RCS P/T Limits
B3.4.3

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.3 RCS Pressure and Temperature (P/T) Limits

BASES

BACKGROUND All components of the RCS are designed to withstand effects of cyclic
loads due to system pressure and temperature changes. These loads
are introduced by startup (heatup) and shutdown (cooldown) operations,
power transients, and reactor trips. This LCO limits the pressure and
temperature changes during RCS heatup and cooldown, within the design
assumptions and the stress limits for cyclic operation.

This Specification contains P/T limit curves for heatup, cooldown,
inservice leak and hydrostatic (ISLH) testing, and data for the maximum
rate of change of reactor coolant temperature.

Each P/T limit curve defines an acceptable region for normal operation.
The usual use of the curves is operational guidance during heatup or
cooldown maneuvering, when pressure and temperature indications are
monitored and compared to the applicable curve to determine that
operation is within the allowable region.

The LCO establishes operating limits that provide a margin to brittle
failure of the reactor vessel and piping of the reactor coolant pressure
boundary (RCPB). The vessel is the component most subject to brittle
failure, and the LCO limits apply mainly to the vessel. The limits do not
apply to the pressurizer, which has different design characteristics and
operating functions.

10 CFR 50, Appendix G (Ref. 1), requires the establishment of P/T limits
for specific material fracture toughness requirements of the RCPB
materials. Reference 1 requires an adequate margin to brittle failure
during normal operation, anticipated operational occurrences, and system
hydrostatic tests. It mandates the use of the American Society of
Mechanical Engineers (ASME) Code, Section lll, Appendix G (Ref. 2).

The neutron embrittlement effect on the material toughness is reflected by
increasing the nil ductility reference temperature (RTypt) as exposure to
neutron fluence increases.

The actual shift in the RTypt of the vessel material will be established
periodically by removing and evaluating the irradiated reactor vessel
material specimens, in accordance with ASTM E 185 (Ref. 3) and
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Appendix H of 10 CFR 50 (Ref. 4). The operating P/T limit curves will be
adjusted, as necessary, based on the evaluation findings and the
recommendations of Regulatory Guide 1.99 (Ref. 5).

A second program that employs excore cavity dosimetry to monitor the
reactor vessel neutron fluence has been installed in both units. This
program meets the requirements of 10 CFR 50 Appendix H (Ref. 4).

The P/T limit curves are composite curves established by superimposing
limits derived from stress analyses of those portions of the reactor vessel
and head that are the most restrictive. At any specific pressure,
temperature, and temperature rate of change, one location within the
reactor vessel will dictate the most restrictive limit. Across the span of the
P/T limit curves, different locations are more restrictive, and, thus, the
curves are composites of the most restrictive regions.

The heatup curve represents a different set of restrictions than the
cooldown curve because the directions of the thermal gradients through
the vessel wall are reversed. The thermal gradient reversal alters the
location of the tensile stress between the outer and inner walls.

The criticality limit curve includes the Reference 1 requirement that it be
> 40°F above the heatup curve or the cooldown curve, and not less than
the minimum permissible temperature for ISLH testing. However, the
criticality curve is not operationally limiting; a more restrictive limit exists
in LCO 3.4.2, "RCS Minimum Temperature for Criticality."

The consequence of violating the LCO limits is that the RCS has been
operated under conditions that can result in brittle failure of the RCPB,
possibly leading to a nonisolable leak or loss of coolant accident. In the
event these limits are exceeded, an evaluation must be performed to
determine the effect on the structural integrity of the RCPB components.
The ASME Code, Section Xl, Appendix E (Ref. 6), provides a
recommended methodology for evaluating an operating event that causes
an excursion outside the limits.

APPLICABLE
SAFETY ANALYSES

The P/T limits are not derived from Design Basis Accident (DBA)
analyses. They are prescribed during normal operation to avoid
encountering pressure, temperature, and temperature rate of change
conditions that might cause undetected flaws to propagate and cause
nonductile failure of the RCPB, an unanalyzed condition. Although the
P/T limits are not derived from any DBA, the P/T limits are acceptance
limits since they preclude operation in an unanalyzed condition.

RCS P/T limits satisfy Criterion 2 of 10 CFR 50.36 (Ref. 7).
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LCO

The two elements of this LCO are:
a. The limit curves for heatup, cooldown, and ISLH testing; and
b. Limits on the rate of change of temperature.

The LCO limits apply to all components of the RCS, except the
pressurizer. These limits define allowable operating regions and permit a
large number of operating cycles while providing a wide margin to
nonductile failure.

The limits for the rate of change of temperature control the thermal
gradient through the vessel wall and are used as inputs for calculating the
heatup, cooldown, and ISLH testing P/T limit curves. Thus, the LCO for
the rate of change of temperature restricts stresses caused by thermal
gradients and also ensures the validity of the P/T limit curves.

Violating the LCO limits places the reactor vessel outside of the bounds of
the stress analyses and can increase stresses in other RCPB
components. The consequences depend on several factors, as follows:

a. The severity of the departure from the allowable operating P/T
regime or the severity of the rate of change of temperature;

b. The length of time the limits were violated (longer violations allow
the temperature gradient in the thick vessel walls to become more
pronounced); and

C. The existences, sizes, and orientations of flaws in the vessel
material.

APPLICABILITY

The RCS P/T limits LCO provides a definition of acceptable operation for
prevention of nonductile failure in accordance with 10 CFR 50,

Appendix G (Ref. 1). Although the P/T limits were developed to provide
guidance for operation during heatup or cooldown (MODES 3, 4, and 5)
or ISLH testing, their Applicability is at all times in keeping with the
concern for nonductile failure. The limits do not apply to the pressurizer.

During MODES 1 and 2, other Technical Specifications provide limits for
operation that can be more restrictive than or can supplement these P/T
limits. LCO 3.4.1, "RCS Pressure, Temperature, and Flow Departure
from Nucleate Boiling (DNB) Limits"; LCO 3.4.2, "RCS Minimum
Temperature for Criticality"; and Safety Limit 2.1, "Safety Limits," also
provide operational restrictions for pressure and temperature and
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APPLICABILITY (continued)

maximum pressure. Furthermore, MODES 1 and 2 are above the
temperature range of concern for nonductile failure, and stress analyses
have been performed for normal maneuvering profiles, such as power
ascension or descent.

ACTIONS

A.1and A.2

Operation outside the P/T limits during MODE 1, 2, 3, or 4 must be
corrected so that the RCPB is returned to a condition that has been
verified by stress analyses.

The 30 minute Completion Time reflects the urgency of restoring the
parameters to within the analyzed range. Most violations will not be
severe, and the activity can be accomplished in this time in a controlled
manner.

Besides restoring operation within limits, an evaluation is required to
determine if RCS operation can continue. The evaluation must verify the
RCPB integrity remains acceptable and must be completed before
continuing operation. Several methods may be used, including
comparison with pre-analyzed transients in the stress analyses, new
analyses, or inspection of the components.

ASME Code, Section Xl, Appendix E (Ref. 6), may be used to support the
evaluation. However, its use is restricted to evaluation of the vessel
beltline.

The 72 hour Completion Time is reasonable to accomplish the evaluation.
The evaluation for a mild violation is possible within this time, but more
severe violations may require special, event specific stress analyses or
inspections. A favorable evaluation must be completed before continuing
to operate.

Condition A is modified by a Note requiring Required Action A.2 to be
completed whenever the Condition is entered. The Note emphasizes the
need to perform the evaluation of the effects of the excursion outside the
allowable limits. Restoration alone per Required Action A.1 is insufficient
because higher than analyzed stresses may have occurred and may have
affected the RCPB integrity.
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ACTIONS (continued)
B.1and B.2

If a Required Action and associated Completion Time of Condition A are
not met, the plant must be placed in a lower MODE because either the
RCS remained in an unacceptable P/T region for an extended period of
increased stress or a sufficiently severe event caused entry into an
unacceptable region. Either possibility indicates a need for more careful
examination of the event, best accomplished with the RCS at reduced
pressure and temperature. In reduced pressure and temperature
conditions, the possibility of propagation with undetected flaws is
decreased.

If the required restoration activity cannot be accomplished within
30 minutes, Required Action B.1 and Required Action B.2 must be
implemented to reduce pressure and temperature.

If the required evaluation for continued operation cannot be accomplished
within 72 hours or the results are indeterminate or unfavorable, action
must proceed to reduce pressure and temperature as specified in
Required Action B.1 and Required Action B.2. A favorable evaluation
must be completed and documented before returning to operating
pressure and temperature conditions.

Pressure and temperature are reduced by bringing the plant to MODE 3
within 6 hours and to MODE 5 with RCS pressure < 500 psig within
36 hours.

The allowed Completion Times are reasonable, based on operating
experience, to reach the required plant conditions from full power
conditions in an orderly manner and without challenging plant systems.

C.1and C.2

Actions must be initiated immediately to correct operation outside of the
P/T limits at times other than when in MODE 1, 2, 3, or 4, so that the
RCPB is returned to a condition that has been verified by stress analysis.

The immediate Completion Time reflects the urgency of initiating action to
restore the parameters to within the analyzed range. Most violations will
not be severe, and the activity can be accomplished in this time in a
controlled manner.
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Besides restoring operation within limits, an evaluation is required to
determine if RCS operation can continue. The evaluation must verify that
the RCPB integrity remains acceptable and must be completed prior to
entry into MODE 4. Several methods may be used, including comparison
with pre-analyzed transients in the stress analyses, or inspection of the
components.

ASME Code, Section Xl, Appendix E (Ref. 6), may be used to support the
evaluation. However, its use is restricted to evaluation of the vessel
beltline.

Condition C is modified by a Note requiring Required Action C.2 to be
completed whenever the Condition is entered. The Note emphasizes the
need to perform the evaluation of the effects of the excursion outside the
allowable limits. Restoration alone per Required Action C.1 is insufficient
because higher than analyzed stresses may have occurred and may have
affected the RCPB integrity.

SURVEILLANCE SR 3.4.3.1

REQUIREMENTS
Verification that operation is within the specified limits is required when
RCS pressure and temperature conditions are undergoing planned
changes. The Surveillance Frequency is based on operating experience,
equipment reliability, and plant risk and is controlled under the
Surveillance Frequency Control Program.

Surveillance for heatup, cooldown, or ISLH testing may be discontinued
when the definition given in the relevant plant procedure for ending the
activity is satisfied.

This SR is modified by a Note that only requires this SR to be performed
during system heatup, cooldown, and ISLH testing. No SR is given for
criticality operations because LCO 3.4.2 contains a more restrictive
requirement.
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