
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-1

APPENDIX A
IMPROVED RAOC FQ SURVEILLANCE TS

Fo(Z) (RAOC Methodo•ogy)
3,2.1B

3.2 POWER DISTRIBUTION LIMITS

3.2.11B Heat Flux Hot Channel Factor (Fo(Z) (RAOC Methodology)

LCO 3.2.1B Fo(Z), as approximated by FC(Z) and FoW(Z), shall be within the limits
specified in the COLR.

APPLICABILITY: MODE 1.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. ------NOTE -- A.1 Reduce THERMAL 15 minutes after each
Required Action A.4 POWER k 1% RTP for FC(Z) determination
shall be completed each 1% Fc(Z) exceeds
whenever this Condition limit.
Is entered.

AND

Fc(Z) not within limit. A.2 Reduce Power Range 72 hours after each
Neutron Flux - High trip Fo(Z) determination
setpoints a 1% for each

AND R MN .

A.3 Reduce Overpower :ATrtip 72 hours afler each
s~tpointt k 1% for ea Fo(Z) determination
1% FR)wee

A.4 Perform SR 3.2.1.1 and Prior to Increasing
SR 3.2.1.2. THERMAL POWER

above the limit of
Required Action A.1
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Fo(Z MRAOC-WM Mthod~lgy
32.18

WZ a IRAOCpag WM I
OW~kn the COLR OWe mred FO'VU)

wWhtU i

COMPLETION TIME

4 hours

Fw(Z) not within imits.
B.2& F?;uooPower Rang.

Neutron Flux - High trip
setpointt 1% for each 1%
that 11e .: - 1. . .."-

v ...... ... . .

"M 101-s

72 hours

I TDERIL PoWER by

72 hours

Prior to Increasing /

THERMAL:POVLjR/
abovee the m-om /

BI
Reduce Overpower AT tripsetpoints 2 1 % for each11

Pow~er .sth ~dw.Ain Ut6

Perform SR 3.2.1.1 and
SR 32.1.2.

B 

.L 
2-I

C. Required Action and C.1 Be in MODE 2. 6hours

associated Completion
Time not met
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F*Z) (RAOC4kMethodology)
32.1B

SURVEILLANCE FREQUENCY

SR 3.2.1.1 Verify F.o(Z) is within limit. Once after each
refueling prior to
THERMAL
POWER
exceeding
75% RTP

24

O within,
hours after

achieving
equilibrium
conditions after
exceeding, by
z10% RTP, the
THERMAL
POWER at which
Fc(Z) was last
verified

[31 EFPD

thereafter

OR

In accordance
with the
Surveilance
Frequency
Control Program]

Westinghouse STS 3.2.1B-3 Rev., 4.0

WCAP-17661-NP November 2013
Revision 1



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-4

F,(Z) (RAOCAA ethodology)
3.2.1B

SURVEILLANCE REQUIREMENTS (conrlnued)

SURVEILLANCE FREQUENCY

SR 3.2.1.2
asurements indicate that the

imumover z [ F (Z) / K(Z)l

has Ineres• since the previous e tn of

a. Increase FO'(' thee esrof afactor of
[1.02] or by an a b factor cifi In
the COLR andd e (Z) Is within kimb or

b. Repeat SR .1.2 ontce 7EFPD unt either
a. above et or two e fkix maps

has not increased.

Verify Fw (Z) is within lmit.

Icamdoms oiv
RTP

Once after eachrefueling;V80

ro.ing ;" RseP

achIevirn

conditions after
exceeng. by
k 10% RTP, the
THERMAL
POWER at which
Fw(Z) was last
verified
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Fa(Z (RAOC-VQ' 2 .Mthodology)
3.2.11

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

[ 31 EFPD
thereafter

In accordance
with the
Surveillance
Frequency
Control Program
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 B-i

APPENDIX B
IMPROVED RAOC FQ SURVEILLANCE TECHNICAL

SPECIFICATION BASES

Fo(Z) (RAOC44Mthdloy
B 3.2.1B

B 3.2 POWER DISTRIBU11ON LIMITS

B3.2.1B Heat Flux Hot Channel Factor (Fo(Z) (RAOC-4 Methodology)

BASES

BACKGROUND

Equhium candillons we dallned as
Milng M2 91a13e Mdraa PoAW 0A..
W~ilan * 1% RTP) andat dabl axial lu
wndlifri (i.e.. with an axd flux
sillance variAltyart 1ayerlhe
xrevions241hats) Equiiuhmn
wn~d~itio am not requied la
mrurramuce offti FO~) mwauuaummnta
Aiinig Patur -alcnso beloehig
vlall"n. but Oal andiemddai should be

ish. sh m dtaceeconpeulo
1.e., pamwe&tuth 1% RTP almse
ie.e. pom'r ljene d axial ~fh
:han*V by les then *A% ltarn go. dad

elvat~ aendofiud winSuide

mai aM qdaw d marimas,

5 oflu ftrasnt axia powrm
postulated to own urdaing

RAOC palalln Thus. [T(z)fa~

cowunis for 1W wadt .cIe no%-
fpo re O ur assurned RAaOC

The purpose of the limits on the values of Fo(Z) Is to limit the local
(I.e., pellet) peak power density. The value of Fo(Z) varies along the axial
height (Z) of the core.

Fa(Z) Is defined as the maximum local fuel rod linear power density
divided by the average fuel rod linear power density, assuming nominal
fuel pellet and fuel rod dimensions. Therefore, Fo(Z) Is a measure of the
peak fuel pellet power within the reactor core.

During power operation, the global power distribution Is limited by
LCO 32.3, "AXIAL FLUX DIFFERENCE (AFD)," and LCO 3.2.4.
"QUADRANT POWER TILT RATlO(QPTR)." which are directly and
continuously measured process variables. These LCOs, along with
LCO 3.1.6. "Control Bank Insertion Umits." maintain the core imb on
power distributions on a continuous basis.

Fo(Z) varies with fuel loading patterns, control bank insertion, fuel burnup,
and changes in axial power distribution.

Fo(Z) Is measured periodicafly using the incoro detector system. These
measurements are generally taken with the core at or near equilibrium
conditions.

Using the measured three dimensional power distributions, it is possible
to derive a measured value for Fo•Z). However, because this value
represents an equilibrium condition, it does not include the variations in
the value of F0(Z) which are present during nonequillbdium situations
such as load following or power ascension.

To account for these possible variawl)on, _. ,. ,- ,_,,_ .a .,e ofo , i

eac ane ~t case tranient conditions
I~Core monItoring and control under non-equilibrium conditions are

accomplished by operating the core within the limits of the appropriate
LCOs, including the limits on AFD, QPTR, and control rod insertion.

lThe ROC, -a elba em is as e as Se omrab a al AFD end Cautel Bonk lnse•lUan h a• d a
leelwAiden d ae plriculer IzSuOR lanoWo. The IT(z)IM•Cu %dot mu dred dependent an the AFD and Contal
leni tinsema Urniteavmimans. The COLR may awtaindidlbire rr(z)P"t Afaous Nut mrid Mavanr 91aai9
bspce assurngbus. If Oe I60 on Fo(z) Is exceeded. a n ore asddte qurmfing Waace maybe burplerenoed to gain
mnargin Ir Muoe ra•uei-ý imllio.
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 B-2

Fo(Z) (RA O Mathodology)
B3.2.1B

BASES

APPLICABLE This LCO precludes core power distributions that violate the following
SAFETY fuel design criteria:
ANALYSES

a. During a large break loss of coolant accident (LOCA). the peak
cladding temperature must not exceed 2200"F (Ref. 1),

b. During a loss of forced reactor coolant flow accident, there must be at
least 95% probability at the 95% confidence level (the 95/95 DNS
criterion) that the hot fuel rod in the core does not experience a
departure from nucleate boiling (DNB) condition,

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2). and

d. The control rods must be capable of shutting down the reactor with a
minimum required SDM with the highest worth control rod stuck fully
withdrawn (Ref. 3).

Limits on FoM) ensure #tat the value of the initial total peaking factor
assumed in the accident analyses remains valid. Other criteria must also
be met (e~g., maxinum cladding oxidation, maximnum hydrogen
generation, coolable geometry, and long term cooling). However, the
peak cladding temperature is typically most limiling.

Fo(Z) limits assumed in the LOCA analysis are typically limiting relative to
(I.e., lower than) the Fo() limt assumed In safety analyses for other
postulated accidents. Therefore, this LCO provides conservative limb for
other postulated accidents

Fo) saftfies Criterion 2 of 10 CFR 0.38(cX2)(jO.

LCO The Heat Flux Hot Channel Factor, Fo(Z), shall be lmited by the following
relationships:

Fo(Z) r. (CFQ I P) K(Z) for P > 0.5

Fo) s (CFQ / 0.5) K(Z) for P S 0.5

where: CFQ is the FoZ) limit at RTP provided in the COLR.

K(Z) is the normalized FQ(Z)4fnction of core height
provided in the COLR, and

P = THERMAL POWER I RTP

Westinghouse STS B 32.18-2 Rev. 4.0

WCAP-17661-NP November 2013
Revision 1



WESTINGHOUSE NON-PROPRIETARY CLASS 3 B-3
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F.(Z) (RAOC-4 MthodoIo9Y)
B 32.IB

BASES

LCO (continued)

For this facility. the actual values of CFO and K(Z) arlvn in the COLR;
however, CFQ Is normally a number on the order of and3J K(Z) is a
function that looks Ike the one provided in Figure 8 3.2.1 B-1.

For Relaxed Axial Offset Control operation, Fo(Z) Is approximated by
Fc(Z) and Fw(Z). Thus, both F (Z) and Fw(Z) must meet the preceding
limits on Fo(Z).

An F, (Z) evaluation requires obtaining an Incore flux map In MODE 1.
From the incore flux map results we obtain the measured value (P. (Z)) of
Fog[). Then,

FZ-(Z) [F(Z) [1-0815]

where [1.08151 Is a factor that accounts for fuel manufacturing tolerances
and flux map measurement uncertainty.

Fc (Z) Is an excelent approximation for Fo(Z) when the reactor Is at the
steady state power at which the incore flux map was taken.

mawl
trMd PW)

The expression for FQw(Z) Is: ...,, (i(z) • Ax,(Z) Ri (1.0815]

L.._ te,• I . .. i-,4. ... a .• .•.A_ •._ .. .. • .. ...

n------ 16 L 4AR& r_ uu S uuur -0uo M-41 uao.:uu r ooMnr
d"igtributo~ntrn-ieftu ancour~ered dA.xing normal oparwlion VW(Z) is

kio~~d n te CL~.TheF&%l Is sealc'.Mt al errillasim candilions.

The FO(Z) limits define limiting values for core power peaking that
ng he LCOUiiIBS f . precludes peak cladding temperatures above 2200"F during either a large

in unummb ew om•" N or small break LOCA.
I bsulg bais evam were to incur

9 FZ) MMeft h d OIwit. This LCO rhquiWes operation within the bounds assumed In the safety
aanalayysssICculations are performed In the core design process to
confirm that the core can be controlled In such a manner during operation

Gm-o a RAOCqm w " I that it can stay within the LOCA Fo(Z) limis. If Fg(Z) cannot be . .
In nmsi be kto r cm. maintained within the LCO limits. reduction of the corp power is required-

ri6t eW AFD 6VhI mui be and FQ(Z)cannot be maintained within the LCO mUa
mied -f

I I

-s as.- we~ in a raotion oath oep.r

Violating 6oe LCO Ilhnlt for &QZ prodLoee unaooeptable consequences I
a design basis a.~ent occus whole Fe iZ s oulside its specified limits.
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INSERT 1

The various factors in this expression are defined below:.

FxyM(z) is the measured radial peaking factor at axial location z and is equal to the value of
FoM(z)/Pm(z), where Pm(z) is the measured core average axial power shape.

[T(z)]cOLR is the cycle and bumup dependent function, specified In the COLR, which accounts for power
distribution transients encountered during non-equilibrium normal operation. [T(z)]ccitfunctions are
specified for each analyzed RAOC operating space (i.e., each unique combination of AFD limits and
Control Bank Insertion Limits). The [T(z)]co R functions account for the limiting non-equilibrium axial
power shapes postulated to occur during normal operation for each RAOC operating space. Limiting
power shapes at both full and reduced power operation are considered in determining the maxinmum
values of [T(z)]c()t. The [T(z)fOLR functions also account for the
folowing effects: (1) the presence of spacer grids in the fuel assembly, (2) the increase in radial
peaking in rodded core planes due to the presence of control rods during non-equilibrium normal
operation, (3) the Increase in radial peaking that occurs during part-power operation due to reduced fuel
and moderator temperatures, and (4) the increase in radial peaking due to non-equilibrium xenon
effects. The [T(z)]cOLR functions are normally calculated assuming that the Surveillance is performed at
nominal RTP conditions with all shutdown and control rods fully withdrawn, i.e., all rods out (ARO).
Surveillance specific [T(z)]c°LR values may be generated for a given surveillance core condition.

P is the THERMAL POWER / RTP.

Axy(z) is a cycle, burnup, and power dependent function specified in the COLR or determined at the
time of the surveillance using an approved 3D core model and the methodology of Reference 6. It
adjusts the measured FxyM(z) to the reference core conditions assumed in generating the [T(z)]c°R
factors. Normally, this reference core condition Is HFP, ARO, EQXE. For simplicity, Axy(z) may be
assumed to be 1.0. If, however, margin Is needed for a Surveillance performed at conditions different
from the reference core conditions, then the appropriate values for Ay(z) may be used. Sub-factors of
Axy(z) may also be determined and Included In the COLR. These sub-factors are Fpc(z) and FRc(Z).

Fpc(z) Is a factor that adjusts the measured FxyM(z) to the reference core power (typically RTP) if the
Surveillance is performed at part power conditions. FRc(z) is a factor that adjusts the measured FxyM(z)
values to the reference rodded condition (typically ARO) if the surveillance condition includes insertion
of the lead control bank. When these sub-factors are used, Axy(z) is the product of FPC(z) and FRC(Z).

[1.0815] is a factor that accounts for fuel manufacturing tolerances and measurement uncertainty.

Rj is a cycle and bumup dependent analytical factor specified in the COLR that accounts for potential
increases in FoW(z) between Surveillances. Rj values are provided for each RAOC operating space.

-- - -RE-IEWER'S NOTE-
WCAP-17661-P-A, "Improved RAOC and CAOC Fo Surveillance Technical Specifications," or other
appropriate plant specific methodology, is to be listed in the COLR description in the Administrative
Controls Section 5.0 to address the methodology used to derive this factor.

WCAP-17661 -NP November 2013
Revision 1
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F0 (Z) (RAOC44ý¶2 thodollogy)
B 3.2.1B

BASES

APPUCABILITY The Fo(Z) limits must be maintained In MODE I to prevent core power
distributions from exceeding the lmb assumed in the safety analyses.
Applicability in other MODES is not required because there is either
insufficient stored energy in the fuel or insufficient energy being
transferred to the reactor coolant to require a limit on the distribution of
core power.

ACTIONS &I

Reducing THERMAL POWER by? 1% RTP for each 1% by which Fc (Z)
exceeds its limit, maintains an acceptable absolute power density. F•(Z)
is Q, (Z) multiplied by a factor accounting for manufacturing tolerances
and measurement uncertainties. FP (Z) is the measured value of Fo(Z).
The Completion Time of 15 minutes provides an acceptable time to
reduce power in an orderly manner and without allowing the plant to
remain in an unacceptable condition for an extended period of time. The
maximum allowable power level initially determined by Required Action
A.1 may be affected by subsequent determinations of F&(Z) and would
require power reductions within 15 minutes of the F (Z) determination, If
necessary to comply with the decreased maximum allowable power level.
Decreases in Fr (Z) would allow increasing the maximum allowable
power level and increasing power up to this revised limit.

ho THERMAL POWER Is b,•td bulW PATED
A2 ITHERMAL POWER by RowMAkdionw Al1

A reduction of the or Range Neutron Flux - High trip setpolnts by
S1 % for eachl wVhic4h4ll;Q "..-lm is a conservative

action for protection against the consequences of severe transients with
unanalyzed power distributions. The Completion Time of 72 hours Is
sufficient considering the small likelihood of a severe transient in this time
period and the preceding prompt reduction in THERMAL POWER in
accordance with Required Action A.1. The maximum allowable Power
Range Neutron Flux - High trip setpoints initially determined by Required
Action A2 may be affected by subsequent determinations of Fc,(Z) and
would require Power Range Neutron Flux - High trip setpoint reductions
within 72 hours of the FE(Z) determination, If necessary to comply with
the decreased maximum allowable Power Range Neutron Flux - High trip
setpolnts, Decreases In Fc (Z) would allow increasing the maximum
allowable Power Range Neutron Flux - High tip setpoints.

Westinghouse STS B 32.1B-4 Rev. 4.0
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Fo(Z) (RAOCZ M2 thodology)
B 3.2.18

BASES

ACTIONS (continued) ski THERM1L. POWER is histg below RATED
ITERU'kL POWE by RouP*a Acla Al I

Reductho=thee Overpower AT trip setpoints (value of Q4) by 2 1% for
each 1 e*ceeds its limitr is a conservative action for
protection against the consequences of severe transients with
unanalyzed power distributions. The Completion Time of 72 hours is
sufficient considering the small likelihood of a severe transient In this time
period, and the preceding prompt reduction in THERMAL POWER in
accordance with Required Action A.1. The maximum allowable
Overpower AT trip setpoints initially determined by Required Action A.3
may be affected by subsequent determinations of Fc(Z) and would
require Overpower AT trip setpoint reductions within 72 hours of the
Foe(Z) determination, if necessary to comply with the decreased maximum
allowable Overpower AT trip setpoint. Decreases in Fj(Z) would slow
increasing the maximum allowable Overpower AT trip setpoints.

Verification that F• (Z) has been restored to within its limit, by performing
SR 32.1.1 and SR 3.2.1.2 prior to Increasing THERMAL POWER above
the limit Imposed by Required Action A.1T ensures that core conditions
during operation at higher power levels and future operation are
consistent with safety armlyses assumptions.

Condition A is modified by a Note that requires Required Action A.4 to be
performed whenever the Condition is entered. This ensures that
SR 3.2.1.1 and SR 3.2.1.2 wil be performed prior to increasing
THERMAL POWER above the limit of Required Action A.1, even when
Condition A Is exited prior to performing Required Action A.4.
Performance of SR 3.2.1.1 and SR 32.1.2 are necessary to assure Fo(Z)
is properly evaluated prior to increasing THERMAL POWER.

a.1

If it is found that the maximum calculated value of Fo(Z) that can occur
during normal maneuvers, FQ(Z), exceeds its specified limits, there exists
a potentlel for Fc(Z) to become excessively high IF a normal operational

traq secene s 141.... the .... C_........n o, . hear.s
restricts th axial thlux distririAlon stk fthat .p 1f - transilent ecc-rred.

fmora4 hos~wtvrhddiwAFO
nih Ueilp -16 fdWbst.UUn~il
)a aueedd swt binai.qaba
wm,- -pa. aomal RAC

Rmaonsslwtrm~w AFD u~sf"
"id opicedy. *doswwvoat

kks hieof 1MKb "may be
posdbussCOLR. MWs

ioupupT(Z) ftsm ft NNWms
*wefts wpom can be used to
btwn*uw wdh RAOC -puu
weceu remin hi Allieu two-

iqibbmopswon withi Us Fo-Xa1
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Fo(Z) (RAOC4*Methodology)
B 3.2.1B

BASES

ACTIONS (continued)

The Implicit a,. mptiolin #hAt If w() us! 'r rac~e
(con.i..... r ...... r- the .......d AFDw l .M..41...
racalcuhuMe- W(Z) values vmukd aseta 0,RF.) limit Nlois that oompIl'ing
-iNh Ohis ton (of rs.I I1 ARID limits may also rosuf in a pwwe
Fed-,-ctfiao. Hence the noQd_ for RegwlreA Actions3.. B.2,.3 and 0.4.

F PageI-

A reduction of the Power Range Neutron Flux-High k'setpoints by k 1%
for each 1% by which the maximum allowable power reduced, is a
conservative action for protection against the cons qulnces of severe
transients with unanalyzed power distributions. The Cdnpletion Time of
72 hours is sufficient considering the small likelihood of severe transient
In this time period and the preceding prompt reduction I -ERMAL
POWER --.. U•, AFD limits In accordance with Required

Reduction in the Overpower AT tripso value of K4 by 1% for each
1% by which the maximum allowable pow• Is reducedT is a conservative
action for protection against the consequene s of severe transients with
unanalyzed power distributions. The Comrl:t"n Time of 72 hours is
sufficient considering the small likelihood of *.vere transient in neperiod, and the preceding prompt reduction InHERMAL POWERýs-
masuilfo-redul. AFD limits in accordance with Required Action 134.

Verification that FI (Z) has bean restored to within its limit, by performing

SR 32.1.1 and SR 3.2.1.2 prior to Increasing THERMAL POWER above
the maximum allowable power lmdt imposed by Required Action B. n..- -
ensures that core conditions during operation at higher power levels indZ-j211
future operation are consistent with safety analyses assumptions.

WesIhoe Tsodfid by a Note that requires Required Action 4.heC n nIs entered. This # et
SR 32.. an SR 3--' IJb perform Incer1rKeasing

THERMAL POWE•R above theahad Actin B.1, even when
Condition A Is exite I livingmAction B.4.
Pl lr form a n m _ A 1 - .and R 2e. assu re F Q(Z )
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INSERT 2

B.2.1

When FoW(z) exceeds its limit, Required Action B.2.1 may be implemented instead of
Required Action B.1. Required Action B2.1 limits THERMAL POWER to less than
RATED THERMAL POWER by the amount specified in the COLR. It also requires
reductions In the AFD limits by the amount specified In the COLR. If the RAOC
operating spaces specified in the COLR are Insufficient to ensure margin to the Fow(z)
limit, then Required Action B.2.1 must be entered and THERMAL POWER must be
limited to less than the RATED THERMAL POWER and AFD limits must be reduced by
the amounts specified in the COLR. This maintains an acceptable absolute power
density relative to the maximum power density value assumed in the safety analyses.

The Completion Time of 4 hours provides an acceptable time to reduce the THERMAL
POWER and AFD limits In an orderly manner to preclude entering an unacceptable
condition during future non-equilibrium operation. The limit on THERMAL POWER
initially determined bX Required Action B.2.1 may be affected by subsequent
determinations of Fo (z) and would require power reductions within 4 hours of the
FoW(z) determination, if necessary to comply with the decreased THERMAL POWER
limit. Decreases in FoW(z) would allow increasing the THERMAL POWER limit and
increasing THERMAL POWER up to this revised linit

Required Action B.2.1 is modified by a Note that states Required Action B2.4 shall be
completed whenever Required Action B.2.1 Is performed. Required Action B.2.4
requires the performance of SR 3.2.1.1 and SR 3.2.1.2 prior to Increasing THERMAL
POWER above the limit established by Required Action B.2.1. The Note ensures that
the SRs will be performed even if Condition B may be exited prior to performing
Required Action B.2.4. The performance of SR 3.2.1.1 and SR 3.2.1.2 is necessary to
assure Fo(Z) is properly evaluated prior to increasing THERMAL POWER.

WCAP-17661-NP November 2013
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Fo(Z) (RAOC4*P Mthodology)
83.2.18

BASES

ACTIONS (continued)

If Required Actions A.1 through A.4 or B.1 through B.4 not met within
their associated Completion Times, the plant must be placed In a mode or
condition In which the LCO requirements are not applicable. This Is done
by placing the plant in at least MODE 2 within 6 hours.

This allowed Completion Time is reasonable based on operating
experience regarding the amount of time it takes to reach MODE 2 from
full power operation in an orderly manner and without challenging plant
systems.

SURVEILLANCE R 32.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies
REQUIREMENTS d g the first power ascension after a refueling. It states that

THE POWER may be Increased until an equilibrium power I
has beehchieved at which a power distribution map can be o Ined.
This a lowa is modified, however, by one of the Freque conditions
that requires tion that Fo (Z) and Fw(z) are within Ir specified

lmb after a pow rise of more then 10% RTP over THERMAL
POWER at which were last verified to be speciled limits.
Because Fý (Z) and . could not have p been measured In
this reload core, there Is a ond Frequencondtion, applicable only
for reload cores, that requires t••ri of these parameters before
exceedng 75% RTP. This e•n some determination of Fc (Z) and
FA(Z) are made at a lower powerI at which adequate margin Is
available before going to 100%T. A , this Frequency condition,
together with the Frequency ndiion requ verification of Fc(Z) and
Fw(Z) following a power as* of more the 0%. ensures that they
are verified as soon TP (or any other level fo nded operation) is
achieved. In the nee of these Frequency c.i1 it is possible to
Increase powe RTP and operate for 31 days wIthout 'lation of
F- (Z) and .The Frequncy condition Is not Into require
verfica' of these parameters after every 10% increase in r level
abe last verlication. It only requires verification after a level
Is leved for extended operation that Is10% higher than that po at

ich Fo(Z) was last measured.
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F0(Z) (RAOC..I Methodology)
B3.2.11B

BASES

SURVEILLANCE REQUIREMENTS (continued)

Verification that F• (Z) Is within Its specified limits involves
increasing Q,(Z) to allow for manufacturing tolerance and measurement

0o ,mem Ito uncertainties in order to obtain Fg (Z). Specifically, FI (Z) is the
ega dscwi measured value of Fo(Z) obtained from inoore flux map results and

laa '" h Fa(Z) - PQ(Z) [1.08151 (Ref. 4). Fo(Z) Is then compared to Its specifiedkbeet~ rafte

approach the limits. foiga rowwvn
kw Intho

limit with which F(z) is compared varies inversely with power above

t waw o eqwreyulal RTP and directly with a function called K(Z) provided in the COLR.
amudsir Awmy 10% Perform is Surveilance in MODE 1 prior to exceeding 75% RT:wombm Rl"P ibwee or.enures th Ii l e t-he .. n k..,RT l,, .ach.,..., be....,
•lossteal'n KM. '-.asIERML POWER W isr -9iPIsa* d eas

PuU.tllwfierr ba i ekn atr ~eal ereea oe e to* kncwe orat ml MeOWtI pwloairnd. I ciy " ... " ...

ERML POWER I 24 If THERMAL POWER has been Increased by a 10% RTP since the k "I"
Mmd for udindld determination of F (Z), another evaluation of this factor Is required

N, dlo Is 10% Nogwiln Ul TH 1M [T3HR hours after achieving equilibrium conditions at this higher power level

mi, atw~ Focz) . (to ensure that F (Z) values are being reduced sufficiently with power

I

jincrease to stay within the LCO limits).

The Frequency of 31 EFPD is adequate to monitor the change of power
istributlon with core burnup because such changes are slow and well
controlled when the plant is operated in accordance with the Technical

th bec fWv Specifications (T8).IPJmnoyonlonh
*banm• x~) K k

pmftoopea, lIr OR
0"PO w t Ywdokiun

Fot(z)' The Surveillance Frequency Is controlled under the Surveillance
Frequency Control Program.

REVIEWER'S NOTE
Plants controing Surveillance Frequencies under a Surveillnce
Frequency Control Program should uIlize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

I
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Fo(Z) (RAMC4~othodology)
B 3.2.11B

BASES

SURVEILLANCE REQUIREMENTS (continued)

The nuclear design process includes calculations performed to determine
that the core can be operated within the Fo(Z) limits. Because flux maps
are taken in steady state conditions, the variations in power distribution
resulting from normal operational maneuvers are not present in the flux
map data. These variations are, however, conservatively calculated by
considering a wide range of unit maneuvers in normal operation. The
maximu~m peaking factor Increase ov'e; steady @Met v'alus, calculatod -a,
a'AM fntOnf GOre elo0*tionZ. is Called W(Z). M12MP1%fig the mea6Mrod

toa pefkgfctor, FW (Z). by W(Z glvss Wh namm Fg(Z) calculated
to occlo in nOrMa' operaFIo, (34

I.. . The limit with which F'Q(Z) is compared varies inversely with power above
i5• % RTP addirectlywiththefunction K(Z) provided in the COLR.

C ON owane room$. * 2% w. an AM 'W.)4ww-..- e.-"_- in the COLR for discrete core elevations.IL core - ,l , mw , M * 2 1 Flux map data are typically taken for 30 to 75 core elevations. Fw(Z)
bek dI nd MOMt #W I D evaluations are not applicable for he-follewMA axial core regions,

I measured in percent of core height.

r~iohenrsl . a. Lower core region, from 0 to 15% inclusiv

19,W a,, 1 OM #10b. Upper core region, from 85 to 100% inclusv-.
K-nw b~an of Die cm

Ire wedal in ot COLR a ,.p anal b_-.- IM of the core are gcluded from the evaluation
atd Ohn mdiem meo because of the low probability that t would be more limiting in

it Is eldsTI ly the safety analyses and because of the difficulty of making a precise

Uveled. A sIUy* we measurement In these regions.
ikunseg e n"y be

ffpedhd, I IbeeeMwy, to
the lAeMi M urveilblnce has been modified by a Note that may require thaJjatf•a

SInVI Vsmyeg freque I llances be performed. If Fw (Z) is evaluated?)pl~lustatlon
'of fte ON*. I *uh& ,~ n Ii. ... ar d-A * .- A #-, 717 =._.. i- ~.4F

that m y occur and ca FQ(Z) limit to d before the nextala occu ýcave uatlorequired FQ(Z) evaluation.

I the two recent eva
ma varz t . t

the bNo most recent F luations ncrease in the
0 0 Is

or by ppro factor 0 Co

:expression maxi over z [ Fc S(Z) I K(Z) 1. ift is to Meet the

Fo(Z) N the last.Fa byý r of Isad 
ntý

*(Z) Increased by the greater of slkstq of
or by an appropriate factor specified in the COLR (Ref. 5)
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INSERT 3

The measured Fo(z) can be determined through a synthesis of the measured planar radial peaking
factors, FxyM(z), and the measured core average axial power shape, Pm(z). Thus, FoC(z) is given by the
following expression:

FoC(z) = FxyM(z) PF(z) [1.0815] = Fom(z) 11.0815]

For RAOC operation, the analytical [T(z)]c°LR functions, specified in the COLR for each RAOC
operating space, are used together with the measured Fxy(z) values to estimate Fo(z) for non-
equilibrium operation within the RAOC operating space. When the Fxy(z) values are measured at HFP
ARO conditions (Axy(z) equals 1.0), Fow(z) is given by the following expression:

Few(z) = FxyM(z) [T(z)]cOLR Rj [1.0815]

Non-equilibrium operation can result in significant changes to the axial power shape. To a lesser
extent, non-equillbrium operation can increase the radial peaking factors, Fxy(z), through control rod
insertion and through reduced Doppler and moderator feedback at part-power conditions.

The [T(z)]JOLR functions quantify these effects for the range of power shapes, control rod insertion, and
power levels characteristic of the operating space. Multiplying FT(z)]c" by the measured full power,
unrodded FxyM(z) value, and the factor that accounts for manufacturing and measurement uncertainties
gives FoW(z), the maximum total peaking factor postulated for non-equilibrium RAOC operation.
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Fo(Z) (RAOC4ýn"sthodology)
B 32.1B

BASES

SURVEILLANCE REQUIREMENTS (continued)

- REVIEWER'S NOTE-
WC 10216-P-A, Rev. IA, "Relaxation of Constant Axial Offset rol
and F0  siance Technical Specification," February 1994, therappropriate p~•specific methodology, is to be listed in tho OLR

dewscription In the" ministratlve Controls Section 5.0, lddress the

methodology used to:k this factor.

or to evalut Fo(Z) more fr , eac FPD. These altemative
requirements prevent Fo() frome Ing Its limit for any significantperiod of Urns without detection. 

t--

Performing the Surveloe in MODE 1 prior t ceeding 75% RTP
ensures that ah F yfmit is met when R P sis ac o~d, because

peaking factors gerly decreased as power le increased.

IN6T • The Suveilonce Frequency of 31 EFPD I adequate to monitor the

nge of power distribution with core bumup. The Surveillance may be

n em e mmdone more frequently if required by the results of Fo(Z) evaluations.

IF re~~.ne y c dUo..s .The Frequency of 31 EFP D Is adequate to monitor the change of power

I P of 1t 
l distribution because such a change is sufficiently slow, when the plant is

I ,o f F~o vz). operated in accord ance with the TS, to preclude adverse pe aking factors
-abetween 31 day sueiances.

OR

The Surksillance Frequency is controlled under the Surveillance

Frequency Control Program.

----- RE VIEWER'S NOTE--,
Plants controlling Surveillnce Frequencies under a Surveillance

Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choce of Frequency In the

Surveillance Requirement.

-]
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INSERT 4

SR 3.2.12 requires a Surveillance of F0W(z) during the initial startup following each
refueling within [24] hours after achieving equilibrium conditions after exceeding 75%
RTP. THERMAL POWER levels below 75% are typically non-limiting with respect to the
limit for FoW(z). Also, initial startups following a refueing are slow and well controlled
due to startup ramp rate limitations and fuel conditioning requirements. Furthermore,
startup physics testing and flux symmetry measurements, also performed at low power,
provide confirmation that the core is operating as expected. Consequently, the initial
startup following a refueling will not result in non-equilibrium power shapes that could
challenge the Fow(z) limit. This Frequency ensures that verification of Fow(z) is
performed prior to extended operation at high power levels where the maximum
permitted peak LHR could be challenged by non-equilibrium operation.

If a previous Surveillance of FoW(z) was performed at part power conditions, SR 3.2.1.2
also requires that FoW(z) be verified at power levels z 10% RTP above the THERMAL
POWER of its last verification within [24] hours after achieving equilibrium conditions.
This ensures that FoW(z) is within its limit using radial peaking factors measured at the
higher power level.
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Fo(Z) (RAOC4CMethodology)
B32.1B

BASES

REFERENCES 1. 10 CFR 50.46, 1974.

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

3. 10 CFR 50, Appendix A, GDC 26.

4. WCAP-7308-L-P-A, "Evaluation of Nuclear Hot Channel Factor
Uncertainties," June 1988.

5. WCAP-10216-P-A, Rev. IA, "Relaxation of Constant Axial Offset
Control (and) Fo Surveillance Technical Specification," February

A 1994

WCM111P&9;;;MF1 CAM a o MMMKO O
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Fa(Z) (RAOC4Methodology)
B 3.2.1 BFL;d JW
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APPENDIX C
SAMPLE COLR INPUT FOR A RAOC PLANT

In this appendix, sample FQ Surveillance COLR data for a RAOC plant are presented. Note that only
those aspects of the COLR pertinent to FQ Surveillance are presented in this appendix. Those aspects
include COLR data related to Axial Flux Difference, Control Bank Insertion Limits, and the Heat Flux
Hot Channel Factor. The approved version of this report must be added to the list of COLR references in
Technical Specification 5.6.5, "Core Operating Limits Report (COLR)," since methodology described in
this report will be used to determine core operating limits.

C.1 COLR

This COLR for Plant A Cycle XY has been prepared in accordance with the requirements of Technical
Specification 5.6.5.

The TSs affected by this report are:

3.1.6

3.2.1

3.2.3

Control Bank Insertion Limits

Heat Flux Hot Channel Factor - FQ(z)

Axial Flux Difference

C.2 OPERATING LIMITS

The cycle-specific parameter limits and associated data for the specifications listed in Section C. 1 are
presented in the following subsections. These limits and data have been developed using NRC-approved
methodologies including those specified in TS 5.6.5.

C.2.1 Control Bank Insertion Limits (Specification 3.1.6)

C.2.1.1:

Control Bank Insertion Limits are provided for three ROSs. The Control Bank Insertion Limits for each
ROS shall be used in conjunction with the associated Axial Flux Difference Limits for the ROS. The
control rod banks shall be limited in physical insertion as shown in Figure C-1 for ROS 1 and ROS2. For
ROS3, the control rod banks shall be limited in physical insertion as shown in Figure C-2.
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Revision 1



WESTINGHOUSE NON-PROPRIETARY CLASS 3 C-2
WESTINGHOUSE NON-PROPRIETARY CLASS 3 C-2

C.2.2 Heat Flux Hot Channel Factor - FQ(Z) (Specification 3.2.1)

C.2.2.1:

F5(z) < FQr*, K(z)
P

FRTP

F4(z) <- •Q K(z)
0.5

for P > 0.5

for P <_ 0.5

where:

F4(z) = Fj(z) * 1.0815

THERMAL POWER
P

RATED THERMAL POWER

C.2.2.2:

FRTP = 2.50

C.2.2.3:

K(z) is provided in Figure C-3.

C.2.2.4:

FRTPFQW (z) !5 LQ * K (z)
-P

FQ'(z) <- Q * K(z)

0.5

for P > 0.5

for P <_ 0.5

where:

*[T(z)]c°LR
FQ"(z) = [Fxy (Z)] COur * Axy(z) * R1 * 1.0815

and, [Fxy(z)]•urv is the measured planar radial peaking factor.

C.2.2.5:

[T(z)]cOLR values are provided in Tables C-i, C-2, and C-3 for ROS 1, ROS2, and ROS3, respectively.
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C.2.2.6:

The Axy (z) factors adjust the surveillance to the reference conditions assumed in generating the
[T(z)]COLR factors. Axy(z) may be assumed to equal 1.0 or may be determined for specific surveillance
conditions using the approved methods listed in TS 5.6.5.

C.2.2.7:

The R1 penalty factors account for the potential decrease in transient FQ margin between surveillances.
The Rj factors for ROSI, ROS2, and ROS3 are provided in Tables C-4, C-5, and C-6, respectively.

C.2.2.8:

Table C-7 provides the required limits on THERMAL POWER and the required AFD reductions for each
ROS in the event that additional margin is required.

C.2.3 Axial Flux Difference (Specification 3.2.3)

C.2.3.1:

The Axial Flux Difference limits for ROS 1, ROS2, and ROS3 are provided in Figure C-4.
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Table C-1 IT(z)]COLR Factors for ROSM
a,c

4 + 4 4 4

4 + 4 4 4

4 + 4 4 4

4 4. 4 4 4

4 4 4 4 4

4 4. 4 4 4

4 4. 4 4. 4

4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4. 4 4 4

4 4. 4 4 4

4 4. 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 I

4 4 4 4 I

4 4 4 4 I

4 4 4 4 I

4 4 4 4. 4

4. 4 4. 4. 4

4. 4 4. 4. 4

4 4 4 4 4

4 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4. 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 4 4 I.

I I 4 4 .4.

4 1 9 4

Note:
1. Axial points 1-5 and 57-61 are excluded. Also, axial points within ±2% of the active core height of a grid location or a

bank demand position are excluded.
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Table C-2 IT(z)]COLR Factors for ROS2
a,c

4 4 4- + 4

4 4 4- + 4

4 -4- 4 -1- 4

4 4 4- 4- 4

4 4 4. 4. 4

___ 1 ___ 1 ___ t ___ t ___ I ___

4 4 4- 4- 4

4 4 4- 4- 4

4 4 4. 4- 4

4 4 4- 4- 4

Note:
1. Axial points 1-5 and 57-61 are excluded. Also, axial points within ±2% of the active core height of a grid location or a

bank demand position are excluded.
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Table C-3 [T(z)]COLR Factors for ROS3

ac

t 1

__ I ___ I ___ I ___ I ___ I ___

Note:
1. Axial points 1-5 and 57-61 are excluded. Also, axial points within ±2% of the active core height of a grid location or a

bank demand position are excluded.
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Table C-4 Rj Margin Decrease Factors for ROSI
a,c

____ I ___ I ____ I ___

4 4. 4.

4 + 4.

4 + 4.

4 + 4-

4 +

4 4. 4.

4 4. 4.

4. 1* 1*

4 4. 4

4 4. 4

4 4. 4

4 4- 4

4 4. 4

4. 4

Values may be interpolated to the surveillance cycle burnup.
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TableC-5 RjMargin Decrease Factors for ROS2

a,C

_ _ _ _ _ I __ _ I ___ _ I __

4 4

4 4 +

4 4 +

4 4 +

4 4 +

4 4 4.

4 4 I.

1*

4 4 4.

4 1 4

4 1 4

4 1 4

4 I 4

4 I 4

- Values may be interpolated to the surveillance cycle burnup.
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Table C-6 R1 Margin Decrease Factors for ROS3
a,c

U I I

4.

* I

4. I I

4- I I

4. I I

4 I I

4 1 4

I I 4

4 I 4

I I I

4 4 4

I 4

4 4 4

I 4 4

4 4 4

1 4 .4

I 4 4

I U *

Values may be interpolated to the surveillance cycle burnup.
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Table C-7 Required THERMAL POWER Limits and AFD Reductions

a,c
I I I

I I I

4 I

4 4 I

I I

Note:
1. AFD reductions should be applied to both the positive and negative sides of the AFD operating space.
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a,c

Figure C-1 Control Bank Insertion Limits for RAOC Operating Spaces 1 and 2

*Fully withdrawn shall be the condition where control rods are at a position within the interval > 225 and

< 231 steps withdrawn.

NOTE: The Rod Bank Insertion Limits are based on the control bank withdrawal sequence A, B, C, and
D and a control bank tip-to-tip distance of 115 steps.
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a,c

Figure C-2 Control Bank Insertion Limits for RAOC Operating Space 3

*Fully withdrawn shall be the condition where control rods are at a position within the interval > 225 and

< 231 steps withdrawn.

NOTE: The Rod Bank Insertion Limits are based on the control bank withdrawal sequence A, B, C, and
D and a control bank tip-to-tip distance of 115 steps.
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1.2

1

0.8
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0.4
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Figure C-3 K(z) - Normalized FQ Limit as Function of Core Height
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ac

Figure C-4 Axial Flux Difference Limits for ROSl, ROS2, and ROS3
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APPENDIX D
IMPROVED CAOC FQ SURVEILLANCE TS

Fo(Z) (CAOC-W(Z) Methodology)
3.2.1C

3.2 POWER DISTRIBUTION LIMITS

3.2.1C Heat Flux Hot Channel Factor (Fo(Z) (CAOC-W(Z) Methodology)

LCO 3.2.1C Fo(Z), as approximated by FoC(Z) and FOW(Z), shall be within the limits
specified in the COLR.

APPUCABILITY: MODE 1.

ACTIONS

CONDITION J REQUIRED ACTION COMPLETION TIME

A. --- NOTE---
Required Action A.4
shall be completed
whenever this Condition
is entered.

Fc(Z) not within limit.

A.1

A.2

AND

A.3

AA4

Reduce THERMAL
POWER 2 1% RTP for
each 1% FC(Z) exceeds
limit.

Reduce Power Range
Neutron Flux - High trip
setpoints a 1% for each
1% lF-,,A) c~:ds 'Wt.*

Reduce Overpower AT trip
1epit % for each

Perform SR 3.2.1.1 and
SR 3.2.1.2.

15 minutes after each
FC(Z) determination

72 hours after each
FC(Z) determination

RoofATED THERMALI

72 hours after each
FoC(Z) determination

Prior to increasing
THERMAL POWER
above the limit of
Required Action A.1

Westinghouse STS 3.2.10-1 Rev. 4.0
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R0WAqduAdIUI.2A dWs, .. 0,S
A-- mrft**b"Aduk 1.2.1 rPs*1Iad

LkW 1HERM5L PORM 1 bnBWI MYO
TIEMIAL POWR n pec~d Fn I* COLAt.

Fo(Z) (CAOC-W(Z)

teek44 F~f W-so

4 hours

FW*(Z) not within limits. B.2 Reduce Power Range
Neutron Flux - High trip
( •tpoints 1% for each 1%

72 hours

B.4 Reduce Overpower ATse p ins1%oe %

81 Perform SR 3.2.1.1 andSR 32.1.2.

72 hours

Prior to increasing
THERMAL POWER
above the limit of
Required Action B.-1Z

C. Required Action and C.1 Be in MODE 2. 6 hours
associated Completion
Time not met.

Westinghouse STS 3.2.1C-2 Rev. 4.0
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Fo(Z) (CAOC-W(Z) Methodology)
3.2.1C

Y

SURVEILLANCE FREQUENCY

SR 3.2.1.1 Verify Fco(Z) iswithin limit. Once after each
refueling prior to
THERMAL
POWER
exceeding
75% RTP

achieving
equilibrium
conditions after
exceeding, by
? 10% RTP. the
THERMAL
POWER at which
Fg(Z) was last
verified

AND

[31 EFPD
thereafter

OR

In accordance
with the
Surveilance
Frequency
Control Program]

Westinghouse STS 3.2.1C-3 Rev. 4.0
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F.(Z) (CAOC-W(Z) Mefthdology
3.2.1C
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APPENDIX E
IMPROVED CAOC FQ SURVEILLANCE TS BASES

Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

B 3.2 POWER DISTRIBUTION UMITS

B 3.2.1C Heat Flux Hot Channel Factor (Fo(Z) (CAOC-W(Z) Methodology)

BASES

BACKGROUND The purpose of the limits on the values of Fg(Z) is to limit the local
(i.e., pellet) peak power density. The value of Fo(Z) varies along the axial
height (Z) of the core.

Fo(Z) is defined as the maximum local fuel rod linear power density
divided by the average fuel rod linear power density, assuming nominal
fuel pellet and fuel rod dimensions. Therefore, Fo(Z) is a measure of the
peak fuel pellet power within the reactor core.
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During power operation, the global power distribution is limited by
LCO 3.2.3, "AXIAL FLUX DIFFERENCE (AFD)," and LCO 3.2.4,
'QUADRANT POWER TILT RATIO (QPTR)," which are directly and
continuously measured process variables. These LCOs, along with
LCO 3.1.6, "Control Bank Insertion Umits," maintain the core limits on
power distributions on a continuous basis.

Fo(Z) varies with fuel loading patterns, control bank insertion, fuel burnup,
and changes in axial power distribution.

Fo(Z) is measured periodically using the incore detector system. These
measurements are generally taken with the core at or near equilibrium
conditions. V-1

Using the measured three dimensional power distributions, it is possible
to derive a measured vakl for Fo(Z). However, because this value
represents a equilibrium condition, k does not include the variations in the

be value of Fo(Z) which are present during nonequilibrium situations such as
M load following or power ascension.

be To account for these possible variations, the equilibrium value of Fo(Z) is
adjusted as F1o(Z) by an elevation dependent factor that accounts for the

i' calculated worst case transient conditions.

Core monitoring and control under non-equilibrium conditions are
accomplished by operating the core within the limits of the appropriate
LCOs, including the limits on AFD, QPTR, and control rod insertion.

IinF
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 E-2

Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

BASES

APPLICABLE This LCO precludes core power distributions that violate the folowing
SAFETY fuel design criteria:
ANALYSES

a. During a large break loss of coolant accident (LOCA). the peak
cladding temperature must not exceed 2200"F (Ref. 1),

b. During a loss of forced reactor coolant flow accident, there must be at
least 95% probability at the 95% confidence level (the 95195 DNB
criterion) that the hot fuel rod in the core does not experience a
departure from nucleate boling (DNB) condition.

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 col/gm (Ref. 2). and

d. The control rods must be capable of shutting down the reactor with a
minimum required SDM with the highest worth control rod stuck fully
withdrawn (Ref. 3).

Limits on Fo(Z) ensure that the value of the initil total peeldng factor
assumed in the accident analyses remains yak. Other criteria must also
be met (e.g., maximum cladding oxidation. maximum hydrogen
generation, coolable geometry, and tong term cooling). However, the
peak cladding temperature is typically most limiting.

FO(Z) limits assumed in the LOCA analysis are typically limiting relative to
(i.e., lower than) the FoZ) limit assumed in safety analyses for other
postulated accidents. Therefore, this LCO provides conservative limits for
other postulated accidents.

Fo(Z) satisfies Criterion 2 of 10 CFR 50.36(c){2)(i).

LCo The Heat Flux Hot Channel Factor, Fo(Z). shlll be limied by the following
relationships:

Fo)M; (CFOQP) K(Z) for P > 0.5

FoaZ)g (CFQ/0.5) K(Z) for P5 0.5

where: CFQ is the Fo(Z) limit at RTP provided in the COLR,

K(Z) is the normalized FoM a function of core height
provided in the COLR, and

P = THERMAL POWERIRTP
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Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

BASES

LCO (continued)

For this facility, the actual values of CFQ and K(Z) are g: n In the COLR;
however, CFO is normally a number on the order of [2.3;, nd K(Z) Is a
function that looks like the one provided in Figure B 3.2.IC-1.

For Constant Axial Offset Control operation, Fo(Z) is approximated by
Fo'(Z)and FQ(Z). Thus, both Fc (Z) and Fw(Z) must meet the preceding

limits on Fo(Z).

An Fc(Z) evaluation requires obtaining an incore flux map in MODE 1.
From the incore flux map results we obtain the measured value (F•3'(Z)) of
FQ(Z). Then,

Fo(Z) - FQ1 (Z) [1.0815]

where [1.08151 Is a factor that accounts for fuel manufacturing tolerances
and flux map measurement uncertainty.

Fo (Z) is an excellent approximation for Fo(Z) when the reactor Is at the
steady state power at which the incore flux map was taken.

INSERT I
(Next Page)

The expression for Fw(Z) is: I [ I A.

Fow(Z) - (Z) I I
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The FoMZ) limits define limiting values for core power peaking that
eveti wve lo occur precludes peak cladding temperatures above 22X)F during either a large

ie F*(z) xceee MI smanll break LOCA.

This L ,requires operation within the bounds assumed in the safety
analyse Calculations are performed in the core design process to
confirm that the core can be controlled in such a manner during operation
that it can stay within the LOCA Fo(Z) limits. it-q (Z eam-ethe
....... , ..... ....the .. limb, ....h c poer.... is F...l.ed.
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INSERT 1

[W(z)];o.. Is the cycle and burnup dependent function, specified in the COLR, which
accounts for power distribution transients encountered during non-equilibrium normal
operation. [W(z)]C*u functions are specified for each analyzed CAOC operating space
(i.e., each unique combination of AFD band and Control Bank Insertion Limits). The
[W(z)]cOLR functions account for the limiting non-equilbrium axial power shapes
postulated to occur during normal operation for each RAOC operating space. Limiting
power shapes at both full and reduced power operation are considered in determining
the maximum values of [W(z)]cOLR. The [W(z)]Jo°R functions also account for the
following effects: (1) the increase in radial peaking In rodded core planes due to the
presence of control rods during non-equilibrium normal operation, (2) the increase in
radial peaking that occurs during part-power operation due to reduced fuel and
moderator temperatures, and (3) the increase in radial peaking due to non-equlibrium
xenon effects. The [VV(z)]oIR functions are normally calculated assuming that the
Surveillance is performed at the Target Axial Offset core conditions. Surveillance
specific LW(z)]c1R values may be generated for a given surveillance core condition.

P is the THERMAL POWER / RTP.

Ao(z) is a cycle, burnup, and power dependent function specified in the COLR or
determined at the time of the surveillance using an approved 3D core model and the
methodology of Reference 6. It adjusts the measured Fom(Z) to the Target Axial Offset
core conditions. For simplicity, Ao(z) may be assumed to be 1.0 when the surveillance is
performed at the target AO. If, however, margin is needed for a Surveillance performed
at conditions different from the Target AO core conditions, then the appropriate values
for Ao(z) may be used.

Rj is a cycle and bumup dependent analytical factor specified in the COLR that accounts
for potential increases in Fo"(z) between Survellances. Rj values are provided for each
CAOC operating space.

--- REVIEWER'S NOTE----.
WCAP-17661-P-A, "Improved RAOC and CAOC Fo Surveillance Technical
Specifications," or other appropriate plant specific methodology, is to be listed in the
COLR description in the Administrative Controls Section 5.0 to address the methodology
used to derive this factor.
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Revision 1



WESTINGHOUSE NON-PROPRIETARY CLASS 3 E-5

Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

BASES

APPLICABILITY The Fo(Z) lmbts must be maintained In MODE I to prevent core power
distributions from exceeding the lmits assumed in the safety analyses.
Applicability in other MODES is not required because there is either
insufficient stored energy in the fuel or insufficient energy being
transferred to the reactor coolant to require a limit on the distribution of
core power.

ACTIONS

Reducing THERMAL POWER by> 1% RTP for each 1% by which F, (Z)
exceeds its limit, maintains an acceptable absolute power density. Fc(Z)
is Fm (Z) multiplied by a factor accounting for manufacturing tolerances
and measurement uncertainties. F-.(Z) is the measured value of Fo(Z).
The Completion Time of 15 minutes provides an acceptable time to
reduce power in an orderly manner and without allowing the plant to
remain in an unacceptable condition for an extended period of time. The
maximum allowable power level initially determined by Required Action
A.1 may be affected by subsequent determinations of F (Z) and would
require power reductions within 15 minutes of the F, (Z) determination. If
necessary to comply with the decreased maximum allowable power level.
Decreases in F (Z) would allow increasing the maximum allowable
power level and increasing power up to this revised limit.

atht THERMAL POWER Is bnftd 1
ibelow RATED THERMAL POWERI

A reduction of the Power Range Neutron Flux - Hi setpoints by
1%for each 1% by vssah ts ni)sa conservative

action for protection against the consequences of severe transients with
unarnlyzed powerdistributions. The Completion Time of 72 hours is
sufficient considering the small kellhood ofa severe transient In this time
period and the preceding prompt reduction in THERMAL POWER in
accordance with Required Action A.1. The maximum allowable Power
Range Neutron Flux - High tip setpoints Initially determined by Required
Action A.2 may be affected by subsequent determinations of Fc (Z) and
would require Power Range Neutron Flux - High trip setpoint reductions
within 72 hours of the F&(Z) determination, if necessary to comply with
the decreased maximum allowable Power Range Neutron Flux - High trip
setpoints. Decreases in Fo(Z) would allow increasing the maximum
allowable Power Range Neutron Flux - High trip setpoints.
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Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

BASES

ACTIONS (continued) IsrI bd

lbRoqkdtCp* A l0

Reduction in the Overpower AT trip so (value of K4) by a 1% for
each 1 % by whc ;Q*a • a conservative action for

protection against the consequences of severe transients with
unanatyzed power distributions. The Completion Time of 72 hours is
sufficient considering the small likelihood of a severe transient in this time
period, and the preceding prompt reduction In THERMAL POWER in
accordance with Required Action A.1. The maximum allowable
Overpower AT trip setpoints initially determined by Required Action A.3
may be affected by subsequent determinations of Fg (Z) and would
require Overpower AT trip selpoint reductions within 72 hours of the
Fc (Z) determination, if necessary to comply with the decreased maximum
allowable Overpower AT trip selpoints. Decreases in FI (Z) would allow

increasing the maximum Overpower AT trip setpoints.

Verification that F, (Z) has been restored to within Its limit, by performing
SR 3.2.1.1 and SR 3.2.1.2 prior to increasing THERMAL POWER above
the limit Imposed by Required Action A.1, ensures that core conditions
during operation at higher power levels and future operation are
consistent with safety analyses assumptions.

Condition A is modified by a Note that requires Required Action A.4 to be
performed whenever the Condition is entered. This ensures that
SR 3.2.1.1 and SR 3.2.1.2 will be performed prior to Increasing
THERMAL POWER above the limit of Required Action A.1, even when
Condition A Is exited prior to performing Required Action A.4.
Performance of SR 3.2.1.1 and SR 3.2.12 are necessary to assure Fo(Z)
is properly evaluated prior to Increasing THERMAL POWER.

lA

If it is found that the maxinmum calculated value of Fo(Z) that can occur
during normal maneuvers, Fw(z), exceeds Its specified limits, there exists
a potential for Fc(Z) to become excessively high if a normal operational
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Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

flINSRT2
BASES

ACTIONS (continued

rIN SERT 3

I(NeO PAGS)

transient occu\...m dcw.g•ý h TER.AL .O._. b; _ 1% RTP fo:
.ach. . . .....ch h...........i..... Co .p.ion

tJ
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hatmo':n if a ansient accumed, care peeking factors are not % Neod- d.
17-71 PhEt THERMAL POWER is Mited bdow RATED

MHERmAL POWER by Reqiired Ackion B.2.1 1

A reduction of the Power Range Neutron Fl igh trip setpoints by > 1%
for each 1% by-wh lf.•(4 exce&sNo lm t6 conservatve action for
protection against the consequences of severe transients with
unanalyzed power distributions. The Completion Time of 72 hours is
sufficient considering the small likelihood of a severe transient in this time
period and the preceding prompt reduction igTHERMAL POWER&,
accordance with Required Action B.

P0 b R edAkn 1k uction in the Overpower A T trip setpoints value of 1(4 by 1% for each
1 % -whlch-F(Z) excaseis limit, is a conservative action for

protection against the consequences of severe transients with
unanalyzed power distributions. The Completion Time of 72 hours Is
sufficient considering the small likelihood of a severe transient in this time
period, and the preceding prompt reduction iITHERMAL POWE
accordanc with Required Action B.

Verrication that Fw(Z) has been resQred to within its limit, by performing
SR 32.1.1 and SR 3.2.1.2 pdor to I s THERMAL POWER above
the limit Imposed by Required Action B ensures that core conditions
during operation at higher power levels and future operation are
consistent with safety analyses assumptions.

Condition i, modi.ed by s Nob that re- ire. Req-red Action . .. to be

SR 3..1.1and S 3.1.2till be porftrmod prior toinrasn
Th•&RJA" IPUU'R -,o,. thliwmit fli.l.ed Action 9.1. e-vIWhen
Condition A IN DA1te_ pror t .perfoming. Regqled Aen-9.1.. . .
1lPFrforAnce -of 01R1342A1A1-and SR 3.142 5are neaseeary to asowsre a
is PFoPGFly OV111M418 prOrF tA Inereasing THEiRMAL POWIRP
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 E-8

INSERT 2

Implementing a more restrictive CAOC operating space, specified in the COLR, within
the allowed Completion Time of 4 hours will restrict the AFD such that core peaking
factor limits will not be exceeded during non-equilibrium normal operation. Several
CAOC operating spaces, representing successively smaller AFD bands and, optionally,
shallower Control Bank Insertion Limits, may be specified in the COLR. The
corresponding IVW(z)]COLR functions for these operating spaces can be used to
determine which CAOC operating space would result In acceptable non-equilibrium
operation within the FQW(z) limit.

INSERT 3

B.2.1

When Fow(z) exceeds its limit, Required Action B.2.1 may be implemented instead of
Required Action B.1. Required Action B.2.1 limits THERMAL POWER to less than
RATED THERMAL POWER by the amount specified in the COLR. If the more
restrictive CAOC operating spaces specified in the COLR are insufficient to ensure
margin to the FoW(z) limit, the THERMAL POWER must be limited to less than RATED
THERMAL POWER by the amount specified in the COLR. This maintains an acceptable
absolute power density relative to the maximum power density value assumed in the
safety analyses.

The Completion Time of 4 hours provides an acceptable time to reduce power in an
orderly manner to preclude entering an unacceptable condition during future non-
equilibrium operation. The limit on THERMAL POWER initially determined by Required
Action B.2.1 may be affected by subsequent determinations of Fow(z) and would require
power reductions within 4 hours of the FoW(z) determination, if necessary to comply with
the decreased THERMAL POWER linit Decreases in FoW(z) would allow increasing
the THERMAL POWER limit and increasing THERMAL POWER up to this revised limit.

Required Action 8.2.1 is modified by a Note that states Required Action B.2.4 shall be
completed whenever Required Action B2.1 is performed. Required Action B.2.4
requires the performance of SR 3.2.1.1 and SR 3.2.1.2 prior to increasing THERMAL
POWER above the limit established by Required Action B.2.1, The Note ensures that
the SRs will be performed even if Condition B may be exited prior to performing
Required Action B.2.4. The performance of SR 3.2.1.1 and SR 3.2.1.2 is necessary to
assure Fo(Z) is properly evaluated prior to increasing THERMAL POWER.
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Fo(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

BASES

ACTIONS (continued)

If Required Actions A.1 through A.4 or B.1 through B.4re not met within
their associated Completion Times, the plant must be placed in a mode or
condition in which the LCO requirements are not applicable. This is done
by placing the plant in at least MODE 2 within 6 hours.

This allowed Completion Time Is reasonable based on operating
experience regarding the amount of time it takes to reach MODE 2 from
full power operation in an orderly manner and without challenging plant
systems.

SURVEILLANCE 3.2.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies
REQUIREMENTS du the first power ascension after a refueling. It states that

THER POWER may be increased until an equilibrium power I
has been loved at which a power distribution map can be omined.
This allows is modified, however, by one of the Freque conditions
that requires y•ctlon thatFoc(Z) and Fw(Z) are within ir specified
lmits after a powe of more than 10% RTP over THERMAL
POWER at which the ere last verified to be s---pecified limb.
Because Fo (Z) and F."I could not have pe been measured in
this reload core, there is a nd Frequ ndltion, applicable only
for reload cores, that requires ermlna of these parameters before
exceeding 75% RTP. This wsre some determination of Fg(Z) and
Fw(Z) are made at a lower power t which adequate margin is
available before going to 100% . A this Frequency condition,
together with the Frequency ndiion r*qui verification of Fr-(Z) and
F •jZ) fiollowing a power i seo of more than , ensures that they
are verified as soon TP (or any other level for nded operation) is
achieved. In the nce of these Frequency condc , it is possible to
Increase power RTP and operate for 31 days without ation of
FI:C (Z) ard (2. The Frequency condition is not Intended requlre
verfc of these parameters after every 10% Increase In po level
abo last verification. It only requires verification after a poe Ie
is loved for extended operation that is 10% higher than that power

icli Fo(Z) was last measured.
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Fo(Z) (CAOC-W(Z) Methodolog)
B 3.2.1C

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.2.1.1

I Verilcatlon that Fc (Z) is within its specified limits involves increasing
swst pow le whom thc F' (Z) to allow for manufacturing tolerance and measurementp*A Itmorhosrate nc. oW

Vapc Me #mks munedin uncertainties in order to obtain FO(Z). Specificaly, F (Z) is the
tsawafttysawJes. I easured value of Fo(Z) obtained from incore flux map results and

rhisFrqancyanmtisn •id (Z) - PQ(Z) [1.08151 (Rof. 4). Fo (Z) Is then compared to Its specifled
nteoded to reqte verilicstionof

noreme In RTP shove the

rHERmw POWER •t whi te w The Iii with which For(Z) is compared varies inversely with power above

,sqir~erketon te a am 50% and directly with a function called K(Z) provided in the COLR
swachievead for wdwitrsd

*peral that Is 101A 0, wthm a* Performing Surveillance in MODE 1 prior to exceeding 75% R7
fl4ERMAL POWER at which F."() enmures .mA is met V* '* RTP is achi.eed. because
vapeekng factort ganaW decree s l -a. power Saw or ....cesed.

M24 If THERMAL POWER has been Increased by Z 10% RTP since the ask
Ndtermination of F (Z), another evaluation of this factor is required

( hours after achieving equilibrium conditions at this higher power level
(to ensure that Fc(Z) values are being reduced sufficiently with power

increase to stay within the LCO flmits).

[,The Frequency of 31 EFPD is adequate to monitor the change of power
distbudon with core bumup because such changes are slow and wellKn M ..e bsee o te controlled when the plant is operated in accordance with the Technical

Ifahcyawyfts SpecVications (TS).
(41scussed sabv)it Is poasslble
tooperste for 31 EFPD withut OR

v atti"o FoAZ). r
The Survelllance Frequency Is controlled under the Surveillance
Frequency Control Program.

-REVIEWER'S NOTE -
Plants controlng Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.
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Fo(Z) (CAOC-W(Z) Methodolow)
B 3.2.1C

BASES

SURVEILLANCE REQUIREMENTS (continued)

The nuclear design process includes calculations performed to determine
that the core can be operated within the FoZ) limits. Because flux maps
are taken in steady state conditions, the variations in power distribution
resulting from normal operational maneuvers are not present in the flux
map data. These variations are, however, conservatively calculated by
considering a wide range of unit maneuvers In normal operation. The
maximum peaking factor increase over steady state values, calculated as
a function of core elevation, Z, Is called WJ. Multiplying the measured
total peaking factor, Fc(Z), by W a74gves9! maximum Fo(Z) calculated

to occur in normal operation, Fvw(Z). " Z)

The limit with which Fwo (Z) is compared varies inversely with power above

rWz)]=R factors are 50% RTP and directly with the function K(Z) provided in the COIR.

_ _•_ _e4- provided in the COLR for discrete core elevations.
_in• 1 Flux map date are typically taken for 30 to 75 core elevations. Fw(Z)

The ii M eM#W. miMWy fI
Sjh.m. J sl•..deO In V evaluations are not applicable for ..•"4--l..'.a-. lcoe - ogion..,

ai ~d b w# NOW me0ue era peOWn ot coreM Iegt
maM e W" udm is,

W""
on ý

kP Md
OMR
WAr"

Iuwv~d A sjeer mwdI excask ~nm
I~bUvpK0@tj , IcrI b,, UWUweI* ni

a,~ Low@F core egian, from 0 to 16% 111414HA"WeAn

L49 am-. J ULppercore region, fmroml9e 00%4o " thluIey~

,Th ...e ed h at 5fm of the core are excludc from the evaluation
wf because of the low probabilitythat te: .eg. woul~d be orelimiting In

the safety analyses and because of the difficulty of making a precise
measurement in these regions.

-"V*8ur~llno hsoben modified by a Note that may require that• rvihc•be Performed. If Fw (Z) Is eovlumneted, an Svd~ton

of the :xpýb below is required to account for any I o FPO (Z)
that ma y occur isbouss the Fo(Z limit to be ex: re the next

If the two most recent Fo(Z) ovaw an increase in the
expression

maximum over z /K(Z) ],

It Ii require ,mtheFo(Z)liitwih the last Fw(Z) I bythe
grea a factor of [1.021 or by an appropriate factor s fed

(Ref. 5)
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F(Z) (cAOC-W(Z) Methodolo
8 3.2.1 C

BASES

SURVEILLANCE REQUIREMENTS (continued)

_ - REVIEWER'S NOTE-
WVCAP-I Iv.lA Relaxation of Condoa Control
and Fo Surveillance e ry 1994, or other
appropriate plant specific to be listed in the COLR
description In the A Controls toaddress the
methodo d to derive this factor.

INSERT1I4
or~-.alat FN() Mm ore oA frq enl.ach Z 69120 Those atRAMat-

roqvilremonts-prevet FoM! from exceeding IM Nmi f9r any algnlfioAnt
pe;r9od of tlime 'ithod±tdesiedlap

PeorFomhi fth Srupoidene in MOMt I PriOF to xo~oeding 75% 6T
enam~htbe(Z)limitis mtthnRTP is aohlirod, boosum

P""dgbor r gonrally doeafesd a pow@; l'eve Is blno~eed

Iu' d"" 00M FeMZ Is morhfeod &t powm levels 2, 10% RiM ob-oe the XWERMAdl
wapwea ~ PD ?E 1iels ellaln 121 hours after SMA --r~n eq-Ib,1um

d Tolsn honihe qrt to -ns re &h, M Fop' Is wi"u " n Ita MmlI -h I e 1 l ao

h Surveillance Frequency of 31 EFPD Is adequate to monitor the
change of power distribution with core bumup. The Surveiflance may be
done more frequently if required by the results of FoqZ) evaluations.

The Frequency of 31 EFPO Is adequate to monitor the change of power
distibuto•n because such a change is sufficiently slow, when the plant Is
operated In accordance with the TS, to preclude adverse peeldng factors
between 31 day survellnces.

OR

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

---- R REVIEWER'S NOTE -
Plants controlling Surveillance Frequencies under a Suveillance
Frequency Control Program should uilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

.1
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INSERT 4

SR 3.2.1.2 requires a Surveillance of FoW(z) during the initial startup following each
refueling within [24] hours after achieving equilibrium conditions after exceeding 75%
RTP. THERMAL POWER levels below 75% are typically non-limiting with respect to the
limit for FoW(z). Initial startups following a refueling are slow and well controlled due to
startup ramp rate limitations and fuel conditioning requirements. Furthermore, startup
physics testing and flux symmetry measurements, also performed at low power, provide
confirmation that the core is operating as expected. Consequently, the initial startup
following a refueling will not result in non-equilibrium power shapes that could challenge
the FoW(z) limit. This Frequency ensures that verification of FoW(Z) is performed prior to
extended operation at power levels where the maximum permitted peak LHR could be
challenged by non-equilibrium operation.

If a previous Surveillance of FoW(z) was performed at part power conditions, SR 3.2.1.2
also requires that FoW(z) be verified at power levels ? 10% RTP above the THERMAL
POWER of its last verification within [24] hours after achieving equilibrium conditions.
This ensures that FoW(z) is within its limit using power distribution data measured at the
higher power level.
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Fo(Z) (CAOC-W(Z) Mehodoow)
B 3.2.1C

BASES

REFERENCES I. 10 CFR 50.46, 1974.

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

3. 10 CFR 50. Appendix A, GDC 26.

4. WCAP-7308-L-P-A, *Evaluation of Nuclear Hot Channel Factor
Uncertainties," June 1988.

5. WCAP-10216-P-A, Rev. 1A, "Relaxation of Constant Axial Offset
Control (and) Fo Surveillance Technical Specification,"
February 1994.

Tedm"c ftedbkaNOW 00g to be daum*,.d)
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Fa(Z) (CAOC-W(Z) Methodology)
B 3.2.1C

Figure B 3.2.1C-1 (page 1 of 1)
K(Z) - Normalized FQ(Z) as a Function of Core Height

Vestinghouse STS B 3.2.1C-12 Rev. 4.0
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1.2I I
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APPENDIX F
SAMPLE COLR INPUT FOR A CAOC PLANT

In this appendix, sample FQ Surveillance COLR data for a CAOC plant are presented. Note that only
those aspects of the COLR pertinent to FQ Surveillance are presented in this appendix. Those aspects
include COLR data related to Axial Flux Difference, Control Bank Insertion Limits, and the Heat Flux
Hot Channel Factor. The approved version of this report must be added to the list of COLR references in
TS 5.6.5, "Core Operating Limits Report (COLR)", since methodology described in this report will be
used to determine core operating limits.

F.1 COLR

This COLR for Plant A Cycle XY has been prepared in accordance with the requirements of TS 5.6.5.

The TSs affected by this report are:

3.1.6

3.2.1

3.2.3

Control Bank Insertion Limits

Heat Flux Hot Channel Factor - FQ(z)

Axial Flux Difference

F.2 OPERATING LIMITS

The cycle-specific parameter limits and associated data for the specifications listed in Section F. 1 are
presented in the following subsections. These limits and data have been developed using NRC-approved
methodologies including those specified in TS 5.6.5.

F.2.1 Control Bank Insertion Limits (Specification 3.1.6)

F.2.1.1:

Control Bank Insertion Limits are provided for three COSs. The Control Bank Insertion Limits for each
COS shall be used in conjunction with the associated Axial Flux Difference Limits for the COS. The
control rod banks shall be limited in physical insertion as shown in Figure F-1 for COS1, COS2, and
COS3.

F.2.2 Heat Flux Hot Channel Factor - FQ(Z) (Specification 3.2.1)

F.2.2.1:

FRTP

F(z) < ----- * K(z) for P > 0.5
-P

F,RTP

FQ(z) < •TP K(z)
0.5

for P < 0.5
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where:

F4(z) = F (z) * 1.0815

THERMAL POWER
= RATED THERMAL POWER

F.2.2.2:

QTP = 2.50

F.2.2.3:

K(z) is provided in Figure F-2.

F.2.2.4:

FRTPFQW(z) < FQ * K(z)
-P

FQW (z) < F" * K(z)
0.5

for P > 0.5

for P <_ 0.5

where:

[W(z)]cOLRFQ" (z) = FC (z) * p * Ao (z) * Rj

F.2.2.5:

[W(z)]c°LR values are provided in Tables F-I, F-2, and F-3 for COS1, COS2, and COS3, respectively.

F.2.2.6:

The AQ (z) factor adjusts the surveillance to the Target AO conditions. AQ (z) may be assumed to be equal
to 1.0 or may be determined for specific surveillance conditions using the approved methods listed in TS
5.6.5. If AQ (z) is assumed to be equal 1.0, the surveillance should be performed as close as possible to the
Target AO.

F.2.2.7:

The R1 penalty factors account for the potential decrease in transient FQ margin between surveillances.
The Rj factors for COS 1, COS2, and COS3 are provided in Tables F-4, F-5, and F-6, respectively.

F.2.2.8:
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Table F-7 provides the required limits on thermal power for each COS in the event that additional margin
is required.

F.2.3 Axial Flux Difference (Specification 3.2.3)

F.2.3.1:

The AMD target bands for COS 1, COS2, and COS3 are provided in Table F-8.

F.2.3.2:

The AFD Acceptable Operation Limits are provided in Figure F-3.

WCAP-17661-NP 
November 2013
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Table F-1 [W(z)ICOLR Factors for COS1
a,c

I I I

I 9 9 4.

9 9 9 4.

9 .4 9 9 .4

9 4. 9 9 1*

9 4. 9 9 4.

9 .9. 9 9 4.

9 4. 9 9 4.

9 4. 9 9 4.

9 4. 9 9 4.

9 4. 9 9 4.

9 9 9

9 9 .9

9 I" 9 9

9 4. 9 9 4.

___________ F 7 1 ______________ 1 _______________ 1 _______________

9 1 .9 9

4 1 .9 .9 9

9 1 .9 .9 9

9 1 .9 .9 9

4 1 .4 4 9

Note:
1. Axial points 1-5 and 57-61 are in the exclusion zone and are not included in the table.

WCAP-17661-NP November 2013
Revision 1



WESTINGHOUSE NON-PROPRIETARY CLASS 3 F-5

Table F-2 [W(z)]COLR Factors for COS2
a,c

7

4. 4. 1 b 4.

4. 4. 4.

4. 4. 4

4. 4. 4.

4. 4. 4 4

4. 4. 4 4.

4. 4. 4 4 4.

4. + 4 4 4.

4. 4. 4 4 4.

4. 4. 4 4 4.

4. 4. 4 4 4.

4. 4. 4 4 4.

4. 4. 4 4 4.

4. 4. 4 4 4.

4. 4. 4. 4 1

4. 4. 4. 4. 4

4. 4. 4. 4. 1

4. 4. 4. 4. 1

4- 4. 4. 4. 4

4. 4. + 4. 4

4. 4- + 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 1

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. + 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. 4. 4. 4. 4

4. I. 4. 4. 4

Note:
I. Axial points 1-5 and 57-61 are in the exclusion zone and are not included in the table.
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Table F-3 [W(z)]COLR Factors for COS3
a,c

I I I I

4 4 4 4 4.

& 4 .4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4

4 & 4 4 4

4 4 4 4 4.

4 4 4 4 4-

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 4.

4 4 4 4 I

Note:
1. Axial points 1-5 and 57-61 are in the exclusion zone and are not included in the table.
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Table F-4 R~Margin Decrease Factors for COSi

I _ __ I __ I _ __ I __ I

axc

4 4 I

4 4 I

4 4 1

4 4 1

4 4

4 4 4

4 4 4

4 4

4 4 4

4 4 4

I W 4

4 9 4

4 i

4 4 4

4 4 4

4 9 4

4 9 4

4 4 4

I U U

Values may be interpolated to the surveillance cycle burnup.
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Table F-5 R1 Margin Decrease Factors for COS2
a.c

________ ______ I ________ I ______

I t

4 I

4 4 I

4 .1 1

I 4 4

I 4

4 4 4

4 4 4

I 9

4 0 4

* 0 4

4 0 4

9 0 4

I 0 4'

I 0 4

I 0 4

t 0

I 0

I 0 4"

I 0 4.

Values may be interpolated to the surveillance cycle burnup.
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Table F-6 1R Margin Decrease Factors for COS3

Y A. I

a.c

I. F I

F I

4. 4. I

4. .1. I

* *

4. 41~ I

4. .1. I

I. * I

4. 6. I

4. 4. 1

4. 4. 1

4. 4.

4. 4. I

4. 4. I

4. 4. 1

4. 4. I

4. 4. I

4. 4. I

4. 4. I

4. .5.

b I

Values may be interpolated to the surveillance cycle burnup.
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Table F-7 Required THERMAL POWER Limits a.c
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Table F-8 CAOC Axial Flux Difference Operating Bands
a.c

i
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a-c

Figure F-1 Control Bank Insertion Limits for CAOC Operating Spaces 1, 2, and 3

*Fully withdrawn shall be the condition where control rods are at a position within the interval > 225 and

< 231 steps withdrawn.

NOTE: The Rod Bank Insertion Limits are based on the control bank withdrawal sequence A, B, C, and
D and a control bank tip-to-tip distance of 115 steps.
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1.2

1

0.8

10.6

OA

0.2

0 2 4 6 8 10
Core Height (ftj

12

Figure F-2 K(z) - Normalized FQ Limit as Function of Core Height
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100

90 11- -LI

UNACCEPTABLE UNACCEPTABLE
OPERATION . ........ OPERATION

80

70

ACCEPTABLE ACCEPTABLE
OPERATION OPERATION

WITH < 1 HR WITH < 1 HR

PENALTY PENALTY
60 DEVIATION DEVIATION

__/TIME TIME

0
M so ... . . . ... ..
- 31,50) (31,50)

340
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OPERATION OPERATION

20 .

1 0 ... .. .. . . .. .. ... . ...

0 [-- .... __ ___

0
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Figure F-3 Axial Flux Difference Acceptable Operation Limits
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