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Reactor Core SLs

B2.1.1
B 2.0 SAFETY LIMITS (SLs)
B 2.1.1 Reactor Core SLs
BASES
BACKGROUND GDC 10 (Ref. 1) requires and SLs ensure that specified

acceptable fuel design Timits are not exceeded during steady
state operation, normal operational transients, and
Anticipated Operational Occurrences (A00s). This is
accomplished by having a Departure from Nucleate Boiling
(DNB) design basis, which corresponds to a 95% probability
at a 95% confidence level (95/95 DNB criterion) that DNB
will not occur and by requiring that fuel centerline
temperature stays below the melting temperature.

The restrictions of this SL prevent overheating of the fuel
and cladding and possible cladding perforation that would
result in the release of fission products to the reactor
coolant. Overheating of the fuel is prevented by
maintaining the steady state, peak Linear Heat Rate (LHR)
below the level at which fuel centerline melting occurs.
Overheating of the fuel cladding is prevented by restricting
fuel operation to within the nucleate boiling regime, where
the heat transfer coefficient is large and the cladding
surface temperature is slightly above the coolant saturation
temperature.

Fuel centerline melting occurs when the Tocal LHR, or power
peaking, in a region of the fuel is high enough to cause the
fuel centerline temperature to reach the melting point of
the fuel. Expansion of the pellet upon centerline melting
may cause the pellet to stress the cladding to the point of
failure, allowing an uncontrolled release of activity to the
reactor coolant.

Operation above the boundary of the nucleate boiling regime
could result in excessive cladding temperature because of
the onset of DNB and the resultant sharp reduction in the
heat transfer coefficient. Inside the steam film, high
cladding temperatures are reached, and a cladding water
(zirconium water) reaction may take place. This chemical
reaction results in oxidation of the fuel cladding to a
structurally weaker form. This weaker form may lose its
integrity, resulting in an uncontrolled release of activity
to the reactor coolant.

(continued)
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Reactor Core SLs

B2.1.1
BASES
BACKGROUND The Reactor Protective System (RPS), in combination with the
(continued) LCOs, is designed to prevent any anticipated combination of

transient conditions for Reactor Coolant System (RCS)
temperature, pressure, and THERMAL POWER Tevel that would
result in a violation of the reactor core SLs.

APPLICABLE The fuel cladding must not sustain damage as a result of

SAFETY ANALYSES

normal operation and AOOs. The reactor core SLs are
established to preclude violation of the following fuel
design criteria:

a. There must be at Teast a 95% probability at a 95%
confidence Tevel (95/95 DNB criterion) that the hot
fuel rod in the core does not experience DNB; and

b.  The hot fuel pellet in the core must not experience
centerline fuel melting.

The RPS setpoints, LCO 3.3.1, "Reactor Protective System
(RPS) Instrumentation,” in combination with all the LCOs,
are designed to prevent any anticipated combination of
transient conditions for RCS temperature, pressure, flow
rate and THERMAL POWER Tevel that would result in a
Departure from Nucleate Boiling Ratio (DNBR) of Tless than
the DNBR Timit and preclude the existence of flow
instabilities.

Automatic enforcement of these reactor core SLs is provided
by the following functions:

a. Pressurizer Pressure — High trip;

D. Pressurizer Pressure — Low trip;

C. Variable Overpower — High trip;

d. Steam Generator Pressure — Low trip;

e. Local Power Density — High trip;
f. DNBR — Low trip;

g. Steam Generator Level — Low trip;

(continued)
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Reactor Core SLs

B2.1.1
BASES
APPLICABLE h. Log Power Level — High trip;
SAFETY ANALYSES
(continued) 1. Reactor Coolant Flow — Low trip; and
J. Steam Generator Safety Valves.

The Timitation that the average enthalpy in the hot leg be
less than or equal to the enthalpy of saturated Tiquid also
ensures that the AT measured by instrumentation used in the
protection system design as a measure of the core power is
proportional to core power.

The SL represents a design requirement for establishing the
protection system trip setpoints identified previously.

LCO 3.2.1, "Linear Heat Rate (LHR)," and LCO 3.2.4,
"Departure From Nucleate Boiling Ratio (DNBR)," or the
assumed initial conditions of the safety analyses (as
indicated in the UFSAR, Ref. 2) provide more restrictive
1imits to ensure that the SLs are not exceeded.

SAFETY LIMITS

SL 2.1.1.1 and SL 2.1.1.2 ensure that the minimum DNBR is
not less than the safety analyses 1limit and that fuel
centerline temperature remains below melting.

The minimum value of the DNBR during normal operation and
design basis A0Os is limited to 1.34, based on a statistical
combination of CE-1 CHF correlation and engineering factor
uncertainties, and is established as an SL. Additional
factors such as rod bow and spacer grid size and placement
will determine the Timiting safety system settings required
to ensure that the SL is maintained. Maintaining the
dynamically adjusted peak LHR to = 21 kW/ft or peak fuel
centerline temperature < 5080°F (decreasing by 58°F per
10,000 MWD/MTU for burnup and adjusting for burnable poisons
per CENPD-382-P-A), ensures that fuel centerline melt will
not occur during normal operating conditions or design AOOs.

The design melting point of new fuel with no burnable poison
is 5080°F. The melting point is adjusted downward from this
temperature depending on the amount of burnup and amount and
type of burnable poison in the fuel. The 58°F per 10,000
MWD/MTU adjustment for burnup was accepted by the NRC in

(continued)
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BASES

Reactor Core SLs
B2.1.1

SAFETY LIMITS
(continued)

Topical Report CEN-386-P-A, "Verification of the
Acceptability of a 1-Pin Burnup Limit of 60 MWD/kgU for
Combustion Engineering 16x16 PWR Fuel," August 1992.
Adjustments for burnable poisons are established based on
NRC approved Topical Report CENPD-382-P-A, "Methodology for
ngg Designs Containing Erbium Burnable Absorbers," August
1993.

A steady state peak lTinear heat rate of 21 kW/ft has been
established as the Limiting Safety System Setting to prevent
fuel centerline melting during normal steady state
operation. Following design basis anticipated operational
occurrences, the transient linear heat rate may exceed 21
kW/ft provided the fuel centerline melt temperature is not
exceeded. However, if the transient linear heat rate does
not exceed 21 kW/ft, then the fuel centerline melt
temperature is also not exceeded.

APPLICABILITY

SL2.1.1.1 and SL 2.1.1.2 only apply in MODES 1 and 2
because these are the only MODES in which the reactor is
critical. Automatic protection functions are required to be
OPERABLE during MODES 1 and 2 to ensure operation within the
reactor core SLs. The steam generator safety valves or
automatic protection actions serve to prevent RCS heatup to
the reactor core SL conditions or to initiate a reactor trip
function, which forces the unit into MODE 3. Setpoints for
the reactor trip functions are specified in LCO 3.3.1.

In MODES 3, 4, 5, and 6, Applicability is not required,
since the reactor is not generating significant THERMAL
POWER .

SAFETY LIMIT
VIOLATIONS

The following violation responses are applicable to the
reactor core SLs.

2.2.1

ITSL2.1.1.1orSL2.1.1.2 s violated, the requirement to
go to MODE 3 places the unit in a MODE in which this SL is
not applicable.

The allowed Completion Time of 1 hour recognizes the

importance of bringing the unit to a MODE where this SL is

not applicable and reduces the probability of fuel damage.
(continued)
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Reactor Core SLs
B2.1.1

BASES

REFERENCES 1. 10 CFR 50, Appendix A, GDC 10, 1988.
2. UFSAR, Sections 6 and 15.
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RCS Pressure SL
B2.1.2

B 2.0 SAFETY LIMITS (SLs)

B 2.1.2 Reactor Coolant System (RCS) Pressure SL

BASES

BACKGROUND

The SL on RCS pressure protects the integrity of the RCS
against over pressurization. In the event of fuel cladding
failure, fission products are released into the reactor
coolant. The RCS then serves as the primary barrier in
preventing the release of fission products into the
atmosphere. By establishing an upper 1imit on RCS pressure,
continued RCS integrity is ensured. According to 10 CFR 50,
Appendix A, GDC 14, "Reactor Coolant Pressure Boundary," and
GDC 15, "Reactor Coolant System Design" (Ref. 1), the
Reactor Coolant Pressure Boundary (RCPB) design conditions
are not to be exceeded during normal operation and
Anticipated Operational Occurrences (A0Os). Also, according
to GDC 28 (Ref. 1), "Reactivity Limits," reactivity
accidents, including rod ejection, do not result in damage
to the RCPB greater than limited local yielding.

The design pressure of the RCS is 2500 psia. During normal
operation and AOOs, the RCS pressure is kept from exceeding
the design pressure by more than 10%, in accordance with
Section IIT of the ASME Code (Ref. 2). To ensure system
integrity, all RCS components are hydrostatically tested at
125% of design pressure, according to the ASME Code
requirements prior to initial operation, when there is no
fuel in the core. Following inception of unit operation,
RCS components shall be pressure tested, in accordance with
the requirements of ASME Code, Section XI (Ref. 3).

Overpressurization of the RCS could result in a breach of
the RCPB. If this occurs in conjunction with a fuel
cladding failure, fission products could enter the
containment atmosphere, raising concerns relative to Timits
on radioactive releases specified in 10 CFR 100, "Reactor
Site Criteria" (Ref. 4).

APPLICABLE
SAFETY ANALYSES

The RCS pressurizer safety valves, the Main Steam Safety
Valves (MSSVs), and the Reactor Pressure — High trip have
settings established to ensure that the RCS pressure SL will
not be exceeded.

(continued)
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RCS Pressure SL

B2.1.2
BASES
APPLICABLE The RCS pressurizer safety valves are sized to prevent
SAFETY ANALYSES  system pressure from exceeding the design pressure by more
(continued) than 10%, in accordance with Section III of the ASME Code

for Nuclear Power PTant Components (Ref. 2). The transient
that establishes the required relief capacity, and hence the
valve size requirements and 1ift settings, is a complete
loss of external load without a direct reactor trip. During
the transient, no control actions are assumed except that
the safety valves on the secondary plant are assumed to open
when the steam pressure reaches the secondary plant safety
valve settings.

The Reactor Protective System (RPS) trip setpoints

(LCO 3.3.1, "Reactor Protective System (RPS)
Instrumentation”), together with the settings of the MSSVs
(LCO 3.7.1, "Main Steam Safety Valves (MSSVs)") and the
pressurizer safety valves, provide pressure protection for
normal operation and AOOs. In particular, the Pressurizer
Pressure — High Trip setpoint is specifically set to provide
protection against overpressurization (Ref. 5). Safety
analyses for both the Pressure — High Trip and the RCS
pressurizer safety valves are performed, using conservative
assumptions relative to pressure control devices.

More specifically, no credit is taken for operation of the
following:

a. Steam Bypass Control System;
b. Pressurizer Level Control System;
C. Pressurizer Pressure Control System: or

d. Main Feedwater System

SAFETY LIMITS

The maximum transient pressure allowable in the RCS under
the ASME Code, Section III, is 110% of design pressure.
Therefore, the SL on maximum allowable RCS pressure is
established at 2750 psia.

(continued)
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BASES

RCS Pressure SL
B2.1.2

APPLICABILITY

SL 2.1.2 applies in MODES 1, 2, 3, 4, and 5 because this SL
could be approached or exceeded in these MODES due to
overpressurization events. The SL is not applicable in

MODE 6 because the reactor vessel head closure bolts are not
fully tightened, making it unlikely that the RCS can be
pressurized.

SAFETY LIMIT
VIOLATIONS

The following SL violation responses are applicable to the
RCS pressure SLs.

2.2.2.1

IT the RCS pressure SL is violated when the reactor is in
MODE 1 or 2, the requirement is to restore compliance and be
in MODE 3 within 1 hour.

With RCS pressure greater than the value specified in

SL 2.1.2 in MODE 1 or 2, the pressure must be reduced to
below this value. A pressure greater that the value
specified in SL 2.1.2 exceeds 110% of the RCS design
pressure and may challenge system integrity.

The allowed Completion Time of 1 hour provides the operator
time to complete the necessary actions to reduce RCS
pressure by terminating the cause of the pressure increase,
removing mass or energy from the RCS, or a combination of
these actions, and to establish MODE 3 conditions.

2.2.2.2

IT the RCS pressure SL is exceeded in MODE 3, 4, or 5, RCS
pressure must be restored to within the SL value within
5 minutes.

Exceeding the RCS pressure SL in MODE 3, 4, or 5 is
potentially more severe than exceeding this SL in MODE 1

or 2, since the reactor vessel temperature may be lower and
the vessel material, consequently, less ductile. As such,
pressure must be reduced to less than the SL within

5 minutes. This action does not require reducing MODES,
since this would require reducing temperature, which would

(continued)
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BASES

RCS Pressure SL
B2.1.2

SAFETY LIMIT

2.2.2.2 (continued)

VIOLATIONS
compound the problem by adding thermal gradient stresses to
the existing pressure stress.
REFERENCES 1. 10 CFR 50, Appendix A, GDC 14, GDC 15, and GDC 28.
2. ASME, Boiler and Pressure Vessel Code, Section III,
Article NB-7000.
3. ASME, Boiler and Pressure Vessel Code, Section XI,
Article IWX-5000.
4. 10 CFR 100.
5. UFSAR, Section 7.
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LCO Applicabilit
B 3.0

B 3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

BASES

LCOs

LCO 3.0.1 through LCO 3.0.8 establish the general
requirements applicable to all Specifications and apply at
all times unless otherwise stated.

LCO 3.0.1

LCO 3.0.1 establishes the Applicability statement within
each individual Specification as the requirement for when
the LCO is required to be met (i.e., when the unit is in the
MODES or other specified conditions of the Applicability
statement of each Specification).

LCO 3.0.2

LCO 3.0.2 establishes that upon discovery of a failure to
meet an LCO, the associated ACTIONS shall be met. The
Completion Time of each Required Action for an ACTIONS
Condition is applicable from the point in time that an
ACTIONS Condition is entered. The Required Actions
establish those remedial measures that must be taken within
specified Completion Times when the requirements of an LCO
are not met. This Specification establishes that:

a. Completion of the Required Actions within the
specified Completion Times constitutes compliance with
a Specification; and

b.  Completion of the Required Actions is not required
when an LCO is met within the specified Completion
Time, unless otherwise specified.

There are two basic types of Required Actions. The first
type of Required Action specifies a time Timit in which the
LCO must be met. This time limit is the Completion Time to
restore an inoperable system or component to OPERABLE status
or to restore variables to within specified limits. If this
type of Required Action is not completed within the
specified Completion Time, a shutdown may be required to
place the unit in a MODE or condition in which the
Specification is not applicable. (Whether stated as a
Required Action or not, correction of the entered Condition
is an action that may always be considered upon entering

(continued)
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LCO Applicabilit

B 3.0
BASES
LCO 3.0.2 ACTIONS.) The second type of Required Action specifies the
(continued) remedial measures that permit continued operation of the

unit that is not further restricted by the Completion Time.
In this case, compliance with the Required Actions provides
an acceptable level of safety for continued operation.

Completing the Required Actions is not required when an LCO
is met or is no longer applicable, unless otherwise stated
in the individual Specifications.

The nature of some Required Actions of some Conditions
necessitates that, once the Condition is entered, the
Required Actions must be completed even though the
associated Conditions no longer exist. The individual LCO's
ACTIONS specify the Required Actions where this is the case.
An example of this is in LCO 3.4.3, "RCS Pressure and
Temperature (P/T) Limits."

The Completion Times of the Required Actions are also
applicable when a system or component is removed from
service intentionally. The reasons for intentionally
relying on the ACTIONS include, but are not Timited to,
performance of Surveillances, preventive maintenance,
corrective maintenance, or investigation of operational
problems. Entering ACTIONS for these reasons must be done
in a manner that does not compromise safety. Intentional
entry into ACTIONS should not be made for operational
convenience. Alternatives that would not result in
redundant equipment being inoperable should be used instead.
Doing so limits the time both subsystems/trains of a safety
function are inoperable and Timits the time other conditions
exist which result in LCO 3.0.3 being entered. Individual
Specifications may specify a time Timit for performing an SR
when equipment is removed from service or bypassed for
testing. In this case, the Completion Times of the Required
Actions are applicable when this time limit expires, if the
equipment remains removed from service or bypassed.

When a change in MODE or other specified condition is
required to comply with Required Actions, the unit may enter
a MODE or other specified condition in which another
Specification becomes applicable. In this case, the
Completion Times of the associated Required Actions would
apply from the point in time that the new Specification
becomes applicable and the ACTIONS Condition(s) are entered.

(continued)
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BASES

LCO Applicabilit
B 3.0

LCO 3.0.3

LCO 3.0.3 establishes the actions that must be implemented
when an LCO is not met and:

a. An associated Required Action and Completion Time is
not met and no other Condition applies; or

b. The condition of the unit is not specifically
addressed by the associated ACTIONS. This means that
no combination of Conditions stated in the ACTIONS can
be made that exactly corresponds to the actual
condition of the unit. Sometimes, possible
combinations of Conditions are such that entering
LCO 3.0.3 is warranted; in such cases, the ACTIONS
specifically state a Condition corresponding to such
combinations and also that LCO 3.0.3 be entered
immediately.

This Specification delineates the time Timits for placing
the unit in a safe MODE or other specified condition when
operation cannot be maintained within the Timits for safe
operation as defined by the LCO and its ACTIONS. It is not
intended to be used as an operational convenience that
permits routine voluntary removal of redundant systems or
components from service in lieu of other alternatives that
would not result in redundant systems or components being
inoperable.

Upon entering LCO 3.0.3, 1 hour is allowed to prepare for

an orderly shutdown before initiating a change in unit
operation. This includes time to permit the operator to
coordinate the reduction in electrical generation with the
load dispatcher to ensure the stability and availability of
the electrical grid. The time Timits specified to reach
Tower MODES of operation permit the shutdown to proceed in

a controlled and orderly manner that is well within the
specified maximum cooldown rate and within the capabilities
of the unit, assuming that only the minimum required
equipment is OPERABLE. This reduces thermal stresses on
components of the Reactor Coolant System and the potential
for a plant upset that could challenge safety systems under
conditions to which this Specification applies. The use and
interpretation of specified times to complete the actions of
LCO 3.0.3 are consistent with the discussion of Section 1.3,
Completion Times.

(continued)
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LCO Applicabilit

B 3.0
BASES
LCO 3.0.3 A unit shutdown required in accordance with LCO 3.0.3 may be
(continued) terminated and LCO 3.0.3 exited if any of the following

OCCUrsS:
a. The LCO is now met.

b. A Condition exists for which the Required Actions have
now been performed.

c. ACTIONS exist that do not have expired Completion Times.
These Completion Times are applicable from the point in
time that the Condition is initially entered and not
from the time LCO 3.0.3 is exited.

The time Timits of Specification 3.0.3 allow 37 hours for the
unit to be in MODE 5 when a shutdown is required during

MODE 1 operation. If the unit is in a lower MODE of
operation when a shutdown is required, the time Timit for
reaching the next lower MODE applies. If a lower MODE is
reached in less time than allowed, however, the total
allowable time to reach MODE 5, or other applicable MODE, is
not reduced. For example, if MODE 3 is reached in 2 hours,
then the time allowed for reaching MODE 5 is the next

35 hours, because the total time for reaching MODE 5 is not
reduced from the allowable Timit of 37 hours. Therefore, if
remedial measures are completed that would permit a return to
MODE 1, a penalty is not incurred by having to reach a lower
MODE of operation in less than the total time allowed.

In MODES 1, 2, 3, and 4, LCO 3.0.3 provides actions for
Conditions not covered in other Specifications. The
requirements of LCO 3.0.3 do not apply in MODES 5 and 6
because the unit is already in the most restrictive Condition
required by LCO 3.0.3.

(continued)
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LCO Applicabilit
B 3.0

BASES

LCO 3.0.3 The requirements of LCO 3.0.3 do not apply in other specified
(continued) conditions of the Applicability (unless in MODE 1, 2, 3,

or 4) because the ACTIONS of individual Specifications
sufficiently define the remedial measures to be taken.
Exceptions to LCO 3.0.3 are provided in instances where
requiring a unit shutdown, in accordance with LCO 3.0.3,
would not provide appropriate remedial measures for the
associated condition of the unit. An example of this is in
LCO 3.7.14, "Fuel Storage Pool Water Level." LCO 3.7.14 has
an Applicability of "During movement of irradiated fuel
assemblies in the fuel storage pool." Therefore, this LCO
can be applicable in any or all MODES. If the LCO and the
Required Actions of LCO 3.7.14 are not met while in MODE 1,
2, or 3, there is no safety benefit to be gained by placing
the unit in a shutdown condition. The Required Action of
LCO 3.7.14 of "Suspend movement of irradiated fuel assemblies
in fuel storage pool" is the appropriate Required Action to
complete in Tieu of the actions of LCO 3.0.3. These
exceptions are addressed in the individual Specifications.

LCO 3.0.4 LCO 3.0.4 establishes Timitations on changes in MODES or
other specified conditions in the Applicability when an LCO
is not met. It allows placing the unit in a MODE or other
specified condition stated in that Applicability (e.g., the
Applicability desired to be entered) when Unit conditions are
such that the requirements of the LCO would not be met in
accordance with LCO 3.0.4.a, LCO 3.0.4.b, or LCO 3.0.4.c.

LCO 3.0.4.a allows entry into a MODE or other specified
condition in the Applicability with the LCO not met when the
associated ACTIONS to be entered permit continued operation
in the MODE or other specified condition in the Applicability
for an unlimited period of time.

(continued)
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LCO Applicabilit

B 3.0
BASES
LCO 3.0.4 Compliance with Required Actions that permit continued
(continued) operation of the unit for an unlimited period of time in a

MODE or other specified condition provides an acceptable
level of safety for continued operation. This is without
regard to the status of the unit before or after the MODE
change. Therefore, in such cases, entry into a MODE or other
specified condition in the Applicability may be made in
accordance with the provisions of the Required Actions.
LCO 3.0.4.b allows entry into a MODE or other specified
condition in the Applicability with the LCO not met after
performance of a risk assessment addressing inoperable
systems and components, consideration of the results,
determination of the acceptability of entering the MODE or
other specified condition in the Applicability, and
establishment of risk management actions, if appropriate.

The risk assessment may use quantitative, qualitative, or
blended approaches, and the risk assessment will be conducted
using the plant program, procedures, and criteria in place to
implement 10 CFR 50.65(a)(4), which requires that risk
impacts of maintenance activities to be assessed and managed.
The risk assessment, for the purposes of LCO 3.0.4 (b), must
take into account all inoperable Technical Specification
equipment regardless of whether the equipment is included in
the normal 10 CFR 50.65(a)(4) risk assessment scope. The
risk assessments will be conducted using the procedures and
guidance endorsed by Regulatory Guide 1.182, “Assessing and
Managing Risk Before Maintenance Activities at Nuclear Power
Plants.” Regulatory Guide 1.182 endorses the guidance in
Section 11 of NUMARC 93-01, “Industry Guideline for
Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants.” These documents address general guidance for
conduct of the risk assessment, quantitative and qualitative
guidelines for establishing risk management actions, and
example risk management actions. These include actions to
plan and conduct other activities in a manner that controls
overall risk, increased risk awareness by shift and
management personnel, actions to reduce the duration of the
condition, actions to minimize the magnitude of risk
increases (establishment of backup success paths or
compensatory measures), and determination that the proposed
MODE change is acceptable. Consideration should also be
given to the probability of completing restoration such that
the requirements of the LCO would be met prior to the
expiration of ACTIONS Completion Times that would require
exiting the Applicability.

(continued)
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LCO 3.0.4 LCO 3.0.4.b may be used with single, or multiple systems and
(continued) components unavailable. NUMARC 93-01 provides guidance

relative to consideration of simultaneous unavailability of
multiple systems and components.

The results of the risk assessment shall be considered in
determining the acceptability of entering the MODE or other
specified condition in the Applicability, and any
corresponding risk management actions. The LCO 3.0.4.b risk
assessments do not have to be documented.

The Technical Specifications allow continued operation with
equipment unavailable in MODE 1 for the duration of the
Completion Time. Since this is allowable, and since in
general the risk impact in that particular MODE bounds the
risk of transitioning into and through the applicable MODES
or other specified conditions in the Applicability of the
LCO, the use of the LCO 3.0.4.b allowance should be generally
acceptable, as long as the risk is assessed and managed as
stated above. However, there is a small subset of systems
and components that have been determined to be more important
to risk and use of the LCO 3.0.4.b allowance is prohibited.
The LCOs governing these systems and components contain Notes
prohibiting the use of LCO 3.0.4.b by stating that LCO
3.0.4.b is not applicable.

LCO 3.0.4.c allows entry into a MODE or other specified
condition in the Applicability with the LCO not met based on
a Note in the Specification which states LCO 3.0.4.c is
applicable. These specific allowances permit entry into
MODES or other specified conditions in the Applicability when
the associated ACTIONS to be entered do not provide for
continued operation for an unlimited period of time and a
risk assessment has not been performed. This allowance may
apply to all the ACTIONS or to a specific Required Action of
a Specification. The risk assessments performed to justify
the use of LCO 3.0.4.b usually only consider systems and
components. For this reason, LCO 3.0.4.c is typically
applied to Specifications which describe values and
parameters (e.g., RCS Specific Activity), and may be applied
to other Specifications based on NRC plant-specific approval.

The provisions of this Specification should not be
interpreted as endorsing the failure to exercise the good
practice of restoring systems or components to OPERABLE
status before entering an associated MODE or other specified
condition in the Applicability.

(continued)
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LCO 3.0.4
(continued)

The provisions of LCO 3.0.4 shall not prevent changes in
MODES or other specified conditions in the Applicability that
are required to comply with ACTIONS. 1In addition, the
provisions of LCO 3.0.4 shall not prevent changes in MODES or
other specified conditions in the Applicability that result
from any unit shutdown. In this context, a unit shutdown is
defined as a change in MODE or other specified condition in
the Applicability associated with transitioning from MODE 1
to MODE 2, MODE 2 to MODE 3, MODE 3 to MODE 4, and MODE 4 to
MODE 5.

Upon entry into a MODE or other specified condition in the
Applicability with the LCO not met, LCO 3.0.1 and LCO 3.0.2
require entry into the applicable Conditions and Required
Actions until the Condition is resolved, until the LCO is
met, or until the unit is not within the Applicability of the
Technical Specification.

Surveillances do not have to be performed on the associated
inoperable equipment (or on variables outside the specified
1imits), as permitted by SR 3.0.1. Therefore, utilizing
LCO 3.0.4 is not a violation of SR 3.0.1 or SR 3.0.4 for
any Surveillances that have not been performed on
inoperable equipment. However, SRs must be met to ensure
OPERABILITY prior to declaring the associated equipment
OPERABLE (or variable within Timits) and restoring
compliance with the affected LCO.

LCO 3.0.5

LCO 3.0.5 establishes the allowance for restoring equipment
to service under administrative controls when it has been
removed from service or declared inoperable to comply with
ACTIONS. The sole purpose of this Specification is to
provide an exception to LCO 3.0.2 (e.g., to not comply with
the applicable Required Action(s)) to allow the performance
of required testing to demonstrate:

a. The OPERABILITY of the equipment being returned to
service; or

b. The OPERABILITY of other equipment.

The administrative controls ensure the time the equipment is
returned to service in conflict with the requirements

(continued)
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LCO 3.0.5
(continued)

of the ACTIONS is Timited to the time absolutely necessary
to perform the required testing to demonstrate
OPERABILITY. This Specification does not provide time to
perform any other preventive or corrective maintenance.

An example of demonstrating the OPERABILITY of the equipment
being returned to service is reopening a containment
isolation valve that has been closed to comply with Required
Actions and must be reopened to perform the required testing.
An example of demonstrating the OPERABILITY of other
equipment is taking an inoperable channel or trip system out
of the tripped condition to prevent the trip function from
occurring during the performance of required testing on
another channel in the other trip system. A similar example
of demonstrating the OPERABILITY of other equipment is taking
an inoperable channel or trip system out of the tripped
condition to permit the logic to function and indicate the
appropriate response during the performance of required
testing on another channel in the same trip system.

LCO 3.0.6

LCO 3.0.6 establishes an exception to LCO 3.0.2 for support
systems that have an LCO specified in the Technical
Specifications (TS). This exception is provided because

LCO 3.0.2 would require that the Conditions and Required
Actions of the associated inoperable supported system LCO be
entered solely due to the inoperability of the support
system. This exception is justified because the actions that
are required to ensure the unit is maintained in a safe
condition are specified in the support system LCO's Required
Actions. These Required Actions may include entering the
supported system's Conditions and Required Actions or may
specify other Required Actions.

When a support system is inoperable and there is an LCO
specified for it in the TS, the supported system(s) are
required to be declared inoperable if determined to be
inoperable as a result of the support system inoperability.
However, it is not necessary to enter into the supported
systems' Conditions and Required Actions unless directed to
do so by the support system's Required Actions. The
potential confusion and inconsistency of requirements related
to the entry into multiple support and supported systems'
LCOs" Conditions and Required Actions are eliminated by
providing all the actions that are necessary to ensure the
unit is maintained in a safe condition in the support
system's Required Actions.

(continued)
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LCO 3.0.6 However, there are instances where a support system's
(continued) Required Action may either direct a supported system to be

declared inoperable or direct entry into Conditions and
Required Actions for the supported system. This may occur
immediately or after some specified delay to perform some
other Required Action. Regardless of whether it is immediate
or after some delay, when a support system's Required Action
directs a supported system to be declared inoperable or
directs entry into Conditions and Required Actions for a
supported system, the applicable Conditions and Required
Actions shall be entered in accordance with LCO 3.0.2.

Specification 5.5.15, "Safety Function Determination Program
(SFDP)," ensures Tloss of safety function is detected and
appropriate actions are taken. Upon entry into LCO 3.0.6, an
evaluation shall be made to determine if loss of safety
function exists. Additionally. other limitations, remedial
actions, or compensatory actions may be identified as a
result of the support system inoperability and corresponding
exception to entering supported system Conditions and
Required Actions. The SFDP implements the requirements of
LCO 3.0.6.

Cross train checks to identify a loss of safety function for
those support systems that support multiple and redundant
safety systems are required. The cross train check verifies
that the supported systems of the redundant OPERABLE support
system are OPERABLE, thereby ensuring safety function is
retained. A loss of safety function may exist when a support
system is inoperable, and:

a. A required system redundant to system(s) supported by
the inoperable support system is also inoperable; or
(EXAMPLE B3.0.6-1)

b. A required system redundant to system(s) in turn
supported by the inoperable supported system is also
inoperable; or (EXAMPLE B3.0.6-2)

c. A required system redundant to support system(s) for the
supported systems (a) and (b) above is also inoperable.
(EXAMPLE B3.0.6-3)

(continued)
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LCO 3.0.6 [T this evaluation determines that a loss of safety function
(continued) exists, the appropriate Conditions and Required Actions of

the LCO in which the loss of safety function exists are
required to be entered.

This Tloss of safety function does not require the
assumption of additional single failures or loss of
offsite power. Since operation is being restricted in
accordance with the ACTIONS of the support system, any
resulting temporary loss of redundancy or single failure
protection is taken into account. Similarly, the ACTIONS
for inoperable offsite circuit(s) and inoperable diesel
generator(s) provide the necessary restriction for cross
train inoperabilities. This explicit cross train
verification for inoperable AC electrical power sources
also acknowledges that supported system(s) are not
declared inoperable solely as a result of inoperability of
a normal or emergency electrical power source (refer to
the definition of OPERABILITY).

When a Tloss of safety function is determined to exist, and
the SFDP requires entry into the appropriate Conditions
and Required Actions of the LCO in which the Toss of
safety function exists, consideration must be given to the
specific type of function affected. Where a loss of
function is solely due to a single Technical Specification
support system (e.g., loss of automatic start due to
inoperable instrumentation, or loss of pump suction source
due to low tank Tlevel) the appropriate LCO is the LCO for
the support system. The ACTIONS for a support system LCO
adequately addresses the inoperabilities of that system
without reliance on entering its supported system LCO.
When the Toss of function is the result of multiple
support systems, the appropriate LCO is the LCO for the
supported system.

(continued)
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EXAMPLES
TRAIN A TRAIN B
System 8 —System 8
——System 4 System 4
System 9 L—System 9
——System 2 ——System 2
System 10 —System 10
L—System 5 System 5
System 11 —System 11
System 1 System 1
System 12 —System 12
—System 6 System 6
System 13 L—System 13
L—System 3 L—System 3
System 14 System 14
L—System 7 System 7

System 15 System 15

EXAMPLE B3.0.6-1
[T System 2 of Train A is inoperable, and System 5 of Train B is inoperable,
a loss of safety function exists in supported Systems 5, 10 and 11.

EXAMPLE B3.0.6-2

[T System 2 of Train A is inoperable, and System 11 of Train B is inoperable,
a loss of safety function exists in System 11 which is in turn supported by
System 5.

EXAMPLE B3.0.6-3
[T System 2 of Train A is inoperable, and System 1 of Train B is inoperable,
loss of safety function exists in Systems 2.4,5,8,9,10, and 11.

For the examples above, support systems are to the Teft of the supported
systems (i.e., System 1 supports System 2 and System 3).

LCO 3.0.7 Special tests and operations are required at various times
over the unit's Tife to demonstrate performance
characteristics, to perform maintenance activities, and to
perform special evaluations. Because TS normally preclude
these tests and operations, Special Test Exceptions (STES)
allow specified requirements to be changed or suspended
under controlled conditions. STEs are included in
applicable sections of the Specifications. Unless

(continued)
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LCO 3.0.7 otherwise specified, all other TS requirements remain
(continued) unchanged and in effect as applicable. This will ensure

that all appropriate requirements of the MODE or other
specified condition not directly associated with or
required to be changed or suspended to perform the special
test or operation will remain in effect.

The Applicability of an STE LCO represents a condition not
necessarily in compliance with the normal requirements of
the TS. Compliance with STE LCOs is optional.

A special test may be performed under either the provisions
of the appropriate STE LCO or the other applicable TS
requirements. If it is desired to perform the special test
under the provisions of the STE LCO, the requirements of the
STE LCO shall be followed. This includes the SRs specified
in the STE LCO.

Some of the STE LCOs require that one or more of the LCOs
for normal operation be met (i.e., meeting the STE LCO
requires meeting the specified normal LCOs). The
Applicability, ACTIONS, and SRs of the specified normal
LCOs, however, are not required to be met in order to meet
the STE LCO when it is in effect. This means that, upon
failure to meet a specified normal LCO, the associated
ACTIONS of the STE LCO apply, in Tieu of the ACTIONS of the
normal LCO. Exceptions to the above do exist. There are
instances when the Applicability of the specified normal LCO
must be met, where its ACTIONS must be taken, where certain
of its Surveillances must be performed, or where all of
these requirements must be met concurrently with the
requirements of the STE LCO.

Unless the SRs of the specified normal LCOs are suspended or
changed by the special test, those SRs that are necessary to
meet the specified normal LCOs must be met prior to
performing the special test. During the conduct of the
special test, those Surveillances need not be performed
unless specified by the ACTIONS or SRs of the STE LCO.

ACTIONS for STE LCOs provide appropriate remedial measures
upon failure to meet the STE LCO. Upon failure to meet
these ACTIONS, suspend the performance of the special test
and enter the ACTIONS for all LCOs that are then not met.
Entry into LCO 3.0.3 may possibly be required, but this
determination should not be made by considering only the
failure to meet the ACTIONS of the STE LCO.

(continued)
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LCO 3.0.8

LCO 3.0.8 establishes conditions under which systems are
considered to remain capable of performing their intended
safety function when associated snubbers are not capable
of providing their associated support function(s). This
LCO states that the supported system is not considered to
be inoperable solely due to one or more snubbers not
capable of performing their associated support
function(s). This is appropriate because a limited Tength
of time is allowed for maintenance, testing, or repair of
one or more snubbers not capable of performing their
associated support function(s) and appropriate
compensatory measures are specified in the snubber
requirements, which are located outside of the Technical
Specifications (TS) under licensee control. The snubber
requirements do not meet the criteria in

10 CFR 50.36(c)(2)(i1), and, as such, are appropriate for
control by the Ticensee.

IT the allowed time expires and the snubber(s) are unable
to perform their associated support function(s), the
affected supported system’s LCO(s) must be declared not
met and the Conditions and Required Actions entered in
accordance with LCO 3.0.2.

LCO 3.0.8.a applies when one or more snubbers are not
capable of providing their associated support function(s)
to a single train or subsystem of a multiple train or
subsystem supported system or to a single train or
subsystem supported system. LCO 3.0.8.a allows 72 hours
to restore the snubber(s) before declaring the supported
system inoperable. The 72 hour Completion Time is
reasonable based on the Tow probability of a seismic event
concurrent with an event that would require operation of
the supported system occurring while the snubber(s) are
not capable of performing their associated support
function and due to the availability of the redundant
train of the supported system.

LCO 3.0.8.b applies when one or more snubbers are not
capable of providing their associated support function(s)
to more than one train or subsystem of a multiple train or
subsystem supported system. LCO 3.0.8.b allows 12 hours
to restore the snubber(s) before declaring the supported
system inoperable. The 12 hour Completion Time is
reasonable based on the Tow probability of a seismic event
concurrent with an event that would require operation of

(continued)
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LCO 3.0.8 the supported system occurring while the snubber(s) are
(continued) not capable of performing their associated support

function.

LCO 3.0.8 requires that risk be assessed and managed.
Industry and NRC guidance on the implementation of

10 CFR 50.65(a)(4) (the Maintenance Rule) does not address
seismic risk. However, use of LCO 3.0.8 should be
considered with respect to other plant maintenance
activities. and integrated into the existing Maintenance
Rule process to the extent possible so that maintenance on
any unaffected train or subsystem is properly controlled,
and emergent issues are properly addressed. The risk
assessment need not be quantified, but may be a
qualitative awareness of the vulnerability of systems and
components when one or more snubbers are not able to
perform their associated support function.

In order to utilize LCO 3.0.8, the restrictions Tisted
below shall be met.

1. When LCO 3.0.8 is used, confirm that at Teast one
train (or subsystem) of systems supported by the
non-functional snubber(s) would remain capable of
performing their required safety or support
functions for postulated design loads other than
seismic loads. LCO 3.0.8 does not apply to
non-seismic snubbers.

2. When LCO 3.0.8 is used, a record of the design
function of the nonfunctional snubber(s) (i.e.,
seismic vs. non-seismic), implementation of the
applicable LCO 3.0.8 restrictions, and the
associated plant configuration shall be available on
a recoverable basis for NRC inspection.

3. When LCO 3.0.8.a is used, at Teast one AFW train
(including a minimum set of supporting equipment
required for its successful operation) or some
alternative means of core cooling, not associated with
the non-functional snubber(s), must be available.

4. When LCO 3.0.8.b is used, at least one AFW train
(including a minimum set of supporting equipment
required for its successful operation) not associated
with the non-functional snubber(s), or some
alternative means of core cooling (e.g., fire water
system or “aggressive secondary cooldown”™ using the
steam generators) must be available.
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B 3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

SRs SR 3.0.1 through SR 3.0.4 establish the general requirements
applicable to all Specifications and apply at all times,
unless otherwise stated.

SR 3.0.1 SR 3.0.1 establishes the requirement that SRs must be met

during the MODES or other specified conditions in the
Applicability for which the requirements of the LCO apply,
unless otherwise specified in the individual SRs. This
Specification is to ensure that Surveillances are performed
to verify the OPERABILITY of systems and components, and
that variables are within specified Timits. Failure to meet
a Surveillance within the specified Frequency, in accordance
with SR 3.0.2, constitutes a failure to meet an LCO.
Surveillances may be performed by means of any series of
sequential, overlapping, or total steps provided the entire
Surveillance is performed within the specified Frequency.
Additionally, the definitions related to instrument testing
(e.g., CHANNEL CALIBRATION) specify that these tests are
preformed by means of any series of sequential, overlapping,
or total steps.

Systems and components are assumed to be OPERABLE when the
associated SRs have been met. Nothing in this
Specification, however, is to be construed as implying that
systems or components are OPERABLE when:

a. The systems or components are known to be inoperable,
although still meeting the SRs: or

D. The requirements of the Surveillance(s) are known to
be not met between required Surveillance performances.

Surveillances do not have to be performed when the unit is
in a MODE or other specified condition for which the
requirements of the associated LCO are not applicable,
unless otherwise specified. The SRs associated with a
Special Test Exception (STE) are only applicable when the
STE is used as an allowable exception to the requirements of
a Specification.

(continued)
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SR 3.0.1 Unplanned events may satisfy the requirements (including
(continued) applicable acceptance criteria) for a given SR. In this

case, the unplanned event may be credited as fulfilling
the performance of the SR. This allowance includes those
SRs whose performance is normally precluded in a given
MODE or other specified condition.

Surveillances, including Surveillances invoked by Required
Actions, do not have to be performed on inoperable
equipment because the ACTIONS define the remedial measures
that apply. Surveillances have to be met and performed in
accordance with SR 3.0.2, prior to returning equipment to
OPERABLE status.

Upon completion of maintenance, appropriate post maintenance
testing is required to declare equipment OPERABLE. This
includes ensuring applicable Surveillances are not failed
and their most recent performance is in accordance with

SR 3.0.2. Post maintenance testing may not be possible in
the current MODE or other specified conditions in the
Applicability due to the necessary unit parameters not
having been established. In these situations, the equipment
may be considered OPERABLE provided testing has been
satisfactorily completed to the extent possible and the
equipment is not otherwise believed to be incapable of
performing its function. This will allow operation to
proceed to a MODE or other specified condition where other
necessary post maintenance tests can be completed.

Some examples of this process are:

a. Auxiliary Feedwater (AFW) pump turbine maintenance
during refueling that requires testing at steam
pressures > 800 psi. However, if other appropriate
testing is satisfactorily completed, the AFW System
can be considered OPERABLE. This allows startup and
other necessary testing to proceed until the plant
reaches the steam pressure required to perform the
testing.

D. High Pressure Safety Injection (HPSI) maintenance
during shutdown that requires system functional tests
at a specified pressure. Provided other appropriate
testing is satisfactorily completed, startup can
proceed with HPSI considered OPERABLE. This allows
operation to reach the specified pressure to complete
the necessary post maintenance testing.

(continued)

PALO VERDE UNITS 1,2,3 B 3.0-17/ REVISION 50



BASES

SR Applicabilit
B 3.0

SR 3.0.2

SR 3.0.2 establishes the requirements for meeting the
specified Frequency for Surveillances and any Required
Action with a Completion Time that requires the periodic
perform?nce of the Required Action on a "once per..."
interval.

SR 3.0.2 permits a 25% extension of the interval specified
in the Frequency. This extension facilitates Surveillance
scheduling and considers plant operating conditions that may
not be suitable for conducting the Surveillance (e.g.,
transient conditions or other ongoing Surveillance or
maintenance activities).

The 25% extension does not significantly degrade the
reliability that results from performing the Surveillance at
its specified Frequency. This is based on the recognition
that the most probable result of any particular Surveillance
being performed is the verification of conformance with the
SRs. The exceptions to SR 3.0.2 are those Surveillances for
which the 25% extension of the interval specified in the
Frequency does not apply. These exceptions are stated in
the individual Specifications. An example of where SR 3.0.2
does not apply is the Containment Leak Rate Testing Program.

As stated in SR 3.0.2, the 25% extension also does not apply
to the initial portion of a periodic Completion Time that
requires performance on a "once per..." basis. The 25%
extension applies to each performance after the initial
performance. The initial performance of the Required
Action, whether it is a particular Surveillance or some
other remedial action, is considered a single action with a
single Completion Time. One reason for not allowing the 25%
extension to this Completion Time is that such an action
usually verifies that no loss of function has occurred by
checking the status of redundant or diverse components or
accomplishes the function of the inoperable equipment in an
alternative manner.

(continued)
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SR 3.0.2 The provisions of SR 3.0.2 are not intended to be used
(continued) repeatedly merely as an operational convenience to extend

Surveillance intervals (other than those consistent with
refueling intervals) or periodic Completion Time intervals
beyond those specified.

SR 3.0.3 SR 3.0.3 establishes the flexibility to defer declaring

affected equipment inoperable or an affected variable
outside the specified limits when a Surveillance has not
been completed within the specified Frequency. A delay
period of up to 24 hours or up to the Timit of the specified
Frequency, whichever is greater, applies from the point in
time that it is discovered that the Surveillance has not
been performed in accordance with SR 3.0.2, and not at the
time that the specified Frequency was not met. Reference
Bases Section 3.0.2 for discussion and applicability of
Frequency and 25% extension.

This delay period provides an adequate time to complete
Surveillances that have been missed. This delay period
permits the completion of a Surveillance before complying
with Required Actions or other remedial measures that might
preclude completion of the Surveillance.

The basis for this delay period includes consideration of
unit conditions, adequate planning, availability of
personnel, the time required to perform the Surveillance,
the safety significance of the delay in completing the
required Surveillance, and the recognition that the most
probable result of any particular Surveillance being
performed is the verification of conformance with the
requirements.

When a Surveillance with a Frequency based not on time
intervals, but upon specified unit conditions, operating
situations, or requirements of regulations (e.g., prior to
entering MODE 1 after each fuel Toading, or in accordance
with 10 CFR 50, Appendix J, as modified by approved
exemptions, etc.) is discovered to not have been performed
when specified, SR 3.0.3 allows for the full delay period
of up to the specified Frequency to perform the
Surveillance. However, since there is not a time interval

(continued)
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SR 3.0.3 specified, the missed Surveillance should be performed at
(continued) the first reasonable opportunity.

SR 3.0.3 provides a time Timit for, and allowances for the
performance of, Surveillances that become applicable as a
consequence of MODE changes imposed by Required Actions.

Failure to comply with specified Frequencies for SRs is
expected to be an infrequent occurrence. Use of the delay
period established by SR 3.0.3 is a flexibility which is not
intended to be used as an operational convenience to extend
Surveillance intervals. While up to 24 hours or the Timit
of the specified Frequency is provided to perform the missed
Surveillance, it is expected that the missed Surveillance
will be performed at the first reasonable opportunity. The
determination of the first reasonable opportunity should
include consideration of the impact on plant risk (from
delaying the Surveillance as well as any plant configuration
changes required or shutting the plant down to perform the
Surveillance) and impact on any analysis assumptions, in
addition to unit conditions, planning, availability of
personnel, and the time required to perform the
Surveillance. This risk impact should be managed through
the program in place to implement 10 CFR 50.65(a)(4) and its
implementation guidance, NRC Regulatory Guide 1.182,
"Assessing and Managing Risk Before Maintenance Activities
at Nuclear Power Plants." This Regulatory Guide addresses
consideration of temporary and aggregate risk impacts,
determination of risk management action thresholds, and risk
management action up to and including plant shutdown. The
missed Surveillance should be treated as an emergent
condition as discussed in the Regulatory Guide. The risk
evaluation may use quantitative, qualitative, or blended
methods. The degree of depth and rigor of the evaluation
should be commensurate with the importance of the component.
Missed Surveillances for important components should be
analyzed quantitatively. If the results of the risk
evaluation determine the risk increase is significant, this
evaluation should be used to determine the safest course of
action. All missed Surveillances will be placed in the
licensee's Corrective Action Program.

(continued)
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SR 3.0.3
(continued)

IT a Surveillance is not completed within the allowed delay
period, then the equipment is considered inoperable or the
variable is considered outside the specified Timits and the
Completion Times of the Required Actions for the applicable
LCO Conditions begin immediately upon expiration of the
delay period. If a Surveillance is failed within the delay
period, then the equipment is inoperable, or the variable is
outside the specified Timits and the Completion Times of the
Required Actions for the applicable LCO Conditions begin
immediately upon the failure of the Surveillance.

Completion of the Surveillance within the delay period
allowed by this Specification, or within the Completion Time
of the ACTIONS, restores compliance with SR 3.0.1.

SR 3.0.4

SR 3.0.4 establishes the requirement that all applicable SRs
must be met before entry into a MODE or other specified
Condition in the Applicability.

This Specification ensures that system and component
OPERABILITY requirements and variable limits are met before
entry into MODES or other specified conditions in the
Applicability for which these systems and components ensure
safe operation of the unit.

The provisions of this Specification should not be
interpreted as endorsing the failure to exercise the good
practice of restoring systems or components to OPERABLE
status before entering an associated MODE or other specified
condition in the Applicability.

A provision is included to allow entry into a MODE or other
specified condition in the Applicability when an LCO is not
met due to a Surveillance not being met in accordance with
LCO 3.0.4.

However, in certain circumstances, failing to meet an SR
will not result in SR 3.0.4 restricting a MODE change or
other specified condition change. When a system, subsystem,
division, component, device, or variable is inoperable or
outside its specified lTimits, the associated SR(s) are not
required to be performed, per SR 3.0.1, which states that
surveillances do not have to be performed on inoperable
equipment. When equipment is inoperable, SR 3.0.4 does not
apply to the associated SR(s) since the requirement for the

(continued)
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SR Applicabilit

B 3.0
BASES
SR 3.0.4 SR(s) to be performed is removed. Therefore, failing to
(continued) perform the Surveillance(s) within the specified Frequency

does not result in an SR 3.0.4 restriction to changing
MODES or other specified conditions of the Applicability.
However, since the LCO is not met in this instance, LCO
3.0.4 will govern any restrictions that may (or may not)
apply to MODE or other specified condition changes.

SR 3.0.4 does not restrict changing MODES or other
specified conditions of the Applicability when a
Surveillance has not been performed within the specified
Frequency, provided the requirement to declare the LCO not
met has been delayed in accordance with SR 3.0.3.

The provisions of SR 3.0.4 shall not prevent changes in
MODES or other specified conditions in the Applicability
that are required to comply with ACTIONS. In addition, the
provisions of SR 3.0.4 shall not prevent changes in MODES or
other specified conditions in the Applicability that result
from any unit shutdown.

In this context, a unit shutdown is defined as a change in
MODE or other specified condition in the Applicability
associated with transitioning from MODE 1 to MODE 2, MODE 2
to MODE 3, MODE 3 to MODE 4, and MODE 4 to MODE 5.

The precise requirements for performance of SRs are
specified such that exceptions to SR 3.0.4 are not
necessary. The specific time frames and conditions
necessary for meeting the SRs are specified in the
Frequency, in the Surveillance, or both. This allows
performance of Surveillances when the prerequisite
condition(s) specified in a Surveillance procedure require
entry into the MODE or other specified condition in the
Applicability of the associated LCO prior to the performance
or completion of a Surveillance. A Surveillance that could
not be performed until after entering the LCO Applicability,
would have its Frequency specified such that it is not "due"
until the specific conditions needed are met. Alternately,
the Surveillance may be stated in the form of a Note as not
required (to be met or performed) until a particular event,
condition, or time has been reached. Further discussion of
the specific formats of SRs' annotation is found in

Section 1.4, Frequency.
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SDM - Reactor Trip Breakers Open

B 3.1.1
B 3.1 REACTIVITY CONTROL SYSTEMS
B 3.1.1 SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers QOpen
BASES
BACKGROUND The reactivity control systems must be redundant and capable

of holding the reactor core subcritical when shutdown under
cold conditions, in accordance with GDC 26 (Ref. 1).
Maintenance of the SDM ensures that postulated reactivity
events will not damage the fuel. SDM requirements provide
sufficient reactivity margin to ensure that acceptable fuel
design Timits will not be exceeded for normal shutdown and
anticipated operational occurrences (A00s). As such, the
SDM defines the degree of subcriticality that would be
obtained immediately following the insertion of all full
strength control element assemblies (CEAsS), assuming the
single CEA of highest reactivity worth is fully withdrawn
with Reactor Trip Breakers open. This reactivity worth is
credited in establishing the required SDM.

The system design requires that two independent reactivity
control systems be provided, and that one of these systems
be capable of maintaining the core subcritical under cold
conditions. These requirements are provided by the use of
movable CEAs and soluble boric acid in the Reactor Coolant
System (RCS). The CEA System provides the SDM during power
operation and is capable of making the core subcritical
rapidly enough to prevent exceeding acceptable fuel design
1imits, assuming that the CEA of highest reactivity worth
remains fully withdrawn.

The soluble boron system can compensate for fuel depletion
during operation and all xenon burnout reactivity changes,
and maintain the reactor subcritical under cold conditions.

During power operation, SDM control is ensured by operating
with the shutdown CEAs fully withdrawn and the regulating
CEAs within the 1imits of LCO 3.1.7., "Regulating Control
Element Assembly (CEA) Insertion Limits." When the unit is
in the shutdown and refueling modes, the SDM requirements
are met by means of adjustments to the RCS boron
concentration.

(continued)

PALO VERDE UNITS 1,2,3 B3.1.1-1 REVISION 28



BASES  (continued)

SDM - Reactor Trip Breakers Open
B3.1.1

APPLICABLE
SAFETY ANALYSES

The minimum required SDM is assumed as an initial condition
in safety analysis. The safety analysis (Ref. 2)
establishes a SDM that ensures specified acceptable fuel
design Timits are not exceeded for normal operation and
AQOs, with the assumption of the highest worth CEA stuck out
following a reactor trip. Specifically, for MODE 5, the
primary safety analysis that relies on the SDM Timits is the
poron dilution analysis.

The acceptance criteria for SDM are that specified
acceptable fuel design Timits are maintained. This is done
by ensuring that:

a. The reactor can be made subcritical from all operating
conditions, transients, and Design Basis Events;

D. The reactivity transients associated with postulated
accident conditions are controllable within acceptable
1imits (departure from nucleate boiling ratio (DNBR),
fuel centerline temperature Timit AOOs, and
< 280 cal/gm energy deposition for the CEA ejection
accident).

C. The reactor will be maintained sufficiently
subcritical to preclude inadvertent criticality in the
shutdown condition.

The most Timiting accident for the SDM requirements is based
on a main steam line break (MSLB), as described in the
accident analysis (Ref. 2). The increased steam flow
resulting from a pipe break in the main steam system causes
an increased energy removal from the affected steam
generator (SG), and consequently the RCS. This results in a
reduction of the reactor coolant temperature. The resultant
coolant shrinkage causes a reduction in pressure. In the
presence of a negative moderator temperature coefficient,
this cooldown causes an increase in core reactivity. As
initial RCS temperature decreases, the severity of an MSLB
decreases. The most Timiting MSLB, with respect to
potential fuel damage before a reactor trip occurs, is a
guillotine break of a main steam line inside containment
initiated at the end of core life. The positive reactivity
addition from the moderator temperature decrease will
terminate when the affected SG boils dry, thus terminating
RCS heat removal and cooldown. Following the MSLB, a post
trip return to power may occur; however, no fuel damage

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Open
B3.1.1

APPLICABLE
SAFETY ANALYSES
(continued)

occurs as a result of the post trip return power. Therefore,
operation of the plant in conformance with minimum SDM
requirements ensures that, should a MSLB occur, control room
and offsite radiological dose consequences will remain
within Ticensing basis Timits as described in the accident
analyses (Ref. 2).

In addition to the limiting MSLB transient, the SDM
requirement for MODES 3, 4, and 5 must also protect against:

a. Inadvertent boron dilution;
b.  Startup of an inactive reactor coolant pump (RCP): and
C. CEA ejection.

Each of these is discussed below.

In the inadvertent boron dilution analysis. the amount of
reactivity by which the reactor is subcritical is determined
by the reactivity difference between an initial subcritical
boron concentration and the corresponding critical boron
concentration. The initial subcritical boron concentration
assumed in the analysis corresponds to the minimum SDM
requirements. These two values (initial and critical boron
concentrations), in conjunction with the configuration of
the Reactor Coolant System (RCS) and the assumed dilution
flow rate, directly affect the results of the analysis. For
this reason the event is most Timiting at the beginning of
core life when critical boron concentrations are highest.

The startup of an inactive RCP will not result in a

"cold water" criticality, even if the maximum difference in
temperature exists between the SG and the core. Although
this event was considered in establishing the requirements
for SDM, it is not the Timiting event with respect to the
specification Timits.

In the analysis of the CEA ejection event, maintaining SDM
ensures the reactor remains subcritical following a CEA
ejection and, therefore, satisfies the radially averaged
enthalpy acceptance criterion considering power
redistribution effects.

SHUTDOWN MARGIN 1is the amount by which the core is
subcritical, or would be subcritical immediately following a
reactor trip, considering a single malfunction resulting in
the highest worth CEA failing to insert. With any full
strength CEAs not capable of being fully inserted, the

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Open
B3.1.1

APPLICABLE
SAFETY ANALYSES
(continued)

withdrawn reactivity worth of these CEAs must be accounted
for in the determination of SDM. The SDM satisfies
Criterion 2 of 10 CFR 50.36 (c)(2)(i1i).

LCO

The MSLB (Ref. 2) and the boron dilution (Ref. 3) accidents
are the most 1imiting analyses that establish the SDM value
of the LCO. For MSLB accidents, if the LCO is violated,
there is a potential to exceed 10 CFR 100, "Reactor Site
Criterion," limits (Ref. 4). For the boron dilution
accident, if the LCO is violated, then the minimum required
time assumed for operator action to terminate dilution may
no longer be applicable.

SDM is a core physics design condition that can be ensured
through CEA positioning (regulating and shutdown CEAs) and
through the soluble boron concentration.

APPLICABILITY

In MODES 3, 4 and 5 with the Reactor Trip Breakers Open or
the CEA drive system not capable of CEA withdrawal, the SDM
requirements are applicable to provide sufficient negative
reactivity to meet the assumptions of the safety analyses
discussed above. In MODES 1 and 2, SDM is ensured by
complying with LCO 3.1.6, "Shutdown Control Element Assembly
(CEA) Insertion Limits," and LCO 3.1.7. In MODES 3, 4 and 5
with the Reactor Trip Breakers Closed, SDM is addressed by
LCO 3.1.2, "SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers
Closed." In MODE 6, the shutdown reactivity requirements
are given in LCO 3.9.1, "Boron Concentration."

ACTIONS

Al
[T the SDM requirements are not met, boration must be
initiated promptly. A Completion Time of 15 minutes 1is
adequate for an operator to correctly align and start the
required systems and components. It is assumed that
boration will be continued until the SDM requirements are
met.

In the determination of the required combination of boration
flow rate and boron concentration, there is no unique
requirement that must be satisfied. Since it is imperative
to raise the boron concentration of the RCS as soon as

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Open
B3.1.1

ACTIONS

A.1 (continued)

possible, the boron concentration should be a highly
concentrated solution, such as that normally found in the
refueling water tank. The operator should borate with the
best source available for the plant conditions.

In determining the boration flow rate, the time in core Tife
must be considered. For instance, the most difficult time
in core life to increase the RCS boron concentration is at
the beginning of cycle, when boron concentration may
approach or exceed 2000 ppm. Assuming that a value of 1%
Ak/k must be recovered and a boration flow rate of 26 gpm,
it is possible to increase the boron concentration of the
RCS by 100 ppm in Tess than 4 hours with a 4000 ppm source.

IT a boron worth of 10 pcm/ppm is assumed, this combination
of parameters will increase the SDM by 1% Ak/k. These
boration parameters of 26 gpm and 4000 ppm represent typical
values and are provided for the purpose of offering a
specific example.

SURVETLLANCE
REQUIREMENTS

SR 3.1.1.1

SDM is verified by performing a reactivity balance
calculation, considering the Tisted reactivity effects:

a.  RCS boron concentration;

b.  CEA positions;

C. RCS average temperature;

d. Fuel burnup based on gross thermal energy generation;
e.  Xenon concentration;

f.  Samarium concentration; and

g. Isothermal temperature coefficient (ITC).

Using the ITC accounts for Doppler reactivity in this

calculation because the reactor is subcritical, and the fuel
temperature will be changing at the same rate as the RCS.

(continued)
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SDM - Reactor Trip Breakers Open

B3.1.1
BASES
SURVEILLANCE SR 3.1.1.1 (continued)
REQUIREMENTS
The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.
REFERENCES 1. 10 CFR 50, Appendix A, GDC 26.
2. UFSAR, Section 15.1.
3. UFSAR, Section 15.4.
4. 10 CFR 100.
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SDM - Reactor Trip Breakers Closed
B3.1.2

B 3.1 REACTIVITY CONTROL SYSTEMS
B 3.1.2 SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers Closed

BASES

BACKGROUND

The reactivity control systems must be redundant and capable
of holding the reactor core subcritical when shut down under
cold conditions, in accordance with GDC 26 (Ref. 1).
Maintenance of the SDM ensures that postulated reactivity
events will not damage the fuel. SDM requirements provide
sufficient reactivity margin to ensure that acceptable fuel
design Timits will not be exceeded for normal shutdown and
anticipated operational occurrences (A00s). As such, SDM
defines the degree of subcriticality that would be obtained
immediately following the insertion of all full strength
control element assemblies (CEAs), assuming the single CEA
of highest reactivity worth is fully withdrawn.

The system design requires that two independent reactivity
control systems be provided, and that one of these systems
be capable of maintaining the core subcritical under cold
conditions. These requirements are provided by the use of
movable CEAs and soluble boric acid in the Reactor Coolant
System (RCS). The CEA System provides the SDM during power
operation and is capable of making the core subcritical
rapidly enough to prevent exceeding the acceptable fuel
design Timits, assuming that the CEA of highest reactivity
worth remains fully withdrawn.

The soluble boron system can compensate for fuel depletion
during operation and all xenon burnout reactivity changes,
and maintain the reactor subcritical under cold conditions.

During power operation, SDM control is ensured by operating
with the shutdown CEAs fully withdrawn and the regulating
CEAs within the 1imits of LCO 3.1.7., "Regulating Control
Element Assembly (CEA) Insertion Limits." When the unit is
in the shutdown and refueling modes, the SDM requirements
are met by means of adjustments to the RCS boron
concentration.

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Closed
B3.1.2

APPLICABLE
SAFETY ANALYSES

The minimum required SDM is assumed as an initial condition
in safety analysis. The safety analysis (Ref. 2)
establishes a SDM that ensures specified acceptable fuel
design Timits are not exceeded for normal operation and AOOs
with the assumption of the highest worth CEA stuck out
following a reactor trip. Specifically, for MODE 5, the
primary safety analysis that relies on the SDM Timits is the
poron dilution analysis.

The acceptance criteria for SDM requirements are that the
specified acceptable fuel design limits are maintained.
This is done by ensuring that:

a. The reactor can be made subcritical from all operating
conditions, transients, and Design Basis Events;

D. The reactivity transients associated with postulated
accident conditions are controllable within acceptable
1imits (departure from nucleate boiling ratio, fuel
centerline temperature limits for A0Os, and
< 280 cal/gm energy deposition for the CEA ejection
accident); and

C. The reactor will be maintained sufficiently
subcritical to preclude inadvertent criticality in the
shutdown condition.

The most Timiting accident for the SDM requirements is based
on a main steam line break (MSLB), as described in the
accident analysis (Ref. 2). The increased steam flow
resulting from a pipe break in the main steam system causes
an increased energy removal from the affected steam
generator (SG), and consequently the RCS. This results in a
reduction of the reactor coolant temperature. The resultant
coolant shrinkage causes a reduction in pressure. In the
presence of a negative moderator temperature coefficient,
this cooldown causes an increase in core reactivity. As
initial RCS temperature decreases, the severity of an MSLB
decreases. The most Timiting MSLB, with respect to
potential fuel damage before a reactor trip occurs, is a
guillotine break of a main steam line inside containment
initiated at the end of core life. The positive reactivity
addition from the moderator temperature decrease will
terminate when the affected SG boils dry, thus terminating
RCS heat removal and cooldown. Following the

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Closed
B3.1.2

APPLICABLE
SAFETY ANALYSES
(continued)

MSLB, a post trip return to power may occur; however, no
fuel damage occurs as a result of the post trip return to
power. Therefore, operation of the plant in conformance
with minimum SDM requirements ensures that, should a MSLB
occur, control room and offsite radiological dose
consequences will remain within licensing basis limits as
described in the accident analysis (Ref. 2).

In addition to the limiting MSLB transient, the SDM
requirement for MODES 3, 4, and 5 must also protect against:

a. Inadvertent boron dilution;

b. An uncontrolled CEA withdrawal from a subcritical
condition;

c. Startup of an inactive reactor coolant pump (RCP); and
d. CEA ejection.
Each of these is discussed below.

In the inadvertent boron dilution analysis, the amount of
reactivity by which the reactor is subcritical is determined
by the reactivity difference between an initial subcritical
boron concentration and the corresponding critical boron
concentration. The initial subcritical boron concentration
assumed in the analysis corresponds to the minimum SDM
requirements. These two values (initial and critical boron
concentrations), in conjunction with the configuration of
the Reactor Coolant System (RCS) and the assumed dilution
flow rate, directly affect the results of the analysis. For
this reason the event is most Timiting at the beginning of
core life when critical boron concentrations are highest.

The withdrawal of CEAs from subcritical conditions adds
reactivity to the reactor core, causing both the core power
level and heat flux to increase with corresponding increases
in reactor coolant temperatures and pressure. The
withdrawal of CEAs also produces a time dependent
redistribution of core power.

The uncontrolled CEA withdrawal transient is terminated by a
high power level trip. Power Tlevel, RCS pressure, peak fuel
centerline temperature, and the DNBR do not exceed allowable
Timits.

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Closed
B3.1.2

APPLICABLE
SAFETY ANALYSES
(continued)

The startup of an inactive RCP will not result in a

"cold water" criticality, even if the maximum difference in
temperature exists between the SG and the core. Although
this event was considered in establishing the requirements
for SDM, it is not the Timiting event with respect to the
specification Timits.

In the analysis of the CEA ejection event, SDM alone cannot
prevent reactor criticality following a CEA ejection. At
temperatures Tess than 500 F, the K. requirement ensures
the reactor remains subcritical and, therefore, satisfies
the radially averaged enthalpy acceptance criterion
considering power redistribution effects. Above 500 F,
Doppler reactivity feedback is sufficient to preclude the
need for a specific Ky requirement.

The function of SHUTDOWN MARGIN is to ensure that the
reactor remains subcritical following a design basis
accident or anticipated operational occurrence. During
operation in MODES 1 and 2, with k. greater than or equal
to 1.0, the transient insertion limits of Specification
3.1.3.6 ensure that sufficient SHUTDOWN MARGIN is available.

SHUTDOWN MARGIN is the amount by which the core is
subcritical, or would be subcritical immediately following a
reactor trip, considering a single malfunction resulting in
the highest worth CEA failing to insert. With any full
strength CEAs not capable of being fully inserted, the
withdrawn reactivity worth of the CEAs must be accounted for
in the determination of SDM.

SHUTDOWN MARGIN requirements vary throughout the core life
as a function of fuel depletion and reactor coolant system
(RCS) cold leg temperature (T.sq). The most restrictive
condition occurs at EOL, with T4 at no-load operating
temperature, and is associated with a postulated steam line
break accident and the resulting uncontrolled RCS cooldown.
In the analysis of this accident, the specified SHUTDOWN
MARGIN is required to control the reactivity transient and
ensure that the fuel performance and offsite dose criteria
are satisfied.

(continued)
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BASES  (continued)

SDM - Reactor Trip Breakers Closed
B3.1.2

APPLICABLE
SAFETY ANALYSES
(continued)

As (initial) T, decreases, the potential RCS cooldown and
the resulting reactivity transient are less severe and,
therefore, the required SHUTDOWN MARGIN also decreases.
Below T4 Of about 350°F, the inadvertent deboration event
becomes 1imiting with respect to the applicable SHUTDOWN
MARGIN requirements. Below 350°F, the specified SHUTDOWN
MARGIN ensures that sufficient time for operator actions
exists between the initial indication of the deboration and
the total Toss of shutdown margin. Accordingly, with the
reactor trip breakers closed and the CEA drive system
capable of CEA withdrawal, the SHUTDOWN MARGIN requirements
are based upon these lTimiting conditions.

Additional events considered in establishing requirements on
SHUTDOWN MARGIN that are not Timiting with respect to the
Specification Timits are single CEA withdrawal and startup
of an inactive reactor coolant pump.

The function of K,; is to maintain sufficient subcriticality
to preclude inadvertent criticality following ejection of a
single control element assembly (CEA). K, is a measure of
the core's reactivity, considering a single malfunction
resulting in the highest worth inserted CEA being ejected.

Ky.; requirements vary with the amount of positive reactivity
that would be introduced assuming the CEA with the highest
inserted worth ejects from the core. The Ky, requirement
ensures that a CEA ejection event while shutdown will not
result in criticality. Above T.;4 0f 500°F, Doppler
reactivity feedback is sufficient to preclude the need for a
specific Ky, requirement. With all CEAs fully inserted, K,
and SHUTDOWN MARGIN requirements are equivalent in terms of
minimum acceptable core boron concentration.

The requirement prohibiting criticality due to shutdown
group CEA movement is associated with the assumptions used
in the analysis of uncontrolled CEA withdrawal from
subcritical conditions. Due to the high differential
reactivity worth of the shutdown CEA groups, the analysis
assumes that the initial shutdown reactivity is such that
the reactor will remain subcritical in the event of
unexpected or uncontrolled shutdown group withdrawal.

The SDM satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

(continued)
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SDM - Reactor Trip Breakers Closed
B3.1.2

LCO

The MSLB (Ref. 2) and the boron dilution (Ref. 3) accidents
are the most limiting analyses that establish the reactivity
control requirements of the LCO. For MSLB accidents, if the
LCO is violated, there is a potential to exceed 10 CFR 100,
"Reactor Site Criterion," limits (Ref. 4). For the boron
dilution accident, if the LCO is violated, then the minimum
required time assumed for operator action to terminate
dilution may no Tonger be applicable.

SDM, Ky;, and criticality due to Shutdown CEA withdrawal are
core physics design conditions that can be ensured through
CEA positioning (regulating and shutdown CEAs) and through
the soluble boron concentration.

APPLICABILITY

In MODES 3, 4, and 5 with the Reactor Trip Breakers Closed
and the CEA Drive System is capable of CEA withdrawal, the
SDM requirements are applicable to provide sufficient
negative reactivity to meet the assumptions of the safety
analyses discussed above. In MODES 1 and 2, SDM is ensured
by complying with LCO 3.1.6, "Shutdown Control Element
Assembly (CEA) Insertion Limits," and LCO 3.1.7. MODES 3, 4
and 5 with the Reactor Trip Breakers Open, SDM is addressed
by LCO 3.1.1, "SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers
Open." 1In MODE 6, the shutdown reactivity requirements are
given in LCO 3.9.1, "Boron Concentration."

ACTIONS

Al
[T the SDM requirements are not met, boration must be
initiated promptly. A Completion Time of 15 minutes 1is
adequate for an operator to correctly align and start the
required systems and components and/or vary CEA position.
It is assumed that boration will be continued until the SDM
requirements are met.

In the determination of the required combination of boration
flow rate and boron concentration, there is no unique
requirement that must be satisfied. Since it is imperative
to raise the boron concentration of the RCS as soon as
possible, the boron concentration should be a highly

(continued)
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BASES

SDM - Reactor Trip Breakers Closed
B3.1.2

ACTIONS

A.1 (continued)

concentrated solution, such as that normally found in the
refueling water tank. The operator should borate with the
best source available for the plant conditions.

In determining the boration flow rate the time in core life
must be considered. For instance, the most difficult time
in core life to increase the RCS boron concentration is at
the beginning of cycle, when boron concentration may
approach or exceed 2000 ppm. Assuming that a value of 1%
Ak/k must be recovered and a boration flow rate of 26 gpm,
it is possible to increase the boron concentration of the
RCS by 100 ppm in Tess than 4 hours with a 4000 ppm source.
IT a boron worth of 10 pcm/ppm is assumed, this combination
of parameters will increase the SDM by 1% Ak/k. These
boration parameters of 26 gpm and 4000 ppm represent typical
values and are provided for the purpose of offering a
specific example.

B.1 and B.?

[T the Ky, requirements are not met or reactor criticality
is achievable by Shutdown Group CEA movement, boration must
be initiated promptly and CEA position varied to restore Ky,
within 1imit or to ensure criticality due to Shutdown Group
CEA movement is not achievable. A Completion Time of 15
minutes is adequate for an operator to correctly align and
start the required systems and components and vary CEA
position. It is assumed that boration will be continued and
CEA position varied to return Ky; to within Timit or prevent
reactor criticality due to Shutdown Group CEA movement. CEA
movement is only required if the specific limit exceeded can
be improved by taking this action.

In the determination of the required combination of boration
flow rate and boron concentration, there is no unique
requirement that must be satisfied. Since it is imperative
to raise the boron concentration of the RCS as soon as
possible, the boron concentration should be a highly
concentrated solution, such as that normally found in the
refueling water tank. The operator should borate with the
best source available for the plant conditions.

(continued)
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SDM - Reactor Trip Breakers Closed
B3.1.2

ACTIONS

B.1 and B.2 (continued)

In determining the boration flow rate the time in core life
must be considered. For instance, the most difficult time
in core life to increase the RCS boron concentration is at
the beginning of cycle, when the boron concentration will
exceed 2000 ppm. Assuming that a value of 1% Ak/k must be
recovered and a boration flow rate of 26 gpm, it is possible
to increase the boron concentration of the RCS by 100 ppm in
less than 4 hours with a 4000 ppm source. If a boron worth
of 10 pcm/ppm is assumed, this combination of parameters
will increase the SDM by 1% Ak/k. These boration parameters
of 26 gpm and 4000 ppm represent typical values and are
provided for the purpose of offering a specific example.

SURVETLLANCE
REQUIREMENTS

SR 3.1.2.1, 3.1.2.2 and 3.1.2.3

SDM, Ky.;, and criticality not being achievable with Shutdown
Group CEA withdrawal are verified by performing a reactivity
balance calculation, considering the listed reactivity
effects:

a. RCS boron concentration;

b.  CEA positions;

C. RCS average temperature;

d. Fuel burnup based on gross thermal energy generation;
e. Xenon concentration;

f. Samarium concentration; and

g. Isothermal temperature coefficient (ITC).

Using the ITC accounts for Doppler reactivity in this
calculation because the reactor is subcritical, and the fuel

temperature will be changing at the same rate as that of the
RCS.

(continued)
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SDM - Reactor Trip Breakers Closed

B 3.1.2
BASES
SURVETLLANCE SR 3.1.2.1, 3.1.2.2 and 3.1.2.3 (continued)
REQUIREMENTS
The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.
REFERENCES 1. 10 CFR 50, Appendix A, GDC 26.

UFSAR, Section 15.1.
UFSAR, Section 15.4.
10 CFR 100

B~ w N
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Reactivity Balance
B 3.1.3

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.3 Reactivity Balance

BASES

BACKGROUND

According to GDC 26, GDC 28, and GDC 29 (Ref. 1), reactivity
shall be controllable, such that, subcriticality is
maintained under cold conditions, and acceptable fuel design
1imits are not exceeded during normal operation and
anticipated operational occurrences. Therefore, reactivity
balance is used as a measure of the predicted versus
measured core reactivity during power operation. The
periodic confirmation of core reactivity is necessary to
ensure that Design Basis Accident (DBA) and transient safety
analyses remain valid. A large reactivity difference could
be the result of unanticipated changes in fuel, control
element assembly (CEA) worth, or operation at Conditions not
consistent with those assumed in the predictions of core
reactivity, and could potentially result in a loss of SDM or
violation of acceptable fuel design limits. Comparing
predicted versus measured core reactivity validates the
nuclear methods used in the safety analysis and supports the
SDM demonstrations (LCO 3.1.1, "SHUTDOWN MARGIN (SDM) -
Reactor Trip Breakers Open and LCO 3.1.2, "SHUTDOWN MARGIN
(SDM), Reactor Trip Breaker Closed") in ensuring the reactor
can be brought safely to cold, subcritical conditions.

When the reactor core is critical or in normal power
operation, a reactivity balance exists and the net
reactivity is zero. A comparison of predicted and measured
reactivity is convenient under such a balance, since
parameters are being maintained relatively stable under
steady state power conditions. The positive reactivity
inherent in the core design is balanced by the negative
reactivity of the control components, thermal feedback,
neutron leakage, and materials in the core that absorb
neutrons, such as burnable absorbers, producing zero net
reactivity. Reactivity balance is typically based on the
critical boron curve, which provides an indication of the
soluble boron concentration in the Reactor Coolant System
(RCS) versus cycle burnup. Periodic measurement of the RCS
boron concentration for comparison with the predicted value
with other variables fixed (such as CEA height, temperature,
pressure, and power) provides a convenient method of
ensuring that core reactivity is within design expectations,
and that the calculational models used to generate the
safety analysis are adequate.

(continued)

PALO VERDE UNITS 1,2,3 B 3.1.3-1 REVISION 0



BASES

Reactivity Balance
B 3.1.3

BACKGROUND
(continued)

In order to achieve the required fuel cycle energy output,
the uranium enrichment in the new fuel loading and in the
fuel remaining from the previous cycle, provides excess
positive reactivity beyond that required to sustain steady
state operation throughout the cycle. When the reactor is
critical at RTP and moderator temperature, the excess
positive reactivity is compensated by burnable absorbers (if
any). CEAs, whatever neutron poisons (mainly xenon and
samarium) are present in the fuel, and the RCS boron
concentration.

When the core is producing THERMAL POWER, the fuel is being
depleted and excess reactivity is decreasing. As the fuel
depletes, the RCS boron concentration is reduced to decrease
negative reactivity and maintain constant THERMAL POWER.

The critical boron curve is based on steady state operation
at RTP. Therefore, deviations from the predicted boron
letdown curve may indicate deficiencies in the design
analysis, deficiencies in the calculational models, or
abnormal core conditions, and must be evaluated.

APPLICABLE
SAFETY ANALYSES

Accurate prediction of core reactivity is either an explicit
or implicit assumption in the accident analysis evaluations.
Every accident evaluation (Ref. 2) is, therefore, dependent
upon accurate evaluation of core reactivity. In particular,
SDM, and reactivity transients such as CEA withdrawal
accidents or CEA ejection accidents, are very sensitive to
accurate prediction of core reactivity. These accident
analysis evaluations rely on computer codes that have been
qualified against available test data, operating plant data,
and analytical benchmarks. Monitoring reactivity balance
additionally ensures that the nuclear methods provide an
accurate representation of the core reactivity.

Design calculations and safety analyses are performed for
each fuel cycle for the purpose of predetermining reactivity
behavior and the RCS boron concentration requirements for
reactivity control during fuel depletion.

The comparison between measured and predicted initial core
reactivity provides a normalization for calculational models
used to predict core reactivity. If the measured and
predicted RCS boron concentrations for identical core
conditions at beginning of cycle (BOC) do not agree, then

(continued)
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BASES

Reactivity Balance
B 3.1.3

APPLICABLE
SAFETY ANALYSES
(continued)

the assumptions used in the reload cycle design analysis or
the calculational models used to predict soluble boron
requirements may not be accurate. If reasonable agreement
between measured and predicted core reactivity exists at
BOC, then the prediction may be normalized to the measured
boron concentration. Thereafter, any significant deviations
in the measured boron concentration from the predicted
critical boron curve that develop during fuel depletion may
be an indication that the calculational model is not
adequate for core burnups beyond BOC, or that an unexpected
change in core conditions has occurred.

The normalization of predicted RCS boron concentration to
the measured value is typically performed after reaching RTP
following startup from a refueling outage, with the CEAs in
their normal positions for power operation. The
normalization is performed at BOC conditions, so that core
reactivity relative to predicted values can be continually
mon}tored and evaluated as core conditions change during the
cycle.

The reactivity balance satisfies Criterion 2 of 10 CFR 50.36
(c)(2)ii).

LCO

The reactivity balance limit is established to ensure plant
operation is maintained within the assumptions of the safety
analyses. Large differences between actual and predicted
core reactivity may indicate that the assumptions of the DBA
and transient analyses are no longer valid, or that the
uncertainties in the nuclear design methodology are larger
than expected. A Timit on the reactivity balance of

+ 1% Ak/k has been established, based on engineering
judgment. A 1% deviation in reactivity from that predicted
is Tlarger than expected for normal operation, and should
therefore be evaluated.

When measured core reactivity is within 1% Ak/k of the
predicted value at steady state thermal conditions, the core
is considered to be operating within acceptable design
1imits. Since deviations from the 1imit are normally
detected by comparing predicted and measured steady state
RCS critical boron concentrations, the difference between
measured and predicted values would be approximately 100 ppm
(depending on the boron worth) before the Timit is reached.

(continued)
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BASES

Reactivity Balance
B 3.1.3

LCO
(continued)

These values are well within the uncertainty Timits for
analysis of boron concentration samples, so that spurious
violations of the Timit due to uncertainty in measuring the
RCS boron concentration are unlikely.

APPLICABILITY

The Timits on core reactivity must be maintained during
MODE 1 because a reactivity balance must exist when the
reactor is critical or producing THERMAL POWER. As the fuel
depletes, core conditions are changing, and confirmation of
the reactivity balance ensures the core is operating as
designed. This Specification does not apply in MODE 2
because enough operating margin exists to limit the affects
of a reactivity anomaly and THERMAL POWER is Tow enough (<
5% RTP) such that reactivity anomalies are unlikely to
occur. This Specification does not apply in MODES 2, 3, 4,
and 5 because the reactor is shut down and the reactivity
balance is not changing.

In MODE 6, fuel loading results in a continually changing
core reactivity. Boron concentration requirements

(LCO 3.9.1, "Boron Concentration") ensure that fuel
movements are performed within the bounds of the safety
analysis. An SDM demonstration is required during the first
startup following operations that could have altered core
reactivity (e.g., fuel movement, or CEA replacement, or
shuffling).

ACTIONS

A.1 and A.2

ShouTd an anomaly develop between measured and predicted
core reactivity, an evaluation of the core design and safety
analysis must be performed. Core conditions are evaluated
to determine their consistency with input to design
calculations. Measured core and process parameters are
evaluated to determine that they are within the bounds of
the safety analysis, and safety analysis calculational
models are reviewed to verify that they are adequate for
representation of the core conditions. The required
Completion Time of 7 days is based on the low probability of
a DBA occurring during this period, and allows sufficient
time to assess the physical condition of the reactor and
complete the evaluation of the core design and safety
analysis.

FolTowing evaluations of the core design and safety
analysis, the cause of the reactivity anomaly may be

(continued)
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BASES

Reactivity Balance
B 3.1.3

ACTIONS

A.1 and A.2 (continued)

resolved. If the cause of the reactivity anomaly is a
mismatch in core conditions at the time of RCS boron
concentration sampling, then a recalculation of the RCS
boron concentration requirements may be performed to
demonstrate that core reactivity is behaving as expected.

IT an unexpected physical change in the condition of the
core has occurred, it must be evaluated and corrected, if
possible. If the cause of the reactivity anomaly is in the
calculation technique, then the calculational models must be
revised to provide more accurate predictions. If any of
these results are demonstrated and it is concluded that the
reactor core is acceptable for continued operation, then the
boron Tetdown curve may be renormalized, and power operation
may continue. If operational restrictions or additional SRs
are necessary to ensure the reactor core is acceptable for
continued operation, then they must be defined.

The required Completion Time of 7 days is adequate for
preparing whatever operating restrictions or Surveillances
that may be required to allow continued reactor operation.

B.1

If the core reactivity cannot be restored to within the

1% Ak/k, 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 Teast MODE 2 within 6 hours. The allowed
Completion Time is reasonable, based on operating
experience, for reaching MODE 2 from full power conditions
in an orderly manner and without challenging plant systems.

SURVETLLANCE
REQUIREMENTS

SR 3.1.3.1

Core reactivity is verified by periodic comparisons of
measured and predicted RCS boron concentrations. The
comparison is made considering that other core conditions
are fixed or stable including CEA position, moderator
temperature, fuel temperature, fuel depletion, xenon
concentration, and samarium concentration. The Surveillance

(continued)
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Reactivity Balance
B 3.1.3

BASES

SURVEILLANCE SR 3.1.3.1 (continued)

REQUIREMENTS
is performed prior to entering MODE 1 as an initial check on
core conditions and design calculations at BOC. The SR is
modified by three Notes. The first Note indicates that the
normalization of predicted core reactivity to the measured
value may take place within the first 60 effective full
power days (EFPD) after each fuel Toading. This allows
sufficient time for core conditions to reach steady state,
but prevents operation for a large fraction of the fuel
cycle without establishing a benchmark for the design
calculations. The Surveillance Frequency is controlled
under the Surveillance Frequency Control Program. A Note,
"only required after 60 EFPD," is added to the Frequency
column to allow this.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 26, GDC 28, and GDC 29.
2. UFSAR, Section 15.
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MTC
B3.1.4

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.4 Moderator Temperature Coefficient (MTC)

BASES

BACKGROUND

According to GDC 11 (Ref. 1), the reactor core and its
interaction with the Reactor Coolant System (RCS) must be
designed for inherently stable power operation, even in the
possible event of an accident. In particular, the net
reactivity feedback in the system must compensate for any
unintended reactivity increases.

The MTC relates a change in core reactivity to a change in
reactor coolant temperature. A positive MIC means that
reactivity increases with increasing moderator temperature;
conversely, a negative MIC means that reactivity decreases
with increasing moderator temperature. The reactor is
designed to operate with a negative MIC over the Targest
possible range of fuel cycle operation. Therefore, a
coolant temperature increase will cause a reactivity
decrease, so that the coolant temperature tends to return
toward its initial value. Reactivity increases that cause a
coolant temperature increase will thus be self Timiting, and
stable power operation will result.

MTC values are predicted at selected burnups and
temperatures during the safety evaluation analysis and are
confirmed to be acceptable by measurements. Both initial
and reload cores are designed so that the beginning of cycle
(BOC) MTC is Tless positive than that allowed by the LCO.

The actual value of the MIC is dependent on core
characteristics such as fuel Toading and reactor coolant
soluble boron concentration. The core design may require
additional burnable absorbers, either fixed lumped poison
rods or poisons distributed within selected fuel rods to
yield an MTC at the BOC within the range analyzed in the
plant accident analysis. The end of cycle (EOC) MTC is also
limited by the requirements of the accident analysis. Fuel
cycles that are designed to achieve high burnups or that
have changes to other characteristics are evaluated to
ensure that the MTC does not exceed the EOC 1imit.

(continued)
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BASES  (continued)

MTC
B3.1.4

APPLICABLE
SAFETY ANALYSES

The acceptance criteria for the specified MIC are:

a. The MTC values must remain within the bounds of those
used in the accident analysis (Ref. 2); and

b.  The MIC must be such that inherently stable power
operations result during normal operation and during
accidents, such as overheating and overcooling events.

Reference 2 contains analyses of accidents that result in
both overheating and overcooling of the reactor core. MIC
is one of the controlling parameters for core reactivity in
these accidents. Both the most positive value and most
negative value of the MTC are important to safety, and both
values must be bounded. Values used in the analyses
consider worst case conditions, such as very large soluble
boron concentrations, to ensure the accident results are
bounding.

Accidents that cause core overheating, either by decreased
heat removal or increased power production, must be
evaluated for results when the MIC is positive. Reactivity
accidents that cause increased power production include the
control element assembly (CEA) withdrawal transient from
either subcritical or full THERMAL POWER. The Timiting
overheating event relative to plant response is based on the
Loss of Condenser Vacuum event (Ref. 3). The most Timiting
event with respect to a positive MTC is a CEA withdrawal
accident from a subcritical or low (hot zero) power
condition, also referred to as a startup accident (Ref. 4).

Accidents that cause core overcooling must be evaluated for
results when the MTC is most negative. The event that
produces the most rapid cooldown of the RCS, and is
therefore the most Timiting event with respect to the
negative MIC, is a steam line break (SLB) event. Following
the reactor trip for the postulated EOC SLB event, the large
moderator temperature reduction combined with the Tlarge
negative MTC may produce reactivity increases that are as
much as the shutdown reactivity. When this occurs, a
substantial fraction of core power is produced with all CEAs
inserted, except the most reactive one, which is assumed
withdrawn. Even if the reactivity increase produces
slightly subcritical conditions, a large fraction of core
power may be produced through the effects of subcritical
neutron multiplication.

(continued)
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BASES  (continued)

MTC
B3.1.4

APPLICABLE
SAFETY ANALYSES
(continued)

MTC values are bounded in reload safety evaluations assuming
steady state conditions at BOC and EOC. A middle of cycle
(MOC) measurement is conducted at conditions when the RCS
boron concentration reaches approximately 300 ppm. The
measured value may be extrapolated to project the EOC value,
in order to confirm reload design predictions.

The MTC satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

LCO

LCO 3.1.4 requires the MTC to be within the positive and
negative Timits specified in the COLR to ensure the core
operates within the assumptions of the accident analysis.
During the reload core safety evaluation, the MIC is
analyzed to determine that its values remain within the
bounds of the original accident analysis during operation.
The positive MIC Timit in the COLR ensures that core
overheating accidents will not violate the accident analysis
assumptions. The negative MTC 1imit for EOC specified in
the COLR ensures that core overcooling accidents will not
violate the accident analysis assumptions.

The MTC Timit specified in the LCO is the maximum positive
MTC value approved in the plant’s Ticensing basis and
ensures that the reactor operates with a negative MTC over
the largest possible range fuel cycle operation. The cycle-
specific MTC 1imit specified in the COLR must be equal to or
less positive than the MTC Timit specified in the LCO.

MTC is a core physics parameter determined by the fuel and
fuel cycle design and cannot be easily controlled once the
core design is fixed. Limited control of MIC can be
achieved by adjusting CEA position and boron concentration.
During operation, the LCO can be ensured through measurement
and adjustments to CEA position and boron concentration.

The surveillance checks at BOC and MOC on an MTC provide
confirmation that the MIC is behaving as anticipated, so
that the acceptance criteria are met.

APPLICABILITY

In MODE 1, the Timits on the MIC must be maintained to
ensure that any accident initiated from THERMAL POWER
operation will not violate the design assumptions of the
accident analysis. 1In MODE 2, the 1imits must also be
maintained to ensure accidents, such as the uncontrolled CEA
assembly or group withdrawal, will not violate the
(continued)
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BASES  (continued)

MTC
B3.1.4

APPLICABILITY
(continued)

assumptions of the accident analysis. In MODES 3, 4, 5,

and 6, this LCO is not applicable, since no Design Basis
Accidents (DBAs) using the MTC as an analysis assumption are
initiated from these MODES except for a MSLB in MODE 3. In
this case, the analysis assumes worst case MTIC, with the
ECCS systems mitigating the event.

However, the variation of the MIC, with temperature in MODES
3, 4, and 5, for DBAs initiated in MODES 1 and 2, is
accounted for in the subject accident analysis. The
variation of the MTC, with temperature assumed in the safety
analysis, is accepted as valid once the BOC and MOC
measurements are used for normalization.

ACTIONS

Al
MTC is a function of the fuel and fuel cycle designs, and
cannot be controlled directly once the designs have been
implemented in the core. If MIC exceeds its Timits, the
reactor must be placed in MODE 3. This eliminates the
potential for violation of the accident analysis bounds.

The associated Completion Time of 6 hours is reasonable,
considering the probability of an accident occurring during
the time period that would require an MIC value within the
LCO Timits, and the time for reaching MODE 3 from full power
conditions in an orderly manner and without challenging
plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.1.4.1 and SR 3.1.4.2

The SRs for measurement of the MTC at the beginning and
middle of each fuel cycle provide for confirmation of the
1imiting MTC values. The MTIC changes smoothly from most
positive (least negative) to most negative value during fuel
cycle operation, as the RCS boron concentration is reduced
to compensate for fuel depletion.

For fuel cycles that meet the applicability requirements in
Reference 5, and specifically the acceptance criteria that
must be met in order to substitute the measured value of MTC
at hot zero power (HZP) with an alternate MIC value,

SR 3.1.4.1 may be met prior to entering MODE 1 after each
fuel Toading by confirmation that the predicted MTC, when

(continued)
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BASES  (continued)

MTC
B3.1.4

SURVETLLANCE
REQUIREMENTS

SR 3.1.4.1 and SR 3.1.4.2 (continued)

adjusted for the measured RCS boron concentration, is within
the most positive (least negative) MTC Timit specified in
the COLR. If this adjusted predicted MIC value is used to
meet the SR prior to entering MODE 1, a confirmation by
measurement that MTC is within the upper MTC 1limit must be
performed in MODE 1 within 7 Effective Full Power Days
(EFPD) of reaching 40 EFPD of core burnup. The
applicability requirements in Reference 5 ensure core
designs are not significantly different from those used to
benchmark predictions and require that the measured RCS
boron concentration meets specific test criteria. This
provides assurance that the MTC obtained from the adjusted
predicted MTC is accurate.

For fuel cycles that do not meet the applicability
requirements in Reference 5, the verification of MTC
required prior to entering MODE 1 after each fuel loading is
performed by calculation of the MIC based on measurement of
the isothermal temperature coefficient. In this case,
measurement of MTC within 7 EFPD of reaching 40 EFPD of core
burnup is not required for SR 3.1.4.1.

The requirement for measurement prior to operation > 5% RTP
satisfies the confirmatory check on the most positive (least
negative) MTC value.

The requirement for measurement, within 7 EFPD of (before or
after) reaching 40 EFPD and a ?/3 core burnup, satisfies the
confirmatory check of the most negative MTC value. The
measurement is performed at any THERMAL POWER so that the
projected EOC MTC may be evaluated before the reactor
actually reaches the EOC condition. MIC values may be
extrapolated and compensated to permit direct comparison to
the MTC Timits specified in the COLR.

SR 3.1.4.2 is modified by a Note that indicates performance
is not required prior to entering MODE 1 or 2. Although
this Surveillance is applicable in MODES 1 and 2, the
reactor must be critical before the Surveillance can be
completed. Therefore, entry into the applicable MODE prior
to accomplishing the Surveillance is necessary.

(continued)
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BASES  (continued)

MTC
B3.1.4

SURVETLLANCE
REQUIREMENTS

SR 3.1.4.1 and SR 3.1.4.2 (continued)

SR 3.1.4.2 is modified by a second Note, which indicates
that if extrapolated MIC is more negative than the EOC Timit
specified in the COLR, the Surveillance may be repeated, and
that shutdown must occur prior to exceeding the minimum
allowable boron concentration at which MTC is projected to
exceed the Tower Timit. An engineering evaluation is
performed if the extrapolated value of MTC exceeds the
Specification Timits. An extrapolation to the end of cycle
is only required if the measurement at 2/3 cycle is
performed.

SR 3.1.4.2 is modified by a third Note, which indicates that
the Surveillance, which determines MTC 2/3 expected core
burnup is only required if the MIC determined in SR 3.1.4.1
and 40 EFPD are not within 0.16*10E-4A k/k/°F of the
corresponding design values. For cycles that meet the
applicability requirements given in Reference 5, the MIC
verification of MIC at 2/3 expected core burnup is not
required if the result of the measurement at 40 EFPD is
within a tolerance of 0.16*10E-4 Ak/k/°F of the
corresponding design value.

REFERENCES

1. 10 CFR 50, Appendix A, GDC 11.
UFSAR, Section 15.0.
UFSAR, Section 15.2.

~ W

UFSAR, Section 15.4.

5. WCAP-17787, “Palo Verde Nuclear Generating Station
STAR Program Implementation.”

6. CE-NPSD-911, “Analysis of Moderator Temperature
Coefficients in Support of a Change in the Technical
Specification End-of-Cycle MTC Limit”, September 2000.
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CEA Alignment

B3.1.5
B 3.1 REACTIVITY CONTROL SYSTEMS
B 3.1.5 Control Element Assembly (CEA) Alignment
BASES
BACKGROUND The OPERABILITY (e.g., trippability) of the shutdown and

regulating CEAs is an initial assumption in all safety
analyses that assume CEA insertion upon reactor trip.
Maximum CEA misalignment is an initial assumption in the
safety analyses that directly affects core power
distributions and assumptions of available SDM.

The applicable criteria for these reactivity and power
distribution design requirements are 10 CFR 50, Appendix A,
GDC 10 and GDC 26 (Ref. 1) and 10 CFR 50.46, "Acceptance
Criteria for Emergency Core Cooling Systems for Light Water
Cooled Nuclear Power Plants" (Ref. 2).

Mechanical or electrical failures may cause a CEA to become
inoperable or to become misaligned from its group. CEA
inoperability or misalignment may cause increased power
peaking, due to the asymmetric reactivity distribution and a
reduction in the total available CEA worth for reactor
shutdown. Therefore, CEA alignment and operability are
related to core operation in design power peaking limits and
the core design requirement of a minimum SDM. If a CEA(S)
is discovered to be immovable but remains trippable and
aligned, the CEA is considered to be OPERABLE. At anytime,
if a CEA(s) is immovable, a determination of the
trippability (OPERABILITY) of that CEA(s) must be made, and
appropriate action taken.

Limits on CEA alignment and operability have been
established, and all CEA positions are monitored and
controlled during power operation to ensure that the power
distribution and reactivity limits defined by the design
power peaking and SDM Timits are preserved.

CEAs are moved by their control element drive mechanisms
(CEDMs). Each CEDM moves its CEA one step (approximately
% inch) at a time, but at varying rates (steps per minute)
depending on the signal output from the Control Element
Drive Mechanism Control System (CEDMCS).

(continued)
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CEA Alignment

B3.1.5
BASES
BACKGROUND The CEAs are arranged into groups that are radially
(continued) symmetric. Therefore, movement of the CEAs does not

introduce radial asymmetries in the core power distribution.
The shutdown and regulating CEAs provide the required
reactivity worth for immediate reactor shutdown upon a
reactor trip. The regulating CEAs also provide reactivity
(power Tevel) control during normal operation and
transients. Their movement may be automatically controlled
by the Reactor Regulating System. Part strength CEAs are
not credited in the safety analyses for shutting down the
reactor, as are the regulating and shutdown groups. The
part strength CEAs are used solely for ASI control.

The axial position of shutdown and regulating CEAs is
indicated by two separate and independent systems, which are
the Pulse Counting CEA Position Indication System (described
in Ref. 4) and the Reed Switch CEA Position Indication
System (described in Ref. 5).

The Pulse Counting CEA Position Indicating System indicates
CEA position to the actual step, if each CEA moves one step
for each command signal. However, if each CEA does not
follow the commands, the system will incorrectly reflect the
position of the affected CEA(s). This condition may affect
the operability of COLSS (refer to Section 3.2, Power
Distribution Limits for the applicable actions) and should
be detected by the Reed Switch Position Indication System
through surveillance or alarm. Although the Reed Switch
Position Indication System is less precise than the Pulse
Counting CEA Position Indicating System, it is not subject
to the same error mechanisms.

(continued)
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BASES (continued)

CEA Alignment
B 3.1.5

APPLICABLE
SAFETY ANALYSES

CEA misalignment accidents are analyzed in the safety
analysis (Ref. 3). The accident analysis defines CEA
misoperation as any event, with the exception of sequential
group withdrawals, which could result from a single
malfunction in the reactivity control systems. For example,
CEA misalignment may be caused by a malfunction of the CEDM,
CEDMCS, or by operator error. A stuck CEA may be caused by
mechanical jamming of the CEA fingers or of the gripper.

Inadvertent withdrawal of a single CEA may be caused by an
electrical failure in the CEA coil power programmers. A
dropped CEA could be caused by an opening of the electrical
circuit of the CEDM holding coil for a full strength, or
part strength CEA.

The acceptance criteria for addressing CEA inoperability or
misalignment are that:

There shall be no violations of:

1. specified acceptable fuel design limits, or
2. Reactor Coolant System (RCS) pressure boundary
integrity.

To ensure that these acceptance criteria are met, the CEAs
shall be capable of inserting the required negative
reactivity and in the time period assumed in the accident
analysis upon a reactor trip.

Three types of misalignment are distinguished. They are
misalignment within deadband (< 6.6 inches), misalignment in
excess of deadband, and CEA/subgroup drop. During movement
of a group, one CEA may stop moving while the other CEAs in
the group continue. This condition may cause excessive
power peaking. This misalignment can be within or exceed
the deadband. The Tast type of misalignment occurs when one
CEA or subgroup drops partially or fully into the reactor
core. This event causes an initial power reduction followed
by a return towards the original power due to positive
reactivity feedback from the negative moderator temperature
coefficient. Increased peaking during the power increase
may result in erosion of DNB margin.

(continued)
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CEA Alignment

B3.1.5
BASES
APPLICABLE Misalignments within deadband are evaluated to ensure
SAFETY ANALYSES  specified acceptable fuel design Timits (SAFDLS) are not
(continued) exceeded. Misalignments in excess of deadband considers the

case of a single CEA withdrawn approximately 10 inches from
a bank inserted to its insertion limit. Satisfying limits
on departure from nucleate boiling ratio (DNBR) bounds the
situation when a CEA is misaligned from its group by 6.6
inches.

The effect of any misoperated CEA on the core power
distribution will be assessed by the CEA calculators, and an
appropriately augmented power distribution penalty factor
will be supplied as input to the core protection calculators
(CPCs). As the reactor core responds to the reactivity
changes caused by the misoperated CEA and the ensuing
reactor coolant and Doppler feedback effects, the CPCs will
initiate a Tow DNBR or high Tocal power density trip signal
if SAFDLs are approached.

The accident analysis analyzed a single four finger full and
part strength CEA drop, a twelve finger drop, and a subgroup
drop.

The twelve finger and subgroup drops cause larger
distortions than the four finger drops. With CEACS In
Service (IS), the subgroup and twelve finger rod drops will
result in a penalty factor such that a CPC trip will occur
if SAFDLs are approached. The four finger CEA drop is
protected by the thermal margin reserved in COLSS or CPC
DNBR Timit Tines (COLR figures 3.2.4-2 for CEACs IS and
3.2.4-3 for CEACs 00S) when COLSS is Out of Service (00S).
With CEACs 00S, CPCs will not penalize DNBR nor LPD when
CEAs are misaligned; therefore, additional thermal margin is
required to be preserved due to the Tlarger radial power
distortion associated with twelve finger and subgroup drops.
The most rapid approach to the DNBR SAFDL or the fuel
centerline melt SAFDL is caused by a single full strength
CEA drop with CEACS IS and either a twelve finger or
subgroup drop with CEACS 00S.

(continued)
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CEA Alignment
B 3.1.5

APPLICABLE
SAFETY ANALYSIS
(continued)

In the case of the full strength CEA drop, a prompt decrease
in core average power and a distortion in radial power are
initially produced, which when conservatively coupled result
in local power and heat flux increases, and a decrease in
DNBR. A part strength CEA drop would cause a similar
reactivity response although with less of a magnitude due to
the full strength CEAs having a more significant reactivity
worth.

With CEACS 00S, a twelve finger and subgroup drop will
result in greater radial power distortion. To accommodate
the greater distortion without a reactor trip, increased
thermal margin is required to be preserved.

With CEACS IS, as the twelve finger drop is detected, core
power and an appropriately augmented power distribution
penalty factor are supplied to the CPCs. CPCs will trip if
required to prevent SAFDLs from being exceeded. For plant
operation within the DNBR and local power density (LPD)
LCOs, DNBR and LPD trips can normally be avoided on a
dropped 4-finger CEA since CEACs do not penalize DNBR or LPD
for a four finger CEA drop.

With CEACS IS and a subgroup drop, a distortion in power
distribution, and a decrease in core power are produced. As
the position of the dropped CEA subgroup is detected, an
appropriate power distribution penalty factor is supplied to
the CPCs, and a reactor trip signal on low DNBR is
generated.

CEA alignment satisfies Criteria 2 and 3 of 10 CFR
50.3(c)(2)(11).

LCO

The Timits on part strength, shutdown, and regulating CEA
alignments ensure that the assumptions in the safety
analysis will remain valid. The requirements on OPERABILITY
ensure that upon reactor trip, the CEAs will be available
and will be inserted to provide enough negative reactivity
to shut down the reactor. The OPERABILITY requirements also
ensure that the CEA banks maintain the correct power
distribution and CEA alignment.

(continued)
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BASES (continued)

CEA Alignment
B3.1.5

LCO
(continued

The requirement is to maintain the CEA alignment to within
6.6 inches between any CEA and all other CEAs in its group.

Failure to meet the requirements of this LCO may produce
unacceptable power peaking factors, DNBR, and LHRs, or
unacceptable SDMs, all of which may constitute initial
conditions inconsistent with the safety analysis.

APPLICABILITY

The requirements on CEA OPERABILITY and alignment are
applicable in MODES 1 and 2 because these are the only MODES
in which neutron (or fission) power is generated, and the
OPERABILITY (e.g., trippability) and alignment of CEAs have
the potential to affect the safety of the plant. In

MODES 3, 4, 5, and 6, the alignment Timits do not apply
because the reactor is shut down and not producing fission
power. In the shutdown modes, the OPERABILITY of the
shutdown and regulating CEAs has the potential to affect the
required SDM, but this effect can be compensated for by an
increase in the boron concentration of the RCS. See

LCO 3.1.2, "SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers
Closed," for SDM in MODES 3, 4, and 5, and LCO 3.9.1, "Boron
Concentration," for boron concentration requirements during
refueling.

(continued)
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CEA Alignment
B3.1.5

ACTIONS

A.1 and A.?

A CEA may become misaligned, yet remain trippable. In this
condition, the CEA can still perform its required function
of adding negative reactivity should a reactor trip be
necessary.

[T one or more CEAs (regulating, shutdown, or part strength)
are misaligned by 6.6 inches and < 9.9 inches but trippable,
or one CEA misaligned by > 9.9 inches but trippable,
continued operation in MODES 1 and 2 may continue, provided,
within 1 hour, the power is reduced in accordance with the
1imits in the COLR, and within 2 hours CEA alignment is
restored. Regulating and part strength CEA alignment can be
restored by either aligning the misaligned CEA(s) to within
6.6 inches of its group or aligning the misaligned CEA's
group to within 6.6 inches of the misaligned CEA(s).
Shutdown CEA alignment can be restored by aligning the
misaligned CEA(s) to within 6.6 inches of its group.

Xenon redistribution in the core starts to occur as soon as
a CEA becomes misaligned. Reducing THERMAL POWER in
accordance with the Tlimits in the COLR ensures acceptable
power distributions are maintained (Ref. 3). For small
misalignments (< 9.9 inches) of the CEAs, there is:

a. A small effect on the time dependent lTong term power
distributions relative to those used in generating
LCOs and 1imiting safety system settings (LSSS)
setpoints;

D. A negligible effect on the available SDM; and

C. A small effect on the ejected CEA worth used in the
accident analysis.

With a Targe CEA misalignment (= 9.9 inches), however, this
misalignment would cause distortion of the core power
distribution. This distortion may, in turn, have a
significant effect on the time dependent, long term power
distributions relative to those used in generating LCOs and
LSSS setpoints. The effect on the available SDM and the
ejected CEA worth used in the accident analysis remain
small.

Therefore, this condition is limited to the single CEA
misalignment, while still allowing 2 hours for recovery.

(continued)
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B3.1.5

BASES

ACTIONS A.1 and A.2 (continued)
In both cases, a 2 hour time period is sufficient to:
a. Identify cause of a misaligned CEA;

b.  Take appropriate corrective action to realign the
CEAs; and

C. Minimize the effects of xenon redistribution.

The CEA must be returned to OPERABLE status within 2 hours.
IT a CEA misalignment results in the COLSS programs being
declared INOPERABLE, refer to Section 3.2 Power Distribution
Limits for applicable actions.

B.1 and B.?

At Teast two of the following three CEA position indicator
channels shall be OPERABLE for each CEA:

a. CEA Reed Switch Position Transmitter (RSPT 1)
with the capability of determining the absolute
CEA positions within 5.2 inches,

b. CEA Reed Switch Position Transmitter (RSPT 2)
with the capability of determining the absolute
CEA positions within 5.2 inches, and

c. The CEA pulse counting position indicator
channel .

[T only one CEA position indicator channel is OPERABLE for
one CEA per CEA Group, continued operation in MODES 1 and 2
may continue, provided, within 6 hours, at least two
position indicator channels are returned to OPERABLE status;
or within 6 hours and once per 12 hours, verify that the CEA
group with the inoperable position indicators are either
fully withdrawn or fully inserted while maintaining the
insertion limits of LCO 3.1.6, LCO 3.1.7 and LCO 3.1.8.

CEAs are fully withdrawn when the requirements of LCO 3.1.6
and 3.1.7 are met.

Additionally, the Upper Electrical Limit (UEL) CEA reed

switches ?rovide an acceptable indication of CEA position
for a fully withdrawn condition.

(continued)
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CEA Alignment
B 3.1.5

ACTIONS

C.1

IT a Required Action or associated Completion Time of
Condition A or Condition B is not met, or if one or more
regulating or shutdown CEAs are untrippable (immovable as a
result of excessive friction or mechanical interference or
known to be untrippable), the unit is required to be brought
to MODE 3. By being brought to MODE 3, the unit is brought
outside its MODE of applicability.

When a Required Action cannot be completed within the
required Completion Time, a controlled shutdown should be
commenced. The allowed Completion Time of 6 hours is
reasonable, based on operating experience, for reaching

MODE 3 from full power conditions in an orderly manner and
without challenging plant systems. Reducing THERMAL POWER
in accordance with the Abnormal Operating procedures ensures
acceptable power distributions are maintained. The
specified ramp rate is intended to ensure DNBR SAFDLs are
not challenged.

[T a full strength CEA is untrippable, it is not available
for reactivity insertion during a reactor trip. With an
untrippable CEA, meeting the insertion limits of LCO 3.1.6,
"Shutdown Control Element Assembly (CEA) Insertion Limits,"
and LCO 3.1.7, "Regulating Control Element Assembly (CEA)
Insertion Limits," does not ensure that adequate SDM exists.
Therefore, the plant must be shut down in order to evaluate
the SDM required boron concentration and power Tevel for
critical operation. Continued operation is allowed with
untrippable part strength CEAs if the alignment and
insertion limits are met.

Continued operation is not allowed with one or more full
length CEAs untrippable. This is because these cases are
indicative of a loss of SDM and power distribution, and a
loss of safety function, respectively.

D.1

Continued operation is not allowed in the case of more than
one CEA misaligned from any other CEA in its group by
> 9.9 inches. For example, two CEAs in a group misaligned
from any other CEA in that group by > 9.9. inches, or more
than one CEA group that has a least one CEA misaligned from
any other CEA in that group by > 9.9 inches. This is
indicative of a loss of power distribution and a loss of
(continued)
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CEA Alignment

B3.1.5

BASES

ACTIONS D.1 (continued)
safety function, respectively. Multiple CEA misalignments
should result in automatic protective action. Therefore,
with two or more CEAs misaligned more than 9.9 inches, this
could result in a situation outside the design basis and
immediate action would be required to prevent any potential
fuel damage. Immediately opening the reactor trip breakers
minimizes these effects.

SURVEILLANCE SR 3.1.5.1

REQUIREMENTS

Verification that individual CEA positions are within

6.6 inches (indicated reed switch positions) of all other
CEAs in the group allows the operator to detect a CEA that
is beginning to deviate from its expected position. The
Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

SR 3.1.5.2

OPERABILITY of at Teast two CEA position indicator channels
is required to determine CEA positions, and thereby ensure
compliance with the CEA alignment and insertion limits. The
CEA full in and full out Timits provide an additional
independent means for determining the CEA positions when the
CEAs are at either their fully inserted or fully withdrawn
positions. The Surveillance Frequency is controlled under
the Surveillance Frequency Control Program.

SR 3.1.5.3

Verifying each full strength CEA is trippable would require
that each CEA be tripped. In MODES 1 and 2 tripping each
full strength CEA would result in radial or axial power
tilts, or oscillations. Therefore individual full strength
CEAs are exercised to provide increased confidence that all
full strength CEAs continue to be trippable, even if they
are not regularly tripped. A movement of 5 inches is
adequate to demonstrate motion without exceeding the
alignment Timit when only one full strength CEA is being
moved. The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program. Between required

(continued)
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CEA Alignment
B3.1.5

SURVEILLANCE
REQUIREMENTS

SR 3.1.5.3 (continued)

performances of SR 3.1.5.3, if a CEA(s) is discovered to be
immovable but remains trippable and aligned, the CEA is
considered to be OPERABLE. At anytime, if a CEA(s) is
immovable, a determination of the trippability (OPERABILITY)
of that CEA(s) must be made, and appropriate action taken.

SR 3.1.5.4

Performance of a CHANNEL FUNCTIONAL TEST of each reed switch
position transmitter channel ensures the channel is OPERABLE
and capable of indicating CEA position. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

SR 3.1.5.5

Verification of full strength CEA drop times determines that
the maximum CEA drop time permitted is consistent with the
assumed drop time used in the safety analysis (Ref. 3).
Measuring dro? times prior to reactor criticality, after
reactor vessel head removal, ensures the reactor internals
and CEDM will not interfere with CEA motion or drop time,
and_that no degradation in these systems has occurred that
would adversely affect CEA motion or drop time. Individual
CEAs whose drop times are greater than safety analysis
assumptions are not OPERABLE. This SR is performed prior to
criticality due to the plant conditions needed to perform
the SR and_the potential for an unplanned plant transient if
the Surveillance were performed with the reactor at power.

The 4 second CEA drop time is the maximum time it takes for
a fully withdrawn individual full strength CEA to reach its
90% insertion position when electrical power is interrupted
to the CEA drive mechanism with RCS T_,, greater than or
equal to 550°F and all reactor coolant pumps operating.

The CEA drop time of full strength CEAs shall also be
demonstrated through measurement prior to reactor
criticality for specifically affected individual CEAs
following any maintenance on or modification to the CEA
drive system which could affect the drop time of those
specific CEAs.

(continued)
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CEA Alignment
B3.1.5

REFERENCES 1.

o B ow N

10 CFR 50, Appendix A, GDC 10 and GDC 26.

10 CFR 50.46.

UFSAR, Section 15.4.
UFSAR, Section 7.7.1.3.2.3.
UFSAR, Section 7.5.1.1.4.
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Shutdown CEA Insertion Limits
B 3.1.6

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.6 Shutdown Control Element Assembly (CEA) Insertion Limits

BASES

BACKGROUND

The insertion limits of the shutdown CEAs are initial
assumptions in all safety analyses that assume CEA insertion
upon reactor trip. The insertion limits directly affect
core power distributions and assumptions of available SDM,
ejected CEA worth, and initial reactivity insertion rate.

The applicable criteria for these reactivity and power
distribution design requirements are 10 CFR 50, Appendix A,
GDC 10, "Reactor Design," and GDC 26, "Reactivity Limits"
(Ref. 1), and 10 CFR 50.46, "Acceptance Criteria for
Emergency Core Cooling Systems for Light Water Nuclear Power
Reactors” (Ref. 2). [Limits on shutdown CEA insertion have
been established, and all CEA positions are monitored and
controlled during power operation to ensure that the
reactivity limits, ejected CEA worth, and SDM limits are
preserved.

The shutdown CEAs are arranged into groups that are radially
symmetric. Therefore, movement of the shutdown CEAs does
not introduce radial asymmetries in the core power
distribution. The shutdown and regulating CEAs provide the
required reactivity worth for immediate reactor shutdown
upon a reactor trip.

The design calculations are performed with the assumption
that the shutdown CEAs are withdrawn prior to the regulating
CEAS. The shutdown CEAs must be capable of full withdrawal
without the core going critical. This provides available
negative reactivity for SDM in the event of boration errors.
The shutdown CEAs are controlled manually by the control
room operator. During normal unit operation, the shutdown
CEAs are fully withdrawn. The shutdown CEAs must be
completely withdrawn from the core prior to withdrawing
regulating CEAs during an approach to criticality. The
shutdown CEAs are then Teft in this position until the
reactor is shut down. They affect core power, burnup
distribution, and add negative reactivity to shut down the
reactor upon receipt of a reactor trip signal.

(continued)
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Shutdown CEA Insertion Limits
B 3.1.6

APPLICABLE
SAFETY ANALYSES

Accident analysis assumes that the shutdown CEAs are fully
withdrawn any time the reactor is critical. This ensures
that:

a. The minimum SDM is maintained: and

b.  The potential effects of a CEA ejection accident are
limited to acceptable limits.

With the Shutdown CEAs at a fully withdrawn position (as
defined in SR 3.1.6.1 Bases section), the requirements of
LCO 3.1.6 are met and the assumptions made in the safety
analyses are maintained.

On a reactor trip, all CEAs (shutdown CEAs and regulating
CEAs), except the most reactive CEA, are assumed to insert
into the core. The shutdown and regulating CEAs shall be at
or above their insertion limits and available to insert the
maximum amount of negative reactivity on a reactor trip
signal. The regulating CEAs may be partially inserted in
the core as allowed by LCO 3.1.7, "Regulating Control
Element Assembly (CEA) Insertion Limits." The shutdown CEA
insertion 1imit is established to ensure that a sufficient
amount of negative reactivity is available to shut down the
reactor and maintain the required SDM (see LCO 3.1.2,
"SHUTDOWN MARGIN (SDM) - Reactor Trip Breakers Closed")
following a reactor trip from full power. The combination
of regulating CEAs and shutdown CEAs (less the most reactive
CEA, which is assumed to be fully withdrawn) is sufficient
to take the reactor from full power conditions at rated
temperature to zero power, and to maintain the required SDM
at rated no load temperature (Ref. 3). The shutdown CEA
insertion 1imit also 1imits the reactivity worth of an
ejected shutdown CEA.

The acceptance criteria for addressing shutdown CEA as well
as regulating CEA insertion Timits and inoperability or
misalignment are that:
a. There be no violation of:

1. specified acceptable fuel design limits, or

2. Reactor Coolant System pressure boundary damage
integrity; and

(continued)
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Shutdown CEA Insertion Limits
B 3.1.6

APPLICABLE
SAFETY ANALYSES
(continued)

b. The core remains subcritical after accident
transients.

The most Timiting SDM requirements for MODES 1 and 2 at EOC come
from Steam Line Break (SLB). The requirements of the SLB event
at EOC for both the full power and no load conditions are
significantly larger than those of any other event at that time
in cycle and, also, considerably Targer than the most Timiting
requirements at BOC.

Although the most Timiting SDM requirements at EOC are much
larger than those at BOC, the available SDM obtained via the
scramming of the CEAs are also substantially larger due to the
much Tower boron concentration at EOC. To verify that adequate
SDM are available throughout the cycle to satisfy the changing
requirements, calculations are performed at both BOC and EOC. It
has been determined that calculations at these two times in cycle
are sufficient since the differences between available SDM and
the Timiting SDM requirements are the smallest at these times in
the cycle. The measurement of CEA bank worth performed as part
of the Startup Testing Program demonstrates that the core has
expected shutdown capability. Consequently, adherence to LCOs
3.1.6 and 3.1.7 provides assurance that the available SDM at any
time in cycle will exceed the limiting SDM requirements at that
time in the cycle.

The shutdown CEA insertion limits satisfy Criterion 2 of
10 CFR 50.36 (c)(2)(ii).

LCO

The shutdown CEAs must be within their insertion limits any
time the reactor is critical or approaching criticality.
This ensures that a sufficient amount of negative reactivity
is available to shut down the reactor and maintain the
required SDM following a reactor trip.

APPLICABILITY

The shutdown CEAs must be within their insertion Timits,
with the reactor in MODES 1 and 2. The applicability in
MODE 2 begins anytime any regulating CEA is not fully
inserted. This ensures that a sufficient amount of negative
reactivity is available to shut down the reactor and
maintain the required SDM following a reactor trip. Refer
to LCO 3.1.1 and LCO 3.1.2, "SHUTDOWN MARGIN (SDM) - Reactor
Trip Breaker Closed," for SDM requirements in MODES 3, 4,

(continued)
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BASES  (continued)

Shutdown CEA Insertion Limits
B 3.1.6

APPLICABILITY
(continued)

and 5. LCO 3.9.1, "Boron Concentration," ensures adequate
DM in MODE 6.

This LCO has been modified by a Note indicating the LCO
requirement is suspended during SR 3.1.5.3, which verifies
the freedom of the CEAs to move, and requires the shutdown
CEAs to move below the LCO Timits, which would normally
violate the LCO.

ACTIONS

Al

Prior to entering this Condition, the shutdown CEAs were
fully withdrawn. If a shutdown CEA is then inserted into
the core, its potential negative reactivity is added to the
core as it is inserted.

[T the CEA is not within Timits, within 2 hours restore the
CEA to within Timits. The 2 hour total Completion Time
allows the operator adequate time to adjust the CEA in an
orderly manner and is consistent with the required
completion Times in LCO 3.1.5, "Control Element Assembly
(CEA) Alignment."

B.1

When Required Action A.1 cannot be met or completed within
the required Completion Time, a controlled shutdown should
be commenced. The allowed Completion Time of 6 hours 1is
reasonable, based on operating experience, for reaching
MODE 3 from full power conditions in an orderly manner and
without challenging plant systems.

SURVETILLANCE
REQUIREMENTS

SR 3.1.6.1

Verification that the shutdown CEAs are within their
insertion limits prior to an approach to criticality ensures
that when the reactor is critical. or being taken critical.
the shutdown CEAs (along with the regulating CEAsS) will be
available to shut down the reactor, and the required SDM
will be maintained following a reactor trip. This SR and
Frequency ensure that the shutdown CEAs are withdrawn before
the regulating CEAs are withdrawn during a unit startup.

(continued)
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Shutdown CEA Insertion Limits
B 3.1.6

SURVETLLANCE
REQUIREMENTS

SR 3.1.6.1 (continued)

Shutdown CEAs are considered fully withdrawn when each
shutdown CEA is positioned to meet one of the following
conditions:

Condition 1:
e Pulse Counter > 147.75 inches.
and

e At least one Reed Switch Position Transmitter
(RSPT) = 145.25 inches.

OR
Condition 2:
e Upper Electrical Limit (UEL) position.

Condition 1 necessitates that the Pulse Counter and at least
one of the two Reed Switch Position Transmitters (RSPTs) be
available to verify the position of each shutdown CEA. The
Pulse Counter is a very accurate position indication system
but is not as reliable (i.e., slip rod) as the other
position indicating systems. The RSPTs are very reliable
but are not as accurate as the Pulse Counter indicating
system. Therefore, requiring these two systems together
will account for instrument inaccuracies and reliability
issues associated with these position indicators (instrument
inaccuracies and the acceptability of these indicator Timits
are detailed in Reference 4).

Additionally, a CEA at its UEL (Upper Electrical Limit)
position alone provides an acceptable indication (accounting
for inaccuracies) of CEA position to satisfy the condition
for a CEA to be considered fully withdrawn. A CEA at its
UEL position will be > 147.75 inches withdrawn.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

(continued)
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B 3.1.6

BASES  (continued)

REFERENCES 1. 10 CFR 50, Appendix A, GDC 10 and GDC 26.
2. 10 CFR 50.46.
3. UFSAR, Section 15.4.

4. Calculation 13-JC-SF-0202.
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Regulating CEA Insertion Limits
B3.1.7

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.7 Regulating Control Element Assembly (CEA) Insertion Limits

BASES

BACKGROUND

The insertion lTimits of the regulating CEAs are initial
assumptions in all safety analyses that assume CEA insertion
upon reactor trip. The insertion limits directly affect
core power distributions, assumptions of available SDM, and
initial reactivity insertion rate. The applicable criteria
for these reactivity and power distribution design
requirements are 10 CFR 50, Appendix A, GDC 10, "Reactor
Design," and GDC 26, "Reactivity Limits" (Ref. 1), and

10 CFR 50.46, "Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors”
(Ref. 2).

Limits on regulating CEA insertion have been established,
and all CEA positions are monitored and controlled during
power operation to ensure that the power distribution and
reactivity limits defined by the design power peaking,
ejected CEA worth, reactivity insertion rate, and SDM Timits
are preserved.

The regulating CEA groups generally operate with a
predetermined amount of position overlap, in order to
approximate a linear relation between CEA worth and position
(integral CEA worth). The regulating CEA groups are
withdrawn and operate in a predetermined sequence. The
group sequence, overlap limits, and fully withdrawn position
are specified in the COLR.

The regulating CEAs are used for precise reactivity control
of the reactor. The positions of the regulating CEAs are
manually or automatically controlled. They are capable of
changing reactivity very quickly (compared to borating or
diTuting).

The power density at any point in the core must be Timited
to maintain specified acceptable fuel design limits,
including Timits that preserve the criteria specified in
10 CFR 50.46 (Ref. 2). Together, LCO 3.1.7; LCO 3.2.4,
"Departure from Nucleate Boiling Ratio (DNBR)"; and

LCO 3.2.5, "AXIAL SHAPE INDEX (ASI)," provide Timits on
control component operation and on monitored process
variables to ensure the core operates within LCO 3.2.1,

(continued)
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B3.1.7
BASES
BACKGROUND "Linear Heat Rate (LHR)"; LCO 3.2.2, "Planar Radial Peaking
(continued) Factor (F,,)":; and LCO 3.2.4, "Departure From Nucleate

Boiling Ratio (DNBR)," Timits in the COLR. Operation within
the LHR Timits given in the COLR prevents power peaks that
would exceed the Toss of coolant accident (LOCA) limits
derived by the Emergency Core Cooling Systems analysis.
Operation within the F,, and departure from nucleate boiling
(DNB) Timits given in the COLR prevents DNB during a loss of
forced reactor coolant flow accident. In addition to the
LHR, F,,, and DNBR Timits, certain reactivity limits are
preserved by regulating CEA insertion limits. The
regulating CEA insertion 1imits also restrict the ejected
CEA worth to the values assumed in the safety analyses and
preserve the minimum required SDM in MODES 1 and 2.

The establishment of Timiting safety system settings and
LCOs require that the expected long and short term behavior
of the radial peaking factors be determined. The long term
behavior relates to the variation of the steady state radial
peaking factors with core burnup and is affected by the
amount of CEA insertion assumed, the portion of a burnup
cycle over which such insertion is assumed, and the expected
power level variation throughout the cycle. The short term
behavior relates to transient perturbations to the steady
state radial peaks, due to radial xenon redistribution. The
magnitudes of such perturbations depend upon the expected
use of the CEAs during anticipated power reductions and load
maneuvering. Analyses are performed, based on the expected
mode of operation of the Nuclear Steam Supply System (base
loaded, maneuvering, etc.). From these analyses, CEA
insertions are determined and a consistent set of radial
peaking factors defined. The long term steady state and
short term insertion limits are determined, based upon the
assumed mode of operation used in the analyses, and provide
a means of preserving the assumptions on CEA insertions
used. The long and short term insertion limits of LCO 3.1.7
are specified for the plant, which has been designed for
primarily base Toaded operation, but has the ability to
accommodate a Timited amount of Toad maneuvering.

The regulating CEA insertion and alignment Timits, ASI and
T, are process variables that together characterize and
control the three dimensional power distribution of the
reactor core. Additionally, the regulating bank insertion
1imits control the reactivity that could be added in the

(continued)
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Regulating CEA Insertion Limits
B3.1.7

BACKGROUND
(continued)

event of a CEA ejection accident, and the shutdown and
regulating bank insertion limits ensure the required SDM is
maintained.

Operation within the subject LCO Timits will prevent fuel
cladding failures that would breach the primary fission
product barrier and release fission products to the reactor
coolant in the event of a LOCA, loss of flow, ejected CEA,
or other accident requiring termination by a Reactor
Protective System trip function.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
normal operation (Condition I) and anticipated operational
occurrences (Condition II). The acceptance criteria for the
regulating CEA insertion, part strength CEA insertion, ASI,
and T, LCOs preclude core power distributions from occurring
that would violate the following fuel design criteria:

a. During a large break LOCA, the peak cladding
temperature must not exceed a limit of 2200°F,
10 CFR 50.46 (Ref. 2);

b.  During CEA misoperation events, there must be at least
a 95% probability at a 95% confidence level (the 95/95
DNB criterion) that the hot fuel rod in the core does
not experience a DNB condition;

C. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal/gm (Ref. 3);:
and

d. The CEAs must be capable of shutting down the reactor
with a minimum required SDM, with the highest worth
CEA stuck fully withdrawn, GDC 26 (Ref. 1).

Regulating CEA position, ASI. and T, are process variables
that together characterize and control the three dimensional
power distribution of the reactor core.

Fuel cladding damage does not occur when the core is

operated outside these LCOs during normal operation.
However, fuel cladding damage could result, should an

(continued)
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Regulating CEA Insertion Limits

B3.1.7
BASES
APPLICABLE accident occur with simultaneous violation of one or more of
SAFETY ANALYSES  these LCOs. Changes in the power distribution can cause
(continued) increased power peaking and corresponding increased local

LHRS.

The SDM requirement is ensured by Timiting the regulating
and shutdown CEA insertion limits, so that the allowable
inserted worth of the CEAs is such that sufficient
reactivity is available in the CEAs to shut down the reactor
to hot zero power with a reactivity margin that assumes the
maximum worth CEA remains fully withdrawn upon trip

(Ref. 4).

The most Timiting SDM requirements for MODE 1 and 2
conditions at BOC are determined by the requirements of
several transients, e.g.. Loss of Flow, Seized Rotor, etc.
However, the most Timiting SDM requirements for MODES 1 and
2 at EOC come from just one transient, Steam Line Break
(SLB). The requirements of the SLB event at EOC for both
the full power and no load conditions are significantly
larger than those of any other event at that time in cycle
and, also, considerably larger than the most Timiting
requirements at BOC.

Although the most limiting SDM requirements at EOC are much
larger than those at BOC, the available SDM obtained via the
scramming of the CEAs are also substantially larger due to
the much Tower boron concentration at EOC. To verify that
adequate SDM are available throughout the cycle to satisfy
the changing requirements, calculations are performed at
both BOC and EOC. It has been determined that calculations
at these two times in cycle are sufficient since the
differences between available SDM and the Timiting SDM
requirements are the smallest at these times in the cycle.
The measurement of CEA bank worth performed as part of the
Startup Testing Program demonstrates that the core has
expected shutdown capability. Consequently, adherence to
LCOs 3.1.6 and 3.1.7 provides assurance that the available
SDM at any time in cycle will exceed the 1imiting SDM
requirements at that time in the cycle.

(continued)
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Regulating CEA Insertion Limits
B3.1.7

APPLICABLE
SAFETY ANALYSES
(continued)

Operation at the insertion limits or ASI limits may approach
the maximum allowable linear heat generation rate or peaking
factor, with the allowed T, present. Operation at the
insertion 1imit may also indicate the maximum ejected CEA
worth could be equal to the Timiting value in fuel cycles
that have sufficiently high ejected CEA worths.

The regulating and shutdown CEA insertion limits ensure that
safety analyses assumptions for reactivity insertion rate,
SDM, ejected CEA worth, and power distribution peaking
factors are preserved (Ref. 4).

The regulating CEA insertion limits satisfy Criterion 2 of
10 CFR 50.36 (c)(2)(ii).

LCO

The Timits on regulating CEA sequence, overlap, and physical
insertion, as defined in the COLR, must be maintained
because they serve the function of preserving power
distribution, ensuring that the SDM is maintained, ensuring
that ejected CEA worth is maintained, and ensuring adequate
negative reactivity insertion on trip. The overlap between
regulating banks provides more uniform rates of reactivity
insertion and withdrawal, and is imposed to maintain
acceptable power peaking during regulating CEA motion. The
COLR provides separate figures for CEA insertion Timits with
COLSS 1in service and COLSS out of service.

The power dependent insertion Timit (PDIL) alarm circuit is
required to be OPERABLE for notification that the CEAs are
outside the required insertion limits. When the PDIL alarm
circuit is inoperable, the verification of CEA positions is
increased to ensure improper CEA alignment is identified
before unacceptable flux distribution occurs.

APPLICABILITY

The regulating CEA sequence, overlap, and physical insertion
1imits shall be maintained with the reactor in MODES 1

and 2. These limits must be maintained, since they preserve
the assumed power distribution, ejected CEA worth, SDM, and

reactivity rate insertion assumptions. Applicability in

(continued)
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Regulating CEA Insertion Limits
B3.1.7

APPLICABILITY
(continued)

MODES 3, 4, and 5 is not required, since the power
distribution assumptions would not be exceeded in these
MODES. SDM 1is preserved in MODES 3, 4, and 5 by adjustments
to the soluble boron concentration.

This LCO is modified by a Note indicating the LCO
requirement is suspended during SR 3.1.5.3. This SR
verifies the freedom of the CEAs to move, and requires the
regulating CEAs to move below the LCO 1imits. which would
normally violate the LCO. The Note also allows the LCO to
be not applicable during reactor power cutback operation,
which inserts a selected CEA group (usually group 4 and 5)
during Toss of Toad events. The requirements of SR 3.1.7.2
for tracking accumulated time between the insertion limits
is still applicable following a reactor power cutback
operation.

ACTIONS

A.1 and A.2

Operation beyond the transient insertion limit may result in
a loss of SDM and excessive peaking factors and may violate
input assumptions of the CEA ejection and CEA misoperation
events. The transient insertion Timit should not be
violated during normal operation; this violation, however,
may occur during transients in response to changing plant
conditions. When the regulating groups are inserted beyond
the transient insertion Timits, actions must be taken to
either withdraw the regulating groups beyond the Timits or
to reduce THERMAL POWER to Tess than or equal to that
allowed for the actual CEA insertion limit. Two hours
provides a reasonable time to accomplish this, allowing the
operator to deal with current plant conditions while
1imiting peaking factors to acceptable levels.

B.1

If the CEAs are inserted between the short term steady state
insertion 1imits and the transient insertion Timits for
intervals > 4 hours per 24 hour period, peaking factors can
develop that are of concern due to Xenon changes (Ref. 4).

(continued)
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Regulating CEA Insertion Limits
B3.1.7

BASES

ACTIONS B.1 (continued)

Additionally, since the CEAs can be in this condition
without misalignment, penalty factors are not inserted in
the core protection calculators to compensate for the
developing peaking factors.

Experience has shown that rapid power increases in areas of
the core, in which the flux has been depressed, can result
in fuel damage as the LHR in those areas rapidly increases.
Restricting the rate of THERMAL POWER increases to < 5% RTP
per hour, following CEA insertion beyond the short term
steady state insertion limits, ensures the power transients
experienced by the fuel will not result in fuel failure
(Ref. 4). The restriction on THERMAL POWER increases shall
remain in effect until the Regulating CEA groups are
inserted between short term steady state Timit and the
transient insertion Timit for < 4 hours per 24 hour
interval. The 15 minute Completion Time ensures that prompt
action shall be taken to restrict THERMAL POWER increases.

c.1

With the regulating CEAs inserted between the long term
steady state insertion 1imit and the transient insertion
1imit, and with the core approaching the 5 effective full
power days (EFPD) per 30 EFPD, or 14 EFPD per 365 EFPD
1imits, the core approaches the acceptable limits placed on
operation with flux patterns outside those assumed in the
long term burnup assumptions. In this case, the CEAs must
be returned to within the Tong term steady state insertion
1imits, or the core must be placed in a condition in which
the abnormal fuel burnup cannot continue. A Completion Time
of 2 hours is a reasonable time to return the CEAs to within
the Tong term steady state insertion Timits.

The required Completion Time of 2 hours from initial
discovery of a regulating CEA group outside the Timits until
its restoration to within the Tong term steady state limits,
shown on the figures in the COLR, allows sufficient time for
borated water to enter the Reactor Coolant System from the
chemical addition and makeup systems, and to cause the
regulating CEAs to withdraw to the acceptable region. It is
reasonable to continue operation for 2 hours after it is

(continued)
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Regulating CEA Insertion Limits
B3.1.7

ACTIONS

C.1 (continued)

discovered that the 5 day or 14 day EFPD 1imit has been
exceeded. This Completion Time is based on limiting the
potential xenon redistribution, the low probability of an
accident, and the steps required to complete the action.

D.1

With the PDIL circuit inoperable, performing SR 3.1.7.1
within 1 hour and every 4 hours thereafter ensures improper
CEA alignments are identified before unacceptable flux
distributions occur.

£l

When a Required Action cannot be completed within the
required Completion Time, a controlled shutdown should be
commenced. The allowed Completion Time of 6 hours is
reasonable, based on operating experience, for reaching
MODE 3 from full power conditions in an orderly manner and
without challenging plant systems.

SURVETLLANCE
REQUIREMENTS

SR 3.1.7.1

With the PDIL alarm circuit OPERABLE, verification of each
regulating CEA group position is sufficient to detect CEA
positions that may approach the acceptable limits, and
provides the operator with time to undertake the Required
Action(s) should the sequence or insertion limits be found
to be exceeded. The Surveillance Frequency is controlled
under the Surveillance Frequency Control Program. PDIL
alarms are received on both the Plant Computer (PC) and the
Core Monitoring Computer (CMC)/Core Operating Limit
Supervisory System (COLSS) after the CMC/COLSS Upgrade.

SR 3.1.7.1 is modified by a Note indicating that entry is
allowed into MODE 2 without having performed the SR. This
1S necessary, since the unit must be in the applicable MODES
in order to perform Surveillances that demonstrate the LCO
1imits are met.

(continued)
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Regulating CEA Insertion Limits
B3.1.7

BASES

SURVETLLANCE SR 3.1.7.2
REQUIREMENTS
(continued) Verification of the accumulated time of CEA group insertion
between the long term steady state insertion limits and the
transient insertion Timits ensures the cumulative time
1imits are not exceeded. The Surveillance Frequency 1is
controlled under the Surveillance Frequency Control Program.

SR 3.1.7.3

Demonstrating the PDIL alarm circuit OPERABLE verifies that
the PDIL alarm circuit is functional. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 10 and GDC 26.
10 CFR 50.46.

Regulatory Guide 1.77, Rev. 0, May 1974.
UFSAR, Section 15.4.

B~ w N
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Part Strength CEA Insertion Limits
B 3.1.8

B 3.1 REACTIVITY CONTROL SYSTEMS
B 3.1.8 Part Strength Control Element Assembly (CEA) Insertion Limits

BASES

BACKGROUND The insertion limits of the part strength CEAs are initial
assumptions in the safety analyses for CEA misoperation
events. The insertion limits directly affect core power
distributions. The applicable criteria for these power
distribution design requirements are 10 CFR 50, Appendix A,
GDC 10, "Reactor Design" (Ref. 1), and 10 CFR 50.46,
"Acceptance Criteria for Emergency Core Cooling Systems for
Light Water Nuclear Plants" (Ref. 2). Limits on part
strength CEA insertion have been established, and all CEA
positions are monitored and controlled during power
operation to ensure that the power distribution defined by
the design power peaking Timits is preserved.

The part strength CEAs are used for axial power shape

control of the reactor. The positions of the part strength
CEAs are manually controlled. They are capable of changing
reactivity very quickly (compared to borating or diluting).

The power density at any point in the core must be Timited
to maintain specified acceptable fuel design Timits,
including Timits that preserve the criteria specified in

10 CFR 50.46 (Ref. 2). Together, LCO 3.1.7, "Regulating
Control Element Assembly (CEA) Insertion Limits"; LCO 3.1.8;
LCO 3.2.4, "Departure From Nucleate Boiling Ratio (DNBR)";
and LCO 3.2.5, "AXIAL SHAPE INDEX (ASI)," provide Timits on
control component operation and on monitored process
variables to ensure the core operates within the lTinear heat
rate (LHR) (LCO 3.2.1, "Linear Heat Rate (LHR)"); planar
peaking factor (F,) (LCO 3.2.2, "Planar Radial Peaking
Factors (F,,)"); and LCO 3.2.4 Timits in the COLR.

Operation within the Timits given in the COLR prevents power
peaks that would exceed the loss of coolant accident (LOCA)
1imits derived by the Emergency Core Cooling Systems
analysis. Operation within the F,, and departure from
nucleate boiling (DNB) Timits given in the COLR prevents DNB
during a loss of forced reactor coolant flow accident.

(continued)
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Part Strength CEA Insertion Limits
B3.1.8

BACKGROUND
(continued)

The establishment of Timiting safety system settings and
LCOs requires that the expected lTong and short term behavior
of the radial peaking factors be determined. The long term
behavior relates to the variation of the steady state radial
peaking factors with core burnup; it is affected by the
amount of CEA insertion assumed, the portion of a burnup
cycle over which such insertion is assumed, and the expected
power level variation throughout the cycle. The short term
behavior relates to transient perturbations to the steady
state radial peaks due to radial xenon redistribution. The
magnitudes of such perturbations depend upon the expected
use of the CEAs during anticipated power reductions and load
maneuvering. Analyses are performed, based on the expected
mode of operation of the Nuclear Steam Supply System (base
loaded, maneuvering, etc.). From these analyses, CEA
insertions are determined, and a consistent set of radial
peaking factors are defined. The Tong term (steady state)
and short term insertion limits are determined, based upon
the assumed mode of operation used in the analyses; they
provide a means of preserving the assumptions on CEA
insertions used. The long and short term insertion limits
of LCO 3.1.8 are specified for the plant, which has been
designed primarily for base loaded operation, but has the
ability to accommodate a limited amount of Toad maneuvering.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
normal operation (Condition I) and anticipated operational
occurrences (Condition II). The regulating CEA insertion,
part strength CEA insertion, ASI, and T, LCOs preclude core
power distributions from occurring that would violate the
following fuel design criteria:

a. During a large break LOCA, the peak cladding
temperature must not exceed 2200°F (Ref. 2);

b.  During CEA misoperation events, there must be at least
a 95% probability at a 95% confidence level (the 95/95
DNB criterion) that the hot fuel rod in the core does
not experience a DNB condition;

C. During an ejected CEA accident, the fission energy

input to the fuel must not exceed 280 cal/gm (Ref. 3);
and

(continued)
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Part Strength CEA Insertion Limits
B 3.1.8

APPLICABLE
SAFETY ANALYSES
(continued)

d. The CEAs must be capable of shutting down the reactor
with a minimum required SDM, with the highest worth
CEA stuck fully withdrawn, GDC 26 (Ref. 1).

Regulating CEA position, part strength CEA position, ASI,
and T, are process variables that together characterize and
control the three dimensional power distribution of the
reactor core.

Fuel cladding damage does not occur when the core is
operated outside these LCOs during normal operation.
However, fuel cladding damage could result, should an
accident occur with simultaneous violation of one or more of
these LCOs. Changes in the power distribution can cause
increased power peaking and corresponding increased local
LHRs .

The part strength CEA insertion limits satisfy Criterion 2
of 10 CFR 50.36 (c)(2)(ii1). The part strength CEAs are
required due to the potential peaking factor violations that
could occur if part strength CEAs exceed insertion limits.

LCO

The Timits on part strength CEA insertion, as defined in the
COLR, must be maintained because they serve the function of
preserving power distribution.

APPLICABILITY

The part strength insertion Timits shall be maintained with
the reactor in MODES 1 and 2. These Timits must be
maintained, since they preserve the assumed power
distribution. Applicability in Tower MODES is not required,
since the power distribution assumptions would not be
exceeded in these MODES.

(continued)
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(continued)

Part Strength CEA Insertion Limits
B3.1.8

ACTIONS

A1, A.2 and B.1

IT the part strength CEA groups are inserted beyond the
following Timits, flux patterns begin to develop that are
outside the range assumed for long term fuel burnup;

1) Transient insertion Timits:

2) Between the Tong term (steady-state) insertion Timit
and the transient insertion limit for;

a) 7 or more effective full power days (EFPD) out
of any 30 EFPD period;

D) 14 EFPD or more out of any 365 EFPD period.

IT allowed to continue beyond this Timit, the peaking
factors assumed as initial conditions in the accident
analysis may be invalidated (Ref. 4). Restoring the CEAs to
within Timits or reducing THERMAL POWER to that fraction of
RTP that is allowed by CEA group position, using the 1limits
specified in the COLR, ensures that acceptable peaking
factors are maintained.

Since these effects are cumulative, actions are provided to
1imit the total time the part strength CEAs can be out of
1imits in any 30 EFPD or 365 EFPD period. Since the
cunmulative out of Timit times are in days, an additional
Completion Time of 2 hours is reasonable for restoring the
part strength CEAs to within the allowed Timits.

€.1

When a Required Action cannot be completed within the
required Completion Time, a controlled shutdown should
commence. A Completion Time of 6 hours is reasonable, based
on operating experience, for reaching Mode 3 from full power
conditions in an orderly manner and without challenging
plant systems.

(continued)
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Part Strength CEA Insertion Limits
B 3.1.8

BASES  (continued)

SURVETLLANCE SR 3.1.8.1

REQUIREMENTS
Verification of each part strength CEA group position is
sufficient to detect CEA positions that may approach the
limits, and provide the operator with time to undertake the
Required Action(s), should insertion Timits be found to be
exceeded. The Surveillance Frequency is controlled under
the Surveillance Frequency Control Program.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 10 and GDC 26.
2. 10 CFR 50.46.
3. Regulatory Guide 1.77, Rev. 0, May 1974.
4. UFSAR, Section 15.4.
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B3.1.9
B 3.1 REACTIVITY CONTROL SYSTEMS
B3.1.9 Special Test Exceptions (STE) - SHUTDOWN MARGIN (SDM)
BASES
BACKGROUND The primary purpose of the SDM STE is to permit relaxation

of existing LCOs to allow the performance of certain PHYSICS
TESTS. These tests are conducted to determine the control
element assembly (CEA) worth.

Section XI of 10 CFR 50, Appendix B, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel Processing
Plants" (Ref. 1), requires that a test program be
established to ensure that structures, systems, and
components will perform satisfactorily in service. All
functions necessary to ensure that specified design
conditions are not exceeded during normal operation and
anticipated operational occurrences must be tested. Testing
is required as an integral part of the design, fabrication,
construction, and operation of the power plant.

Requirements for notification of the NRC, for the purpose of
conducting tests and experiments, are specified in

10 CFR 50.59, "Changes, Tests, and Experiments" (Ref. 2).

The key objectives of a test program are to (Ref. 3):
a. Ensure that the facility has been adequately designed;

D. Validate the analytical models used in design and
analysis;

c. Verify assumptions used for predicting plant response;

d. Ensure that installation of equipment in the facility
has been accomplished in accordance with the design;
and

e. Verify that operating and emergency procedures are
adequate.

To accomplish these objectives, testing is required prior to
initial criticality, after each refueling shutdown, and
during startup, Tow power operation, power ascension, and at
power operation. The PHYSICS TESTS requirements for reload
fuel cycles ensure that the operating characteristics of the

(continued)
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BASES

BACKGROUND
(continued)

core are consistent with the design predictions and that the
core can be operated as designed (Ref. 4).

PHYSICS TESTS procedures are written and approved in
accordance with established formats. The procedures include
all information necessary to permit a detailed execution of
testing required to ensure that the design intent is met.
PHYSICS TESTS are performed in accordance with these
procedures and test results are approved prior to continued
power escalation and long term power operation. Examples of
PHYSICS TESTS include determination of critical boron
concentration, CEA group worths, reactivity coefficients,
flux symmetry, and core power distribution.

APPLICABLE
SAFETY ANALYSES

It is acceptable to suspend certain LCOs for PHYSICS TESTS
because fuel damage criteria are not exceeded. Even if an
accident occurs during PHYSICS TESTS with one or more LCOs
suspended, fuel damage criteria are preserved because
adequate 1imits on power distribution and shutdown
capability are maintained during PHYSICS TESTS.

Reference 5 defines the requirements for initial testing of
the facility, including PHYSICS TESTS. Requirements for
reload fuel cycle PHYSICS TESTS are defined in
ANST/ANS-19.6.1-1985 (Ref. 4). PHYSICS TESTS for reload
fuel cycles are given in Table 1 of ANSI/ANS-19.6.1-1985.
Although these PHYSICS TESTS are generally accomplished
within the Timits of all LCOs, conditions may occur when one
or more LCOs must be suspended to make completion of PHYSICS
TESTS possible or practical. This is acceptable as long as
the fuel design criteria are not violated. As long as the
Tinear heat rate (LHR) remains within its limit, fuel design
criteria are preserved.

In this test, the following LCOs are suspended:

a. LCO 3.1.2, "SHUTDOWN MARGIN (SDM) - Reactor Trip
Breakers Closed";

b. LCO 3.1.6, "Shutdown Control Element Assembly (CEA)
Insertion Limits"; and

C. LCO 3.1.7, "Regulating Control Element Assembly (CEA)
Insertion Limits."

(continued)

PALO VERDE UNITS 1,2,3 B 3.1.9-2 REVISION 0



B 3.1.9
BASES
APPLICABLE Therefore, this LCO places Timits on the minimum amount of
SAFETY ANALYSES  CEA worth required to be available for reactivity control
(continued) when CEA worth measurements are performed.

The individual LCOs cited above govern SDM, CEA group
height, insertion, and alignment. Additionally, the LCOs
governing Reactor Coolant System (RCS) flow, reactor inlet
temperature T., and pressurizer pressure contribute to
maintaining departure from nucleate boiling (DNB) parameter
limits. The initial condition criteria for accidents
sensitive to core power distribution are preserved by the
LHR and DNB parameter limits. The criteria for the loss of
coolant accident (LOCA) are specified in 10 CFR 50.46,
"Acceptance Criteria for Emergency Core Cooling Systems for
Light Water Nuclear Power Reactors" (Ref. 6). The criteria
for the Toss of forced reactor coolant flow accidents are
specified in Reference 7. Operation within the LHR Timit
preserves the LOCA criteria; operation within the DNB
parameter Timits preserves the loss of flow criteria.

SRs are conducted as necessary to ensure that LHR and DNB
parameters remain within Timits during PHYSICS TESTS.
Performance of these SRs allows PHYSICS TESTS to be
conducted without decreasing the margin of safety.

Requiring that shutdown reactivity equivalent to at least
the highest estimated CEA worth (of those CEAs actually
withdrawn) be available for trip insertion from the OPERABLE
CEAs, provides a high degree of assurance that shutdown
capability is maintained for the most challenging postulated
accident, a stuck CEA. Since LCO 3.1.2 is suspended,
however, there is not the same degree of assurance during
this test that the reactor would always be shut down if the
highest worth CEA was stuck out and calculational
uncertainties or the estimated highest CEA worth was not as
expected (the single failure criterion is not met). This
situation is judged acceptable, however, because specified
acceptable fuel damage Timits are still met. The risk of
experiencing a stuck CEA and subsequent criticality is
reduced during this PHYSICS TEST exception by the
requirements to determine CEA positions every 2 hours; by
the trip of each CEA to be withdrawn within 7 days prior to

(continued)
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BASES

APPLICABLE
SAFETY ANALYSES
(continued)

suspending the SDM requirements; and by ensuring that
shutdown reactivity is available, equivalent to the
reactivity worth of the estimated highest worth withdrawn
CEA (Ref. 5).

PHYSICS TESTS include measurement of core parameters or
exercise of control components that affect process
variables. Among the process variables involved are total
planar radial peaking factor, total integrated radial
peaking factor, T,. and ASI, which represent initial
condition input (power peaking) to the accident analysis.
Also involved are the shutdown and regulating CEAs, which
affect power peaking and are required for shutdown of the
reactor. The Timits for these variables are specified for
each fuel cycle in the COLR.

PHYSICS TESTS meet the criteria for inclusion in the
Technical Specifications since the components and process
variable LCOs suspended during PHYSICS TESTS meet
Criteria 1, 2, and 3 of 10 CFR 50.36 (c)(2)(i1).

LCO

This LCO provides that a minimum amount of CEA worth is
immediately available for reactivity control when CEA worth
measurement tests are performed. This STE is required to
permit the periodic verification of the actual versus
predicted worth of the regulating and shutdown CEAs. The
SDM requirements of LCO 3.1.2, the shutdown CEA insertion
1imits of LCO 3.1.6, and the regulating CEA insertion limits
of LCO 3.1.7 may be suspended.

APPLICABILITY

This LCO is applicable in MODES 2 and 3. Although CEA worth
testing is conducted in MODE 2, sufficient negative
reactivity is inserted during the performance of these tests
to result in temporary entry into MODE 3. Because the
intent is to immediately return to MODE 2 to continue CEA
worth measurements, the STE allows limited operation to

6 consecutive hours in MODE 3 as indicated by the Note,
without having to borate to meet the SDM requirements of

LCO 3.1.2.

(continued)
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BASES (continued)

ACTIONS

Al

With any CEA not fully inserted and less than the minimum
required reactivity equivalent available for insertion, or
with all CEAs inserted and the reactor subcritical by less
than the reactivity equivalent of the highest worth
withdrawn CEA, restoration of the minimum shutdown
reactivity requirements must be accomplished by increasing
the RCS boron concentration. The required Completion Time
of 15 minutes for initiating boration allows the operator
sufficient time to align the valves and start the boric acid
pumps and is consistent with the Completion Time of

LCO 3.1.2.

In the determination of the required combination of boration
flow rate and boron concentration, there is no unique
requirement that must be satisfied. Since it is imperative
to raise the boron concentration of the RCS as soon as
possible, the boron concentration should be a highly
concentrated solution, such as that normally found in the
refueling water tank. The operator should borate with the
best source available for the plant conditions.

In determining the boration flow rate the time in core life
must be considered. For instance, the most difficult time
in core life to increase the RCS boron concentration is at
the beginning of cycle, when boron concentration may
approach or exceed 2000 ppm. Assuming that a value of 1%
Ak/k must be recovered and a boration flow rate of 26 gpm,
it is possible to increase the boron concentration of the
RCS by 100 ppm in less than 4 hours with a 4000 ppm source.
[T a boron worth of 10 pcm/ppm is assumed, this combination
of parameters will increase the SDM by 1% Ak/k. These
boration parameters of 26 gpm and 4000 ppm represent typical
values and are provided for the purpose of offering a
specific example.

SURVETLLANCE
REQUIREMENTS

SR 3.1.9.1

Verification of the position of each partially or fully
withdrawn full strength, or part strength CEA is necessary to
ensure that the minimum negative reactivity requirements for
insertion on a trip are preserved. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

(continued)
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SURVETLLANCE SR 3.1.9.2
REQUIREMENTS
(continued) Prior demonstration that each CEA to be withdrawn from the

core during PHYSICS TESTS is capable of full insertion, when
tripped from at lTeast a 50% withdrawn position, ensures that
the CEA will insert on a trip signal. The /7 day Frequency
ensures that the CEAs are OPERABLE prior to reducing SDM
requirements to less than the Timits of LCO 3.1.2.

SR 3.1.9.3

During MODE 3, verification that the reactor is subcritical
by at least the reactivity equivalent of the highest
estimated CEA worth ensures that the minimum negative
reactivity requirements are preserved. The negative
reactivity requirements are verified by performing a
reactivity balance calculation, considering the Tisted
reactivity effects:

a RCS boron concentration;

D. CEA positions;

C. RCS average temperature;

d. Fuel burnup based on gross thermal energy generation;
e.  Xenon concentration; and

f.  Samarium concentration.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

REFERENCES 10 CFR 50, Appendix B, Section XI.

10 CFR 50.59.

Regulatory Guide 1.68, Revision 2. August 1978.
ANSI/ANS-19.6.1-1985, December 13, 1985.

UFSAR, Chapter 14.

10 CFR 50.46.

UFSAR, Chapter 15.
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STE-MODES 1 and 2
B 3.1.10

B 3.1 REACTIVITY CONTROL SYSTEMS
B 3.1.10 Special Test Exceptions (STE) — MODES 1 and 2

BASES

BACKGROUND

The primary purpose of these MODES 1 and 2 STEs is to permit
relaxation of existing LCOs to allow the performance of
certain PHYSICS TESTS. These tests are conducted to
determine specific reactor core characteristics.

Section XI of 10 CFR 50, Appendix B, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel Processing
Plants" (Ref. 1), requires that a test program be
established to ensure that structures, systems, and
components will perform satisfactorily in service. All
functions necessary to ensure that specified design
conditions are not exceeded during normal operation and
anticipated operational occurrences must be tested. Testing
is required as an integral part of the design, fabrication,
construction, and operation of the power plant.

Requirements for notification of the NRC, for the purpose of
conducting tests and experiments, are specified in

10 CFR 50.59, "Changes, Tests, and Experiments" (Ref. 2).

The key objectives of a test program are to (Ref. 3):
a. Ensure that the facility has been adequately designed;

D. Validate the analytical models used in design and
analysis;

c. Verify assumptions used for predicting plant response;

d. Ensure that installation of equipment in the facility
has been accomplished in accordance with design; and

e. Verify that operating and emergency procedures are
adequate.

To accomplish these objectives, testing is required prior to
initial criticality, after each refueling shutdown, and
during startup, Tow power operation, power ascension, and at
power operation. The PHYSICS TESTS requirements for reload
fuel cycles ensure that the operating characteristics of the
core are consistent with the design predictions and that the
core can be operated as designed (Ref. 4).

(continued)
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BASES

STE-MODES 1 and 2
B 3.1.10

BACKGROUND
(continued)

PHYSICS TESTS procedures are written and approved in
accordance with established formats. The procedures include
all information necessary to permit a detailed execution of
testing required to ensure that design intent is met.
PHYSICS TESTS are performed in accordance with these
procedures and test results are approved prior to continued
power escalation and long term power operation.

Examples of PHYSICS TESTS include determination of critical
boron concentration, CEA group worth, reactivity
coefficients, flux symmetry, and core power distribution.

APPLICABLE
SAFETY ANALYSES

It is acceptable to suspend certain LCOs for PHYSICS TESTS
because fuel damage criteria are not exceeded. Even if an
accident occurs during PHYSICS TESTS with one or more LCOs
suspended, fuel damage criteria are preserved because the
1imits on power distribution and shutdown capability are
maintained during PHYSICS TESTS.

Reference 5 defines requirements for initial testing of the
facility, including PHYSICS TESTS. Requirements for reload
fuel cycle PHYSICS TESTS are defined in ANSI/ANS-19.6.1-1985
(Ref. 4). Although these PHYSICS TESTS are generally
accomplished within the Timits of all LCOs, conditions may
occur when one or more LCOs must be suspended to make
completion of PHYSICS TESTS possible or practical. This is
acceptable as long as the fuel design criteria are not
violated. As Tong as the Tinear heat rate (LHR) remains
within its Timit, fuel design criteria are preserved.

In this test, the following LCOs are suspended:

LCO 3.1.4, "Moderator Temperature Coefficient (MTC)";

LCO 3.1.5, "Control Element Assembly (CEA) Alignment":

LCO 3.1.6, "Shutdown Control Element Assembly (CEA)
Insertion Limits";

LCO 3.1.7, "Regulating Control Element Assembly (CEA)
Insertion Limits (Fi)":

LCO 3.1.8, "Part Strength Control Element Assembly (CEA)
Insertion Limits";

LCO 3.2.2, "Planar Radial Peaking Factors":

LCO 3.2.3, "AZIMUTHAL POWER TILT (T)";

LCO 3.2.5, "AXIAL SHAPE INDEX (ASI)": and

LCO 3.3.3, "Control Element Assembly Calculators (CEACs)".

(continued)
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BASES

STE-MODES 1 and 2
B 3.1.10

APPLICABLE
SAFETY ANALYSES
(continued)

The safety analysis (Ref. 6) places limits on allowable
THERMAL POWER during PHYSICS TESTS and requires that the LHR
and the departure from nucleate boiling (DNB) parameter be
maintained within Timits. The power plateau of < 85% RTP
and the associated trip setpoints are required to ensure
these Timits are maintained.

The individual LCOs governing CEA group height, insertion
and alignment, ASI, total planar radial peaking factor,
total integrated radial peaking factor, and T,. preserve the
LHR Timits. Additionally, the LCOs governing Reactor
Coolant System (RCS) flow, reactor inlet temperature (T.),
and pressurizer pressure contribute to maintaining DNB
parameter Timits. The initial condition criteria for
accidents sensitive to core power distribution are preserved
by the LHR and DNB parameter limits. The criteria for the
loss of coolant accident (LOCA) are specified in

10 CFR 50.46, "Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors”
(Ref. 7). The criteria for the Toss of forced reactor
coolant flow accident are specified in Reference 7.
Operation within the LHR Timit preserves the LOCA criteria;
operation within the DNB parameter Timits preserves the 1oss
of flow criteria.

During PHYSICS TESTS, one or more of the LCOs that normally
preserve the LHR and DNB parameter 1limits may be suspended.
The results of the accident analysis are not adversely
impacted, however, if LHR and DNB parameters are verified to
be within their Timits while the LCOs are suspended.
Therefore, SRs are placed as necessary to ensure that LHR
and DNB parameters remain within Timits during PHYSICS
TESTS. Performance of these Surveillances allows PHYSICS
TESTS to be conducted without decreasing the margin of
safety.

PHYSICS TESTS include measurement of core parameters or
exercise of control components that affect process
variables. Among the process variables involved are total
planar radial peaking factor, total integrated radial
peaking factor, T,, and ASI, which represent initial
condition input (power peaking) to the accident analysis.
Also involved are the shutdown and regulating CEAs, which
affect power peaking and are required for shutdown of the
reactor. The limits for these variables are specified for
each fuel cycle in the COLR.

(continued)
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BASES

STE-MODES 1 and 2
B 3.1.10

APPLICABLE
SAFETY ANALYSES
(continued)

PHYSICS TESTS meet the criteria for inclusion in the
Technical Specifications, since the component and process
variable LCOs suspended during PHYSICS TESTS meet
Criteria 1, 2, and 3 of 10 CFR 50.36 (c)(2)(i1).

LCO

This LCO permits individual CEAs to be positioned outside of
their normal group heights and insertion Timits during the
performance of PHYSICS TESTS, such as those required to:

a. Measure CEA worth:

D. Determine the reactor stability index and damping
factor under xenon oscillation conditions;

C. Determine power distributions for nonnormal CEA
configurations:

d. Measure rod shadowing factors: and
e. Measure temperature and power coefficients.

Additionally, it permits the center CEA to be misaligned
during PHYSICS TESTS required to determine the isothermal
temperature coefficient (ITC), MTC, and power coefficient.

The requirements of LCO 3.1.4, LCO 3.1.5, LCO 3.1.6,

LCO 3.1.7, LCO 3.1.8, LCO 3.2.2, LCO 3.2.3, LCO 3.2.5 and
LCO 3.3.3, may be suspended during the performance of
PHYSICS TESTS provided THERMAL POWER is restricted to test
power plateau, which shall not exceed 85% RTP and that a
minimum amount of CEA worth is immediately available for
reactivity control.

APPLICABILITY

This LCO is applicable in MODES 1 and 2 because the reactor
must be critical at various THERMAL POWER Tevels to perform
the PHYSICS TESTS described in the LCO section. Limiting
the test power plateau to < 85% RTP ensures that LHRs are
maintained within acceptable Timits.

(continued)
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BASES  (continued)

STE-MODES 1 and 2
B 3.1.10

ACTIONS

Al

[T THERMAL POWER exceeds the test power plateau in MODE 1,
THERMAL POWER must be reduced to restore the additional
thermal margin provided by the reduction. The 15 minute
Completion Time ensures that prompt action shall be taken to
reduce THERMAL POWER to within acceptable Timits.

B.1 and B.?

[T Required Action A.1 cannot be completed within the
required Completion Time, PHYSICS TESTS must be suspended
within 1 hour. Allowing 1 hour for suspending PHYSICS TESTS
allows the operator sufficient time to change any abnormal
CEA configuration back to within the Timits of LCO 3.1.5,
LCO 3.1.6, and LCO 3.1.7. Suspension of PHYSICS TESTS
exceptions requires restoration of each of the applicable
LCOs to within specification.

SURVETLLANCE
REQUIREMENTS

SR 3.1.10.1

Verifying that THERMAL POWER is equal to or less than that
allowed by the test power plateau, as specified in the
PHYSICS TEST procedure and required by the safety analysis,
ensures that adequate LHR and departure from nucleate
boiling ratio margins are maintained while LCOs are
suspended. The Surveillance Frequency is controlled under
the Surveillance Frequency Control Program.

SR 3.1.10.2

Verification of the position of each partially or fully
withdrawn full strength or part strength CEA is necessary to
ensure that the minimum negative reactivity requirements for
insertion on a trip are preserved. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program,

(continued)
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BASES  (continued)

STE-MODES 1 and 2
B 3.1.10

REFERENCES 1.

~ O o1 B W N

10 CFR 50, Appendix B, Section XI.

10 CFR 50.59.

Regulatory Guide 1.68, Revision 2, August 1978.
ANST/ANS-19.6.1-1985, December 13, 1985.

UFSAR, Chapter 14.

UFSAR, Section 15.3.

10 CFR 50.46.
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STE-Reactivity Coefficient Testing
B 3.1.11

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.11 Special Test Exceptions (STE) — Reactivity Coefficient Testing

BASES

BACKGROUND

The primary purpose of Reactivity Coefficient Testing is to
permit relaxation of existing LCOs to allow the performance
of certain PHYSICS TESTS. These tests are conducted to
determine isothermal temperature coefficient, moderator
temperature coefficient, and power coefficient.

Section XI of 10 CFR 50, Appendix B, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel Processing
Plants" (Ref. 1), requires that a test program be
established to ensure that structures, systems, and
components will perform satisfactorily in service. All
functions necessary to ensure that specified design
conditions are not exceeded during normal operation and
anticipated operational occurrences must be tested. Testing
is required as an integral part of the design, fabrication,
construction, and operation of the power plant.

Requirements for notification of the NRC, for the purpose of
conducting tests and experiments, are specified in

10 CFR 50.59, "Changes, Tests, and Experiments" (Ref. 2).

The key objectives of a test program are to (Ref. 3):
a. Ensure that the facility has been adequately designed:

b. Validate the analytical models used in design and
analysis;

c. Verify assumptions used for predicting plant response:

d.  Ensure that installation of equipment in the facility
has been accomplished in accordance with design; and

e. Verify that operating and emergency procedures are
adequate.

To accomplish these objectives, testing is required prior to
initial criticality. after each refueling shutdown, and
during startup, low power operation, power ascension, and at
power operation.

(continued)

PALO VERDE UNITS 1,2,3 B 3.1.11-1 REVISION 0



BASES

STE-Reactivity Coefficient Testing
B 3.1.11

BACKGROUND
(continued)

The PHYSICS TESTS requirements for reload fuel cycles ensure
that the operating characteristics of the core are
consistent with the design predictions and that the core can
be operated as designed (Ref. 4).

PHYSICS TESTS procedures are written and approved in
accordance with established formats. The procedures include
all information necessary to permit a detailed execution of
testing required to ensure that design intent is met.
PHYSICS TESTS are performed in accordance with these
procedures and test results are approved prior to continued
power escalation and long term power operation.

Examples of PHYSICS TESTS include determination of critical
boron concentration, CEA group worth, reactivity
coefficients, flux symmetry, and core power distribution.

APPLICABLE
SAFETY ANALYSES

It is acceptable to suspend certain LCOs for PHYSICS TESTS
because fuel damage criteria are not exceeded. Even if an
accident occurs during PHYSICS TESTS with one or more LCOs
suspended, fuel damage criteria are preserved because the
1imits on power distribution and shutdown capability are
maintained during PHYSICS TESTS.

Reference 5 defines requirements for initial testing of the
facility, including PHYSICS TESTS. Requirements for reload
fuel cycle PHYSICS TESTS are defined in ANSI/ANS-19.6.1-1985
(Ref. 4). Although these PHYSICS TESTS are generally
accomplished within the Timits of all LCOs, conditions may
occur when one or more LCOs must be suspended to make
completion of PHYSICS TESTS possible or practical. This is
acceptable as long as the fuel design criteria are not
violated. As long as the linear heat rate (LHR) and DNBR
remain within its limits, fuel design criteria are
preserved.

In this test, the following LCOs are suspended:

LCO 3.1.7, "Regulating Control Element Assembly (CEA)
Insertion Limits";

LCO 3.1.8, "Part Strength Control Element Assembly (CEA)
Insertion Limits"; and

LCO 3.4.1, "RCS Pressure, Temperature, and Flow Limits"
(LCO 3.4.1.b, RCS Cold Leg Temperature only).

(continued)
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STE-Reactivity Coefficient Testing

B 3.1.11
BASES
APPLICABLE The safety analysis (Ref. 6) requires that the LHR and the
SAFETY ANALYSES  departure from nucleate boiling (DNB) parameter be
(continued) maintained within Timits. The associated trip setpoints are

required to ensure these Timits are maintained.

The individual LCOs governing CEA group height, insertion
and alignment, ASI, total planar radial peaking factor,
total integrated radial peaking factor, and T,, preserve the
LHR Timits. Additionally, the LCOs governing Reactor
Coolant System (RCS) flow, reactor inlet temperature (T.),
and pressurizer pressure contribute to maintaining DNB
parameter Timits. The initial condition criteria for
accidents sensitive to core power distribution are preserved
by the LHR and DNB parameter limits. The criteria for the
loss of coolant accident (LOCA) are specified in

10 CFR 50.46, "Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors"
(Ref. 7). The criteria for the Toss of forced reactor
coolant flow accident are specified in Reference 7.
Operation within the LHR Timit preserves the LOCA criteria;
operation within the DNB parameter 1limits preserves the 1oss
of flow criteria.

During PHYSICS TESTS. one or more of the LCOs that normally
preserve the LHR and DNB parameter Timits may be suspended.
The results of the accident analysis are not adversely
impacted, however, if LHR and DNB parameters are verified to
be within their Timits while the LCOs are suspended.
Therefore, SRs are placed as necessary to ensure that LHR
and DNB parameters remain within Timits during PHYSICS
TESTS. Performance of these Surveillances allows PHYSICS
TESTS to be conducted without decreasing the margin of
safety.

PHYSICS TESTS include measurement of core parameters or
exercise of control components that affect process
variables. Among the process variables involved are total
planar radial peaking factor, total integrated radial
peaking factor, T,, and ASI, which represent initial
condition input (power peaking) to the accident analysis.
Also involved are the shutdown and regulating CEAs, which
affect power peaking and are required for shutdown of the
reactor. The Timits for these variables are specified for
each fuel cycle in the COLR.

(continued)
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BASES

STE-Reactivity Coefficient Testing
B 3.1.11

APPLICABLE
SAFETY ANALYSIS
(continued)

PHYSICS TESTS meet the criteria for inclusion in the
Technical Specifications, since the component and process
variable LCOs suspended during PHYSICS TESTS meet
Criteria 1, 2, and 3 of 10 CFR 50.36 (c)(2)(i1).

LCO

This LCO permits Part Strength CEAs and Regulating CEAs to
be positioned outside of their normal group heights and
insertion Timits, and RCS cold leg temperature to be outside
its Timits during the performance of PHYSICS TESTS. These
PHYSICS TESTS are required to determine the isothermal
temperature coefficient (ITC), MTC, and power coefficient.

The requirements of LCO 3.1.7, LCO 3.1.8, and LCO 3.4.1,
(for RCS cold leg temperature only) may be suspended during
the performance of PHYSICS TESTS provided COLSS is in
service.

APPLICABILITY

This LCO is applicable in MODE 1 with THERMAL POWER > 20%
RTP because the reactor must be critical at THERMAL POWER
levels > 20% RTP to perform the PHYSICS TESTS described in
the LCO section.

ACTIONS

Al

With the LHR or DNBR outside the Timits specified in the
COLR, adequate safety margin is not assured and power must
be reduced to restore LHR and DNBR to within limits. The
required Completion Time of 15 minutes ensures prompt action
is taken to restore LHR or DNBR to within Timits.

(continued)
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BASES

STE-Reactivity Coefficient Testing
B 3.1.11

ACTIONS
(continued)

B.1

When the Required Action cannot be met or completed within
the required Completion Time, PHYSICS TEST must be suspended
within 1 hour. Allowing 1 hour for suspending PHYSICS TEST
allows the operator sufficient time to change any abnormal
conditions back to within the limits of LCO 3.1.7,

LCO 3.1.8, and LCO 3.4.1. Suspension of PHYSICS TESTS
exceptions requires restoration of each of the applicable
LCOs to within specification.

SURVETLLANCE
REQUIREMENTS

SR 3.1.11.1

With THERMAL POWER greater than or equal to 20% RTP, LHR and
DNBR can be continuously monitored using the COLSS since the
COLSS s available with THERMAL POWER above 20% RTP. If
COLSS 1is not available, LHR and DNBR can be continuously
monitored using any OPERABLE CPC channel. Continuous
monitoring is required to ensure that the LHR and DNBR
limits are satisfied at all times. SRs 3.2.1.1 and 3.2.4.1
provide the specific requirements for performing this SR.

REFERENCES

1. 10 CFR 50, Appendix B, Section XI.

10 CFR 50.59.

Regulatory Guide 1.68, Revision 2, August 1978.
ANST/ANS-19.6.1-1985, December 13, 1985.

UFSAR, Chapter 14.

UFSAR, Section 15.3.

10 CFR 50.46.
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LHR
B 3.2.1

B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.1 Linear Heat Rate (LHR)

BASES

BACKGROUND The purpose of this LCO is to Timit the core power
distribution to the initial values assumed in the accident
analyses. Operation within the Timits imposed by this LCO
limits or prevents potential fuel cladding failures that
could breach the primary fission product barrier and release
fission products to the reactor coolant in the event of a
Loss Of Coolant Accident (LOCA), ejected Control Element
Assembly (CEA) accident, or other postulated accident
requiring termination by a Reactor Protective System (RPS)
trip function. This LCO Timits the damage to the fuel
cladding during an accident by ensuring that the plant is
operating within acceptable bounding conditions at the onset
of a transient.

Methods of controlling the power distribution include:

a. Using full strength or part strength CEAs to alter the
axial power distribution;

D. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (e.g., CEA
insertion and alignment 1imits), the power distribution does
not result in violation of this LCO. The 1imiting safety
system settings and this LCO are based on the accident
analyses (Refs. 1 and 2), so that specified acceptable fuel
design Timits are not exceeded as a result of Anticipated
Operational Occurrences (AOOs), and the Timits of acceptable
consequences are not exceeded for other postulated
accidents.

Limiting power distribution skewing over time also minimizes

xenon distribution skewing, which is a significant factor in
controlling the axial power distribution.

(continued)
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LHR

B3.2.1
BASES
BACKGROUND Power distribution is a product of multiple parameters,
(continued) various combinations of which may produce acceptable power

distributions. Operation within the design limits of power
distribution is accomplished by generating operating Timits
on the LHR and Departure from Nucleate Boiling (DNB).

Proximity to the DNB condition is expressed by the Departure
from Nucleate Boiling Ratio (DNBR), defined as the ratio of
the cladding surface heat flux required to cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and AOOs is the DNBR Safety
Limit as calculated by the CE-1 Correlation (Ref. 3) and
corrected for such factors as rod bow and grid spacers. It
is accepted as an appropriate margin to DNB for all
operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limit Supervisory System (COLSS)
and the Core Protection Calculators (CPCs). The COLSS and
CPCs that monitor the core power distribution are capable of
verifying that the LHR and the DNBR do not exceed their
Timits. The COLSS performs this function by continuously
monitoring the core power distribution and calculating core
power operating limits corresponding to the allowable peak
LHR and DNBR. The CPCs perform this function by
continuously calculating an actual value of DNBR and Local
Power Density (LPD) for comparison with the respective trip
setpoints.

The COLSS indicates continuously to the operator how far the
core is from the operating Timits and provides an audible
alarm if an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design Timits. If the
margin to fuel design Timits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded by initiating a reactor trip.

The COLSS continually generates an assessment of the
calculated margin for specified LHR and DNBR Timits. The
data required for these assessments include measured incore
neutron flux, CEA positions, and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

(continued)

PALO VERDE UNITS 1,2,3 B 3.2.1-2 REVISION 10



BASES

LHR
B 3.2.1

BACKGROUND
(continued)

In addition to the monitoring performed by the COLSS, the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicate CEA positions. In this case, the CPCs assume a
minimum core power of 20% RTP because the power range excore
neutron flux detecting system is inaccurate below this power
level. [If power distribution or other parameters are
perturbed as a result of an AQO, the high LPD or Tow DNBR
trips in the RPS initiate a reactor trip prior to exceeding
fuel design 1imits.

The LHR and DNBR algorithms are valid within the Timits on
ASI, F,, and T,. These limits are obtained directly from
initial core or reload analysis.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
normal operation or AOOs (Ref. 4).

The power distribution and CEA insertion and alignment LCOs
prevent core power distributions from reaching levels that
violate the following fuel design criteria:

a. During a LOCA, peak cladding temperature must not
exceed 2200°F (Ref. 5);

D. During a loss of flow accident, there must be at Teast
95% probability at the 95% confidence Tevel (the
95/95 DNB criterion) that the hot fuel rod in the core
does not experience a DNB condition (Ref. 4);

C. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 al/gm (Ref. 6);
and

d.  The control rods (excluding part strength rods) must be
capable of shutting down the reactor with a minimum
required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 7).

(continued)
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BASES

LHR
B3.2.1

APPLICABLE
SAFETY ANALYSES
(continued)

The power density at any point in the core must be Timited
to maintain the fuel design criteria (Refs. 4 and 5). This
is accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations between measured quantities, the power
distribution, and uncertainties in determining the power
distribution.

Fuel cladding failure during a LOCA is Timited by
restricting the maximum Linear Heat Generation Rate (LHGR)
so that the peak cladding temperature does not exceed 2200°F
(Ref. 5). Peak cladding temperatures exceeding 2200°F cause
severe cladding failure by oxidation due to a Zircaloy water
reaction.

The LCOs governing the LHR, ASI, CEAs, and RCS ensure that
these criteria are met as long as the core is operated
within the ASI and F,, 1imits specified in the COLR, and
within the T, 1imits. The Tatter are process variables that
characterize the three dimensional power distribution of the
reactor core. Operation within the Timits for these
variables ensures that their actual values are within the
ranges used in the accident analyses (Ref. 1).

Fuel cladding damage does not occur from conditions outside
the Timits of these LCOs during normal operation. However,
fuel cladding damage could result if an accident occurs from
initial conditions outside the 1imits of these LCOs. This
potential for fuel cladding damage exists because changes in
the power distribution can cause increased power peaking and
can correspondingly increase local LHR.

The LHR satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

LCO

The power distribution LCO Timits are based on correlations
between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO 1imits are provided in the COLR. The
Timitation on LHR ensures that in the event of a LOCA the
peak temperature of the fuel cladding does not exceed
2200°F .

(continued)
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LHR

B 3.2.1
BASES
APPLICABILITY Power distribution is a concern any time the reactor is
critical. The power distribution LCOs, however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:
a. The incore neutron detectors that provide input to the
COLSS, which then calculates the operating limits, are
inaccurate due to the poor signal to noise ratios at
relatively Tow core power Tevels; and
D. As a result of this inaccuracy, the CPCs assume
minimum core power of 20% RTP when generating LPD and
DNBR trip signals. When core power is below 20% RTP,
the core is operating well below its thermal Timits
and the resultant CPC calculated LPD and DNBR trips
are highly conservative.
ACTIONS Al

Operation at or below the COLSS calculated power Timit based
on the LHR ensures that the LHR Timit is not exceeded. If
the COLSS calculated core power Timit based on the LHR
exceeds the operating limit, restoring the LHR to within
1imit in 1 hour ensures that prompt action is taken to
reduce LHR to below the specified limit. One hour is a
reasonable time to return LHR to within Timits when the
1imit is exceeded without a trip due to events such as a
dropped CEA or an axial xenon oscillation.

B.1, B.2.1, and B.2.2

[T the COLSS is not available the OPERABLE LPD channels are
monitored to ensure that the LHR Timit is not exceeded.
Operation within this Timit ensures that in the event of a
LOCA the fuel cladding temperature does not exceed 2200°F.
Four hours is allowed for restoring the LHR Timit to within
the region of acceptable operation. This duration is
reasonable because the COLSS allows the plant to operate
with Tess LHR margin (closer to the LHR 1imit than when
monitoring the CPCs).

(continued)
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B3.2.1

ACTIONS

B.1, B.2.1, and B.2.2. (continued)

When operating with the COLSS out of service and LHR not
within the region of acceptable operation, there is a
possibility of a slow undetectable transient that degrades
the LHR slowly over the 4 hour period and is then followed
by an AOO or an accident. To remedy this, the CPC
calculated values of LHR are monitored every 15 minutes when
the COLSS is out of service and LHR not within the region of
acceptable operation. The 15 minute frequency is adequate
to allow the operator to identify an adverse trend in
conditions that could result in an approach to the LHR
1imit. Also, a maximum allowable change in the CPC
calculated LHR ensures that further degradation requires the
operators to take immediate action to restore LHR to within
1imits or reduce reactor power to comply with the Technical
Specifications (TS).  With an adverse trend, one hour is
allowed for restoring LHR to within Timits if the COLSS is
not restored to OPERABLE status. Implementation of this
requirement ensures that reductions in core thermal margin
are quickly detected, and if necessary, results in a
decrease in reactor power and subsequent compliance with the
existing COLSS out of service TS Timits. If LHR cannot be
monitored every 15 minutes, assume that there is an adverse
trend.

With no adverse trend, four hours is allowed to restore the
LHR to within Timits if the COLSS is not restored to
OPERABLE status. This duration is reasonable because the
Frequency of the CPC determination of LHR is increased and
if operation is maintained steady, the Tikelihood of
exceeding the LHR Timit during this period is not increased.
The Tikelihood of induced reactor transients from an early
power reduction is also decreased.

C.1
[T the LHR cannot be returned to within its limit or the LHR
cannot be determined because of the COLSS and CPC
inoperability, core power must be reduced. Reduction of
core power to < 20% RTP ensures that the core is operating
within its thermal Timits and places the core in a
conservative condition based on the trip setpoints generated
by the CPCs, which assume a minimum core power of 20% RTP.

(continued)
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B 3.2.1
BASES
ACTIONS C.1 (continued)
The allowed Completion Time of 6 hours is reasonable, based
on operating experience, to reach 20% RTP in an orderly
manner and without challenging plant systems.
SURVETLLANCE SR 3.2.1.1
REQUIREMENTS

With the COLSS out of service, the operator must monitor the
LHR with any OPERABLE Tocal power density channel. The
Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

This SR is modified by a Note that states that the SR is
applicable only when the COLSS is out of service.

Continuous monitoring of the LHR is provided by the COLSS,
which calculates core power and core power operating limits
based on the LHR and continuously displays these limits to
the operator. A COLSS margin alarm is annunciated in the
event that the THERMAL POWER exceeds the core power
operating limit based on LHR. This SR is also modified by a
Note that states that the SR is not required to be performed
until 2 hours after MODE 1 with THERMAL POWER > 20% RTP.
During plant startup (increase from 15-18% RTP), the plant
dynamics associated with the downcomer to economizer
swapover may result in a temporary power increase above 20%
RTP. The 2 hours after reaching 20% RTP is required for
plant stabilization.

SR 3.2.1.2

Verification that the COLSS margin alarm actuates at a
THERMAL POWER Tevel equal to or less than the core power
operating limit based on the LHR in units of kilowatts per
foot ensures the operator is alerted when conditions
approach the LHR operating Timit.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

(continued)
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B 3.2.1

BASES  (continued)
REFERENCES 1. UFSAR, Section 15.

2. UFSAR, Section 6.

3. CE-1 Correlation for DNBR.

4. 10 CFR 50, Appendix A, GDC 10.

5. 10 CFR 50.46.

6. Regulatory Guide 1.77, Rev. 0, May 1974.

7. 10 CFR 50, Appendix A, GDC 26.
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B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.2 Planar Radial Peaking Factors (F,,)

BASES

BACKGROUND

The purpose of this LCO is to limit the core power
distribution to the initial values assumed in the accident
analyses. Operation within the Timits imposed by this LCO
either Timits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and
release fission products to the reactor coolant in the event
of a Loss Of Coolant Accident (LOCA), Toss of flow accident,
ejected Control Element Assembly (CEA) accident, or other
postulated accident requiring termination by a Reactor
Protective System (RPS) trip function. This LCO Timits
damage to the fuel cladding during an accident by ensuring
that the plant is operating within acceptable conditions at
the onset of a transient.

Methods of controlling the power distribution include:

a. Using full strength or part strength CEAs to alter the
axial power distribution;

b. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (CEA
insertion and alignment limits), the power distribution does
not result in violation of this LCO. Limiting safety system
settings and this LCO are based on the accident analyses
(Refs. 1 and 2), so that specified acceptable fuel design
1imits are not exceeded as a result of Anticipated
Operational Occurrences (A0Os), and the Timits of acceptable
consequences are not exceeded for other postulated
accidents.

Limiting power distribution skewing over time also minimizes
xenon distribution skewing, which is a significant factor in
controlling axial power distribution. Power distribution is
a product of multiple parameters, various combinations of

(continued)
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BASES
BACKGROUND which may produce acceptable power distributions. Operation
(continued) within the design limits of power distribution is

accomplished by generating operating limits on Linear Heat
Rate (LHR) and Departure from Nucleate Boiling (DNB).

Proximity to the DNB condition is expressed by the Departure
from Nucleate Boiling Ratio (DNBR), defined as the ratio of
the cladding surface heat flux required to cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and AOOs is the DNBR Safety
Limit as calculated by the CE-1 Correlation (Ref. 3) and
corrected for such factors as rod bow and grid spacers, and
it is accepted as an appropriate margin to DNB for all
operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limit Supervisory System (COLSS)
and the Core Protection Calculators (CPCs). The COLSS and
CPCs that monitor the core power distribution are capable of
verifying that the LHR and the DNBR do not exceed their
limits. The COLSS performs this function by continuously
monitoring the core power distribution and calculating core
power operating limits corresponding to the allowable peak
LHR and DNBR values. The CPCs perform this function by
continuously calculating actual values of DNBR and Local
Power Density (LPD) for comparison with the respective trip
setpoints.

DNBR penalty factors are included in both the COLSS and CPC
DNBR calculations to accommodate the effects of rod bow.

The amount of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnup experience
greater rod bow. Conversely, fuel assemblies that receive
lower than average burnup experience less rod bow. In
design calculations for a reload core, each batch of fuel is
assigned a penalty applied to the maximum integrated planar
radial power peak of the batch. This penalty is correlated
with the amount of rod bow determined from the maximum
average assembly burnup of the batch. A single net penalty
for the COLSS and CPCs is then determined from the penalties
associated with each batch that comprises a core reload,
accounting for the offsetting margins due to the Tower
radial power peaks in the higher burnup batches.

The COLSS indicates continuously to the operator how far the
core is to the operating limits and provides an audible

(continued)
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BACKGROUND
(continued)

alarm if an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design limits. If the
margin to fuel design Timits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded for AOOs by initiating a reactor trip.

The COLSS continually generates an assessment of the
calculated margin for LHR and DNBR specified Timits. The
data required for these assessments include measured incore
neutron flux, CEA positions, and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

In addition to monitoring performed by the COLSS, the RPS
(via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP. This threshold is set at
20% RTP because the power range excore neutron flux
detecting system is inaccurate below this power level. If
power distribution or other parameters are perturbed as a
result of an AOO, the high LPD or low DNBR trips in the RPS
initiate a reactor trip prior to exceeding fuel design
limits.

The Timits on ASI, F,,, and T, represent limits within which
the LHR and DNBR algorithms are valid. These Timits are
obtained directly from the initial core or reload analysis.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
normal operation or AOOs (Ref. 4). The power distribution
and CEA insertion and alignment LCOs prevent core power
distributions from reaching levels that violate the
following fuel design criteria:

a. During a LOCA, peak cladding temperature must not
exceed 2200°F (Ref. 5);

(continued)
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APPLICABLE

SAFETY ANALYSES
(continued)

D. During CEA misoperation events or a loss of flow
accident, there must be at Teast
95% probability at the 95% confidence Tevel (the
95/95 DNB criterion) that the hot fuel rod in the core
does not experience a DNB condition (Ref. 4);

C. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal/gm (Ref. 6);
and

d.  The control rods (excluding part strength rods) must
be capable of shutting down the reactor with a minimum
required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 7).

The power density at any point in the core must be Timited
to maintain the fuel design criteria (Refs. 4 and 5). This
result is accomplished by maintaining the power distribution
and reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations between measured quantities, the power
distribution, and the uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is Timited by
restricting the maximum Linear Heat Generation Rate (LHGR)
so that the peak cladding temperature does not exceed 2200°F
(Ref. 5). Peak cladding temperatures exceeding 2200°F cause
severe cladding failure by oxidation due to a Zircaloy water
reaction.

The LCOs governing LHR, ASI, CEAs, and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and F,, limits specified in the COLR, and within the T,
limits. The latter are process variables that characterize
the three dimensional power distribution of the reactor
core. Operation within the limits for these variables
ensures that their actual values are within the ranges used
in the accident analyses (Ref. 1).

Fuel cladding damage does not occur because of conditions
outside the limits of these LCOs for ASI, F,,, and T, during
normal operation. However, fuel cladding damage results if
an accident occurs from initial conditions outside the
limits of these LCOs. This potential for fuel cladding
damage exists because changes in the power distribution can

(continued)
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APPLICABLE
SAFETY ANALYSES
(continued)

Eagse increased power peaking and correspondingly increased

F, satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

LCO

The power distribution LCO limits are based on correlations
between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO Timits are provided in the COLR.

Limiting the calculated Planar Radial Peaking Factors (F@)
used in the COLSS and CPCs to values greater than the
measured Planar Radial Peaking Factors (F.) ensures that
the 1imits calculated by the COLSS and CPCS remain valid.

The Planar Radial Peaking Factor is the ratio of the peak to
plane average power density of the individual fuel rods in a
gi¥en horizontal plane, excluding the effects of azimuthal
tilt.

APPLICABILITY

Power distribution is a concern any time the reactor is
critical. The power distribution LCOs, however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS, which then calculates the operating limits, are
inaccurate because of the ?oor signal to noise ratio
that they experience at relatively low core power
levels; and

b. As a result of this inaccuracy., the CPCs assume a
minimum core power of 20% RTP when generating the LPD
and DNBR trip signals. When the core power is below
20% RTP, the core is operating well below its thermal
1imits., and the resultant CPC calculated LPD and DNBR
trips are highly conservative.

ACTIONS

A.1.1 and A.1.2

When the F), values exceed the F%,va]*es,used in the COLSS
and CPCs, nonconservative opera%wng mmits and trip

setpoints may be calculated. In this case, action must be
taken to ensure that the COLSS operating Timits and CPC trip

(continued)
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ACTIONS

A.1.1 and A.1.2 (continued)

setpoints remain valid with respect to the accident
analysis. The operator can do this by performing the
Required Actions A.1.1 and A.1.2. The 6 hour Completion
Time provides the time required to calculate the required
multipliers and make the necessary adjustments to the CPC
addressable constants. During this period the DNBR and LHR
setpoints may be slightly nonconservative but DNBR and LHR
are still within Timits. Therefore, 6 hours is an
acceptable Completion Time to perform these actions
considering the Tow probability of an accident occurring
during this time period.

A.2

As an alternative to Required Actions A.1.1 and A.1.2, the
operator may adjust the affected values of Fy used in the
COLSS and CPCs to values > F,. The 6 hour Completion Time
provides the time required to calculate the required
multipliers and make the necessary adjustments to the CPC
addressable constants. During this period the DNBR and LHR
setpoints may be slightly nonconservative but DNBR and LHR
are still within Timits. Therefore, 6 hours is an
acceptable Completion Time to perform these actions
considering the Tow probability of an accident occurring
during this time period.

A3

[T Required Actions A.1.1 and A.1.2 or A.Z2 cannot be
accomplished within 6 hours, the core power must be reduced.
Reduction to 20% RTP or less ensures that the core is
operating within the specified thermal 1limits and places the
core in a conservative condition based on the trip setpoints
generated by the COLSS and CPC operating limits; these
limits are established assuming a minimum core power of

20% RTP. Six hours is a reasonable time to reach 20% RTP in
an orderly manner and without challenging plant systems.

(continued)
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BASES  (continued)

SURVETLLANCE SR 3.2.2.1

REQUIREMENTS
This periodic Surveillance is for determining, using the
Incore Detector System, that F, values are < f@ values used
in the COLSS and CPCs. It ensures that the F;, values used
remain valid throughout the fuel cycle. The gurvew]]ance
Frequency is controlled under the Survew]]ance Frequency
Control Program. Determining the FXy values after each fuel
loading when THERMAL POWER is > 40% RTP, but prior to its
exceeding 70% RTP, ensures that the core is properly loaded.

REFERENCES 1. UFSAR, Section 15.
2. UFSAR, Section 6.
3. CE-1 Correlation for DNBR.
4. 10 CFR 50, Appendix A, GDC 10.
5. 10 CFR 50.46.
6. Regulatory Guide 1.77, Rev. 0, May 1974.

/. 10 CFR 50, Appendix A, GDC 26.
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B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.3 AZIMUTHAL POWER TILT (T,)

BASES

BACKGROUND The purpose of this LCO is to Timit the core power
distribution to the initial values assumed in the accident
analyses. Operation within the Timits imposed by this LCO
either Timits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and
release fission products to the reactor coolant in the event
of a Loss Of Coolant Accident (LOCA), loss of flow accident,
ejected Control Element Assembly (CEA) accident, or other
postulated accident requiring termination by a Reactor
Protective System (RPS) trip function. This LCO Timits the
amount of damage to the fuel cladding during an accident by
ensuring that the plant is operating within acceptable
conditions at the onset of a transient.

Methods of controlling the power distribution include:

a. Using full strength or part strength CEAs to alter the
axial power distribution;

D. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions, (e.g., a CEA drop
or misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (e.g., CEA
insertion and alignment 1imits), the power distribution does
not result in violation of this LCO. The 1imiting safety
system settings and this LCO are based on the accident
analyses (Refs. 1 and 2), so that specified acceptable fuel
design Timits are not exceeded as a result of Anticipated
Operational Occurrences (AOOs) and the Timits of acceptable
consequences are not exceeded for other postulated
accidents.

Limiting power distribution skewing over time also minimizes

xenon distribution skewing, which is a significant factor in
controlling axial power distribution.

(continued)
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B 3.2.3
BASES
BACKGROUND Power distribution is a product of multiple parameters,
(continued) various combinations of which may produce acceptable power

distributions. Operation within the design limits of power
distribution is accomplished by generating operating Timits
on the Linear Heat Rate (LHR) and the Departure from
NucTeate Boiling (DNB).

Proximity to the DNB condition is expressed by the Departure
from Nucleate Boiling Ratio (DNBR), defined as the ratio of
the cladding surface heat flux required to cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and AOOs is the DNBR Safety
Limit as calculated by the CE-1 Correlation (Ref. 3) and
corrected for such factors as rod bow and grid spacers, and
it is accepted as an appropriate margin to DNB for all
operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limit Supervisory System (COLSS)
and the Core Protection Calculators (CPCs). The COLSS and
CPCs that monitor the core power distribution are capable of
verifying that the LHR and the DNBR do not exceed their
lTimits. The COLSS performs this function by continuously
monitoring the core power distribution and calculating core
power operating limits corresponding to the allowable peak
LHR and DNBR. The CPCs perform this function by
continuously calculating actual values of DNBR and Local
Power Density (LPD) for comparison with the respective trip
setpoints.

A DNBR penalty factor is included in the COLSS and CPC DNBR
calculation to accommodate the effects of rod bow. The
amount of rod bow in each assembly is dependent upon the
average burnup experienced by the assembly. Fuel assemblies
that incur higher than average burnup experience greater
magnitude of rod bow. Conversely, fuel assemblies that
receive lower than average burnup experience less rod bow.
In design calculations for a reload core, each batch of fuel
is assigned a penalty applied to the maximum integrated
planar radial power peak of the batch. This penalty is
correlated with the amount of rod bow that is determined
from the maximum average assembly burnup of the batch. A
single net penalty for the COLSS and CPCs is then determined
from the penalties associated with each batch that comprises
a core reload, accounting for the offsetting margins caused
by the Tower radial power peaks in the higher burnup
batches.

(continued)
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BACKGROUND
(continued)

The COLSS indicates continuously to the operator how far the
core is from the operating Timits and provides an audible
alarm if an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design limits. If the
margin to fuel design Timits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded for AOOs by initiating a reactor trip.

The COLSS continually generates an assessment of the
calculated margin for LHR and DNBR specified Timits. The
data required for these assessments include measured incore
neutron flux data, CEA positions, and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

In addition to the monitoring performed by the COLSS, the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP. This threshold is set at
20% RTP because the power range excore neutron flux
detection system is inaccurate below this power level. If
power distribution or other parameters are perturbed as a
result of an AOO, the high local power density or Tow DNBR
trips in the RPS initiate a reactor trip prior to exceeding
fuel design limits.

The Timits on the ASI, F,,. and T, represent limits within
which the LHR and DNBR algorithms are valid. These limits
are obtained directly from the initial core or reload
analysis.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
operation and AOOs (Ref. 4). The power distribution and CEA
insertion and alignment LCOs preclude core power
distributions that violate the following fuel design
criteria:

a. During a LOCA, peak cladding temperature must not
exceed 2200°F (Ref. 5);

(continued)
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APPLICABLE

SAFETY ANALYSES
(continued)

b. During CEA misoperation events or a loss of flow
accident, there must be at least
95% probability at the 95% confidence level (the
95/95 DNB criterion) that the hot fuel rod in the core
does not experience a DNB condition (Ref. 4);

C. During a CEA ejection accident, the fission energy
input to the fuel must not exceed 280 cal/gm (Ref. 6);
and

d. The control rods (excluding part strength rods) must be
capable of shutting down the reactor with a minimum
required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 7).

The power density at any point in the core must be Timited
to maintain the fuel design criteria (Ref. 1). This result
is accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analysis (Ref. 2) with due regard for the
correlations between measured quantities, the power
distribution, and uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is Timited by
restricting the maximum Linear Heat Generation Rate (LHGR)
so that the peak cladding temperature does not exceed 2200°F
(Ref. 1). Peak cladding temperatures exceeding 2200°F cause
severe cladding failure by oxidation due to a Zircaloy water
reaction.

The LCOs governing LHR, ASI, CEAs, and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and F,, Timits specified in the COLR, and within the T,
limits. The Tatter are process variables that characterize
the three dimensional power distribution of the reactor
core. Operation within the Timits of these variables
ensures that their actual values are within the range used
in the accident analyses (Ref. 1).

(continued)
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APPLICABLE
SAFETY ANALYSES
(continued)

Fuel cladding damage does not occur from conditions outside

the Timits of these LCOs during normal operation. However,

fuel cladding damage could result if an accident occurs due

to initial conditions outside the 1imits of these LCOs. The
potential for fuel cladding damage exists because changes in
the power distribution can cause increased power peaking and
correspondingly increased local LHRS.

T, satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

LCO

The power distribution LCO Timits are based on correlations
between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO 1imits are provided in the COLR.

The Timitations on the T, are provided to ensure that design
operating margins are maintained. T, greater than the Timit
in the COLR with COLSS in service or > 0.03 with COLSS out
of service is not expected. If it occurs, the actions to be
taken ensure that operation is restricted to only those
conditions required to identify the cause of the tilt. It
1S necessary to explicitly account for power asymmetries
because the radial peaking factors used in the core power
distribution calculations are based on an untilted power
distribution.

APPLICABILITY

Power distribution is a concern any time the reactor is
critical. The power distribution LCOs, however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS, which then calculates the operating limits, are
inaccurate due to the poor signal to noise ratio that
they experience at relatively low core power levels.

(continued)
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BASES
APPLICABILITY D. As a result of this inaccuracy, the CPCs assume a
(continued) minimum core power of 20% RTP when generating LPD and

DNBR trip signals. When the core power is below this
level, the core is operating well below its thermal
1imits and the resultant CPC calculated LPD and DNBR
trips are highly conservative.

ACTIONS A1l and A.2

[f the measured T, is greater than the T, allowance used in
the CPCs but within the 1imit in the COLR with COLSS in
service or < 0.03 with COLSS out of service, nonconservative
trip setpoints may be calculated. Required Action A.1
restores T, to within its specified 1imits by repositioning
the CEAs, and the reactor may return to normal operation. A
CompWetwon Time of 2 hours is sufficient time to allow the
operator to reposition the CEAs because significant radial
xenon redistribution does not occur within this time.

If the T, cannot be restored within 2 hours, the T,

allowance in the CPCs must be adjusted, per Requwred

Action A.2, to be equal to or greater than the measured
value of T, to ensure that the design safety margins are
mawntawned The COLSS T, alarm must also be adjusted to the
new CPC allowance, so that the COLSS T, alarm is still
valid.

B.1, B.2, B.3, B.4, and B.5

Required Actions B.1, B.2, B.3, B.4, and B.5 are modified by
a Note that requires action B.5 be performed if power
reduction commences prior to restoring T, within the limit.
This requirement ensures that corrective action is taken
before unrestricted power operation resumes.

If the measured T, is not within the Timit in the COLR with
COLSS in service or > 0.03 with COLSS out of service,
THERMAL POWER is reduced to < 50% RTP within 4 hours. The
4 hours allows enough time to take action to restore T,
prior to reducing power and limits the probability of
operation with a power distribution out of Timits. Such
actions include performing SR 3.2.3.2, which provides a
value of T, that can be used in subsequent actions.

(continued)
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B 3.2.3

ACTIONS

B.1, B.2, B.3, B.4, and B.5 (continued)

Also in the case of a tilt generated by a CEA misalignment,
the 4 hours allows recovery of the CEA misalignment. Except
as a result of CEA misalignment, a measured T, not within
the Timit in the COLR with COLSS in service or > 0.03 with
COLSS out of service is not expected. If it occurs,
continued operation of the reactor may be necessary to
discover the cause of the tilt. Operation then is
restricted to only those conditions required to identify the
cause of the tilt. It is necessary to explicitly account
for power asymmetries because the radial power peaking
factors used in the core power distribution calculation are
based on an untilted power distribution.

If the measured T, is not restored to within its specified
limits, the reactor continues to operate with an axial power
distribution mismatch. Continued operation in this
configuration may induce an axial xenon oscillation, which
results in increased LHGRs when the xenon redistributes. If
the measured T, cannot be restored to within its Timit
within 4 hours, reactor power must be reduced. Reducing
THERMAL POWER to < 50% RTP within 4 hours provides an
acceptable level of protection from increased power peaking
due to potential xenon redistribution while maintaining a
power level sufficiently high enough to allow the tilt to be
analyzed.

The Variable Overpower trip setpoints are reduced to

< b5% RTP to ensure that the assumptions of the accident
analysis regarding power peaking are maintained. After
power has been reduced to < 50% RTP, the rate and magnitude
of changes in the core flux are greatly reduced. Therefore,
16 hours is an acceptable time period to allow for reduction
of the Variable Overpower trip setpoints, Required

Action B.2. The 16 hour Completion Time allowed to reduce
the Variable Overpower trip setpoints is required to perform
the actions necessary to reset the trip setpoints.

THERMAL POWER is restricted to 50% RTP until the measured T,
is restored to within its specified 1imit by correcting the
out of Timit condition. This action prevents the operator
from increasing THERMAL POWER above the conservative 1imit
when a significant T, has existed, but allows the unit to
continue operation for diagnostic purposes.

(continued)
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B 3.2.3

ACTIONS

B.1, B.2, B.3, B.4, and B.5 (continued)

If T, is restored prior to identifying and correcting the
cause the plant corrective action program will continue to
evaluate the cause of the out of limit condition.

After a THERMAL POWER increase following restoration of T,
operation may proceed provided the measured T, is determined
to remain within its specified limit at the increased
THERMAL POWER Tevel.

The provision to allow discontinuation of the Surveillance
after verifying that T, is within its specified 1imit at
least once per hour for 12 hours or until T, is verified to
be within its specified Timit at a THERMAL POWER > 95% RTP
provides an acceptable exit from this action after the
measured T, has been returned to an acceptable value.

C.1
[T the measured T, cannot be restored or determined within
its specified 1imit, core power must be reduced. Reduction
of core power to < 20% RTP ensures that the core is
operating within its thermal Timits and places the core in a
conservative condition based on the trip setpoints generated
by the CPCs, which assume a minimum core power of 20% RTP.
Six hours is a reasonable time to reach 20% RTP in an
orderly manner and without challenging plant systems.

SURVETLLANCE
REQUIREMENTS

SR 3.2.3.1

Continuous monitoring of the measured T, by the incore
nuclear detectors is provided by the COLSS. A COLSS alarm
is annunciated in the event that the measured T, exceeds the
value used in the CPCs.

With the COLSS out of service, the operator must calculate

T, and verify that it is within its specified limits. The

Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR 3.2.3.1 (continued)

This SR is also modified by a Note that states that the SR
is not required to be performed until 2 hours after MODE 1
with THERMAL POWER > 20% RTP. During plant startup
(increase from 15-18% RTP), the plant dynamics associated
with the downcomer to economizer swapover may result in a
temporary power increase above 20% RTP. The 2 hours after
reaching 20% RTP is required for plant stabilization.

SR 3.2.3.2

Verification that the COLSS T, alarm actuates at a value
less than the value used in the CPCs ensures that the
operator is alerted if T, approaches its operating Timit.
The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.2.3.3

Independent confirmation of the validity of the COLSS
calculated T, ensures that the COLSS accurately identifies
T,'s. The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

(continued)
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BASES

REFERENCES

—

UFSAR, Section 15.

UFSAR, Section 6.

CE-1 Correlation for DNBR.

10 CFR 50, Appendix A, GDC 10.

10 CFR 50.46.

Regulatory Guide 1.77, Rev. 0, May 1974.
10 CFR 50, Appendix A, GDC 26.
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B 3.2.4

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.4 Departure from Nucleate Boiling Ratio (DNBR)

BASES

BACKGROUND

The purpose of this LCO is to Timit the core power
distribution to the initial value assumed in the accident
analyses. Specifically, operation within the Timits imposed
by this LCO either Timits or prevents potential fuel
cladding failures that could breach the primary fission
product barrier and release fission products to the reactor
coolant in the event of a Loss Of Coolant Accident (LOCA),
loss of flow accident, ejected Control Element Assembly
(CEA) accident, or other postulated accident requiring
termination by a Reactor Protective System (RPS) trip
function. This LCO Timits the amount of damage to the fuel
cladding during an accident by ensuring that the plant is
operating within acceptable conditions at the onset of a
transient.

Methods of controlling the power distribution include:

a. Using full strength or part strength CEAs to alter the
axial power distribution;

D. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (e.g., CEA
insertion and alignment 1imits), the power distribution does
not result in violation of this LCO. The 1imiting safety
system settings and this LCO are based on the accident
analysis (Refs. 1 and 2), so that specified acceptable fuel
design Timits are not exceeded as a result of Anticipated
Operational Occurrences (AOOs) and the Timits of acceptable
consequences are not exceeded for other postulated
accidents.

Limiting power distribution skewing over time also minimizes

the xenon distribution skewing, which is a significant
factor in controlling axial power distribution.

(continued)
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DNBR

B 3.2.4
BASES
BACKGROUND Power distribution is a product of multiple parameters,
(continued) various combinations of which may produce acceptable power

distributions. Operation within the design limits of power
distribution is accomplished by generating operating Timits
on the Linear Heat Rate (LHR) and the Departure from
nucleate boiling (DNB).

Proximity to the DNB condition is expressed by the DNBR,
defined as the ratio of the cladding surface heat flux
required to cause DNB to the actual cladding surface heat
flux. The minimum DNBR value during both normal operation
and AOOs is the DNBR Safety Limit as calculated by the CE-1
Correlation (Ref. 3) and corrected for such factors as rod
bows and grid spacers and it is accepted as an appropriate
margin to DNB for all operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limits Supervisory System
(COLSS) and the Core Protection Calculators (CPCs). The
COLSS and CPCs that monitor the core power distribution are
capable of verifying that the LHR and DNBR do not exceed
their Timits. The COLSS performs this function by
continuously monitoring the core power distribution and
calculating core power operating limits corresponding to the
allowable peak LHR and DNBR. The CPCs perform this function
by continuously calculating an actual value of DNBR and LPD
for comparison with the respective trip setpoints.

A DNBR penalty factor is included in both the COLSS and CPC
DNBR calculation to accommodate the effects of rod bow. The
amount of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnup experience
a greater magnitude of rod bow. Conversely, fuel assemblies
that receive lower than average burnup experience less rod
bow. In design calculations for a reload core, each batch
of fuel is assigned a penalty that is applied to the maximum
integrated planar radial power peak of the batch. This
penalty is correlated with the amount of rod bow that is
determined from the maximum average assembly burnup of the
batch. A single net penalty for the COLSS and CPCs is then
determined from the penalties associated with each batch
that comprises a core reload, accounting for the offsetting
margins due to the lTower radial power peaks in the higher
burnup batches.

(continued)
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DNBR
B 3.2.4

BACKGROUND
(continued)

The COLSS indicates continuously to the operator how far the
core is from the operating Timits and provides an audible
alarm when an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design limits. If the
margin to fuel design Timits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded during AOOs by initiating a reactor trip.

The COLSS continually generates an assessment of the
calculated margin for LHR and DNBR specified Timits. The
data required for these assessments include measured incore
neutron flux, CEA positions, and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

In addition to the monitoring performed by the COLSS, the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP because the power range excore
neutron flux detecting system is inaccurate below this power
level. [If power distribution or other parameters are
perturbed as a result of an AOO, the high Tlocal power
density or Tow DNBR trips in the RPS initiate a reactor trip
prior to exceeding fuel design Timits.

The Timits on ASI, F,,, and T, represent limits within which
the LHR and DNBR a]gorwthms are valid. These Timits are
obtained directly from the initial core or reload analysis.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
normal operation or AOOs (Ref. 4). The power distribution
and CEA insertion and alignment LCOs prevent core power
distributions from reaching levels that violate the
following fuel design criteria:

a. During a LOCA, peak cladding temperature must not
exceed 2200°F (Ref. 5);

(continued)
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B3.2.4
BASES
APPLICABLE b. During CEA misoperation events or a loss of flow
accident, there must be at least
SAFETY ANALYSES 95% probability at the 95% confidence level (the
(continued) 95/95 DNB criterion) that the hot fuel rod in the core

does not experience a DNB condition (Ref. 3);

C. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal/gm (Ref. 6);
and

d. The control rods (excluding part strength rods) must be
capable of shutting down the reactor with a minimum
required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 7).

The power density at any point in the core must be Timited
to maintain the fuel design criteria (Ref. 4). This is
accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations between measured quantities, the power
distribution, and uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is Timited by
restricting the maximum Linear Heat Generation Rate (LHGR)
so that the peak cladding temperature does not exceed 2200°F
(Ref. 4). Peak cladding temperatures exceeding 2200°F may
cause severe cladding failure by oxidation due to a Zircaloy
water reaction.

The LCOs governing LHR, ASI, CEAs, and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and F,, Timits specified in the COLR, and within the T,
limits. The Tatter are process variables that characterize
the three dimensional power distribution of the reactor
core. Operation within the limits for these variables
ensures that their actual values are within the range used
in the accident analyses (Ref. 1).

(continued)
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B3.2.4
BASES
APPLICABLE Fuel cladding damage does not occur from conditions outside
SAFETY ANALYSES  the Timits of these LCOs during normal operation. However,
(continued) fuel cladding damage could result if an accident occurs from
initial conditions outside the Timits of these LCOs. This
potential for fuel cladding damage exists because changes in
the power distribution can cause increased power peaking and
correspondingly increased local LHRS.
DNBR satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).
LCO The power distribution LCO Timits are based on correlations

between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO 1imits are provided in the COLR.

With the COLSS in service and at Teast one of the Control
Element Assembly Calculators (CEACs) OPERABLE in each
operable CPC Channel, the DNBR will be maintained by
ensuring that the core power calculated by the COLSS is
equal to or less than the permissible core power operating
1imit based on DNBR calculated by the COLSS. In the event
that the COLSS 1is in service but the above condition is not
met, the DNBR is maintained by ensuring that the core power
calculated by the COLSS is equal to or less than a reduced
value of the permissible core power operating limit
calculated by the COLSS. In this condition, the calculated
operating limit must be reduced by the allowance specified
in the COLR.

In instances for which the COLSS is out of service and at
least one of the CEACs are OPERABLE in each operable CPC
Channel, the DNBR is maintained by operating within the
acceptable region specified in the COLR and using any
OPERABLE CPC channel. Alternatively, when the COLSS is out
of service and the above condition is not met, the DNBR is
maintained by operating within the acceptable region
specified in the COLR for this condition and using any
OPERABLE CPC channel with two inoperable CEACs. Note that
the DNBR Margin Operating Limit based on CPC COLR Timits
(Figures 3.2.4-2 & 3.2.4-3) should not be used during a four
finger CEA misalignment event as the radial distortion
(static and xenon transient) and azimuthal tilt are not
accounted for in the CPC DNBR calculation in all cases.

(continued)

PALO VERDE UNITS 1,2,3 B 3.2.4-5 REVISION 60




BASES

DNBR
B 3.2.4

LCO
(continued)

With the COLSS out of service, the Timitation on DNBR as a
operating conditions consistent with the analysis
assumptions that have been analytically demonstrated
adequate to maintain an acceptable minimum DNBR for all
AQOs. Operation of the core with a DNBR at or above this
1imit ensures that an acceptable minimum DNBR is maintained
in the event of the most 1imiting AOO (i.e., loss of flow
transient, CEA misoperation events, or asymmetric SG
transient).

APPLICABILITY

Power distribution is a concern any time the reactor is
critical. The power distribution LCOs, however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS, which then calculates the operating limits, are
inaccurate due to the poor signal to noise ratio that
they experience at relatively low core power levels.

b. As a result of this inaccuracy, the CPCs assume a
minimum core power of 20% RTP when generating the
Local Power Density (LPD) and DNBR trip signals. When
the core power is below this level, the core is
operating well below the thermal limits and the
resultant CPC calculated LPD and DNBR trips are highly
conservative.

ACTIONS

Al

Operating at or above the minimum required value of the DNBR
ensures that an acceptable minimum DNBR is maintained in the
event of a postulated AOO. If the core power as calculated
by the COLSS exceeds the core power 1imit calculated by the
COLSS based on the DNBR, fuel design limits may not be
maintained following an AOO and prompt action must be taken
to restore the DNBR above its minimum Allowable Value. With
the COLSS in service, 1 hour is a reasonable time for the
operator to initiate corrective actions to restore the DNBR
above its specified 1imit, because of the Tow probability of
a severe transient occurring in this relatively short time.

(continued)
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B 3.2.4

ACTIONS
(continued)

B.1, B.2.1, and B.2.2

[T the COLSS is not available the OPERABLE DNBR channels are
monitored to ensure that the DNBR is not exceeded.
Maintaining the DNBR within this specified range ensures
that no postulated accident results in consequences more
severe than those described in the UFSAR, Chapter 15. A

4 hour Frequency is allowed to restore the DNBR Timit to
within the region of acceptable operation. This Frequency
is reasonable because the COLSS allows the plant to operate
with Tess DNBR margin (closer to the DNBR 1imit) than when
monitoring with the CPCs.

When operating with the COLSS out of service and DNBR
outside the region of acceptable operation, there is a
possibility of a slow undetectable transient that degrades
the DNBR slowly over the 4 hour period and is then followed
by an anticipated operational occurrence or an accident. To
remedy this, the CPC calculated values of DNBR are monitored
every 15 minutes when the COLSS is out of service and DNBR
outside the region of acceptable operation. The 15 minute
frequency is adequate to allow the operator to identify an
adverse trend in conditions that could result in an approach
to the DNBR Timit. Also, a maximum allowable change in the
CPC calculated DNBR ensures that further degradation
requires the operators to take immediate action to restore
DNBR to within 1limits or reduce reactor power to comply with
the Technical Specifications (TS). With an adverse trend, 1
hour is allowed for restoring DNBR to within Timits if the
COLSS is not restored to OPERABLE status. Implementation of
this requirement ensures that reductions in core thermal
margin are quickly detected and, if necessary, results in a
decrease in reactor power and subsequent compliance with the
existing COLSS out of service TS Timits. If DNBR cannot be
monitored every 15 minutes, assume that there is an adverse
trend.

With no adverse trend, 4 hours is allowed for restoring the
DNBR to within Timits if the COLSS is not restored to
OPERABLE status. This duration is reasonable because the
Frequency of the CPC determination of DNBR has been
increased, and, if operation is maintained steady, the
likelihood of exceeding the DNBR 1imit during this period is
not increased. The likelihood of induced reactor transients
from an early power reduction is also decreased.

(continued)
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B 3.2.4

ACTIONS
(continued)

C.1
[T the DNBR cannot be restored or determined within the
allowed times of Conditions A and B, core power must be
reduced. Reduction of core power to < 20% RTP ensures that
the core is operating within its thermal Timits and places
the core in a conservative condition based on trip setpoints
generated by the CPCs, which assume a minimum core power of
20% RTP.

The allowed Completion Time of 6 hours is reasonable, based
on operating experience, to reach 20% RTP from full power
conditions in an orderly manner and without challenging
plant systems.

SURVETLLANCE
REQUIREMENTS

SR 3.2.4.1

With the COLSS out of service, the operator must monitor the
DNBR as indicated on all of the OPERABLE DNBR channels of
the CPCs to verify that the DNBR is within the specified
1imits shown in the COLR. The Surveillance Frequency is
controlled under the Surveillance Frequency Control Program.

This SR is modified by a Note that states that the SR is
only applicable when the COLSS is out of service.

Continuous monitoring of the DNBR is provided by the COLSS,
which calculates core power and core power operating Timits
based on the DNBR and continuously displays these Timits to
the operator. A COLSS margin alarm is annunciated in the
event that the THERMAL POWER exceeds the core power
operating limit based on the DNBR. This SR is also modified
by a Note that states that the SR is not required to be
performed until 2 hours after MODE 1 with THERMAL POWER >
20% RTP. During plant startup (increase from 15-18% RTP),
the plant dynamics associated with the downcomer to
economizer swapover may result in a temporary power increase
above 20% RTP. The 2 hours after reaching 20% RTP is
required for plant stabilization.

(continued)
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B3.2.4
BASES
SURVETLLANCE SR 3.2.4.2
REQUIREMENTS
(continued) Verification that the COLSS margin alarm actuates at a power
level equal to or less than the core power operating limit,
as calculated by the COLSS, based on the DNBR, ensures that
the operator is alerted when operating conditions approach
the DNBR operating Timit. The Surveillance Frequency is
controlled under the Surveillance Frequency Control Program.
REFERENCES 1. UFSAR, Chapter 15.

UFSAR, Chapter 6.

CE-1 Correlation for DNBR.

10 CFR 50, Appendix A, GDC 10.

10 CFR 50.46.

Regulatory Guide 1.77, Rev. 0, May 1974.
10 CFR 50, Appendix A, GDC 26.
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AST
B 3.2.5

B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.5 AXIAL SHAPE INDEX (ASI)

BASES

BACKGROUND The purpose of this LCO is to Timit the core power
distribution to the initial values assumed in the accident
analysis. Operation within the Timits imposed by this LCO
either Timits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and
release fission products to the reactor coolant in the event
of a Loss Of Coolant Accident (LOCA), loss of flow accident,
ejected Control Element Assembly (CEA) accident, or other
postulated accident requiring termination by a Reactor
Protective System (RPS) trip function. This LCO Timits the
amount of damage to the fuel cladding during an accident by
ensuring that the plant is operating within acceptable
conditions at the onset of a transient.

Methods of controlling the axial power distribution include:

a. Using full strength or part strength CEAs to alter the
axial power distribution;

D. Decreasing CEA insertion by boration, thereby
improving the axial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (CEA
insertion and alignment 1imits), the power distribution does
not result in violation of this LCO. The 1imiting safety
system settings are based on the accident analyses (Refs. 1
and 2), so that specified acceptable fuel design Timits are
not exceeded as a result of Anticipated Operational
Occurrences (AOOs) and the limits of acceptable consequences
are not exceeded for other postulated accidents.

Limiting power distribution skewing over time also minimizes

xenon distribution skewing, which is a significant factor in
controlling axial power distribution.

(continued)
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B 3.2.5
BASES
BACKGROUND Power distribution is a product of multiple parameters,
(continued) various combinations of which may produce acceptable power

distributions. Operation within the design limits of power
distribution is accomplished by generating operating Timits
on the Linear Heat Rate (LHR) and the Departure from
NucTeate Boiling (DNB).

Proximity to the DNB condition is expressed by the Departure
from Nucleate Boiling Ratio (DNBR), defined as the ratio of
the cladding surface heat flux required to cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and AOOs is the DNBR Safety
Limit as calculated by the CE-1 Correlation (Ref. 3), and
corrected for such factors as rod bow and grid spacers, and
it is accepted as an appropriate margin to DNB for all
operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limit Supervisory System (COLSS)
or the Core Protection Calculators (CPCs). The COLSS and
CPCs monitor the core power distribution and are capable of
verifying that the LHR and DNBR do not exceed their Timits.
The COLSS performs this function by continuously monitoring
the core power distribution and calculating core power
operating limits corresponding to the allowable peak LHR and
DNBR. The CPCs perform this function by continuously
calculating actual values of DNBR and Tocal power density
(LPD) for comparison with the respective trip setpoints.

A DNBR penalty factor is included in both the COLSS and CPC
DNBR calculations to accommodate the effects of rod bow.

The amount of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnup experience
greater rod bow. Conversely, fuel assemblies that receive
Tower than average burnup experience less rod bow. In
design calculations for a reload core, each batch of fuel 1is
assigned a penalty that is applied to the maximum integrated
planar radial power peak of the batch. This penalty is
correlated with the amount of rod bow that is determined
from the maximum average assembly burnup of the batch. A
single net penalty for the COLSS and CPC is then determined
from the penalties associated with each batch that comprises
a core reload, accounting for the offsetting margins due to
the Tower radial power peaks in the higher burnup batches.

(continued)
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B 3.2.5

BACKGROUND
(continued)

The COLSS indicates continuously to the operator how far the
core is from the operating Timits and provides an audible
alarm if an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design limits. If the
margin to fuel design Timits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded for AOOs by initiating a reactor trip.

The COLSS continually generates an assessment of the
calculated margin for LHR and DNBR specified Timits. The
data required for these assessments include measured incore
neutron flux, CEA positions, and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

In addition to the monitoring performed by the COLSS, the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP because the power range excore
neutron flux detecting system is inaccurate below this power
level. [If power distribution or other parameters are
perturbed as a result of an AOO, the high Tlocal power
density or Tow DNBR trips in the RPS initiate a reactor trip
prior to exceeding fuel design Timits.

The Timits on ASI, F,,, and T, represent limits within which
the LHR and DNBR a]gorwthms are valid. These Timits are
obtained directly from the initial core or reload analysis.

APPLICABLE
SAFETY ANALYSES

The fuel cladding must not sustain damage as a result of
operation or AOOs (Ref. 4). The power distribution and CEA
insertion and alignment LCOs prevent core power
distributions from reaching levels that violate the
following fuel design criteria:

a. During a LOCA, peak cladding temperature must not
exceed 2200°F (Ref. 5);

(continued)

PALO VERDE UNITS 1,2,3 B 3.2.5-3 REVISION 0



BASES

AST
B 3.2.5

APPLICABLE

SAFETY ANALYSES
(continued)

b. During CEA misoperation events or a loss of flow
accident, there must be at Teast
95% probability at the 95% confidence level (the
95/95 DNB criterion) that the hot fuel rod in the core
does not experience a DNB condition (Ref. 4);

C. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal/gm (Ref. 6);

d. The control rods (excluding part strength rods) must be
capable of shutting down the reactor with a minimum
required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 7).

The power density at any point in the core must be Timited
to maintain the fuel design criteria (Refs. 4 and 5). This
is accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations among measured quantities, the power
distribution, and uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is Timited by
restricting the maximum Linear Heat Generation Rate (LHGR)
so that the peak cladding temperature does not exceed 2200°F
(Ref. 5). Peak cladding temperatures exceeding 2200°F may
cause severe cladding failure by oxidation due to a Zircaloy
water reaction.

The LCOs governing LHR, ASI, and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and F,, Timits specified in the COLR, and within the T,
limits. The Tatter are process variables that characterize
the three dimensional power distribution of the reactor
core. Operation within the limits for these variables
ensures that their actual values are within the range used
in the accident analysis (Ref. 1).

Fuel cladding damage does not occur from conditions outside
these LCOs during normal operation. However, fuel cladding
damage results when an accident occurs due to initial
conditions outside the Timits of these LCOs. This potential
for fuel cladding damage exists because changes in the power
distribution can cause increased power peaking and
correspondingly increased local LHRs.

(continued)
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APPLICABLE

SAFETY ANALYSES

(continued) The ASI satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(i1).

LCO The power distribution LCO Timits are based on correlations
between power peaking and certain measured variables used as
inputs to LHR and DNBR operating limits. The power
distribution LCO limits are provided in the COLR. The COLR
provides separate limits that are based on different
combinations of COLSS and CEACs being in and out of service.
The Timitation on ASI ensures that the actual ASI value is
maintained within the range of values used in the accident
analyses. The ASI limits ensure that with T, at its maximum
upper limit, the DNBR does not drop below the DNBR Safety
Limit for AQOs.

APPLICABILITY Power distribution is a concern any time the reactor is

critical. The power distribution LCOs, however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS, which then calculates the operating limits, are
inaccurate due to the poor signal to noise ratio that
they experience at relatively low core power levels.

D. As a result of this inaccuracy, the CPCs assume a
minimum core power of 20% RTP when generating the LPD
and DNBR trip signals. When the core power is below
this Tlevel, the core is operating well below the
thermal Timits and the resultant CPC calculated LPD
and DNBR trips are strongly conservative.

(continued)
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AST
B 3.2.5

ACTIONS

Al

The AST 1imits specified in the COLR ensure that the LOCA
and Toss of flow accident criteria assumed in the accident
analyses remain valid. If the ASI exceeds its limit, a
Completion Time of 2 hours is allowed to restore the ASI to
within its specified Timit. This duration gives the
operator sufficient time to reposition the regulating or
part strength CEAs to reduce the axial power imbalance. The
magnitude of any potential xenon oscillation is
significantly reduced if the condition is not allowed to
persist for more than 2 hours.

B.1

IT the ASI 1is not restored to within its specified Timits
within the required Completion Time, the reactor continues
to operate with an axial power distribution mismatch.
Continued operation in this configuration induces an axial
xenon oscillation, and results in increased LHGRs when the
xenon redistributes. Reducing thermal power to < 20% RTP
reduces the maximum LHR to a value that does not exceed the
fuel design 1imits if a design basis event occurs. The
allowed Completion Time of 4 hours is reasonable, based on
operating experience, to reduce power in an orderly manner
and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.5.1

The AST can be monitored by both the incore (COLSS) and
excore (CPC) neutron detector systems. The COLSS provides
the operator with an alarm if an ASI Timit is approached.

Verification of the ASI ensures that the operator is aware
of changes in the ASI as they develop. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

(continued)
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BASES
SURVETLLANCE SR 3.2.5.1 (continued)
REQUIREMENTS
(continued) This SR is modified by a Note that states that the SR is not
required to be performed until 2 hours after MODE 1 with
THERMAL POWER > 20% RTP. During plant startup (increase
from 15-18% RTP), the plant dynamics associated with the
downcomer to economizer swapover may result in a temporary
power increase above 20% RTP. The 2 hours after reaching
20% RTP is required for plant stabilization.
REFERENCES 1. UFSAR, Chapter 15.

UFSAR, Chapter 6.

CE-1 Correlation for DNBR.

10 CFR 50, Appendix A, GDC 10.
10 CFR 50.46.

S o B~ L0 N

Regulatory Guide 1.77, Rev. 0, May 1974.
/. 10 CFR 50, Appendix A, GDC 26.
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RPS Instrumentation — Operating
B 3.3.1

B 3.3 INSTRUMENTATION

B 3.3.1 Reactor Protective System (RPS) Instrumentation — Operating
BASES
BACKGROUND The RPS initiates a reactor trip to protect against

violating the core specified acceptable fuel design Timits
and breaching the reactor coolant pressure boundary (RCPB)
during selected anticipated operational occurrences (A0Os).
By tripping the reactor, the RPS also assists the
Engineered Safety Features (ESF) systems in mitigating
accidents.

The protection and monitoring systems have been designed to
ensure safe operation of the reactor. This is achieved by
specifying limiting safety system settings (LSSS) in terms
of parameters directly monitored by the RPS, as well as LCOs
on other reactor system parameters and equipment
performance.

Except for the Trip Function 6 and 7, the LSSS defined in
this Specification as the Allowable Value, in conjunction
with the LCOs, establish the threshold for protective system
action to prevent exceeding acceptable Timits during Design
Basis Accidents (DBAs). For Trip Functions 6 and 7, the
UFSAR Trip Setpoint is the LSSS.

During AOOs, which are those events expected to occur one or
more times during the plant life, the acceptable limits are:

o The departure from nucleate boiling ratio (DNBR) shall
be maintained above the Safety Limit (SL) value to
prevent departure from nucleate boiling (DNB);

. Fuel centerline melting shall not occur; and

o The Reactor Coolant System (RCS) pressure SL of
2750 psia shall not be exceeded.

Maintaining the parameters within the above values ensures
that the offsite dose will be within the 10 CFR 50 (Ref. 1)
and 10 CFR 100 (Ref. 2) criteria during AQOs.

Accidents are events that are analyzed even though they are
not expected to occur during the plant life. The acceptable
1imit during accidents is that the offsite dose shall be

maintained within an acceptable fraction of 10 CFR 100 (Ref.
2) Timits. Different accident categories allow a different

fraction of these Timits based on probability of .
(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-1 REVISION 62



RPS Instrumentation — Operating

B 3.3.1
BASES
BACKGROUND occurrence. Meeting the acceptable dose limit for an
(continued) accident category is considered having acceptable

consequences for that event.

The RPS is segmented into four interconnected modules.
These modules are:

. Measurement channels;

. Bistable trip units;

. RPS Logic:; and

. Reactor trip circuit breakers (RTCBs).

This LCO addresses measurement channels and bistable trip
units. It also addresses the automatic bypass removal
feature for those trips with operating bypasses. The RPS
Logic and RTCBs are addressed in LCO 3.3.4, "Reactor
Protective System (RPS) Logic and Trip Initiation." The
CEACs are addressed in LCO 3.3.3, "Control Element Assembly
Calculators (CEACs)."

Measurement Channels

Measurement channels, consisting of field transmitters or
process sensors and associated instrumentation, provide a
measurable electronic signal based upon the physical
characteristics of the parameter being measured.

The excore nuclear instrumentation, the core protection
calculators (CPCs), and the CEACs, though complex, are
considered components in the measurement channels of the
Variable Over Power - High, Logarithmic Power Level - High,
DNBR - Low, and Local Power Density (LPD) - High trips.

Four identical measurement channels, designated channels A
through D, with electrical and physical separation, are
provided for each parameter used in the generation of trip
signals, with the exception of the control element assembly
(CEA) position indication used in the CPCs. Each
measurement channel provides input to one or more RPS
bistables within the same RPS channel. 1In addition, some
measurement channels may also be used as inputs to
Engineered Safety Features Actuation System (ESFAS)
bistables, and most provide indication in the control room.

(continued)
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RPS Instrumentation — Operating
B 3.3.1

BACKGROUND

Measurement Channels (continued)

Measurement channels used as an input to the RPS are not
used for control functions.

When a channel monitoring a parameter exceeds a
predetermined setpoint, indicating an unsafe condition, the
bistable monitoring the parameter in that channel will
trip. Tripping bistables monitoring the same parameter in
two or more channels will de-energize Matrix Logic, which
in turn de-energizes the Initiation Logic. This causes all
four RTCBs to open, interrupting power to the CEAs,
allowing them to fall into the core.

Three of the four measurement and bistable channels are
necessary to meet the redundancy and testability of

10 CFR 50, Appendix A, GDC 21 (Ref. 1). The fourth channel
provides additional flexibility by allowing one channel to
be removed from service (trip channel bypass) for
maintenance or testing while still maintaining a minimum
two-out-of-three logic. Thus, even with a channel
inoperable, no single additional failure in the RPS can
either cause an inadvertent trip or prevent a required trip
from occurring.

Adequate channel to channel independence includes physical
and electrical independence of each channel from the
others. This allows operation in two-out-of-three logic
with one channel removed from service until following the
next MODE 5 entry. Since no single failure will either
cause or prevent a protective system actuation, and no
protective channel feeds a control function, this
arrangement meets the applicable requirements of standards
referenced in the UFSAR, Chapter 7 (Ref. 4).

The CPCs perform the calculations required to derive the
DNBR and LPD parameters and their associated RPS trips.
Four separate CPCs perform the calculations independently,
one for each of the four RPS channels. The CPCs provide
outputs to drive display indications (DNBR margin, LPD
margin, and calibrated neutron flux power Tevels) and
provide DNBR - Low and LPD - High pretrip and trip signals.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-3 REVISION 53



BASES

RPS Instrumentation — Operating
B 3.3.1

BACKGROUND

Measurement Channels (continued)

The CPC channel outputs for the DNBR - Low and LPD - High
trips operate contacts in the Matrix Logic in a manner
identical to the other RPS trips.

Each CPC receives the following inputs:
e Hot Teg and cold leg temperatures;

e Pressurizer pressure;

e Reactor coolant pump speed;

e [Excore neutron flux levels;

e Target CEA positions; and

e (EAC penalty factors.

Fach CPC is programmed with "addressable constants.” These
are various alignment values, correction factors, etc.,
that are required for the CPC computations. They can be
accessed for display or for the purpose of changing them as
necessary.

The CPCs use this constant and variable information to
perform a number of calculations. These include the
calculation of CEA group and subgroup deviations (and the
assignment of conservative penalty factors), correction and
calculation of average axial power distribution (APD)
(based on excore flux levels and CEA positions),
calculation of coolant flow (based on pump speed), and
calculation of calibrated average power level (based on
excore flux levels and AT power).

The DNBR calculation considers primary pressure, inlet
temperature, coolant flow average power, APD, radial
peaking factors, and CEA deviation penalty factors from the
CEACs to calculate the state of the Timiting (hot) coolant
channel in the core. A DNBR - Low trip occurs when the
calculated value reaches the minimum DNBR trip setpoint.

The LPD calculation considers APD, average power, radial
peaking factors (based upon target CEA position), and CEAC
penalty factors to calculate the current value of
compensated peak power density. An LPD - High trip occurs
when the calculated value reaches the trip setpoint. The
four CPC channels provide input to the four DNBR - Low and
four LPD - High RPS trip channels. They effectively act as
the sensor and bistable trip units (using many inputs) for
these trips.

(continued)
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BACKGROUND

Measurement Channels (continued)

The CEACs perform the calculations required to determine
the position of CEAs within their subgroups for the CPCs.
Two independent CEACs within each CPC channel compare the
position of each CEA to its subgroup position. If a
deviation is detected by either CEAC, an annunciator sounds
and appropriate “penalty factors” are transmitted to the
CPC in the affected channel. These penalty factors
conservatively adjust the effective operating margins to
the DNBR - Low and LPD - High trips.

Each CEA has two separate reed switch position transmitter
(RSPT) assemblies mounted outside the Reactor Coolant
Pressure Boundary (RCPB), designated RSPT 1 and RSPT 2.
CEA position from the RSPTs is processed by two CEA
Position Processors (CPPs) located in each CPC channel.

The CPPs transmit CEA position to the appropriate CEAC in
all four CPC channels over optically isolated datalinks,
such that CEAC 1 in all channels receives the position of
all CEAs based upon RSPT 1, and CEAC 2 receives the
position of all CEAs based upon RSPT 2. Thus the position
of all CEAs is independently monitored by both CEACs in
each CPC channel.

The CPCs display the position of each CEA to the operator
on a separate single CEA Position Flat Panel Display. Each
CPC channel is connected to the display by means of an
optically isolated data link. The operator may select the
channel for display. Selecting channel A or B will display
CEA position based upon RSPT 1 on each CEA, whereas
selecting channel C or D will display CEA position based
upon RSPT 2 on each CEA.

CEACS are addressed in LCO 3.3.3.

(continued)
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BACKGROUND

Bistable Trip Units

Bistable trip units, mounted in the Plant Protection System
(PPS) cabinet, receive an analog input from the measurement
channels. They compare the analog input to trip setpoints
and provide contact output to the Matrix Logic. They also
provide local trip indication and remote annunciation.

There are four channels of bistables, designated A, B, C,
and D, for each RPS parameter, one for each measurement
channel. Bistables de-energize when a trip occurs, in turn
de-energizing bistable relays mounted in the PPS relay card
racks.

The contacts from these bistable relays are arranged into
Six coincidence matrices, comprising and Matrix Logic. If
bistables monitoring the same parameter in at least two
channels trip, the Matrix Logic will generate a reactor trip
(two-out-of-four logic).

Some measurement channels provide contact outputs to the
PPS. In these cases, there is no bistable card, and
opening the contact input directly de-energizes the
associated bistable relays. These include the CPC
generated DNBR - Low and LPD - High trips. The CPC
auxiliary trip functions (e.g., CPC VOPT algorithm) do not
have any direct contact outputs to the PPS. The auxiliary
trip functions act through the DNBR - Low and LPD - High
trip contacts to de-energize the associated CPC initiation
relays that provide a channel trip signal to the PPS
parameters 3 and 4 bistable relays. OQOther CPC trip
functions may also apply a penalty factor to cause a DNBR
or LPD trip.

The trip setpoints used in the bistables are based on the
analytical limits derived from the accident analysis
(Ref. 5). The selection of these trip setpoints is such
that adequate protection is provided when all sensor and
processing time delays are taken into account. To allow
for calibration tolerances., instrumentation uncertainties,
instrument drift, and severe environment errors for those
RPS channels that must function in harsh environments as
defined by 10 CFR 50.49 (Ref. 6). Allowable Values
specified in Table 3.3.1-1, in the accompanying LCO, are
conservatively adjusted with respect to the analytical
limits. A detailed description of the methodology used to
calculate the trip setpoints, including their explicit
(continued)
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BACKGROUND

Bistable Trip Units (continued)

uncertainties, is provided in “Calculation of Trip Setpoint
Values” (Ref. 7). The UFSAR Trip Setpoints are based on the
calculated total loop uncertainty consistent with the
methodology as documented in the UFSAR (RG 1.105, Revision
1, November 1976) (Ref. 14). The general relationship among
the PUNGS trip setpoint terms is as follows: The calculated
Limiting Setpoint (LSp) is determined within the plant
specific setpoint analysis and is based on the Analytical
Limit and the Total Loop Uncertainty. The UFSAR Trip
Setpoint is equal to or more conservative than the LSp and
is specified in the UFSAR. The Design Setpoint (DSp) is the
field installed setting and is equal to or more conservative
than the UFSAR Trip Setpoint. This relationship ensures
that sufficient margin to the safety 1limit is maintained.

A channel is inoperable if its actual setpoint is non-
conservative with respect to its Allowable Value.

To maintain the margins of safety assumed in the safety
analyses, the calculations of the trip variables for the
DNBR - Low and Local Power Density - High trips include the
measurement, calculational, and processor uncertainties and
dynamic allowances as defined in the latest applicable
revision of CEN-305-P, “Functional Design Requirements for a
Core Protection Calculator” (Ref. 10) and CEN-304-P,
“Functional Design Requirements for a Control Element
Assembly Calculator,” (Ref. 11). The safety analyses also
credit the CPC auxiliary trip functions (VOPT, T-hot
Saturation, ASGT, and Low RCS Pressure), which act through
the DNBR - Low and LPD - High trip contacts, to provide core
protection during Anticipated Operational Occurrences and
Design Basis Accidents (Ref. 5 and 8).

Setpoints in accordance with the Allowable Value will ensure
that SLs of Chapter 2.0, “SAFETY LIMITS (SLs).” are not
violated during AOOs, and the consequences of DBAs will be
acceptable, providing the plant is operated from within the
LCOs at the onset of the AOO or DBA and the equipment
functions as designed.

Note that in LCO 3.3.1, the Allowable Values of Table 3.3.1-

1 are the LSSS, except for Trip Functions 6 and 7. For Trip
Functions 6 and 7, the UFSAR Trip Setpoint is the LSSS.

(continued)
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Bistable Trip Units (continued)

Functional testing of the entire RPS, from bistable input
through the opening of individual RTCBs, can be performed
either at power or shutdown and is normally performed on a
quarterly basis. Nuclear instrumentation, the CPCs, and
the CEACs can be similarly tested. CPC and CEAC functional
testing is performed quarterly and during refueling.

UFSAR, Section 7.2 (Ref. 8), provides more detail on RPS
testing. Processing transmitter calibration is normally
performed on refueling basis.

RPS Logic

The RPS Logic, addressed in LCO 3.3.4, consists of both
Matrix and Initiation Logic and employs a scheme that
provides a reactor trip when bistables in any two of the
four channels sense the same input parameter trip. This is
called a two-out-of-four trip logic.

Bistable relay contact outputs from the four channels are
configured into six logic matrices. Each logic matrix
checks for a coincident trip in the same parameter in two
bistable channels. The matrices are designated the AB, AC,
AD, BC, BD, and CD matrices to reflect the bistable
channels being monitored. Each Togic matrix contains four
normally energized matrix relays. When a coincidence is
detected, consisting of a trip in the same Function in the
two channels being monitored by the logic matrix, all four
matrix relays de-energize.

The matrix relay contacts are arranged into trip paths, with
one of the four matrix relays in each matrix opening
contacts in one of the four trip paths. FEach trip path
provides power to one of the four normally energized RTCB
initiation relays. The trip paths thus each have six
contacts in series, one from each matrix, and perform a
logical OR function, opening the RTCBs if any one or more of
the six Togic matrices indicate a coincidence condition.

Each trip path is responsible for opening one of the four
RTCBs. The RTCB initiation relays, when de-energized,
interrupt power to the breaker undervoltage trip
attachments and simultaneously apply power to the shunt
trip attachments on each of the breakers. Actuation of
either the undervoltage or shunt trip attachment is
sufficient to open the RTCB and interrupt power from the
motor generator (MG) sets to the control element drive
mechanisms (CEDMs) .

(continued)
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RPS Logic (continued)

When a coincidence occurs in two RPS channels, all four
matrix relays in the affected matrix de-energize. This in
turn de-energizes all four initiation relays, which
simultaneously de-energize the undervoltage and energize the
shunt trip attachments in all four RTCBs, tripping them
open.

Matrix Logic refers to the matrix power supplies, trip
channel bypass contacts, and interconnecting matrix wiring
between bistable relay cards, up to but not including the
matrix relays. Matrix contacts on the bistable relay cards
are excluded from the Matrix Logic definition, since they
are addressed as part of the measurement channel.

The Initiation Logic consists of the trip path power source,
matrix relays and their associated contacts. all
interconnecting wiring, initiation relays, and the
initiation relay contacts in the RTCB control circuitry.

It is possible to change the two-out-of-four RPS Logic to a
two-out-of-three logic for a given input parameter in one
channel at a time by trip channel bypassing select portions
of the Matrix Logic. Trip channel bypassing a bistable
effectively shorts the bistable relay contacts in the three
matrices associated with that channel. Thus, the bistables
will function normally, producing normal trip indication and
annunciation, but a reactor trip will not occur unless two
additional channels indicate a trip condition.

Trip channel bypassing can be simultaneously performed on
any number of parameters in any number of channels,
providing each parameter is bypassed in only one channel at
a time. An interlock prevents simultaneous trip channel
bypassing of the same parameter in more than one channel.
Trip channel bypassing is normally employed during
maintenance or testing.

Two-out-of-three logic also prevents inadvertent trips
caused by any single channel failure in a trip condition.

(continued)
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RPS Logic (continued)

In addition to the trip channel bypasses, there are also
operating bypasses on select RPS trips. These bypasses are
enabled manually in all four RPS channels when plant
conditions do not warrant the specific trip protection. All
operating bypasses are automatically removed when enabling
bypass conditions are no longer satisfied. Operating
bypasses are normally implemented in the bistable, so that
normal trip indication is also disabled. Trips with
operating bypasses include Pressurizer Pressure — Low,
Logarithmic Power Level — High, and CPC (DNBR — Low and

LPD — High). Refer also to B 3.3.5 for ESFAS operating
bypasses.

Reactor Trip Circuit Breakers (RTCBs)

The reactor trip switchgear, addressed in LCO 3.3.4,
consists of four RTCBs.  Power input to the reactor trip
switchgear comes from two full capacity MG sets operated in
parallel, such that the loss of either MG set does not
de-energize the CEDMs.  Power is supplied from the MG sets
to the CEDM's via two redundant paths (trip legs). Trip
legs 1 and 3 are in parallel with Trip Tegs 2 and 4. This
ensures that a fault or the opening of a breaker in one trip
leg (i.e., for testing purposes) will not interrupt power to
the CEDM buses.

Each of the two trip legs consists of two RTCBs in series.
The two RTCBs within a trip leg are actuated by separate
initiation circuits.

Each RTCB 1is operated by either a manual reactor trip push
button, a Supplementary Protection System (SPS) trip relay
or an RPS actuated Initiation relay. There are four Manual
Trip push buttons each push button operates one of the four
RTCBs. Depressing either of the push buttons in both trip
legs will result in a reactor trip.

When a Manual Trip is initiated using the control room push
buttons, the RPS trip paths and Initiation relays are not
utilized, and the RTCB undervoltage and shunt trip
attachments are actuated independent of the RPS.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-10 REVISION 53



BASES

RPS Instrumentation — Operating
B 3.3.1

BACKGROUND

Reactor Trip Circuit Breakers (RTCBs) (continued)

Manual Trip circuitry includes the push button and
interconnecting wiring to the RTCBs necessary to actuate
both the undervoltage and shunt trip attachments but
excludes the Initiation relay contacts and their
interconnecting wiring to the RTCBs, which are considered
part of the Initiation Logic.

Functional testing of the entire RPS, from bistable input
through the opening of individual RTCBs, can be performed
either at power or shutdown and is normally performed on a
quarterly basis. UFSAR, Section 7.2 (Ref. 8), explains RPS
testing in more detail.

APPLICABLE
SAFETY ANALYSES

Design Basis Definition

The RPS is designed to ensure that the following operational
criteria are met:

. The associated actuation will occur when the parameter
monitored by each channel reaches its setpoint and the
specific coincidence logic is satisfied;

. Separation and redundancy are maintained to permit a
channel to be out of service for testing or
maintenance while still maintaining redundancy within
the RPS instrumentation network.

Each of the analyzed accidents and transients (except for
dropped 4-finger CEA event) can be detected by one or more
RPS Functions. The accident analysis takes credit for most
of the RPS trip Functions. Those functions for which no
credit is taken, termed equipment protective functions, are
not needed from a safety perspective.

Each RPS setpoint is chosen to be consistent with the
function of the respective trip. The basis for each trip
setpoint falls into one of three general categories:

Category 1: To ensure that the SLs are not exceeded
during AO0Os;

Category 2: To assist the ESFAS during accidents; and

Category 3: To prevent material damage to major plant
components (equipment protective).

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-11 REVISION 62



RPS Instrumentation — Operating
B 3.3.1

BASES

APPLICABLE Design Basis Definition (continued)
SAFETY ANALYSES

The RPS maintains the SLs during selected AOOs and
mitigates the consequences of DBAs in all MODES in which
the RTCBs are closed.

Each of the analyzed transients and accidents can be

detected by one or more RPS Functions. Functions not
specifically credited in the accident analysis are part of
the NRC staff approved Ticensing basis for the plant.
Noncredited Functions include the Steam Generator #1

Level — High, and the Steam Generator #2 Level — High. These
trips minimize the potential for equipment damage.

The specific safety analysis applicable to each protective
function is identified below:

1. Variable Over Power-High (RPS)

The Variable Over Power - High Trip (RPS-VOPT) is
provided to protect the reactor core during positive
reactivity addition excursions. Under steady state
conditions the trip setpoint will stay above the
neutron power Tevel signal by a preset value, called
the band function. When the power level increases the
setpoint will increase to attempt to maintain the
separation defined by the Band function, however the
rate of the setpoint change is limited by the rate
function. If the power level signal increases faster
than the setpoint, a trip will occur when the power
level eventually equals the trip setpoint. The
maximum value the setpoint can have is determined by
the ceiling function.

A positive reactivity excursion transient will be
detected by one or more RPS Functions. The Variable
Over Power-High trip (RPS-VOPT) can provide protection
against core damage during the following events:

. Uncontrolled CEA Withdrawal From Subcritical and
Low Power (AOO): and

) CEA Ejection (Accident).

(continued)
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SAFETY ANALYSES

2. Logarithmic Power Level — High

The Logarithmic Power Level — High trip protects the
integrity of the fuel cladding and helps protect the
RCPB in the event of an unplanned criticality from a
shutdown condition.

In MODES 2, 3, 4, and 5, with the RTCBs closed and the
CEA Drive System capable of CEA withdrawal, protection
is required for CEA withdrawal events originating when
logarithmic power is < 1E-4% NRTP. For events
originating above this power level, other trips
provide adequate protection.

MODES 3, 4, and 5, with the RTCBs closed, are
addressed in LCO 3.3.2, "Reactor Protective System
(RPS) Instrumentation — Shutdown."

In MODES 3, 4, or 5, with the RTCBs open or the CEAs
not capable of withdrawal, the Logarithmic Power
Level — High trip does not have to be OPERABLE. The
indication and alarm functions required to indicate a
boron dilution event are addressed in LCO 3.3.12,
"Boron Dilution Alarm System (BDAS)".

3. Pressurizer Pressure — High

The Pressurizer Pressure — High trip provides protection
for the high RCS pressure SL. In conjunction with the
pressurizer safety valves and the main steam safety
valves (MSSVs), it provides protection against
overpressurization of the RCPB during the following
events:

. Loss of Condenser Vacuum (AQO);
. CEA Withdrawal From Low Power Conditions (AQO);

o Chemical and Volume Control System Malfunction
(A0O); and

. Main Feedwater System Pipe Break (Accident).

(continued)
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APPLICABLE Design Basis Definition (continued)
SAFETY ANALYSES

4. Pressurizer Pressure - Low

The Pressurizer Pressure — Low trip is provided to trip
the reactor to assist the ESF System in the event of
loss of coolant accidents (LOCAs). During a LOCA, the
SLs may be exceeded; however, the consequences of the
accident will be acceptable. A Safety Injection
Actuation Signal (SIAS) and a Containment Isolation
Actuation Signal (CIAS) are initiated simultaneously.

5. Containment Pressure — High

The Containment Pressure — High trip prevents exceeding
the containment design pressure psig during a design
basis LOCA or main steam line break (MSLB) accident.
During a LOCA or MSLB the SLs may be exceeded;

however, the consequences of the accident will be
acceptable. An SIAS, CIAS, and MSIS are initiated
simultaneously.

6, 7. Steam Generator Pressure — Low

The Steam Generator #1 Pressure — Low and Steam
Generator #2 Pressure — Low trips provide protection
against an excessive rate of heat extraction from the
steam generators and resulting rapid, uncontrolled
cooldown of the RCS. This trip is needed to shut down
the reactor and assist the ESF System in the event of
an MSLB or main feedwater line break accident. A main
steam isolation signal (MSIS) is initiated
simultaneously.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-14 REVISION 53



BASES

RPS Instrumentation — Operating
B 3.3.1

APPLICABLE Design Basis Definition (continued)

SAFETY ANALYSES

8. 9.
10, 11.
12, 13.

Steam Generator Level — Low

The Steam Generator #1 Level — Low and Steam
Generator #2 Level — Low trips ensure that a reactor
trip signal is generated for the following events to
help prevent exceeding the design pressure of the RCS
due to the loss of the heat sink:

. Inadvertent Opening of a Steam Generator
Atmospheric Dump Valve (A0O);

. Loss of Condenser Vacuum (AOQ);

. Loss of Normal Feedwater Event (AQO);

. Feedwater System Pipe Break (Accident); and
o Single RCP Rotor Seizure (A0QO)

Steam Generator Level — High

The Steam Generator #1 Level — High and Steam

Generator #2 Level — High trips are provided to protect
the turbine from excessive moisture carryover in case
of a steam generator overfill event. A Main Steam
Isolation Signal (MSIS) is initiated simultaneously.

Reactor Coolant Flow — Low

The Reactor Coolant Flow Steam Generator #1-Low and
Reactor Coolant Flow Steam Generator #2-Low trips
provide protection against an RCP Sheared Shaft Event.

A trip is initiated when the pressure differential
across the primary side of either steam generator
decreases below a variable setpoint. This variable
setpoint stays below the pressure differential by a
preset value called the step function, unless Timited by
a preset maximum decreasing rate determined by the Ramp
Function, or a set minimum value determined by the Floor
Function. The setpoints ensure that a reactor trip
occurs to Timit fuel failure and ensure offsite doses
are within 10 CFR 100 guidelines.

(continued)
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SAFETY ANALYSES

14,

Design Basis Definition (continued)

Local Power Density — High

The CPCs perform the calculations required to derive
the DNBR and LPD parameters and their associated RPS
trips. The DNBR — Low and LPD — High trips provide
plant protection during the following AOOs and assist
the ESF systems in the mitigation of the following
accidents.

The LPD — High trip provides protection against fuel
centerline melting due to the occurrence of excessive
local power density peaks during the following AOOs:

. Decrease in Feedwater Temperature;
. Increase in Feedwater Flow;

° Increased Main Steam Flow (not due to the steam
line rupture) Without Turbine Trip;

. Uncontrolled CEA Withdrawal From Low Power;
. Uncontrolled CEA Withdrawal at Power:; and

. CEA Misoperation, except for dropped 4-finger CEA
event.

For the events listed above (except CEA Misoperation
where the DNBR and LPD trips will occur near
simultaneously), DNBR — Low will trip the reactor
first, since DNB would occur before fuel centerline
melting would occur.

Note that the protection for the 4-finger CEA event is
provided by installed thermal margin and operator
actions to reduce power to meet requirements of the
COLR.

(continued)
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APPLICABLE Design Basis Definition (continued)
SAFETY ANALYSES

15. Departure from Nucleate Boiling Ratio (DNBR) — Low

The CPCs perform the calculations required to derive

the DNBR and LPD parameters and their associated RPS
trips. The DNBR — Low and LPD — High trips provide plant
protection during the following AOOs and assist the ESF
systems in the mitigation of the following accidents.

The DNBR — Low trip provides protection against core
damage due to the occurrence of locally saturated
conditions in the Timiting (hot) channel during the
following events and is the primary reactor trip
(trips the reactor first) for these events:

. Decrease in Feedwater Temperature;
. Increase in Feedwater Flow;

° Increased Main Steam Flow (not due to steam line
rupture) Without Turbine Trip;

. Increased Main Steam Flow (not due to steam line
rupture) With a Concurrent Single Failure of an
Active Component;

° Steam Line Break With Concurrent Loss of Offsite
AC Power:;

o Loss of Normal AC Power;

. Partial Loss of Forced Reactor Coolant Flow;

o Total Loss of Forced Reactor Coolant Flow;

. Single Reactor Coolant Pump (RCP) Shaft Seizure;
o Uncontrolled CEA Withdrawal From Low Power;

o Uncontrolled CEA Withdrawal at Power;

. CEA Misoperation, except for dropped 4-finger CEA
event;

. Primary Sample or Instrument Line Break:; and

o Steam Generator Tube Rupture.

In the above 1ist, only the steam line break, the
steam generator tube rupture, the RCP shaft seizure,

and the sample or instrument Tine break are accidents.
The rest are AQ00s.

(continued)
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SAFETY ANALYSES

15.

Departure from Nucleate Boiling Ratio (DNBR)-Low

(continued)

Note that the protection for the 4-finger CEA event is
provided by installed thermal margin and operator
actions to reduce power to meet requirements of the
COLR.

In the safety analyses for transients involving
reactivity and power distribution anomalies, credit
may be taken for the CPC VOPT auxiliary trip algorithm
in lieu of the RPS VOPT trip function. The exact trip
credited (CPC or RPS) is documented in chapter 15 of
the UFSAR under the individual event sections. The
CPC VOPT auxiliary trip acts through the CPC DNBR-Low
and LPD-High trip contacts to provide over power
protection. When credit is taken for the CPC VOPT
algorithm, the CPC VOPT setpoints installed in the
plant are based on the safety analyses and may differ
from the RPS VOPT allowable values and nominal
setpoints. The setpoints associated with the CPC VOPT
are controlled via Addressable Constants (TS Section
5.4.1) and Reload Data Block Constants (Ref. 8 and
13). The CPC VOPT auxiliary trip algorithm may
provide protection against core damage during the
following events:

e Uncontrolled CEA Withdrawal From Low Power (AQO);
e Uncontrolled CEA Withdrawal at Power (A00);

e Single CEA Withdrawal within Deadband (A0OQ);

e Steam Bypass Control System Misoperation (AQO);

e (CEA Ejection (Accident); and

e Main Steam Line Break (Accident).

(continued)
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15. Departure from Nucleate Boiling Ratio (DNBR)-Low

(continued)

The DNBR algorithm used in the CPC is valid only
within the Timits indicated below and operation
outside of these Timits will result in a CPC initiated

trip.

PARAMETER

RCS Cold Leg Temperature - Low
RCS Cold Leg Temperature - High
Axial Shape Index - Positive
Axial Shape Index - Negative
Pressurizer Pressure - Low
Pressurizer Pressure - High

Integrated Radial Peaking Factor -
Integrated Radial Peaking Factor - High

Quality Margin - Low

Interlocks/Bypasses

Low

LIMITING VALUE

> 505°F

< 590°F

Not more positive than +0.5
Not more negative than -0.5
> 1860 psia

< 2388 psia

>1.28

< 7.00

> (0

The operating bypasses and their Allowable Values are
addressed in footnotes to Table 3.3.1-1. They are not
otherwise addressed as specific Table entries.

The automatic operating bypass removal features must
function as a backup to manual actions for all safety
related trips to ensure the trip Functions are not
operationally bypassed when the safety analysis assumes the
The basis for each of the
operating bypasses is discussed under individual trips in

Functions are not bypassed.

the LCO section:

a. Logarithmic Power Level — High;

D. DNBR — Low and LPD — High.

The RPS satisfies Criterion 3 of 10 CFR 50.36 (c)(2)(ii).

PALO VERDE UNITS 1,2,3 B 3.3.1-19
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LCO

The LCO requires all instrumentation performing an RPS
Function to be OPERABLE. Failure of any required portion of
the instrument channel renders the affected channel(s)
inoperable and reduces the reliability of the affected
Functions.

Actions allow maintenance (trip channel) bypass of
individual channels, but the bypass activates interlocks
that prevent operation with a second channel in the same
Function bypassed. With one channel in each Function trip
channel bypassed, this effectively places the plant in a
two-out-of-three Togic configuration in those Functions.

The general relationship among the PVNGS trip setpoint
terms is as follows: The calculated Timiting setpoint
(LSp) 1is determined within the plant specific setpoint
analysis and is based on the Analytical Limit and the Total
Loop Uncertainty. The UFSAR Trip Setpoint is equal to or
more conservative than the LSp and is specified in the
UFSAR (Ref. 8). The Design Setpoint (DSp) is the field
installed setting and is equal to or more conservative than
the UFSAR Trip Setpoint. This relationship will ensure
that sufficient margin to the safety and/or analytical
1imit is maintained.

Only the Allowable Values (AVs) are specified for each RPS
trip Function in the LCO. The AV is considered an
operability Timit for the channel. Nominal trip setpoints
are specified in the plant specific setpoint calculations.
The nominal setpoints are selected to ensure the setpoints
measured by CHANNEL FUNCTIONAL TESTS do not exceed the
AlTowable Value if the bistable is performing as required.
Operation with a trip setpoint less conservative than the
nominal trip setpoint, but within its Allowable Value, is
acceptable, provided that operation and testing are
consistent with the assumptions of the plant specific
setpoint calculations. If the as-found instrument setting
is found to be non-conservative with respect to the AV, or
the as-left instrument setting cannot be returned to a
setting within As-Left Tolerance (ALT), or the instrument is
not functioning as required: then the instrument channel
shall be declared inoperable. A channel is inoperable if
its actual trip setpoint is not within its required
AlTowable Value. Each Allowable Value specified is more
conservative than the analytical 1imit assumed in the safety
analysis in order to account for instrument uncertainties
appropriate to the trip Function. These uncertainties are

(continued)
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LCO defined in the "Plant Protection System Selection of Trip
(continued) Setpoint Values" (Ref. 7).

The Bases for the individual Function requirements are as
follows:

L.

Variable Over Power-High (RPS)

This LCO requires all four channels of Variable Over
Power High (RPS) to be OPERABLE in MODES 1 and 2.

The Allowable Value is high enough to provide an
operating envelope that prevents unnecessary Variable
Over Power High (RPS) reactor trips during normal
plant operations. When the RPS VOPT trip function is
credited in the safety analyses, the Allowable Value
is based on the analyses and is low enough for the
system to maintain a margin to unacceptable fuel or
fuel cladding damage should a positive reactivity
excursion event occur.

Logarithmic Power Level — High

This LCO requires all four channels of Logarithmic
Power Level — High to be OPERABLE in MODE 2.

In MODES 3, 4, or 5 when the RTCBs are shut and the
CEA Drive System is capable of CEA withdrawal
conditions are addressed in LCO 3.3.2.

The Allowable Value is high enough to provide an
operating envelope that prevents unnecessary
Logarithmic Power Level — High reactor trips during
normal plant operations. The Allowable Value is Tow
enough for the system to maintain a margin to
unacceptable fuel cladding damage should a CEA
withdrawal event occur.

The Logarithmic Power Level — High trip may be
bypassed when Togarithmic power is above 1E-4% NRTP to
allow the reactor to be brought to power during a
reactor startup. This operating bypass is
automatically removed when Tlogarithmic power decreases
below 1E-4% NRTP. Above 1E-4% NRTP, the Variable

Over Power — High and Pressurizer Pressure — High
trips provide protection for reactivity transients.

(continued)
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LCO

Logarithmic Power Level - High (continued)

The automatic bypass removal channel is INOPERABLE
when the associated Log power channel has failed. The
bypass function is manually controlled via station
operating procedures and the bypass removal circuitry
itself is fully capable of responding to a change in
the associated input bistable. Footnotes (a) and (b)
in Table 3.3.1-1 and (d) in Table 3.3.2-1 clearly
require an “"automatic" removal of trip bypasses. A
failed Log channel may prevent, depending on the
failure mode, the associated input bistable from
changing state as power transitions through the
automatic bypass removal setpoint. Specifically, when
the indicated Log power channel is failed high

(above 1E-4%), the automatic Hi-Log power trip bypass
removal feature in that channel cannot function.
Similarly, when the indicated Log power channel is
failed low (below 1E-4%), the automatic DNBR-LPD trip
bypass removal feature in that channel cannot
function. Although one bypass removal feature is
applicable above 1E-4% NRTP and the other is
applicable below 1E-4% NRTP, both are affected by a
failed Log power channel and should therefore be
considered INOPERABLE.

When a Log channel is INOPERABLE, both the Hi-Log
power and DNBR/LPD automatic trip bypass removal
features in that channel are also INOPERABLE,
requiring entry into LCO 3.3.1 Condition C or LCO
3.3.2 Condition C depending on plant operating MODE.
Required Action C.1 for both LCOs 3.3.1 and 3.3.2
require the bypass channel to be disabled. Compliance
with C.1 is met by placing the CR switches in "off"
and "normal" for the Hi-Log power and DNBR/LPD
bypasses respectively. No further action (key
removal, periodic verification, etc.) is required.
These CR switches are administratively controlled via
station procedure therefore, the requirements of C.1
are continuously met.

(continued)
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LCO

Pressurizer Pressure - High

This LCO requires four channels of Pressurizer
Pressure — High to be OPERABLE in MODES 1 and 2.

The Allowable Value is set below the nominal 1ift
setting of the pressurizer code safety valves, and its
operation avoids the undesirable operation of these
valves during normal plant operation. In the event of
a loss of condenser vacuum at 100% power, this
setpoint ensures the reactor trip will take place,
thereby Timiting further heat input to the RCS and
consequent pressure rise. The pressurizer safety
vg%ves may 1ift to prevent overpressurization of the
RCS.

Pressurizer Pressure — Low

This LCO requires four channels of Pressurizer
Pressure — Low to be OPERABLE in MODES 1 and 2.

The Allowable Value is set low enough to prevent a
reactor trip during normal plant operation and
pressurizer pressure transients. However, the
setpoint is high enough that with a LOCA, the reactor
trip will occur soon enough to allow the ESF systems
to perform as expected in the analyses and mitigate
the consequences of the accident.

Containment Pressure — High

The LCO requires four channels of Containment
Pressure — High to be OPERABLE in MODES 1 and 2.

The Allowable Value is set high enough to allow for
small pressure increases in containment expected
during normal operation (i.e., plant heatup) and is
not indicative of an abnormal condition. It is set
Tow enough to initiate a reactor trip when an abnormal
condition is indicated.

(continued)
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LCO 6, 7 Steam Generator Pressure — Low
(continued)

This LCO requires four channels of Steam Generator #1
Pressure — Low and Steam Generator #2 Pressure — Low to
be OPERABLE in MODES 1 and 2.

This UFSAR Trip Setpoint is sufficiently below the
full Tload operating value for steam pressure so as not
to interfere with normal plant operation, but still
high enough to provide the required protection in the
event of excessive steam demand. Since excessive
steam demand causes the RCS to cool down, resulting in
positive reactivity addition to the core. If the
moderator temperature coefficient is negative a
reactor trip is required to offset that effect.

The trip setpoint may be manually decreased as steam
generator pressure is reduced during controlled plant
cooldown, provided the margin between steam generator
pressure and the setpoint is maintained < 200 psia.
This allows for controlled depressurization of the
secondary system while still maintaining an active
reactor trip setpoint and MSIS setpoint, until the
time is reached when the setpoints are no longer
needed to protect the plant. The setpoint increases
automatically as steam generator pressure increases
until the specified trip setpoint is reached.

Footnote (aa), which is divided into two parts, will
ensure compliance with 10 CFR 50.36 in the event that
the instrument set points are found not to be
conservative with respect to the as-found acceptance
criteria. Part 1 requires evaluation of instrument
performance for the condition where the as-found
setting for these instruments in outside its As-Found

(continued)
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LCO 6, 7.

Steam Generator Pressure — Low (continued)

Tolerance (AFT) but conservative with respect to the
AlTowable Value. Evaluation of instrument performance
will verify that the instrument will continue to
behave in accordance with design-basis assumptions.
The purpose of the assessment is to ensure confidence
in the instrument performance prior to returning the
instrument to service. Initial evaluation will be
performed by the technician performing the
surveillance who will evaluate the instrument’s
ability to maintain a stable trip setpoint within the
As-Left Tolerance (ALT). The technician’s evaluation
will be reviewed by on shift personnel both during the
approval of the surveillance data and as a result of
entry of the deviation in the site’s corrective action
program. In accordance with procedures, entry into
the corrective action program will require review and
documentation of the condition for operability.
Additional evaluation and potential corrective actions
as necessary will ensure that any as-found setting
found outside the AFT is evaluated for Tong-term
operability trends.

Part 2 requires that the as-left setting for the
instrument be returned to within the ALT of the
specified trip setpoint. The specified field
installed trip setpoint is termed as the Design
Setpoint (DSp) and is equal to or more conservative
than the UFSAR Trip Setpoint. The general
relationship among the PVNGS trip setpoint terms is as
follows: The calculated Timiting setpoint (LSp) is
determined within the plant specific setpoint analysis
and is based on the Analytical Limit and Total Loop
Uncertainty. The UFSAR Trip Setpoint is equal to or
more conservative than the LSp and is specified in the
UFSAR. The DSp is the field installed setting and is
equal to or more conservative than the UFSAR Trip
Setpoint. This relationship ensures that sufficient
margin to the safety and/or analytical Timit is
maintained. If the as-found instrument setting is
found to be non-conservative with respect to the AV
specified in the technical specifications, or the as-
left instrument setting cannot be returned to a
setting within the ALT, or the instrument is not
functioning as required: then the instrument channel
shall be declared inoperable.

(continued)
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LCO 8, 9.
(continued)

10, 11.

12, 13.

Steam Generator Level — Low

This LCO requires four channels of Steam Generator #1
Level — Low and Steam Generator #2 Level — Low for each
steam generator to be OPERABLE in MODES 1 and 2. The
Allowable Value is sufficiently below the normal
operating level for the steam generators so as not to
cause a reactor trip during normal plant operations.
The input signal providing the reactor trip input also
provides an input to a bistable that initiates
auxiliary feedwater to the affected generator via the
Auxiliary Feedwater Actuation Signal (AFAS). The trip
setpoint ensures that there will be sufficient water
inventory in the steam generator at the time of the
trip to provide a margin of at least 10 minutes before
auxiliary feedwater is required to prevent degraded
core cooling. The reactor trip will remove the heat
source (except decay heat), thereby conserving the
reactor heat sink.

Steam Generator Level — High

This LCO requires four channels of Steam Generator #1
Level — High and Steam Generator #2 Level — High to be
OPERABLE in MODES 1 and 2.

The Allowable Value is high enough to allow for normal
plant operation and transients without causing a
reactor trip. It is set low enough to ensure a
reactor trip occurs before the Tevel reaches the steam
dryers. Having steam generator water level at the
trip value is indicative of the plant not being
operated in a controlled manner.

Reactor Coolant Flow — Low

This LCO requires four channels of Reactor Coolant Flow
Steam Generator #1-Low and Reactor Coolant Flow Steam
Generator # 2-Low to be OPERABLE in MODES 1 and 2. The
Allowable Value is set lTow enough to allow for slight
variations in reactor coolant flow during normal plant
operations while providing the required protection.
Tripping the reactor ensures that the resultant power
to flow ratio provides adequate core cooling to
maintain DNBR under the expected pressure conditions
for this event.

LCO 3.4.5, "RCS Loops — MODE 3," LCO 3.4.6, "RCS
Loops — MODE 4," and LCO 3.4.7, "RCS Loops — MODE 5,
Loops Filled," ensure adequate RCS flow rate is
maintained.

(continued)
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LCO 14.

Local Power Density — High

This LCO requires four channels of LPD - High to be
OPERABLE.

The LCO on the CPCs ensures that the SLs are
maintained during selected AOOs and the consequences |
of accidents are acceptable.

A CPC is not considered inoperable if CEAC inputs to
the CPC are inoperable. The Required Actions required
in the event of CEAC channel failures ensure the CPCs
are capable of performing their safety function.

The CPC channel has many redundant features designed to
improve channel reliability. A minimum subset of
features must be functional in order for the CPC to be
capable of performing its safety related trip function.
Therefore, the channel may remain OPERABLE in the
presence of a subset of channel failures, while
maintaining the ability to provide the LPD-High trip
function.

On Tine CPC channel diagnostics make use of redundant
features to maintain channel operability to the extent
possible, and provide alarm and annunciation of
detectable failures.

Those detectable CPC channel failures resulting in a
loss of protective function and channel inoperability
will result in a CPC Fail indication and associated Low
DNBR and High LPD channel trips. Input failures
resulting in a sensor out of range affecting one or more
CPC process inputs will result in a CPC Sensor Failure
indication. In addition, since the CPC software limits
the sensor value to the lower or upper range limit
value, a CPC channel trip would be generated in most
cases due to these extreme values. Detectable failures,
whether they result in a channel inoperability or not,
are logged in a system event list.

Redundancy is demonstrated as follows:

a. Each CPC channel redundantly processes analog
process and nuclear instrumentation inputs. Only
one of the two redundant analog processing modules
is required to maintain operability.

(continued)
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LCO 14.

Local Power Density — High (continued)

D. CEA position is redundantly processed by two CEA
Position Processors (CPPs) in each CPC channel,
and transmitted to the appropriate CEACs in all
four CPC channels over one way fiber-optically
isolated data links. Only one source of CEA
position is required to maintain channel
operability.

C. Each CPC channel has two redundant operator
interface panels, a maintenance test panel (MTP)
in the Core Protection Calculator System (CPCS)
cabinet, and an Operator’s Module (OM) in the
control room. Neither is required for the CPC
to perform its safety related function.

However, one must be functional to assist
personnel in performing certain surveillances.
Upon failure of the OM, MTP, or both, the CPC
channel will remain operable.

Each CPCS channel contains six processor modules.
Failures of these modules are treated as follows:

e (PC Processor Module failure - this failure results
in a CPC channel inoperability, as addressed by
this LCO.

e Aux CPC Processor Module failure - this failure
does not result in a CPC channel inoperability
since this module does not perform any safety
related functions.

e C(CEAC 1 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e (CEAC 2 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e (PP 1 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e (PP 2 Processor Module failure - this failure is
addressed in LCO 3.3.3.

(continued)
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LCO

14.

Local Power Density — High (continued)

The CPC channels may be manually bypassed below

1E-4% NRTP, as sensed by the logarithmic nuclear
instrumentation. This bypass is enabled manually in all
four CPC channels when plant conditions do not warrant
the trip protection. The bypass effectively removes the
DNBR — Low and LPD — High trips from the RPS Logic
circuitry. The operating bypass is automatically
removed when enabling bypass conditions are no longer
satisfied.

The automatic bypass removal channel is INOPERABLE when
the associated Log power channel has failed. The
bypass function is manually controlled via station
operating procedures and the bypass removal circuitry
itself is fully capable of responding to a change in
the associated input bistable. Footnotes (a) and (b)
in Table 3.3.1-1 and (d) in Table 3.3.2-1 clearly
require an "automatic" removal of trip bypasses. A
failed Log channel may prevent, depending on the
failure mode, the associated input bistable from
changing state as power transitions through the
automatic bypass removal setpoint. Specifically, when
the indicated Log power channel is failed high (above
1E-4%), the automatic Hi-Log power trip bypass removal
feature in that channel cannot function. Similarly,
when the indicated Log power channel is failed low
(below 1E-4%), the automatic DNBR-LPD trip bypass
removal feature in that channel cannot function.
Although one bypass removal feature is applicable above
1E-4% NRTP and the other is applicable below 1E-4%
NRTP, both are affected by a failed Log power channel
and should therefore be considered INOPERABLE.

(continued)
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LCO 14.

LCO 15.

Local Power Density — High (continued)

When a Log channel is INOPERABLE, both the Hi-Log
power and DNBR/LPD automatic trip bypass removal
features in that channel are also INOPERABLE,
requiring entry into LCO 3.3.1 Condition C or LCO
3.3.2 Condition C depending on plant operating MODE.
Required Action C.1 for both LCOs 3.3.1 and 3.3.2
require the bypass channel to be disabled. Compliance
with C.1 is met by placing the CR switches in “off”
and “normal” for the Hi-Log power and DNBR/LPD
bypasses respectively. No further action (key
removal, periodic verification, etc.) is required.
These CR switches are administratively controlled via
station procedure therefore, the requirements of C.1
are continuously met.

This operating bypass is required to perform a plant
startup, since both CPC generated trips will be in
effect whenever shutdown CEAs are inserted. It also
allows system tests at low power with Pressurizer
Pressure - Low or RCPs off.

Departure from Nucleate Boiling Ratio (DNBR) — Low

This LCO requires four channels of DNBR - Low to be
OPERABLE .

The LCO on the CPCs ensures that the SLs are
maintained during selected AOOs and the consequences
of accidents are acceptable.

A CPC is not considered inoperable if CEAC inputs to
the CPC are inoperable. The Required Actions required
in the event of CEAC channel failures ensure the CPCs
are capable of performing their safety function.

The CPC channel has many redundant features designed
to improve channel reliability. A minimum subset of
features must be functional in order for the CPC to be
capable of performing its safety related trip
function. Therefore, the channel may remain OPERABLE
in the presence of a subset of channel failures, while
maintaining the ability to provide the DNBR-Low trip
function. On Tine CPC channel diagnostics make use of
redundant features to maintain channel operability to
the extent possible, and provide alarm and

annunciation of detectable failures. .
(continued)
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15.

Departure from Nucleate Boiling Ratio (DNBR) — Low
(continued)

Those detectable CPC channel failures resulting in a
loss of protective function and channel inoperability
will result in a CPC Fail indication and associated Low
DNBR and High LPD channel trips. Input failures
resulting in a sensor out of range affecting one or
more CPC process inputs will result in a CPC Sensor
Failure indication. In addition, since the CPC
software Timits the sensor value to the Tlower or upper
range 1imit value, a CPC channel trip would be
generated in most cases due to these extreme values.
Detectable failures, whether they result in a channel
inoperability or not, are logged in a system event
1ist.

Redundancy is demonstrated as follows:

a. Each CPC channel redundantly processes analog
process and nuclear instrumentation inputs. Only
one of the two redundant analog processing modules
is required to maintain operability.

b. CEA position is redundantly processed by two CEA
Position Processors (CPPs) in each CPC channel, and
transmitted to the appropriate CEACs in all four
CPC channels over one way fiber-optically isolated
data Tinks. Only one source of CEA position is
required to maintain channel operability.

c. Each CPC channel has two redundant operator
interface panels, a maintenance test panel (MTP) in
the Core Protection Calculator System (CPCS)
cabinet, and an Operator’s Module (OM) in the
control room. Neither is required for the CPC to
perform its safety related function. However, one
must be functional to assist personnel in
performing certain surveillances. Upon failure of
the OM, MTP, or both, the CPC channel will remain
operable.

(continued)
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LCO 15. Departure from Nucleate Boiling Ratio (DNBR) — Low
(continued)

Each CPCS channel contains six processor modules.
Failures of these modules are treated as follows:

e (PC Processor Module failure - this failure results
in a CPC channel inoperability, as addressed by this
LCO.

e Aux CPC Processor Module failure - this failure does
not result in a CPC channel inoperability since this
module does not perform any safety related
functions.

e C(CEAC 1 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e C(CEAC 2 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e (PP 1 Processor Module failure - this failure is
addressed in LCO 3.3.3.

e (PP 2 Processor Module failure - this failure is
addressed in LCO 3.3.3.

The CPC channels may be manually bypassed below 1E-4%
NRTP, as sensed by the logarithmic nuclear
instrumentation. This bypass is enabled manually in
all four CPC channels when plant conditions do not
warrant the trip protection. The bypass effectively
removes the DNBR — Low and LPD — High trips from the
RPS Logic circuitry. The operating bypass 1is
automatically removed when enabling bypass conditions
are no longer satisfied.

(continued)
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LCO 15.

Departure from Nucleate Boiling Ratio (DNBR) — Low
(continued)

The automatic bypass removal channel is INOPERABLE
when the associated Log power channel has failed. The
bypass function is manually controlled via station
operating procedures and the bypass removal circuitry
itself is fully capable of responding to a change in
the associated input bistable. Footnotes (a) and (b)
in Table 3.3.1-1 and (d) in Table 3.3.2-1 clearly
require an "automatic" removal of trip bypasses. A
failed Log channel may prevent, depending on the
failure mode, the associated input bistable from
changing state as power transitions through the
automatic bypass removal setpoint. Specifically, when
the indicated Log power channel is failed high (above
1E-4%), the automatic Hi-Log power trip bypass removal
feature in that channel cannot function. Similarly,
when the indicated Log power channel is failed low
(below 1E-4%), the automatic DNBR-LPD trip bypass
removal feature in that channel cannot function.
Although one bypass removal feature is applicable
above 1E-4% NRTP and the other is applicable below
1E-4% NRTP, both are affected by a failed Log power
channel and should therefore be considered INOPERABLE.

When a Log channel is INOPERABLE, both the Hi-Log
power and DNBR/LPD automatic trip bypass removal
features in that channel are also INOPERABLE,
requiring entry into LCO 3.3.1 Condition C or LCO
3.3.2 Condition C depending on plant operating MODE.

Required Action C.1 for both LCOs 3.3.1 and 3.3.2
require the bypass channel to be disabled. Compliance
with C.1 is met by placing the CR switches in “off”
and “normal” for the Hi-Log power and DNBR/LPD
bypasses respectively. No further action (key removal
periodic verification, etc.) is required. These CR
switches are administratively controlled via station
procedure therefore, the requirements of C.1 are
continuously met.

This operating bypass is required to perform a plant
startup, since both CPC generated trips will be in
effect whenever shutdown CEAs are inserted. It also
allows system tests at lTow power with Pressurizer
Pressure - Low or RCPs off.

(continued)
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Departure from Nucleate Boiling Ratio (DNBR) — Low
(continued)

Interlocks/Bypasses

The LCO on operating bypass permissive removal channels
requires that the automatic operating bypass removal
feature of all four operating bypass channels be OPERABLE
for each RPS Function with an operating bypass in the MODEs
addressed in the specific LCO for each Function. All four
bypass removal channels must be OPERABLE to ensure that
none of the four RPS channels are inadvertently bypassed.
Refer also to B 3.3.5 for ESFAS operating bypasses.

This LCO applies to the operating bypass removal feature
only. If the bypass enable function is failed so as to
prevent entering a bypass condition, operation may
continue. In the case of the Logarithmic Power Level -
High trip (Function 2), the absence of a bypass will Timit
maximum power to below the trip setpoint.

The interlock function Allowable Values are based upon
analysis of functional requirements for the bypassed
function. These are discussed above as part of the LCO
discussion for the affected functions.

APPLICABILITY

This LCO is applicable to the RPS Instrumentation in MODES 1
and 2. LCO 3.3.2 is applicable to the RPS Instrumentation in
MODES 3, 4, and 5 with any RTCB closed and any CEA capable
of withdrawal. The requirements for the CEACs in MODES 1 and
2 are addressed in LCO 3.3.3. The RPS Matrix Logic,
Initiation Logic, RTCBs, and Manual Trips in MODES 1, 2, 3,
4, and 5 are addressed in LCO 3.3.4.

(continued)
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APPLICABILITY Most RPS trips are required to be OPERABLE in MODES 1 and 2
because the reactor is critical in these MODES. The
reactor trips are designed to take the reactor subcritical,
which maintains the SLs during selected AOOs and assists |
the ESFAS in providing acceptable consequences during
accidents. Most trips are not required to be OPERABLE in
MODES 3, 4, and 5. In MODES 3, 4, and 5, the emphasis is
placed on return to power events. The reactor is protected
in these MODES by ensuring adequate SDM. Exceptions to
this are:

° The Logarithmic Power Level — High trip, RPS Logic
RTCBs, and Manual Trip are required in MODES 3, 4,
and 5, with the RTCBs closed, to provide protection
for boron dilution and CEA withdrawal events.

o Steam Generator Pressure-Low trip, is required in
MODE 3, with the RTCBs closed to provide protection
for steam Tine break events in MODE 3.

The Logarithmic Power Level — High trip, and the Steam
Generator Pressure-Low trip in these lower MODES are
addressed in LCO 3.3.2. The Logarithmic Power Level — High
trip is bypassed prior to MODE 1 entry and is not required
in MODE 1.

The most common causes of channel inoperability are
outright failure or drift of the bistable or process module
sufficient to exceed the tolerance allowed by the plant
specific setpoint analysis. Typically, the drift is found
to be small and results in a delay of actuation rather than
a total loss of function. This determination is generally
made during the performance of a CHANNEL FUNCTIONAL TEST
when the process instrument is set up for adjustment to
bring it to within specification. If the trip setpoint is
less conservative than the Allowable Value in Table 3.3.1-
1, the channel is declared inoperable immediately, and the
appropriate Condition(s) must be entered immediately.

(continued)
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ACTIONS In the event a channel's trip setpoint is found
nonconservative with respect to the Allowable Value, or the
transmitter, instrument loop, signal processing electronics,
or RPS bistable trip unit is found inoperable, then all
affected functions provided by that channel must be declared
inoperable, and the unit must enter the Condition for the
particular protection Function affected.

When the number of inoperable channels in a trip Function
exceeds that specified in any related Condition associated
with the same trip Function, then the plant is outside the
safety analysis. Therefore, LCO 3.0.3 is immediately
entered if applicable in the current MODE of operation.

One Note has been added to the ACTIONS. Note 1 has been
added to clarify the application of the Completion Time
rules. The Conditions of this Specification may be entered
independently for each Function. The Completion Times of
each inoperable Function will be tracked separately for each
Function, starting from the time the Condition was entered
for that Function.

With a channel process measurement circuit that affects
multiple functional units inoperable or in test, bypass or
trip all associated functional units as listed below:

Process Measurement Circuit Functional Unit (Bypassed or Tripped)

1. Linear Power Variable Overpower (RPS)
(Subchannel or Linear) Local Power Density-High (RPS)
DNBR-Low (RPS)

2. Pressurizer Pressure-High Pressurizer Pressure-High (RPS)
(Narrow Range) Local Power Density-High (RPS)
DNBR-Low (RPS)

3. Steam Generator Pressure-Low Steam Generator Pressure-Low (RPS)
Steam Generator #1 Level-Low (ESF)
Steam Generator #2 Level-Low (ESF)

4.  Steam Generator Level-Low Steam Generator Level-Low (RPS)
(Wide Range) Steam Generator #1 Level-Low (ESF)
Steam Generator #2 Level-Low (ESF)

5. Core Protection Calculator Local Power Density-High (RPS)
DNBR-Low (RPS)

(continued)
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A.1 and A.2

Condition A applies to the failure of a single trip channel
or associated instrument channel inoperable in any RPS
automatic trip Function. RPS coincidence logic is
two-out-of-four.

[T one RPS channel is inoperable, startup or power operation
is allowed to continue, providing the inoperable channel is
placed in bypass or trip in 1 hour (Required Action A.1).
The 1 hour allotted to bypass or trip the channel is
sufficient to allow the operator to take all appropriate
actions for the failed channel and still ensures that the
risk involved in operating with the failed channel is
acceptable. The failed channel must be restored to OPERABLE
status prior to entering MODE 2 following the next MODE 5
entry. With a channel in bypass, the coincidence logic is
now in a two-out-of-three configuration.

The Completion Time of prior to entering MODE 2 following
the next MODE 5 entry is based on adequate channel to
channel independence, which allows a two-out-of-three
channel operation since no single failure will cause or
prevent a reactor trip.

The intent of this requirement is that should a failure
occur that cannot be repaired during power operation, then
continued operation is allowed without requiring a plant
shutdown. However, the failure needs to be repaired during
the next MODE 5 outage. Allowing the unit to exit MODE 5 is
acceptable, as the appropriate retest may not be possible
until normal operating pressures and temperatures are
achieved. If the failure occurs while in MODE 5, then the
problem needs to be resolved during that shutdown, and
OPERABILITY restored prior to the subsequent MODE 2 entry.

(continued)
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B.1

Condition B applies to the failure of two channels in any
RPS automatic trip Function.

Required Action B.1 provides for placing one inoperable
channel in bypass and the other channel in trip within the
Completion Time of 1 hour. This Completion Time is
sufficient to allow the operator to take all appropriate
actions for the failed channels while ensuring the risk
involved in operating with the failed channels is
acceptable. With one channel of protective instrumentation
bypassed, the RPS is in a two-out-of-three Togic; but with
another channel failed, the RPS may be operating in a
two-out-of-two logic. This is outside the assumptions made
in the analyses and should be corrected. To correct the
problem, the second channel is placed in trip.

This places the RPS in a one-out-of-two logic. If any of
the other OPERABLE channels receives a trip signal, the
reactor will trip.

One of the two inoperable channels will need to be restored
to operable status prior to the next required CHANNEL
FUNCTIONAL TEST, because channel surveillance testing on an
OPERABLE channel requires that the OPERABLE channel be
placed in bypass. However, it is not possible to bypass
more than one RPS channel, and placing a second channel in
trip will result in a reactor trip. Therefore, if one RPS
channel is in trip and a second channel is in bypass, a
third inoperable channel would place the unit in LCO 3.0.3.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-38 REVISION 53



BASES

RPS Instrumentation — Operating
B 3.3.1

ACTIONS
(continued)

C.1, C.2.1, and C.2.2

Condition C applies to one automatic bypass removal channel
inoperable. If the inoperable operating bypass removal
channel for any operating bypass channel cannot be restored
to OPERABLE status within 1 hour, the associated RPS
channel may be considered OPERABLE only if the operating
bypass is not in effect. Otherwise, the affected RPS
channel must be declared inoperable, as in Condition A, and
the affected automatic trip channel placed in maintenance
(trip channel) bypass or trip. The operating bypass
removal channel and the automatic trip channel must be
repaired prior to entering MODE 2 following the next MODE 5
entry. The Bases for the Required Actions and required
Completion Times are consistent with Condition A.

D.1 and D.?

Condition D applies to two inoperable automatic operating
bypass removal channels. If the operating bypass removal
channels for two operating bypasses cannot be restored to
OPERABLE status within 1 hour, the associated RPS channel
may be considered OPERABLE only if the operating bypass is
not in effect. Otherwise, the affected RPS channels must
be declared inoperable, as in Condition B, and the
operating bypass either removed or one automatic trip
channel placed in maintenance (trip channel) bypass and the
other in trip within 1 hour.

The restoration of one affected bypassed automatic trip
channel must be completed prior to the next CHANNEL
FUNCTIONAL TEST, or the plant must shut down per LCO 3.0.3
as explained in Condition B.

(continued)
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E.l

Condition E is entered when the Required Action and
associated Completion Time of Condition A, B, C, or D are
not met.

[T the Required Actions associated with these Conditions
cannot be completed within the required Completion Time,
the reactor must be brought to a MODE where the Required
Actions do not apply. The allowed Completion Time of

6 hours is reasonable, based on operating experience, for
reaching the required MODE from full power conditions in an
orderly manner and without challenging plant systems.

SURVETLLANCE
REQUIREMENTS

The SRs for any particular RPS Function are found in the SR
column of Table 3.3.1-1 for that Function. Most Functions
are subject to CHANNEL CHECK, CHANNEL FUNCTIONAL TEST,
CHANNEL CALIBRATION, and response time testing.

SR 3.3.1.1

Performance of the CHANNEL CHECK ensures that gross failure
of instrumentation has not occurred. A CHANNEL CHECK is
normally a comparison of the parameter indicated on one
channel to a similar parameter on other channels. It is
based on the assumption that instrument channels monitoring
th$ same parameter should read approximately the same
value.

Significant deviations between the two instrument channels
could be an indication of excessive instrument drift in one
of the channels or of something even more serious. CHANNEL
CHECK will detect gross channel failure; thus, it is key to
verifying that the instrumentation continues to operate
properly between each CHANNEL CALIBRATION.

(continued)
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SR 3.3.1.1 (continued)

Agreement criteria are determined by the plant staff based
on a combination of the channel instrument uncertainties,
including indication and readability. If a channel is
outside the criteria, it may be an indication that the
transmitter or the signal processing equipment has drifted
outside its Timits. For clarification, a CHANNEL CHECK 1is
a qualitative assessment of an instrument’s behavior.
Where possible, a numerical comparison between like
instrument channels should be included but is not required
for an acceptable CHANNEL CHECK performance.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

In the case of RPS trips with multiple inputs, such as the
DNBR and LPD inputs to the CPCs, a CHANNEL CHECK must be
performed on all inputs.

SR 3.3.1.2

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program. The 12 hours after
reaching 70% RTP is for plant stabilization, data taking,
and flow verification. This check (and if necessary, the
adjustment of the CPC addressable constant flow
coefficients) ensures that the DNBR setpoint is
conservatively adjusted with respect to actual flow
indications, as determined by the Core Operating Limits
Supervisory System (COLSS).

The flow measurement uncertainty may be included in the
BERRL term in the CPC and is equal to or greater than 4%.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.1-41 REVISION 56



RPS Instrumentation — Operating

B 3.3.1
BASES
SURVEILLANCE SR 3.3.1.3
REQUIREMENTS
(continued) The CPC System Event Log is checked to monitor the CPC

channel performance, including redundant features not
required for the CPC to perform its safety related trip
function. The system event Tog provides a historical
record of the last thirty detected CPC channel error
conditions. A detected error condition may not render a
channel inoperable, unless it is accompanied by a CPC Fail
indication.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.1.4

A daily calibration (heat balance) is performed when
THERMAL POWER is = 20%. The Linear Power Level signal and
the CPC addressable constant multipliers are adjusted to
make the CPC AT power and nuclear power calculations agree
with the calorimetric calculation if the absolute
difference is = 2% when THERMAL POWER is > 80% RTP, and -
0.5% to 10% when THERMAL POWER is between 20% and 80%. The
value of 2% when THERMAL POWER is > 80% RTP, and -0.5% to
10% when THERMAL POWER is between 20% and 80% is adequate
because this value is assumed in the safety analysis.

These checks (and, if necessary, the adjustment of the
Linear Power Level signal and the CPC addressable constant
coefficients) are adequate to ensure that the accuracy of
these CPC calculations is maintained within the analyzed
error margins. The power Tevel must be > 20% RTP to obtain
accurate data. At Tower power levels, the accuracy of
calorimetric data is questionable.

(continued)
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SR 3.3.1.4 (continued)

The tolerance between 20% and 80% RTP is +10% to reduce the
number of adjustments required as the power level increases.
The -0.5% tolerance between 20% and 80% RTP is based on the
reduced accuracy of the calorimetric data inputs at low power
levels. Performing a calorimetric calibration with a -0.5%
tolerance at low power Tevels ensures the difference will
remain within -2.0% when power is increased above 80% RTP.

IT a calorimetric calculation is performed above 80% RTP, it
will use accurate inputs to the calorimetric calculation
available at higher power levels. When the power Tevel is
decreased below 80% RTP an additional performance of the SR
to the -0.5% to 10% tolerance is not required if the SR has
been performed above 80% RTP. During any power ascension
from below 80% to above 80% RTP, the calibration requirements
of ITS SR 3.3.1.4 must be met (except during PHYSICS TESTS,
as allowed by the Note in SR 3.3.1.4). This is accomplished
by performing SR 3.3.1.4 between 75% and 80% RTP during power
ascension with an acceptance criteria of -0.5% to <Z2% to
bound the requirements for both below and above 80% RTP.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program. The Frequency is
modified by a Note indicating this Surveillance need only be
performed within 12 hours after reaching 20% RTP.

The 12 hours after reaching 20% RTP is required for plant
stabilization, data taking, and flow verification. The
secondary calorimetric is inaccurate at lTower power levels.

A second Note in the SR indicates the SR may be suspended
during PHYSICS TESTS. The conditional suspension of the
daily calibrations under strict administrative control is
necessary to allow special testing to occur.

(continued)
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(continued) The RCS flow rate indicated by each CPC is verified to be

less than or equal to the RCS total flow rate. The Note
indicates the Surveillance is performed within 12 hours
after THERMAL POWER is > 70% RTP. This check (and, if
necessary, the adjustment of the CPC addressable flow
constant coefficients) ensures that the DNBR setpoint is
conservatively adjusted with respect to actual flow
indications as determined either using the reactor coolant
pump differential pressure instrumentation and the
ultrasonic flow meter adjusted pump curves or by a
calorimetric calculation. The Surveillance Frequency is
controlled under the Surveillance Frequency Control Program.

SR 3.3.1.6

The three vertically mounted excore nuclear instrumentation
detectors in each channel are used to determine APD for use
in the DNBR and LPD calculations. Because the detectors are
mounted outside the reactor vessel, a portion of the signal
from each detector is from core sections not adjacent to the
detector. This is termed shape annealing and is compensated
for after every refueling by performing SR 3.3.1.11, which
adjusts the gains of the three detector amplifiers for shape
annealing. SR 3.3.1.6 ensures that the preassigned gains
are still proper. MWhen power is < 15% the CPCs do not use
the excore generated signals for axial flux shape
information. The Note allowing 12 hours after reaching 15%
RTP is required for plant stabilization and testing. The
Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

SR 3.3.1.7

A CHANNEL FUNCTIONAL TEST on each channel is performed to
ensure the entire channel will perform its intended function
when needed. The SR is modified by two Notes. Note 1 is a
requirement to verify the correct CPC addressable constant
values are installed in the CPCs when the CPC CHANNEL
FUNCTIONAL TEST is performed. Note 2 allows the CHANNEL
FUNCTIONAL TEST for the Logarithmic Power Level — High
channels to be performed 2 hours after logarithmic power
drops below 1E-4% NRTP.

(continued)
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SR 3.3.1.7 (continued)

The RPS CHANNEL FUNCTIONAL TEST consists of three
overlapping tests as described in Reference 8. These tests
verify that the RPS is capable of performing its intended
fun%téon, from bistable input through the RTCBs. They
include:

Bistable Tests

A test signal is superimposed on the input in one channel
at a time to verify that the bistable trips within the
specified tolerance around the setpoint. This is done with
the affected RPS channel trip channel bypassed. Any
setpoint adjustment shall be consistent with the
assumptions of the current plant specific setpoint
analysis.

The as found and as left values must also be recorded and
reviewed for consistency with the assumptions of the
interval between surveillance interval extension analysis.

The requirements for this review are outlined in
Reference 9.

Matrix Logic Tests

Matrix Logic tests are addressed in LCO 3.3.4. This test
is performed one matrix at a time. It verifies that a
coincidence in the two input channels for each Function
removes power from the matrix relays. During testing,
power is applied to the matrix relay test coils and
prevents the matrix relay contacts from assuming their
de-energized state. This test will detect any short
circuits around the bistable contacts in the coincidence
logic, such as may be caused by faulty bistable relay or
trip channel bypass contacts.

Trip Path Tests

Trip path (Initiation Logic) tests are addressed in

LCO 3.3.4. These tests are similar to the Matrix Logic
tests, except that test power is withheld from one matrix
relay at a time, allowing the initiation circuit to
de-energize, thereby opening the affected RTCB. The RTCB
must then be closed prior to testing the other three
initiation circuits, or a reactor trip may result.

(continued)
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The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

The CPC and CEAC channels and excore nuclear
instrumentation channels are tested separately.

The excore channels use preassigned test signals to verify
proper channel alignment. The excore logarithmic channel
test signal is inserted into the preamplifier input, so as
to test the first active element downstream of the
detector.

The power range excore test signal is inserted at the
drawer input, since there is no preamplifier.

The quarterly CPC CHANNEL FUNCTIONAL TEST is performed using
software. This software includes preassigned addressable
constant values that may differ from the current values.

Provisions are made to store the addressable constant
values on a computer disk prior to testing and to reload
them after testing. A Note is added to the Surveillance
Requirements to verify that the CPC CHANNEL FUNCTIONAL TEST
includes the correct values of addressable constants.

SR 3.3.1.8

A Note indicates that neutron detectors are excluded from
CHANNEL CALIBRATION. The Surveillance Frequency is controlled
under the Surveillance Frequency Control Program. The
Surveillance verifies that the channel responds to a measured
parameter within the necessary range and accuracy. CHANNEL
CALIBRATION Teaves the channel adjusted to account for
instrument drift between successive calibrations to ensure
that the channel remains operational between successive tests.
CHANNEL CALIBRATIONS must be performed consistent with the
plant specific setpoint analysis.

The as found and as Teft values must also be recorded and
reviewed for consistency with the assumptions of the interval
between surveillance interval extension analysis. The
requirements for this review are outlined in Reference 9.
Operating experience has shown this Frequency to be
satisfactory. The detectors are excluded from CHANNEL

(continued)
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SR 3.3.1.8 (continued)

CALIBRATION because they are passive devices with minimal
drift and because of the difficulty of simulating a
meaningful signal. Slow changes in detector sensitivity
are compensated for by performing the calorimetric
calibration (SR 3.3.1.4) and the Tinear subchannel gain
check (SR 3.3.1.6). 1In addition, the associated control
room indications are monitored by the operators.

SR 3.3.1.9

SR 3.3.1.9 is the performance of a CHANNEL CALIBRATION.

CHANNEL CALIBRATION is a complete check of the instrument
channel including the sensor. The Surveillance verifies
that the channel responds to a measured parameter within
the necessary range and accuracy. CHANNEL CALIBRATION
leaves the channel adjusted to account for instrument drift
between successive calibrations to ensure that the channel
remains operational between successive tests. CHANNEL
CALIBRATIONS must be performed consistent with the plant
specific setpoint analysis.

The as found and as left values must also be recorded and
reviewed for consistency with the assumptions of the
surveillance interval extension analysis. The requirements
for this review are outlined in Reference 9.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

The Surveillance is modified by a Note to indicate that the
neutron detectors are excluded from CHANNEL CALIBRATION
because they are passive devices with minimal drift and
because of the difficulty of simulating a meaningful
signal. Slow changes in detector sensitivity are
compensated for by performing the calorimetric calibration
(SR 3.3.1.4) and the Tinear subchannel gain check (SR
3.3.1.6).

(continued)
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SURVETLLANCE SR 3.3.1.10
REQUIREMENTS
(continued) A CHANNEL FUNCTIONAL TEST is performed on the CPCs. The

CHANNEL FUNCTIONAL TEST shall include the injection of a
signal as close to the sensors as practicable to verify
OPERABILITY including alarm and trip Functions.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.83.1.11

The three excore detectors used by each CPC channel for
axial flux distribution information are far enough from the
core to be exposed to flux from all heights in the core,
although it is desired that they only read their particular
level. The CPCs adjust for this flux overlap by using the
predetermined shape annealing matrix elements in the CPC
software.

After refueling, it is necessary to re-establish or verify
the shape annealing matrix elements for the excore
detectors based on more accurate incore detector readings.
This is necessary because refueling could possibly produce
a significant change in the shape annealing matrix
coefficients.

Incore detectors are inaccurate at low power Tevels.
THERMAL POWER should be significant but < 70% to perform an
accurate axial shape calculation used to derive the shape
annealing matrix elements.

By restricting power to < 70% until shape annealing matrix
elements are verified, excessive local power peaks within
the fuel are avoided. Operating experience has shown this
Frequency to be acceptable.

(continued)
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SURVETLLANCE SR 3.3.1.12
REQUIREMENTS
(continued) SR 3.3.1.12 is a CHANNEL FUNCTIONAL TEST similar to

SR 3.3.1.7, except SR 3.3.1.12 is applicable only to
operating bypass functions and is performed once within

92 days prior to each startup. Proper operation of
operating bypass permissives is critical during plant
startup because the operating bypasses must be in place to
allow startup operation and must be automatically removed
at the appropriate points during power ascent to enable
certain reactor trips. Consequently, the appropriate time
to verify operating bypass removal function OPERABILITY is
just prior to startup. The allowance to conduct this
Surveillance within 92 days of startup is based on the
reliability analysis presented in topical report CEN-327,
"RPS/ESFAS Extended Test Interval Evaluation” (Ref. 9).
Once the operating bypasses are removed, the bypasses must
not fail in such a way that the associated trip Function
gets inadvertently bypassed. This feature is verified by
the trip Function CHANNEL FUNCTIONAL TEST, SR 3.3.1.7.
Therefore, further testing of the operating bypass function
after startup is unnecessary.

SR 3.3.1.13

This SR ensures that the RPS RESPONSE TIMES are verified to
be Tess than or equal to the maximum values assumed in the
safety analysis. Individual component response times are
not modeled in the analyses. The analyses model the
overall or total elapsed time, from the point at which the
parameter exceeds the trip setpoint value at the sensor to
the point at which the RTCBs open. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR 3.3.1.13 (continued)

Response time may be verified by any series of sequential,
overlapping or total channel measurements, including
allocated sensor response time, such that the response time
is verified. Allocations for sensor response times may be
obtained from the records of test results, vendor test
data, or vendor engineering specifications. Topical Report
CE NPSD-1167-A, "Elimination of Pressure Sensor Response
Time Testing Requirements." (Ref. 12) provides the basis
and methodology for using allocated sensor response times
in the overall verification of the channel response time
for specific sensors identified in the Topical Report.
Response time verification for other sensor types must be
demonstrated by test. The allocation of sensor response
times must be verified prior to placing a new component in
operation and reverified after maintenance that may
adversely affect the sensor response time.

A Note is added to indicate that the neutron detectors are
excluded from RPS RESPONSE TIME testing because they are
passive devices with minimal drift and because of the
difficulty of simulating a meaningful signal. Slow changes
in detector sensitivity are compensated for by performing
the daily calorimetric calibration (SR 3.3.1.4)
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B 3.3.2

B 3.3 INSTRUMENTATION

B 3.3.2 Reactor Protective System (RPS) Instrumentation — Shutdown

BASES

BACKGROUND

The RPS initiates a reactor trip to protect against
violating the core fuel design limits and reactor coolant
pressure boundary (RCPB) integrity during anticipated
operational occurrences (AOOs). By tripping the reactor,
the RPS also assists the Engineered Safety Features systems
in mitigating accidents.

The protection and monitoring systems have been designed to
ensure safe operation of the reactor. This is achieved by
specifying limiting safety system settings (LSSS) in terms
of parameters directly monitored by the RPS, as well as LCOs
on other reactor system parameters and equipment
performance.

Except for trip Functions 2 and 3, the LSSS defined in this
Specification as the Allowable Value, in conjunction with
the LCOs, establish the threshold for protective system
action to prevent exceeding acceptable Timits during Design
Basis Accidents (DBAs). For Trip Functions 2 and 3, the
UFSAR Trip Setpoint is the LSSS.

During AOOs, which are those events expected to occur one or
more times during the plant life, the acceptable limits are:

o The departure from nucleate boiling ratio shall be
maintained above the Safety Limit (SL) value to
prevent departure from nucleate boiling;

. Fuel centerline melting shall not occur; and

o The Reactor Coolant System pressure SL of 2750 psia
shall not be exceeded.

Maintaining the parameters within the above values ensures
that the offsite dose will be within the 10 CFR 50 (Ref. 1)
and 10 CFR 100 (Ref. 2) criteria during AQOs.

Accidents are events that are analyzed even though they are
not expected to occur during the plant life. The acceptable
1imit during accidents is that the offsite dose shall be
maintained within an acceptable fraction of 10 CFR 100

(Ref. 2) Timits. Different accident categories allow a
different fraction of these limits based on probability of
occurrence. Meeting the acceptable dose 1limit for an
accident category is considered having acceptable
consequences for that event.

(continued)
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BACKGROUND
(continued) The RPS is segmented into four interconnected modules.

These modules are:

o Measurement channels;

. Bistable trip units;

. RPS Logic; and

o Reactor trip circuit breakers (RTCBs).

This LCO applies to the Logarithmic Power Level — High trip
in MODES 3, 4, and 5 with the RTCBs closed and the CEAs
capable of withdrawal. 1In MODES 1 and 2, this trip function
is addressed in LCO 3.3.1, "Reactor Protective System (RPS)
Instrumentation — Operating.” LCO 3.3.12, "Boron Dilution
ATarm System (BDAS)," applies when the RTCBs are open.

This LCO applies to the Steam Generator #1 and the Steam
Generator #2 Pressure-Low trip in MODE 3, with the RTCBs
closed and the CEAs capable of withdrawal. In MODES 1 and 2,
this trip function is addressed in LCO 3.3.1, "Reactor
Protective System (RPS) Instrumentation-Operating."

(continued)
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BACKGROUND
(continued)

Measurement Channels and Bistable Trip Units

The measurement channels providing input to the Logarithmic
Power Level — High trip consist of the four Togarithmic
nuclear instrumentation channels detecting neutron flux
leakage from the reactor vessel. Other aspects of the
Logarithmic Power Level — High trip are similar to the other
measurement channels and bistables. These are addressed in
the Background section of LCO 3.3.1.

Functional testing of the entire RPS, from bistable input
through the opening of individual sets of RTCBs, can be
performed either at power or shutdown and is normally
performed on a quarterly basis. Nuclear instrumentation can
be similarly tested. UFSAR, Section 7.2 (Ref. 3), provides
more detail on RPS testing.

APPLICABLE
SAFETY ANALYSES

The RPS functions to maintain the SLs during AOOs and
mitigates the consequence of DBAs in all MODES in which the
RTCBs are closed.

Each of the analyzed transients and accidents can be
detected by one or more RPS Functions. Functions not
specifically credited in the accident analysis were
qualitatively credited in the safety analysis and the NRC
staff approved licensing basis for the plant. Noncredited
Functions include the Steam Generator Water Level - High
Trip. The Steam Generator Water Level - High Trip is purely
equipment protective, and its use minimizes the potential
for equipment damage.

The Logarithmic Power Level — High trip protects the
integrity of the fuel cladding and helps protect the RCPB in
the event of an unplanned criticality from a shutdown
condition.

The Steam Generator Pressure-Low trip function provides
shutdown margin to prevent or minimize the return to power,
following a large Main Steam Line Break (MSLB) in MODE 3.

With Tess than 4 RCPs running the trip setpoint for the
Logarithmic Power Level-High trip is reduced to < 10°*%
NRTP. The lower setpoint is required for a bank CEA
withdrawal with Tess than 4 RCPs running.

(continued)
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APPLICABLE In MODES 2, 3, 4, and 5, with the RTCBs closed, and the
SAFETY ANALYSES  Control Element Assembly (CEA) Drive System capable of CEA
(continued) withdrawal, protection is required for CEA withdrawal

events, and excessive cooldown due to a MSLB originating
when logarithmic power is < 1E-4% NRTP. For events
originating above this power Tevel, other trips provide
adequate protection.

MODES 3, 4, and 5, with the RTCBs closed, are addressed in
this LCO. MODE 2 is addressed in LCO 3.3.1.

In MODES 3, 4, or 5, with the RTCBs open or the CEAs not
capable of withdrawal, the Logarithmic Power Level — High
trip does not have to be OPERABLE.  The indication and
alarm functions required to indicate a boron dilution event
are addressed in LCO 3.3.12 "Boron Dilution Alarm System
(BDAS)".

Interlock/Bypasses

The operating bypasses and their Allowable Values are
addressed in footnotes to Table 3.3.2-1. They are not
otherwise addressed as specific Table entries.

The automatic operating bypass removal features must
function as a backup to manual actions for all safety
related trips to ensure the trip Functions are not
operationally bypassed when the safety analysis assumes the
Functions are not bypassed. The basis for the Logarithmic
Power Level -High operating bypass is discussed under
individual trips in the LCO section.

The RPS satisfies Criterion 3 of 10 CFR 50.36 (c)(2)(ii).

The LCO requires the Logarithmic Power Level — High, the
Steam Generator #1 Pressure-Low, and the Steam Generator #2
Pressure-Low, RPS Functions to be OPERABLE. Failure of any
required portion of the instrument channel renders the
affected channel(s) inoperable and reduces the reliability
of the affected Function.

(continued)
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LCO

Actions allow maintenance (trip channel) bypass of
individual channels, but the bypass activates interlocks
that prevent operation with a second channel in the same
Function bypassed. With one channel in each Function trip
channel bypassed, this effectively places the plant in a
two-out-of-three logic configuration in those Functions.

Only the Allowable Values (AVs) are specified for this RPS
trip Function in the LCO. The AV is considered an
operability Tlimit for the channel. If the as-found
instrument setting is found to be non-conservative with
respect to the AV, or the as-left instrument setting cannot
be returned to a setting within As-Left Tolerance (ALT), or
the instrument is not functioning as required; then the
instrument channel shall be declared inoperable. Nominal
trip setpoints are specified in the plant specific setpoint
calculations. The nominal setpoint is selected to ensure
the setpoint measured by CHANNEL FUNCTIONAL TESTS does not
exceed the Allowable Value if the bistable is performing as
required. Operation with a trip setpoint less conservative
than the nominal trip setpoint, but within its Allowable
Value, is acceptable provided that operation and testing are
consistent with the assumptions of the plant specific
setpoint calculations. Each Allowable Value specified is
more conservative than the analytical Timit assumed in the
safety analysis in order to account for instrument
uncertainties appropriate to the trip Function.

These uncertainties are defined in the "Plant Protection
System Selection of Trip Setpoint Values" (Ref. 4). A
channel is inoperable if its actual trip setpoint is not
within its required Allowable Value.

This LCO requires all four channels of the Logarithmic Power
Level — High to be OPERABLE MODES in 3, 4, or 5 when the
RTCBs are closed and the CEA Drive System is capable of CEA
withdrawal .

A CEA is considered capable of withdrawal when power is
applied to the Control Element Drive Mechanisms (CEDMs).
There are several methods used to remove power from the
CEDMs, such as de-energizing the CEDM MGs, opening the CEDM
MG output breakers, opening the Control Element Assembly
Control System (CEDMCS) CEA breakers, opening the RTCBs, or
disconnecting the power cables from the CEDMs. Any method

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.2-5 REVISION 35




RPS Instrumentation — Shutdown

B 3.3.2
BASES
LCO that removes power from the CEDMs may be used. The CEAs are
(continued) still capable of withdrawal if the CEDMCS withdrawal circuits

are disabled with power applied to the CEDMs because failures
in the CEDMCS could result in CEA withdrawal.

This LCO requires all four channels of Steam Generator #1
Pressure-Low, and Steam Generator #2 Pressure-Low, to be
OPERABLE in MODE 3, when the RTCBs are closed and the CEA
Drive System is capable of CEA withdrawal. These RPS
functions are not required in MODES 4 and 5 because the Steam
Generator temperature is low, therefore the energy release
and resulting cooldown following a large MSLB in MODES 4 and
5 1is not significant.

Footnote (e), which is divided into two parts, will ensure
compliance with 10 CFR 50.36 in the event that the instrument
set points are found not to be conservative with respect to
the as-found acceptance criteria. Part 1 requires evaluation
of instrument performance for the condition where the
as-found setting for these instruments is outside its As-
Found Tolerance (AFT) but conservative with respect to the
Allowable Value. Evaluation of instrument performance will
verify that the instrument will continue to behave in
accordance with design-basis assumptions. The purpose of the
assessment is to ensure confidence in the instrument
performance prior to returning the instrument to service.
Initial evaluation will be performed by the technician
performing the surveillance who will evaluate the
instrument’s ability to maintain a stable trip setpoint
within the As-Left Tolerance (ALT). The technician’s
evaluation will be reviewed by on shift personnel both during
the approval of the surveillance data and as a result of
entry of the deviation in the site’s corrective action
program. In accordance with procedures, entry into the
corrective action program will require review and
documentation of the condition for operability. Additional
evaluation and potential corrective actions as necessary will
ensure that any as-found setting found outside the AFT is
evaluated for Tong-term operability trends.

Part 2 requires that the as-left setting for the instrument
be returned to within the ALT of the specified trip setpoint.
The specified field installed trip setpoint is termed as the
Design Setpoint (DSp) and is equal to or more conservative
than the UFSAR Trip Setpoint. The general relationship among
the PVNGS trip setpoint terms is as follows: The calculated
1imiting setpoint (LSp) is determined within the plant
specific setpoint analysis and is based on the Analytical
Limit and Total Loop Uncertainty. The UFSAR Trip Setpoint is

(continued)
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BASES
LCO equal to or more conservative than the LSp and is specified
(continued) in the UFSAR. The DSp is the field installed setting and is

equal to or more conservative than the UFSAR Trip Setpoint.
This relationship ensures that sufficient margin to the
safety and/or analytical Timit is maintained. If the as-
found instrument setting is found to be non-conservative with
respect to the AV specified in the technical specifications,
or the as-left instrument setting cannot be returned to a
setting within the ALT, or the instrument is not functioning
as required; then the instrument channel shall be declared
inoperable.

The Allowable Values are high enough to provide an operating
envelope that prevents unnecessary Logarithmic Power

Level — High reactor trips during normal plant operations.
The Allowable Values are low enough for the system to
maintain a safety margin for unacceptable fuel cladding
damage should a CEA withdrawal or MSLB event occur.

The Logarithmic Power Level — High trip may be bypassed when
logarithmic power is above 1E-4% NRTP to allow the reactor to
be brought to power during a reactor startup. This bypass is
automatically removed when logarithmic power decreases below
1E-4% NRTP. Above 1E-4% NRTP, the Variable Over Power — High
and Pressurizer Pressure — High trips provide protection for
reactivity transients.

The automatic bypass removal channel is INOPERABLE when the
associated Log power channel has failed. The bypass function
is manually controlled via station operating procedures and
the bypass removal circuitry itself is fully capable of
responding to a change in the associated input bistable.
Footnotes (a) and (b) in Table 3.3.1-1 and (d) in Table
3.3.2-1 clearly require an "automatic" removal of trip
bypasses. A failed Log channel may prevent, depending on the
failure mode, the associated input bistable from changing
state as power transitions through the automatic bypass
removal setpoint. Specifically, when the indicated Log power
channel is failed high (above 1E-4%)., the automatic Hi-Log
power trip bypass removal feature in that channel cannot
function. Similarly, when the indicated Log power channel is
failed Tow (below 1E-4%), the automatic DNBR-LPD trip bypass
removal feature in that channel cannot function. Although
one bypass removal feature is applicable above 1E-4% NRTP and
the other is applicable below 1E-4% NRTP, both are affected
by a failed Log power channel and should therefore be
considered INOPERABLE.

(continued)
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LCO When a Log channel is INOPERABLE, both the Hi-Log power and

(continued) DNBR/LPD automatic trip bypass removal features in that
channel are also INOPERABLE, requiring entry into LCO 3.3.1
Condition C or LCO 3.3.2 Condition C depending on plant
operating MODE. Required Action C.1 for both LCOs 3.3.1 and
3.3.2 require the bypass channel to be disabled. Compliance
with C.1 is met by placing the CR switches in "off" and
"normal” for the Hi-Log power and DNBR/LPD bypasses
respectively. No further action (key removal, periodic
verification, etc.) is required. These CR switches are
administratively controlled via station procedure therefore,
the requirements of C.1 are continuously met.

APPLICABILITY This LCO is applicable to the RPS Instrumentation in MODES 3,
4, and 5 with any RTCB closed and any CEA capable of
withdrawal. LCO 3.3.1 is applicable to the RPS Instrumentation
in MODES 1 and 2. The requirements for the CEACs in MODES 1
and 2 are addressed in LCO 3.3.3. The RPS Matrix Logic,
Initiation Logic, RTCBs, and Manual Trips in MODES 1, 2, 3, 4,
and 5 are addressed in LCO 3.3.4.

Most RPS trips are required to be OPERABLE in MODES 1 and 2
because the reactor is critical in these MODES. The trips
are designed to take the reactor subcritical, which
maintains the SLs during AOOs and assists the Engineered
Safety Features Actuation System (ESFAS) in providing
acceptable consequences during accidents. Most trips are
not required to be OPERABLE in MODES 3, 4, and 5.

In MODES 3, 4, and 5, the emphasis is placed on return to
power events. The reactor is protected in these MODES by
ensuring adequate SDM. Exceptions to this are:

. The Logarithmic Power Level — High trip, RPS Logic RTCBs,
and Manual Trip are required in MODES 3, 4, and 5, with
the RTCBs closed, to provide protection for boron
dilution and CEA withdrawal events. The Logarithmic
Power Level — High trip in these lTower MODES is addressed
in this LCO. The RPS Logic in MODES 1, 2, 3, 4, and 5
is addressed in LCO 3.3.4, "Reactor Protective System
(RPS) Logic and Trip Initiation."

(continued)
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APPLICABILITY
(continued)

e The Steam Generator #1 Pressure-Low, and the Steam
Generator #2 Pressure-Low trips, RPS Logic, RTCBs, and
Manual Trip are required in MODE 3 with the RTCBs closed,
to provide protection for large MSLB events in MODE 3. The
Steam Generator Pressure-Low trip in this Tower MODE is
addressed in this LCO. The RPS Logic in MODES 1,2,3.,4,
and 5 is addressed in LCO 3.3.4, Reactor Protective System
(RPS) Logic and Trip Initiation.

The applicability for the Logarithmic Power Level-High
function is modified by a Note that allows the trip to be
bypassed when Togarithmic power is > 1E-4% NRTP, and the
bypass is automatically removed when logarithmic power is
< 1E-4% NRTP.

ACTIONS

The most common causes of channel inoperability are outright
failure or drift of the bistable or process module sufficient
to exceed the tolerance allowed by the plant specific
setpoint analysis. Typically, the drift is found to be small
and results in a delay of actuation rather than a total loss
of function. This determination is generally made during the
performance of a CHANNEL FUNCTIONAL TEST when the process
instrument is set up for adjustment to bring it to within
specification. If the trip setpoint is less conservative
than the Allowable Value stated in the LCO, the channel is
declared inoperable immediately, and the appropriate
Condition(s) must be entered immediately.

In the event a channel's trip setpoint is found
nonconservative with respect to the Allowable Value, or the
excore logarithmic power channel or RPS bistable trip unit
is found inoperable, then all affected Functions provided
by that channel must be declared inoperable and the unit
must enter the Condition for the particular protection
Function affected.

(continued)
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ACTIONS With a channel process measurement circuit that affects
(continued) multiple functional units inoperable or in test, bypass or
trip all associated functional units as listed below:
PROCESS MEASUREMENT CIRCUIT FUNCTIONAL UNIT (Bypassed or Tripped)
Steam Generator Pressure-Low Steam Generator Pressure - Low (RPS)

Steam Generator #1 Level - Low (ESF)
Steam Generator #2 Level - Low (ESF)

When the number of inoperable channels in a trip Function
exceeds that specified in any related Condition associated
with the same trip Function, then the plant is outside the
safety analysis. Therefore, LCO 3.0.3 is immediately
entered, if applicable in the current MODE of operation.

A.l1, and A.2

Condition A applies to the failure of a single trip channel
or associated instrument channel inoperable in any RPS
function.

The RPS coincidence logic is two-out-of-four. If one channel
is inoperable, operation in MODES 3, 4, and 5 is allowed to
continue, providing the inoperable channel is placed in
bypass or trip in 1 hour (Required Action A.1).

The 1 hour allotted to bypass or trip the channel is
sufficient to allow the operator to take all appropriate
actions for the failed channel while ensuring that the risk
involved in operating with the failed channel is acceptable.

The failed channel must be restored to OPERABLE status prior
to entering MODE 2 following the next MODE 5 entry. With a
channel bypassed, the coincidence Togic is now in a
two-out-of-three configuration. The Completion Time is based
on adequate channel to channel independence, which allows a
two-out-of-three channel operation since no single failure
will cause or prevent a reactor trip.

The intent of this requirement is that should a failure
occur that cannot be repaired during power operation, then
continued operation is allowed without requiring a plant
shutdown. However, the failure needs to be repaired during
the next MODE 5 outage. Allowing the unit to exit MODE 5
is acceptable, as the appropriate retest may not be
possible until normal operating pressures and temperatures
are achieved. If the failure occurs while in MODE 5, then
the problem needs to be resolved during that shutdown, and
OPERABILITY restored prior to the subsequent MODE 2 entry.
(continued)
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ACTIONS
(continued)

B.1

Condition B applies to the failure of two trip channels or
associated instrument channels, in any RPS automatic trip
function. Required Action B.1 provides for placing one
inoperable channel in bypass and the other channel in trip
within the Completion Time of 1 hour. This Completion Time
is sufficient to allow the operator to take all appropriate
actions for the failed channels and still ensures the risk
involved in operating with the failed channels is acceptable.
With one channel of protective instrumentation bypassed, the
RPS is in a two-out-of-three logic; but with another channel
failed, the RPS may be operating in a two-out-of-two logic.
This is outside the assumptions made in the analyses and
should be corrected. To correct the problem, the second
channel is placed in trip. This places the RPS in a
one-out-of-two logic. If any of the other OPERABLE channels
receives a trip signal, the reactor will trip.

One of the two inoperable channels will need to be restored
to OPERABLE status prior to the next required CHANNEL
FUNCTIONAL TEST because channel surveillance testing on an
OPERABLE channel requires that the OPERABLE channel be placed
in bypass. However, it is not possible to bypass more than
one RPS channel, and placing a second channel in trip will
result in a reactor trip. Therefore, if one RPS channel is
in trip and a second channel is in bypass, a third inoperable
channel would place the unit in LCO 3.0.3.

C.1, C.2.1, and C.2.2

Condition C applies to one automatic operating bypass removal
channel inoperable. If the operating bypass removal channel
for the high Togarithmic power level operating bypass cannot
be restored to OPERABLE status within 1 hour,

(continued)
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C.1, C.2.1 and C.2.2 (continued)

the associated RPS channel may be considered OPERABLE only if
the operating bypass is not in effect. Otherwise, the
affected RPS channel must be declared inoperable, as in
Condition A, and the operating bypass either removed or the
affected automatic channel placed in trip or maintenance
(trip channel) bypass. Both the operating bypass removal
channel and the associated automatic trip channel must be
repaired prior to entering MODE 2 following the next MODE 5
entry. The Bases for the Required Actions and required
Completion Times are consistent with Condition A.

D.1 and D.2

Condition D applies to two inoperable automatic operating
bypass removal channels. If the operating bypass removal
channels for two operating bypasses cannot be restored to
OPERABLE status within 1 hour, the associated RPS channel may
be considered OPERABLE only if the operating bypass is not in
effect. Otherwise, the affected RPS channels must be
declared inoperable, as in Condition B, and the operating
bypass either removed or one automatic trip channel placed in
maintenance (trip channel) bypass and the other in trip
within 1 hour. The restoration of one affected bypassed
automatic trip channel must be completed prior to the next
CHANNEL FUNCTIONAL TEST or the plant must shut down

per LCO 3.0.3, as explained in Condition B. Completion Times
are consistent with Condition B.

E.1

Condition E is entered when the Required Actions and
associated Completion Times of Condition A, B, C, or D are
not met.

(continued)
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RPS Instrumentation — Shutdown
B 3.3.2

ACTIONS

E.1 (continued)

[T Required Actions associated with these Conditions cannot
be completed within the required Completion Time, all RTCBs
must be opened, placing the plant in a condition where the
RPS trip channels are not required to be OPERABLE. A
Completion Time of 1 hour is a reasonable time to perform the
Required Action, which maintains the risk at an acceptable
level while having one or two channels inoperable.

SURVETLLANCE
REQUIREMENTS

The SR's for any particular RPS function are found in the SR
column of Table 3.3.2-1 for that function. The SRs are an
extension of those listed in LCO 3.3.1, listed here because
of their Applicability in these MODES.

SR 3.3.2.1

SR 3.3.2.1 is the performance of a CHANNEL CHECK of each RPS
channel. This SR is identical to SR 3.3.1.1. Only the
Applicability differs.

Performance of the CHANNEL CHECK ensures that gross failure
of instrumentation has not occurred. A CHANNEL CHECK is
normally a comparison of the parameter indicated on one
channel to a similar parameter on another channel. It is
based on the assumption that instrument channels monitoring
the same parameter should read approximately the same value.

Significant deviations between the two instrument channels
could be an indication of excessive instrument drift in one
of the channels or of something even more serious. CHANNEL
CHECK will detect gross channel failure; thus, it is key to
verifying that the instrumentation continues to operate
properly between each CHANNEL CALIBRATION.

Agreement criteria are determined by the plant staff based on
a combination of the channel instrument uncertainties,
including indication and readability. If a channel is
outside the criteria, it may be an indication that the sensor
or the signal processing equipment has drifted outside its
limits. For clarification, a CHANNEL CHECK is a qualitative
assessment of an instrument’s behavior. Where possible, a
numerical comparison between like instrument channels should

(continued)
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RPS Instrumentation — Shutdown
B 3.3.2

SURVETLLANCE
REQUIREMENTS

SR 3.3.2.1 (continued)

be included but is not required for an acceptable CHANNEL
CHECK performance.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.2.2

A CHANNEL FUNCTIONAL TEST on each channel, except power range
neutron flux, is performed to ensure the entire channel will
perform its intended function when needed. This SR is
identical to SR 3.3.1.7. Only the Applicability differs.

The RPS CHANNEL FUNCTIONAL TEST consists of three overlapping
tests as described in the UFSAR, Section 7.2 (Ref. 3). These
tests verify that the RPS is capable of performing its
intended function, from bistable input through the RTCBs.
They include:

Bistable Tests

A test signal is superimposed on the input in one channel at
a time to verify that the bistable trips within the specified
tolerance around the setpoint. This is done with the
affected RPS channel trip channel bypassed. Any setpoint
adjustment shall be consistent with the assumptions of the
current plant specific setpoint analysis.

The as found and as Teft values must also be recorded and
reviewed for consistency with the assumptions of the
surveillance interval extension analysis. The requirements
for this review are outlined in Reference 6.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.2-14 REVISION 56



RPS Instrumentation — Shutdown

B 3.3.2
BASES
SURVEILLANCE Matrix Logic Tests
REQUIREMENTS
(continued) Matrix Logic Tests are addressed in LCO 3.3.4. This test is

performed one matrix at a time. It verifies that a
coincidence in the two input channels for each Function
removes power from the matrix relays. During testing, power
is applied to the matrix relay test coils and prevents the
matrix relay contacts from assuming their de-energized state.
This test will detect any short circuits around the bistable
contacts in the coincidence logic, such as may be caused by
faulty bistable relay or trip channel bypass contacts.

Trip Path Test

Trip path (Initiation Logic) tests are addressed in

LCO 3.3.4. These tests are similar to the Matrix Logic tests
except that test power is withheld from one matrix relay at a
time, allowing the initiation circuit to de-energize, opening
the affected set of RTCBs. The RTCBs must then be closed
prior to testing the other three initiation circuits, or a
reactor trip may result.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.2.3

SR 3.3.2.3 is a CHANNEL FUNCTIONAL TEST similar to

SR 3.3.2.2, except SR 3.3.2.3 is applicable only to operating
bypass functions and is performed once within 92 days prior
to each startup. This SR is identical to SR 3.3.1.12. Only
the Applicability differs.

Proper operation of operating bypass permissives is critical
during plant startup because the operating bypasses must be
in place to allow startup operation and must be automatically
removed at the appropriate points during power ascent to
enable certain reactor trips. Consequently, the appropriate
time to verify operating bypass removal function

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.2-15 REVISION 56



BASES

RPS Instrumentation — Shutdown
B 3.3.2

SURVETLLANCE
REQUIREMENTS

SR 3.3.2.3 (continued)

OPERABILITY 1is just prior to startup. The allowance to
conduct this Surveillance within 92 days of startup is based
on the reliability analysis presented in topical report
CEN-327, "RPS/ESFAS Extended Test Interval Evaluation”

(Ref. 6). Once the operating bypasses are removed, the
operating bypasses must not fail in such a way that the
associated trip Function gets inadvertently bypassed. This
feature is verified by the trip Function CHANNEL FUNCTIONAL
TEST, SR 3.3.2.2. Therefore, further testing of the
operating bypass function after startup is unnecessary.

SR 3.3.2.4

This SR is identical to SR 3.3.1.9. Only the Applicability
differs.

CHANNEL CALIBRATION is a complete check of the instrument
channel including the sensor (the sensor is excluded for the
Logarithmic Power Level Function). The Surveillance verifies
that the channel responds to a measured parameter within the
necessary range and accuracy. CHANNEL CALIBRATION leaves the
channel adjusted to account for instrument drift between
successive calibrations to ensure that the channel remains
operational between successive tests. CHANNEL CALIBRATIONS
must be performed consistent with the plant specific setpoint
analysis.

The as found and as Teft values must also be recorded and
reviewed for consistency with the assumptions of the
surveillance interval extension analysis. The requirements
for this review are outlined in Reference 6.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

The Surveillance is modified by a Note to indicate that the

neutron detectors are excluded from CHANNEL CALIBRATION
because they are passive devices with minimal drift and

(continued)
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RPS Instrumentation — Shutdown
B 3.3.2

SURVETLLANCE
REQUIREMENTS

SR 3.3.2.4 (continued)

because of the difficulty of simulating a meaningful signal.
Slow changes in detector sensitivity are compensated for by
performing the daily calorimetric calibration (SR 3.3.1.4).

SR 3.3.2.5

This SR ensures that the RPS RESPONSE TIMES are verified to
be Tess than or equal to the maximum values assumed in the
safety analysis. Individual component response times are not
modeled in the analyses. The analyses model the overall or
total elapsed time, from the point at which the parameter
exceeds the trip setpoint value at the sensor to the point at
which the RTCBs open. The Surveillance Frequency is
controlled under the Surveillance Frequency Control Program.

Response time may be verified by any series of sequential,
overlapping or total channel measurements, including
allocated sensor response time, such that the response time
is verified. Allocations for sensor response times may be
obtained from records of test results, vendor test data, or
vendor engineering specifications. Topical Report CE NPSD-
1167-A, "Elimination of Pressure Sensor Response Time Testing
Requirements,” (Ref. 7) provides the basis and methodology
for using allocated sensor response times in the overall
verification of the channel response time for specific
sensors identified in the Topical Report. Response time
verification for other sensor types must be demonstrated by
test. The allocation of sensor response times must be
verified prior to placing a new component in operation and
reverified after maintenance that may adversely affect the
sensor response time.

(continued)
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B 3.3.2
BASES
A Note is added to indicate that the neutron detectors are
excluded from RPS RESPONSE TIME testing because they are
passive devices with minimal drift and because of the
difficulty of simulating a meaningful signal. Slow changes
in detector sensitivity are compensated for by performing the
daily calorimetric calibration (SR 3.3.1.4).
REFERENCES 1. 10 CFR 50.
2. 10 CFR 100.
3. UFSAR, Section 7.2 Tables 7.2-1 and 7.3-11A.
4. "Calculation of Trip Setpoint Values Plant Protection
System, CEN-286(v)", or Calculation 13-JC-SG-203 for the
Low Steam Generator Pressure Trip Function.
5. NRC Safety Evaluation Report, July 15, 1994.
6. CEN-327, June 2, 1986, including Supplement 1,
March 3, 1989, and Calculation 13-JC-SB-200.
/. CEOG Topical Report CE NPSD-1167-A, "Elimination of

Pressure Sensor Response Time Testing Requirements."
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B 3.3 INSTRUMENTATION
B 3.3.3 Control Element Assembly Calculators (CEACs)

BASES

BACKGROUND

The Reactor Protective System (RPS) initiates a reactor trip
to protect against violating the core Specified Acceptable
Fuel Design Limits (SAFDLs) and breaching the Reactor
Coolant Pressure Boundary (RCPB) during Anticipated
Operational Occurrences (AOOs). By tripping the reactor,
the RPS also assists the Engineered Safety Features Systems
in mitigating accidents.

The protection and monitoring systems have been designed to
ensure safe operation of the reactor. This is achieved by
specifying Limiting Safety System Settings (LSSS) in terms
of parameters directly monitored by the RPS, as well as LCOs
on other reactor system parameters and equipment
performance.

The LSSS (defined in this Specification as the Allowable
Value), in conjunction with the LCOs, establish the
thresholds for protective system action to prevent exceeding
acceptable limits during Design Basis Accidents.

During AOOs, which are those events expected to occur one or
more times during the plant life, the acceptable limits are:

. The Departure from Nucleate Boiling Ratio (DNBR) shall
be maintained above the Safety Limit (SL) value to
prevent departure from nucleate boiling;

. Fuel centerline melting shall not occur; and

. The Reactor Coolant System pressure SL of 2750 psia
shall not be exceeded.

Maintaining the parameters within the above values ensures

that the offsite dose will be within the 10 CFR 50 (Ref. 1)
and 10 CFR 100 (Ref. 2) criteria during AOOs

(continued)
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B 3.3.3
BASES
BACKGROUND Accidents are events that are analyzed even though they are
(continued) not expected to occur during the plant life. The acceptable

Limit during accidents is that the offsite dose shall be
maintained within an acceptable fraction of 10 CFR 100
(Ref. 2) Timits. Different accident categories allow a
different fraction of these limits based on probability of
occurrence. Meeting the acceptable dose limit for an
accident category is considered having acceptable
consequences for that event.

The RPS 1is segmented into four interconnected modules.
These modules are:

o Measurement channels;

. Bistable trip units;

. RPS Logic: and

. Reactor Trip Circuit Breakers (RTCBs).

This LCO addresses the CEACs. LCO 3.3.1, "Reactor
Protective System (RPS) Instrumentation — Operating,"
provides a description of this equipment in the RPS.

The excore nuclear instrumentation, the Core Protection
Calculators (CPCs), and the CEACs are considered components
in the measurement channels of the Variable Over Power-High,
Logarithmic Power Level — High, DNBR — Low, and Local Power
Density (LPD) — High trips. The CEACs are addressed by this
Specification.

Each CPC receives Control Element Assembly (CEA) deviation
penalty factors from both CEACs in that channel and uses the
larger of the penalty factors from the two CEACs in the
calculation of DNBR and LPD. CPCs are further described in
the Background section of LCO 3.3.1.

The CEACs perform the calculations required to determine the
position of CEAs within their subgroups for the CPCs. Two
independent CEACs in each CPC channel compare the position
of each CEA to its subgroup position. If a deviation is
detected by either CEAC, an annunciator sounds and

(continued)
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BACKGROUND
(continued)

appropriate "penalty factors" are transmitted to the CPC
Processor in that channel. These penalty factors
conservatively adjust the effective operating margins to the
DNBR — Low and LPD — High trips.

Each CEA has two separate reed switch position transmitter
(RSPT) assemblies mounted outside the Reactor Coolant
Pressure Boundary (RCPB), designated RSPT 1 and RSPT 2.
CEA position from the RSPTs is processed by CEA Position
Processors (CPPs) located in each CPC channel. The CPPs
transmit CEA position to the appropriate CEAC in all four
CPC channels over optically isolated datalinks, such that
CEAC 1 in all channels receives the position of all CEAs
based upon RSPT 1, and CEAC 2 receives the position of all
CEAs based upon RSPT 2. Thus, the position of all CEAs is
independently monitored by both CEACs in each CPC channel.

The CPCs display the position of each CEA to the operator on
a separate single CEA Position Flat Panel Display. Each CPC
channel is connected to the display by means of an optically
isolated data Tink. The operator may select the channel for
display. Selecting channel A or B will display CEA position
based upon RSPT 1 on each CEA, whereas selecting channel C
gr D will display CEA position based upon RSPT 2 on each
EA.

Functional testing of the entire RPS, from bistable input
through the opening of individual sets of RTCBs, can be
performed either at power or shutdown and is normally
performed on a quarterly basis. Nuclear instrumentation,
the CPCs, and the CEACs can be similarly tested. CPC and
CEAC functional testing is performed on a Refueling interval
basis. UFSAR, Section 7.2 (Ref. 3), provides more detail on
RPS testing. Process transmitter calibration is normally
performed on a refueling basis.

APPLICABLE
SAFETY ANALYSIS

Each of the analyzed transients and accidents can be
detected by one or more RPS Functions.

(continued)
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APPLICABLE
SAFETY ANALYSIS
(continued)

The effect of any misoperated CEA within a subgroup on the
core power distribution is assessed by the CEACs, and an
appropriately augmented power distribution penalty factor
will be supplied as input to the CPCs. As the reactor core
responds to the reactivity changes caused by the misoperated
CEA and the ensuing reactor coolant and doppler feedback
effects, the CPCs will initiate a DNBR — Low or LPD — High
trip signal if SAFDLs are approached. Each CPC also
directly monitors one "target CEA" from each subgroup and
uses this information to account for excessive radial
peaking factors for events involving CEA groups out of
sequence and subgroup deviations within a group, without the
need for CEACs.

Therefore, although the CEACs do not provide a direct
reactor trip Function, their input to the CPCs is taken
credit for in the CEA misoperation analysis.

The CEACs satisfy Criterion 3 of 10 CFR 50.36 (c)(2)(ii).

LCO

This LCO on the CEACs ensures that the CPCs are either
informed of individual CEA position within each subgroup,
using one or both CEACs in each channel, or that appropriate
conservatism is included in the CPC calculations to account
for the anticipated CEA deviations.

CEAC 1 in all four CPC channels monitors CEA position based
upon RSPT 1 on all CEAs. CEAC 2 in all four channels
monitors CEA position based upon RSPT 2 on all CEAs. Each
CPC uses the higher of the two deviation penalty factors
transmitted by the channel CEACs. Thus only one OPERABLE
CEAC is required in each channel to provide CEA deviation

(continued)
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LCO
(continued)

protection. Because a single RSPT is used to provide RSPT
input to one CEAC in all four channels, this LCO requires
both CEACs to be OPERABLE in each channel so that no sensor
failure resulting in CEAC failure in multiple channels can
prevent a required trip from occurring.

To increase reliability each CPC channel contains two CEA
Position Processors (CPPs), which redundantly monitor the
channel RSPT inputs, perform analog to digital conversion,
and transmit the CEA position to the appropriate CEAC in all
four CPC channels over separate one-way fiber optically
isolated data links. The receiving CEAC will automatically
switch to the backup CPP and associated data link upon
failure of the preferred CPP or associated data Tink. CPPs
in CPC channels A and B together process all RSPT 1 CEA
position inputs, and transmit them to CEAC 1 in all four CPC
channels. Similarly, CPPs in channels C and D together
process all RSPT 2 position inputs, and transmit them to
CEAC 2 in all four CPC channels.

Operation of at Teast one CPP and associated data links in
each CPC channel is therefore required for both CEACs in all
CPC channels to receive CEA position information. Failure
of both redundant CPPs in a channel or failure of redundant
RSPT power supplies in that channel will cause the
associated receiving CEACs in all channels to lose CEA
position input on multiple CEAs. Failure of individual
RSPTs will result in a subset of CEAs being identified as
failed in the associated CEAC in multiple channels.

This LCO therefore addresses both individual channel and
multiple channel CEAC inoperabilities.

APPLICABILITY

This LCO is applicable to the CEACs in MODES 1 and 2. The
RPS Instrumentation in MODES 1 and 2 is addressed in LCO
3.3.1. The RPS Instrumentation in MODES 3, 4, and 5 with any
RTCB closed and any CEA capable of withdrawal is addressed
in LCO 3.3.2. The RPS Matrix Logic, Initiation Logic, RTCB,
agg gagu21 Trips in Modes 1, 2, 3, 4, and 5 are addressed in
L .3.4.

(continued)
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APPLICABILITY
(continued)

Most RPS trips are required to be OPERABLE in MODES 1 and 2
because the reactor is critical in these MODES. The trips
are designed to take the reactor subcritical, which
maintains the SLs during AOOs and assists the Engineered
Safety Features Actuation System in providing acceptable
consequences during accidents. Most trips are not required
to be OPERABLE in MODES 3, 4, and 5. In MODES 3, 4, and b5,
the emphasis is placed on return to power events. The
geactor is protected in these MODES by ensuring adequate
DM.

Because CEACs provide the inputs to the DNBR — Low and
LPD — High trips, they are required to be OPERABLE in MODES 1
and 2 for the same reasons.

ACTIONS

One Note has been added to the ACTIONS. Note 1 has been
added to clarify the application of the Completion Time
rules. The Conditions of this Specification may be entered
independently for each CPC channel. The completion Times of
each inoperable Channel will be tracked separately, starting
from the time the Condition was entered for that Channel.

A.l, A.2.1 and A.2.2

Condition A applies to the failure of one CEAC in one or
more CPC channels. A CEAC failure affecting a single
channel could result from failure within a CEAC processor
module, whereas a CEAC failure in multiple channels could be
caused by failure of redundant CPPs within a CPC channel.
Thus, Required Actions address both possibilities.

Al

Required Action A.1 provides for immediate declaration of
affected CPC channel inoperability, and entry into Required
Actions associated with LCO 3.3.1 for the DNBR-Low and LPD-
High trip functions. This Required Action treats single
CEAC failures in one or more channels in a manner consistent
with other RPS failures in one or more channels, and might
be the preferred action if only one CPC channel is affected.
IT the failure affects more than two CPC channels, required
Actions A.2.1 and A.2.2 would be preferable.

(continued)
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ACTIONS A.2.1 and A.2.2
(continued)

Actions A.2.1 and A.2.2 accommodate a loss of CEA position
monitoring capability by one CEAC in up to all four CPC
channels. There are two CEACs per CPC channel, each
providing CEA deviation input to the associated channel CPC.

The CEACs and CPPs providing CEA position input to the CEACs
include complex diagnostic software making it unlikely that
a CEAC will fail without informing the CPC of its failed
status. With one failed CEAC in one or more channels, the
CPC in the affected channels will receive CEA deviation
penalty factors from the remaining OPERABLE channel CEAC.

[T the second CEAC should fail (Condition B), the CPC will
use large preassigned penalty factors. The specific
Required Actions are as follows:

With one CEAC inoperable in one or more channels, the second
CEAC still provides a comprehensive set of comparison checks
on individual CEAs within subgroups, as well as outputs to
the affected CPCs, CEA deviation alarms, and position
indication for display. Verification every 4 hours that
each CEA is within 6.6 inches of the other CEAs in its group
provides a check on the position of all CEAs and provides
verification of the proper operation of the remaining CEAC.
An OPERABLE CEAC will not generate penalty factors until
deviations of > 9.0 inches within a subgroup are
encountered.

The Completion Time of once per 4 hours is adequate based on
operating experience, considering the low probability of an
undetected CEA deviation coincident with an undetected failure
in the remaining CEAC within this Timited time frame.

As Tong as Required Action A.2.1 is accomplished as
specified, the inoperable CEAC can be restored to OPERABLE
status within 7 days. The Completion Time of 7 days is
adequate for most repairs, while minimizing risk,
considering that dropped CEAs are detectable by the
redundant CEAC, and other LCOs specify Required Actions
necessary to maintain DNBR and LPD margin.

(continued)
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ACTIONS B.1, B.2.1, B.2.2, B.2.3, B.2.4, B.2.5, and B.2.6
(continued)

Condition B applies if the Required Action and associated
Completion Time of Condition A are not met, or if both CEACs
are inoperable in one or more CPC channels. Actions
associated with this Condition involve two choices:

e Action B.1 immediately renders the affected CPC channels
inoperable, thus requiring entry into the Required
Actions associated with LCO 3.3.1.

e Action B.2.1 through B.2.6 disable the Control Element
Drive Mechanism Control System (CEDMCS), while
providing increased assurance that CEA deviations are
not occurring and informing all OPERABLE CPC channels,
via a software flag, that both CEACs are failed. This
will ensure that the Tlarge penalty factor associated
with two CEAC failures will be applied to the CPC
calculations. The penalty factor for two failed CEACs
is sufficiently large that power must be maintained
significantly < 100% RTP if CPC generated reactor trips
are to be avoided. The Completion Time of 4 hours is
adeﬁuate to accomplish these actions while minimizing
risks.

The Required Actions are as follows:

B.1

Required Action B.1 provides for immediate declaration of
affected CPC channel inoperability, and entry into Required
Actions associated with LCO 3.3.1 for the DNBR-Low and LPD-
High trip functions. This Required Action treats failure of
both CEACs in one or more channels in a manner consistent
with other RPS failures in one or more channels. Similarly,
this Required Action permits immediate declaration of
channel 1inoperability and entry in the Required Actions of
LCO 3.3.1 if the Required Actions and associated Completion
Times of Condition A are not met. Required Action B.1 might
be the preferred action if only one CPC channel is affected.
IT the failure affects more than two CPC channels, required
Actions B.2.1 through B2.6 would be preferable.

B.2.1

Meeting the DNBR margin requirements of LCO 3.2.4, "DNBR"
ensures that power level is within a conservative region of
operation based on actual core conditions.

(continued)
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ACTIONS
(continued)

B.2.2

This Action requires that the CEAs are maintained fully
withdrawn (all CEAs meet the requirements of LCO 3.1.6 and
3.1.7), except as required for specified testing or flux
control via group #5. This verification ensures that
undesired perturbations in local fuel burnup are prevented.
The Upper Electrical Limit (UEL) CEA reed switches provide
an acceptable indication of CEA position.

B.2.3

The "RSPT/CEAC Inoperable" addressable constant in each of the
OPERABLE CPCs is set to indicate that both CEACs are
inoperable. This provides a conservative penalty factor to
ensure that a conservative effective margin is maintained by
the CPCs in the computation of DNBR and LPD trips.

B.2.4

The CEDMCS 1is placed and maintained in "STANDBY MODE," except
during CEA motion permitted by Required Action B.2, to prevent
inadvertent motion and possible misalignment of the CEAs.

B.2.5

A comprehensive set of comparison checks on individual CEAS
within groups must be made within 4 hours. Verification
that each CEA is within 6.6 inches of other CEAs in its
group provides a check that no CEA has deviated from its
proper position within the group.

B.2.6

The Reactor Power Cutback (RPCB) System must be disabled.
This ensures that CEA position will not be affected by RPCB
operation.

C.1

Condition C is entered when the Required Action and
associated Completion Time of Condition B is not met.

[T the Required Actions associated with this Condition cannot
be completed within the required Completion Time, the reactor
must be brought to a MODE where the Required Actions do not
apply. The Completion Time of 6 hours is reasonable, based on
operating experience, for reaching the required plant
conditions from full power conditions in an orderly manner and
without challenging plant systems.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR 3.3.3.1

Performance of the CHANNEL CHECK ensures that gross failure
of instrumentation has not occurred. A CHANNEL CHECK is
normally a comparison of the parameter indicated on one
channel to a similar parameter on another channel. It is
based on the assumption that instrument channels monitoring
the same parameter should read approximately the same value.

Significant deviations between the two instrument channels
could be an indication of excessive instrument drift in one
of the channels or of something even more serious. CHANNEL
CHECK will detect gross channel failure; thus, it is key to
verifying that the instrumentation continues to operate
properly between each CHANNEL CALIBRATION.

Agreement criteria are determined by the plant staff, based
on a combination of the channel instrument uncertainties,
including indication and readability. If a channel is
outside the criteria, it may be an indication that the
sensor or the signal processing equipment has drifted
outside its Timits. For clarification, a CHANNEL CHECK is a
qualitative assessment of an instrument’s behavior. Where
possible, a numerical comparison between Tike instrument
channels should be included but is not required for an
acceptable CHANNEL CHECK performance.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.3.2
Deleted

(continued)
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SURVEILLANCE SR 3.3.3.3
REQUIREMENTS
(continued) CHANNEL FUNCTIONAL TEST on each CEAC channel is performed to

ensure the entire channel will perform its intended function
when needed. The Surveillance Frequency is controlled under
the Surveillance Frequency Control Program.

SR 3.3.3.4
SR 3.3.3.4 is the performance of a CHANNEL CALIBRATION.

CHANNEL CALIBRATION is a complete check of the instrument
channel including the sensor. The Surveillance verifies
that the channel responds to a measured parameter within the
necessary range and accuracy. CHANNEL CALIBRATION leaves
the channel adjusted to account for instrument drift between
successive calibrations to ensure that the channel remains
operational between successive surveillance. CHANNEL
CALIBRATIONS must be performed consistent with the plant
specific setpoint analysis.

The as found and as left values must also be recorded and
reviewed for consistency with the assumptions of the
surveillance interval extension analysis. The requirements
for this review are outlined in Reference 5.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.3.5

A CHANNEL FUNCTIONAL TEST is performed on the CEACs. The
CHANNEL FUNCTIONAL TEST shall include the injection of a
signal as close to the sensors as practicable to verify
OPERABILITY, including alarm and trip Functions.

continued)
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B 3.3.3
BASES
SURVEILLANCE SR 3.3.3.5 (continued)
REQUIREMENTS
The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.
REFERENCES 1. 10 CFR 50.
2. 10 CFR 100.
3. UFSAR, Section 7.2.
4. NRC Safety Evaluation Report, July 15, 1994
5. CEN-327, June 2, 1986, including Supplement 1,
March 3, 1989, and Calculation 13-JC-SB-200.
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RPS Logic and Trip Initiation
B 3.3.4

B 3.3 INSTRUMENTATION

B 3.3.4 Reactor Protective System (RPS) Logic and Trip Initiation

BASES

BACKGROUND

The RPS initiates a reactor trip to protect against
violating the core fuel design limits and reactor coolant
pressure boundary integrity during anticipated operational
occurrences (AOOs). By tripping the reactor, the RPS also
assists the Engineered Safety Features (ESF) systems in
mitigating accidents.

The protection and monitoring systems have been designed to
ensure safe operation of the reactor. This is achieved by
specifying limiting safety system settings (LSSS) in terms
of parameters directly monitored by the RPS, as well as LCOs
on other reactor system parameters and equipment
performance.

The LSSS, defined in this Specification as the Allowable
Value, in conjunction with the LCOs, establish the threshold
for protective system action to prevent exceeding acceptable
1imits during Design Basis Accidents.

During AOOs, which are those events expected to occur one or
more times during the plant life, the acceptable limits are:

. The departure from nucleate boiling ratio shall be
maintained above the Safety Limit (SL) value to
prevent departure from nucleate boiling;

. Fuel centerline melting shall not occur; and

. The Reactor Coolant System pressure SL of 2750 psia
shall not be exceeded.

Maintaining the parameters within the above values ensures
that the offsite dose will be within the 10 CFR 50 (Ref. 1)
and 10 CFR 100 (Ref. 2) criteria during AQOOs.

Accidents are events that are analyzed even though they are
not expected to occur during the plant life. The acceptable
1imit during accidents is that the offsite dose shall be
maintained within an acceptable fraction of 10 CFR 100

(Ref. 2) Timits. Different accident categories allow a
different fraction of these limits based on probability of

(continued)
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RPS Logic and Trip Initiation

B 3.3.4
BASES
BACKGROUND occurrence. Meeting the acceptable dose 1imit for an
(continued) accident category is considered having acceptable

consequences for that event.

The RPS is segmented into four interconnected modules.
These modules are:

. Measurement channels;

o Bistable trip units;

. RPS Logic; and

. Reactor trip circuit breakers (RTCBs).

This LCO addresses the RPS Logic and RTCBs, including Manual
Trip capability. LCO 3.3.1, "Reactor Protective System

(RPS) Instrumentation — Operating," provides a description of
the role of this equipment in the RPS. This is summarized
below:

RPS Logic

The RPS Logic, consisting of Matrix and Initiation Logic,
employs a scheme that provides a reactor trip when bistables
in any two of the four channels sense the same input
parameter trip. This is called a two-out-of-four trip
logic.

Bistable relay contact outputs from the four channels are
configured into six logic matrices. Each Tlogic matrix
checks for a coincident trip in the same parameter in two
bistable channels. The matrices are designated the AB, AC,
AD, BC, BD, and CD matrices to reflect the bistable channels
being monitored. Each Togic matrix contains four normally
energized matrix relays. When a coincidence is detected,
consisting of a trip in the same Function in the two
channels being monitored by the logic matrix, all four
matrix relays de-energize.

The matrix relay contacts are arranged into trip paths, with

one of the four matrix relays in each matrix opening
contacts in one of the four trip paths. Each trip path

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.4-2 REVISION 0



BASES

RPS Logic and Trip Initiation
B 3.3.4

BACKGROUND

RPS Logic (continued)

provides power to one of the four normally energized RTCB
Initiation relays. The trip paths thus each have six
contacts in series, one from each matrix, and perform a
logical OR function, opening the RTCBs if any one or more of
the six Togic matrices indicate a coincidence condition.

Each trip path is responsible for opening one of the four
RTCBs. The RTCB Initiation relays, when de-energized,
interrupt power to the breaker undervoltage trip attachments
and simultaneously apply power to the shunt trip attachments
on each of the breakers. Actuation of either the
undervoltage or shunt trip attachment is sufficient to open
the RTCB and interrupt power from the motor generator (MG)
sets to the control element drive mechanisms (CEDMs).

When a coincidence occurs in two RPS channels, all four
matrix relays in the affected matrix de-energize. This in
turn de-energizes all four initiation relays, which
simultaneously de-energize the undervoltage and energize the
shunt trip attachments in all four RTCBs, tripping them
open.

Matrix Logic refers to the matrix power supplies, trip
channel bypass contacts and interconnecting matrix wiring
between bistable relay cards, up to but not including the
matrix relays. Matrix contacts on the bistable relay cards
are excluded from the Matrix Logic definition, since they
are addressed as part of the measurement channel.

The Initiation Logic consists of the trip path power source,
matrix relays and their associated contacts, all
interconnecting wiring, and initiation relays and the
initiation relay contacts in the RTCB control circuitry.

(continued)
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RPS Logic and Trip Initiation
B 3.3.4

BACKGROUND

RPS Logic (continued)

It is possible to change the two-out-of-four RPS Logic to a
two-out-of-three logic for a given input parameter in one
channel at a time by trip channel bypassing select portions
of the Matrix Logic. Trip channel bypassing a bistable
effectively shorts the bistable relay contacts in the three
matrices associated with that channel. Thus, the bistables
will function normally, producing normal trip indication and
annunciation, but a reactor trip will not occur unless two
additional channels indicate a trip condition. Trip channel
bypassing can be simultaneously performed on any number of
parameters in any number of channels, providing each
parameter is bypassed in only one channel at a time. An
interlock prevents simultaneous trip channel bypassing of
the same parameter in more than one channel. Trip channel
bypassing is normally employed during maintenance or
testing.

Reactor Trip Circuit Breakers (RTCBs)

The reactor trip switchgear consists of four RTCBs. Power
input to the reactor trip switchgear comes from two full
capacity MG sets operated in parallel such that the loss of
either MG set does not de-energize the CEDMs. Power 1is
supplied from the MG sets to the CEDMS via two redundant
paths (trip legs). Trip legs 1 and 3 are in parallel with
Trip legs 2 and 4. This ensures that a fault or the opening
of a breaker in one trip leg (i.e., for testing purposes)
will not interrupt power to the CEDM buses.

Fach of the two trip legs consists of two RTCBs in series.

The two RTCBs within a trip leg are actuated by separate
initiation circuits.

(continued)
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RPS Logic and Trip Initiation
B 3.3.4

BACKGROUND

Reactor Trip Circuit Breakers (RTCBs) (continued)

Each RTCB 1is operated by either a Manual Trip push button, a
Supplementary Protection System (SPS) Trip relay, or an RPS

actuated Initiation relay. There are four Manual Trip push

buttons, each of the pushbuttons operates one of the RTCBs.

Depressing either of the push buttons in both trip legs will
result in a reactor trip.

When a Manual Trip is initiated using the control room push
buttons, the RPS trip paths and Initiation relays are not
utilized and the RTCB undervoltage and shunt trip
attachments are actuated independent of the RPS.

Manual Trip circuitry includes the push button and
interconnecting wiring to the RTCBs necessary to actuate
both the undervoltage and shunt trip attachments, but
excludes the Initiation relay contacts and their
interconnecting wiring to the RTCBs, which are considered
part of the Initiation Logic.

Functional testing of the entire RPS, from bistable input
through the opening of the individual RTCBs, can be
performed either at power or shutdown and is normally
performed on a quarterly basis. UFSAR, Section 7.2

(Ref. 3), explains RPS testing in more detail.

APPLICABLE
SAFETY ANALYSES

Reactor Protective System (RPS) Logic

The RPS Logic provides for automatic trip initiation to
maintain the SLs during AOOs and assist the ESF systems in
ensuring acceptable consequences during accidents. All
transients and accidents that call for a reactor trip assume
the RPS Logic is functioning as designed.

Reactor Trip Circuit Breakers (RTCBs)

All of the transient and accident analyses that call for a
reactor trip assume that the RTCBs operate and interrupt
power to the CEDMs.

(continued)
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B 3.3.4
BASES
APPLICABLE Manual Trip
SAFETY ANALYSES
(continued) The Manual Trip is part of the RPS circuitry and can be used
by the operator to perform a controlled reactor shutdown. It
is also used by the operator to shut down the reactor
whenever any parameter is rapidly trending toward its trip
setpoint. A Manual Trip accomplishes the same results as
any one of the automatic trip Functions.
The RPS instrumentation satisfies Criterion 3 of 10 CFR
50.36 (c)(2)(i1).
LCO Reactor Protective System (RPS) Logic

The LCO on the RPS Logic channels ensures that each of the
following requirements are met:

o A reactor trip will be initiated when necessary;

o The required protection system coincidence logic 1is
maintained (minimum two-out-of-three, normal
two-out-of-four); and

o Sufficient redundancy is maintained to permit a
channel to be out of service for testing or
maintenance.

Failures of individual bistable relays and their contacts,
are addressed in LCO 3.3.1. This Specification addresses
failures of the Matrix Logic not addressed in the above,
such as the failure of matrix relay power supplies, or the
failure of the trip channel bypass contact in the bypass
condition.

A matrix logic is considered inoperable if a coincident trip
in the same function in the two OPERABLE channels monitored
by the Logic Matrix will not remove power from the coils of
all four matrix relays. The OPERABILITY of the Matrix Logic
is not affected by bypassed or inoperable measurement
channels.

(continued)
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B 3.3.4

LCO

Reactor Protective System (RPS) Logic (continued)

Loss of a single vital bus will de-energize one of the two
power supplies in each of three matrices. This will result
in two RTCBs opening; however, the remaining two closed
RTCBs will prevent a reactor trip. For the purposes of this
LCO, de-energizing up to three matrix power supﬁ1ies due to
a single failure is to be treated as a single channel
failure, providing the affected matrix relays de-energize as
designed, opening the affected RTCBs.

Each of the four Initiation Logic channels opens one RTCB if
any of the six coincidence matrices de-energize their
associated matrix relays. They thus perform a logical OR
function. Each Initiation Logic channel has its own power
supply and is independent of the others. An Initiation
Logic channel includes the matrix relay through to the
Initiation relay contacts, which open the RTCB.

An Initiation Logic is considered inoperable if the contacts
on the initiation relay will not OEerate when power 1is
removed from the coils of any of the six matrix relays in
the trip paths.

It is possible for two Initiation Logic channels affecting
the same trip leg to de-energize if a matrix power supply or
vital instrument bus fails. This will result in opening the
two affected RTCBs.

IT one RTCB has been opened in response to a single RTCB
channel, Initiation Logic channel, or Manual Trip channel
failure, the affected RTCB may be closed for up to 1 hour
for Surveillance on the OPERABLE Initiation Logic, RTCB, and
Manual Trip channels. In this case, the redundant RTCB will
provide protection if a trip should be required. It is
unlikely that a trip will be required during the
Surveillance, coincident with a failure of the remaining
series RTCB channel. If a single matrix power supply or
vital bus failure has opened two RTCBs, Manual Trip and RTCB
testing on the closed breakers cannot be performed without
causing a trip.

1. Matrix Logic

This LCO requires six channels of Matrix Logic to be
OPERABLE in MODES 1 and 2, and in MODES 3, 4, and 5
when any RTCBs are closed and any CEA is capable of
being withdrawn.

(continued)
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RPS Logic and Trip Initiation
B 3.3.4

LCO 2.
(continued)

Initiation Logic

This LCO requires four channels of Initiation Logic to
pbe OPERABLE in MODES 1 and 2, and in MODES 3, 4, and 5
when the RTCBs are closed and any CEA is capable of
being withdrawn.

Reactor Trip Circuit Breakers

The LCO requires four RTCB channels to be OPERABLE 1in
MODES 1 and 2, as well as in MODES 3, 4, and 5 when
the RTCBs are closed and any CEA is capable of being
withdrawn.

Each channel consists of a breaker operated by the
Initiation Logic or Manual Trip circuitry.

Without reliable RTCBs and associated support
circuitry, a reactor trip cannot occur whether
initiated automatically or manually.

Each channel of RTCBs starts after the contacts that
are actuated by the Initiation relay and the Manual
Trip for each set of breakers. The Initiation relay
actuated contacts and the upstream circuitry are
considered to be RPS Logic. Manual Trip contacts and
upstream circuitry are considered to be Manual Trip
circuitry.

A Note associated with the ACTIONS states that if one
RTCB has been opened in response to a single RTCB
channel, Initiation Logic channel, or Manual Trip
channel failure, the affected RTCB may be closed for
up to 1 hour for Surveillance on the OPERABLE
Initiation Logic, RTCB, and Manual Trip channels. In
this case the redundant RTCB will provide protection.
IT a single matrix power supply or vital bus failure
has opened two RTCBs, Manual Trip and RTCB testing on
the closed breakers cannot be performed without
causing a trip.

Manual Trip

The LCO requires all four Manual Trip channels to be
OPERABLE in MODES 1 and 2, and MODES 3, 4, and 5 when
the RTCBs are closed and any CEA is capable of being
withdrawn.

(continued)
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LCO

4. Manual Trip (continued)

Four independent push buttons are provided. Each push
button is considered a channel and operates one of the
four RTCBs.

Depressing either of the two pushbuttons in both trip
legs will cause an interruption of power to the CEDMs,
allowing the CEAs to fall into the core. This design
ensures that no single failure in any push button
circuit can either cause or prevent a reactor trip.

Manual Trip push buttons are also provided at the
reactor trip switchgear (locally) in case the control
room push buttons become inoperable or the control
room becomes uninhabitable. These are not part of the
RPS and cannot be credited in fulfilling the LCO
OPERABILITY requirements. Furthermore, LCO ACTIONS
need not be entered due to failure of a local Manual
Trip.

APPLICABILITY

This LCO is applicable to the RPS Matrix Logic, Initiation
Logic, RTCB, and Manual Trips in MODES 1, 2, 3, 4, and 5.
The RPS Instrumentation in MODES 1 and 2 is addressed in LCO
3.3.1. The RPS Instrumentation in MODES 3, 4, and 5 with any
RTCB closed and any CEA capable of withdrawal is addressed
in LCO 3.3.2. The requirement for the CEACs in MODES 1 and
2 are addressed in LCO 3.3.3.

The RPS Logic, RTCBs, and Manual Trip are required to be
OPERABLE in any MODE when the CEAs are capable of being
withdrawn off the bottom of the core (i.e., RTCBs closed and
power available to the CEDMs). This ensures that the
reactor can be tripped when necessary, but allows for
maintenance and testing when the reactor trip is not needed.

In MODES 3, 4, and 5 with the RTCBs open, the CEAs are not
capable of withdrawal and these functions do not have to be
OPERABLE. The indication alarm functions required to
indicate a boron dilution event are addressed in LCO 3.3.12,
"Boron Dilution Alarm System (BDAS)".

(continued)
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BASES

ACTIONS Al
Condition A applies if one Matrix Logic channel is
inoperable or three Matrix Logic channels inoperable due to
a common power source failure de-energizing three matrix
power supplies in any applicable MODE. Loss of a single
vital instrument bus will de-energize one of the two matrix
power supplies in up to three matrices. This is considered
a single matrix failure, providing the matrix relays
associated with the failed power supplies de-energize as
required. The channel must be restored to OPERABLE status
within 48 hours. The Completion Time of 48 hours provides
the operator time to take appropriate actions and still
ensures that any risk involved in operating with a failed
channel is acceptable. Operating experience has
demonstrated that the probability of a random failure of a
second Matrix Logic channel is Tow during any given 48 hour
interval. If the channel cannot be restored to OPERABLE
status within 48 hours, Condition E is entered.

B.1, B.2.1, and B.2.2

Condition B applies to one Initiation Logic channel, RTCB
channel, or Manual Trip channel in MODES 1 and 2, since they
have the same actions. MODES 3, 4, and 5, with the RTCBs
shut, are addressed in Condition C. These Required Actions
require opening of the affected RTCB, or the redundant RTCB
in the affected Trip Leg. This removes the need for the
affected Trip Leg by performing its associated safety
function. With an RTCB open, the affected Functions are in
one-out-of-two logic, which meets redundancy requirements,
but testing on the OPERABLE channels cannot be performed
without causing a reactor trip unless the RTCBs in the
inoperable channels are closed to permit testing.
Therefore, a Note has been added specifying that the RTCBs
associated with one inoperable channel may be closed for up
to 1 hour for the performance of an RPS CHANNEL FUNCTIONAL
TEST.

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.4-10 REVISION 0



BASES

RPS Logic and Trip Initiation
B 3.3.4

ACTIONS

B.1, B.2.1, and B.2.2 (continued)

Required Action B.1 provides for opening the RTCB associated
with the inoperable Trip Leg within a Completion Time of

1 hour. This Required Action is conservative, since
depressing the Manual Trip push button associated with
either breaker in the other trip leg will cause a reactor
trip. With this configuration, a single channel failure
will not prevent a reactor trip. The allotted Completion
Time is adequate for opening the affected RTCB while
maintaining the risk of having it closed at an acceptable
level.

Required Actions B.2.1 and B.Z2.2 provide for opening one of
the redundant RTCB in the affected Trip leg within 1 hour
and opening the affected RTCB within 48 hours. These
actions allow a RTCB that fails to open to remain
undisturbed for 48 hours for failure analysis, while placing
the plant in a conservative condition. Opening either RTCB
in the affected Trip leg ensures that opening either of the
RTCBs in the other Trip leg will cause a reactor trip. This
places the affected functions in one-out-of-two logic, which
meets redundancy requirements. The allotted Completion Time
to open one of the RTCBs in the affected Trip leg is
adequate for opening the affected RTCB while maintaining the
risk of having it closed at an acceptable level. The
allotted action time to open the affected RTCB is adequate
to preserve the failure information.

c.1

Condition C applies to the failure of one Initiation Logic
channel, RTCB channel, or Manual Trip channel affecting the
same trip leg in MODE 3, 4, or 5 with the RTCBs closed. The
channel must be restored to OPERABLE status within 48 hours.
[T the inoperable channel cannot be restored to OPERABLE
status within 48 hours, the affected RTCB must be opened.
This removes the need for the affected channel by performing
its associated safety function. With a RTCB open, the
affected functions are in one-out-of-two logic, which meets
redundancy requirements.

The Completion Time of 48 hours is consistent with that of

other RPS instrumentation and should be adequate to repair
most failures.

(continued)
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ACTIONS

C.1 (continued)

Testing on the OPERABLE channels cannot be performed without
causing a reactor trip unless the RTCB in the inoperable
channels is closed to permit testing. Therefore, a Note has
been added specifying that the RTCB associated with one
inoperable channel may be closed for up to 1 hour for the
performance of an RPS CHANNEL FUNCTIONAL TEST.

D.1
Condition D applies to the failure of both Initiation Logic
channels or manual trips affecting the same trip leg. Since
this will open two channels of RTCBs, this Condition is also
applicable to RTCB channels in the same trip leg. This will
open both sets of RTCBs in the affected trip leg, satisfying
the Required Action of opening the affected RTCBs.

Of greater concern is the failure of the initiation circuit
in a nontrip condition (e.g., due to two initiation relay
failures). With only one Initiation Logic channel failed in
a nontrip condition, there is still the redundant RTCB in
the trip leg. With both failed in a nontrip condition, the
reactor will not trip automatically when required. In
either case the affected RTCBs must be opened immediately by
using the appropriate Manual Trip push buttons, since each
of the four push buttons opens one of RTCB, independent of
the initiation circuitry. Caution must be exercised, since
depressing the wrong push buttons may result in a reactor
trip.

IT the affected RTCBs cannot be opened, Required Action E 1is
entered. This would only occur if there is a failure in the
Manual Trip circuitry or the RTCB(s).

E.1 and E.2

Condition E is entered if Required Actions associated with
Condition A, B, or D are not met within the required
Completion Time or, if for one or more Functions, more than
one Manual Trip, Matrix Logic, Initiation Logic, or RTCB
channel 1is inoperable for reasons other than Condition A

or D.

(continued)
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ACTIONS

E.1 and E.2 (continued)

[T the RTCB associated with the inoperable channel, or the
redundant RTCB in the affected Trip Leg cannot be opened,
the reactor must be shut down within 6 hours and all the
RTCBs opened. A Completion Time of 6 hours is reasonable,
based on operating experience, for reaching the required
plant conditions from full power conditions in an orderly
manner and without challenging plant systems and for opening
RTCBs. A1l RTCBs should then be opened, placing the plant
in a MODE where the LCO does not apply and ensuring no CEA
withdrawal occurs.

SURVETLLANCE
REQUIREMENTS

SR 3.3.4.1

A CHANNEL FUNCTIONAL TEST on each RPS Logic channel and
Manual Trip channel is performed to ensure the entire
channel will perform its intended function when needed.

The RPS CHANNEL FUNCTIONAL TEST consists of three
overlapping tests as described in Reference 3. These tests
verify that the RPS is capable of performing its intended
function, from bistable input through the RTCBs. The first
test, the bistable test, is addressed by SR 3.3.1.7 in

LCO 3.3.1.

This SR addresses the two tests associated with the RPS
Logic: Matrix Logic and Trip Path.

Matrix Logic Tests

These tests are performed one matrix at a time. They verify
that a coincidence in the two input channels for each
Function removes power from the matrix relays. During
testing, power is applied to the matrix relay test coils and
prevents the matrix relay contacts from assuming their
de-energized state. The Matrix Logic tests will detect any
short circuits around the bistable contacts in the
coincidence logic such as may be caused by faulty bistable
relay or trip channel bypass contacts.

(continued)
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BASES
SURVETILLANCE Trip Path Tests
REQUIREMENTS
(continued) These tests are similar to the Matrix Logic tests, except

that test power is withheld from one matrix relay at a time,
allowing the initiation circuit to de-energize, opening the
affected RTCB. The RTCB must then be closed prior to
testing the other three initiation circuits, or a reactor
trip may result.

During the Matrix Logic and Initiation Logic tests, power is
applied to the Matrix relay tests coils. The test coils
prevent an actuation during testing by preventing the Matrix
relay contacts in the Initiation Logic from changing state
during the test. This does not affect the Operability of
the Initiation Logic since only one of the six logic
combinations that are available to trip the Initiation Logic
are affected during the test because only one Matrix Logic
combination can be tested at any time. The remaining five
matrix combinations available ensure that a trip in any
three channels will de-energize all four Initiation paths.

The Surveillance Frequency is controlled under the
Surveillance Frequency Control Program.

SR 3.3.4.2

Each RTCB is actuated by an undervoltage coil and a shunt
trip coil. The system is designed so that either
de-energizing the undervoltage coil or energizing the shunt
trip coil will cause the circuit breaker to open. When an
RTCB is opened, either during an automatic reactor trip or
by using the manual push buttons in the control room, the
undervoltage coil is de-energized and the shunt trip coil is
energized. This makes it impossible to determine if one of
the coils or associated circuitry is defective.

Therefore, following maintenance or adjustment of the
reactor trip breakers, a CHANNEL FUNCTIONAL TEST is
performed that individually tests all four undervoltage
coils and all four shunt trip coils. During undervoltage
coil testing, the shunt trip coils must remain de-energized,
preventing their operation. Conversely, during shunt trip
coil testing, the undervoltage coils must remain energized,
preventing their operation.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR 3.3.4.2 (continued)

This Surveillance ensures that every undervoltage coil and
every shunt trip coil is capable of performing its intended
function and that no single active failure of any RTCB
component will prevent a reactor trip. The Surveillance
Frequency is controlled under the Surveillance Frequency
Control Program.

SR 3.3.4.3

A CHANNEL FUNCTIONAL TEST on each RTCB is performed to

verify proper operation of each RTCB. The RTCB must then be
closed prior to testing the other three initiation circuits,
or a Reactor Trip may result. The Surveillance Frequency is
controlled under the Surveillance Frequency Control Program.

REFERENCES

1. 10 CFR 50, Appendix A.

10 CFR 100.

UFSAR, Section 7.2.

NRC Safety Evaluation Report, July 15, 1994.
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CEN-327, June 2, 1986, including Supplement 1,
March 3, 1989, and Calculation 13-JC-SB-200.

PALO VERDE UNITS 1,2,3 B 3.3.4-15 REVISION 56



This page intentionally blank



ESFAS Instrumentation

B 3.3.5
B 3.3 INSTRUMENTATION
B 3.3.5 Engineered Safety Features Actuation System (ESFAS)
Instrumentation
BASES
BACKGROUND The ESFAS initiates necessary safety systems, based upon the

values of selected unit parameters, to protect against
violating core design lTimits and the Reactor Coolant System
(RCS) pressure boundary during anticipated operational
occurrences (A00s) and ensures acceptable conseqguences
during accidents.

The ESFAS contains devices and circuitry that generate the
following signals when monitored variables reach levels that
are indicative of conditions requiring protective action:
1. Safety Injection Actuation Signal (SIAS);

2 Containment Spray Actuation Signal (CSAS);

3 Containment Isolation Actuation Signal (CIAS);

4. Main Steam Isolation Signal (MSIS);

5 Recirculation Actuation Signal (RAS): and

7 Auxiliary Feedwater Actuation Signal (AFAS).

Equipment actuated by each of the above signals is
identified in the UFSAR (Ref. 1).

Each of the above ESFAS instrumentation systems is segmented
into three interconnected modules. These modules are:

o Measurement channels;
o Bistable trip units; and
. ESFAS Logic:

- Matrix Logic,

- Initiation Logic (trip paths), and
- Actuation Logic.

(continued)
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B 3.3.5
BASES
BACKGROUND This LCO addresses measurement channels and bistables.
(continued) Logic is addressed in LCO 3.3.6, "Engineered Safety Features

Actuation System (ESFAS) Logic and Manual Trip."

The role of each of these modules in the ESFAS, including
the Togic of LCO 3.3.6., is discussed below.

Measurement Channels

Measurement channels, consisting of field transmitters or
process sensors and associated instrumentation, provide a
measurable electronic signal based upon the physical
characteristics of the parameter being measured.

Four identical measurement channels with electrical and
physical separation are provided for each parameter used in
the generation of trip signals. These channels are
designated A through D. Measurement channels provide input
to ESFAS bistables within the same ESFAS channel. In
addition, some measurement channels are used as inputs to
Reactor Protective System (RPS) bistables, and most provide
indication in the control room. Measurement channels used
as an input to the RPS or ESFAS are not used for control
Functions.

When a channel monitoring a parameter indicates an unsafe
condition, the bistable monitoring the parameter in that
channel will trip. Tripping two or more channels of
bistables monitoring the same parameter will de-energize
Matrix Logic, which in turn de-energizes the Initiation
Logic. This causes both channels of Actuation Logic to
de-energize. Each channel of Actuation Logic controls one
train of the associated Engineered Safety Features (ESF)
equipment.

Three of the four measurement and bistable channels are
necessary to meet the redundancy and testability of GDC 21
in Appendix A to 10 CFR 50 (Ref. 2). The fourth channel
provides additional flexibility by allowing one channel to
be removed from service (trip channel bypass) for
maintenance or testing while still maintaining a minimum
two-out-of-three logic.

(continued)
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Measurement Channels (continued)

Since no single failure will either cause or prevent a
protective system actuation, and no protective channel feeds
a control channel, this arrangement meets the requirements
of IEEE Standard 279-1971 (Ref. 4).

Bistable Trip Units

Bistable trip units, mounted in the Plant Protection System
(PPS) cabinet, receive an analog input from the measurement
channels, compare the analog input to trip setpoints, and
provide contact output to the Matrix Logic for each ESFAS
Function. They also provide local trip indication and
remote annunciation.

There are four channels of bistables, designated A through
D, for each ESFAS Function, one for each measurement
channel. In cases where two ESF Functions share the same
input and trip setpoint (e.g., containment pressure input to
CIAS and SIAS), the same bistable may be used to satisfy
both Functions. Similarly, bistables may be shared between
the RPS and ESFAS (e.g., Pressurizer Pressure — Low input to
the RPS and SIAS). Bistable output relays de-energize when
a trip occurs, in turn de-energizing bistable relays mounted
in the PPS relay card racks.

The contacts from these bistable relays are arranged into
Six coincidence matrices, comprising the Matrix Logic. If
bistables monitoring the same parameter in at least two
channels trip, the Matrix Logic will generate an ESF
actuation (two-out-of-four logic).

(continued)
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Bistable Trip Units (continued)

The trip setpoints and Allowable Values used in the
bistables are based on the analytical Timits stated in
Reference 5. The selection of these trip setpoints is such
that adequate protection is provided when all sensor and
processing time delays are taken into account. To allow for
calibration tolerances. instrumentation uncertainties,
instrument drift, and severe environment effects, for those
ESFAS channels that must function in harsh environments as
defined by 10 CFR 50.49 (Ref. 6), Allowable Values specified
in Table 3.3.5-1, in the accompanying LCO, are
conservatively adjusted with respect to the analytical
limits. The UFSAR Trip Setpoints are based on the
calculated total Toop uncertainty consistent with the
methodology as documented in the UFSAR (RG 1.05, Revision 1,
November 1976) (Ref. 11). The general relationship among
the PUNGS trip setpoint terms is as follows: The calculated
Limiting Setpoint (LSp) is determined within the plant
specific setpoint analysis and is based on the Analytical
Limit and the Total Loop Uncertainty. The UFSAR Trip
Setpoint is equal to or more conservative than the LSp and
is specified in the UFSAR. The Design Setpoint (DSp) is the
field installed setting and is equal to or more conservative
than the UFSAR Trip Setpoint. This relationship ensures
that sufficient margin to the safety limit is maintained. A
detailed description of the methodology used to calculate
the trip setpoints, including their explicit uncertainties,
is provided in the "Plant Protection System Selection of
Trip Setpoint Values" (Ref. 7). A channel is inoperable if
its actual trip setpoint is non-conservative with respect to
its required Allowable Value.

Setpoints in accordance with the Allowable Value will ensure
that Safety Limits of LCO Section 2.0, "Safety Limits." are
not violated during AOOs and the consequences of Design
Basis Accidents (DBAs) will be acceptable, providing the
plant is operated from within the LCOs at the onset of the
AOO or DBA and the equipment functions as designed.

Functional testing of the ESFAS, from the bistable input
through the opening of initiation relay contacts in the
ESFAS Actuation Logic, can be performed either at power or
at shutdown and is normally performed on a quarterly basis.
UFSAR, Section 7.2 (Ref. 8), provides more detail on ESFAS
testing. Process transmitter calibration is normally
performed on a refueling basis. SRs for the channels are
specified in the Surveillance Requirements section.

(continued)
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ESFAS Logic

The ESFAS Logic, consisting of Matrix, Initiation and
Actuation Logic, employs a scheme that provides an ESF
actuation of both trains when bistables in any two of the
four channels sense the same input parameter trip. This is
called a two-out-of-four trip logic.

Bistable relay contact outputs from the four channels are
configured into six logic matrices. Each logic matrix
checks for a coincident trip in the same parameter in two
bistable channels. The matrices are designated the AB, AC,
AD, BC, BD, and CD matrices to reflect the bistable channels
being monitored. Each logic matrix contains four normally
energized matrix relays. When a coincidence is detected in
the two channels being monitored by the Togic matrix, all
four matrix relays de-energize.

The matrix relay contacts are arranged into trip paths, with
one relay contact from each matrix relay in each of the four
trip paths. FEach trip path controls two initiation relays.
Each of the two initiation relays in each trip path controls
contacts in the Actuation Logic for one train of ESF.

Each of the two channels of Actuation Logic, mounted in the
Auxiliary Relay Cabinet (ARCs), is responsible for actuating
one train of ESF equipment. FEach ESF Function has separate
Actuation Logic in each ARC.

The contacts from the Initiation Logic are configured in a
selective two-out-of-four logic in the Actuation Logic,
similar to the configuration employed by the RPS in the
RTCBs. This logic controls ARC mounted subgroup relays,
which are normally energized. Contacts from these relays,
when de-energized, actuate specific ESF equipment.

When a coincidence occurs in two ESFAS channels, all four
matrix relays in the affected matrix will de-energize. This
in turn will de-energize all eight initiation relays, four
used in each Actuation Logic.

Matrix Logic refers to the matrix power supplies, trip
channel bypass contacts, and interconnecting matrix wiring
between bistable relay cards, up to but not including the
matrix relays. Matrix contacts on the bistable relay cards,

(continued)
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ESFAS Logic (continued)

are excluded from the Matrix Logic definition, since they
are addressed as part of the measurement channel.

Initiation Logic consists of the trip path power source,
matrix relays and their associated contacts, all
interconnecting wiring, and the initiation relays.

Actuation Logic consists of all circuitry housed within the
ARCs used to actuate the ESF Function, excluding the
subgroup relays, and interconnecting wiring to the
initiation relay contacts mounted in the PPS cabinet.

The subgroup relays are actuated by the ESFAS logic. Each
ESFAS Function typically employs several subgroup relays,
with each subgroup relay responsible for actuating one or
more components in the ESFAS Function. Subgroup relays and
their contacts are considered part of the actuated equipment
and are addressed under the applicable LCO for this
equipment. Initiation and Actuation Logic up to the
subgroup relays is addressed in LCO 3.3.6.

It is possible to change the two-out-of-four ESFAS Togic to

a two-out-of-three logic for a given input parameter in one
channel at a time by trip channel bypassing select portions

(continued)

PALO VERDE UNITS 1,2,3 B 3.3.5-6 REVISION 0



BASES

ESFAS Instrumentation
B 3.3.5

BACKGROUND

ESFAS Logic (con