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PREFACE

This NUREG contains the improved Standard Technical Specifications (STS) for
Babcock and Wilcox (B&W) plants. Revision 1 incorporates the cumulative
changes to Revision 0, which was published in September 1992. The changes
reflected in Revision 1 resulted from the experience gained from license
amendment applications to convert to these improved STS or to adopt partial
improvements to existing technical specifications. This NUREG is the result
of extensive public technical meetings and discussions between the Nuclear
Regulatory Commission (NRC) staff and various nuclear power plant licensees,
Nuclear Steam Supply System (NSSS) Owners Groups, specifically the B&W Owners
Group (BWOG), NSSS vendors, and the Nuclear Energy Institute (NEI). The
improved STS were developed based on the criteria in the Final Commission
Policy Statement on Technical Specifications Improvements for Nuclear Power
Reactors, dated July 22, 1993 (58 FR 39132). Licensees are encouraged to
upgrade their technical specifications consistent with those criteria and
conforming, to the extent practical and consistent with the licensing basis
for the facility, to Revision 1 to the improved STS. The Commission continues
to place the highest priority on requests for complete conversions to the
improved STS. Licensees adopting portions of the improved STS to existing
technical specifications should adopt all related requirements, as applicable,
to achieve a high degree of standardization and consistency.
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RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 RCS Pressure, Temperature, and Flow Departure from Nucleate
Boiling (DNB) Limits

BASES

BACKGROUND

These Bases address requirements for maintaining RCS
pressure, temperature, and flow rate within Timits assumed
in the safety analyses. The safety analyses (Ref. 1) of
normal operating conditions and anticipated operational
occurrences assume initial conditions within the normal
steady state envelope. The Timits placed on DNB related
parameters ensure that these parameters will not be less
conservative than were assumed in the analyses and thereby
provide assurance that the minimum departure from nucleate
boiling ratio (DNBR) will meet the required criteria for
each of the transients analyzed.

The LCO for minimum RCS pressure is consistent with
operation within the nominal operating envelope and is above
that used as the initial pressure in the analyses. A
pressure greater than the minimum specified will produce a
higher minimum DNBR. A pressure lower than the minimum
specified will cause the plant to approach the DNB limit.

The LCO for maximum RCS coolant hot leg temperature is
consistent with full power operation within the nominal
operating envelope and is lower than the initial hot leg
temperature in the analyses. A hot leg temperature lower
than that specified will produce a higher minimum DNBR. A
temperature higher than that specified will cause the plant
to approach the DNB limit.

The RCS flow rate is not expected to vary during operation
with all pumps running. The LCO for the minimum RCS flow
rate corresponds to that assumed for the DNBR analyses. A
higher RCS flow rate will produce a higher DNBR. A lower
RCS flow will cause the plant to approach the DNB limit.

APPLICABLE
SAFETY ANALYSES

The requirements of LCO 3.4.1 represent the initial
conditions for DNB limited transients analyzed in the plant
safety analyses (Ref. 1). The safety analyses have shown
that transients initiated from the Tlimits of this LCO will
meet the DNBR criterion of > [1.3]. This is the acceptance

(continued)
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BASES

RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

APPLICABLE
SAFETY ANALYSES
(continued)

limit for the RCS DNBR parameters. Changes to the facility
that could impact these parameters must be assessed for
their impact on the DNBR criterion. The transients analyzed
for include loss of coolant flow events and dropped or stuck
control rod events. A key assumption for the analysis of
these events is that the core power distribution is within
the limits of LCO 3.2.1, "Regulating Rod Insertion Limits,"
LCO 3.2.3, "AXIAL POWER IMBALANCE OPERATING LIMITS," and

LCO 3.2.4, "QUADRANT POWER TILT RATIO (QPTR)."

The core outlet pressure assumed in the safety analyses is
2135 psia. The minimum pressure specified in LCO 3.4.1 is
the 1imit value in the reactor coolant loop as measured at
the hot leg pressure tap. :

The safety analyses are performed with an assumed RCS
coolant average temperature of 581°F (579°F plus 2°F
allowance for calculational uncertainty). The corresponding
hot leg temperature of 604.6°F is calculated by assuming an
RCS core outlet pressure of 2135 psia and an RCS flow rate
of 374,880 gpm. The maximum temperature specified is the
Timit value at the hot leg resistance temperature detector.

The safety analyses are performed with an assumed RCS flow
rate of 374,880 gpm. The minimum flow rate specified in
LCO 3.4.1 is the minimum mass flow rate.

Analyses have been performed to establish the pressure,
temperature, and flow rate requirements for three pump and
four pump operation. The flow limits for three pump
operation are substantially lower than for four pump
operation. To meet the DNBR criterion, a corresponding
maximum power limit is required (see Bases for LCO 3.4.4,
"RCS Loops—MODES 1 and 2").

The RCS DNB Timits satisfy Criterion 2 of the NRC Policy
Statement.

LCO

This LCO specifies 1imits on the monitored process
variables: RCS loop (hot leg) pressure, RCS hot leg
temperature, and RCS total flow rate to ensure that the core
operates within the Timits assumed for the plant safety
analyses. Operating within these limits will result in

(continued)
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BASES

RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

LCO
(continued)

meeting DNBR criteria in the event of a DNB limited
transient.

The pressure and temperature limits are to be applied to the
Toop with two reactor coolant pumps (RCPs) running for the
tiiree RCPs operating condition.

The LCO numerical values for pressure, temperature, and flow
rate are given for the measurement location but have not
been adjusted for instrument error. Plant specific limits
of instrument error are established by the plant staff to
meet the operational requirements of this LCO.

APPLICABILITY

In MODE 1, the Timits on RCS pressure, RCS hot leg
temperature, and RCS flow rate must be maintained during
steady state with four pump or three pump operation in order
to ensure that DNBR criteria will be met in the event of an
unplanned loss of forced coolant flow or other DNB limited
transient. 1In all other MODES the power level is low enough
so that DNB is not a concern.

The Note indicates the 1imit on RCS pressure may be exceeded
during short term operational transients such as a THERMAL
POWER ramp increase > 5% RTP per minute or a THERMAL POWER
step increase > 10% RTP. These conditions represent short
term perturbations where actions to control pressure
variations might be counterproductive. Also, since they
represent transients initiated from power levels < 100% RTP,
increased DNBR margin exists to offset the temporary
pressure variations.

Another set of limits on DNBR related parameters is provided
in Safety Limit (SL) 2.1.1, "Reactor Core SLs." Those
limits are less restrictive than the limits of LCO 3.4.1,
but violation of an SL merits a stricter, more severe
Required Action. Should a violation of LCO 3.4.1 occur, the
operator must check whether an SL may have been exceeded.

ACTIONS

A.l

Loop pressure and hot leg coolant temperature are
controllable and measurable parameters. With one or both of

(continued)

BWOG STS

B 3.4-3 Rev 1, 04/07/95



BASES

RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

ACTIONS

A.1 (continued)

these parameters not within the LCO 1imits, action must be
taken to restore the parameters. RCS flow rate is not a
controllable parameter and is not expected to vary during
steady state four pump or three pump operation. However, if
the flow rate is below the LCO Timit, the parameter must be
restored to within limits or power must be reduced as
required in Required Action B.1, to restore DNBR margin and
eliminate the potential for violation of the accident
analysis bounds.

The 2 hour Completion Time for restoration of the parameters
provides sufficient time to adjust plant parameters,
determine the cause for the off normal condition, and
restore the readings within limits. The Completion Time is-
based on plant operating experience.

B.1

If the Required Action A.1 is not met within the Completion
Time, the plant must be brought to a MODE in which the LCO
does not apply. To achieve this status, the plant must be
brought to at least MODE 2 within 6 hours. 1In MODE 2, the
reduced power condition eliminates the potential for
violation of the accident analysis bounds.

The 6 hour Completion Time is reasonable, based on operating
experience, to reduce power in an orderly manner in
conjunction with even control of steam generator heat
removal.

SURVEILLANCE
REQUIREMENTS

SR_3.4.1.1

Since Required Action A.1 allows a Completion Time of

2 hours to restore parameters that are not within limits,
the 12 hour Surveillance Frequency for loop (hot leg)
pressure is sufficient to ensure that the pressure can be
restored to a normal operation, steady state condition
following load changes and other expected transient
operations. The RCS pressure value specified is dependent
on the number of pumps in operation and has been adjusted to
account for the pressure loss difference between the core

(continued)
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BASES

RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

SURVEILLANCE
REQUIREMENTS

SR _3.4.1.1 (continued)

exit and the measurement location. The value used in the
plant safety analysis is 2135 psia. The 12 hour interval
has been shown by operating practice to be sufficient to
regularly assess potential degradation and to verify
operation is within safety analysis assumptions.

A Note has been added to indicate the pressure limits are to
be applied to the loop with two pumps in operation for the
three pump operating condition.

Since Required Action A.l allows a Completion Time of

2 hours to restore parameters that are not within Timits,
the 12 hour Surveillance Frequency for hot leg temperature
is sufficient to ensure that the RCS coolant temperature can
be restored to a normal operation, steady state condition
following load changes and other expected transient
operations. The 12 hour interval has been shown by
operating practice to be sufficient to regularly assess
potential degradation and to verify that operation is within
safety analysis assumptions.

A Note has been added to indicate the temperature limits are
to be applied to the Toop with two pumps in operation for
the three pump operating condition.

SR_3.4.1.3

The 12 hour Surveillance Frequency for RCS total flow rate

is performed using the installed flow instrumentation. The
12 hour interval has been shown by operating practice to be
sufficient to regularly assess potential degradation and to
verify that operation is within safety analysis assumptions.

SR _3.4.1.4
Measurement of RCS total flow rate by performance of a

precision calorimetric heat balance once every [18] months
allows the installed RCS flow instrumentation to be

(continued)
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BASES

RCS Pressure, Temperature, and Flow DNB Limits
B 3.4.1

SURVEILLANCE
REQUIREMENTS

SR_3.4.1.4 (continued)

calibrated and verifies that the actual RCS flow is greater
than or equal to the minimum required RCS flow rate.

The Frequency of [18] months reflects the importance of
verifying flow after a refueling outage when the core has
been altered or RCS flow characteristics may have been
modified, which may have caused change of flow.

The Surveillance is modified by a Note that indicates the SR
does not need to be performed until stable thermal
conditions are established at higher power levels. The Note
s necessary to allow measurement of the flow rate at normal
operating conditions at power in MODE 1. The Surveillance /
cannot be performed at low power or in MODE 2 or below
because at low power the AT across the core will be too
small to provide valid results.

REFERENCES

1. FSAR, Chapter [15].
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RCS Minimum Temperature for Criticality
B 3.4.2

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.2 RCS Minimum Temperature for Criticality

BASES

BACKGROUND

Establishing the value for the minimum temperature for
reactor criticality is based upon considerations for:

a. Operation within the existing instrumentation ranges
and accuracies;

b. Operation with reactor vessel above its minfmum nil
ductility reference temperature when the reactor is
critical.

The reactor coolant moderator temperature coefficient used
in core operating and accident analysis is typically defined
for the normal operating temperature range (532°F to 579°F).
The Reactor Protection System (RPS) receives inputs from the
narrow range hot leg temperature detectors, which have a
range of 520°F to 620°F. The integrated control system
controls average temperature (T,.) using inputs of the same
range. Nominal T, . for making the reactor critical is
532°F. Safety and operating analyses for Tower temperatures
have not been made.

APPLICABLE
SAFETY ANALYSES

There are no accident analyses that dictate the minimum
temperature for criticality, but all low power safety
analyses assume initial temperatures near the 525°F limit
(Ref. 1).

The RCS minimum temperature for criticality satisfies
Criterion 2 of the NRC Policy Statement.

LCO

The purpose of the LCO is to prevent criticality outside the
normal operating regime (532°F to 579°F) and to prevent
operation in an unanalyzed condition.

The LCO 1imit of 525°F has been selected to be within the
instrument indicating range (520°F to 620°F). The limit is
also set slightly below the lowest power range operating
temperature (532°F).

BWOG STS
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BASES (continued)

RCS Minimum Temperature for Criticality
B 3.4.2

APPLICABILITY

The reactor has been designed and analyzed to be critical in
MODES 1 and 2 only and in accordance with this
Specification. Criticality is not permitted in any other
MODE. Therefore, this LCO is applicabie in MODE 1 and

MODE 2 when k., > 1.0.

ACTIONS

A.l

With Tave below 525°F, the plant must be brought to a MODE

in which the LCO does not apply. To achieve this status,
the plant must be brought to MODE 3 in 30 minutes. Rapid
reactor shutdown can be readily and practically achieved in
a 30 minute period. The Completion Time reflects the
ability to perform this Action and maintain the plant within
the analyzed range. If T, can be restored within the

30 minute time period, shutdown is not required.

SURVEILLANCE
REQUIREMENTS

SR _3.4.2.1

Tawg 18 required to be verified above 525°F every 30
minutes. The 30 minute time period is frequent enough to
prevent inadvertent violation of the LCO. The 30 minute
portion of the Frequency has been modified by a Note
indicating this SR is only required when T, < 530°F.

While Surveillance is required whenever the reactor is
critical and temperature is below 530°F, in practice the
Surveillance is most appropriate during the period when the
reactor is brought critical.

REFERENCES

1. FSAR, Chapter [15].
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RCS P/T Limits
B 3.4.3

B 3.4 REACTOR COOLANT SYSTEM (RCS)

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

BASES

BACKGROUND

A11 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 1imits the pressure and temperature
changes during RCS heatup and cooldown, within the design
assumptions and the stress limits for cyclic operation.

The PTLR contains P/T limit curves for heatup, cooldown, and
inservice leak and hydrostatic (ISLH) testing, and data for
the maximum rate of change of reactor coolant temperature
(Ref. 1).

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
js within the allowable region.

The LCO establishes operating Timits 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 1limits do not apply
to the pressurizer, which has different design
characteristics and operating functions.

10 CFR 50, Appendix G (Ref. 2), requires the establishment
of P/T limits for material fracture toughness requirements
of the RCPB materials. Reference 2 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), Boiler and Pressure Vessel
Code, Section III, Appendix G (Ref. 3).

Linear elastic fracture mechanics (LEFM) methodology is used
to determine the stresses and material toughness at
locations within the RCPB. The LEFM methodology follows the

(continued)
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BASES

RCS P/T Limits
B 3.4.3

BACKGROUND
(continued)

guidance given by 10 CFR 50, Appendix G; ASME Code,
Section III, Appendix G; and Regulatory Guide 1.99 (Ref. 4).

Material toughness properties of the ferritic materials of
the reactor vessel are determined in accordance with the NRC
Standard Review Plan (Ref. 5), ASTM E 185 (Ref. 6), and
additional reactor vessel requirements. These properties
are then evaluated in accordance with Reference 3.

The actual shift in the nil ductility reference temperature
(RTypr) 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. 6) and Appendix H of 10 CFR 50 (Ref. 7).
The operating P/T 1imit curves will be adjusted, as
necessary, based on the evaluation findings and the
recommendations of Reference 3.

The P/T 1imit 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 1limit 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 calculation to generate the ISLH testing curve uses
different safety factors (per Ref. 3) than the heatup and
cooldown curves. The ISLH testing curve also extends to the
RCS design pressure of 2500 psia.

The P/T limit curves and associated temperature rate of
change limits are developed in conjunction with stress
analyses for large numbers of operating cycles and provide
conservative margins to nonductile failure. Although
created to provide limits for these specific normal
operations, the curves also can be used to determine if an
evaluation is necessary for an abnormal transient.

(continued)
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BASES

RCS P/T Limits
B 3.4.3

BACKGROUND
(continued)

The consequence of violating the LCO T1imits 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 Timits are exceeded, an evaluation must be performed
to determine the effect on the structural integrity of the
RCPB components. The ASME Code, Section XI, Appendix E
(Ref. 8) provides a recommended methodology for evaluating
an operating event that causes an excursion outside the
limits.

APPLICABLE
SAFETY ANALYSES

The P/T 1imits 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. Reference 1 establishes the
methodology for determining the P/T limits. Since the P/T
1imits are not derived from any DBA analysis, there are no
acceptance limits related to the P/T limits. Rather, the
P/T 1imits are acceptance limits themselves since they
preclude operation in an unanalyzed condition.

RCS P/T limits satisfy Criterion 2 of the NRC Policy
Statement.

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 1imits 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 1imits 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 P/T
limit curves. Thus, the LCO for the rate of change of

(continued)
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BASES

RCS P/T Limits
B 3.4.3

LCO
(continued)

temperature restricts stresses caused by thermal gradients
and also ensures the validity of the P/T 1imit 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 Specification provides a definition of
acceptable operation for prevention of nonductile failure in
accordance with 10 CFR 50, Appendix G (Ref. 2). 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 Timits do not
apply to the pressurizer.

During MODES 1 and 2, other Technical Specifications provide
1imits 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 (SL) 2.1, "SlLs," also provide
operational restrictions for pressure and temperature and
maximum pressure. 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.

BWOG STS
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BASES (continued)

RCS P/T Limits
B 3.4.3

ACTIONS

A.1 and A.2

Operation outside the P/T 1limits 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 to 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. The evaluation must be
completed, documented, and approved in accordance with
established plant procedures and administrative controls.

ASME Code, Section XI, Appendix E (Ref. 8) may be used to
support the evaluation. However, its use is restricted to
evaluation of the vessel beltline. The evaluation must
extend to all components of the RCPB.

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 Timits. Restoration alone per Required Action A.l
is insufficient because higher than analyzed stresses may
have occurred and may have affected the RCPB integrity.

(continued)
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RCS P/T Limits
B 3.4.3

BASES

ACTIONS B.1 and B.2
(continued)

If a Required Action and associated Completion Time of
Condition A are not met, the plant must be brought to a
Tower MODE because: (a) the RCS remained in an unacceptable
pressure and temperature region for an extended period of
increased stress, or (b) 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. With reduced pressure and temperature
conditions, the possibility of propagation of 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

Actions B.1 and B.2. A favorable evaluation must be
completed and documented before returning to operating
pressure and temperature conditions. However, if the
favorable evaluation is accomplished while reducing pressure
and temperature conditions, a return to power operation may
be considered without completing Required Action B.2.

Pressure and temperature are reduced by bringing the plant
to MODE 3 within 6 hours and to MODE 5 within 36 hours. The
allowed Completion Times are reasonable, based on operating
experience, to reach the required MODE from full power
conditions in an orderly manner and without challenging
plant systems.

C.1 and C.2

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

(continued) /

|
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RCS P/T Limits
B 3.4.3

ACTIONS

C.1 and €C.2 (continued)

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 within this time in a
controlled manner.

In addition to restoring operation to within Timits, 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
analysis, or inspection of the components.

ASME Code, Section XI, Appendix E (Ref. 8), may also 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 1imits. Restoration alone, per Required
Action C.1, is insufficient because higher than analyzed
stresses may have occurred and may have affected RCPB
integrity.

SURVETLLANCE
REQUIREMENTS

SR_3.4.3.1

Verification that operation is within the PTLR limits is
required every 30 minutes when RCS pressure and temperature
conditions are undergoing planned changes.

This Frequency is considered reasonable in view of the
control room indication available to monitor RCS status.
Also, since temperature rate of change limits are specified
in hourly increments, 30 minutes permits assessment and
correction for minor deviations within a reasonable time.

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.

(continued)
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RCS P/T Limits

B 3.4.3
BASES
SURVEILLANCE SR 3.4.3.1 (continued)
REQUIREMENTS
This SR is modified by a Note that requires this SR to be
performed only during system heatup, cooldown, and ISLH
testing.
REFERENCES 1.  BAW-10046A, Rev. 1, July 1977.

2. 10 CFR 50, Appendix G.

3. ASME, Boiler and Pressure Vessel Code, Section III,
Appendix G.

4. Regulatory Guide 1.99, Revision 2, May 1988.

5.  NUREG-0800, Section 5.3.1, Rev. 1, July 1981.

6. ASTM E 185-82, July 1982.

7. 10 CFR 50, Appendix H.

8. ASME, Boiler and Pressure Vessel Code, Section XI,

Appendix E.
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RCS Loops—MODES 1 and 2
B 3.4.4

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.4 RCS Loops—MODES 1 and 2

BASES

BACKGROUND

The primary function of the RCS is removal of the heat
generated in the fuel due to the fission process, and
transfer of this heat, via the steam generators (SGs), to
the secondary plant.

The secondary functions of the RCS include:

a. Moderating the neutron energy level to the thermal
state, to increase the probability of fission;

b. Improving the neutron economy by acting as a
reflector;

c. Carrying the soluble neutron poison, boric acid;

d. Providing a second barrier against fission product
release to the environment; and

e. Removing the heat generated in the fuel due to fission
product decay following a unit shutdown.

The RCS configuration for heat transport uses two RCS Toops.
Each RCS Toop contains an SG and two reactor coolant pumps
(RCPs). An RCP is located in each of the two SG cold legs.
The pump flow rate has been sized to provide core heat
removal with appropriate margin to departure from nucleate
boiling (DNB) during power operation and for anticipated
transients originating from power operation. This
Specification requires two RCS loops with either three or
four pumps to be in operation. With three pumps in
operation the reactor power level is restricted to

[79.9]% RTP to preserve the core power to flow relationship,
thus maintaining the margin to DNB. The intent of the
Specification is to require core heat removal with forced
flow during power operation. Specifying the minimum number
of pumps is an effective technique for designating the
proper forced flow rate for heat transport, and specifying
two loops provides for the needed amount of heat removal
capability for the allowed power levels. Specifying two RCS
loops also provides the minimum necessary paths (two SGs)
for heat removal.

(continued)
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RCS Loops—MODES 1 and 2
B 3.4.4
BASES
BACKGROUND The Reactor Protection System (RPS) nuclear overpower trip
(continued) setpoint is automatically reduced when one pump is taken out
of service; manual resetting is not necessary.
APPLICABLE Safety analyses contain various assumptions for the Design

SAFETY ANALYSES

Bases Accident (DBA) initial conditions including: RCS
pressure, RCS temperature, reactor power level, core
parameters, and safety system setpoints. The important
aspect for this LCO is the reactor coolant forced flow rate,
which is represented by the number of pumps in service.

Both transient and steady state analyses have been performed
to establish the effect of flow on DNB. The transient or
accident analysis for the plant has been performed assuming:
either three or four pumps are in operation. The majority
of the plant safety analysis is based on initial conditions
at high core power or zero power. The accident analyses
that are of most importance to RCP operation are the four
pump coastdown, single pump Tocked rotor, and singie pump
(broken shaft or coastdown) (Ref. 1).

Steady state DNB analysis has been performed for four,
three, and two pump combinations. For four pump operation,
the steady state DNB analysis, which generates the pressure
and temperature SL (i.e., the departure from nucleate
boiling ratio (DNBR) limit), assumes a maximum power Tevel
of [112]% RTP. This is the design overpower condition for
four pump operation. The [112]% value is the accident
analysis setpoint of the nuclear overpower (high flux) trip
and is based on an analysis assumption that bounds possible
instrumentation errors. The DNBR 1imit defines a locus of
pressure and temperature points that result in a minimum
DNBR greater than or equal to the critical heat flux
correlation limit.

The three pump pressure temperature limit is tied to the
steady state DNB analysis, which is evaluated each cycle.
The flow used is the minimum allowed for three pump
operation. The actual RCS flow rate will exceed the assumed
flow rate. With three pumps operating, overpower protection
is automatically provided by the power to flow ratio of the
RPS nuclear overpower based on RCS flow and AXIAL POWER
IMBALANCE setpoint. The maximum power level for three pump

(continued)
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RCS Loops—MODES n

1 and 2
B 3.4.4

APPLICABLE
SAFETY ANALYSES
(continued)

operation is [79.9]% RTP and is based on the three pump flow
as a fraction of the four pump flow at full power.

Although the Specification limits operation to a minimum of
three pumps total, existing design analyses show that
operation with one pump in each loop (two pumps total) is
acceptable when core THERMAL POMWER is restricted to be
proportionate to the flow. However, continued power
operation with two RCPs removed from service is not allowed
by this Specification.

RCS Loops—MODES 1 and 2 satisfy Criterion 2 of the NRC
Policy Statement.

LCO

The purpose of this LCO is to require adequate forced flow
for core heat removal. Flow is represented by the number of
RCPs in operation in both RCS loops for removal of heat by
the two SGs. To meet safety analysis acceptance criteria
for DNB, four pumps are required at rated power; if only
three pumps are available, power must be reduced.

APPLICABILITY

In MODES 1 and 2, the reactor is critical and has the
potential to produce maximum THERMAL POWER. To ensure that
the assumptions of the accident analyses remain valid, all
RCS loops are required to be OPERABLE and in operation in
these MODES to prevent DNB and core damage.

The decay heat production rate is much lower than the full
power heat rate. As such, the forced circulation flow and
heat sink requirements are reduced for lower, noncritical
MODES as indicated by the LCOs for MODES 3, 4, and 5.

Operation in other MODES is covered by:

LCO 3.4.5, "RCS Loops—MODE 3"

LCO 3.4.6, "RCS Loops—MODE 4";

LCO 3.4.7, "RCS Loops—MODE 5, Loops Filled";

LCO 3.4.8, "RCS Loops—MODE 5, Loops Not Filled";

LCO 3.9.4, “"Decay Heat Removal (DHR) and Coolant
Circulation—High Water Level" (MODE 6); and

LCO 3.9.5, "Decay Heat Removal (DHR) and Coolant
Circulation—Low Water Level" (MODE 6).
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BASES (continued)

RCS Loops—MODES 1 and 2
B 3.4.4

ACTIONS

A.l

If the requirements of the LCO are not met, the Required
Action is to reduce power and bring the plant to MODE 3.
This Towers power level and thus reduces the core heat
removal needs and minimizes the possibility of violating DNB
limits.

The Completion Time of 6 hours is reasonable, based on
operating experience, to reach MODE 3 from full power
conditions in an orderly manner and without challenging
safety systems.

SJRVETLLANCE
REQUIREMENTS

SR _3.4.4.1

This SR requires verification every 12 hours of the required
number of Toops in operation. Verification includes flow
rate, temperature, or pump status monitoring, which help
ensure that forced flow is providing heat removal while
maintaining the margin to DNB. The 12 hour interval has
been shown by operating practice to be sufficient to
regularly assess degradation and verify operation within
safety analyses assumptions. In addition, control room
indication and alarms will normally indicate loop status.

REFERENCES

1. FSAR, Chapter [ ].
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RCS Loops—MODE 3
B 3.4.5

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.5 RCS Loops—MODE 3

BASES

BACKGROUND

The primary function of the reactor coolant in MODE 3 is
removal of decay heat and transfer of this heat, via the
steam generators (SGs), to the secondary plant fluid. The
secondary function of the reactor coolant is to act as a
carrier for soluble neutron poison, boric acid.

In MODE 3, reactor coolant pumps (RCPs) are used to provide
forced circulation for heat removal during heatup and
cooldown. The number of RCPs in operation will vary
depending on operational needs, and the intent of this LCO
is to provide forced flow from at least one RCP for core ,
heat removal and transport. The flow provided by one RCP is
adequate for heat removal and for boron mixing. However,
two RCS loops are required to be OPERABLE to provide
redundant paths for heat removal.

Reactor coolant natural circulation is not normally used;
however, the natural circulation flow rate is sufficient for
core cooling. If entry into natural circulation is
required, the reactor coolant at the highest elevation of
the hot leg must be maintained subcooled for single phase
circulation. When in natural circulation, it is preferable
to remove heat using both SGs to avoid idle loop stagnation
that might occur it only one SG were in service. One
generator will provide adequate heat removal. Boron
reduction in natural circulation is prohibited because
mixing to obtain a homogeneous concentration in all portions
of the RCS cannot be ensured.

APPLICABLE
SAFETY ANALYSES

No safety analyses are performed with initial conditions in
MODE 3.

Failure to provide heat removal may result in challenges to
a fission product barrier. The RCS loops are part of the
primary success path that functions or actuates to prevent
or mitigate a Design Basis Accident or transient that either
assumes the failure of, or presents a challenge to, the
integrity of a fission product barrier.

(continued)
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RCS Loops—MODE 3
B 3.4.5

APPLICABLE
SAFETY ANALYSES
(continued)

RCS Loops—MODE 3 satisfy Criterion 3 of the NRC Policy
Statement.

LCO

The purpose of this LCO is to require two loops to be
available for heat removal thus providing redundancy. The
LCO requires the two loops to be OPERABLE with the intent of
requiring both SGs to be capable of transferring heat from
the reactor coolant at a controlled rate. Forced reactor
coolant flow is the required way to transport heat, although
natural circulation flow provides adequate removal. A
minimum of one running RCP meets the LCO requirement for one
loop in operation.

The Note permits a limited period of operation without RCPs.
A11 RCPs may be de-energized for < 8 hours per 24 hour
period for the transition to or from the Decay Heat Removal
(DHR) System, and otherwise may be de-energized for < 1 hour
per 8 hour period. This means that natural circulation has
been established. When in natural circulation, boron
reduction is prohibited because an even concentration
distribution throughout the RCS cannot be ensured. Core
outlet temperature is to be maintained at least [10]°F below
the saturation temperature so that no vapor bubble may form
and possibly cause a natural circulation flow obstruction.

In MODES 3, 4, and 5, it is sometimes necessary to stop all
RCP or DHR pump forced circulation (e.g., change operation
from one DHR train to the other, to perform surveillance or
startup testing, to perform the transition to and from DHR
System cooling, or to avoid operation below the RCP minimum
net positive suction head 1imit). The time period is
acceptable because natural circulation is adequate for heat
removal, or the reactor coolant temperature can be
maintained subcooled and boron stratification affecting
reactivity control is not expected.

An OPERABLE RCS loop consists of at least one OPERABLE RCP
and an SG that is OPERABLE in accordance with the Steam
Generator Tube Surveillance Program. An RCP is OPERABLE if
it is capable of being powered and is able to provide forced
flow if required.
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RCS Loops—MODE 3
B 3.4.5

APPLICABILITY

In MODE 3, the heat load is lower than at power; therefore,
one RCS loop in operation is adequate for transport and heat
removal. A second RCS loop is required to be OPERABLE but
not in operation for redundant heat removal capability.

Operation in other MODES is covered by:

LCO 3.4.4, "RCS Loops—MODES 1 and 2";

LCO 3.4.6, "RCS Loops—MODE 4";

LCO 3.4.7, "RCS Loops—MODE 5, Loops Filled";

LCO 3.4.8, "RCS Loops—MODE 5, Loops Not Filled";

LCO 3.9.4, "Decay Heat Removal (DHR) and Coolant
Circulation—High Water Level™ (MODE 6); and

LCO 3.9.5, "Decay Heat Removal (DHR) and Coolant
Circulation—Low Water Level" (MODE 6).

ACTIONS

A.l

If one required RCS loop is inoperable, redundancy for
forced flow heat removal is lost. The Required Action is
restoration of the required RCS loop to OPERABLE status
within a Completion Time of 72 hours. This time allowance
is a justified period to be without the redundant
nonoperating loop because a single loop in operation has a
heat transfer capability greater than that needed to remove
the decay heat produced in the reactor core.

B.1

If restoration is not possible within 72 hours, the unit
must be brought to MODE 4. In MODE 4, the plant may be
placed on the DHR System. The allowed Completion Time of
12 hours is reasonable, based on operating experience, to
achieve cooldown and depressurization from the existing
plant conditions and without challenging plant systems.

C.1 and C.2

If no RCS loop is OPERABLE or in operation, except as
provided in the Note in the LCO section, all operations
involving a reduction of RCS boron concentration must be
immediately suspended. This is necessary because boron

(continued)
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RCS Loops—MODE 3
B 3.4.5

ACTIONS

C.1 and C.2 (continued)

dilution requires forced circulation for proper
homogenization. Action to restore one RCS loop to operation
shall be immediately initiated and continued until one RCS
lcop is restored to operation and to OPERABLE status. The
immediate Completion Time reflects the importance of
maintaining operation for decay heat removal.

SURVEILLANCE
REQUIREMENTS

SR_3.4.5.1

This SR requires verification every 12 hours that the
required number of loops and pumps is in operation.
Verification includes flow rate, temperature, or pump status
monitoring, which help ensure that forced flow is providing
heat removal. The 12 hour interval has been shown by
operating practice to be sufficient to regularly assess RCS
loop status. In addition, control room indication and
alarms will normally indicate loop status.

SR_3.4.5.2

Verification that the required number of RCPs are OPERABLE
ensures that the single failure criterion is met and that an
additional RCS loop can be placed in operation, if needed,
to maintain decay heat removal and reactor coolant
circulation. Verification is performed by verifying proper
breaker alignment and power availability to the required
pump that is not in operation. The Frequency of 7 days is
considered reasonable in view of other administrative
controls available and has been shown to be acceptable by
operating experience.

REFERENCES

None.
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RCS Loops—MODE 4
B 3.4.6

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.6 RCS Loops—MODE 4

BASES

BACKGROUND

In MODE 4, the primary function of the reactor coolant is
the removal of decay heat and transfer of this heat to the
steam generators (SGs) or decay heat removal (DHR) heat
exchangers. The secondary function of the reactor coolant
is to act as a carrier for soluble neutron poison, boric
acid.

In MODE 4, either reactor coolant pumps (RCPs) or DHR pumps
can be used for coolant circulation. The number of pumps in
operation can vary to suit the operational needs. The
intent of this LCO is to provide forced flow from at least -
one RCP or one DHR pump for decay heat removal and
transport. The flow provided by one RCP or one DHR pump is
adequate for heat removal. The other intent of this LCO is
to require that two paths (loops) be available to provide
redundancy for heat removal.

APPLICABLE
SAFETY ANALYSES

No safety analyses are performed with initial condition in
MODE 4.

RCS Loops—MODE 4 have been identified in the NRC Policy
Statement as an important contributor to risk reduction.

LCO

The purpose of this LCO is to require that two loops, RCS or
DHR, be OPERABLE in MODE 4 and one of these loops be 1in
operation. The LCO allows the two loops that are required
to be OPERABLE to consist of any combination of RCS or DHR
System loops. Any one loop in operation provides enough
flow to remove the decay heat from the core with forced
circulation. The second loop that is required to be
OPERABLE provides redundant paths for heat removal.

The Note permits a Timited period of operation without RCPs.
A1l RCPs may be de-energized for < 8 hours per 24 hour
period for the transition to or from the DHR System and
otherwise may be de-energized for < 1 hour per 8 hour

period. This means that natural circulation has been

(continued)
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RCS Loops—MODE 4
B 3.4.6

LCO
(continued)

established using the SGs. The Note prohibits boron
dilution when forced flow is stopped because an even
concentration distribution cannot be ensured. Core outlet
temperature is to be maintained at least 10°F below
saturation temperature so that no vapor bubble may form and
possibly cause a natural circulation flow obstruction.

The Note also permits the DHR pumps to be stopped for

< 1 hour per 8 hour period. When the DHR pumps are stopped,
no alternate heat removal path exists, unless the RCS and
SGs have been placed in service in forced or natural
circulation. The response of the RCS without the DHR System
depends on the core decay heat load and the length of time
that the DHR pumps are stopped. As decay heat diminishes,
the effects on RCS temperature and pressure diminish.
Without cooling by DHR, higher heat loads will cause the
reactor coolant temperature and pressure to increase at a
rate proportional to the decay heat load. Because pressure
can increase, the applicable system pressure limits
(pressure and temperature (P/T) or low temperature
overpressure protection (LTOP) Timits) must be observed and
forced DHR flow or heat removal via the SGs must be
re-established prior to reaching the pressure 1imit. The
circumstances for stopping both DHR trains are to be limited
to situations where:

a. Pressure and pressure and temperature increases can be
maintained well within the allowable pressure (P/T and
LTOP) and 10°F subcooling limits; or

b. An alternate heat removal path through the SG is in
operation.

An OPERABLE RCS loop consists of at least one OPERABLE RCP
and an SG that is OPERABLE in accordance with the Steam
Generator Tube Surveillance Program.

Similarly for the DHR System, an OPERABLE DHR Toop is
comprised of the OPERABLE DHR pump(s) capable of providing
forced flow to the DHR heat exchanger(s). DHR pumps are
OPERABLE if they are capable of being powered and are able
to provide flow if required.
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RCS Loops—MODE 4
B 3.4.6

APPLICABILITY

In MODE 4, this LCO applies because it is possible to remove
core decay heat and to provide proper boron mixing with
either the RCS Tloops and SGs or the DHR System.

Operation in other MODES is covered by:

LCO 3.4.4, "RCS Loops—MODES 1 and 2";

LCO 3.4.5, "RCS Loops—MODE 3";

LCO 3.4.7, "RCS Loops—MODE 5, Loops Filled";

LCO 3.4.8, "RCS Loops—MODE 5, Loops Not Filled";

LCO 3.9.4, "Decay Heat Removal (DHR) and Coolant
Circulation—High Water Level" (MODE 6); and

LCO 3.9.5, "Decay Heat Removal (DHR) and Coolant
Circulation—Low Water Level" (MODE 6).

ACTIONS

A.l

If only one required RCS Toop or DHR Toop is OPERABLE and in
operation, redundancy for heat removal is lost. Action must
be initiated to restore a second loop to OPERABLE status.
The immediate Completion Time reflects the importance of
maintaining the availability of two paths for heat removal.

B.1 and B.2

If only one DHR loop is operable, an inoperable RCS or DHR
Joop must be restored to OPERABLE status to satisfy single
failure considerations. The action must be started
immediately and the immediate Completion Time reflects the
urgency of restoring redundancy for heat removal. One loop
is still available for cooldown for the reduce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>