation embritilement correlations. The number of
plants which would have their RTpyg values change “significantly” by such a
change to the margin terms is not large; the impact of the revised margin
terms on those plants is being addressed through other regulatory mechanisms.
The effect of the revised margin on pressure-temperature limits '© being
handied in a similar manner.

As noted, this proposed amendment to 10 CFR 50.61 introduces thermal
annealing of the reactor pressure vessel peltline as a method for mitigating
the effects of neutron irradiation and reducing RTpyg te levels below the
screening criteria. As specified in § 50.61(b)(7) of this proposed rule, the
use of thermal annealing would be subject to the requirements of the proposed

new section on thermal annealing (10 CFR 50.66).



" Thermal Annealing Rule (10 CFR 50.66)

The proposed thermal annealing rule, 10 CFR 50.66, would provide a
consistent set of requirements for the use of thermal annealing to mitigate
the effects of neutron irradiation. The proposed rule would replace the
requirements for annealing in the current Appendix G of 10 CFR Part 50 with
the proposed consistent set of requirements in this proposed rule. Also, the
PTS rule would be amended to add a new paragraph (b)(7) which would reference
the proposed thermal annealing rule as a method for mitigating the effects of
neutron irradiation, thereby reducing RTpyg. Therefore, the intent of the
thermal annealing rule, and related changes in 10 CFR 50.61 and Appendix G of
10 CFR Part 50, is to provide regiirements for us. of therm»1 annealing to
mitigate the deleterious effects of neutron irradiation on reactor vessel
material properties.

Consistent with guidance in Section V.D of the current Appendix G, the
proposed thermal annealing rule would specify that thermal annealing would be
subject to the approval of the Director, Office of Nuclear Reactor Regulation
(NRR). Section 50.66(a) of the proposed thermal annealing rule would require
submittal of an appli-ation containing three sections: a thermal annealing
operating plan, a requa’ ification inspection and test program, and a fracture
toughness recovery and reembrittiement rate assurance program. This
application would be required to be submitted at least three years before the
proposed date of the annealing operation. This three-year period is specified
only to provide NRC staff with sufficient time to review the thermal annealing
application. The licensee may initiate the thermal annealing program as soon
as NRC approval is given, even if this approval is given before three years
from the date of the application.

The thermal annealing operating plan also must include an evaluation of
the effects of temperature, and of mechanical and thermal stresses on the
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reactor and associated equipment to demonst -ate that the operability of the
veactor will not be Jetrimentaily affected. The temperatures and times ised
in this analysis define the proposed annealing conditions. If these
conditions are exceeded during the vessel annealing, then the evaluation would
no longer be valid, and the acceptability of the actual vessel annealing would
have to be demonstrated.

Upon completion of the thermal annealing and before subsequent operation
of the plant, the licensee would be required to certify that the thermal
annealing was performed in accordance with the approved application, that the
approved criteria were satisfied, and that the oroposed annealing conditions
wor- not cxceeded. However, in the event that the licensee cannot make this
certification, a justification for subsequent operation would have to be
submitted for approval by the Director, NRR. However, this provision does not
relieve the licensee from obtaining 10 CFR 50.12 exemptions from any other
requirements of this part that cannot be satisfied,

Two items of particular importance to the overal)l annealing are the
recovery of fracture toughness and the rate o' reembrittlement of the RPV
beltline materials. This pro,ased rule provides three alternative methods for
determining these values, ranging from assessments using plant-specific
materials to an assessment using a generic computation.

Two methods for evaluating annealing recovery are experimental methods
to determine plant-specific annealing recovery, and the third method is a
generic computational method. The first method would be required for those
plants with “credible” surveillance programs and where surveillance specimens
are available. The second method would be an optional method, in which the
licensee may remove material from the beltline of the RPV to evaluate
annealing recovery. This method should provide the most accurate evaluation
of annealing recovery. Presumably, i1t would be selected for those plants
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without credible surveillance programs or whon surveillance specimens are not
available. However, for tris method to be acceptable, the vessel must be
sufficiently thick so that the stress limits in Section 111 of the ASME Code
can be satisfied, considering the effects of fatigue and corrosion.

The third method would use generic computational methods, for which
appropriate justification would be required.

Paragraph (d) of §50.66 describes the experimental methods and the

computational method for estimating recovery of Rlypy and Charpy upper-shelf

energy of the beltline materials. The experimental methods for estimating
recovery of RTyny and the Charpy upper-shelf energy utilize either
surveillance proaram specimens or material removed from the vessel beltline.
The experimental methods provide & plant-specific .stlimate of recovery, rather
than the generic value evaluated from the computational method. It 1s the
intent of this proposed rule to require that surveillance specimens from
"credible” surveillance programs must be used to develop plant-specific
recovery data, if such specimens are available. It is not the intent of this
rule to require the removal of material from the RPV beltline to permit plant-
specific evaluation of recove-y.

As described previously, the computational method would require
appropriate justification.

Reembrittlement trends are estimated, and monitored by continued
surveillance in accordance with Appendix H of 10 CFR Part 50.

Paragraph (b)(3)(ii) provides that the reembrittlement rate must be
monitored using a surveillance program which conforms to Appendix H of this
part. Some older plants conform to Appendix H by applying issues of ASTM
Standard £ 185 that do not require the use of the vessel "Timiting materials"
in the surveillance program. Within this context, the term "Timiting

materials" refers to the materials predicted to have the highest RTyny or the
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lowest Charpy upper shelf energy during the operational lifetime of the plant.
It is the intent of this rule that, as required by later issues of ASTM
Standard £ 185, the vessel "limiting materials” should be used to monitor

reembrittlement if the materials are available.

Appendix G of 10 CFR Part 50

Appendix G of 10 CFR Part 50 specifies fracture toughness requirements
for ferritic materials of pressure-retaining components of the reactor coolant
pressure boundary of light-water-cooled nuclear power reactors. These
requirements provide adequate margins of safety during any condition of normal
operation, including anticipated operational occurrences and system
hydrostatic tests. The proposed amendments to Appendix G are principally of a
clarifying or a restructuring nature. These amendments include:

1. Sections IV and V of Appendix G which would be combined and
rewritten to clarify the Charpy upper-shelf energy requirements, and
the pressure-temperature and minimum permissible temperature
requirements,

2. An explicit statement that would be added to Section IV requiring
that pressure and leak tests of the reactor pressure vessel required
by Section al of the American Society of Mechanical Engineers Boiler
& Pressure Vessel (B&PV) Code (ASME Code) must be completed before
the core is critical.

3. The proposed thermal annealing rule, 10 CFR 50.66, that would be
referenced in lieu of the details on thermal annealing previously
given in Section V.D.

4 The reference to the ASME Code that would be changed from Appendix

of Section 111 to Appendix G of Section XI of the ASME (ode.
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5. The "design to permit annealing" requirement (Section [V.B), which

would be deleted.
The restructuring of Sections IV and V i3 intended to promote clarity of

the requirements in these sections. The procedures required for cases in

which the Charpy upper-shelf energy of a RPV beltline material falls below

50 ft-1b also would be clarified by consolidating the requirements previously
addressed in parts of Sections IV and V.

The provisions in Section V.C concerning requirements for "volumetric
inspection” and "additional evidence of fracture toughness" would be removed.
The volumetric examination requirement would be removed because it was
unneczssary, given the inspection and performance demonstration programs
currently required under 10 CFR 50.55a. The “additional evidence of fracture
toughness” requirement in Section V.C.2 would be incorporated in the
"equivalent margins" analysis in Section IV.A.1, as a provisional method for
developing fracture toughness data needed for that analysis. At the present
time there is an adeguate generic fracture toughness data base available to
perform these analyses, with appropriate bounding considerations. The
modification would permit a licensee ‘o develop plant-specific data.
Generaliy, plant-specific data would result in a reduction in the margin
applied to the fracture toughness data, to reflect the reduction in
uncertainties due to the availability of plant-specific data. However, this
must be evaluated on a case-by-case basis.

The pressure-temperature and minimum permissible temperature
requirements in Section IV would pe restructured, with the principal feature
being the addition of a table which summarizes the pressure-temperature limit
requirements and minimum temperature requirements as a function of the plant
operating condition, the vessel pressure, whether fuel is in the vessel, and

whether the core is critical, In addition, Section 1V would be reworded to
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c¢larify the minimum permissible temperature requirement by indicating the
criteria for use in determining Lhe location in the component or material
which must satisfy the m,oimum temperature requirement. This minimum
temperature 1is defined in Section IV as the metal temperature of the
controlling material in the region which has the least favorable combination
of stress and temperature for the appropriate piant condition.

The requirement that all pressure and leak tests of the RFV required by
Section XI of the ASME Code must be completed before the core is critical 1s
intended to prohibit the use of nuclear heat, 1.e., core criticality, before
the completion of these tests. The use of nuclear heat before the completion
of such tests is considered unsafe for severs' reasons, including the
kindrance of finding leaks with the vessel at such a high temperature and the
potential for exacerbating the consequences of a vessel rupture (in the
extremely unlikely event that it should occur) by having the core critica’.
The explicit prohibition of nuclear he.t in these cases was recommended to the
Executive Director for Operations by the Committee to Review Generic
Requiremerts in a memorandum dated Juve 7, 1990.

The requirements on thermal annealing contained in the current Appendix
G (Section V.D) would .& replaced by a reference 10 the proposed Thermal
Annealing rule, 10 CFR 50.66.

Changing the reference to Appendix G of the ASME Code from Section 111
to Section XI means that the requirements for operating plants will no longer
come from the construction code (Section 111 of the ASME Code) but instead
will come from Section XI, the in-service inspection code. Appendix G to
Section X1 and Appendix G to Section 111 are identical, so this amendment

would not result in a change in technical requirements.
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§ection IV.B of Appengix G requires that:

“Reactor vessels for which the predicted value of upper-

shelf energy at end of life is below 50 ft-1b or for which the

predicted value of adjusted reference temperature at end of life

exceeds 200°F (93°C) must be designed to permit a thermal

annealing treatment...”

This propesed rule would delete that requirement. This deletion
conforms with Commission direction from 1985 and public comments to delete
this section. An additional consideration to delete this requirement is that
there should be no requirement to ensure the feasibility of a (future)
voluntar, activity.

During the Commission review of the revision of Appendix G published
final on May 27, 1983 (48 FR 24009), the requirement to "design to permit
annealing" was criticized because licensee response to the requirement was
perfunctory and staff review of the responses was cursory, as detailed in
SECY-B83-254 (June 27, 1983). Further, there were no criteria to assess
whether a design would permit annealing. An additional problem _ited witl the
requirement was that it was misinterp-eted to mean that plant operation with
an Riypy greater than 200°F or a Charpy upper-shelf energy below 50 ft-1b was
unsafe. The Commission indicated that it would seek public comments on the
proposed deletion of the requirement, and this was done concurrently with the
publication of the proposed PTS rule on February 4, 1984 (49 FR 4498). All
sixteen of the commenters on this item recommended deletion of the pavagraph,
although eight of them urged that the deletion should not in any way imply
that annealing is no ionger an cption to increase safety margins. In the
notice of final rulemaking for the PTS rule putlished on July 23, 1985
(50 FR 29944), the "Supplementary Information" noted that the Commission
planned a separate rulemaking action to delete Section IV.B. That planned
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deletion was delayed so that it could be combined with other amendments to

Appendix G.

Appendix H of 10 (FR Part 50

Changes in the fracture toughness properties of the RPV beltline

materials due to irradiation embrittlement are monitored using a surveillance

program, as required in Appendix H of 10 CFR Part 50, “"Reactor vessel Material

Surveillance Program Regquirements”. Appendix H references American Society

for Testing and Materials (ASTM) standard £ 185 ("Standard Practice for

Conducting Surveillance Tests for Light-Water Cooled Nuclear Power Reactor

Ves.21s") for many of the detailed requirements of surveillance programs, and

permits the use of integrated surveillance programs, wherein surveillance

program capsules for one reactor are irradiated 1n another reactor. This

proposed amendment would make the following changes:

L. End the provision for “"reducing the amount of testing” for

integrated surveillance programs,

2. Restructure the section on requirements for integrated

surveillance programs (Section 11.C), and

3. Clarify the version of ASTM Standard £ 185 that applies to the

surveillance program.

Integrated surveillance programs are permitted under section 11.C of

Appendix H of 10 CFR Part 50. One provision of this section is that "the

amount of testing may be reduced if the initial results agree with

predictions." It is proposed to discontinue this provision as of the

effective date of the Appendix, although previous authorizations granted by

the Director,
A second proposed change to Appendix H restructures Section 11.C to
clarify the requirements for integrated surveillance programs.
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fhe other principal change to Appendix H clarifies the version of ASTM
Standard £ 185 that applies to the various portions of the surveillance
programs. Appendix H recognizes the need to separate surveillance programs
into two essent al parts, specifically the design of the program, and
subsequent testing and reporting of results from the surveillance capsules.
Since the design of the surveiilance program cannot be changed once the
program is in place, the requirements for design of the surveiliance program
are static for each plant. However, the testing and reporting requirements
are updated along with technical improvements made to ASTM standard E 185.
The clarification proposed in this revision indicales that the design of the
nrogram and the withdrawal schadu e must meet the reguireme ts of ASTM £ 185-
73, or the edition of ASTM £ 185 that is current on the issue date of the ASME
Codé to which the reactor vessel was purchased, whichever is latest.

Licensees could choose to comply with later editions of ASTM £ 185, up through
the 1982 edition. Further, specimen te<t procedures and reporting
requirements must meet the requirements of ASTM £ 185-82 "to the extent
practicable for the configuration of the specimens in the capsule.”

The NRC staff iniended that this proposed amendment to Appendix H would
incorporate by referencc a version of ASTM standard £ 185 updated from the
currently available 1982 version. However, that standardization process has
not been completed, and it was decided to proceed with this proposed

amendment. A subsequent amendment to Appendix H will be considered after the

NRC staff has reviewed the updated ASTM standard.

Request for Public Comments

On June 13, 1994 (SECY-94-163) the staff requested Commission approval

to publish for public comment these proposed revisions and provided &
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discussion of options for public participation related to thermal annealing.

The Commission approved issuance of the proposed revisions but directed that
the staff to (1) include with the proposed rule package a discussion of

options the staff has considered for structuring of the regulatory process for

the proposed thermal annealing rule (10 CFR 50.66), which is included in the

following section, and (2) request comments on the following issues related to

the proposed regulaticn on thermal annealing:

1. The technical adegquacy of the staff’s guidance;

2 The sufficiency of the guidance and criteria to support a
certification that if satisfied, a plant with an annealed vessel
can safely resume operation;

whether health and safety concerns are best served by approval of
the thermal annealing plan or of readiness for restart;

4. The preferred regulatory process (including opportunities for

public participation) and the commenter’s basis for recommending a

particular process; and

$. Whether there are health and safety issues concerning thermal ‘
annealing that ca.iot be addressed genericallv and would warrant ‘
plant-specific consideration. }
|

Options the Staff has considered for Structuring of the Regulatory Process

Related to Public Participation in Thermal Annealing

A sigi.ificant issue with respect 1o thermal annealing, identified in
SECY-92-283 (August 14, 1992), is the nature and timing of public
participation related to the NRC's review and approval of a licensee’s
proposal for thermal annealing. The proposed rule does not address public
participation per se, but instead provides the performance requirements that a
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licensee would have to meet to gain NRC approval of a therma)l annealing

application and to permit suhsequent operation. Under the propased rule,

there are three circumstances that arguably require an opportunity for hearing
pursuant to Section 189 of the Atomic Energy Act of 1954 (AEA) 1in connection

ermal annealing. First, a licensee seeking

oval of the content of the

tion 50.66(a) of

with NRC review and approval of th

to anneal its reactor vessel must obtain NRC appr

thermal annealing plan prior to implementing the plan (see Sec

the proposed rule). Second, and apart from the NRC approval required under

Section 50.66(a), the thermal annealing process as described in the licensee's
plan may necessitate license amendments (including technical specification

cha.ces). Licens. amendments may be required if the licensee's final safety

ort (FSAR) needs to be revised to reflect the thermal annealing

‘nat such FSAR changes do not

analysis rep

process, and the licensee is unable to conclude

constitute runreviewed safety guestions” under 10 CFR 50.59. Implementation

of the thermal annealing plan may also violate existing technical

specifications, necessitating requests for changes to technical

specifications. Any license amendment and technical specification change must

be approved by the NRC before the licensee may implement the thermal annealing

e implements the annealing plar, if he

d in Section 50.66(c) (1)

plan. Finally, after the license

determines that he cannot meet the criteria specifie

of the proposed rule, then NRC approval is needed in order for the liconsee to

resume operation (see Section 50.66(c)(2) of the proposed rule).

[t is clear that any license amendments and technical specification

annealing plan would require an

ction 189 of the AEA. However,

changes necessitated by the thermal

opportunity for hearing, n accordance with Se

the scope of such a nearing would normally be limited to consideration of

whether the proposed license amendment and technical specification changes are

in accordance with the Commission's rules, and therefore provide reasonable
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assurance of adequate protection to the public health and safety. [Issues
related to the more general matter of the acceptability of the thermal
annealing plan proposed by the licensee would not fall within the scope of any
hearing for license amendment or technical specification change, except as

they fall direct’y in the scope of the requested amendment or technical

specification change.

However, there is some question whether the AEA reguires an opportunity
for hearing in connection with the NRC approval of the thermal arnealing plan
or the NRC decision approving resumption of operation under the proposed rule.
There are four primary alternatives with respect to providing an opportunity
for hearing in connection with thermal annealing. These alternatives are

discussed in greater detail below:
Alternative 1. No Opportunity for Hearing Under Rule as Proposed

Under this alternative, the contention is that Section 185 of the AlA
does nut afford an interested member of the public a right to request a
hearing in connaction with NRC approvals of thermal annealing plans and
resumption of operation under Section 50.66(c)(2). This alternative is
consistent with other provisions in 10 CFR Part 50 where approval by the
Director of NRR is required and hearings are not routinely offered.

Notwithstanding the lack of a requirement for a public hearing, the
staff anticipates that, with respect to the initial or the first several
applications for thermal annealing, several informal hearings or public
meetings would be held by the staff to permit discussion of both the thermal
annealing plan proposed by the licensee and the technical issues related to
annealing. These hearings or meetings would ensure that all of the pertinent
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technical issues have been addressed by the 'icensee in its thermal annealing

plan and by the staff in its review of the plan. These hearings or meetings

would be noticed in the Federal Register.

Alternative 2. Discretionary Opportunity for Hearing Under Rule as Proposed

Under this alternative, the contention is that Section 189 of the AtA

does not afford an interested member of the public a right to request a

hearing. However, as a matter of discretion, the Commission would determine

on a case-by-case basis whether an opportunity for hearing will be provided in

conncoiion with the Director of NRR's determination on a thermal annealing

application under Section 50.66(%) of the proposed rule.

s related to the adeguacy of the thermal

In the hearing, the

Commission would consider 1ssue

annealing plan, as well as the vessel’'s ability to perform its safety function

after being annealed.

A case-by-case determination would also be made by the NRC with respect

to providing an opportunity for hearinc cn the Director of NRR's determination

on the iicensee’s justification for sibsequent operation under the proposed

Section 50.66(c)(2).

In both cases, the Lommission would publish a notice in the Federal

proval of the licensee's thermal annealing

0.66(c)(2). Neither

Register announcing the NRC's ap

plan or approval of resumed operation under Section 5

implementation of the thermal annealing plan nor resumption of operation, once

approved by the NRC, would be contingent upon completion of any hearing; i.e.,

the Commission does not believe that it is required to make 3 Section 189 “no

significant hazards determination” ("Sholly finding") when it provides a

discretionary hearing.
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Alternative 3. Required Opportunity for Hearing Under Rule as Proposed

Under this alternative, the contention is that a hearing is required by
Section 189 of the AEA for both NRC's approvai of the thermal annealing plan
and any NRC approval of resumed operation following annealing. The adequacy
of the thermal annealing plan, as well as the vessel’s ability to perform its
safety function after being annealed, could be raised in the hearing
associated with approval of the thermal annealing plan. Licensee
implementation of the thermal annealing plan could not commence until any
hearing is concluded unless the NRC makes a "no significant hazards

determination” with respect to the thurmal aunealing.

Alternative 4. Modify Proposed Rule to Require Suspension of License Prior

to Thermal Annealing

Under this alternative, the proposed rule's regulatory approach for
thermal annealing would be modified to include a suspension of the operating
license during thermal annealing. The: suspension would be automatic under the
rule, without the need for a suspension order, although a letter confirming
the licensee’s statuc under the annealing rule would be prepared. The rule
itself, as is currently drafted, would specify the conditions for 1ifting of
the suspension (Section 50.66(b)). The licensee would anneal its reactor
vessel without prior NRC approval of its program for conducting the annealing.
Upon completion, the suspension would be 1ifted only if the licensee

demonstrated that the thermal annealing has addressed the reactor

enbrittlement such that it is acceptable to operate the plant. There would be

no opportunity for hearing associated with the lifting of the suspension, and

22



since there would be no prior NRC approval of the annealing program, a hearing

opportunity under Section 189 would not be implicated by any - h approva. .

Submission of Comments 1in Electronic Format

Commenters are encouraged to submit, in addition to the original paper

a copy of the letter in electronic format on a pDOS-formatted (IBM

Text files should be provided

copy.,

compatible) 5.25 or 3.5 inch computer diskette.
in WordPerfect format or unformatted ASCII code. ‘mat and version

should be identified on the diskette’s external label.
Finding of No Significant Environmental Impact:

The Commission has determined under the National Environmental Policy
Act of 1969, as amended, and the Commission’s regulations in Subpart A of 10
CFR Part 51, that this rule, if adopted, would not be a major Federal action
significantly affecting the gquality of human environment and, ‘“erefore, an
environmental impact statement is not required.

As discussed below, the individ.al actions covered in this proposed
rulemaking would either serve to enhance safety of the reactor pressure
vessel, thereby decreasing the environmental impact of plant operation, or
have no impact on the environment. Therefore, in all cases these individual

actions will not have an adverse impact on the environment .

PTS Rule (10 CFR 50.61)

The inclusion of thermal annealing as an option for mitigating the
effects of neutron irradiation would serve tc decrease the environmental
impa « f plan: vperation by enhancing the safety of the reactor pressure

ves. *
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The incorporation of the Regulatory Guide 1.99, Revision 2, method for
determining Rlyny into the P15 rule would have no impact on the snvironment
because this change will result in values of RTpyg which are consistent with
those currently used in plant operation.

The restructuring of the PTS rule is the type of action described in
categorical exclusion 10 CFR 51.22(c)(2). Therefore, an environmental

assessment is not necessary for this change.

Thermal Annealing Rule (10 CFR 50.66)

The proposed thermal annealing rule (10 CFR 50.66) would permit and
provide requirements for the thermal annealing of a reactor vessel to restore
fracture properties of the reactor vessel material which have been degraded by
neutron irradiation. This rule does not affect all plants but provides an
alternative for assuring compliance with the requirements in 10 CFR 50.61 and
Appendix G of 10 CFR Part 50, and would only apply when a licensee elects to
use 1t.

The application of thermal annea’ing to a reactor vessel would improve
the condition of the reactor vessel material. In addition, this rule wold
establish requirements to avoid damaging the reactor system and to prote-!
against accidents during the annealing operation, with attendant environmental
consequences.

This rule is one of several regulatory requirements that will function
to ensure reactor vessel integrity. In that sense, this rule would have a
positive impact on the environment by reducing the potential for vessel
failure. For these reasons, the Commission has determined that there would be
no significant impact and, therefore, an environmental statement is not

required.
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Appendix G of 10 CFR Part 50

Concerning the amendments proposed to Appendix G of 10 CFR Part 50, the

prohibition of core criticality before completion of the required pressure and
leak tests will serve to reduce the potential for vessel failure, and thereby
decrease the environmental impact of plant operation.

The restructuring of Sections IV and V of Appendix G is clarifying or
corrective in nature, and hence is the type of action described in categorical
exclusion 10 CFR 51.22(c)(2). Therefore, an environmental assessment is not
necessary for this change.

The changing of the reference from Appendix G of Section 111 of the ASME
fode to Appendix G of Section XI f the ASME Code has no imract on the
environment since the requirements in the Appendices are identical.

Therefore, there is no adverse impact on the environment from this change.

The referencing of the thermal annealing rule results in no adverse
impact on the environment since Appendix G currently permits the use of
thermal annealing to reduce fracture toughness loss of the RPV materials due
to irradiation embrittlement.

The deletion of the “design to permit annealing" requirement has no
adverse impact on the « vironment. This assessment is based on the fact that

annealing is a voluntary activity.

Appendix H of 10 CFR Part 50

Concerning the amendments proposed to Appendix H of 10 CFR Part 50, the
requirement that all irradiation surveillance tests be made (i.e., no
reduction in testing is permitted) would have a positive impact on the

environment in helping to assure the integrity of the reactor pressure vessel.
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The restructuring of Section I1.C is the type of action described 1n
categorical exclusion 10 CFR £1.22(c)(2). Therefore, an environmental
assessment is not necessary for this change.

The clarification of the applicabie version of ASTM Standard 185 will
result in no adverse impact to the environment since there will be no change
to current surveillance programs. Changes to future surveillance programs
will make the programs more effective in assessing irradiation embrittliement
offects to the RPV materials, therebv helping to assure the integrity of the

reactor pressure vessel.

Paperwork Reduction Act Stat ment

This proposed rule amends information collection requirements that are
subject to the Paperwork Reduction Act of 1980 (44 U.5.C. 3501 et seq.). Ihis
rule has been submitted to the Office of Management und Budget for review and
approval of the paperwc.k requiremen:s.

The public reporting burde for this collection of information is
estimated to average 6,000 hours per respondent, including the time for
reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding the burden estimate or any other aspect
of this collection of information, including suggestions for reducing the
burden to the Information and Records Management Branch (T7-6 F33), U.S.
Nuclear Regulatory Commission, Washington, D.C. 20555; and to the Desk
Officer, Office of Information and Regulatory Affairs, NEOB-3019, (3150-0011),
Office of Management and Budget, Washington, D.C. 20503.
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Regulatory Analysis

The NRC staff has prepared a regulatory analysis for the proposed
amendments to 10 CFR 50.61, 10 CFR Part 50, Appendix G and 10 CFR Part 50
Appendix H, which describes the factors and alternatives considered by the
Commission in deciding to propos: these amendments. A copy of the regulatory
analysis is available for inspection and copying for a fee at the NRC Public
Document Room, 2120 L Street NW. (Lower Level), Washington, DC 20555. Single
copies of the analysis may be obtained from Alfred Taboada, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory Commission, Washington, DC 20555,
te!-phone, (301) 415-6014.

Single copies of the regulatory analysis prepared for 10 CFR 50.66 may
be ocbtained from Alfred Taboada, Office of Nuclear Regulatory Research, U.S.
Nuclear Regulatory Commission, Washington, DC 20555, telephone,

(301) 415-6014.
Regulatory Flexibility Act Certification

As required by the Regulatory Flexibility Act, 5 U.S.C. 605(b), the
Commission certifies that, if adopted, the proposed amendments would not have
a significant economic impact on a substantial number of small entities. The
rules which would be affected by the proposed amendments: (1) preclude
brittle fracture of embrittied vessels during PTS events, (2) provide the
general fracture toughness requirements for RPVs, including ductile fracture
toughness requirements and pressure-temperature limits, (3) provide the
requirements for surveillance programs to moniter irradiation embrittiement of
RPV beltline materials, and (4) provide for a method for restering the
fracture toughness of RPV beltline materials used in nuclear facilities
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licensed under the provision of 10 CFR 50.21(b) and 10 CFR 50.22. The
companies that own these facililies do not fall within the scope of the
definition of "small entities" as set forth in the Regulatory Flexibility Act
or the Small Business Size Standards in regulations issued by the Small

Business Administration at 13 CFR Part 121.
Backfit Analysis

PTS Rule (10 CFR 50.61)

The proposed revision to Section 50.61 would require licensees to
calculate RTppg using the same methodology specified in Regulatory Guide 1.99,
Revision 2 for determining Riyny. This proposal is logically a requisite part
of the 199! revisions to 50.61, which addressed a unified method for
calculating radiation enbrittlement of the reactor beltline materials.
However, the Commission inadvertently failed to make the conforming change to
$0.61. Therefore, the Commission believes that the backfit statement for the
1991 amendments, which determined that the backfits were necessary to ensure
that the facility provides adequate protection to the pubiic health and
safety, are applicable to this conforming change to Section 50.61.

The restructuring of the PTS rule does not impose any backfits as
defined in 10 CFR 50.109(a)(1), since there is no change in requirements due
to this restructuring.

The inclusion of thermal annealing does not impose any backfits as

defined in 10 CFR 50.109(a)(1), for the reasons set forth below in “Thermal

Annealing Rule (10 CFR 50.66)."




Thermal Annealing Rule (10 CFR 50.66)

The proposed thermal annealing ruie would estabiish new requirements
with respect to applications for thermal annealing. However, the Commission
has determined that the proposed rule would not impose a “backfit" as defined
in 10 CFR 50.109(a)(1). The proposed thermal am.caling rule would not require
any licensee to perform thermal annealing. Under existing requirements, all
licensees are required 'v evaluate whether they exceed the PTS screening
limits in 10 CFR 50.61 and the Charpy upper shelf screening limits in 10 CFR
Part 50, Appendix G. However, these rules provide an alternative means to
meet these screening limits, viz., performing thermal annealing. No licensee
currcatly has nending before the NRC an application for thermal annealing, nor
has any current licensee been granted permission to conduct thermal annealing.
In addition, the proposed rule does not reflect any new or different Staff
position which conflicts with a prior Staff position or Commission rule.

Thus, the proposed rule would have a purely prospective effect on future
applications for thermal annealing. The Commission has stated in other
rulemakings establishing prospective requirements, €.9., 10 CFR Part 52 and
the License "2newal Rule, 10 CHR Part 54, that the Backfit kule was not
intended to protect the future applicant from current changes in Commission
requirements when there are no prior NRC positions upon which the “substantial
increase in overall protection” can be measured. Accordingly, the Commission
concludes that the proposed rule does not impose backfits and a backfit

analysis need not be prepared for the proposed thermal annealing rule.
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10 CFR Part 50 Appendix G

The restructuring of Sections IV and V of this appendix, referencing of

the thermal annealing rule, changing the reference from Appendix G of

Section 111 of the ASME Code to Appendix G of Section XI of the ASME Code, and

deleting the "design to permit annealing” requirement do not impose any

backfits as defined in 10 CFR 50.109(a) (1), because they are either

prospective in nature or of a clarifying nature.

The explicit prohibition on core criticality before the completion of

pressure and leak tests can be construed as a backfit, although NRC staff

intent was never to permit such a procedure (letter from J. M. Taylor, NRC, to

N. S. Reynolds and 0. F. Stenger, NUBARG, dated February 2, 1990). The

Lomnission has cou.luded that any backfit requirements in *his amendment are

necescary to bring the facilities into compliance with licenses, Or the rules

and orders of the Commission, or into conformance with written commitments by

Therefore, a backfit analysis is not required pursuant to
of the

the licensees.

10 CFR 50.109(a)(4)(1). This amendment underscores the prior intent

Commission to prohibit the use of nuclear heat before the completion of leak

and pressure tests that is implicit in 10 CFR 50 .55a and Section XI of the

ASME Code. The Commiscion's intent in this regard is demonstrated by the fact

that only a very small minority of licensees actually used nuclear heat to

conduct pressure and leak tests required by the ASME Code.

10 CFR Part 50 Appendix H

The amendments to Appendix H of 10 CFR Part 50 are either prospective in

nature or of a clarifying nature, and hence do not involve any provisions

which would impose backfits as defined in 10 CFR 50.109(a)(1).
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Criminal Penalties

For purposes of Section 223 of the ftomic Energy Act (AEA), the

Commission proposes to issue the propos:d rule under one or more of Sections

161b, 1611 or 16lo of the AEA. Willfi1 violations of the rule would be

subject to criminal enforcement.

List of Subjects

10 CFR Part 50

Antitrust, Classified information, Criminal penalties, Fire protection,
Incorporation by reference, Intergovernmental relations, Nuc'ear power plants

and reactors, Radiation protection, Reactor siting criteria, Reporting and

recordkeeping reguirements.

For the reasons set out in the preamble and under the authority of the
Atomic Energy Act of 1954, as amended; the £ .ergy Reorganizatior Act of 1974,

as amended; and 5 U.S.C. §53; the NRC is proposing to adopt the fcllowing

amendments to 10 CFR Part 50.
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PART S0 -- DOMESTIC LICENSING OF PRODUCTION AND
UTILIZATION FACILITIES

1. The authority citation for Part 50 is revised to read as follows:

AUTHORITY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat.
936, 937, 938, 948, 953, 954, 955, 956, as amended, sec. 234, B3 Stat. 1244,
as amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239,
2282); secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended 1244, 1246,
(42 U.S.C. 5841, 5842, 5845).

Section 50.7 also issued under Pub. L. 95-£01, sec. 10, 82 Stat. 2951
(42 U.5.C. 5851). Section 50.10 also issued under secs. 101, 185, 68 Stat.
955 as amended (42 U.S.C. 2131, 2235), sec. 102, rub. L. 91-190, 83 Stat. 853
(42 U.5.C. 4332). Sections 50.13, and 50.54/dd), and 50.103 also issued under
sec. 108, 68 Stat. 939, as amended (42 U.5.C. 2138). Sections 50.23, $9.35,
50.55, and 50.56 also issued under sec. 185, 68 Stai. 955 (42 U.S5.C. 2235).
Sections 50.33a, 50.55a and Appendix Q also issued under sec. 102, Pub. L.
91-190, 83 Stat. 853 (42 U.5.C. 4332). >Sections 50.34 and 50,54 also issued
under sec. 204, B8 Stat. 1245 (42 U.S.C. 5844). Sections 50.58, 50.91, and
50.92 also issued under Pub. L. 97-415, 96 Stat. 2073 (42 U.5.C. 2239).
Section 50.78 also issued under sec. 122, 68 Stat. 939 (42 U.S.C. 2152).
Sections 50.80 - 50.81 also issued under sec. 184, 68 Stat. 9%4, as amended
(42 U.S.C. 2234). Appendix f also issued under sec. 187, 68 Stat 955 (42

v.5.6. 2837).
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2. Section 50.61 is revised to read as follows:
§ 50.6!1 Frag;yrgnggggﬂgg;;_;ggglggmgngg_igr protection _against pressurized
thermal shock events.

(a) Definitions. For the purposes of this section:

(1) ASME Code means the American Society of Mechanical Engineers Boiler

and Pressure Vessel Code, Section III, Division I, "Rules for the Construction

of Nuclear Power Plant Components,” edition and addenda and any limitations
and modifications thereof as specified in § 50.55a of this part.

(2) Pressurized Thermal Shock Event means an event or transient in

pressurized water reactors (PWRs) causing severe overcooling (thermal shock)
concurrent with ur followed by sigrificant pressurc in the reactor vessel,

(3) Reactor Vesse!l Beltline means the region of the reactor vessel

(shell material including welds, heat affected zones and plates or forgings)
that directly surrounds the effective height of the active core and adjaceni
regions of the reactor vessel that are predicted to experience sufficient
neutron radiation damage to be considered in the selection of the most
limiting material with regard to radiation damage.

(4) glﬂpl means <he reference temperature for a reactor vessel material,
under any conditions. for the reactor vessel beltline materials, Rlypy must
account for the effects of neutron radiation.

1) means the reference temperature for a reactor vessel

(5) Rinp
material in the pre-service or unirradiated condition, evaluated according to
the procedures in the ASME Code, Paragraph NB-2331.

(6) EOL Fluence means the best-estimate neutron fluence projected for a
specific vessel beltline material at the clad-base-metal interface on the
inside surface of the vessel at the location where the material receives the

highest fluence on the expiration date of the operating license, the proposed
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expiration date if a change in the term of the operating !icense has been
requested, or the end of a renewal term if an application for a renewed
license under 10 CFR Part 54 has been submitted.

(7) BIEIS means the reference temperature, RTypy, evaluated for the

EOL Fluence for each of the vessel beltline materials, using the procedures of

paragraph (c) of this section.

(8) PIS Screening Criterion means the value of RTpyg for the vessel
beltline material above which the plant cannot continue to operate without
justification.

(b) Requirements.

(1) Tor each pressurized water nu-lear power reactor for which an
operating license has been issued, the licensee shall have projected values of
RTpts» accepted by the NRC, for each reactor vessel belt!ine material for the
FOL fluence of the material. The assessment of RTpyg must use the calculative
procedures given in paragraph (c)(1) of this section, except as provided in
paragraphs (c)(2) and (c)(3) of this section. The assessment must specify the
bases for the projected value of Ripyg for eaca vessel beltline m.erial,
including the assumptions rega.ding core loading patterns, and must specify
the copper and nickel contents and the fluence value used in the calculation
for each beltline materiai. This assessment must be updated whenever there 1s
a significant' change in projected values of RTpyg, or upon a request for a
change in the expiration date for operation of the facility.

(2) The pressurized thermal shock (PT1S) screening criterion is 270°F for

plates, forgings, and axial weld materials, and 300°F for circumferential weld

' Changes to RTpyg values are considered significant if either the
previous value or the current value, or both values, exceed the
screening criterion prior to the expiration of the operating license,
including any renewed term, if applicable, for the plant.
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materials. For the purpose of comparison with this criterion, the value of

RTp1s for the reactor .2ssel must be evaluated according to the procedures of

paragraph (c) of this section, for each weld and plate, or forging, in the

reactor vesse! beltline. RTnrg must be determined for each vessel beltline

material using the EOL fluence for that material.
(3) For each pressurized water nuclear power reactor for which the value
of RTpyg for any material in the beitline is projected to exceed the PTS

screening criterion using the EOL fluence, the licensee shall implement those

flux reduction programs that are reasonably practicable to avoid exceeding the
PTS screening criterion set forth in paragraph (v)(2) of this section. The
schedule for implementation of flux reduction measures may take into account
the schedule for submittal and anticipated approval by the Director, Office of
Nuclear Reactor Re~ulation, of detailed plant-specific analyses, submitted to
demonstrate acceptable risk with RTpyg above the screening limit due to plant
modifications, new information or new analysis techniques.

(8) For each pressurized water nuclear power reactor for which the
analysis required by paragrapnh (b){3) of this section indicates that no
reasonahly practicable flux reduction program will prevent Riprg from
exceeding the P15 screening criterion using the EOL fluence, the license.
shall submit a safety analysis to determine what, if any, modifications to
equipment, systems, and operation are necessary to prevent potential failure
of the reactor vessel as a result of postulated PTS events if continued

operation beyond the screening criterion is allowed. In the analysis, the

licensee may determine the properties of the reactor vesse! materials based on

available information, research results, and plant surveillance data, and may
use probabilistic fracture mechanics techniques. This analysis must be
submitted at least three years before RTpyg 18 .rojected to exceed the P1S

screening criterion.
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(5) After consideration of the licensee’s analyses, including effects of
proposed corrective actions, if any, submitted in accordance with paragraphs
(b)(3) and (b)(4) of this section, the Director, Office of Nuclear Reactor
Regulation, may, on a case-by-case basis, approve operation of the facility
with RTpyg 1n excess of the PTS screening criterion. The Director, Office of
Nuclear Reactor Regulation, will consider factors significantly affecting the
potential for failure of the reactor vessel in reaching a decision.

(6) 1f the Director, Office of Nuclear Reactor Regulation, concludes,
pursuant to paragraph (b){5) of this section, that operation of the facility
with RTpyg in excess of the PTS screening criterion cannot be approved on the
basis of the licensee's analyses submitted in accordance witn paragraphs
{b)(3) and (b)(4) of this section, the licensee shall request and receive
approval by the Director, Office of Nuclear Reactor Regulation, prior to any
operation beyond the criterion. The request must be based upon modifications
to equipment, systems, and operalion of the facility in addition to those
previously proposed in the submitted analyses that would reduce the potential
for failure of the reactor vessel due to P1S events, or upon fur . her analyses
based upc~ new informalion or improved methodology.

(7) 1f the limiting RTpyg value of the plant is projected to exceed the
screening criteria in paragraph (b)(2), or the criteria in paragraphs (b)(3)
through (b)(6) of this section cannot be satisfied, the reactor vessel
beltline may be given a thermal annealing treatment to recover the fracture
toughness of the material, subject to the requirements of § 50.66. The

reactor vessel may continue to be operated only for that service period within
which the predicted fracture toughness of the vessel beltline materials
satisfy the raquirements of paragraphs (b)(2) through (b)(6) of this section,

with RTpyg 7ccounting for the effects of annealing and subsequent irradiation.
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(¢) Calculation of RTprs- RTprs must t2 evaluated using the same
procedures used to calculate RTypy, as indicated in paragraph (c)(i) of this
section, and as provided in paragraphs (c)(2) and (c)(3). RTprs must be

calculated for each vessel beltline material using a fluence value, f, which

is the EOL fluence for the material.
(1) Equation 1 must be used to calculate values of Rlypy for each weld

and plate, or forging, in the reactor vessel beltline.

Equation s RTNDT = RTNDT(U) + M+ ARTNDT

() Elﬁﬁiiﬂl is the reference temperature, STypr, of the material in the
pre-service or unirradiated condition, evaluated according to the procedures
in the ASME Code, Paragraph NB-2331.

(A) 1f a measured value of RTNDT(U) is not available, a generic mean
value for the class® of material may be used if there are sufficient test
results to establish a mean and a standard deviation for the class.

(B) For weld metals, the following generic mean values must be used,
unless justification for different values 15 provided: 0°F tor welds maue with
Linde 80 flux, and -56°F for welds made with Linde 0091, 1092 and 124 and
ARCOS B-5 weld fluxes.

(i1) M means the margin to be added to account for uncertainties in the

values of RTNDT(U)' copper and nickel contents, fluence and the calculational

procedures. M is evaluated from Equation 2.
S ——

Equation 2: M= 2] auz + aAz
\

¢ The class of material for estimating RTNDT(U) is generally determined
for welds by the type of welding flux (Linde 80, or other), and for
base metal by the material specification.
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(A) In Equation 2, oy is the standard deviatiun for RTNDT(U)' If a
measured value of RTNDT(U) is used, then oy 1% determined from the precision
of the test method. If a measured value of RTygt(y) is not available and a
generic mean value for that class of materials is used, then oy 1s the
standard deviation obtained from the set of data used to establish the mean.
If a generic mean value given in paragraph (c)(1)(i)(B) for welds is used,
then oy is 17°F.

(B) In Equation 2, gy is the standard deviation for &RTypy. The value
of o4 to be used is 28°F for welds and 17°F for base metal; the value of oy
shall not exceed one-half of &RTypy.

(o 11) eRThpT i, the mean value of the transition temperature shift, or
change in RTypt. due to irradiation, and must be calculated using Equation 3.

Equation 3: ARTypT = (cF)f(0.28-0.10 log f)

(A) CF (°F) is the chemistry factor. which is a function of copper and
nickel content. CF is given in Table 1 fur welds and in Table 2 for base
metal (plates and forgings). Linear interpolation 1s permitted. In Tables |
and 2, "Wt-% copper” and "Wt-% nickel" are ihe best-estimate values for the
material, which will normally be the mean of the measured values for a plate
or forging. For a weld, the best estimete values will normally be the mean of
the measured values for a weld deposit made using the same weld wire heat
number as the critical vessel weld. 1f these values are not availabie, the
upper limiting values given in the material specifications to which the vessel

material was fabricated may be used. If not available, conservative estimates
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(mean plus one standard deviation) based on generic data’ may be used if
justification is provided. 1 none of these alternativas are available, 0.35%

copper and 1.0% nickel must be assumed.
(B) f is the best estimate neutron fluence, in units of 1019 n/cm2

(£ greater than 1 MeV), at the ~1ad-base-metal interface on the inside surface

of the vessel at the location where the material in question recs ives the

of service in question. As specified in

highest fluence for the period
el beltline material 15 used in

paragraph (c), the EOL fluence for the vess

calculating RTpys.
(2) To verify that Rlynt for each vessel peltline material is a bounding
value for ihe specific reactor vessel, licensees shall consider plant-specific
information that could affect the level of embrittiement. Tnis information

e reactor vessel operating temperature and

includes but is not 1imited to th

syrveillance program results.

the plant—specific surveillance program must be

(i) Results from

plant-specific surveillance data has

integrated into the RTnnT estimate if the

been deemed credible as judged by the following criteria:

the surveil/ance capsules must be those which are

(A) The materials n

the controlling materials with regard to radiation embrittlement.

r in the plots of Charpy energy versus tem

ditions must be small enough to permit the

(B) Scatte perature for the

irradiated and unirradiated con

determination of the 30-foot-pound temperature unambiguously.

e two or more sets of surveillance data from one

(C) Where there ar
ust be less than 78°F for welds and

reactor, the scatter of BRTypT values m

——————————

e same material specificatior in

fabricated to th
ame time period 1s an

' pata from reactor vessels
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179F for base metal. Even if the range n the capsule fluences is large (two

or more orders of majiitude), the scatter may not exceed twice those values.

(D) The irradiation temperature of the Charpy specimens in the capsule

must equal the vessel wall temperature at the cladding/base metal interface

within x25°F.

(E) The surveillance data for the correlation monitor material in the

capsule must fall within the scatter band of the data base for the material.

(ii) Surveillance data deemed credible according to the criteria of

paragraph (c)(2)(1) must be used to determine a material-specific value of CF

for use in Equation 3. A material-specifi. value of CF is Jdetermined from

tquation 4.

fquation 4:

In Equation 4, “n" is the number of surveillance data points, “A;" is the

measured value of ARTNDT and "f " is the fluence for each surveillance data

point.
(i11) For cases in which the results from a credible plant-specific

surveillance program are used, the value of op to be used is 14°F for welds

and 8.5°F for base metal; the value of gp may not exceed one-half of ARTynt.
(iv) The use of results from the plant-specific surveillance program may

result in an RTypy that is higher or lower than those determined in paragraph

(c)(1).
{3) Any information that is believed to improve the accuracy of the

Riprg value significantly must be reported to the Director, Office of Nuclear
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Reactor'Regulation. Any value of RTpyg that has been modified using the

graph (c)(2) 1s subject to the approval of the Director,

procedures of para

Office of Nuclear Reactor Regulation when used as provided in this section.
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TABLE 1

CHEMISTRY FACTOR FOR WELD METALS, °F
Copper, Nickel, Wt-%
Wt-% 0 0.20 n.40 0.60 0.80 1.00 1.20
0 20 20 20 20 20 20 20
0.01 20 20 20 20 20 20 20
0.02 21 26 27 27 27 27 27
0.03 22 35 41 4] 41 4] 4]
0.04 24 43 54 54 54 54 54
0.05 26 49 67 68 68 68 68
0.06 29 52 77 82 82 82 82
0.07 32 55 85 95 95 95 95
0.08 36 58 90 106 108 108 108
0.09 40 61 94 115 122 122 122
0.10 44 65 97 122 133 135 136
0.11 49 68 101 130 144 148 148
0.12 52 72 103 125 153 161 161
0.13 58 76 106 139 162 172 176
0.14 61 79 109 142 168 182 188
0.15 66 84 112 146 175 19] 200
0.16 70 88 115 149 178 199 211
0.17 75 92 119 151 184 207 221
0.18 19 95 122 154 187 214 230
0.19 83 100 126 157 191 220 238
0.20 88 104 129 160 194 223 245
0.21 92 108 133 164 197 229 252
0.22 97 112 137 167 200 232 257
0.23 101 117 149 169 203 236 263
0.24 105 121 144 173 206 229 268
0.2% 110 126 148 176 209 243 " b
0.26 113 130 151 180 212 246 276
0.27 119 134 155 184 216 249 280
0.28 122 138 160 187 218 251 264
0.29 128 142 164 191 222 254 287
0.30 131 146 167 154 225 257 290
0.31 136 151 172 198 228 260 293
0.32 140 155 175 202 231 263 296
0.33 144 160 180 205 234 266 299
0.34 49 iod 184 209 238 269 302
0.35 153 168 187 212 24) 272 305
0.36 158 172 191 216 245 275 308
0.37 162 177 196 220 248 278 311
0.38 166 182 200 223 250 281 314
0.39 171 185 203 227 254 285 317
0.40 175 189 207 231 257 288 320
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TABLE 2
CHEMISTRY FACTOR FOR BASE METALS, °f

Nickel, Wt-7
Wt 0 0.20 0.40 0.60 0.80 1.00 1.20
0 20 20 20 20 20 20 20
0.01 20 20 20 20 20 20 20
0.07 20 20 20 20 20 20 20
0.03 20 20 o0 20 20 20 20
0.04 22 26 26 26 26 26 26
0.05 25 31 31 3] 3] 31 31
0.06 28 37 37 37 37 37 37
0.07 31 43 44 44 44 44 44
0.08 34 48 51 51 51 51 51
0.09 37 53 58 58 58 58 58
0.10 4] 58 65 65 67 67 67
0.11 45 62 72 74 77 77 17
312 49 67 79 83 86 86 86
0.13 53 71 85 91 96 96 96
0.14 57 75 9] 100 105 16 106
0.15 6l 80 59 110 115 117 117
0.16 65 84 104 118 123 125 125
0.17 69 88 110 127 132 135 135
0.18 73 9?2 115 134 14l 144 144
0.19 18 97 120 142 150 154 154
0.20 82 102 125 149 159 164 165
0.21 86 107 129 156 167 172 174
0,22 91 112 134 161 176 181 184
0.23 95 117 138 167 184 193 194
0.24 100 121 143 172 191 199 204
0.25 104 .26 145 176 199 g0 214
0.26 109 13C 151 180 205 216 221
0.27 114 134 155 184 211 22 230
0.28 119 138 160 187 216 233 239
0.29 124 142 164 19] 221 241 248
0.20 129 146 167 194 225 249 257
0.3 134 151 172 198 228 255 266
0.32 139 155 175 202 231 260 274
0.33 144 160 180 205 234 264 282
0.34 149 164 184 209 238 268 290
0.3% 153 168 187 212 241 272 298
0.3% 158 173 191 216 245 275 303
0.37 162 177 196 220 248 278 308
0.38 168 182 200 223 250 281 313
0.39 171 185 203 227 254 285 317
0.40 175 189 207 231 257 288 320
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3. A new § 50.66 15 added to read as follows:

§50.66 Requirements for thermal annealing of the reactor pressure vessel.

where neutron radia-

(a) For those Tight water nuclear power reactors

tion has reduced the fracture toughness of the reactor vessel materials, a

thermal annealing treatment may be applied to the reactor vessel to restore

the fracture toughness to acceptable levels. The use of a thermal annealing

treatment is subject to the approval of the Director, Office of Nuclear

Reactor Regulation, and to the requirements in this section. The application

for the Director’s approval must be submitted in accordance with § 50.4, and

at least three years prior to the proposed date of the annealing operation.

(b) Thermal Annealing ppplication. The content of the application for

approval by the Director, 0ffice of Nuclear Reactor Regulation, for thermal

annealing of the reactor vessel must include: a thermal annealing operating

plan that includes an evaluation of the effects of mechanical and thermal

stresses and temperatures, an inspection and test program to requalify the

annealed reactor vessel, and a program for demonstrating that the recovery of

fracture toughness and the re-embritt)ement rate are adequate to permit

subsequant safe operation of the reacior vessel for the period specified in

the appiication.

(1) Thermal Annealing Operating Plan.

(i) The thermal annealing pperating plan must include:

(A) A detailed description of the pressure vessel and all structures

and components ihat will be affected by the thermal annealing operation;

(B) The methods, instrumentation and procedures proposed for performing

the thermal annealing;

(C) A description of the heat source to be used; and
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(D} The proposed thermal annealing operating parameters, including
temperatures, times, and heatup and cooldown schedules.

(i1) The annealing time and temperature parameters selected must be
based on projecting sufficient recovery of fracture toughness, using the
procedures of paragraph (d) of this section, to satisfy the reguirements of
§ 50.60 and § 50.61 for the proposed period of operation addressed in the
application. In addition, the operating plan must describe any special
precautions necessary to minimize occupational exposure, In accordance with
the As Low As Reasonably Achievable (ALARA) principle and the provisions of

§ 20.1206.

(i1:) An evaluation of the effects of mechanical and thermal stresses
and temperatures on the vessel, attached piping and appurtenances, and
adjacent equipment and components must demonstrate that operability of the
reactor will not pe detrimentally affected. A detailed thermal and structurai
analysis must be performed to establish the time and temperature profile of
the annealing operation. These analyses must include heatup and cooldown
rates, and must demonstrate that loca'ized temperatures, ther.al stress gradi-
ents, and subseguent residual <tresses will not result in unacceptable
dimensional changes or distortions in the vessel, attached piping and
appurtenances, and that the thermal annealing cycle will not resylt in
unacceptable degradation of the fatigue 1ife of these components. The effects
of localized high temperatures must be evaluated for degradation of the
concrete adjacent to the vessel and changes in thermal and mechanical proper-
ties of the reactor vessel insulation. If the design temperature limitations

for the adjacent concrete structure are to be exceeded during the annealing
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operation, an acceptable maximum temperature for the concrete must be estab-
lished for the annealing operation using appropriate test dats

(iv) The time and Lemperature profile evaluated as part of the
annealing operating plan, and supported by the evaluation results of paragraph
(b)(1)(i11) of this section, represents the proposed annealing conditions that
may not be exceeded during the annealing operation. If these conditions are
exceeded, then the iicensee cannot certify that the annealing operation was
performed in accordance with the approved application, as required by
paragraph (c)(1) of this section, and must comply with paragraph (c)(2) of
this section.

(v) The projected percent recovary 0" Lath RTyngy an” Charpy upper-shelf
energy must be determined by the procedures described in paragraph (d) of this
section, using the proposed annealing time and temperature gescribed in the
operating plan. The projected post-anneal Rlypy and Charpy upper-shelf cnergy
must be determined from the projected percent recovery.

(vi) The projected rate of reembrittiement of RTNDT must be calculated
using the ,rocedures in § 50.61(c), cr must be the same rate as that used for
the pre-anneal operating period. The projected rate of reembrittlement for
Charpy upper-shelf encvgy must be the same rat: as tnat used for the pro-
anneal operating period,

(2) Requalification Inspection and Test Program. The inspection and
test program to requalify the annealed reactor vessel must include the
detailed monitoring, inspections, and tests proposed to demonstrate that the
limitations on temperatures, times and temperature profiles, and stresses
evaluated for the proposed annealing conditions of paragraph (b)(1)(iv) of

this section have not been exceeded, and to determine the annealing time and
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.temperature to be used in quantifying the fracture toughness recovery. In
addition, the program must demonstrate that the annealing operation has no.
degraded the reactor vessel, attached piping or appurtenances, or the adjacent
concrete structures to a degree that could affect the safe operation of the
reactor.

(3) Fracture Toughness Recovery and Reembrittlement Rate Assurance
Program. The percent recovery of RTypr and Charpy upper-shelf energy obtained
by the thermal annealing treatment must be determined from the time and
temperature of the actual vessel annealing. The recovery of RTygr and Charpy
upper-shelf energy provide the basis for establishing the post-anneal RTypy
and Charyy upper-shelf energy for each vesse] material. Changes in the RTypg
and Charpy upper-shelf energy with subsequent plant operation must be
determined using the post-anneal values of these parameters 1n conjunction
with the projected reembrittlement rate determined 1n accordance with
paragraph {b)(3)(ii) of this section.

(1) The recovery of Riygy and Charpy upper-shelf energy must be
established using the procedures in paragrap. (d) of this secticn, using he
time and temperature of the actual ves:2l 2nnealing.

(A) If the percent recovery is determined from testing surveillance
specimens or from testing materials removed from the reactor vessel, then it
shall be demonstrated that the proposed annealing parameters used in the test
program are equal to or bounded by those used in the vessel annealing
operation.

(8) If generic computational methods are used, appropriate

justification must be submitted as a part of the application.
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(i1) The reembrittlement rate of both RTNDT and Charpy upper-shelf

energy must be estimated, and must be monitored using a surveillance program

which conforms to Appendix H of this part, "Reactor Vessel Material Surveil

lance Program Requirements.”

(c) Certification of the Annealing Effectiveness.

(1) Upon completion of the anneal and prior to re-start of the nucliear
power plant, the licensee shall certify to the Director, office of Nuclear
Reactor Regulation, that the thermal annealing was performed in accordance

with the approved application required by paragraph (a) of this section, and

meets the provisions of paragraph (b) of this section. In this certification,
the icensee shall establish the period for which the reactor vessel will
satisfy the requirements of 8 50.60 and § 50.61, and shall provide:

(i) The post-anneal RTypy and Charpy upper-shelf energy values of the
reactor vessel materials for use in subsequent reactor operation;

(ii) The projected reembrittlement trends for both Rlynt and Charpy
upper-shelf energy; and

(iii) The projected values of RTprg and Charpy upper-shelf energy at
the end of the proposed period of operation addressed in the application.

(2) 1If the licensee cannot certi1fy that the thermal annealing was
performed in accordance with the approved application and the provisions of

paragraph (b) of this section, the licensee shall submit a justification for

subsequent operation for approval by the Director, Office of Nuclear Reactor

Regulation.

(d) Procedures for Determining the Recovery of Fracture Toughness. The

procedures of this paragraph must be used to determine the percent recovery of
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ART“DT, Ri, and percent recovery of Charpy upper-shelf energy, R. In all
cases, Ry and R, may not exceed 100.

(1) For those reactor: with surveillance programs which have developed
credible surveillance data as defined in § 50.61, percent recovery due to
annealing (Ry and R,) must be evaluated by testing surveillance specimens that
have been withdrawn from the surveillance program and that have been annealed
under the same time and temperature conditions as those given the beltline
material.

(2) Alternatively, the percent recovery due to annealing (Ry and R;)
may be determined from the results of a verification test program employing
mat--ials removed from the beltline regina of Lie reactor ve.sel' and that
have been annealed under the same time and temperature conditions as those
given the beltline material.

(3) Generic computational methods may be used to determine recovery if
adequate justification is provided.

4. 1In 10 CFR Part 50, Appendix G is revised to read as foliows:

Appendix G to Part 50 -- Fracture Toughness Requirements

' For those cases where materials are removed from the beitline of the
pressure vessel, the stress limits of the applicable portions of the ASME
Code Section 111 must be satisfied, including consideration of fatigue and
corrosion, regardless of the Code of record for the vessel design.

49



Table of Contents

I. Introduction and Scope
[I. Definitions
[11. Fracture Toughness Tests

IV. Fracture Toughness Requirements

I. Introduction and Scope

This appendix specifies fracture toughness requirements for ferritic
sat~rials of pressure-retaining components of the reaclor roolant pressure
boundary of light water nuclear power reactors to provide adecuate margins of
safety during any condition of normal operation, including anticipated
operational occurrences and system hydrostatic tests, to which the pressure
boundary may be subjected over its service lifetime.

The ASME Code forms the basis for the requirements of this appendix.
"ASME Code” means the American Society of Mechanical Engineers Bc ler and
Pressure Vessel Code. If no =2ction is specified, the reference is to Section
[11. Division 1, “Rules for Construction of Nuclear Power Plant Compenents.”
"Section XI" means Section XI, Division 1, "Rules for Inservice Inspection of
Nuclear Power Plant Components."” If no edition or addenda are specified, the
ASME Code edition and addenda and any limitations and modifications thereof,
which are specified in 8 50.55a, are applicable.

The sections, editions and addenda of the ASME Boiler and Pressure
Vessel Code specified in § 50.55a have been approved for incorporation by

reference by the Director of the federal Register. A notice of any changes
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made to the material incorporated by reference will be published in the
Federal Register. Cnpies of the ASME Boiler and Pressure Vessel Code may be
purchased from the American Society of Mechanical Engineers, United
Engineering Center, 345 East 47th St., New York, NY 10017 and are available
for inspection at the NRC Library, 11545 Rockville Pike, Two White Flint
North, Rockville, Maryland 20852-2738.

The requirements of this appendix apply to the following materials:

A. Carbon and low-alloy ferritic steel plate, forgings, castings, and
pipe with specified minimum yield strengths not over 50,000 psi (345 MPa), and
to those with specified minimum yield stre~jths greater thar 50,000 psi (345
APa, but not over 70,000 psi (621 MPa) if qualified by using methods
equivalent to those described in paragraph G-2110 of Appendix G of Section XI
of the latest edition and addenda of 'he ASME Coue incorporated by reference

into § 50.55a(b)(2).

B. Welds and weld heat-affecter zones in the materials specified in

paragraph 1.A. of this appendix.

C. Materials for bolting and other types of fasteners with specified
minimum yield strengths not c.er 130,000 psi (896 MPa).

Note: The adequacy of the fracture toughness of other fer.,itic
materials not covered in this section must be demonstrated to the Director,

0ffice of Nuclear Reactor Regulation, on an individual case basis.

11. Definitions

A. Ferritic material means carbon and low-alloy steels, higher alloy

steels including all stainless alloys of the d4xx series, and maraging and
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precipitation hardening steels with a predominantly body-centered cubic

crystal structure.

B. System hydrostatic tests means all preoperational system leakage and

hydrostatic pressure tests and al) system leakage and hydrostatic pressure

tests performed during the service life of the pressure boundary in compliance

with the ASME Code, Section XI.

. §pg;1j1gg_gu§1mym_11glg_jlzggg;n means the minimum yield strength

(in the unirradiated condition) of a material specified in the construction
code under which the component is built under § 50.55a.

D. BIMQI means the reference temperature of the material, for all
conditions.

(1) For the pre-service or unirradiated condition, Rlypy 15 evaluated
according to the procedvr~s in the ASME Code, Paragraph NB-2331.

(11) For the reac vessel beltline materials, RIypy must account for
the effects of neutron radiation.

E. oﬂlﬂﬂl means the transition temperature shift, or change in RTyprs
due to jreutron radiation effects, which is evaluated as the difference in the

30 ft-1b (41 J) index temperatures from the average Charpy curves measured

before and after irradiation.

F. Beltline or Beltline region of reactor vessel means the region of

the reactor vessel (shell material including welds, heat affected zones, and
plates or forgings) that directly surrounds the effective height of the active
core and adjacent regions of the reactor vessel that are predicted to
experience sufficient neutron radiation damage to be considered in the

selection of the most 1imiting material with regard to radiation damage.



I11. Fracture Toughness Tests

A. To demonstrate compliance with the fracture toughness requirement.
of Section IV of this appendix, ferritic materials must be tested in
accordance with the ASME Code and, for the beltline materials, the test
requirements of Appendix H of this part. For a reactor vessel that was
constructed to an ASME Code earlier than the Summer 1972 Addenda of the 1971
Edition (under § 50.55a), the fracture toughness data and data analyses must
be supplemented in a manner approved by the Director, Office of Nuclear
Reactor Regulation, to demonstrate equivalence with the fracture toughness
requi, ements of this appendix.

B. Test methods for supplemental fracture cuughness tests described in
paragraph IV.A.1.b of this appendix must be submitted to and approved by the

Director, Office of Nuclear Reactor Regulation, prior to testing.

C. Al fracture toughness test programs conducted in accordance with
paragraphs 111.A and I11.B must comply with ASME Code requirements for
calibration of test _quipment, qualifiration of test personnel, and retention

of records of these functions and of the test data.

IV. Fracture Toughness Reguirements

A. The pressure-retaining components of the reactor coolant pressure
boundary that are made of ferritic materials must meet the requirements of the
ASME Code, supplemented by the additional requirements set forth below, for
fracture toughness during system hydrostatic tests and any condition of normal

operation, including anticipated operational occurrences. Reactor vessels may
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continue to be operated only for that service period within which the

his section are satisfied. For the reactor vessel beltline

requirements of t
plates and forgings, the values of Riypt and

materials, including welds,
e effects of neutron radiation,

Charpy upper-shelf energy must account for th

the surveillance program of Appendix H of this part.

including the results of
t consider the radiation conditions (i.e.,

The effects of neutron radiation mus

ont of the flaw assumed in

the fluence) at the deepest point on the crack fr

the analysis.

1. Reactor vessel Charpy ypper-Shelf Energy Requirements

¢ Charpy upper-shelf
g the weld for

a. Reactor vessel beltline materials must hav

tion for base material and alon

enpray’, in the transverse direc
of no less than 75 ft-1b (102 J)

weld material according to the ASME Code,

initially and must maintain Charpy upper-shelf energy throughout the 1ife of
the vessel of no less than 50 ft-1b (68 J), unless 1t 15 demonstrated 1n @

manner approved by the Director, Office of Nuclear Reactor Regulation, that

lower values of Charpy upper-shelf energy will provide margins of safety

quired by Appendix G of Section XI of

against fracture equivaient to those re
the ASME Code. This analysis must use the latest edition and addenda of the

ASME Code incorporated by reference into 3 §0.55a(b)(2) al the time the

analysis 1§ submitted.

b. Additional evidence of the fracture toughness of the beltiine

materials after exposure to neutron irradiation may be obtained from resulls

of supplemental fracture toughness tests, for use in the analysis specified 1n

section IV.A.1.a.

Defined in ASTM £ 18%-79 and -82 which are incorporated by reference in

Appendix H o part 50.
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c. The analysis for satisfying the requirements of section IV.A.]1 of

this appendix must be submitted, as specified in § 50.4, for review and
approval on an individual case basis at least three years prior to the date

when the predicted Charpy upper-shelf energy will no longer satisfy the

requirements of section IV.A.l of this appendix, or on a schedule approved by

the Director, Office of Nuclear Reactor Regulation.

2. Pressure-Temperature Limits and Minimum Temperature Requirements

a. Pressure-temperature limits and minimum temperature requirements for
the reactor vessel are given in Table 1, and are defined by the operating
condition (i.e., hydrostatic pressure and leak tests, or normal operation
includin~ anticipated operational occurrences), the vessel pressure, whether
or not fuel is in the vessel, and whether or not the core is critical. In
Table 1, the vessel pressure is defined as a percentage of the preservice
system hydrostatic test pressure. The appropriate requirements on both the
pressure-temperature 1imits and the minimum permissible temperature must be
met for all conditions.

b. The pressure-temperature limits identified as “ASME Appendix G
limits" in Table 1 require that the 1imts must be at least as conservative as
limits obtained by following the methods of analysis and the margins of safety
of Appendix G of Section X1 of the ASME Code.

¢ The minimum temperature requirements given 1in Table | pertain to the
controlling material, which is either the material in the closure flange or
the material in the beltline region with the highest reference temperature.
As specified in Table 1, the minimum temperature requirements and the
controlling material depend on the operating condition (i.e., hydrostatic

pressure and leak tests, or normal operation including anticipated operational
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occurrences), the vessel pressure, whether fuel is in the vessel, and whether

the core is critical The motal temperature of the controlling material, in

ihe region of the controlling material which has the least favorable

combination of stress and temperature, must exceed the appropriate minimum

temperature requirement for the condition and pressure of the vessel specified

in Table 1.

d. Pressure tests and leak tests of the reactor vessel that are

required by Section X1 of the ASME Code must be completed before the core is

critical.

B. If the procedures of Section IV 4. of this appendix do not indicate

the existence of an equivalent safety margin, the reactor vessel beltline may

be given a thermal annealing treatment to recover the fracture toughness of
the material, subject to the requirements of 8 0 B6, The reactor vessel may
continue to be operated only for that service period within which the

predicted fracture toughness of the beltline region materials satisfies the

requirements of Section IV.A. of this appendix using the values of Rlnpy and

Charpy upper-shelf energy that include the effects of annealing and subsequent

irradiation.
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TABLE | PRESSURE AND TEMPERATURE REQUIREMENTS

OPERATING CONDITION VESSEL REQUIREMENTS FOR M |
PRESSURE (1) | PRESSURE-TEMPERATURE [ IMITS IN%%&E&';ENRTASWRE

Hydrostatic pressure and leak tests (core is rot criticalj:

fuel in the vessel < 20% ASME Appendix G timits (2) + 60°F
fuel in the vessel > 20% ASME Appendix G Limits (2) + 90°F (6}
E B No fuel in the vessel
{Preservice Hydrotest Only) - N Ty vl i
i 2. Normal operation (incl. heat-up and coci-down), including anticipated operational occurrences:
i 2.a Core not critical = 20x IR Bpreniix & Lewita (2)
Evz.b Core not critical > 20% ASME Appendix G Limits (2) + 120°F  (6)
EZ.C Core critical = 20% ASME Appendix G 'imits + 40°F lar??: of [(4)] or
2) + 40°F)
2.4 Core critical > 20% ASME Apperdix G mits + 40°F “"'[9(92") of [(8)] or
+ 160°F)
2.e Core critical for BWR (5) < 20% ASME Appendix & Lwunnts + 40°F (2) + 60°F

{1) Percent of the preservice system hydrostatic test pressure.

(2) The highest reference temperature of the material in the clesure ¢ nge region that is highl
the bolt preload. ghly stressed by

{3) The highest reference temperature of the vessel.

(4) The minimum permissibie temperature for the inservice system hydrostatic pressure test.
(5) For boiling water reactors (BWR) with water level within the rormal range for power operation.

‘ : 158 if the’ can be justified by showing that th i
(6) Lower temperatures are permissible ! d ¥ q tha e margins of safe f
Controlling region are equivalent to thos: raquired for the beltline when it 1s controlling. T .
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§. 1In 10 CFR Part 50, Appendix H is revised to read as follows:

Appendix H to Part 50 -~ Reactor Vessel Material Surveillance

Program Requirements

Table of Contents

K Introduction
il. Definitions
111. Surveillance Program Criteria

Iv. peport of Test Results

1. Introduction

The purpose of the material surveillance program required by this appendix
is to monitor changes in the fracture toughness properties of ferritic materials
in the reactor vessel boltline region of iight water nuclear power v .actors wi.ch
result from exposure of these ma *rials to neutron irradiation and the thermal
envircnment. Under the program, fracture toughness test data are obtained trom
material specimens exposed in curveillance capsules, which are withdrawn
periodically from the reactor vessel. These data will be used as described in
section IV of Appendix G to this paril.

ASTM £ 185-73, -79, and -8B2Z, “Standard Practice for Conducting Surveillance

Tests for Light-Water Cooled Nuclear Power Reactor Vessels," which are referenced

in the following paragraphs, have been approved for incorporation by reference by

the Director of the Federal Register. Copies of ASTM E 185-73, -79, and -B2, may
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be purcﬁased from the American Society for Testing and Materials, 1916 Race St.,
Philagelphia, PA 19103 and are available for inspection at ithe NARL Library,

11545 Rockville Pike, Two White Flint North, Rockville, Maryland 20852-2738.

11. Definitions

A1l terms used in this Appendix have the same meaning as in Appendix G.

I11. Surveiliance Program Criteria

A. No mater .) surveillance program is required for reartor vessels for
which it can be conservatively demonstrated by analytical methods applied to
experimental data and tests performed on comparable vessels, making appropriate
allowances for all uncertainties in the measurements, that the peak neutron
fluence at the end of tho design life of the vessel will not exceed 1017 n/cm2
(E > 1 MeV).

B. Reactor vessels that do not meet the conditions of paragraph I1.A of
this appendix must have their beitline materials monitored by a surveillance
program complying with ASTM E 185, as nodified by this appendix.

1. The design of the surveillance program and the withdrawal schedule must
meet the requirements of ASTM £ 185-73 or the edition of ASTM E 185 that is
current on the issue date of the ASME Code to which the reactor vessel was
purchased, whichever is later. Later editions of ASTM E 185 may be used, but
including only those editions through 1982. For each capsule withdrawal, the test

procedures and reporting requirements must meet the requirements of ASTM E 185-82

to the extent practicable for the configuration of the specimens in the capsule.
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2. Surveillance specimen capsules must be located near the inside vessel
wall in the beltline region so that the specimen irradiation history duplicates,
to the extent practicable within the physical constraints of the system, the
neutron spectrum, temperature history, and maximum neutron fluence experienced by
the reactor vessel inner surface., If the capsule holders are attached to the
vessel wall or to the vessel cladding, construction :nd inservice inspection of
the attachments and attachment welds must be done according to the requirements
é2- pormanent structural attachments to reactor vessels given in Sections Il and
X1 of the American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(A5ME Code). The design and location of the capsule holders must permit insertion
of replacement capsules. Accelerated irradiation capsules may be used in addition
to the required number of surveillance capsules.

3. A proposed withdrawal schedule must be submitted with a technical
justification as specified in § 50.4. The proposed schedule must be approved
prior to implementation.

C. Reguirements for an Integrated Surveiliance Program

1. In an integrated surveillance program, the representative materials
chosen fur <urveillance for a reactor are irradiated in one or more other reactors
that have similar design ana operating features. Integrated surveillance programs
must be approved by the Director, office of Nuclear Reactor Regulation, on a
case-by-case basis. Criteria for approval include the following:

a. The reactor in which the materials will be irradiated and the reactor
for which the materials are being irradiated must have sufficiently similar design
and operating features to permit accurate comparisons of the predicted amount of
radiation damage.

b. Each reactor must have an adequate dosimetry program.
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c. There must be adequate arrangement for data sharing between plants.

d. There must be a contingency plan to assure that the surveiliance program

for each reactor will not be jeopardized by operation at reduced power level or by
an extended outage of another reactor from which data are expected.

e. There must be substantial advantages to be gained, such as reduced power
outages or reduced personnel exposure to radiation, as a direct result of not

requiring surveillance capsules in all reactors in the set.

2. No reduction in the requirements for number of materials to be irradiat-
ed, specimen types, or number of specimens per reactor is permitted.

3. After (the effective date of this section), no reduction in the amount
of testing .s permitted unless previously authorized by the Director, Office of

Nuclear Reactor Regulation.

1¥. Report of Test Results

A. Each capsule withdrawal and the test results must be the subject of a
summary technical report to be submitted, as specified in § 50.5, within one year
of the date of capsule withdrawal, unless an extension is granted by the Director,
Office of Nuclear Reactor Regulation.

8. The report must include the data required by ASTM E 185, as specified in
paragraph 111.8.1 of this appendix, and the results of al) fracture toughness
tests conducted on the beltline materials in the irradiated and unirradiated
conditions.

C. 1f a change in the Technical Specifications is required, either in the

pressure-temperature limits or in the operating procedures required to meet the
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limits, the expected date for submittal of the revised Technical Specifica{ions

must be provided with the report.

Dated at Rockville MD, this fg:: day of »!é&é@m/is-. 1994.

For the Nuclear Regulatory Commission,

) ,
/ : L
o
John C. Hoyle, ./
Ac}ing Secretary of the Commission.
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