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1 Defined in ASTM E 185–79 and –82 which are
incorporated by reference in Appendix H to Part 50.

normal operation, including anticipated
operational occurrences. Reactor vessels may
continue to be operated only for that service
period within which the requirements of this
section are satisfied. For the reactor vessel
beltline materials, including welds, plates
and forgings, the values of RTNDT and Charpy
upper-shelf energy must account for the
effects of neutron radiation, including the
results of the surveillance program of
Appendix H of this part. The effects of
neutron radiation must consider the radiation
conditions (i.e., the fluence) at the deepest
point on the crack front of the flaw assumed
in the analysis.

1. Reactor Vessel Charpy Upper-Shelf Energy
Requirements

a. Reactor vessel beltline materials must
have Charpy upper-shelf energy,1 in the
transverse direction for base material and
along the weld for weld material according
to the ASME Code, of no less than 75 ft-lb
(102 J) initially and must maintain Charpy
upper-shelf energy throughout the life of the
vessel of no less than 50 ft-lb (68 J), unless
it is demonstrated in a manner approved by
the Director, Office of Nuclear Reactor
Regulation, that lower values of Charpy
upper-shelf energy will provide margins of
safety against fracture equivalent to those
required by Appendix G of Section XI of the
ASME Code. This analysis must use the latest
edition and addenda of the ASME Code
incorporated by reference into § 50.55a(b)(2)
at the time the analysis is submitted.

b. Additional evidence of the fracture
toughness of the beltline materials after
exposure to neutron irradiation may be

obtained from results of supplemental
fracture toughness tests for use in the
analysis specified in section IV.A.1.a.

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.1 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 3, and are
defined by the operating condition (i.e.,
hydrostatic pressure and leak tests, or normal
operation including anticipated operational
occurrences), the vessel pressure, whether or
not fuel is in the vessel, and whether the core
is critical. In Table 3, the vessel pressure is
defined as a percentage of the preservice
system hydrostatic test pressure. The
appropriate requirements on both the
pressure-temperature limits and the
minimum permissible temperature must be
met for all conditions.

b. The pressure-temperature limits
identified as ‘‘ASME Appendix G limits’’ in
Table 3 require that the limits 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
XI of the ASME Code.

c. The minimum temperature requirements
given in Table 3 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 3, 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 occurrences), the
vessel pressure, whether fuel is in the vessel,
and whether the core is critical. The metal
temperature of the controlling material, in
the 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 XI
of the ASME Code must be completed before
the core is critical.

B. If the procedures of Section IV.A. 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
§ 50.66. 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 RTNDT and
Charpy upper-shelf energy that include the
effects of annealing and subsequent
irradiation.

TABLE 1.—PRESSURE AND TEMPERATURE REQUIREMENTS FOR THE REACTOR PRESSURE VESSEL

Operating condition Vessel
pressure 1

Requirements for pressure-temperature
limits

Minimum temperature
requirements

1. Hydrostatic pressure and leak tests (core is not critical):
1.a Fuel in the vessel ...................................................... ≤20% ASME Appendix G Limits ........................ (2)
1.b Fuel in the vessel ...................................................... >20% ASME Appendix G Limits ........................ (2) +90°F (6)
1.c No fuel in the vessel (Preservice Hydrotest Only) .... ALL (Not Applicable) ....................................... (3) +60°F

2. Normal operation (incl. heat-up and cool-down), including
anticipated operational occurrences:

2.a Core not critical ......................................................... ≤20% ASME Appendix G Limits ........................ (2)
2.b Core not critical ......................................................... >20% ASME Appendix G Limits ........................ (2) +120°F (6)
2.c Core critical ................................................................ ≤20% ASME Appendix G Limits + 40°F ............ Larger of [(4)] or [(2) +

40°F]
2.d Core critical ................................................................ >20% ASME Appendix G Limits + 40°F ............ Larger of [(4)] or [(2) +

160°F]
2.e Core critical for BWR (5) ............................................ ≤20% ASME Appendix G Limits + 40°F ............ (2) + 60°F

1 Percent of the preservice system hydrostatic test pressure.
2 The highest reference temperature of the material in the closure flange region that is highly stressed by the bolt preload.
3 The highest reference temperature of the vessel.
4 The minimum permissible temperature for the inservice system hydrostatic pressure test.
5 For boiling water reactors (BWR) with water level within the normal range for power operation.
6 Lower temperatures are permissible if they can be justified by showing that the margins of safety of the controlling region are equivalent to

those required for the beltline when it is controlling.


