
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 Tavg. The most restrictive condition occurs at EOL, with Tavg 
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% Δk/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 Tavg less than or equal to 200°F, the 
reactivity transients resulting from a postulated steam line break cooldown are minimal and a 
1% Δk/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reactivity may indicate that the assumptions of the safety analyses are no longer valid, or that 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% Δk/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% Δk/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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3/4.1 

BASES 

3/4 .1.1. 3 MODERATOrt TEMPIIIATPP coEFFicmNT m:c> rcenti.ou,su 

Th• M'1'C value• of thia apeci.fication aze applicable to a apeci:!ic ••t of 
plant conditions; accordin9ly, veri.fication o.f MTC valu•• at condition■ ot:har 
than tho•• explicitly atatad will require extrapolati.o:n to thoae condit.iona iJl 
order to ~fflit_&D accurate c:oap&riaon. 

'l'h• •4•t Ae9&tive M'1'C value equ.ivalant to the aaat poaitiva aoduator 
density c~fficiant (MDC) , wu obtai.necl by i.ncr-enta1ly correct.in9 th• MDC 
uaad in th• l's.Alt wl.yaia to noaiul operating OOIIClitiona. 'l'h••• corract:iona 
:involved: Cl) a convaraion o.f 'the MDC uaad in the l'SAlt. anal.yaia to it.a 
equivalent HTC, baaed on 'th• rat:e of change of aoderator denaity with 
temperatur~ at RA'l'EI> 'l'HEJIKAL POWEJl condition■, and (2) aubtractin9 .froa this 
value th• )\ar9eat difference■ in M'l'C obaerved between :IOI., all rod■ withdrawn, 
RATED THEJQ,fAL IONER condit.ions, and tho•• aoat ac:lver•• conclitiou of aodarator 
temperatur• and p:•••ur•, rod insertion, axial po••r akevin9, and xenon 
concentration that can occur in no~ operation and 1-d to a signific:antl.y 
aor• negati.ve EOI. M'l'C at RAftD ~ POWZJl. Th••• corr•cti.ona transfo~ed 
th• MDC_va1u• uaed in th• l"SAJt analy•i• into the li.ai.t.i.n; End Qt' Cycl• I.if• 
(EOL) HTC valu•. Th• 300 ppa aurveillance limit MrC value repreaenta a 
conservative value at a core condition of 300 ppa eqw.lil:lriua boron 
concentration that is obtained by correctinc; the li.&i ting EOI. M'l'C for burn up 
and l:lorn concentration. 

Th• surv•illanc• requi.r-anta .for --••ur-•nt of th• M'l'C at th• beginning 
and n••r th• end of the fuel cycle a:• adequate to codir.m that t:he HTC 
rea&ins with its li.aits ainc• this coefficient chan9•• slowly due principally 
to th• r•ducti.ozi in JlCS boron concentration associated with .:fuel buz:up. 

3/4.1.1.4 HINIHUl' TEMPERA.Al f0R c::RIT+@+II 

This sp.ci.ficat.ion enaur•• that the r•actor will not be aaa critical 
with t:h• Jteacto: coolant sy■t- ave:aga temperature l••• than 541.F. ~• 
limitation is reqw.red to ensure lJ th• aoderator taaperatur• coefficient is 
within its analyzed temperature range, 2) the protective i.nstrwaentation is 
within its nonaal operati.D9 range, 3) th• P-12 i.nterlock is above it.a 
allowable aetpoi.nt, •> the p:c-asauriz•r i• capabl• of bein9 i.n an OPERABLE 
status v:i.t:h a ateaa ~l•, and 5) the :eactor p:ressur• vessel is abov• :i.b 
~ni..mWl JU'IID'I -~:ra;v,re_._ 
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REACTIVITY CONTROL SYST~1S 

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~ 350°F, a minimum of two boron injection 
flow paths are required to ensure single functional capability in the event 
an assumed failure rende,rs 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 core operating life. The analysis assumes that the 
most reactive control .rod is not inserted into the core. The maximum 
expected boration capabiJ.ity requirement occurs at EOL from full power 
equilibrium xenon conditions and requires 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 solution 
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 monitored 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 
condition 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 oF is sufficient to provide a 
SHUTDOWN MARGIN of 1% delta k/k after xenon decay and cooldown from 200 oF to 
140 oF.  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 is 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). 
 
SALEM - UNIT 2   B 3/4 1-4    Amendment No. 276 
           (PSEG Issued) 



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 Tavg >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~S'l'RIBOTION LIMITS 

BASES 

'l'h• apeci.fications of thia ••ction provide assurance of :fuel in~i.ty 
dw:ing Cond:i.tion I CNo:::m.al Operation) ~d :II (Inc:identa of Mcdant. Frequency) 
evtULt.s by: Ca) •-t.ing th• DNB Deai;n Crita:ia du.:i.Ag no=ial. ~•ti.on and a 
ahort ta=- ~anaient.a, and CbJ l.iai~ the :fiaaioD. vaa rel .... , :fuel paJ.iet 
t-.peratur• and cladd.ing ••ch&nie&l propez:tiea to within asau:aed deai;n 
c:i teria. Zn addi tiOD., l.i.ai Ung- the peK U ~ power danai 1:y cturiAg Condition 
I ...ct.a provides aaaw:&D.ce that the ~t.::f..al coadi.tiona ass'IZINCI for the LOCA 
anal.ya•• are aet aD.d the ECCS acceptazace c:=i.teria lJ.ai.t o:f 2200•p :la not 
a,tC4Mded._ 

'l'he ~ini1:.iona of hot c:hal:IAel :factor• aa usad i.A t:h••• apeci:ficatioz:a.a 
ara as follows: 

F0 (Z) Haat Flwc Hot Channel Factor, ia ~.ined aa th• J1L11Xi.a1ZJ1 local b-t 
flwc on the •~•c• o:f a fuel. :od at core eleva.tion Z d.inded try th• 
average :fuel rod heat flux, allovi.Dg for aan~act:uring toleran041a on 
fuel pell•t• and rods. 

r'.111 Nuclear Enthalpy Ju•• Hot C!ulnn•l Factor, .:i.a ~.i.Dad aa th• ratio of 
the i.nteqi:al of linear powe.r along tha rod with the ~qheat 
i.ntegrat9d power to the av.zag• rod power. 

F.., (Z) bdial Peaking Factor is d•finad .. the ratio of pa.ale pow•r denai ty 
to av.rag• power dansity in the horizontal. plaae at core elevation 
z. 

3/4. 2 .1 AXLAL FI.OX I:>IFF'Ela:NCE C:N'P) 

The .l:imi.ts on AXllL Fl.OX DIFFERJ:NC:Z__aasur• that the F0 (Z) upper bowid 
envelope cf the F; liait apeci.fied in the CORZ OPERATDlG LIMITS REPORT (COUt) 
t.ui.es the noml.iz9d axial ~alciz,g factor i•- not elCCeadad du.::i.nq eithu noml. 
operab.on or in th• event of xenon rediatributio11 following power c:h&nqea. 

Tazi;•t flux: d.i.f.ference i• det.ftl.i.ned at equi.libri-wa xenon conditiou with 
tha part l.anqth control rods withd:awn .froa the core. 'l'h• .full la:,1gth rods aay 
be positioned wi.t:hin t.b• cor• i.D. acco%danca wi.th their reap1ctiY9 .i.Daertion 
l.:i.Jait.s at$d should be :Lnaertad near their no:aal. poait.ioa. .for steady atate 
operation at high power l~•- 'fh• Yalu• of th• tarq•t .flwr: di.f.farance 
obta.ined un.~ th••• condition• divi.ded by th• fraction of RAn.D TKl1QQl. 'POWER 
ia th• -target nmc difference at RA.SD ~ POWZR. .for the aaaociated con· 
bU%'nup C:onditiona. Tarq•t .flwc di.f.fuen~a f~ other ~1'HAL 'POMZJ\ lavela are 
obta.itlad t,y aultiplyi.Ag the ltAffD '1'HDHAI. POW.Ill -nJ.u• by~ appropnate 
f'ractional THERK\L POWEJl l.-wel. ~• periodic updating of the t.arg•t .flux 
di.f'ferenc• value i• n•c•••&ry to r•.flect core burnup consicuiratioiaa. 
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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 DISTR:BUTION LIMITS 

BASi;S 

314.2.2 and 314.2.3 WEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNEL 
AND RADIAt, PEAKING FACTORS - Fo(Zl ANO ~ Ml 

The limits on heat flux and nuclear enthalpy hot channel factors and RCS 
flow rate ensure that l) the design limits on peak local power density and 
minimum DNBR are not exc••d•d and 2) in the event o: a LOCA tha peak fuel 
clad temperature will not exceed the Z200°F ECCS acceptance criteria limit. 

Each of these hot channel factors &re measural:lle but will normally only 
be determined periodically as specifi•d in Specifications 4.2.2 and 4.2.3. 
This periodic surveillance is sufficient to insure that th• limits are 
maintained provided: 

a. Control rod in a aingle group ft\CVe together with no individual rod 
insertion differing from the group demand position by more than the 
allowed rod misalignment. 

b. Control rod groups are s•quenced with overlapping groups as 
described in Specification 3.1.3.5. 

c. The control rod insertion limits of Specifications J.l.3.4 and 
3.l.3.S ■re maintained. 

d. The axial power distribution. •xpressed in terms of AXIAL FLUX 
DIFFERENCE, ia maintained within the limits. 

The relaxation in ~AH es a function ot THERMAL POWER allows changes in 

the radial power shape for all p•rmis1ible rod insertion limits. ~~ will 

b• maintained within its limits provided conditions a through d above, arQ 
maintained. 

When an Fg me■surement is taken. both experim•ntal error and 
manufacturing tolerance must be allowed for. Five perc■nt is the appropriate 
«llowanee for a f~ll core map taken with the incor• detector flux mapping 
system and 31 i• the appropriate allowance tor manufacturing tolerance. For 
m•asurements obt•ined u•ing th• Power Distribution Monitoring Sy•tem jPDMS). 
the appropriate m•asurement uncertainty is detel'lftined using the measuram•nt 
uncertainty methodology contained in WCAP 12472•P-A. The cycle and plant 
uncertainty calculation information needed to support the PDMS calculation is 
contained in the COLR. The PDMS will automatically calculate and apply the 
corr•ct measurement uncertainty, and apply a 31 allowance for manufacturing 
tolerance. 

When FNoH is maasured, •xperimental error must be allowed for and is 
obtained from the COLR wh■n using the PDMS or the incora d•tection ey1tem. 
The specified limit for p>'tlH also contains an 81 allowance to~ uncertainties 
wru,ch mean that norm•l operation will result in r"414 S F11PTt1Hll.OB. Where FRPTtlH 
is the limit at RATED THERMAL POWER (RTP) specified in the CORE OPERATING 
LIMITS REPORT (COLR}. The 81 allowance is based on the following 
considarations; 
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