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(iii) Whose failure could cause a reac-
tor scram or actuation of a safety-re-
lated system.

(c) The requirements of this section
shall be implemented by each licensee
no later than July 10, 1996.

[66 FR 31324, July 10, 1991, as amended at 58
FR 33996, June 23, 1993; 61 FR 39301, July 29,
1996; 61 FR 65173, Dec. 11, 1996; 62 FR 47271,
Sept. 8, 1997; 62 FR 59276, Nov. 3, 1997; 64 FR
38557, July 19, 1999; 64 FR 72001, Dec. 23, 1999;
72 FR 49501, Aug. 28, 2007]

EFFECTIVE DATE NOTE: See 64 FR 38551,
July 19, 1999, for effectiveness of §50.65 (a)(3)
and (a)(4).

§50.66 Requirements for thermal an-
nealing of the reactor pressure ves-
sel.

(a) For those light water nuclear
power reactors where neutron radi-
ation has reduced the fracture tough-
ness of the reactor vessel materials, a
thermal annealing may be applied to
the reactor vessel to recover the frac-
ture toughness of the material. The use
of a thermal annealing treatment is
subject to the requirements in this sec-
tion. A report describing the licensee’s
plan for conducting the thermal an-
nealing must be submitted in accord-
ance with §50.4 at least three years
prior to the date at which the limiting
fracture toughness criteria in §50.61 or
appendix G to part 50 would be exceed-
ed. Within three years of the submittal
of the Thermal Annealing Report and
at least thirty days prior to the start
of the thermal annealing, the NRC will
review the Thermal Annealing Report
and make available the results of its
evaluation at the NRC Web site, http:/
www.nrc.gov. The licensee may begin
the thermal anneal after:

(1) Submitting the Thermal Anneal-
ing Report required by paragraph (b) of
this section;

(2) The NRC makes available the re-
sults of its evaluation of the Thermal
Annealing Report at the NRC Web site,
hitp://www.nrc.gov; and

(3) The requirements of paragraph
()(1) of this section have been satis-
fied.

(b) Thermal Annealing Report. The
Thermal Annealing Report must in-
clude: a Thermal Annealing Operating
Plan; a Requalification Inspection and
Test Program; a Fracture Toughness
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Recovery and Reembrittlement Trend
Assurance Program; and an Identifica-
tion of Changes Requiring a License
Amendment.

(1) Thermal Annealing Operating Plan.
The thermal annealing operating plan
must include:

(i) A detailed description of the pres-
sure vessel and all structures and com-
ponents that are expected to experi-
ence significant thermal or stress ef-
fects during the thermal annealing op-
eration;

(ii) An evaluation of the effects of
mechanical and thermal stresses and
temperatures on the vessel, contain-
ment, biological shield, attached pip-
ing and appurtenances, and adjacent
equipment and components to dem-
onstrate that operability of the reactor
will not be detrimentally affected. This
evaluation must include:

(A) Detailed thermal and structural
analyses to establish the time and tem-
perature profile of the annealing oper-
ation. These analyses must include
heatup and cooldown rates, and must
demonstrate that localized tempera-
tures, thermal stress gradients, and
subsequent residual stresses will not
result in unacceptable dimensional
changes or distortions in the vessel, at-
tached piping and appurtenances, and
that the thermal annealing cycle will
not result in unacceptable degradation
of the fatigue life of these components.

(B) The effects of localized high tem-
peratures on degradation of the con-
crete adjacent to the vessel and
changes in thermal and mechanical
properties, if any, of the reactor vessel
insulation, and on detrimental effects,
if any, on containment and the biologi-
cal shield. If the design temperature
limitations for the adjacent concrete
structure are to be exceeded during the
thermal annealing operation, an ac-
ceptable maximum temperature for the
concrete must be established for the
annealing operation using appropriate
test data.

(iii) The methods, including heat
source, instrumentation and proce-
dures proposed for performing the ther-
mal annealing. This shall include any
special precautions necessary to mini-
mize occupational exposure, in accord-
ance with the As Low As Reasonably
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Achievable (ALARA) principle and the
provisions of §20.1206.

(iv) The proposed thermal annealing
operating parameters, including bound-
ing conditions for temperatures and
times, and heatup and cooldown sched-
ules.

(A) The thermal annealing time and
temperature parameters selected must
be based on projecting sufficient recov-
ery of fracture toughness, using the
procedures of paragraph (e) of this sec-
tion, to satisfy the requirements of
§50.60 and §50.61 for the proposed period
of operation addressed in the applica-
tion.

(B) The time and temperature param-
eters evaluated as part of the thermal
annealing operating plan, and sup-
ported by the evaluation results of
paragraph (b)(1)(ii) of this section, rep-
resent the bounding times and tem-
peratures for the thermal annealing op-
eration. If these bounding conditions
for times and temperatures are vio-
lated during the thermal annealing op-
eration, then the annealing operation
is considered not in accordance with
the Thermal Annealing Operating
Plan, as required by paragraph (c)(1) of
this section, and the licensee must
comply with paragraph (c)(2) of this
section.

(2) Requalification Inspection and Test
Program. The inspection and test pro-
gram to requalify the annealed reactor
vessel must include the detailed moni-
toring, inspections, and tests proposed
to demonstrate that the limitations on
temperatures, times and temperature
profiles, and stresses evaluated for the
proposed thermal annealing conditions
of paragraph (b)(1)(iv) of this section
have not been exceeded, and to deter-
mine the thermal annealing time and
temperature to be used in quantifying
the fracture toughness recovery. The
requalification inspection and test pro-
gram must demonstrate that the ther-
mal annealing operation has not de-
graded the reactor vessel, attached pip-
ing 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 Trend Assurance Pro-
gram. The percent recovery of RTnpr
and Charpy upper-shelf energy due to
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the thermal annealing treatment must
be determined based on the time and
temperature of the actual vessel ther-
mal anneal. The recovery of RTnpr and
Charpy upper-shelf energy provide the
basis for establishing the post-anneal
RTnpr and Charpy upper-shelf energy
for each vessel material. Changes in
the RTnpr and Charpy upper-shelf en-
ergy with subsequent plant operation
must be determined using the post-an-
neal values of these parameters in con-
junction with the projected re-
embrittlement trend determined in ac-
cordance with paragraph (b)(3)(ii) of
this section. Recovery and reembrittle-
ment evaluations shall include:

(1) Recovery Evaluations. (A) The per-
cent recovery of both RTnpr and
Charpy upper-shelf energy must be de-
termined by one of the procedures de-
scribed in paragraph (e) of this section,
using the proposed lower bound ther-
mal annealing time and temperature
conditions described in the operating
plan.

(B) If the percent recovery is deter-
mined from testing surveillance speci-
mens or from testing materials re-
moved from the reactor vessel, then it
shall be demonstrated that the pro-
posed thermal annealing parameters
used in the test program are equal to
or bounded by those used in the vessel
annealing operation.

(C) If generic computational methods
are used, appropriate justification
must be submitted as a part of the ap-
plication.

(ii) Reembrittlement Evaluations. (A)
The projected post-anneal reembrittle-
ment of RTnpr must be calculated
using the procedures in §50.61(c), or
must be determined using the same
basis as that used for the pre-anneal
operating period. The projected change
due to post-anneal reembrittlement for
Charpy upper-shelf energy must be de-
termined using the same basis as that
used for the pre-anneal operating pe-
riod.

(B) The post-anneal reembrittlement
trend of both RTnpr and Charpy upper-
shelf energy must be estimated, and
must be monitored using a surveillance
program defined in the Thermal An-
nealing Report and which conforms to
the intent of appendix H of this part,
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‘“Reactor Vessel Material Surveillance
Program Requirements.”

(4) Identification of Changes Requiring
a License Amendment. Any changes to
the facility as described in the final
safety analysis report (as updated)
which requires a license amendment
pursuant to §50.59(c)(2) of this part, and
any changes to the Technical Speci-
fications, which are necessary to either
conduct the thermal annealing or to
operate the nuclear power reactor fol-
lowing the annealing must be identi-
fied. The section shall demonstrate
that the Commission’s requirements
continue to be complied with, and that
there is reasonable assurance of ade-
quate protection to the public health
and safety following the changes.

(c) Completion or Termination of Ther-
mal Annealing. (1) If the thermal an-
nealing was completed in accordance
with the Thermal Annealing Operating
Plan and the Requalification Inspec-
tion and Test Program, the licensee
shall so confirm in writing to the Di-
rector, Office of Nuclear Reactor Regu-
lation. The licensee may restart its re-
actor after the requirements of para-
graph (f)(2) of this section have been
met.

(2) If the thermal annealing was com-
pleted but the annealing was not per-
formed in accordance with the Thermal
Annealing Operating Plan and the Re-
qualification Inspection and Test Pro-
gram, the licensee shall submit a sum-
mary of lack of compliance with the
Thermal Annealing Operating Plan and
the Requalification Inspection and
Test Program and a justification for
subsequent operation to the Director,
Office of Nuclear Reactor Regulation.
Any changes to the facility as de-
scribed in the final safety analysis re-
port (as updated) which are attrib-
utable to the noncompliances and
which require a license amendment
pursuant to §50.59(c)(2) and any
changes to the Technical Specifica-
tions shall also be identified.

(i) If no changes requiring a license
amendment pursuant to §50.59(c)(2) or
changes to Technical Specifications
are identified, the licensee may restart
its reactor after the requirements of
paragraph (f)(2) of this section have
been met.
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(ii) If any changes requiring a license
amendment pursuant to §50.59(c)(2) or
changes to the Technical Specifica-
tions are identified, the licensee may
not restart its reactor until approval is
obtained from the Director, Office of
Nuclear Reactor Regulation and the re-
quirements of paragraph (f)(2) of this
section have been met.

(3) If the thermal annealing was ter-
minated prior to completion, the Ili-
censee shall immediately notify the
NRC of the premature termination of
the thermal anneal.

(i) If the partial annealing was other-
wise performed in accordance with the
Thermal Annealing Operating Plan and
relevant portions of the Requalifica-
tion Inspection and Test Program, and
the licensee does not elect to take
credit for any recovery, the licensee
need not submit the Thermal Anneal-
ing Results Report required by para-
graph (d) of this section but instead
shall confirm in writing to the Direc-
tor, Office of Nuclear Reactor Regula-
tion that the partial annealing was
otherwise performed in accordance
with the Thermal Annealing Operating
Plan and relevant portions of the Re-
qualification Inspection and Test Pro-
gram. The licensee may restart its re-
actor after the requirements of para-
graph (f)(2) of this section have been
met.

(ii) If the partial annealing was oth-
erwise performed in accordance with
the Thermal Annealing Operating Plan
and relevant portions of the Requali-
fication Inspection and Test Program,
and the licensee elects to take full or
partial credit for the partial annealing,
the licensee shall confirm in writing to
the Director, Office of Nuclear Reactor
Regulation that the partial annealing
was otherwise performed in compliance
with the Thermal Annealing Operating
Plan and relevant portions of the Re-
qualification Inspection and Test Pro-
gram. The licensee may restart its re-
actor after the requirements of para-
graph (f)(2) of this section have been
met.

(iii) If the partial annealing was not
performed in accordance with the Ther-
mal Annealing Operating Plan and the
Requalification Inspection and Test
Program, the licensee shall submit a
summary of lack of compliance with
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the Thermal Annealing Operating Plan
and the Requalification Inspection and
Test Program and a justification for
subsequent operation to the Director,
Office of Nuclear Reactor Regulation.
Any changes to the facility as de-
scribed in the final safety analysis re-
port (as updated) which are attrib-
utable to the noncompliances and
which require a license amendment
pursuant to §50.59(c)(2) and any
changes to the technical specifications
which are required as a result of the
noncompliances, shall also be identi-
fied.

(A) If no changes requiring a license
amendment pursuant to §50.59(c)(2) or
changes to Technical Specifications
are identified, the licensee may restart
its reactor after the requirements of
paragraph (f)(2) of this section have
been met.

(B) If any changes requiring a license
amendment pursuant to §50.59(c)(2) or
changes to Technical Specifications
are identified, the licensee may not re-
start its reactor until approval is ob-
tained from the Director, Office of Nu-
clear Reactor Regulation and the re-
quirements of paragraph (f)(2) of this
section have been met.

(d) Thermal Annealing Results Report.
Every licensee that either completes a
thermal annealing, or that terminates
an annealing but elects to take full or
partial credit for the annealing, shall
provide the following information
within three months of completing the
thermal anneal, unless an extension is
authorized by the Director, Office of
Nuclear Reactor Regulation:

(1) The time and temperature profiles
of the actual thermal annealing;

(2) The post-anneal RTnpr and Charpy
upper-shelf energy values of the reac-
tor vessel materials for use in subse-
quent reactor operation;

(3) The projected post-anneal re-
embrittlement trends for both RTnpr
and Charpy upper-shelf energy; and

(4) The projected values of RTprs and
Charpy upper-shelf energy at the end of
the proposed period of operation ad-
dressed in the Thermal Annealing Re-
port.

(e) Procedures for Determining the Re-
covery of Fracture Toughness. The proce-
dures of this paragraph must be used to
determine the percent recovery of
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ARTnpT, Ri, and percent recovery of
Charpy upper-shelf energy, R,. In all
cases, R and R, may not exceed 100.

(1) For those reactors with surveil-
lance programs which have developed
credible surveillance data as defined in
§50.61, percent recovery due to thermal
annealing (R, and R,) must be evalu-
ated 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 recov-
ery due to thermal annealing (R, and
R.) may be determined from the results
of a verification test program employ-
ing materials removed from the belt-
line region of the reactor vessel® 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.

(f) Public information and participa-
tion. (1) Upon receipt of a Thermal An-
nealing Report, and a minimum of 30
days before the licensee starts thermal
annealing, the Commission shall:

(i) Notify and solicit comments from
local and State governments in the vi-
cinity of the site where the thermal an-
nealing will take place and any Indian
Nation or other indigenous people that
have treaty or statutory rights that
could be affected by the thermal an-
nealing,

(ii) Publish a notice of a public meet-
ing in the FEDERAL REGISTER and in a
forum, such as local newspapers, which
is readily accessible to individuals in
the vicinity of the site, to solicit com-
ments from the public, and

(iii) Hold a public meeting on the li-
censee’s Thermal Annealing Report.

(2) Within 15 days after the NRC’s re-
ceipt of the licensee submissions re-
quired by paragraphs (c)(1), (¢)(2) and
(¢)(3)(i) through (iii) of this section, the
NRC staff shall make available at the

6For those cases where materials are re-
moved from the beltline of the pressure ves-
sel, the stress limits of the applicable por-
tions of the ASME Code Section III must be
satisfied, including consideration of fatigue
and corrosion, regardless of the Code of
record for the vessel design.
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NRC Web site, http:/www.nrc.gov, a
summary of its inspection of the Ili-
censee’s thermal annealing, and the
Commission shall hold a public meet-
ing:

(i) For the licensee to explain to NRC
and the public the results of the reac-
tor pressure vessel annealing,

(ii) for the NRC to discuss its inspec-
tion of the reactor vessel annealing,
and

(iii) for the NRC to receive public
comments on the annealing.

(3) Within 45 days of NRC’s receipt of
the licensee submissions required by
paragraphs (c)(1), (c)(2) and (c)(3)(1)
through (iii) of this section, the NRC
staff shall complete full documentation
of its inspection of the licensee’s an-
nealing process and make available
this documentation at the NRC Web
site, http:/www.nrc.gov.

[60 FR 65472, Dec. 19, 1995, as amended at 64
FR 48952, Sept. 9, 1999; 64 FR 53613, Oct. 4,
1999]

EFFECTIVE DATE NOTE: See 64 FR 53582,
Oct. 4, 1999, for effectiveness of §50.66 (b) in-
troductory text, paragraphs (b)(4), (¢)(2), and
(e)(3)(id).

§50.67 Accident source term.

(a) Applicability. The requirements of
this section apply to all holders of op-
erating licenses issued prior to Janu-
ary 10, 1997, and holders of renewed li-
censes under part 54 of this chapter
whose initial operating license was
issued prior to January 10, 1997, who
seek to revise the current accident
source term used in their design basis
radiological analyses.

(b) Requirements. (1) A licensee who
seeks to revise its current accident
source term in design basis radio-
logical consequence analyses shall
apply for a license amendment under
§50.90. The application shall contain an
evaluation of the consequences of ap-
plicable design basis accidents! pre-

1The fission product release assumed for
these calculations should be based upon a
major accident, hypothesized for purposes of
design analyses or postulated from consider-
ations of possible accidental events, that
would result in potential hazards not exceed-
ed by those from any accident considered
credible. Such accidents have generally been
assumed to result in substantial meltdown of

10 CFR Ch. | (1-1-10 Edition)

viously analyzed in the safety analysis
report.

(2) The NRC may issue the amend-
ment only if the applicant’s analysis
demonstrates with reasonable assur-
ance that:

(i) An individual located at any point
on the boundary of the exclusion area
for any 2-hour period following the
onset of the postulated fission product
release, would not receive a radiation
dose in excess of 0.256 Sv (256 rem)?2 total
effective dose equivalent (TEDE).

(ii) An individual located at any
point on the outer boundary of the low
population zone, who is exposed to the
radioactive cloud resulting from the
postulated fission product release (dur-
ing the entire period of its passage),
would not receive a radiation dose in
excess of 0.26 Sv (25 rem) total effective
dose equivalent (TEDE).

(iii) Adequate radiation protection is
provided to permit access to and occu-
pancy of the control room under acci-
dent conditions without personnel re-
ceiving radiation exposures in excess of
0.06 Sv (b rem) total effective dose
equivalent (TEDE) for the duration of
the accident.

[64 FR 72001, Dec. 23, 1999]

§50.68 Criticality
ments.

accident require-

(a) Each holder of a construction per-
mit or operating license for a nuclear
power reactor issued under this part or
a combined license for a nuclear power
reactor issued under part 52 of this
chapter, shall comply with either 10
CFR 70.24 of this chapter or the re-
quirements in paragraph (b) of this sec-
tion.

(b) Each licensee shall comply with
the following requirements in lieu of

the core with subsequent release of appre-

ciable quantities of fission products.

22 The use of 0.25 Sv (25 rem) TEDE is not
intended to imply that this value constitutes
an acceptable limit for emergency doses to
the public under accident conditions. Rather,
this 0.25 Sv (26 rem) TEDE value has been
stated in this section as a reference value,
which can be used in the evaluation of pro-
posed design basis changes with respect to
potential reactor accidents of exceedingly
low probability of occurrence and low risk of
public exposure to radiation.
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