3/4.1 REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1 BORATION CONTROL

3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN

A sufficient SHUTDOWN MARGIN ensures that 1) the reactor can be made subcritical from all
operating conditions, 2) the reactivity transients associated with postulated accident conditions
are controllable within acceptable limits, and 3) the reactor will be maintained sufficiently
subcritical to preclude inadvertent criticality in the shutdown condition.

SHUTDOWN MARGIN requirements vary throughout core life as a function of fuel depletion,
RCS boron concentration, and RCS Taw. The most restrictive condition occurs at EOL, with Tayg
at no load operating temperature, and is associated with a postulated steam line break accident
and resulting uncontrolled RCS cooldown. In the analysis of this accident, a minimum
SHUTDOWN MARGIN of 1.3% Ak/k is initially required to control the reactivity transient.
Accordingly, the SHUTDOWN MARGIN requirement is based upon this limiting condition and is
consistent with FSAR safety analysis assumptions. With Tayg less than or equal to 200°F, the
reactivity transients resulting from a postulated steam line break cooldown are minimal and a
1% Ak/k shutdown margin provides adequate protection.

Long-term core reactivity behavior is a result of the core physics design and cannot be easily
controlled once the core design is fixed. During operation, therefore, core reactivity behavior is
monitored through periodic measurement and tracking of the core reactivity balance, and
appropriate actions taken as necessary. Large differences between actual and predicted core
reactivity may indicate that the assumptions of the safety analyses are no longer valid, or that
the uncertainties in the nuclear design methodology are larger than expected. A limit on the
reactivity balance of £ 1% Ak/k has been established based on engineering judgment. A 1%
deviation in core reactivity from that predicted is larger 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 limits. Since
deviations from the limit 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 limit is reached.
These values are well within the uncertainty limits for analysis of boron concentration samples,
so that spurious violations of the limit due to uncertainty in measuring the RCS boron
concentrations are unlikely.

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 control rod position, moderator temperature, fuel temperature, fuel depletion,
xenon concentration, and samarium concentration. The surveillance is performed at a frequency
controlled under the Surveillance Frequency Control Program.
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3/4.1 REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN (continued)

The predicted reactivity values shall be adjusted (normalized) to correspond to the actual core
conditions prior to exceeding a fuel burnup of 60 Effective Full Power Days after each fuel
loading. This adjustment ensures the design predicted core reactivity has been benchmarked
against the actual core performance early in the cycle. 60 EFPD 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.

3/4.1.1.3 MODERATOR TEMPERATURE COEFFICIENT (MTC)

The limitations on MTC are provided to ensure that the value of this coefficient remains within
the limiting condition assumed in the accident and transient analyses.
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BASES

3/4.1.1. MODERATOR RA OEEFT

The MIC values of this specification are applicable to a specific set of
plant conditions; accordingly, verification of MTC values at conditions other
than those explicitly stated will require extrapolation to those conditions in
order to permit an accurate comparison.

The most negative MIC value equivalent to the most positive moderator
density coefficient (MDC), was obtained by incrementally correcting the MDC
used in the FSAR analysis to nominal operating conditions. These corrections
invelved: (1) a conversion of the MDC used in the FSAR analysis to its
equivalent MTC, based on the rate of change of moderator densgity with
tanperaturd at RATED THERMAL POWER conditions, and (2) subtracting froa this
value the largest differences in MTC observed between EOL, all rods withdrawn,
RATED THERMAL POWER conditions, and those aost adverse conditions of moderator
tenperature and pressure, rod insertion, axial power skewing, and xenon
concentration that can occur in normal operation and lead to a significantly
more negative EOL MIC at RATED THERMAL POWER. These corrections transformed
the MDC value used in the FSAR analysis inte the limiting End Of Cycle Life
(ECL) MTC wvalue. The 300 ppm surveillance limit MTC value represents a
conservative value at a core condition of 300 ppm equilibrium boron
concentration that is obtained by correcting the limiting EOL MTC for burnup
and born concentration.

The surveillance requirements for measurament of the MTC at the beginning
and near the end of the fuel cycle are adequate to confirm that the MIC
remains with its limits since this coefficient changes slowly due principally
to the reduction in RCS boron concentration associated with fual burnup.

3/4.1.1.4 TE RA' . CRX

This specification ensures that the reactor will not be Dade critical
with the Reactor Coolant System average teaperature less than 541°F. This
limitation is required to ensure 1) the moderator tamperature coefficient is
within its analyzed temperature range, 2) the protective instrumentation is
within its normal operating range, 3) the P-12 interlock is above its
allowable setpoint, 4) the pressurizer is capable of being in an OPERABLE
status with a steam bubble, and 5) the reactor pressure vessel is above its
minimum RTq, temperature.
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REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.2 BORATION SYSTEMS

The boron injection system ensures that negative reactivity control is
available during each mode of facility operation. The components required to
perform this function include: 1) borated water sources, 2) charging pumps,
3) separate flow paths, 4) boric acid transfer pumps, and 5) offsite power or
an emergency power supply from OPERABLE diesel generators.

With the RCS average temperature 2 350°F, a minimum of two boron injection
flow paths are required to ensure single functional capability in the event
an assumed failure renders one of the flow paths inoperable. The boration
capability of either flow path is sufficient to provide a SHUTDOWN MARGIN
from expected operating conditions of 1.3% delta k/k after xenon decay and
cooldown to 200°F. The maximum expected boration capability (minimum boration
volume) requirement is established to conservatively bound expected operating
conditions throughout ccre operating life. The analysis assumes that the
most reactive control rod is not inserted into the core. The maximum
expected boration capability requirement occurs at EOL from full power
equilibrium xenon conditions and reguires borated water from a boric acid
tank in accordance with TS Figure 3.1-2, and additional makeup from either:
(1) the second boric acid tank and/or batching, or (2) a maximum of 41,800
gallons of 2,300 ppm borated water from the refueling water storage tank.
With the refueling water storage tank as the only borated water source, a
maximum of 73,800 gallons of 2,300 ppm borated water is required. However,
to be consistent with the ECCS requirements, the RWST is required to have a
minimum contained volume of 350,000 gallons during operations in MODES 1, 2,
3 and 4.

The boric acid tanks, pumps, valves, and piping contain a boric acid sclution
concentration of between 3.75% and 4% by weight. To ensure that the boric
acid remains in solution, the tank fluid temperature and the process pipe
wall temperatures are nonitored to ensure a temperature of 63°F, or above is
maintained. The tank fluid and pipe wall temperatures are monitored in the
main control room. A 5°F margin is provided to ensure the boron will not
precipitate out.

Should ambient temperature decrease below 63°F, the boric acid tank heaters,

in conjunction with boric acid pump recirculation, are capable of maintaining

the boric acid in the tank and in the pump at or about 63°F. A small amount

of boric acid in the flowpath between the boric acid recirculation line and '
the suction line to the charging pump will precipitate out, but it will not

cause flow blockage even with temperatures below 50°F.

With the RCS temperature below 350°F, one injection system is acceptable
without single failure consideration on the basis of the stable reactivity
conditicn of the reactor and the additional restrictions prohibiting CORE
OPERATIONS and positive reactivity change in the event the single injection
system becomes inoperable.
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REACTIVITY CONTROL SYSTEMS

BASES

The boron capability required below 200 °F is sufficient to provide a
SHUTDOWN MARGIN of 1% delta k/k after xenon decay and cooldown from 200 °F to
140 °F. This condition requires either 2,600 gallons of 6,560 ppm borated
water from the boric acid storage tanks or 7,100 gallons of 2,300 ppm borated
water from the refueling water storage tank.

The 37,000 gallons limit in the refueling water storage tank for Modes 5
and 6 1is based upon 21,210 gallons that is undetectable due to lower tap
location, 8,550 gallons for instrument error, 7,100 gallons required for
shutdown margin, and an additional 140 gallons due to rounding up.

The limits on contained water volume and boron concentration of the RWST
also ensure a pH value of between 7.0 and 10.0 for the solution recirculated
within containment after a LOCA. This pH band minimizes the evolution of
iodine and minimizes the effect of chloride and caustic stress corrosion on
mechanical systems and components. The contained water volume limits include
allowance for water not available because of discharge line location and other
physical characteristics.

The OPERABILITY of one boron injection system during REFUELING ensures that
this system is available for reactivity control while in MODE 6.

3/4.1.3 MOVABLE CONTROL ASSEMBLIES

The specifications of this section ensure that (1) acceptable power
distribution limits are maintained, (2) the minimum SHUTDOWN MARGIN is
maintained, and (3) limit the potential effects of rod mis-alignment on
associated accident analyses. OPERABILITY of the control rod position
indicators is required to determine control rod positions and thereby ensure
compliance with the control rod alignment and insertion limits. OPERABLE
condition for the analog rod position indicators is defined as being capable of
indicating rod position to within the allowed rod misalignment relative to the
bank demand position for a range of positions. For the Shutdown Banks and
Control Bank A this range is defined as the group demand counter indicated
position between 0 and 30 steps withdrawn inclusive, and between 200 and 230

steps withdrawn inclusive. This permits the operator to verify that the
control rods in these banks are either fully withdrawn or fully inserted, the
normal operating modes for these banks. Knowledge of these banks’ positions in

these ranges satisfies all accident analysis assumptions concerning their
position. The range for Control Bank B is defined as the group demand counter
indicated position between 0 and 30 steps withdrawn inclusive, and between 160
and 230 steps withdrawn inclusive. For Control Banks C and D the range is
defined as the group demand counter indicated position between 0 and 230 steps
withdrawn. Comparison of the group demand counters to the bank insertion limits
with verification of rod position with the analog rod position indicators
(after thermal soak after rod motion) is sufficient verification that the
control rods are above the insertion limits. The full out position will be
specified in the reload analysis for the cycle. This position will be within
the band established by FULLY WITHDRAWN and will be administratively
controlled. This band is allowable to minimize RCCA wear, consistent with
Information Notice 87-19 and RCCA examinations that were conducted during Salem
Unit 2 Spring outage 2008 (2R16) by the Salem RCCA vendor AREVA NP (Refer to
LAR S09-01).
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REACTIVITY CONTROL SYSTEMS

BASES

The ACTION statements which permit limited variation from the basic requirements are
accompanied by additional restrictions which ensure that the original criteria are met. Mis-
alignment of a rod requires measurement of peaking factors or a restriction in THERMAL
POWER; either of these restrictions provide assurance of fuel rod integrity during continued
operation. The reactivity worth of a mis-aligned rod is limited for the remainder of the fuel cycle
to prevent exceeding the assumption used in the accident analysis.

The maximum rod drop time restriction is consistent with the assumed rod drop time used in the
accident analyses. Measurement with T,,4 >541°F and with all reactor coolant pumps operating
ensures that the measured drop times will be representative of insertion times experienced
during a reactor trip at operating conditions.

Control rod positions and OPERABILITY of the rod position indicators are required to be verified
in accordance with the Surveillance Frequency Control Program with more frequent verifications
required if an automatic monitoring channel is inoperable. The Surveillance Frequency is based
on operating experience, equipment reliability, and plant risk and is controlled under the
Surveillance Frequency Control Program.

The terms "Shutdown Rod Position Indicator," "Analog Rod Position Indicator," "Control
Rod Position Indicator," and "Rod Position Indicator" are all used in this bases section or in
Technical Specifications, and all refer to indication driven by the output of the Analog Rod
Position Indication (ARPI) system.

One method for determining rod position are the indicators on the control console. An
alternate method of determining rod position is the plant computer. Either the control console
indicator or plant computer is sufficient to comply with this specification. The plant computer
receives the same input from ARPI as the control console indicators and provides resolution
equivalent to or better than the control console indicators. The plant computer also provides a
digital readout of rod position which eliminates interpolation and parallax errors inherent to
analog scales.

Rod demand position is indicated on the control console and the plant computer. The
rod demand position is a digital signal, namely a pulse, and is generated each time the Rod
Control System demands a rod position step change, one pulse for each rod step. The pulses
are “counted” and displayed by the control console group demand step counters. There are two
group demand step counters for each bank of rods with exception of shutdown banks C and D.
The plant computer also “counts” and displays the demand pulses. Only the group 1 demand
position of each rod bank is displayed on the plant computer as only the group 1 pulses are
routed to the plant computer. The group 1 demand position on the plant computer is, by default,
called “Cont Bank A Steps” or “S/D Bank A Steps” etc. with no reference to group 1 or group 2.

As the plant computer receives the same demand pulses from the Rod Control System as the
control console group demand step counters and provides equivalent resolution, the plant
computer “bank step” display provides an alternate method of determining group 1 rod demand
position. Either the control console group 1 demand step counter or the plant computer “bank
step” display is sufficient to comply with this specification for group 1 rod demand position. Only
the control console group 2 demand counter can be used to comply with the specification for
group 2 rod demand.
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3/4.2 POWER-DISTRIBUTION LIMITS

BASES

The specifications of this section provide assurance of fuael integrity
during Condition I (Normal Operation) and II (Incidents of Moderate Frequency)
events by: (a) mesting the DNB Design Criteria during normal operation and in
short tera transients, and (b) limiting the fission gas ralaase, fuel pellet
temperature and cladding mechanical properties to within assumed design
criteria. In addition, limiting the peak linear pover density during Condition
I events provides assurance that the initial conditions assumed for the LOCA
analyses are met and the ECCS acceptance criteria limit of 2200°F is not -
axceeded. '

The definitions of hot channel factors as used in these specifications
are as follows:

Fg(2) Heat Flux Hot Channel Factor, is defined as the maximum local heat
flux on the surface of a fuel rod at core elevation Z divided by the
average fuel rod heat flux, allowing for manufacturing tolerances on
fuel pellets and rods.

) 2 " Nuclear Enthalpy Rise Hot Channel Factor, is defined as the ratio of
the integral of linear powver along the rod with the highast
integrated power to the average rod powver.

Fry(2) Radial Peaking Factor is defined as the ratio of peak power density
to average power density in the horizontal plane at core elevation
z,

3/4.2.1 AXIAL FLUX DIFFERENCE (AFD)

The limits on AXIAL FLUX DIFFERENCE .assure that the F,(Z) upper bound
anvelope of the Fo limit specified in the COB! OPERATING LIMITS REPORT (CCLR)
times the normalized axial peaking factor is not exceeded during either normal
operation or in the event of xenon redistribution following power changes.

Target flux differance is detarzined at equilibrium xenon conditions with
tha part length control rods withdrawn from the core. The full langth rods may
be positioned within the core in accordance with their respective insertion
limits and should be inserted near their normal position feor steady state
cperation at high power levels. The value of the target flux diffarance
obtained under these conditions divided by the fraction of RATED THERMAL POWER
is the target flux differance at RATED THERMAL POWER for the associated core
burnup conditions. Target flux differences for other THERMAL POWER levels axe
obtained by multiplying the RATED THERMAL POWER value by the appropriate
fractional THERMAL POWER level. The periodic updating of the target flux
difference value is necessary to reflect core burnup considerations.
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POWER DISTRIBUTION LIMITS

BASES

Although it is intended that the plant will be operated with the AXIAL FLUX DIFFERENCE
within the target band in the COLR per Specification 3.2.1 about the target flux difference,
during rapid plant THERMAL POWER reductions, control rod motion will cause the AFD to
deviate outside of the target band at reduced THERMAL POWER levels. This deviation will not
affect the xenon redistribution sufficiently to change the envelope of peaking factors which may
be reached on a subsequent return to RATED THERMAL POWER (with the AFD within the
target band) provided the time duration of the deviation is limited. Accordingly, a 1 hour penalty
deviation limit cumulative during the previous 24 hours is provided for operation outside of the
target band but within the limits specified in the COLR while at THERMAL POWER levels
between 50% and 90% of RATED THERMAL POWER. For THERMAL POWER levels between
15% and 50% of rated THERMAL POWER, deviations of the AFD outside of the target band are
less significant. The penalty of 2 hours actual time reflects this reduced significance.

Provisions for monitoring the AFD are derived from the plant nuclear instrumentation system
through the AFD Monitor Alarm. A control room recorder continuously displays the auctioneered
high flux difference and the target band limits as a function of power level. An alarm is received
any time the auctioneered high flux difference exceeds the target band limits. Time outside the
target band is graphically presented on the strip chart.

Measurement of the target flux difference is accomplished by measuring the power
distribution when the core is at equilibrium xenon conditions, preferably at high power levels
with the control banks nearly withdrawn. This measurement provides the equilibrium xenon
axial power distribution from which the target value can be determined. The target flux
difference varies slowly with core burnup.

Alternatively, linear interpolation between the most recent measurement of the target flux
differences and a predicted end of cycle value provides a reasonable update because the AFD
changes due to burnup tend toward 0% AFD. When the predicted end of cycle AFD from the
cycle nuclear design is different from 0%, it (the prediction) may be a better value for the
interpolation.

Figure B 3/4 2-1 shows a typical monthly target band.
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POWER DISTRIBUTION LIMITS

BASES

- -

3/4.2.2 and 3/4.2.3 HEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNEL
AND RADIAL PEAKING FACTORS - Fgp(Z} AND FNAH

The limits on heat flux and nuclear enthalpy hot channel factors and RCS
flow rate ensure that 1) the design limits on peak local power density and
minimum DNBR arg not exceeded and 2) in the evant of a LOCA the peak fuel
clad temperature will not exceed the 2200°F ECCS acceptance criteria limit.

Each of these hot chamnel factors are measurable but will normally only
be determined periodically as specified in Specifications 4.2.2 and 4.2.3.
This periodic surveillance is sufficient to insure that the limits are
maintained provided:

a. Control rod in a single group move together with ne individual rod
insertion differing from the group demand position by more than the
allowed rod misalignment.

b. Control rod groups are sequenced with overlapping groups as
described in Specification 3.1.3.5.

©. The control rod insertion limits of Specifications 1.1.3.4 and
3.1.3.5 are maintained.

d. The axiasl power distribution., expressed in terms of AXIAL FLUX
DIFPERENCE, is maintained within the limits.

The relaxation in PNAH as a function of THERMAL POWER allows changes in

the radial power shape for all permigsible rod insertion limits. FNAH will

be maintained within its limits provided conditions a through d above, are
maintained.

When an Fp measurement is taken. both experimental error and
manufacturing tolerance must be allowed for. Five percent is the appropriate
allowance for a full core map taken with the incore detector flux mapping
system and 3% i1s the appropriate allowance for manufacturing tolerance. For
measurements obtained using the Power Distribution Monitoring System {PDMS),
the appropriate measurement uncertainty is determined using the measurement
uncertainty methodolegy contained in WCAP 12472-P-A. The cycle and plant
uvncertainty calculation information needed to support the PDMS calculation is
contained in the COLR. The PDMS will automatically calculate and apply the
correct measurement uncertainty, and apply a 3% allowance for manufacturing
tolerance.

When FNQH is measured, experimental error must be allowed for and is
obtained from the COLR when using the PDMS or the incore detection system.
The specified limit for Fyoﬂ alse contains an 8% allowance feor uncertainties
which mean that normal operation will result in F‘"m.l < r""m/l.oa. wWhere Famo
is the limit at RATED THERMAL POWER (RTP) specified in the CORE OPERATING
LIMITS REPORT (COLR). The 8% allowance is based on the following
considerations:

H
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