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NRC FINAL SAFETY EVALUATION 

This section contains the following documents: 

1. NRC cover letter, "Final Safety Evaluation for Pressurized Water Reactor Owners Group Topical 
Report WCAP-17661, Rev. 1, 'Improved RAOC and CAOC FQ Surveillance Technical 
Specifications' (CAC NO. MF3348)," dated November 23, 2018. 

2. "Final Safety Evaluation by the Office of Nuclear Reactor Regulation Related to Pressurized 
Water Reactor Owners' Group Licensing Topical Report WCAP-17661, 'Improved RAOC and 
CAOC FQ Surveillance Technical Specifications' (Project NO. 694)" 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSlc;>N 

WASHINGTON, D.C. 20555-0001 

November 23, 2918 

Mr. w. Anthony·Nowinowski, Program Manager 
PWR Owners Group, PrograrirManageinent Office 
Westinghouse Electric Company 
1000 Westinghouse Drive; Suite 380 
CranberryTownship, PA 16066 

SUBJECT: FINAL SAFETY EVALUATION FOR PRESSURJZED WATER REACTOR 
OWNERS GROUP TOPICAL REPORT WCAP-17661, REV. 1, "IMPROVED 
RAOC AND CAOC FQ SURVEILLJ\NCE TECHNICAL SPECIFICATIONS" 
(CAC NO. MF:3348) . . . . . 

Dear Mr. Nowinowski: 

By letter dated January 2, 2014 (Agencywide Documents Access c;ind Management System 
(ADAMS) Accession No. ML 14009A092), the Priessurlzed Water Reactors Owners Group 
(PWROG), submitted Topical Report (TR) WCAP~17661, Re.v. 1, "Improved RAOC l:!nd CAOC 
FQ Surveillance Technical Specifications" to the U.S. Nuclear Regulatory Commission (NRC) 
for review and acceptance forreferenclng in regulatory actions. The TR was supplemented by 
letters dated September 13, 2016, and February 15, 2018 (ADAMS Package Accession 
Nos. ML 11?291 A531 and ML 1 BQ53A26~, respectlv~ly). The TR provides the technical basis for 
updates to Technical Specifi~tion (TS) 3.2.1, "Heat Flux Hot Channel Factor," as presently 
contained in Nl;IREC3-1431, ~standard Technical Specifications -Westinghouse Plants· 
(ADAMS .Accession Nos. ML 121 OOA222 (Volume 1) and ML 12100A228 {Volume 2) ). 

By letter da_ted April 24, 2018 (ADAMS Package Accession No: ML18081A006), the NRC staff 
provided the draft Safety Evaluation (SE) to the PWROGfor proprietary review and factual 1arror 
clarification. By letter dated August 2; 2018 (ADAMS Accession No. ML 18318A324), the 
PWROG provided comments on the draft SE. The NRC staff.draft SE comment disposition 
table is included as an attachment to this letter (ADAMS Accession No. ML 18298A326). 

Based on the r!3View described in the enclosed.fin.al-SE and subject to the limitations provided.in 
Section 5.0, the NRC staff has determined that the RAOC and CAOC surveillance formulations 
and requited actions proposed in WCAP-17661, Rev. 1 are acceptable for referencing iri 
regulatory actions. The TR may be considered approved for use by the NRC staff, for the 
purpose of justifying the TS changes contained therein. · 

I NOflC5i lhe aRslasu;:a ts:aR.&mittad-herew~h sent~lns PFGprietary IAkli:matl~ 
sepaFO!lted fre_m D;a eRslesl:IFS, this ti:aAsmittal E!es1,1msRt is desm::itrellae. 

OFFIEIAL YSE 8HLY PRSPRIETAR:Y INFBRMMl8f' 
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dur acceptance applies only to material provided in the subject TR, We·do not intend to·repE!at 
our review of the acceptable ma.terlal described in the lR When the iR appears as c_:1 

reference in licensing. action .requests, our revi¢w will ensure that the· material presented appliEls 
to the specific plc_:1n( inv9fved. Requests forJicenslng a~ibns that deviate-from this TR will bEl 
subjElct.fo a plant-specific· reViElW in c_:1c:c;ordance with applicable revi1;1w standards. · 

In accordance ~tti th13 guidance pr9vlded on the,NRC_ website, we regu.est that the PWROG: 
publish an approved_proprielary version cifTR WCAP:.11661aP,'Rev.1 within 3.months of receipt 
of this letter. The approved version .shall Incorporate this letter arid the erclosed firial SE after 
the title page, Also, they must contalfl historical review information, including NRC requests for 
addlfional information and your respo~ses. The approved versions shall include an "-A" 
(designating approved) following the TR identification symbol. 

As_ an alternative to Including ttie requests for additional information (RAls) and RAI responses 
. behind the title page, if ch_anges to the TR W!;lr!:I provided to the NRC staff to support the 
resolution.of RAI responses, and if the NRC staff reviewed and _approved Qiose changes as 
describe.cl in the RAI i!:'lsponses, there are two ways that the accepted version -can capture ttie 
RAls:. 

1. The RAls and _RAI responses,can be Included as an Appendix to the accepted ·version. 
2: The RAls and RAI responses -can be captured in the fonn of a table (inserted after the 

final SE) which summarizes the changes ·as shown In the 3.pproved version of the TR. 
The table should ref~rence thEl ·l:!pecific RAls and RAI_ responses which resulted In any 
changes, as shown in thEl a~~pted ver~iqn of the TR: 

If future changes to the NRC's regulatory requirements affect the acceptability or this TR, 
PWROG will be expected to revise the TR appropriately prjustlfy its torjtinued applicablllty for 
subsequent.referencing. Licensees referencing this TR would b~ ~xpected to jµstify its 
continued applicability or evaluate their plant. usin~ the revised JR, . 

Projec! No: 999020.37 

Enclosure: 
Finat Safely Evaluation (Pf8PFiela1y) 

eitFIGIM: l:f6E 8Nl:.Y P.R8PAIE'FAR¥ INF8f.lMAfl8N 
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FINAL SAFETY EVALUATION BY THE OFFICE OFNUCLEAR REACTOR REGULATl~N 

RELATED TO PRESSURIZEDWATER REACTOR OWNERS' GROUP 

LICENSING TOPICAL REPORT WCAP-17661 

"IMPROVED RAOG AND CAOC .FQ SURVEILLANCE TECHNICAL SPECIFICATIONS" 

PROJECT NO. 694 

-PRePRtE'FARV-1 :::----~-----~ •.• ...,. -· .. - ,,_,,. -- ... 
-info,11tali611 owned=byWesti11ghouse-Eleetrie Company LL&lhal-m~t be 
'Withheld lio111 public-disclosura--h1 accordat1ee-wittrthe p1ow.,ions of 10 CPR: 
2:59fl arn:Ht.1"r. 

-Pioprletary lnf0Tma1ionis1mclosei:Hrrcurly-brackets a11d set in bold-face type: 
(ff1is sentenceis an example of H1e proprletary-designatn;}-

Cm ly bra~~ets-wer~~E!(!-beeause-square-hracketS'deoote-olher types of 
· text in lhi~ocumen~ · 

vi 
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEARREACTOR REGULATION 

RELATED TO PRESSURIZED WATER REACTOR OWNERS' GROUP 

LICENSINGTOPICAL REPORTWCAP~17661 

"IMPROVED RAOC AND CAOC FQ SURVEILLANCE TECHNICAL SPECIFICATIONS" 

PROJECT NO. 69"4 

U INTRODUCTION 

The Pressurized Water Reactor Owners Group (PWROG) submitted Topical Repqrt (TR) 
WCAP-17661 1 for U.S. Nuclear Regulatory Commission (NRC) staff review by letter dated 
January 2, 2014 (Ref; 1 ). The TR provides _ihe technical basis for updates to Technical 
Specification (TS) 3.2.1, "Heat Flux Hot Channel Factor," as presently contained in 
NUREG~ 1431, "Standard Technical Specifications - Westinghous_e Plants'' (Ref; 2). 
Specifically, the TR addresses (1) potential non-conservatisms in Required Action B.1 of 
TS 3.2. 1 B, which is applicable to. Relaxed Axial Offset Control (RAOC) plants, an_d (2) "the 
.sensitivity of the formulation of the associated Surveillance Requirement (SR) to the differences 
between the measured and predicted surveillance power shapes at both nominal and part 
power conditions· (Ref. 1 ). The TR was supplemented by letters dated September 13, 2016 
(Ref. 3) and February 15, 2018 (Ref. 4). The supplements provided responses to the NRC·staff 
requests for additional information (RAls). 

In addition to the changes described above, WCAP-17661 includes several other improvements 
to Versions 8 and C of TS 3.2.1. TS 3.2.1 Bis the version that is applicable to plants that have 
implemented ttie RAOC methodology, whereas TS 3.2._1 C is the ver:s[on that is applical:Jle to 
plants that use the Constant Axial Offset Control (CAOC}-W(Z) methodology. Meanwhil13, 
TS 3:2.1A, the version of the TS that is applicable to plants using the CAOC-Fxv methodology 
remains unchanged, and this TR does not apply to such plants. 

All of the TS changes described andjustified,in WCAP-17661 are described.in detail in 
$action 3.0 of this safety evaluati<:>n (SE). · · 

1.1 BACKGROUND: POWER DISTRIBUTION TERMS 

The TR relates to peaking factors that are used to describe the power distribution at. 
Westinghouse Electric Company (Westinghouse)-designed plants. These factors, and the 
var'iou~ functions; factors, and limi\s that are used to manipulate the peaking factors in order to 
ensure they provide appropriate margins for uncertainties and operational transients over a 
given surveillance interval, are summarized in Table 1, located in the appendix to this SE. The 
table first defines the pec1king fc!ctors, then provides the limils, functions., and multipliers, and 
finally provides definitions for the various different versions of each peaking factor. 

1 As rioted i_n the citation for Reference 1, WCAP-17661. exists 10 both proprietary (WCAP-17661 P) and 
publicly available (WCAP-17661 NP) formats, This SE: is applfcable to bo!h formats, and refers to the TR 
generally without the proprielary designator (l,e., WCAP-17661). 

'OPfllC11(t tlS@ 6N.L'f- e6HTA1NS ~iei'Aft;V 1Nf6RMA'ri6N 
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lt Is useful to refer to Ta~le 1 alongside subsequent sections of lhis SE, In which the terms 
contained in the table are frequeolly used in discussing the algebraic formulations of the 
surveillance terms a.nd operating limits. · 

1.2 PURPOSE OF TOPICAL REPORT 

In 2009, Westinghouse Identified a non-conservatism associated with the TS for the Heat Flux 
Hot Channel Factor (Fa(Z)) for Westinghouse nuclear power plants. Speclfi~lly, ii was 
recognized that the Required Actions In NUREG-1431 (Ref. 2), ln situations where the plan\ 
does not meet an Fa limit, are not as conservative as pmviously understood. 

Westinghouse issued Nuclear Safety Advisoryle~er (NSAL} 09'5, "Rel~xed Axial Offset. 
Control Fa Technical Specification Actions," to address the situation on an interim basis (Ref. 5). 
The NSAL requjred four.speQific actions, In addition to the current specific Required Actions · 
contain~d in the plant-specific; Fa'TSs, ifit was determined that Fa was not Within the Limiting. 
Condition for Operation (LCO) limit following a surveillance performed at .i: 75 percent r~ted 
thermal l)ower (RTPk The.se actions.are. very conservative.so !hat they envelop aflplants. 

Another potential non-conservatism becomes apparent in plants using RAOC rather than 
CAOC. A key surveillance parameter, Few(Z); is the product of analytical factors and 

ssurveillanCj! measurements. The a.nalytical factors are derived Qefore each reload,.and must · 
assume a reference co,ndiUcin for the surveillance, even ttiough the surveillance takes·.place 
after the plant returns to power, and· hence, well after. the analytical factors are derived. The 
initial suivelllance condition ·is not riecessatjly the. same as the reference.condition, and this can 
lead to 8(1 inaccuracy that is non-conservative, . 

The PWROG submitted WCAP-17661 in order to cfevelop a permanent resoluUbn to the 
. Problem and define appropriate·revi~ions to the standard TS (STS) related to the Fa . 
. surveillance. The intent ls to replace the temporary actions rElquired by the NSAL in c,ase Fa·is 
found outside the LCO limits with Required Actions that will assu~ that plant i,>peration will 
remain bounded by the facility safety analyses. The PWROG submitted WCAP-17661 to the_ 
NRC, reque.stirig approval in order to ma~e subsequent changes to the STS, NUREG-1431, 
The specific T$ that are proposed to be cha_nged are TS 3.2,1 B, Heat Flux Hot Channel Factor 
(Fe (Z) (RAOC-W(Z) Methodology)) and TS·3.2.1C, Heat Flux Hot Channel Factor (Fe (Z) 
(CAOC-W(Z) Methodology)). 

1.3 SUMMARY OF CHANGES 

The following discussion provides a brief summary of the changes set fortli ln WC.AP~17661. A 
detailed dlscussiQn of each ct:iange is provided iri Section 3.0 of this SE, and a summary of 
9hanges in ta.bular format is.provid~d in Table 2, In the appendix. 

1 ,3.1 Limiting Conditions for Operation (Unchanged) 

The LCOs for TS 3.2.1 B i:ind 3,2, 1 C rem;;iin ·unchanged; The reguirement, in both versions of· 
the .LCO; remains for Fo(Z), ·as approximated l;,y Fec(z) and FaW(Z), to remain within the limits 
specified In the core op~rating limits report (COLR), Th.e approximation!i for these parameters, 
however, v,,ill change as.discussed in the succeeding sections. 

eFftetAL t:ISE ONLY= eONfAINS P~OPRIE'FAR¥ INFORMATION 
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1.3.2 Core Operating Limits Report Content 

Based oh the ,;iiscussion contained in the TR, the NRC staff dl;)terniined that the typical COLR 
conlf:lnt2 will change. As outlined below, the amount of the COLR content related to Fow(Z) will 
increase. Primarily, this increase stems from the following items, which will be newly included in 
the COLR: 

1. The definition of new RAOC. operating SP<!CBS (ROSs) or CAOC operating spaces 
(COSs), 

2. The inclusion of a normalizaticm factor Axv(Z) for RAOC, or Ao(Z) for CAOC, 

3. The definition of a penalty factor, Ri, and 

4. The inclusion of separate control rod insertion llrnits, transient functions, penalty factors, 
and axial flux difference (AFD) bands for the new ROSs and COSs. 

The COLR will also include newly formulated, cycle-specific limits associated with implementing 
.the proposed Required Actions to take iii the event that c;ompletion of a SR indicates thal·an 
LCQ is not met. 

1.3.3 Surveillance Requlremenls 

For RAOC plants, rc1ther than formulating the Fow(z) ~urveillance parameter by using a 
core-wide, three-dimensional surveillance lo measure Fa, the surveillance will now determine a 
·synthesized Fa using a planar Fxv surveillance and multiplying 11 by a reference axial power 
shape. The surveillance is repeated for ~ach plane in the core; from 15- to BS-percent core 
height to determine a maximum to compare to the limit.3 The philosophy of using multipliers to 
the m~asured value to provide margin for manufacturing tolerances, surveillance uncertainty, 
and operational transients over the following surveillance interval remains unchangeq. 
However, the forrriu)alion of the transient function is modified. 

In addition, some languagEl contained In the SRs has been modified to.add clarity, i;lhd minor 
changes to some survemance frequencies have been proposed: 

1.3.4 Required Actions 

The Required Actions associated with both Fow(Z) and foc(z) have been modified. These 
modifications serve two primary purposes: (1) to provide more explicit limitations on thermal 
power and reac;:tot trip setpoints in the condition that the $Rs are not met, and· (2) to 

2 This.fist was fonnulated by reviewing a sample of COLRs submitted on .several dockets. The content ol 
a specific COLRvaries from plant to plant, and not all plants may have the exact content listed here. 
0 Per NUREG-1431; "The top and bottom 15-percent of the core are excluded from the evaluation 
because of the low.probabllity that these regions wouid be more llmlllng in the safety analyses and 
because of the difficulty of making a precise measurement in these regioris0 .(Ref. 2, Volume 2, 
SR 3.2.1.2). Note that the top and bottom 15-percent exclusion z(mes are typical. h~wever, the exclusion 
zone is established on a cycle specific basis to ensure lhat the limlting.margin locati911 is surveilled~ 
'Therefore, for a specific operating cycle, exclusion zones smallerJtiari 15-percent may be specified. 

OFFICIAL YSE 8NLV S8NTAIN~ PRQPAIE=FAR¥ INi;'QRMA+IQ~ 
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,accommodate the imptement?tion of successively restrictive operating spaces in'the event that 
.the SRs are not met. · · 

2.0 REGULATORY EVALUATION 

The specification of and adherence to limits on Fo ensures that the value of the initial total. 
peaking factor a~umed in_ttie ;:icci.~ent and transient analyses remains valiQ .. ·A.s noted in 
NUREG-1431, the Fa limits assumed i11 the emergency core cooling system (ECCS) 
performance evaluation are typically limiting ·relative to the Fa limits assumed in saf~ analyses 
for other postulated accident~ and anticfpated operational occurrences. Even if the ECCS limits 
are le~s llmillng than those determined by another safety analysis, specification of and 
adherence to the·Fa.limits still ensures that facllity operation remains bounded by the safety 
analyses. · · 

The regulatory eva_luation thus identifies,perf!)rmarice requirements and d!:!sign criteria 
contained within Title 1 o or lhe Code of Federal RegufaVons (10 CFR), Part 50, "Domestic 
Licensing of Productipn anq Utiliz.atipri Facilities-~ . The applicable requln:iments related to the 
specific content of TSs, relative fo the fa~ility safety amalysis, are also Identified, liii::li.icjing 

-appropriate guidance·for administratively c~mtrolling sug, specifications. Finally, Section 2.3 of 
thls SE summarizes the way hi which the regulatqry .requirements apply specifically to the 
.r~ormulated TS for Fa. · · · · · · 

2.1 PERFORMANCE REQUIREMENTS,A~D DESIGN CRITERIA 

The performance requirements and design criteria applicable to ihe power distribution a~sumed 
In the safety analysls are those that p~rt;:iin to accident and transient analysi~. Primarily these . 
include tht:l requirements contained in 10 CFR 50.46, "Acceptance Criteria for Emergency Core 
Cooling Sys~ems for Light-Water Nuclear Power Re·actors,'.' and General Design Criterion . 
(GDC) 10, contained .in Appendix A, "General Design Criteria for Nuclear Power Plants/ Since 
Jhe TS also pre~cribe appropriate.remedial actlon.,to'f9llow if TS limitations are.not met, some. 
additior:,al GDCs relative to the reactor protection and reactivity control systems.also apply, ·as 
'listed bel9w. · 

The requirements in_ 10 CFR 50A6 state, in part, Uiat ECCS shall be designed s1,1ch that i;ln 
evaluation performed using an acceptable evaluation mc;idel demonstrates that'ac~pti;ince 
crl_teri.a, set forth in 10 CFR50.46(b), 1ncludlng peak claddingt~mperature, cladding .oxi~ation, 
hydrogen genel'l31ion, maintenance Of COOlable core Ql;lOinetry, and long-term COOiing are met for 
a variety ofhypothetical loss-of-cooh,mt accidents (LOCAs),.incl!,lding the m~st severe 
hypottietical LOCA. · 

GDC,10, "Reactor Designt states.as follows: 

The reactor and associated coolant, control, ·an_d protection systems shall be 
d!3Signed with appropriate margin to assure that specified acceptable fuel design 
limits are not exceeded during any condition of normal operation. incluaing the. 
effects of anticipated operational ,occurrences. 

6FFISIAL l:JSE 6NL¥ = CONTAINS PR~PRIETARV lfl!FORMATION • 
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GDC 20, "Protection System Functions," states as follows: 

Thei protection system shall be designed (1) to initiate automatically thf;! operation 
of appropriate systems including the reactivity c;onti'ril systems, to assure that 
specified acceptable fuel design limits are not exceeded as a result of anticipated 
operational occurrences and (2) lo sense accident CQnditions and to Initiate the 
operation of systems and components important to safety. 

GDC 26, "Reactivity Control System Redundancy and Capability," states as follows: 

Two Independent reactivity control systems of different design principles shall be 
provided. One of the .systems shall· use control rods, preferably including a 
positive m·eans for inserting the rods, .and shall be capable of reliably contre>lling 
reactivity changes to assure that under conditions of i:,ormal operation, including 
anticipated operational occurrences; and with appropriate margin for 
malfunctions such as stuck rods, specified acceptable fuel design limits are not 
exceeded. The second reactivity control system sha.11 be capable.of reliably 
controlling tne rate of reactivity changes rf;!sulllng from planned, normal power 
ch~nges (including xenon burnout) to assure acceptable fuel design limits are not 
exceedecl. One of the system~ shall be capable of holding the r:eactor core. 
subcritical under cold conditions. 

2.2 TECHNICAL SPECIFICATIONS 

The requirements for TS are set forth In ,10 CFR-50.36, "Technical Specifications.· Specific 
calf;!gories of TS are provided in 10 CFR 50.36(c) .. These inch,ide LCOs and SRs. If an LCO is. 
not met, the facility must be shut down; or other acceptable remedial action must be taken. SRs 
are intended to ·ensure that facility operation remains within the LCOs. NRC Generic Letter 
(GL) 8&16, "Removal of Cycle-Specific Parameter Limits from Technical Specifications," 
established the NRC position that licensees could remove the cycle-specific values of certain 
operating limits froni the TS and maintain them in a COLR, provided that certain requirem.ents 
were met (Ref. 6). 

Paragraph (c)(2) of 10 CFR 50.36 discusses LCOs, stating that sucti TSs are the lowest 
functional capability or·performance levels of equipment required for safe operation of the 
facility. The requirements indic;ate that LCOs tnust:be established for each item that meets one 
or more of four criteria. One of the criteria is a process variable, design feature, or operating 
restriction that is an initial condition of a design~basis accident (OBA) or transient analysis that 
ei!her assumes the failure ofor presents a challenge to the integrity of a fission product barrier. 

Paragraph (c)(3) of 10 CFR 50.36 states: 

Surveillance requirements are requirements relating to test, calibration, or 
Inspection to assure that the necessary quality of systems and c;omponents is 
maintained, that facility operation will be v,ithin safety limits, .and that the LCOs 

·~~ ' 

The guidance contained iri GL 88-16 provides a means by which the values of certain 
parameters could be determined· and modified on a cycle-sp~cific basis without prior NRC 
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review and approval, In order lei implement this guidance, licensees are required to do the 
following: (1) use NRC-approved methodology to determine the operating limits; (2) include a 
list, In lh.e' TS Admil')istrative Controls section, of the references used ,o determine the operating 
limits; and (3) maintain .the limits in a COLR; which must be submitted to the NRC for 
information. · 

2,3 DISCUSSION 

The safety analyses requited to establish that a facility will comply·wilh the requlremt;inls c;>f 
1 O CFR 50.46,ahd with GDC 1 O, require as. lnpuUhe pe.ak fuel.power and the power 
distribution. Since the peak power and the power distribution are initial copditio~s Cif DBA and 
transient analy~es, facility.operation must be controlled by LCOs that are established based on 
these paramete~. Hence, Westinghouse pressurized water reacti:>rs (PWRs) have LCOs 

.,relative to Fo. In accordance with 19 CFR 50.36(~)(2), the ~CO ls accompanied by SRs to 
ensure that th~LCO is sati~fied. At plants that have implemented GL aa-:16, specific parameter 
values may be administialiVely .controlled, E1nd In such cases these parameters must be 
determined in accordance with NRC-approveo melhqdology, and contained In .the facllity COLR. 

If, during performance of an SR, Fa is determined not to be within the limit then the LCO is not 
met, and the TS remedial_actions must be.follow~ to ensure lhatfacility operation r.,mains 
safE!. These remedial actions are based on (1) restoring compliance with Ifie LCO, and (2) . 
adjusting the reactor protection system settings so that ·the functionality required by GOCs 20 
and 26 is maint1;1ined. 

The NRC staff evaluation.of the modified TS contained in WCAP-17661 considered whether the 
modifi~d TS are consistent with th~ regulatory requirements Identified above. In particular, the 
NRC staff evaluated whether (1) the re)lised TS LCOs ensure that facility operation. renialris 
within the bounc;!s established by th1;1 si?fety analysis, (2) .the reformulated SRs ensure that 
facility operation meets the LCOs; and (3) the rev!sed required actions and completion times, 
applicable if ei!her or both of the LCOs are ncit met; are ~ppropriate to en~ure that 9ompliance 
with the unmet leas ls restQrecl, and that facility operation remains safe. 

3.0 DETAILED SUMMARY OF CHANGES 

This section expands .on the discussion providE!d .rn Section 1.3 of !he SE. 

3.1 IMPROVED METHODOLOGY TO DEFINE RAOC AND CAOC Fo SURVEILLANCE 

The c1,1rrent Fo(Z) surveillance relies on a combination of analyti93I factors and periqdic 
measurements to provide assurance that core,6peratioli does nqt lead lo unacc;epta~le local 
power peaking. This works well for CAOC plants but for RAOC plants the approach is not as 
robusl Specifically, the probfein is.that prior to each reload when the analytical factor's are 
calculated, there has to be a ptediction of the axlafpower shape at the time of surveillance and· 
this is usually riot.known. 
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To understand how lhe new 111ethodr;>logy is expected to overcome this problem, consider how 
the following Fe surveillance .parameter is defined: 

(1) 

where W(Z) is an analytically derived factor and the fo{ZJ in the brackets Is the measured value 
{M) at the time of the .surveillance (Surv). An uncertainty factor UF is also added 1o ttJis equa\ion 
to account for both measurement and fuel manufacturing uncertainties. Ff (Z) must be less 

than or equal to .a limiting value found in the COLR. It is related to the F§ CZ) surveillance 

parameter important to monitor steady state operation: 

Ft (Z). = W(Z) • F8.(Z) 

The analytically derived factor W(Z) .{ 

(2) 

' . . . - - } is relative to a reference ' 
condition. It is calculated prior to pperatlon of a cycle and found In the COLR for use during the 
surveillances. 

{ } (3) 

where { 

,). The denominator is the 
predicted (p) ·st~ady state value at tt1e reference (ref) core conditioni The lat\er is typically at hot 
full P9Wer with all:control. rods out and eq!.iilibrium;xenoo; which are not nec(;lssarily the 
conditions at which the surveillance Fa is measured. 

If the reference condiUori in Equation (3) is identical to the surveillance value In Equation (1) 
then the surveillance·is done correctly,·but If It Is not, an error can be introduced. The new 
methodology replaces the factors· in Equation ( 1) with equivalent factors which do not have the 
overt dependence that the reference and surveillance axial distributions are identical. The new 
surveillance parameter is derived in detail jn WCAP~17661. It is~ 

w· [T(Z)jCDLR M . 
FQ° (Z) =' p_ss Axy(Z) • [Fxy (ZJ]suRV .. uf ,,. R1 

· · r~l 

(4) 

Equ~tion (4) uses both new analytical factors and new surveillance factors. The equation also 
includes a new penally factor R1. In this equation [T(Z)f0

LR is th.e pre-calculated function. 

1 (5) 

1 Only .lhe situation for surveillance done13bove a relau·v.e power of 0.5 (1.e.,.50~percent ~TPJ is. . 
· considered herein. The situation below this power is an obvious extension ?ild is given in WCAP-17661 . 
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where [P(Z)J~er is the relative a>.<ial power predicted at the reference condition. P;;1 ls the 
relative power level (actual power divided by the RTP) at the time of the surveillance. An 
additionahmalytical factor Axv is. included in Equation ( 4) to account for differences between the 
rE!ference and surveillance conditions: 

f (6) 

Tile proposed approach (Equation (4)) Is made consistent by usi,:ig the r:nE!asured F,cy(Z) rather 
than Fo(Z) as in Equation (1) or (2). There 1s also the same factor UF as in Equation (1) to·take 
into ac90unt uncertainties. 

Tile ~na(tyfactor R1 for survE!illance timi;l poinlj is used to account for the expected decreas1;1 in 
margin due·to non-equilibrium operatic~ over the _period of operation prior to the next . 
performance of SR3.2.1.2: - . 

The above approach tci redefine the surveillance parameter factors is .not needed for CAOC 
plants. However, analogous chang!;)s :are proposed to the surveillar:ice equa!lon for CAOC 
·plants ·to adjust for differences in the reference ani:l surveillance conditions, and to implement 
the same penalty ilj toia a_ny exp~cted clecrea-se in•inargin prior tci perf9rining the ne~ . 
surveiliance. The result changes the CAOC surveillance parameter from that .shown iri 
Equation (2).to the following: · · · · 

_ [W(Z)]ciJLR .. . lll 
lf (Z) =, P#:j • AQ(Z)• [Fq(Z)]sun, * UF + RI 

where \he adjustment .ratio is: 

{ l 
According toWCAP-17661, the usual c_ase is that·sur:velllances are perfonned at core 
conditions close.to the condition$ correspon_dingto the target axial offset measurement and 
.hence, AQ(zj will be very close to 1.0. . 

3.2 .PROPOSED CHANGES TO TECHNICAL SPECIFICATIONS 3.2.18 AND3".2.1C 

(7) 

(8) 

. The improved metho~ology. for Fa surveillance w~:;i used to define a nuni~r of changes to both · 
RAOCand CAOC FasurvE!illance, i;e., both :ts 3.2. 18 and TS 3.2.1C are proposed to be 
revised. One obvious change is to substitute T(Z) for W(Z) in ·the title of TS 3.2.18 .. A summary 
of the other proposed changes in each TS is i;ilven below and further summarized in Table 2; 

3;2.1 ChanQes to the NOTE and Required Actions for Condition A: Fo°(Z) not Within li,ini~ 
. . 

Changes are consider~ for the NOTE to Co_ndition A and for Required Actions A.2 and A.3; 
The Changes are the same for l;loth RAOC ~nd CAOC 'plants. 

-OFFlelAt l:ISE ONLY 60N'fAINS PROPRIETAR-¥ INFORMA'FION 

xv 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 

6FAE.1At: l:l~E 6NLV eaNiAfNS PR6FRIEiARY INFORMMION 

-9-

The NOTE for Condition A stated, 'Required Acti<:in A.4 shall b.e completed whenever thi~ 
Condition Is entered.'' It is proposed to be changed as fpllows: 

Required Action A.4 shall be completed whenever this Condition is entered prior 
to increasing THERMAL POWER above the limit of Required A9tion A. 1. 
SR 3.2.1.2 is notr~quired to be performed if this Condition is entered prior to 
THERMAL POWER exceeding 75% RTP after a refueling. 

When F§ (Z) is not within limit, the Required Actions were,defined as follows: 

(1) 

(2) 

(3) 

(4) 

Reduce thermal power~ 1 % RTP within 15 minutes for each 1 % F8(Z) exceeds 
the limit (Required Action A.1 ), 

Reduce the Power Range Neutron Flux-High trip setpolnt .? 1 % for e·ach 
1o/o F8(Z) exceeds limit within 72 hours (Required Action A.2), 

Reduce the bverp9wer /lT trip setpoints2 1% for each 1% F8(Z) .exceeds limit 
· within 72 hours (Required Action A.3), and 

Perfonn SR 3.2.1.1 (surveillance on. Fa (z)) and SR 3.2.1.2 (surveillance on 
·Pf (Z)) prior to in~reasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4). 

The wordings in the Required Actions A.2 and A..3which specify the magnitude of the setpoinl 
reductions are proposed to be 111odified to account for the possibility that the limit for F§ (Z) is 
ex<;:eeded during a part-power surveillance. 

The revised Required Actions are proposed lo be defined as follows ( changes are In italicsj: 

(1) 

(2) 

(3) 

(4) 

Reduce thermatpowef.? 1% RATED THERMAL PO~l;R within 15 minutEls for 
each 1 % F§ (Z) exceeds the Jimit (Required Action A.1 ). 

Reduce the Power Rarige Neutron Flux-High trip setpoint.: 1% for each 1% that 
THERMAL POWER is limited below RATED THERMAL POWER by 
Required Action A.1 within 72 hours (Required Action A.2), 

Reduce th~ Overpower 6.T trip setpoints.: 1% for each 1 % that THERMAL 
POWER is limited below RATED THERMAL POWER by Required action A.1 
within 72 hours (Required Action A.3), an!l 

Perfonn SR 3.2.1.1 (surveillanc~ on F§(Z)) and SR 3.2.1.2·(surveillarice on 
Ff (Z) prior to increasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4). 

The Completion Times associated with these Required Actions were not revised. 
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Wlth the proposr:d change, when the limit fcir F8 (Z) Is exceecled, thermal power Will be limited to 
less than the surveillance power level required by Required Action A.1; The corresponding 
setpoints will therefore refle9t this new thermal power llmit. For example, if the surveillance 
thermal power is 75 percent and F8(.i) exceeds its limit by 1 percen~ then thermal power will be 
limited to s 74 percent RTP: 'Consequently, the new wording will require setpoint reductions of 
i:!: 26 percent since this I~ the amount by which the 'thermal power.is limited below the RTP. The 
current Required Action wording,would only require a setpoint reduction ofi:!: 1 percent. In other 
words,, the current requirement did not accc;,unl for surveillance conducted at.reduced power. 

3.2;2 (;:hang~s to the Required Actions and NOTE for Condition B: Faw(z) not Within Limit 

The Required Actions fc;,r Coriditlon B are different for RAOC and CAOC plants. Both are 
proposed t~ be revised in the improved Fa TSs, 

3,2.2.1 Proposed changes for RAOC plants 

Wh~n F~v (Z) Is not Within limits, the Required Actions v.,ere defined as follows: 

(1) 

(2) 

Redu~, AF.D limits :!: 1 % for each 1 % Ff (Z) exceeds limil,(Requfred Action B. 1 ). 

The,associated Completion Tiine ls 4 hours. 

R,educe Power ra11ge Neutron Flux- High trip selpolnts ~ 1 % f<;>r each 1 % that 
ihe maximum allowable power of the AFD limits is reduced (Required 
Action B,2)~ The associated Completion time is 72 hou~. 

(3)' Reduce Overpower b.Ttripsetpoirits i:!: 1%.for each 1% that the maximum 
allowable power of the AFD limits is ~duc~d (Required Action B.~). The 

(4) 

assoqic)ted Comp!~ionTlme is 72 hours. , 

PE!rform SR 3.2;1.1 and SR3.2, q {Required Action 8:4). The associated 
Completion time is ·Prior Ip increasing TH~MAL POWER abqve the maximum 
allowable i:>0wer-ofthe AFD limits;• 

In addition, there Was a NOTE lo Condition B which stilled "Required Action 8,4 sh£!11 be 
cc,mpleted whenever-this Conditfori is entered." -

In the iinproved Fa TS~; pre-analyzed RAoq operating ~paces, repre~enling different levels of 
transient Fo margin, will be in Qle COL:R with characterized tr~nslent factors (T(Z) functions) 
which, in conjunction with lhe radial peaking factors, may be useq to quantify the margin and 
ensure compliancewill:l lhe LCOforfuture non-~uilibri4m c;,peration. An RAOC operating 
space is a lmique combination of an AFD operating space envelope and eontrol rod bank 
lnsertioriJimlts. In the unlikely event that none of the allowed RAOC,operating spaces included 
In the COLR provides sufficient fa margin, minimum power level arid AFD reductions, will be, 
r_equired along with selpoinl reductions. 1:he magnitude of the_reduction is included ln_the 
,COLR. 

The revlst:!d Required Actions are proposed lo be defined as follows (changes are in 'italics): 
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( 1) Implement a RAOC operating space specified In the COLR that restores Fi{ (Z.) 
lo within limits (Required Action B.1.1). The associated·Comp/etion Time is 
4 hours. 

(2) Perform SR 3.2.1.1 am;/ SR 3.2.1.2 if control rod motion Is required to comply 
with the new operating space (Required Ac/ion B.1.2). The associated 
Completion Time is 72 hours . 

. Or, implemenl lhe following; 

(1) 

(2) 

(3) 

(4) 

Limit THERMAL POWER to less ihan the RATED THERMAL POWER and 
reduce AFD limits as specified in the COLR (Required Action B.2. 1). The 
associated CompletlonTime is 4 hours. 

Reduce Power Range Neutron Flux- High trip setpoinls ~ 1% for each 1o/o that 
THERMAL POWER is limited below RATED THERMAL POWER by Required 
Action.B.2.1 (Required Action B.2'.2). The associated Completion Time Is 
72 hours. 

Reduce Overpower· AT trip setpoints 2: 1 % for each 1 % lhat THERMAL POWER 
is limited below RA TED THERMAL POWER by Required Action B.2.1 (Required 
Action B.2.3). The associatl:ld Completion Time is 72 hours. 

Perfonn SR 3.2.1.1 and SR 3.2.2:2 (Required Action B.2.4). The associated 
Completion Time is changed to "Prior to increasing THERMAL POWER above 
the limit of Required Action B. 2. 1." · 

The NOTE to Condition B is deleted and a NOTE ii:; added to Req\,lired Action B:2.1 which 
states, "Required Aclion B.2.4 shall be completed whenever Required Action B.2.1 is performed 
prior to increasing THERMAL POWER above the limit of Required Acllon B.2. 1," 

3.2.2.2 .Proposed changes for CAOC plants. 

The changes to the TS for CAOC piants (TS ~.2.1 C) are similar to those for the TS of RAOC 
plants (TS ~.2.1 B). However, the current requirements for these two types of plants are slightly 
different. 

When FJ" (Z) is not within liniits, the Required Actions were defined as follows: 

(1) Reduce THERMAL POWER~ 1% RTP for each 1% Ff (Z) exceeds limit 
(Required Actioh B. 1 ). The associated Completion Time is 4 hours. 

(2) Reduce Power range Neutron Flux - High trip setpoints ~ 1 % for each 1 % Ff (Z) 

exceeds limit (Required Action B.2). The associated Completion Time ls 
72 hours. . 

(3) Reduce Overpower .lff trip setpoirits-= 1 % for each 1% that Fl{ (Z) exceeds limit 
(Required Action 6.3). The associated Completion Time is 72 hours. 
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(4) Perform SR 3.2.1.1 and SR 3,2.1.? (Required Action 8.4). Th~associated 
Completion lime is "Prior to increasing THERMAL POWER above the limit of 
Required Action 8.1:." 

In addition, there was a NOTE to Condition 8 which stated "Required Actibri 8.4 shall be · 
!)Ompleted wheneverthis Condition ls entered." · 

In the lmprolied CAOC Fa TSs, a new Required Action 8.1.1 Is proposed which requires 
lmplementatlcin ofa new CAOC operating space, specified In the COLR, which res!ores Ft(Z) 
.to within Its limits. A CAOC operating space ls a unique combination of CAOC AfD band limits 
and control rod bank Insertion limits. A more ~lrictive ~AOC operating space liniits the range 
of possible non~qllilibrium power shapes more than the current CAOC operating space through 
a smaller AFD band and/or shallower control rod insertion limils. The smaller CAOC operating 
space.result~ in.more trarisient Fa margin. Alternatively, lnstead of Implementing a more 
restrictive CAOC operating space, thermal powet-may be limited to some niaximum,value as 
specified in the COLR: · 

The revlsed Re.quired Actions are,proposed to be defined as follows (changes are in itaflcs): 

(1) 

(2) 

implement a CAOC operating space specified in the COLR that restores F~v (Z) 
ta within limits (Required ActionB.1.1). The associated Corripletioil Time is 
4'hours. · 

Perform SR $:21, 1 and SR 3,2.1.2 If control rad motion ls i-equiredto comply 
with the new operating ~pace (Requlrec;/Action B.1.2). The associated· 
Completion Time is 72 hours. . 

Or, lmplementtheJollowln~: 

.(1) 

(2) 

(3) 

(4) 

Llmii THERMAL POWER to less than tha RA TED THERMAL POWER as· 
spec:ified in the-COLR (Requlr~d Action B.2.1). The associated Completion Time 
is 4 hours. · 

Reduce Power Range Neutron Flux.,.. High trip setpoints.:: 1% for each 1% that, 
THERMAL POWER is limited below RATED THERMAL POWER by Required 
Action B.2.1 (Required Action 13.2.2), The associated Completion Time is · 
72hours. 

Reduce Overpower .{ff trip s,etpoints :.: 1% for each 1 % that THERMAL POWER 
Is limited below RA.TED THERMAL POWER by Required Action B.2, 1 '(Required 
Action B.2.3). The associated CompleUon Tlme is 72 hours .. 

Perform SR 3.2.1.1 and SR 3,2.2.2 (Requin~d Action B.2.4); The associated . 
Completio11 Time is "Prior to inc,reasing THERMAL POWER ~bove the limit 9f 
·Re~uir~ Action 8.2.1," 

In addition the NOTE to·Condilion B Is deleted and a NOTE is add.ad to Required Attiori B.2.1 
wt,ich states,. "Required Action 8.2.4·shall be completed Whenev~r Required Action 8,2, 1 Is 
performed prior, to increasing the THERMAL PQWERabove the limit of Requirec/ Action B.2; 1." 
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3.2.3 Changes to Surveillance Requirements 

The SRs are modified by a NOTE. The NOTE stales the following, "During power escalation at 
the beginning of each cycle, thermal power may be increased until an equilibrium power level 
has been achieved, at which a power distribution map is obtained." 

The NOTE to the SR is proposed to be eliminated be!;c!use it was considered to have been a 
source of confusion and can be interpreted differently by different utilities implementing the 
requirement. · 

3.2.4 Changes to Surveillance Requirements for Fac(Z): SR 3.2.1.1 

The current SRs for F5(Z) are the sanie for both the RAOC and CAOC niethodblogy, 

$R 3.2.1.1 requires verification that F8(Z) is within its llmlts and it must be verified at the 
specified Frequency: 

(1) Once after each-refueling prior to THERMAL POWER exceeding 75°/o RTP, and 

(2) Once within [12] hours after achieving equilibrium conditions after exceeding, by 
.: 10% RTP, the THERMAL POWER at which F8 (Z) was last verified; and 

(3) Each 31 effective full power days (EFPD) thereafter; or 

(4) ln accordance with the Surveillance Frequency Control Program . 

In the improved Fa TS, the second Frequency is proposed to be revised to require verification 
within 24 hours (instead of 12 hours) after achieving equilibrium conditions after exceeding, by 
c? 10 percent RTP, the THERMAL POWER at Which F8(Z) was last verified. The Frequency of 
24 hours Is considered a reasonable time period to perform the verification. 

3.2.5 Changes to Surveillance Requiremen~ for Faw(z): SR 3.2.1.2 

The current SRs for FJv (Z) are th~ same for both the RAOC and CAOC methodology. 

SR 3.2.1.2 require~ verification that Ft(Z) is within its limits and It must be verified al the 

specified Frequency (same as F§(Z)): 

(1) 

(2) 

(3) 

(4) 

Once after each refueling prior to THERMAL POWER exceeding 75% RTP. and 

Once within [12] hours after achieving equilibrium conditions after exceeding; by 
c?.10% RTP, the THERMAL POWER at which F8 (Z) was last verified; and 

Each 3_1 EFPD lhereaft~r; or 

,fn accordance with the Surveillance Frequency Control Program. 
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ln addition, there Is a NOTE wJiich mqdifies the SR EIS follows; 

"tf measurements indicate that the maximum over z fl!§(Z)/K(Z)J has increa!led since 
the pravic,us evaluation of F§(Z): 

(1) Increase Flf (Z) by th~ greater of a'factqr oi [1.02] or by an appropri~te factor 
specified in the COLR and reverify Fi}'(Z) is within limits or 

(2) Repeat SR 3.2.1.2 once per 7 EFPD until either a., above, is met; -or. two 
successive flux maps Indicate that the maxfn1um over Z [F$ (Z)/K(~)J has not 
increc1sed." 

The revised SR 3.2.1.2modifies the first and second Frequency (it~ms (1) and (2) above) and 
eliminates the NOTE. · · 

The first Fr~uem:y Is modified to be conducted followjng each refueling within [24] hi:>u~ aft~r 
thermal power exceeds 75 percent RTP.5 This change Is Justified based on multiple reasons: 

·• Initial startups are not expected to,result hi non-equilibrium power shapes that 
could challenge the F/l (Z) limit since initial startups are slow and a~ g~nerally 
tigh,ly controlled due to startup,ramp rate limitations and fuel conditioning 
.requirements. 

• 

·•· 

Core power distribution measuremi:lnts taken at low power-(<60 percent RTP) to 
confirm that the core is loaded properly "'!ill provide ample indication~ that the 
core is operating conslsteryt With the expectations. . ' 

Surveillances performed at low power levels can be challenging with respect to 
obtaining an,accurate transient Fom.argin assessment Performing this init~f 
verification after exceeding 75 percent RTP will ensure that the. surveillance will 
be p_erf~m,ed Vrith more appropriate steady state pea~lng fa~ors measure(! al or 
near th!:! power level where future non-equilibrium conditions. could 1,e Hi:niling. 

• Power level~ qf .s 75 percent RTP are non-limiting fc;>r niinim\Jm transient Ff (i) 
margin, Performing the surveillance within 24 hours after thermal poi.vet exceeds 
75 percent RTP will assure verfficalion prior to ex,ende9 nc;>n~quillbrium 
operation at power levels.where themi!xirnum permitted peak linear heat rate 
could potentially be challenged. 

The seCQrid Frequency is modified in the same way as SR 3.2.1.1 · discussed earlier. · It is 
proposed to require verification of Ff (Z) within 24 hours (fh~t~ad of 12 hours) after achieving 
the.equilibrium conditions after exceeding, by~ 10 percent RTP, the THERMAL POWER at 
v.,11ich. Fi{ (Z) was last v~ed. The Frequency of.24 hours is considered a reasona.ble time 
pe-riod. In which \o c;onflrm ttiat Fl]' (Z) is within lts ,llrnits given the extremely small likelltioqd of 

s 1n Reference 7, a final modification was made to this Fri!quency lq eliminate lhe [talic\zed portion or the 
ptitase • ... 'within [24] hours after acnieving equillbffuin condlllons. after thermal power .. ." 
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limiting power shapes or llmiling design basis events occurring prior to completion of the 
surveillance. 

The NOTE is eliminated, but the application of lhe penally factor remains because it is in the 
F&"' (Z) formulation in the Improved methodology for F0 Survelllance. The required penalty 
factor, referre_d to as R1 in the new formulation, will be included in the COLR and will be tied to a 
predicted decrease in the actual transient Fa ·margin in the upcoming time period prior to the 
next perform13nce of SR 3.2.1.2 rather than a measured Increase In the value of F§ (Z)/K(Z) over 
the previous time period. When the transient Fa margin is predicted to increase, the COLR will 
lndi~te an R1 factor of 1 ;0 (I.e., no penally). When the margin is predicted to decrease, the 
COLR will indicate an appropriate R1tactor based on th1:1 predicted margin trends. 

3.3 ATIRIBUTES AND IMPROVEMENTS OF REVISED Fa SURVEILLANCE METHOD 

The following seven attributes/improvements were provided in the response to RAI 13b, which 
asked for a discussion of the ctianges in the TSs and their relation to. the improved 
methodology. Thls list provides a good summary of VJhat is being accomplished by the change. 

( 1 ) The formµlation for determining the measured transient FJ" (Z) in RAOC plants 
has been revis!;!d to be less sensitive to the ability to predict the actual steady 
slate axial power shape conditions where the surveillances are performed. 

(2) 

, This is related to the use of the new T(Z) surveillance factor, which no longer 
includes the steady stale axial power shape in the denominator, relative to the 
original W(Z) factor . 

Correction factors have been defined for the new Fa surveillance equations 
which correct the results for any remaining errors associat~d with the actual plant 
conditions where the surveillance is performed, which may differ from the. 
predicted surveillance cc;mditlon. These factors are the lw(Z) factors for 
RAOC plants and the Ao(Z) factors for <;;AOC plants, which have been added to 
the respective equations used to perform the Ff (Z) surveillance (see 
Equations 5-1, 5-~, 8-1, and 8-2 in WCAP017661). Two methods have been 
presented for representing the Axv{Z) and Aa(Z) factors. This includes the very 
simple assumption of unity for the factors, and a rigorous calculation of the 
factors at the specific conditions of each surveillance. 

(3) The Fa.surveillance equations have been changed to appropriately correct for the 
performance of surveillances at part power conditions; This is done by moving 
the relative power term of the condition Where the surveillance is performed out 
.cil the survelllance factors (i.e., T(Z) and W(Z)) and into the actual surveillance 
equations (se.e Equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661-P). For power 
levels Jess than 50 percent RTP, the Fa limits are correctly evaluated at the 
.50 Pl;lrcent RTP power level. 

(4) Required Actions for cases where FJ"(Z) exC!3eds the Fo limit.have been more 
rigorously defined and eliminate all reliance on "rules of thumb" that may not be 
strictly applical;ile in all situations. This is implemented through the possible 
application of new RAOC or CAOC operating spaces, or through the pre-defined 
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llmitatlons cin powerand AFD provided in lhe COLR, which are rigorously 
calculated using the standard NRC~apprcived analysis methods. These changes 
ensure that corrective actions taken in the rar~ circumstam;:es when 
Ff (Z) exceeds the Fa llmlt wrll be effective at restoring the necessary margin, 

The application of the bumup dependent penalty factor (R1) lo account for 
P,redicteddecreases in the transient F}l (Z) margin during the next 31 EF.PDs has 
been modified to ~pply to a.II surveillances, ·indep13ndent of the trends In 
measured F5 (Z) margin, This is implemented by incorporating R1 Into the 
surveillance equations (see EquaUons 5-1, 5-2, 8~1, and 8-2 in VI/CAP-17661) 
and eliniinating the conditional applicaiion·of the penalty factor in the TS 
surveHlances.· This improvement corrects cases where the measured trend in 
F8 (Z) margin from the previqus 31 EFPDs may be increasing, but the trend In 
Fi{ (Z) margin is decreasing due to changes iri the surveillance factor data. 

Requ(rements to perform SRs 3.2.1.1 and 3.2.1.2 have been 'clarified in cases 
where F5(Z) an~ Ff (Z) exceed the Fa limit. In any case where one or both 
paranie!el's exceed the llmlt, both surveillances are required to be performed by 
the TS's Required Action. · 

(7) The Fa surveillance TSs have been revised to rely on F5(Z}sur:veillanc~ during 
the initial 13ower l!ScE!nsion after a refueiing to deinons~te that continued power 
ascension is justified, The first Ff (Z) surveillance is not specifiC<'!lly,required to_ 
be performed untn 24 hqurs after the· plant reaches a power level greater than 75 
percent RTR. This change recognizes the technl~t fact that ttie surveillance . 
factors needed to perform an accurate Ff($) surveillance at very low THERMAL 
POWER l!3Vels ate difficult to accurately calculate In advarice ·Of the surveillance, 
and that .the most accurate FiJ' (Z) surveillances will be obtained fro in equilibrium 
conditiqns at greater than 75 per<;ent RTR. The change ls Justified by the fact 
tha\ th.a F$ (Z) surveillances confirm the core is behaving as predicted. The firsl 
F&v (Z) surveillance that is performed following a refueling justifies coritinu.!,ld 
power ascension unti.1 the next applicable surveillance frequency requirement is 
satisfied; 

4.0 TECHNICAL EVALUATION 

4.1 IMPROVED Fa SURVEILLANCE FORMULATION 

The ratlcinalefor the improved surveillance formulation w~s discussed in Section 3;1 and tlie 
new approach to defining Fi{ (Z) was summart:,;ed 11:lereln. Equation ( 4) represents the new 
formulation for RAOC plants and Equation (7) for cAoc plants:. The. aerivatlo,:i of these . 
formulas In WCAP-F661 has been review~ and found to be rigorous. In the following each of 
the Important factors.in Equation (4)for RAOC plants are considered: The E!ilalualion fCJi'CAOC 
plants.follows along similar lines. · 

Toe T(Z)Jactcir is obtained as it always has been for t1:ie equivalent W(Z) ( 
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The TRintroduces the Axv{Z) and Ao(Z) factors defined in Equations (6) and (8), respectively, to 
adjust for a change·in radial peaking fac:tor due to difference in power IE;1Vel and control rod 
insertion relative to the reference core condition. In practice, the Axy{Z) and Ac(Z) factors allow 
for a slight" adj1.1stment. usually a reduction, in the calculated Fow(z), when the Faw(Z) 
surveillance is conducted (. · · · }. 
This factor is evaluated in detail In Section 4.1. 'I of this SE. 

The use of the measured Fxy{Z) rather than Fo(Z),is an important part of the new RAOC 
formalism. Examples of measurements from different reactors are shown in WCAP-17661 and 
although measurement of Fxv(Z) can be problematic in planes where grids reside, this is not an 
issue, because grid plane regions are excluded from surveillarn::e as noted below. Section 4.4 
ofWCAP-17661 notes that the regions where there are measurement ex~iusioris continue to 
be: 

• Lower core region, generally!! from O percent lo 15 percent inclusive 
• Upper core region, generally7 from 85 percentto 100 percent in~lusive 
• Grid plane regfons, ±2percent Inclusive 
• Core plane regions, within ±2 percent of the bank demand position of the control 

banks 

Tl'le use of the uncertainty factor UF to account for both m1;1asurE1ment and fuel manufacturing 
uncertainties was questioned (RAJ No. 4) as It was not clear why a manufacturing uncertainty 
was needed. T~e RAI also questioned how the uncertainty in T(Z) was taken into account. The 
response to the Ml explains that the uncertalnties used are conservative. The manufacturing 
(or engineering) uncertainty was originally introduced because the "measured" Fo(Z) in the 
formulation ·is a pin (i.e., fuei rod) power whereas the actual measurement is a fuel assembly 
pow~r. The fuel manufacturing uncertainty is needed to account for pin-to-assemt?ly factors7 

that compensate for this difference. Since the measurement already accounts for actual, 
as-manufactured conditions, this is not importan~ Furthermore, since the definition of the T(Z} 
.factor is based on bounding calculations, it is not necessary lo introduce additional uncertalrity 
.forthis factor. Hence, it is concluded that the approach to uncertainty In the Improved · 
methodology is sufficiently conservative. 

The last factor in Equation ( 4) is a penalty that Is related to the elimination of the NOTE for 
SR 3.2.1.2. The NOTE (see also Sectlon 4.4) req1,1lred certain actions take place when the 
maximum over Z of F8 (Z)/K(Z)6 increased relative to the previous surveillance. The concern a1 
the introduction of this requirement was deviations between measured and predicted steady 
state power shapes due to integral fuel burnable ~bscirber-induced power shift (also known as 
axial offset deviation, AOD) or crud induced power shift (CIPS) both of which occur slowly over 

6 Per Footnote 4 on Page 3, the:plant- or cycle-specific exclusion regions may be different. 
7 As·noled In the RAI response, these pin-to-assembly factors account for the fact that the analytically 
derived pin fai:tors are bi3l\ed on· nominal design characteristics such as pellet enrichment, density, and 
burnable absorber loading. The engineering uncertainty addresses \he effects of variations in the as-buill 
fuel pellet from such nominal values. 
s K(Zf is a function that defines the axial dependence of the acceptable value of Fo. 
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time. WCAP-17661 explains how AOD has'been,resolved so 1hc;1t fewer cores now experience 
it and the instances of AOD are less severe. · 

CIPS i~ explained in the report and in the response to .RAI No. 6, Like AOD, ii is less of a 
problem than it once was. ·Furthermore, CIPS develops slowly and has a characteristic 
[delta axial offset] signature making it relatively e~sy to detect.' Hen9e, the T_R indicates that, 
should CIPS occur, the _effect on transient Fa margin can be addresse.d in a timely fashion·(with 
modifications to core models) and there is no n~ed for the generic penally as expressed In th~ 
NOTE for SR 3.2.1.2. There are several reasons as to why this c1pproach is reasonable and this 
review com:urs with that reasoning. 

The penalty that is proposed to be added (Ri) addresses di>WnWard trends in the Fo margin that 
mightbe possible, due not to anomalies like CIPS, but rather to ordin;:iry changes caused by 
,cycle depletion. Essentially the penalty ad.dad at the surveillance ppint J is related to the ratio of 
the Fl!(Z') expected at the ne~ surveillance point lri the cycle (i,e., point j+1) to the Ff (Z') at 
point j, where the prime indicates that it is at the elevation where the margin to the limit Is 
small!)st. This calculation is aorie·piior to the start of the cycle and the Ri values are provided in 
the COLR. The minimum value that can be .use.d is 1.0. This approach is reasonable and 
further justifles the elimination of the NOTE in SR 3.2.1.2. 

CAOC plants will have th~ option of using Equation (7) to define ihe surveillance parameter. 
The major change ls the Introduction of the Ao(Z) factor. This factor Is evaluated alongside 
Axv(Z) in Se91lon 4, 1.1. -

4.1.1 Evaluation of Axv and Ao 

WCAP~17661 prop9ses to implement, ·1n the Fow(z) surv,;llllance. formulation, new. factors Axv 
and Ao for RAOC and CAOC W(Z)' $UrveHlances, respective)y. These factors normalize the 
T(Z) and W(Z) functio11s for the RAOC and CAOC ~urveillances, respectively, to the power 
distribution conditions present at the time of surveillance. The present evaluation is written 
based on the PWROG responsf;l to RAI 15,.which included proposed revisions to WCAP-17661. 
The introduction to RAI 15 provides a sµcclnct explanation of the.purpose and derivation of the 
A factors. 

WCAP-17661, as revised, sets forth two·methods for the Axv and Ao factors .. Method 1 is lei 
assum~ lh?t It is always unity; In other Words, surveiitances would be performed Withoui ' ' 
correcting for possible deviations from the referenc1:1 condition, for which the T(Z) or W(Z) 
fun~tions are determined. Method 2 is to perform <m-line calculations. 

Several considerations justify an allowance.to keep the RAOC surveillance uncorrected. First 
among these is the fact thafthe vast majority of surveillances ·ar.e performed in a Hot Full Power 
(HFP), .All :Ro~$ ·out c<,>nf!gur~lion, such \hat there would be little deviation from 'the r~ference 
conditign. ·stated differeritly,·in most cases, the.Axv'factorwould seldom deviate from unity, and 
deviations are usually expected to be niinor. ·second, the existing methodology do~ not 
·include this correction. Third, in response to RAI 15.e;-several tables were•provided for a 
demonstr~tion plarit withseve~I successive surveillances completed slightly above SO-percent 
RTP, with a ·14:percent 0-bank control ro~ lnsertii:m. These tables show that the Axv factor 
removes a small amount of conservatism from the uncorrected surveillance; meaning that; in 
these conditions, a unity-value A-,:;,/ is c~nservative. The ~sppnse to ~115.e included a table. 
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illust0:1ting what anAXY correction would be if the plant'Were perturbed to a lower power level,. 
c!ose lo SO-percent RTP, where the AXY correction· al the limiting margin elevation corrects an 
approximately { _ } of.actual Fo margin. Theda~ provides an 
indication that the A.xv correction is usually minor, and that it increases in magnitude as the core 
begins to deviate more from the reference coridltion. Based on the demonstration that the A.xv 
factor is generally a minor correction to the Fow(z) RAOC surveillance, the NRC staff 
determined that Meth_od 1 for determining AYN is an acceptable way to correct for survell!~nce 
,conditions that are different than the reference conditions. 

If the AJN or AQ factor is implemented ·using_ Method 2, it will be calculated using the methods 
listed in the response to RAI 15.c, and subject lo the constraints discussed in the response to 
RAls 15.b and 15.d. The response to 16.b includes refer~nces to the currently acceptable TRs 
describing methods for calculating the A.xv and AQ factors. Additional, newer methods may also 
be used, provided they are specifically found to be acceptable by the NRC staff for doing so. 

Axv is, by definition, a ratio of { 

. .} As such,-the response to RAI 15.b describes 
.several items that may cause discrepancies. The discrepancies arise because the T(Z). function 
is based on the original core design, whereas the A.xv numerator will reflect properties of the 
·actual core, such as the actual inventory of reconstituted fuel assemblies and the .use of an 
actual previous cycle shutdown burntip instead of the bumup window used in the origi_nal 
design. The response to RAI 15.b also indicates that the same discrepancies would be-included 
in the A-y;,; denominator, or the Fxv{Z) function for the surveillance condition, meaning that the 
ratio remains valid despite the difference between the as-designed and as-operated conditions. 
In addition, the response to RAI 15.b states that the depletion calculations for the as-operated. 
coriditlons would be p_erformed In the same manrie'r as the original nuclear design model. 
These considerations ensure that the AxY, factor is.a valid proportion to use when scaling the 
T(Z) function to correct for the surveillance conditions. Limitation 1- In Chapter 5 of this SE 
addresses requirements to use N~C-approved core design or surveillance methods to calculate 
the.Axv, and to perform the caiculaiion_s consistent with the original core design model. 

In large part, the AQ factor is used In the CAOC '7 W(Z) surveillance the same as ~ is used In 
RAOC surveillance, with a noteworthy difference. The Ac factor was more likely lo be greater 
than unity by a significant amount, particularly at rodd~d core elevations. Therefqre, in the· 
response to RAI 15.a, two additional consti:aints were placed on the use of a unity value AQ, i.e., 
Method 1, to correqt surveillance conditions that are different from the reference condition: ·such 
surveillance is precluded if the current axial offset is more than ±1.5-percent difference than the 
target value, or~ C~lfltrol Bank D is inserted IQ the elevation of anticipated limiting F6v (Z) 

margin. Subject to this constraint, which is alsq reflected In Limitation 1 In Chapter 5 of this SE, 
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the NRC staff determined that the use of Methods ·1 and 2 lo calculate the Ao factor for 
CAQC-W(Z) s1,1rveillance Is acceptabie, as the constraints will ensure Iha! an explicltly 
calgula~ed Ao factor will b~ us~d when off,reference conditions.would result in an Faw(z) 
surveillance that is 1.mlikely to be sufflciently.conservatlve:e . 

4.1.2 Conclusion Regarding Improved Surveillan(;El Formulation 

In summary, the new .approach for the surveillance parameter Ff (Z) for both RAOC and CAOC 
plants is valid and eliininates a non~conserv!itism ih th~ previous approach for RAOC plants. 
Thus, the,revised Ff (Z) surveiilanr::e prov1des Improved as~urance that an.Implementing facility· 
will be operated,withln the initial conditions assumed in the safety analyses, consistent with lhe 
requirements set forth in 10 CFR 50.36(c}(3); II is ·therefore acceptable a.s.partof the· 
surveillarice methodology. 

4.2 .REVISIONS TO REQl)IREMENTS UNDI:RCONDITION AOF TS 3.2.18 AND 3.2.1C 

, This change10 proposes to revise the setpoint reductions thc:1t are required when Fg(z) is hot 
within limits. S~~fically, Required Actipns A.2 and A.3 will be revised replacing ·1 percent for 
1$ach 1 pertent F5 (Z) exceeds.limits" with "1 % for, each 1 % thatTHERMAL POWER is limited 
below RA TED THERMAL POWER by Required ,"iotion A.1;' 

The proposed new wording will require a gi'eater-.ietpoiot redu~iion if the surveillance js 
performed at reduced power-and F5 (Z) exceeds its limits. For example, if the surveillance 
thermal power is 75 percent and F8 (Z) exce.eds its limit by 1 percent, thermal power wlli .be 
limited to :S74 percentRTP. This new wording will require setpolnt reductions.of i!: 26 percent, 
since this i~ the arii~unt by which the thermal power is limited below the RTP. In other words, 
both the Neutron Flux"'"' High trip setpoints and Overpower AT trip setpoirits will r~qLiire setpoirit 
reductions of i!: 26 percent This Is differeritfrom the.current wording which requires a s~tpoln_t 
reduction of::: 1 percent · · 

The curtent'wording implicitly assumed that.the surveillance is always performed at full power. 
The revis!'ld wording accountsJor the possil:lmiy that the limit for P8 (~) may be exceeded .during 
a part~power surveillanc.e and appropriately defines the setpolnt reductions. 

l)le proposed revision to the Required Actions A.2 and A.3 addr'!'lsses a potentianssue wilh the 
· actions.for surveillance conducted at part-power. These changes will require an ,appropriate 
~nservativia reduction of the setpoints assuring that the limits on frg (Z) assumed in the 
accident analyses remain valid. Wit_h the ¢,ang~. the tequirements are appropriately wordedJor 
lmplementation .since they are associated with the power level reductions defined In Required 
Action A.1. - . . . 

ii Note that Method' 11s appropriate and.applicable when l?urvelllance-speclfic W(Z)funciions'are created 
. arjd included in a COLR revision,prior to completlan ora survelllanqe in con.dilions that are·different frqm 
the previous reference condition; since the surveillarice-specifli: W(Z) function effectively replaces th'e · 
prevlqus referenc~ condltlon with those expec:ted for· \he sµrvelllance. meaning Ap would be·very \:lose to. 
unity. 
10 See Table 2 for: a list of all chan~es. 
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The NOTE to Condition A is revised. It previously stated that "Required Action A.4 shall be 
completed whenever this Condition is entered." This NOTE was considered to be confusing, 
given the changes being proposed for SR 3.2.1.1 and 3.2.1.2. The revised NOTE states: 
"Required Action A.4 shall be completed Wh!mever this Condition is entered prior to increasing 
THERMAL POWER above the limit of Required Action A.1. SR 3.2.1.2 is not required to be 
performed if this Condition is entered prior to THERMAL POWER exceeding 75% RTP after a 
refueling." This revision make~ the NOTE consistent with th!;l changes in the Required Actions 
and SRs, and it resolves the issue described above by making the NOTE more ~xplicit. 

these changes are not expected to cause any new accident or increase the likelihood of 
considered accidents. Rather, the changes are expected to reduce the consequence of 
accidents by assuring that F8 (Z) r~mains within the bounds assumed in the accident analyses. 
The proposed remedial actions are conservative compared to the currentactions and can 
contribute to an Improved margin of safety. Based on these considerations, the NRC staff 
detennined thatthe proposed revisions are accept;:1ble, insofar as they are consistent with the 
requirements established fn 10 CFR 50.36(c)(2) for remedial actions, which may be established 
for conditions when an LCP rs not met. 

4.3 REVISIONS TO REQUIREMENTS UNDER CONDITION 8 OF TS 3.2.1B AND 3.2.1 C 

The newly added Required Actions replace prior actions requiring reduction of the AFD limits by 
one percent for each percent that Fow(z) e\(ceet:Jed its limits, followed by a requirem~nt to 
reduce the thermal power level if the former Required Action does not restore aaequate Fow(z) 
margin. Administratively, licensees do not Implement the AFD Required Action and are 
presently required to reduce power If Faw(Z) exceeds Its limits, in response lo NSAL 09-5. 

The revisions to the Required Actions associated with Faw(Z) exceeding its limits address the 
concern that the AFD reductions currently prescribed by TS are not sufficiently conservative to 
restore adequate margin to the heat flux hot channel factor. The existing TS Required A~ions 
are ba~ed on ass\)mptions that (1) the Fow(z) violation occurs when the axial peak is outside 
the core mid-plane, and (2) constraining the p_ower peaking In the core to its axial mid-plane 
region will restore the necessary margin. The TR notes that Faw(Z) violations are uncommon, 
and that when they occur, they do so rnbre frequently outside ~e core mid-plane. However, the 
existing Required Action does not restore margin if the Faw(z) violation occurs near the core 
rriid-plane. To resolve the issue, the TR introduces a ROS or COS, depending on the power 
maneuvering control strategy, that can conl!train AFD limits as before; but also introduces new 
T(Z) functions and possibly control rod insertion limits to further constrain maneuvering 
capability and restore the necessary margin. Rather than being based on assumptions that 
constraining lhe.AF.D limits yields the necessary margin, the new operating spaces.are based 
on RAOC or CAOC analysis methodologies that have been approved for use by the NRC staff. 

4.3.1 Required Actions B.1.1 and B.1.2; Deletion of NOTE Requiring SRs 3.2.1.1 and 
3.2.1,2 Whenever Condition B ls-Entered 

A new Required-Action B.1.1 was Included, which requires licensees to "Implement an RAOC br 

CAOC operating space specified in the COLR that restores F~v.(Z) to within limits· whenever 

Ff (Z) is determined to be not within the lirilitf!; Based cin the NR<;: staff review, PW ROG also 
proposed to add the associated Required Action B.1.2, for Instances in which the 
implementation of a new operaUng space requires control rod motion. It states "Perform 
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SR 3.2.1.1 and SR 3,2.1.~ [verification, respectively, that F8(Z) and F3'(Z) are within limits] If 
control rod motion is required to comply with the n.ew operating space.• 

An ROS or COS is a unique combination of AFD limits and control bank insertion limits. The 
operating spaces 13re pre-analyzed using the approved methodology 1;1nd Included in the COLR. 
The number of operating spaces that will be included in the .COLR will be determined by the · 
utility in conjunctiCJn with tl)e core designer, WCAP-1766.1 prese11tl> example calcul~tion~ 
providing the thennal power llmit and the required· margin reductions for different Ft/ (Z) margin 
improvements for a RAOC plant (Table 6-10 for ROS) ~nd thermal power llmits for different 
Ft (Z) margin improvements for a CAOC plant (Table 9-7 for COS). For .the RAOC plants, in 
the improved methodology th~ margin improvement can be confirmed using the T(Z) factors. 
Previously, it was presumed that the AFD limits would provide the necessary margin 
improvement · · · 

As.documented in the su~initted TR, PWROG proposed to delete the NOTE in Condition 8, 
which required the performance of SR 3.2.1 :.1 and SR 3.2.1.2 whenever the Condition was 
entered: This NOTE required verificatiori that F8 (Z) and Fl( (Z), are within limits. The deletion 
of this NOTE was the subject ofTopics(a) and {c} urider RAI 5,wt,ich sought to address the 
following issues: 

• The us.a of a different operating space to gain margin improvement was considered an 
appropriate application of the hew methpdology presented. However, the NRC staff 
.determined that situations may occur where a different rod insertion limit may result in 
control rod movement. Witt:idrawal of a control rod could potentially increase the F8 (Z) 
and Ff (Z) measured values (RAI 5a). 

• Inclusion of the requirements to perform SR 3.2.1.1 · and SR 3.2.1.2 may be necessary to 
assure that the chang!;IS in Fa (Z) and Ff (Z) remain acceptable i:!SSUring that the margin 
Is being maintained (RAI 5c). 

The response to RAI 5 Included modifications to the proposed Required Actions for'condilion 8 
of.TS 3.i1B arid 3,2.1;C, Specifically, to address ttieabove issues, Required Action 8.1.2;wllh 
a Coinplelion lime of 72·hours, was a.~ded. This new Required Action will require the. 

· completion of SRs 3;2.1.1 and,3.2.1.2 in the event that lniplementalion ofa new operating 
l>pace tesuitl> In the need to move the cqntrol rod~ to comply with ·i:I new rod insertion Um.it.. 

Completion of Required Action 8.1, as-originally proposed; may have resolted in a nee~ to 
.move the control rods. The measured F~Z) peak can occur adjacent to or in. an assembly 
containing an. inserted CQntrcil rod and the wittidrawal cif the control rod could potentially 
increase the resulting FQ(Z) and Ff (Z) measured values. Also, a revi!;liori to the allowed AFD 
band associated with implementing Required Action 8.1.1 could result in either contti:>1 rod 
withdrawal or in!;lertion in order to obtain and maintain the AFD within the allowed operating 
band. · 

Witt, ttie addition of Required Action 8.1.2 (the curr(!nt Reqµired Action B.1 .becomes 8;1.1 ) ti;, 
perform SR 3.2.1 :1 and 3,2.1.2 will proylde assur1;1nce that F.8(Z) arid F((Z) remain within limits 
or appropriate actions a(e taken:. Perforrning·ttiese surveillan~s will also provide the operators 
jssuran~ that the margin is being,maintained, A 72-hour Completion Time is provided to 
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ensure that the plant has time to restore eq1,1ilibrium conditions in the event that control rod 
.motions result ln transient conditions. 

In Topic(b) ofRAl 5, the NRC staff determined that, lo .remain in the operating space defined by 
Required Action 8.·1, lhe operators would need .to have a clear understanding that th1;1 margin 
improvement is being m~intained, Additional information for the operator may be needed to 
d~termine if Required Action 8.1 is sufficie,:11 or Required Actions 8.2 are necessary. The NRC 
siaff requ1;1sted justification as lo why E! tabular prel,entation of the margin 'improvement as a 
function of the axial position or some other scheme in the GOLR would not be required, 

The response to RAI 5(b) stated that the margin can be determined by applying the new 
surveillance factors associated with the revised operallrig space to the power distribution 
measurement. Additionally, the response noted thatF~(Z) and FJV(z) surveillances·would.now 
be required In the event that Implementation of a new operating space requires 90ntrol rpd 
motion. Thus, perfor.mance of the SRswould provide the necessary margin confirmation. The 
NRC staff agreei; With the response, since the concern Was related to the implementation of 
new operating spaces in conjunction with control rod motion; which Would require the 
performanc13 of SRs 3.2.1.1 and 3.2.1.2. 

Topic {d) of RAI 5 addresses the actions. tnat will·be taken by the operator~rto reme~y potential 
violatipns of the newly j,:nplemented. operating space assoc1at¢d with Required Action 8.1, The 
·response identified ,other TS Required Actions and SRs that would apply in such a situatiqri, 
particularly with regard to control rod inserti<:m limits and position. Elecause the potential for 
Violation of the core operating limit parameters for. an operating space can be addressed 
through existing TS Required Actions and SRs, the NRC staff determined that the respon.se 
addressed th~ con~m indh;:at~d in RAI Sd acceptably . 

The improved methodology allows for the use of new operating ~p1;1ces, as aefined in the COLR 
Tlie addition of Required Action B, 1.2 assures that for situations involving control rod movement 
SRs 3.2.1.1 and 3.2.1.2 will be performed lo ensure thatF§(Z) ang Fl{(Z) remain within limlts •. 
Based on the review described above, the NRC staff determined that the proposed. Required 
Actions 8.1 are acceptable. . 

4.3.2 Required Action R2 and·Liniitatlon on Thermal Power 

The Improved TSs define a new Required Actl<>!i B.2 which Includes four actlons (B'.2, 1, B.2,2, 
B.2.3, and B.2A ). If the RAOC or CAOC operating spaces defined rn Uie COLR are insufficient 
to ensure margin to the Ff (Z) lim1ts, then the .Required Actions 8 . .2 are entered. The actions 
involve reducfng the thermal power to 'less than the thermal power specified in the COLR along 
with reduction of the setpoints. For more explicit presentation of the changes and associated 
justifications, see Table 2·. 

The issues ?ddressed.in the. review of these changes.relate.a to the change of the thermal 
power leveL As noted in WCAP-17661 ~p, the reductions in the thermal power levels evaluated 
and included in .the COLR. If the required margin improvement exceeds the level of 
pre-analyzed thermal power limits, .then the option is to limiUhe thermal p~wer to 
< 50 percent Rn:>. The .50 percent RTP applies to all Westinghouse plants that implement this 
TR and no plant-specific evaliJ13tions are involved. HoweV(;lT, the respom;e to RAI ?'stated that 
the 50 percent iJ?lue is consistent with the required power.reduction associated wlth other 
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power distribution surveillances (e.g., P'11H), and agreed to a<;ld paragraphs addres$1ng this 
scenario In the BASES. · 

The ne_ed to .limli themiaJ power to < 50 percent RTP is expecte!'-1 to be a,rare occurrence. 
However, such a situation may indicate a core anomaly and is a useful discusslon·ln the TS -
BASES for und(lrstanding of the operating personnel:' Since the 50 percent value is consis~nt 
with the pow_e~ red~.ction ass9ciated. wi!h other pealtlng factor su~eill;m~es tne N.R~ staff:llnds 
the proposed _Required Action B.2 acceptable for-the purp~ses of-this TR. 

The ~rial required THERMAL POWER limit provided in the COLR, s~pporting R_etjuired 
.Aqtlons B.2 for each ROS or cos, must be < t;O percent RTP. Eve_n though the final power 
reductii:ni amount is frxed, It is appropriate fo(inclusion In the COLRani:I not the TS, because 
the required amount of margin lmprovem~rit l:lt Whir:::h this power reduction becomes necessary 
may vacy from cycle to cycle. This is El <limitation on the NRC staff ~pproval of !he TR. ~s 
disr:::ussed·in Se¢tiqh 5.2 qf this SE · · 

4:4 RElll1C>VAL OF NOiES FCJR Fa SURVEILLANCE 

Two Notes in th~ SRs are proposed to be deleted. The first Note, applie<! to_both SR 3.2;1J 
.and ~.2.1 :2-, required obt:llning th~ pow1;1r dlstri~1,1lion.·map for mea~uring F8(Z) and f'.Q'(ZJ in 
!3quilibrium c6riditiqns during power escalation atthe' beginning qf:each cycle 1,. The second 
NOTE ap!Jlies ·t,;i SR 3,2,·1.2 and requires rmiltl!Jlii;:ation of FJv (Z) by a factor and lncreas:ed 
surveillance under ctirtaln conditions. 

Tl1e first NOTE has bee.n a sp!,lrce of confusion and was interptet£ld differently by various 
utilities .. From section 3.2:4 of the TR It i:ippears that It was understoop that a determination of 
F8(Z) tiad to be obtained,prior.to exceeding· 75 pe~cent RTP. It-is af~o,90nsidered that 
. equilibrium ·conditions are not necessary for obtaining the pow£lf distribution map. The r£imoval 
of thl3 first-NOTE removes any requirerrien_tfot obtaining equilibrium conditioni;.dunng the fi~t · 
poy.;er distribution map measuring Ff (Z). F§(Z) ts required to be verified_ after each refu(:llirtg 
priorto·exceedlng 75 percent RTP in the first part of the Frequency, 

In cqnsi~eratic;m of the rem9val cit the first NOT~; the first Frequency for SR3.2, 1.1. no longer 
includes. a definltlon of the applli::abl1;1 ptantcondltiqn, However, 13quilibrlum cqndttions are· 
definfld for other surveillances.· Giv.en that eqllilibrlum conditions are defined for .the 1;:onduct_of 
surveillance, the NRC staff cletermined that a ~efiniti_c>n Qf equilibrium condiiJon should be _ 
retained. in .the f!ASE~ disc~ssion. The _proposed c!,ange Ip 1he Bcises associated ~ith the SRs, 
to remove the tjeflriltic>n 9f the equitfb_iiurirco(lditiqn, can leati to co_nfusion in implemeri!ing ttie, 
surveillance and using the surveillaiic~ -results. The ~sponse to' RAI 9. propose~ to define 
equ(libriurn-conditianEi, for lhti,pl.irposei!"of SRs 3.2/1.1 and 3:2.1.2, as·•: •. ai::hieved wh_eh the 
core i$ sufficiently stable at the intElnded.operating r:::oridltions·reqliired to perform the . 
Surveillance/ 'This definition was added to the BASES fofboth $Rs. Based on this definition, 
and on 'its inclusion in the BASES;the NRC.staff'deterlnihed that the dispdsition reg~rding· the 
plantqondltion fc:>r tl:ie/S~ s4rv~illal)ces was acc!3ptable. ·· 

"Th~ first No~~ stated("D~ring power escalation at the beginning of each cyc!e, THERMAL POWER may 
b~ increased until an equlllt,rium power level has been ?ichieved, at which fslc) ~ power distribution map · 
is obtained." . . . . 
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The effect of the removal of the first NOTE on SR 3.2.1.2 is that F'i]'(Z) will not be required lo be 
.determined until 24 hours after exceeding 75 percent RTP, Instead of before exceeding 75 
percent RTP following a refueling outage as currently speclfied,12 For further detail regarding 
the change to the time the first FiJ' (Z) surveillance is required, refer to Item 7 in Section 3,3, and 
to Section 4.7, of this SE. 

The second NOTE defined the penalty factor for FiJ'(Z). In the improved methodology, the 
penalty factor is embedded in the method9logy and a separate penalty factor Is not applicable. 
In addlilon, It is understood that an increasing trend in F)J' (Z) measurement is not indicative of 
future margin trends and accordingly, Increased ~urveillance based on an increasing trend may 
not be desired. Additional review consid1;1ratlons regarding V,e deletion of thls NOTE appear In 
Section 4.6 of this SE. 

Based on the cqnsiderations discussed above, the NRC s~ff determined that the proposed 
deletion of the NOTEs associated with Fa surveillance was acceptable. In summary, the 
deletion of the first note will eliminate confusion and inconsistency among implementing 
licensees, the equilibrium condition required for the surveillances will be defined in the BASES, 
and the penalty factor associated with the second NOTE is now embedded in the methodology. 
The NRC staff also notes that revisions made to the NOTES in Condition A and Required · 
Action 8.2 clarify some of the conditions under which SRs 3:2.1. ·1 and 3.2. 1.2 are necessary, 
further obviating the need for these NOTES: 

4.5 REViSION OF SECOND SURVEILLANCE FREQUENCY FOR SRS 3,2.1.1 AND 3.2.1.2 

Verification that f5(Z) and F[(Z) are within limits (SR 3.2.1.1 and SR3.2,1.2) includes a 
second requirement rn the Frequency column of "once within [12) hours after achieving 
equilibrium conditions after exceeding by 2: 10% RTP, the THERMAL POWER at which FJv(z) 
was last verified." Thls requirement assures verification of the Fa limits whenever a significant 
increase of thermal power level has occurred. 

The increase in the tim1:1 iritervaf for completing the required surveillance from 12 to 24 hours 
was based on the argument that some plant TSshave used the 24'-hour time interval without 
any adverse effects and there is an extremely small likelihood of limiting power shapes or 
limlting design basis events occurring durin{l this period. · 

Additional justification provided In Reference 7 noted that Fg (Z) and P6v (Z) wHI already have 
been measured al least once at reduced power conditions, and these measurements provide 
assurance that increasing power to another, higher thermal power plateau will not result in the 
exceedance of Fa limit prior to the completion of the next surveillance.13 The NRC staff agrees 
that, given the constraints that ( 1) F8 (Z) and F&v (Z) surveillances have been completed at a 

lower power level; (2) the next power level does not exceed the power level at which the F8 (Z) 

and Ff (Z) surveillances w!3re complet~d by more than ten percent, and (3} the surveillances 

12 The modification to the SR, -requiring its perfo1111ancewlthiri 24 hours after exceeding 75-percent RTP, 
was provided_ in Reference 7. 
13 The response to RAI s· included similar justification, but also referred lo Westinghouse Fuel 
Conditioning Guidelines. Adherence·to such guidelines is riot.a requirement. and hence \';,as not 
considered by the NRC staff, 
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are repeated within 24 hours (Instead of 12) of achieving the higher thermal power plateau, the 
risk of exceeding the Fa limit is acceptably minimized. Such constraints are reflected in the TS, 
as revised In Reference 7. · · 

Based on these considerations 'identified in Reference 7, the NRC staff determined· changing 
the second surveillance time .from 12 hours to 24 hours is acceptable. A discussion of the 
JJ;lasons for allowing 24 hours to complete F~sur:veillance is included in the BASES. 

4.6 DELETION OF NOTE IN SR 3.2.1 :2 

The NOTE in SR 3.2.1,2 required Increasing the Frequency to once per t EFPD for certain 
conditions untll these conditions are satisfied. The Intent of the NOTE in the current TS is to 
account for potential increases in Fl)' Ci) between surveillances. It required application of the 
greater of.a 1.02 factor or a factor specified in the CQLR whenever the measurement indicated 
that the maximum value of F§(Z)/K(Z) has increasl!!d. Alternatively, -SR 3,2, 1 :2; "Verify that 
FJv (z) is within limit," is repeated ,once per 7 EFPD Lintfl Ff (Z) ·1s within ilmit with the penalty 
f~ctor appliej:I or two successive·nux maps indicate that F§ (Z)/K(Z) has not ·increased. 

The.justifiqation,for eliminating the NOTE Is that tl:te required, penalty factor is part of. the Ff (Z) 
.formulation in the new methodology. A penalty factor R1 is introduced and wili be in~luded Jn the 
COLR. Th.e magnitUdE! of t!le pem:ilty factor is calculate~ based_ on the pr!:!dicted margin trends 
and no additional assumptions or considerations are necessary. 

The use qf the new methodology c1nd the built-in penalty factor has a n1Jmber' cif advantages: 
(a) it will b!,!lter. capture the expeqted trend in the margin avoiding any fag in the application as 
was the case previo!,isly, (b) ltavoid.s application of an arbitrary 4-percent minimum penalty, and 
(c) it eliminates the need for more frequent surveiilance. 

The issue addressed in this change is that past measurement.tr.ends are no.l9nger being used. 
(RAI 6b). This is Justified because; as stated In WCAP-17661, past measurement trends of 
Fg (Z)/K(Z) ma~ or may not be indicative of f~ture margin trends, · 

The respon~e to RAI 6 provided the following aaditicinal information: 

• In some situations, measured trends in F$ (Z) may not always be indicative of the same 
margin trends in the measured Pl{(Z), An e>iampl~ of so~ a !litualion 'ls when the !!Xial 
power ·distr1butiori of the core Ii:; in irarisjtion frcim a cosine shape to a flattened saddle 
shape. · · 

• During lhe.ini!ial·onset of CIPS,a similar decreasin11 lren_d for both F8(Z) and.Ff (Z) 
may not necessarily o·ccur. An increasing trend in the margin of Ff(Z) inay occur due 
. lo a d~crease iri the racUal peaking (FX'l'.(Z)) in the affected ele.vatlon of the highest power 
assemblies due to preferential accumulation of boron-containing crud there and th!:! AFD 
being closer to zero or slightly negative for onset of CIPS. The trend In Ff(~) Is driven 
.largely by th1;1 T{Z) or'W(Z) surveillance factors. 
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Based on its review of the additional Information provided in the response to RAI 6, the NRC 
staff determined that (1) it is an improvement that past measurement of F8 (Z) will no longer be 
used and (2) the NOTE in SR 3.2.1,2 for more frequent surveillance based on past. 
measurements of F8(Z) should no longer be req1,1lred. The use of the penalty factor in the 
methodolo!;W to-determine Ff{ (Z) is appropriate in assuring that this parameter Is within limits. 
Thus, the NRC staff determined that the deletion of the NOTE, combined with the inclusion of a 
penalty factor in the Ff (Z) surveillance formulation 'is accept?ble. The surveillance provides an 
acceptable confirmation that the power distribution remains within analyzed limits, including in 
instances where the surveillance indicates trends of reducing.margin to Flf (Z) limits. 

4.7 CHANGE IN FREQUENCY OF SR 3.2.1.2 DURING POWER ESCALATION 

The current SRs for Ff (Z) (SR 3.2.1.2) are the same for both the CAOC and RAOC versions of 
the current Fa Surveillance. The first part of the three-part surveillance frequency required 
assuring F;{ (Z) within limits "onc13 after each refueling pri<;>r ta THERMAL POWER exceeding 

75% RTP." This requirl:!ment.ls-being changed to state thatFt(Z) must be verified to be within 
the limits fciilowing each refueling within 24 hours after THERMAL POWER exceeds 75 percent 
RTP. 

The intent of this SR is to ensure that .the Fa will be maintained during future non-equilibrium 
operation within the.allowed operating space. 

The surveillance factors needed to perform.an accurate Ft{_ (Z) margin assessment.at a very low 
power are difficult to generate without the advance knowledge of the expected operating power 
profile during the power ascension. The improved methodology presented in the TR mitigates 
this concern. Performing the surveiUance after exi;eeding 75 percent power ensures that 
surveillance will be co_nducted with appropriate stea~y state peaking factors measured at or 
near the peak power level and core conditions where .future non-equilibrium <;:ondilions h?Ve the 
potential for challenging the fuel limits. 

In this approach, power ascension within acceptable-power peaking limits is assured,·based on, 
F§(Z) and FiJ'(Z) surveillances. The Fa surveillance equatiqns have been changed to 
appropriately cqrrect for the performance of surveillance at reduced p9wer conditions: For 
power levels less than 50 percent RTP, the Fa limits are correctly evaluated at 50 percent RTP 
power level. In addition, as noted In the TR, core power distribution measurements and physics 
testing performed at low powers (<50 percent RTP) confirm that the co~e Is loaded properly and 
is operating consistent with expectations. 

Based on the considerations dis.cussed above, the NRC staff determined that the technical 
Justification for changing the first frequency of SR 3.2.1.2 is acceptable. Primarily, the revised 
Frequency assures that the initial .F'f (Z) surveillcmce is performed within 24 hours after 

exceeding 75 percent RTP. Further, the ability to perform an accural!3 FS' (Z) margin 
asses~ment is substantially Improved once steady-state operation above 75-percent RTP is 
achieved. 
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4.8 CHANGES TO BASES 

F.or the changes lo the RAOCand CAOC Fe TSs:(TS-3.2.1B and TS 3.2.1C), corresponding 
changes were made lo the TS BASES. WCAP~17661~P provides-the changes to the l;IA~ES to 
make them compatible with the changes made to the TSs. The changes to tlie BASES were 
reviewed and were ~iscussed as part of the RAls. The conclusion of the review was that 
aqditiQnal discul:isio11s or clarifications fQ.r some aspects would be beneficial and provide 
improved clarity and understanding of the requirements in theTSs. 

Additional discussions In the following areas were added in the BASES as part of the .review of 
WCAP-17661: 

1. Under the change for both RAOC and CAOC plants, l3eqlJired Actions are now different 
for Congitions A, F$ (Z) not within limit; and B, Ff (Z) no.t within limit. When F5(Z) Is not 
within limit, reduction of THERMAL POWER is required·arong with reduction-of setpoints 
and perfom1!lm::e of SR 3.2.1.1 and SR· 3.2.1.2 .. Whereas,. when Ff.(Z) is not within 
limit~. two alternative aptions may be applicablei as discussed in the responsi]l to RAI 1 .. 
The fl~t alternative a<;lion is included in R~qt.Ored Action s:1: 1, · This ~equireci Action 
first requires lmpl1:imeritation,qf a different opetajing.space. 'If an app1"9priate operating 
space cannot be implem13nle.d, then a reduction of THERMAL POWER. and setpoints · 
and performance of SR 3i2.1.1 and $R ~.2.1.1· are required as an allem~tive. These 
'aspects are discussed in the "Actions" secti_on tjfthe B.a~es; 

the changes to the Condit/on 13 Required Actions, when Ff(?) exceeds limits are 
intended to .avolci THERMAL POWER reduction through 1mplementalion of a different 
operating space (Required Action 1;(1). Howevl3r, when both P8(Z) and Ff(Z) are noJ 
within limits, Required Action for F8~) will require a reduction ofTHERMAt. POWER. 

· The correspimding evaluation and ~olicin for F~11 (Z)may:be different. Fore~mp!e, 
Condition A (F8 (Z) nQt within limit) requires a reduction-of THERMAL POWER~ 1 
percent.for each 1 percent-P5(z) exceE:lds limit, but Condition B-(Ff (Z) not within limit) 
·may require a reduction of THERMAt POWER as evaluated and set forth in. the 
COLR. t4 . As explains~ as part of the response to RAI 1, if both pg (Z) and Ff (Z) · 
exceed IJ,eir limits, R~qu!red Action A.1 Will be completed first due to the 15-111inute 
Completion Ti.me, ·once lhij! power level Is redu.ced below that specified by Required 
Action A.1, the cu_rrent opE!fl;itjng peak power density will be restored lo less than the· 
value assumed in the safety anal~is, As.-nc;ited in the response 16 RAI 1, this Required 
Action may not ensure that the FJ" (Z) limit is met. . 

The new Required Actions for Ccindilion B are propc;,sed to either- implement a new 
operating space or a reduction in THERMAL POWER. and are required in orc;!er to 
ensure compliance with the F;J' (Z) limit during fului'e opel';;!tion under transient 
condilio!')S. 

u While Tables 6.~10, 9-7, C-7, and Fl in the TRshow examples where the margin was defined in 
5 per.cent decrements, the.NRG staff understands that 9lher. decrements niay be used,- pioyid~ such 
decrements are analytically supported. 
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As a follow-up to the RAls, these aspects are disc;:ussed and the BASES, which-contain 
the clarifications regarding implementation of the proposed changes under differen, 
scenarios of F§(Z) and Ft (Z) violations. 

2. Under the proposed change, the new Required Action B.1.1 requires implementation of 
a RAOC/CAOC operating space specified in the COLR that restores F({(Z) within its 
limit~. If control rod motion is needed as a resulr of entering Condition B·and performing 
Required Action 8.1.1, the fundamental measured power distribution will change as a 
result. As stated in the response to RAI 5, in some cases, a revision to the allowed AFD 
band associated with implementing Required Action B.1. 1 could result in either control 
rod withdrawc1l or insertion, in order- to obtain and maintain the AFD within the allowed 
operating band. If the lmplementation of Required Action 8.1.1 results in a need lo 
-move control rods, SR 3.2.1.1 and SR 3.2. 1.2 should be performed to ensure that F8 (Z) 

and Ff (Z) are within limits; This is addres~ed through the addition of Required 
Action B~ 1.2 and associc1ted discussions are included in the Bases. 

3. Under the proposed changes, If the operating spaces specified in the COLR are 
insufficient to ensure margin lo the FJv(Z) limits, then THERMAL POWERmust be 
reduced to less than the thermal power specified in the COLR. Also, AFD limits must be 
reduc:ed by the amount specified in the COLR. If the required margin improvement 
excee9s the level of ar)Y pre-analyz~d thermal power limits, the COLR will specify that 
the thermal power is limited to <50 percent RTP. 

The requirement to reduce thermal power to <50 percent RTP is discussed in Lhe 
BASES as part of the review of the submittal to ensure completeness of the actions 
required and to 'provide clear guidance to the, plant operators .. 

4.~ INTERFACES WITH OTHER REQUIREMENTS 

In assessing the changes to TS 3,2.18 arid TS 3.2.1 C, the Interface of these requirements with 
.other TS requirements was reviewed. The intent was to,delerinlne whether changes in these · 
requirements may necessitate changes in other requirements. 

Based on Iha review, two Interfacing aspects were identified: 

1. It was noted that TS 3.2.1A, Heat flux Hot'Chi;mnel Factor (Fa(Z) (CAOC '-F:.y 
Methodology)) is included for some plants, But, the concepts used in TS 3.2.1 Care not 
used for TS 3.2.1A, i.e., TS ~;2.1A is not modified lo use a different operating space and 
avoid reduction in THERMAL POWER. This issue was the topic of RAI 11. 

2. TS 3.2.4, "Quadr~nt Power Tilt Ratio (QPTR)." which provid~s limits and associated SRs 
for QPTR, may be affected by the proposed changes. The QPTR limits ensure that the 
nuclear enthalpy rise hot channel factor (FaHN) and Fo{Z) remain below their limiting 
values by preventing an undetected change in the gross radial power distribution. The . 
QPTR limit of 1.02, at which corrective action i!i 11:lQUlred, prqvides a margin of protection 
for both the departure from nucleate boiling ratio and linear heat generation rate 
contribuHng to excessive power peaks resulting from X~Y plane power lilts. Assurance is 
needed that the margin of protection is not being lost or that adequate margin of 
protection will still be maintained. This Issue was the topic of RAI 12. 
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The response to RA ls 11 and 12 provided the following clarifying information: 

1. The Required Aclfons in TS 3.2.1A are more conservative than those in proposed 
TS 3.2, 1 C. This is because TS 3.2, 1 A effectively trea~ all cases where the .Fa(Z) limit is 
exceeded as if the plant·ls currently operating with a peak. power density In excess of 
what is ass~n:ied in the safety arialysis. ThE! plants tllat have implemented TS 3.2.1A do 
not have .to implement proposed TS 3.2.1 C, .sJnce the resulting surveillance required by 
TS 3,2.1A is valid and conservative. 

2. The implementation of a different operating space. in the event that the performance of 
an Ff (Z) surveillance determines that the Fa limit is not met would not slgn(ficantly 
affect the indicated QPTRon the exCQre detector, hor woµld it affect the actual ln-CQre 
power disjJibu.tion symmetry. ' 

3. Addition of a Required Action of perfoimlng SR 3.2, 1.1 · arid SR 3.2.1.2., with a 
Compleiiori Time of 72 hours, when a.new operating space Is imP.lemented, which . 
results In control rod motion, will provide the requisite margin of protection. With this 
addition, the margin to ~fety analysis limits wlll be !1etermlned and confirmed after the 
implemental!<>n of a: new operating space,.1ncluding the effects of any ·Elxisting QPTR. 
Once this is done, the ~aine initial conditions are.established With respect to the 
pontlnued ~pplicabillty of TS 3.2.4, as would otherwise have been pre.sent before the 
new operating sp_ace was.implemented. 

4:10 SUMMARY OF KEY REVIEW TOPICS 

Based on the review desc;ribed above, tM NRC staff determined that the rE!fQrmUl_aled Fa 
surveillance is acceptable, The following paragraphs r4:!ilefate the mqre significant of the NRC. 
staff concluslons.. · · 

. Regarding changes to the TS associated with. Fac(Z); or the instantaneous heat flux hot channel 
Jactor, ~e NRC s~ff deten11ined tliat the new Regulre.d Actions an~ Cofl)pletior;i Times are more 
restrictive than the e~isting, and as such, concluded that they are acceptable. 

Regarding the reformulation ofthe Fo~(Z) sutv1:1illanc;:e; the NRCstaff i;teveloped the following 
review considera~ions: . 

1. The use of a planar radial survelllance in conjunction with T(Z) factors eliminates a)(ial 
s~nsilivities In t~e surveillance pro¢e9ur~. a11d eliminates the reliance on the current 
guidance to adjust W(Z) factors when performing Fow(z) ~urveillancein conditions 
significantly differer)t from lh(>se assumed hi the RAOC or. CAOC analysis. As noted In 
Section 4,1 of this SE, the su-rvelllance formulation; i.e., treatmeint of uncertainti~s ~rid 
power distribution perlurt?atioris over the surveillance interval, is otMrwise equivalent to 
the existing; · 

2. The use,of Axv and Aa, to correct the surveillance parameter for conditions other than 
the ~fefence ccinditioh, as discussed in -Sections 4.1 and 5.2 of this $E, is acceptable, 
provided the methodological description provided inres!)onse ta RAI 15 is followed, 
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3. The incorporation of the Ri correction factor, which conservatively adjusts for downward 
trends in Faw(Z), directly into the surveillance supports the elimination of the NOTE 
associated with SR 3.2.1.2; as discussed in Sections 4.1 and 4.4 of this SE. 

Based on the above considerations, th.e NRC staff concluded that the reformulated Fow(Z) 
surveillance was acceptable. 

Finally, the NRCstaff considered the revisions to the Required Actions associated with not 
meeting the Faw(z) LCD, and determined that they are acceptable. The revision provides for 
successively .more restrictive operating spaces, whict:! help to ensure that the core operates with 
sufficient margin to ensure that the peak power remains within analyzed limits, Perhaps more 
importantly, .the operating spaces and associated margin factors are now analytically based. 
This improvement provides assurance that completion of the Required Actions (Fow(z) is not 
within its limits) would ensure that the core power distribution remains within the limits analyzed 
in the ECCS evaluation, If the niore restrictive operating spaces fall to provide the requisite 
margin, similar reductions in rated thermal power level and reactor trip selpoints to those 
required for Fa0(Z) become necei;sary. 

In conclusion, the NRC staff review determined that the revisions to the heat flux hot channel 
factor TS were acceptable; The revisions provide a more robust means for performing the 
Fow(Z) surveJllance, a series of more restrictive operating spaces If the faW(Z) LCD is not met, 
and a more cl!larly defined set of SRs and Required Actions. The TS changes also provide 
·reasonable assurance that a core operated in accordance with.these TS will remain within the 
power distribution limits assumed fn the facility safety ~n~lyses, 

APPROVAL LIMITATIONS 

The NRC staff review identified two limitations, adherence to which are necessary to ensure 
acceptable implementation .of WCAP-17~61. 

5.1 LIMITATION 1:, USE OFAxv AND Aa 

As discussed in Section 4.1.1 of this SE, the use of Methods 1 and 2 are· acceptable.for 
calculating Axv and Ao when performing RAOC and CAOC W(Z) survelllances, subject to the 
following limitations: 

1. The NRC-approvea methods provided in the response to RAI ·15.b must be used to 
perform the surveillance-specific Al('{ or Ao.calculations, Newer methods with similar 
capabilities may be consider'?d acceP.table provided the NRC staff specifically approves 
them for calculatlng A'IN and Aa factors. 

2. The depletion calculation used to determine the numerator and denominator of the Aft 
or Ao factor must be performed simllarly to the original design calculation, as described 
in the response to.RAI .15.o. 
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3, The use of Method 1 for cal~latlng Ao is only acceptable subject to the constraints 
discussed ln the response to RAI 15,a. The surveillanCE! Axial Offset must be within 
1.5;.percent of the target AO, and there niust be assurance that the. limiting FaW(Z) 
location does not lie Within a rodded elevation at the time of surveillance. Note that the 
use o( Method 1 remains i:3Cct3plable.when su'rvelllance-specific W(Z) functions are used, 

5:2 LIMITATION 2: POWER LEVEL REDUCTION TO 50 PERCENT RTP 

As no.led in Section 4.3.2 of. this SE, the llse of 5ci percent as the final power level reduction in 
the event' of failed Fa surveillance is not included in the TS, but rather in the 13ASES and in the 
COLR. As such, this final power level, 50 percent, must be implemented· on a plant-specific 
basis and Included 1(1 .COLR input generated,usliig this mE3thodology, in order to 1Jse this TR. 

6,0 CONCLUSIONS 

Based ori lhe reviElW described iri the preceding SE, and. subject~ _the limitations provided in 
·chapter 5, the N~C staff has determined that the'F<AOC and CAOC surveillance form·ulationi,; 
and required actions proposEld in WGAP-17661 are acceptable. The TR may be considered 
approved for us¢ 'by the NRC staff, fur the 'pi.Jrp6sE:J of justifying the TS changes contained 
therein, · · · 
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APPENDIX: TABLES 

TABLE 1: POWER DISTRIBUTION TERMS -- --- - ------ --
1.A: Peaking Factors 
Term Name 1Defin1Uon 
Fa Total Heat Flux Hot Channel 

'Factor . 
The ratio of peak lo average power density in the·core 

Fxv Planar Radial Peaking Factor The ratio.of peak-to-average power density in a radial 
,core clane ... 

1.8: Limits, Functions, and Multipliers 
Term. Name ·Definition, 

. .. 

K(Z) Axial shape function Norm·alizes Fti{Z) as a function of core heipht. Included 
n, COLR. 

W(Z) W(Z)-function Analytical ratios used In th~ current Fa surveillance 
. formulalion to i;h~uacterlze the maximum expecletl 
1ncrease in the surventahi;e Fo(Z) x Power relative to the 
hon-eaulllbrlum FofZJ x Power. . 

.T(Z) T(Z) function ~nalytlcal ratios used. fn the Improved Fo sutvenlance 
formulation for RAOC plants to characterize the 
maxlmu·m transient P(Zl .. · · . · _ · 

CFO· Rated -thermal power (RTP) AbsoluteJimlt <lPP.lled to F.a. 'Included In CQLR Term 
Falimit used in STS arid STS Bases (Ref. 2). 

p· Fraction of RTP Used to scale the m~aslired power dlstrib!JtfQn base!! on 
the core operating power level. Term Used !n STS and 
srs·easils·/Ref. 2l. · 

P,e1 Core average relative power . Sar)"le as fi'actlori of RTP, above, but used in 
silrvelllance formulations oresented lnWCAP-17661. 

P,~,ss Sµrveillc1nce relative power A¢ual power divided bY lhe·rated·tharmalpower at the 
llnie of surveillance .. 

P(Z) Core average axial power Planar.average power !!,I elevation Z.-divided by volume 
-shaoe average power of the core 

P<Zlref Relative axial oower'shaoe Relative axial power predicted at the reference condition 
PFXY Power factor:multiolier Power factor multiplier for. Fxv. Provided In !tie COLR. 
'Axv . Correction factor for RAOC Used lo adjust the foW(Z) vallie In Instances when the 

sl.irveillance ,i:ondlliolis survelllance is conducted in a different condition, I.e.,. 
thermal power level and control rod insertion, than lhEI 
r!3ference condition (typically hot f1Jli power, all rods out, 
eauillbrium xenonL .. 

Aa Correction factor for CAOC U!ied to adjust the FoW(Z) value In instances when the 
surveillance conditions surveillance Is conduqted In a different condition, l.e:, 

thermal power Jeveland control rod insertion, than the 
reference condition (typlcally"hot flill power, all rods out, 
eauilibrium xenon}. . .. 

R1 Penalty factor lJsed to ·account:for retluclions ln Fa margin that may 
occur tor trerids that follow b_umup over the surveillance 
interval 
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TABLE 1:. POWER DISTRIBUTION TERMS (CONTINUED\ . . 
Term Name ·Definition 
Fo(Z) Heat flux hot channel factor Maidnium local heat flux on the surface of a fuel rod at 

c.ore eJevation Z, divided by the average fuer rod heal 
flux. In the WCAP-17661 methodology, this term is 
approximated bv multiolvimi FxvfZ\ bv PfZ). . 

FaM(Z> Measured heat flux hot .Measured value of. Fo(Z) obtained directly from the flux 
channel factor map results. 

Foc(z) The measured value, FaM(Z), multiplied by a factor to 
accoulll for fuel manufacturing tolerances and flux map 
measurement uncertalntv. 

Faw(z) Transient Fa(Z) The maximum Fa(Z).calculated to occur in normal 
operation over the next surveillance inter:vaL Includes 
margin for (1) fuel manufacturing tolerances, (2) flux 
map measurement uncertainty, and (3) operational 
transients anticipated over the next surveillance Interval. 

. The orocluct of Fa0tZl and W/Zl. · · 
foPR The.predicted value of the Heat Flux Hot Channel 

- Factor. A maximum value that Includes load follow 
lnioai:ls. 

foRTP . Rated thennal DO\Ver Fa limit Same as C:fQ. 

1.D: Fxv Terms 
Term Name Definition 
Fxv(Z) Height-dependent radial . Radial·peaking factor, measured using the fncore 

oeakina factor detector system, at a given plane of the core. 
fxv'A - The measured value of Fxv obtained directly.from the 

flux.map results. · 
Fxvc The measured value, fxvM, multiplied by a facto~ lei 

- a.ccount for fuel manufact.urihg tolerances and flux map 
measurement uncertainlv. 

F~TP - The.limit of Fxv at RTP. 
Fxvl - The.limit.of FxY at.the currenUhermal power level. 
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· · TS-Section and 
Re uitements 
TS 3.2:1B;Tille 

Current 
s 'eclflcatlons 
Fa(Z)(RAOC-W(Z) 
Methodology) 

2.B: Actions, Condition A 
TS Section arid Curre-nt --

Requirements _ Sr:>eclflcations 
TS 3.2.18 and . ... 1%for each 
s.2.1c; 1% F§_(Z) -
Required Ac;tions exceeds limit" 
A.?, and A.3 

NOTE[n Required Ac~~,n 
Condition A ·A.4shall be 

cornpletei:J 
wherieVer this 
Condition fs-
ehiered~ 

~evise<f'Specificatlons 

Fa(Z)(RAOCsT(Z) 
MelhOdology) 

· Revised ·sp~clficatlons 
-

•, .. 1% for each 1.% that 
THERMAL POWER is llinlled 

• below _RATED THERMAL 
POWl;R by Required Action 
A.1." 

Required Action'A.4 shall be 
CQmplel~_d whenev~r this 
Condition Is entered prior to 
Increasing THERMAL 
POWER above-the liinllof 
Requii-elActioh A:1 c. SR 
3.2.1 :21s notrequfre_d to be 

-perfRrmed ff this (;ond.iliorJ Is 
entered prlor to TRERMAL 
POWER exceeding 75% RTP 
after/a,refueliha. 

Justiflcatlqns presented 
In the WCAP - --
Use of a different 
methodology requlres·the. 
name chan 8 

~ustlflcatlons presented 
inthe.WCAP 
Revised wordlng_accounts·fcir 
the posslbillly lh_al the limit for 
115 (Z) _ may be_ exceeded 
during 11 part-power 

, sul\leillance. The current -
, wordil)g is qnly appropriate.If 
the surveillance fs perf6mied 
aHull poWE!r, · · 

Tt,.e new \'.,'Ording Will require 
gr~ater setpoiril reduction if 
the surveilli;mce is perform~d 
atreduced•poweran~ F§(z) 
exceeds its limit. ~CAf>, 
Seclion-3,2.2 ca,3"12) 
Makes ii consistent with other 
changes. . - ' 

8FR61Al. "SE ONl.:"f . G_ON'fAINS PROPRIEl'ARY INF8RMMION 

xliii 

WCAP-17661-NP-A February 2019 
Revision 1 

'** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 

gi;i;1c1,'\b YSE 9NLY SONTAINS PROPRIETARY INFORMATION 

- 37-

TS Section and 
Re uirements 
TS 3.2.18 and 
3.2.1C, 
New Required 
Action B.-1,1 

New Required 
Action B.1.2 

TS 3.2.1B; 
Required 
Action B.2.1 
(previously B.1) 

TS 3.2.1C,, 
Required 
Actron 9;2.1 
(previously B.1) 

Current 
S ecificatlons 

Reduce AFO limits 
a: 1% for each 1% 
Ff (Z) exceeds 
limits 

Reduce 
THERMAL 
POWER;:: 1%for 
each 1 % Ff (Z) 
exceeds.limits 

Revised Specifications 

B.1.1 states, "Implement a 
RAQC or CAOC operating 
space specified In the COLR 
11131 restores Ff (Z') to within 
limits." 
·s .. 1.2 states, ''Perform SR 
3.2.1.1 'and SR 3.2.1.2 if 
coh!rol rod motion is required 
to comply with the new 
o eratin s ace." 
Limit THERMAL POWER to 
less than RA TED THERMAL 
POWER.and redµce AFD 
limits as specified In lhe 
COLR. 
Limit THERMAL POWER to 
less than.RATED THERMAL 
POWER as specified in the 
COLR. 

TS3.2.1B, • ... 1%foreach ' ... 1%foreach1%1hat 
Required 1%-that the THERMAL POWER is limited 
Action B.2.2 and maximum below RATED THERMAL 

Justifications presented 
littheWCAP 
Implementation of a New 
RAOC/CAOC operating 
space restores Ff (Z) within 
iimils. 

When control ro.d motion is 
required, surveillance assures 

. that F8' (Z) remains within 
limits, 

Evaluations in the COLR will 
provide the.applicable power 
level and AFD limits to assure 
,F>J' (Z) Within limits. 

Core models provide basis for 
determining the axial location. 
of the minimum margin in the 
actual core. 

With the change, peak power 
densltres wlll remain within 
irmits of the safety analyses. 

-B.2.3 (previously allowable power POWER'by Required Action 
B.2 and B,3) of the AFD.iimits B.2. 1." P.rior requlremenls.may·riot 

t-=c-------+-,i=s-'-'re=d=u=ce'-'d'-" ---,--+-,,---,---.,...,.,.-,---.,.-..., ensure that non-equllibrium 
TS 3.2.1C, " ... 1% for each • ..• 1%for each 1% that operation was bounded by 
Required 1 % Ft (Z) THERMAL POWER ls limited the maximum power 
Action B.2.2 and exceeds limits" below RATED THERMAL .distribution assumptions In all 
i3.2.3 (previously POWER by Required Action circumstances. 
B.2 and B.3 B,2.1." 
TS 3.2.18, "Prior to "Prior.to lncreasing 
Completion Time Increasing THERMAL'POWERabove 
for R~quired • THERMAL the-limit of Required Action 
Action B.2.4 POWER above B.2.1' 

the maximum 

NOTE in 
Condition B 

allowable power 
of the AFD limits.'' 
Applicable, 
whenever 
Condition B is 
entered 

Moved (with addition "prior to 
increasing THERMAL 
POWER above the limit of 
Required Action B.2.1') under 
Required Action B.2.1, I.e., 
applicable when Required 
Actions under B.2.1, B.2.2; 
B.2.3.and B.2.4 are entered. 

Proposed change in TS 
3.2.18 will make ii consistent 
....,ith tlie Completion Time 
defined in TS s:2.1c. 
Completion Time In TS 
3.2.1C did not need any 
chan es. 
Required Action option B.1 
assumes that a RAOC 
operating space specified In 
the COLR satisfies Fg(Z) arid 
Fivcz) limits ifno control rod 
(CR) motion Is needed. 
Required Action 8.1.2 
requires surveUlance CR 
motion Is needed, Required 
Action B.2.4 institutes 
performance of the. SRs lf 
. o !ion B.2 Is used. 

8FFISIAb YSE E>NLY 60N:rMHS PROPRIETARY INFORMATION . 
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TABLE 2: SUMMARY OF PROPOSED CHANGES tCONTINUED' 
--• -. - . 
TS Sectlon,and .Current. - R~vised Speciflcatlol'!s Justifications presented 
Reauirements . Soeciflcatlons lntheWCAP 
NOTE for SRs NOTE states-that The NOTE is deleted. Tlie NOTE has been a source 

"During power of confusion and Interpreted 
escalaUon al'the differently by various utilities, 
beginning of each 
cycle, THERMAL l:l<lstlng frequencies, together, 
POW~R inay be an:i' unam~iguous and 
Increased unUI an , ·approprlatelyverify P5(Z) 
equiilbrlum power durlng the initial power 
level has been escalation and lhfoughounhe 
achieved; at which opi;iraling·cycle. 
a power 
di_stribuUon map is 
obtained." . 

SR 3,2,1.1, 2nd ·once-within (12) ·one¢ within,(24) liours after Frequency of 24 hours Is 
requirement in the· hours-after, -- achieving equillbrluin contained in some plant TS: 
Frequency column achieving conditions, .. • and .is a reasonc;\ble. time ' 

equilibrium perlQ~ in which to p_erform Olis 
conditio_ns .. ." verification. Smalllikellhood or 

OCCUJTElnce of undesirable 
condiilon within the '11me. -_ 

NOTE for The NOTE In SR- The NOTE is delett;?d. The penalty fac~or In the 
SR.3.2,1.2 3.2.1:2 requiring Improved methodology Is 

increasing s~ based on predicted rather than 
frequency measured trend~ In transient 
considering an Fa margirJ, and is applied when 

; . In-crease factor SR 3.2.1.2·is performed. 
for Ff CZ') when 
increase from llis ~igued that lhe··pasJ 
prevtoi.rs measurement trends are riot 
evaluation has indicative or future m_ar~in 
been rioted. ,re,nds .. 

SR 3.2,1.2, 1•1 "Once after each · "Once after eac:h refueling Verifii:.ition will still be 
requlr.emenl in the refueling prior to. with!n [24] hours after performed within a.reasonable 
Frequ~ncy coltimn THERMAL- THERMAL POWER exceeds lime.and prior to,extended 

POWER 75'WRTP." - non-equilibrium operation at· 
exceeding 7!>%- power levels where the_ -
RTP' maximum peak'linear heat rate 

c6µ1if.potenllally be 
,challenoed. · 

SR 32.1.2, 2"" "Once within [12J "Oncewtthln [24).hours after 'Frequency of'24 hours is· 
requirement in th!!· hours after achieving equmbrium ccintain89 in soine_plant T~ 
frequency column a~liieving c.ondHions after exceeding, by -and is.a reasonable time 

equillbtii.Jm ~ ·10% RTP, the THERMAL perio~ in which to perform this 
conditions after PQWER at which F{(Z) was verification. Small likallhOOd,of 
excile~tng, by :i: las( verified.· !:>C_curtence of undesirabie 
10"4,RTR, the .condition wltliin the lime. 
THEMAL POWER 
at which Ff (Z) 
was last verified."· 

9~FISll.b YS& 9t-lbY E;9N"FAINS PA8PRIETlcR1l lNF8RMA'f18N' 
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• 
WCAP-17661, "improved RAOC and CAOC FQ SurveillanceTechnical Specifications" 

Draft Safety Evaluation Comment Disposition 

PWROG Comment NRC Staff Discussion 
The text "The non-conservatism becomes apparent .•.. • Omplies] that this Change accepted. 
paragraph is continuing to discusslhe item discussed in the 2nd 
paragraph (i.e.; the non-conservative Required Action identified in 
NSAL-09-5). However, the 3rd paragraph discusses.a different issue 

. (I.~., the sensitivity of RAOC Surveillance measurements to the conditions 
where the-Surveillance is performed). Therefore, the first sentence should 
be revised to: ~Another notential non-conservatism becomes annarenl. ... " 
.Footnote 3 is not consistent with Section 5.1. Limitation 1, and should' be Footnote 3 was deleted. Note 
revised to be consistent with Section 5: 1, Limitation 1. As written, that PWROG comment referred 
Footnote 3 prohibits the use of AxY{Z) and Aa{Z) values less than 1.0. to Section 5.2, Limitation ;2, 

which was renumbered as 
Limitation 1, and is now 
contained in Section 5.1 of the 
.SE. 

It is a ·measurement· uncertainty, not an "Instrument" uncertainty. Insert Changes accepted. 
"fuel" before "manufacti.Jrina." 
See comment 6n Paae 3, Line f1. Footnote 6 deleted. 
The-denvation.of Ri is.also,rtgorous; ·Phrase, •· ... with th~ exception of· 

the penalty factor R1• • deleted. 
Note that the NRG staff 
evaluates the rigor of the R1 
factor.as discussed in a later 
Paragraph in SE Section 4.1. 

See comment on Page 8, Line 2Q. SE text «;ldited for consistency, 
with previous comment. 

.. .. not to· anomalies like CIPS but rather to ordlnaf'/. ,. .Chanae accepted; 
... and the R1 values are to be fo!llld in the COLR." . .. and the R1.vafues are. 

provided te-ee-leuRd In the 
COLR. .. 

The previous sentence discusses both Axv(Z), and AQ(Z), Beginning this. The NRC staff intended for 
sentence· with the words, "This factor is intended' to normalize the T(Z) subject discussion to refer to 
function ... "·is not clear, in particularsin.ce only T(Z) is mentioned in the both.fac;tors, and revised SE 
second sentence. The 2nd sentence should be revised to "The A)(\{Z) text accordingly. 
factor is Intended to normafize·the T<Zl function ... ' 

Attachment 

• 



WCAP-1-7661; "Improved RAOC:and CAOC FQ Surveillance Technical Specifications· 
Draft Safety'.Evaluation Comment Dispositjon · 

21 1-4 This,sentence'discusses both the Axv(Z) and Aa(Z) functions, therefore, Change accepte<:I. 

--
the end of the, sentence should be revisec;l to state • ... for which .the T(Z) or 
'WfZHunctions are determined.• 

'21 s·-24 • Editorial, chances throimhout oaraaraoh, --
_Chances acceoted. 

22 .. 1-4 . ·Editorial chanaes.throuohout oaraaracih; -- Chances acceoted . - --· ,22 9-15, Editorial chanaes,thr'ouahout oaraaraoh. Ch"anaes accepted. _ 
22 15;;..2,: The response to _RAI 15,a discussed the potential u$e e>f Metliod 1. for .AO Although the NRC staff does 

. (i.e., AQ(z)=1.0) if "surveillance specific" W(i) factors are prQvided for.a· notagree that the draft SE text 

. specific core .condition differentirrom the_ nqrmal.refe_renpe,survelllance would have,precluded the use 
1condllion ~or a CAOC plant (i.e:, all rpds out, 169% RTP.). If _a utility of Method .f,w,th surveillance-
identifies in ;advance that they warit to perfotn:i·a Surveillance at a specific specific W(Z),functioris; a.· -
condition (forexample:80% RTP;.with D-Bank.inserted 20% nearthe footnote clarifying this posm~n 
beginning e>f the cycle), W(z) factc;,rs can be generated specific to that , was added to Section 4._1.1 of 

. surveillarice ccinditie>il m~lng the NRC ~PP.roved CAOC methodology .ind . the SE, since the staff intent, is 
added.,to the CQLR. This methodology would provide an acculc!te result consistent With the concern 
without explicitly requiring the calculatlon of AQ(z) uslng Method 2. · expressed in the comment 

· Ci.J~ntl~, the Draft Safety Evalu_atlon c;lei~ r,ot specifi~lly c:fii;ciJss the 
potential.use of Method 1_ when. surveillance ~peclficW(z) fa~ors are _ 
_ usE?d, Method 2 AQ(z):calculations would be required .to be performed f9r 
sucti a Surveillanc:,e. Therefore, a stat~merit s_hould be.add!3d_ to 

. ~ections 4.1, 1 • and 52.3 which sp(;i~ifically approves tl:le use of Method 1. 
'fat AQ(z)' when a surveillance is performed.·at conditions-different from the 
normal reference condition using surveillance specific W(z) factors that 
.are consistent.with the 

22 42 .. . Dercent .... Chance accepted, 
23 10 . .. thev are assaciatedwith OORR~ 'the ·Dower/eve/ reductions ... , Change accepted. 
23" 36 ... licensees do not imDlerrient have·elimiRaled- the AFD ... -·Change accepted. 
24 .4 ".bas¢d on NRC approved.RAOC or CAOCmaReuveriRg ailao/68fi1 Replacec;l ".,,based on 

, analysis methodologies. maneuvering analyses.• 

With ".,. basecl on RAOC or 
CAOC analysii; methodologies 
that' have· be~n approved for 
use bv the·NRC staff." 

~2-
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24 31-32 

2!:i 28 

25 40 

26 7-11 
26· 17 
26 44-45 
28. 2-19 

I 

28 23 
29 11 
30 1-29 

31 32 
32 . 1-3 
33 24' 
33 ·29-33 
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WCAP-17661 •. "Improved RAOC and CAOC FQ SurvelllanceTechriical Specifications" 

Draft Safety Evaluation Comment Disposition 

.. .lim.,1 may result in G9-ileeded a6SOGialed with some ·control rod; .. .. . limit may result in be-Reeded 
asseeiated- with seme control 
rod ... 

. . . of ReW-61JAlfJillaRGeS SR 3:2. 1. 1 and SR 3:2. 1, 2. . .. of~Ge&-SRs 
3.2.1.1 and 3.2.1.2. 

· ... movement, 6HPle/11aRee-SR 3.2.1.1 and SR 3.2.1.2 will Qe ... . . . movement, 6!JFVeilfaRGe.SRs 
3.2.1.1 and 3:2.1.2 will be .... 

Editorial chanaes throuahout oaraciraoh. Chanaes-acceoted: 
. . . ma\i indicate a serielJs core anomalv ... Chanae acceoted • 
Delete sentence. Chanae acceoted. 
See.Attachment 1. Attachment 1 proposed and 

justified a revision to the 
Frequency requirements to SR 
3.2.1.2. The NRC staff µpdated 
the Draft SE to reflect this 

... justification. 
. . .increasing the IFrequencv ... Change acceoted. 
.. . provided in the resoonse to RA/ 6; ,..., .. ,.,...,""~ 

Chanae accepted. -··· 
Sea comment for Page 28. Lines 2-19. Perdiscussibn above, the NRC 

staff updated the Draft SE to 
reflect the pipposed changes 
and justification provided in 
Attachment 1. 

... Required Actlon.B.1:L .. Change accepted . 
Delete sentence . Change accepted. 
.. .. assumedin the RAOC or CAOC ma,uJIJ'l6RRQ-Bnalvsis ... . Change accepted . 
Editorial changes throughout oaraaraoh. Changes acceoted. 

-3-

• 



WCAP-17661. "Improved RAOC and CAOC FQ Surveillance Technical Specifications" 
· · Draft Safety Evaluation Comment Disposition 

~5 6-20 See comment forPage·2s, Lines 2 - 19. Perdiscusstori above, the NRC 
staff updated the Draft.SE to 
reflect the proposed changes 
and justification provided·in 
Attachment 1. Based on its 
revi~W of Attachment 1, the 

. NRC staff detennined !hat the 
limitation that was the subject of 
this comment could be 
eliminated.· 

35 37-·40 See !X5mrnent for Page 22; Lines ,16 ... 21. - · Clarifying language added to 
limitation. --- ·-

381 Axv · Delete, ·"May. be included in the COLR;" because-additional methods for NRC staff detennlned that 
determining factor were deleted from fi!e TopicaLReport In.the ~ponse 
to RAI 15. . -

entire·~entence, "May be 
included in the COLR, could 
c1tso be calculated u~ing a 3-D 
score simulator for specific 
surveillance· condition; ~was too 
detailed and-could be deleted 

- - ' from table ehlry, -
;38 Af;i, A.dd description similar to that contained in table-entrvJmmedlately above. -Chance. accepted. --

-42 · For tal?le entry;"SR3.2, 1.2, 1G1 requirement in the Frequ_ency column." see Table entry changed consistent 
comment at Page 28; Lines 2 ~ 19; with propos~d revision 

-· contained In Attachment 1. 
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LEGAL NOTICE 

This report was prepared as an account of work perfonned by Westinghouse Electric Company LLC. 

Neither Westinghouse Electric Company LLC, nor any person acting on its behalf: 

1. Makes any warranty or representation, express or implied including the warranties of fitness for a 
particular purpose or merchantability, with respect to the accuracy, completeness, or usefulness of 
the information contained in this report, or that the use of any information, apparatus, method, or 
process disclosed in this rep01t may not infringe privately owned rights; or 

2. Assumes any liabilities with respect to the use of, or for damages resulting from the use of, any 

information, apparatus, method, or process disclosed in this report. 

COPYRIGHT NOTICE 

This report has been prepared by Westinghouse Electric Company LLC and bears a Westinghouse Electric 

Company copyright notice. As a member of the PWR Owners Group, you are permitted to copy and 

redistribute all or portions of the report within your organization; however all copies made by you must 

include the copyright notice in all instances. 

DISTRIBUTION NOTICE 

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to establish 

guidance for access to this information. This report (including proprietary and non-proprietary versions) is 

not to be provided to any individual or organization outside of the PWR Owners Group program 

participants without prior written approval of the PWR Owners Group Program Management Office. 

However, prior written approval is not required for program participants to provide copies of Class 3 

Non-Proprietary reports to third parties that are supporting implementation at their plant, and for 

subrnittals to the NRC . 
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PWR OWNERS GROUP MEMBER PARTICIPATION* FOR PROJECT PA-LSC-0795 

Domestic Units 
Reactor 

Participation Vote: 
No. Shares YIN/ 

Utility Plant Site I 2 3 4 
Type 

Oriltinal Revision Per Plant Absent 
Ameren Missouri Callaway X " 

w y y 1.00 y 

American Elec 
Cook X X w y y 

Power Co. 1.25 y 

Arizona Public 
Palo Verde CE Service Co. ", 0.00 

Dominion Nuclear Millstone X CE I w y N Ct. ~ ' ,, 0.00 N 
North Anna X X ,•' w y N 0.00 N 

Dominion VA Power 
Surry X X w y y 1.25 y 

Catawba "'- ',:, ' w 0.00 
Duke Energy McGuire w 0.00 
Carolinas 

Oconee B&W 0.00 

Duke Energy 
Robinson w 0.00 

Shearon .' 
Progress 

Harris ;'.'.' 
w 

0.00 '• ,' 

Entergy Nuclear 
~,,., 

Indian Point w 
Northeast 0

rf '. 0.00 

Entergy South 
Waterford CE 0.00 

ANO B&W I CE 0.00 

Entergy - Palisades Palisades '. CE 0.00 

Braidwood X X i'• w y y 1.25 y 

Byron X X 
,• . ,, w y y 1.25 y 

Exelon Generation Calvert Cliffs I CE 0.00 Co,LLC 
Ginna X I' w y y 1.00 y 

TMI ''"· '• B&W 0.00 

Beaver "? 
. ' 

First Energy Nuclear Valley X X '. w y y 
1.25 y 

Operating Co. 
Davis-Besse B&W 0.00 

St. Lucie 
,, 

CE 0.00 

NextEra/FPL Group 
Turkey Point X X w N N 0.00 

Seabrook X 
" w y y 1.00 y 

Pt Beach X X .. w y y 1.25 Y; 

Luminant 
Comanche 

X X w y y 
Peak 

,'-

1.25 y . 

Pacific Gas & Diablo X X w y y 
Electric Co Canyon "<• 1.25 y 

PSEG Nuclear Salem X X -- w N N 0.00 

So. Carolina Elec & V.C. ' 
X 

,, 

w y y 
Gasco. Summer "' 1.00 y 

STPNuclear So Texas ' 
' 

Operating Co. Project X X •' w N N 
0.00 

Southern Nuclear Farley X X •/ 

" w y y 1.25 y 

Operating Co. Vogtle X X w y y 1.25 y 

Tennessee Valley Sequoyah w 0.00 
Authority Watts Bar X X 

'. ,, w y y 1.25 y 

Wolf Creek Nuclear Wolf Creek X w y y 
Ooerating Co. 1.00 y 

XCEL Energy Prairie Island X X w y y 1.25 y 
.. 

*Project participants as of the date the final deliverable was completed. On occas10n, additional members will Join a project. Please contact the 
PWR Owners Group Program Management Office to verify participation before sending this document to participants not listed above. 
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PWR OWNERS GROUP MEMBER PARTICIPATION* FOR PROJECT PA-LSC-0795 

Listing of PWROG International Member Units 

Original Revision 
Participant Participant Total 

PWROG Member Applicable Plant Sites Units Yes No Yes No Participating 

International: 

AXPOAG Beznau 1 & 2 (W) 2 X X 

EDF Energy Sizewell B CN) 1 X X 

Electrabel (Belgian Utilities) Doe! I, 2 & 4, Tihange I & 3 CN) 5 X X 

Electricite de France 58 Units 58 X X 

Electronuclear E1N ANGRA 1 (W) 1 X X 

Emirates Nuclear Energy Barakah 1 & 2 2 X X 
Corporation 

EPZ Borssele 1 X X 

Eskom Koeberg 1 &2 2 X X 

Hokkaido Tomari I, 2 & 3 (MHI) 3 X X 

Japan Atomic Power Company Tsuruga 2 (MHI) 1 X X 

Kansai Electric Co., Ltd Mihama 3, Ohi I, 2, 3 & 4, 9 X X 
Takahama 1, 2, 3 & 4 (W & MHI) 

Korea Hydro and Nuclear Power Kori 1, 2, 3, & 4 CN) 6 X X 
Corp. Hanbit 1 & 2 (W) 

Hanbit 3, 4, 5 & 6 (CE) 8 X X 
Hanul 3, 4, 5, & 6 (CE) 

Kyushu Genkai 2, 3 & 4, Sendai I & 2 (MHI) 5 X X 

Nuklearna Elektrarna KRSKO Krsko (W) 1 X X 

RinghalsAB Ringhals 2, 3 & 4 CN) 3 X X 

Shikoku Ikata 2 & 3 (MHI) 2 X X 

Spanish Utilities Asco I & 2, Vandellos 2, Ahnaraz I 5 X X 
&2(W) 

Taiwan Power Co. Maanshan 1 & 2 (W) 2 X X 

TOTAL PARTICIPATING: 117 0 0 0 
.. * Project participants as of the date the final deliverable was completed. On occasion, add1honal members will join a proJect. Please contact the 

PWR Owners Group Program Management Office to verify participation before sending this document to participants not listed above . 
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0 November 2013 WCAP-17661-P/NP Originallssue. 

1 November 2013 Corrected WCAP-17661-P/NP proprietary markings. 

-A February 2019 WCAP-17661-P/NP-A, Revision 1 includes the following changes: 

WCAP-17661-NP-A 

1. Updated the title page to add the -A designation to identify that the Topical 
Report (TR) was approved by the Nuclear Regulatory Commission (NRC). 

2. Updated the signature page. 

3. Inserted the NRC transmittal letter and enclosed Final Safety Evaluation 
(FSE) after the signature page. 

4. Updated the Legal, Copyright, and Distribution Notices. 

5. Updated the PWROG member participation tables. 

6. Updated the Acknowledgements. 

7. Added Record of Revisions table. 

8. Incorporated the following TR changes that were transmitted to tl1e NRC via 
PWROG letter OG-16-273, "Submittal of Request for Additional Information 
Response Regarding WCAP-17661-P/NP, Revision 1, Improved RAOC and 
CAOC FQ Surveillance Technical Specifications, PA-LSC-0795," dated 
September 13, 2016: 

• In response to RAI-la: Revised the Bases for Technical Specification (TS) 
3.2.lB and 3.2.lC (Appendix Band E) to add this paragraph: 

If an FQ surveillance is performed at I 00% RTP conditions, and 
both FQ C(Z) and FQ W(Z) exceed their limits, the option to 
reduce the THERMAL POWER limit in accordance with 
proposed Required Action B.2.I instead of implementing a new 
operating space in accordance with proposed Required Action 
B.I, will result in a fi1rther power reduction after Required 
Action A.I has been completed. However, this ji,rther power 
reduction would be pennitted to occur over the next 4 hours. In 
the event the evaluated THERMAL POWER reduction in the 
COLR for proposed Required Action B.2.1 did not result in a 
further power reduction (for example, if both Condition A and 
Condition B were entered at less than IOO% RTP conditions), 
then the THERMAL POWER level established as a result of 
completing Required Action A. I will take precedence, and will 
establish the effective operating power level limit for the unit 
until both Conditions A and B are exited. 

• In response to RAI-2: Added the bold text to the Note for TS 3.2. IB and 
3.2.1 C (Appendix A and D) Condition A to read as follows: 

............ NOTE ............... . 

Required Action A.4 
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whenever this Condition 

is entered. SR 3.2.1.2 is not required 
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prior to THERMAL POWER 

exceeding 75% RTP after a 

refueling. 

lx 

• In response to RAI-3b: Added a discussion to the Bases for TS 3.2.lB and 
TS 3.2.lC (Appendix Band E) for SR 3.2.1.1 and SR 3.2.1.2 that 
incorporates the justification for the 24 hours allowed to perform these 
Surveillances. 

• In response to RAI-5a & 5c: The Required Actions for Condition B in 
both TS 3 .2.1.B and 3 .2.1.C (Appendix A and D) were revised to require 
the performance of SR 3.2.1.1 and SR 3.2.1.2 if the implementation of a 
new operating space results in the need to move the control rods in order 
to comply with a new rod insertion limit. Required Action B. l became 
Required Action B.1.1 in both Technical Specifications, and a new 
Required Action B.1.2 was added to perform SR 3 .2.1.1 and 3 .2.1.2 with a 
required Completion Time of 72 hours. 

• In response to RA1-7b: The following paragraph was added to the Bases as 
the first paragraph for Required Action B.2.1 in TS 3.2. lB (Appendix B): 

When FQ W(Z) exceeds Us limit, Required Action B.2.1 may be 
implemented instead of Required Action B.J. Required Action 
B.2.1 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 FQ W(Z) limit, then 
Required Action B.2.1 must be entered and THERMAL POWER 
must be limited to less or equal to 50% RTP 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 following paragraph was added to the Bases as the first paragraph for 
Required Action B.2.1 in TS 3.2.lC (Appendix E): 

When FQ W(z) exceeds its limit, Required Action B.2.1 may be 
implemented instead of Required Action B.l. 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 FQ W(z) limit, the THERMAL 
POWER must be limited to less than or equal to 50% RTP. This 
maintains an acceptable absolute power density relative to the 
maximum power density value assumed in the safety analyses. 

• The following paragraph was added to the Bases as the second paragraph 
for Required Action B.2.1 in TS 3.2.lB and TS 3.2.1 C (Appendix Band 
E): 

If the required FQ W(z) margin improvement exceeds the margin 
improvement available from the pre-analyzed THERMAL 
POWER and AFD reductions provided in the COLR, then 
THERMAL POWER must be ji1rther reduced to less than or 
equal to 50% RTP. In this case, reducing lliERMAL POWER to 
less than 50% RTP will provide additional margin in the 
transient FO by the required chan~e in THERMAL POWER and 
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the increase in the FQ limit. This will ensure that the FQ limit is 
met during transient operation that may occur at or below 50% 
RTP. 

• In response to RAI-8: A discussion was added to the Bases for TS 3.2. lB 
and TS 3.2.IC (Appendix Band E) for SR 3.2.1.1 and SR 3.2.1.2 that 
incorporates the justification for the 24 hours allowed to perform these 
Surveillances. 

• In response to RAI-9a: The following sentence was added to the fourth 
paragraph in the Bases for SR 3 .2.1.1 and as the second paragraph in Insert 
4 in the Bases discussion for SR 3.2.1.2 in the Bases for TS 3.2.lB and TS 
3.2.lC (Appendix Band E): 

Equilibrium conditions are achieved when the core is sufficiently 
stable at the intended operating conditions required to peifonn 
the Surveillance. 

• In response to RAI-10: SR 3.2.1.l and SR 3.2.1.2 Required Actions A.4 
and B.2.4 (Appendix A and D) were revised to clarify that the intent of the 
Note is that the Surveillances be completed prior to increasing the 
limitation on THERMAL POWER. 

Incorporated the following TR changes that were transmitted to the NRC via 
PWROG letter OG-18-35, "Transmittal of the Response to Request for 
Additional Information, RAI 15 Associated with WCAP-17661-P/NP, 
Revision 1, Improved RAOC and CAOC FQ Surveillance Technical 
Specifications, PA-LSC-0795", dated February 15, 2018: 

• 

• 

• 

In response to RAI-15a: Deleted WCAP-17661 Sections, text, and Tables 
that discussed Methods 3 and 4 for Generating AXY(z) and Method 3 for 
Generating AQ(z): 

- Table of Contents- deleted Sections 4.3.3, 4.3.4, and 7.3.3. 

- List of Tables- deleted Tables 4-1, 4-2, 4-3, and 4-4. 

- List of Tables -deleted titles of Tables 6-5, 6-6, 6-7, and 6-8. Kept 
Table numbers in the list to prevent renumbering of subsequent tables. 

- Section 4.3 - changed "several" to "two" (methods). 

- Deleted Sections 4.3.3 and 4.3.4. 

- Deleted Tables 4-1, 4-2, 4-3, and 4-4. Tables 4-5 and 4-6 were also 
deleted. Tables 4-5 and 4-6 were not included the List of Tables. 

- Section 6.4 - deleted 2 paragraphs that discussed content in deleted 
tables. 

- Deleted titles of, and contents of Tables 6-5, 6-6, 6-7, and 6-8. Kept 
Table numbers in the list to prevent renumbering of subsequent tables. 

- Deleted Section 7.3.3. 

Revised the TS Bases discussion of how the AXY(z) and AQ(z) factors are 
applied when the FQW(z) Surveillance is performed for 3.2. lB and 3.2.lC 
"Insert l" text (Appendix Band E) that was transmitted in letter OG-16-
273. 

Revised Section F.2.2.6 on Page F-2 (Appendix F- Sample COLR Input 
for a CAOC Plant) to include a limitation on the use of Method 1 if 
Control Bank D is inserted deeper than the predicted limiting elevation for 
FQW(z). 
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10. Incorporated the following TR changes that were transmitted to the NRC via 
PWROG letter OG-18-188, "Transmittal of the Response to the Revised Draft 
Safety Evaluation (DSE) for WCAP-17661-P/ WCAP-17661-NP, Revision 1 
(PA-LSC-0795)", dated August 2, 2018: 

• Revised TS 3.2.lB and TS 3.2.lC (Appendix A and D) to change the 
initial Frequency for SR 3.2.1.2. 

• Revised the Bases for TS 3.2.lB and TS 3.2.lC (Appendix Band E) to 
change the initial Frequency for SR 3.2.1.2. 

• WCAP-17661-P/ WCAP-17661 text was revised on the following pages: 

- page xx, revised text to: " ... the first FQ Surveillance following a 
refueling must be performed after exceeding 75% ofRTP." 

- page 1-5, revised text to: "The first surveillance of FQ W(z), however, 
is not required until after 75% RTP is exceeded." 

- page 3-16, revised text describing the first Frequency for SR 3.2.1.2. 

- pages 5-5 and 5-6, revised text describing SR 3.2.1.2. 

- page 8-4, revised text describing SR 3.2.1.2. 

- pagell-2, revised text to: " ... the first surveillance of FQW(z) 
following a refueling be performed after exceeding 75% RTP." 

11. Edited the following TR changes that were transmitted to the NR C via 
PWROG letter OG-18-188: 
• Appendix B, RAOC TS Bases, deleted redundant sentence from Insert 2 

for Action B.2.1. 
• Appendix B, RAOC TS Bases, added date to Reference 6 (WCAP-17661-

P-A). 
• Appendix D, CAOC TS, did not delete "is" from SR 3.2.1.2 . 

• Appendix E, CAOC TS Bases, deleted redundant sentence from Insert 3 
for Action B.2.1. 

• Appendix E, CAOC TS Bases, deleted "and AFD" from Insert 3 for 
Action B.2.1. 

• Appendix E, CAOC TS Bases, added date to Reference 6 (WCAP-17661-
P-A). 

12. Added Appendix G to include the historical correspondence associated with 
the TR review, including the PWROG responses to NRC requests for 
additional information (RAis). 

13. Added Appendix H to include editorial changes to the FSE . 
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LIST OF ACRONYMS AND SYMBOLS 

One-dimensional 

Two-dimensional 

Three-dimensional 

Axial Flux Difference 

Advanced Nodal Code 

Axial Offset 

Axial Offset Deviation, also known as IFBA-induced power shift 

All Rods Out 

Baseload (steady-state) 

Beginning of Life 

Burnup 

Constant Axial Offset Control 

Crud Induced Power Shift 

Core Operating Limits Report 

CAOC operating space, a unique combination of CAOC AFD band and RILs 

Lead Control Bank (Bank D) Inserted 

Departure from Nucleate Boiling 

Delta-AO, the difference between.the measured and predicted axial offset 

Delta-I (synonym for AFD) 

Effective Full Power Days 

Effective Full Power Month 

End of Life 

Equilibrium Xenon 

Final Acceptance Criteria 

Total Heat Flux Hot Channel Factor, peak to average power density in the core 

Measured steady-state (surveillance) FQ(z) including uncertainties 

!xiii 

"Measured" transient FQ(z) including uncertainties and the 1/P power scaling factor 
from the FQ limit expression. 

Analytical transient FQ(z) for non-equilibrium operation, 

Planar Radial Peaking Factor, peak to average power density in a radial core plane 

Hot Full Power 

Integral Fuel Burnable Absorber 

Institute of Nuclear Power Operations 

Limiting Condition for Operation 

Left-hand Side 

Loss of Coolant Accident 
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LIST OF ACRONYMS AND SYMBOLS (cont.) 

Middle of Life 

Metric Tons of Uranium 

Megawatt Days 

U.S. Nuclear Regulatory Commission 

Nuclear Steam Supply System 

Core Average Axial Power Shape 

Core average relative power 

Power Distribution Monitoring System 

Pressurized Water Reactor Owners Group 

Relaxed Axial Offset Control 

Reactor Coolant System 

Right-hand Side 

Rod Insertion Limits 

lxiv 

RAOC operating space, a unique combination of RAOC AFD limits and RILs 

Rated Thermal Power 

Surveillance Requirement 

Steady-state 

Steps Withdrawn 

Technical Specification 

Analytical ratios used in the improved FQ Surveillance fonnulation for RAOC plants 

to characterize the maximum transient P(z). 

Withdrawn as in Steps Withdrawn 

Analytical ratios used in the current FQ Surveillance formulation to characterize the 

maximum expected increase in the surveillance FQ(z)*Power relative to the 

non-equilibrium FQ(z)*Power. 
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EXECUTIVE SUMMARY 

The purpose ofFQ Surveillance Technical Specifications (TSs) 3.2.lB and 3.2. lC in NUREG-1431, 

Volume 1 "Standard Technical Specifications - Westinghouse Plants: Specifications" (Reference 1), is to 

provide assurance that the heat flux hot channel factor, FQ, will remain within the limits assumed in the 

plant safety analyses when the core is operated within its allowed operating space. Key operating space 

limits include the Rated Thermal Power (RTP), the control bank rod insertion limits (RlLs), and the axial 

flux difference (AFD) limits. Together, these operating space limits restrict the range of potential non­

equilibrium core power shapes during normal operation, thereby limiting the maximum non-equilibrium 

FQ(z) and the maximum local power density. 

The current FQ Surveillance formulation in Reference 1 relies on a combination of analytical factors and 

periodic measurements to provide assurance that core operation within the allowed operating space will 

be acceptable. When an FQ surveillance is performed, the equilibrium FQ(z) is measured at or near 

steady-state conditions. This is then multiplied by an analytical factor, W(z), which characterizes the 

increase in FQ(z) for non-equilibrium operation. The result, when uncertainties are included, is the 

maximmn postulated transient FQ(z), which is then compared to the FQ(z) limit. 

This fonnulation works well for Constant Axial Offset Control (CAOC) plants (TS 3.2.lC in 

Reference 1 ), where the allowed deviation of the AFD about the natural hot full power (HFP) target AFD 

is fixed. [ 

For Relaxed Axial Offset Control (RAOC) plants (TS 3.2.lB in Reference 1), however, this formulation is 

not as robust. [ 

This power shape sensitivity is especially problematic for part-power surveillances. Part-power 

surveillances are routinely performed during startup following a refueling, typically at core powers as low 

as -30% power. The lead control bank is often partially inserted, and the xenon level has usually not fully 

reached equilibrium. Accurately predicting the surveillance power shape under these circumstances 

requires precise knowledge of the surveillance core conditions and reactor configuration . 
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In addition to these difficulties with the FQ Surveillance formulation, there is an important shortcoming • 

with the RAOC FQ Surveillance (TS) itself. Required Action B. l in the RAOC TS 3.2.lB (Reference 1) 

requires a reduction in the AFD envelope by 2': 1 % for each 1 % that FQ(z) exceeds its limit. This Required 

Action, however, does not adequately restore FQ margin in all circumstances. [ 

To briefly summarize, there are two primary issues with the current RAOC FQ Surveillance formulation 

and TS 3 .2. IB (Reference 1 ): 

1. Sensitivity of the formulation to the differences between the measured and predicted surveillance 

power shapes at both nominal and part power conditions 

2. Potential non-conservatisms in the AFD reduction required action 

In the improved RAOC FQ Surveillance formulation and TS, these issues are addressed as follows: 

Instead of the requiring measurement of the FQ(z) for RAOC plants, the improved formulation will 

require measurement of Fxv(z). These measured peaking factors are then multiplied by factors that 

characterize the maximum transient P(z) values postulated to occur during non-equilibrium operation. 

P(z) is the core average axial power shape. This formulation essentially eliminates the sensitivity of the 

surveillance to the surveillance axial power shape, but retains the essential feature of incorporating the 

measured radial peaking factors into the surveillance FQ(z) values. 

This new formulation will also improve the accuracy of part-power surveillances. The improved FQ 

Technical Specification, however, also revises the Frequencies of the TS by requiring that the first FQ 

Surveillance following a refueling must be performed after exceeding 75% ofRTP. 

Finally, the improved RAOC FQ Surveillance TS incorporates the concept of RAOC operating spaces. A 

RAOC operating space (ROS) is a unique combination of Control Bank Insertion Limits and AFD limits. 

In the improved FQ TS, transient surveillance factors are pre-calculated for multiple RAOC operating 

space assumptions. The RAOC operating spaces are specified in the Core Operating Limits Report 

(COLR). If the FQ limit is exceeded during a surveillance, a more restrictive RAOC operating space is 

implemented that provides the required additional FQ margin for future operation. In the unlikely event 

that no RAOC operating space provides the required margin improvement, then thermal power limits and 

AFD reductions specified in the COLR must be implemented. 

While the current FQ Surveillance formulation works well for CAOC plants, a minor revision is made to 

this formulation to permit adjustment of the surveillance to the target axial offset (AO) core conditions. 

Also, the improved CAOC FQ Surveillance TS incorporates the concept of operating spaces. The current 

CAOC FQ Surveillance TS requires a power level reduction if the FQ limit is exceeded. The improved FQ 

TS provides the option of implementing a more restrictive CAOC operating space, which is defined as a 

unique combination of AFD band and Control Bank Insertion Limits. The CAOC operating spaces are 

specified in the COLR. The appendices provide the new RAOC and CAOC FQ Surveillance Technical 

Specifications and Bases as well as sample COLRs. 
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1 INTRODUCTION 

The purpose of this topical report is to present improved F0 Surveillance TSs for RAOC and CAOC 

operation. New methodologies required to support these TS are also presented. These improved F0 TSs 

are intended to replace the Fo Surveillance TS presented in Reference 1 (TS 3.2.lB and TS 3.2.lC) and 

WCAP-10216-P-A, "Relaxation of Constant Axial Offset Control (and) F0 Surveillance Technical 

Specification" (Reference 5). It is intended that ti1is topical report will be added to the Core Operating 

Limits Report TS as a methodology reference. 

As discussed in depth in later sections, the F0 Surveillance Technical Specification for CAOC plants 

1-1 

(TS 3.2.lC in Reference 1) works well and, therefore, the proposed improvements to the CAOC F0 

Surveillance Technical Specification are not extensive. For the RAOC F0 Surveillance Technical 

Specification (TS 3.2.IB in Reference 1), however, changes are needed to address some significant issues. 

These changes include a reformulation of the basic RAOC F0 Surveillance mathematical expression and 

changes to the Required Actions of the Technical Specification. Changes to the Required Actions are 

needed to ensure margin recovery in the unlikely event that a surveillance indicates that the transient 

F0 (z) could exceed its limit. 

As a prelude to the remainder of the report, the following background section provides a short historical 

overview of the F0 Surveillance TS. It also briefly describes the issues with the current F0 TS. These 

issues are described in more depth in Section 3. Section 1.2 gives an overview of the key attributes of the 

improved F0 Technical Specifications and how these attributes address the issues with the FQ Surveillance 

Technical Specifications of Reference 1. Section 1.3 provides a brief description of the remainder of the 

report. 

1.1 BACKGROUND 

The FQ Surveillance Technical Specification provides assurance that the heat flux hot channel factor, FQ, 

will remain within the limits assumed in the plant safety analyses when the core is operated within its 

allowed operating space. The allowed core operating space consists of the limits imposed by the 

Technical Specifications on the maximum allowable power level (i.e., the RTP), the control bank insertion 

limits, the axial flux difference, and the radial tilt. 

TS 3.2.lB in Reference 1, "Heat Flux Hot Channel Factor FQ(z) (RAOC-W(z) Methodology)," is the 

RAOC version of the F0 Surveillance Technical Specification, while TS 3.2.lC in Reference 1, "Heat 

Flux Hot Channel Factor F0(z) (CAOC-W(z) Methodology)," is the CAOC version. While there is some 

variability in how these Technical Specifications have been implemented by individual utilities, most 

plant-specific F0 Surveillance Technical Specifications include salient features that are very similar to 

those of the Technical Specifications described in Reference 1. Those features include, for example, 

surveillance of both steady-state FQ(z) and transient FQ(z), the use of W(z) factors in the COLR to 

characterize the expected increase in the steady-state FQ(z) due to non-equilibrium operation (e.g., load 

follow), a reduction oftheAFD operating space for RAOC plants when the transient F0 limit is exceeded, 

and a reduction in the thermal power when the transient FQ limit is exceeded for CAOC plants. In this 

topical report, the Reference 1 versions of these specifications will serve as the basis for discussion. 

Proposed improvements will be described relative to these versions . 
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It is useful to briefly review the history of the Heat Flux Hot Channel Factor Technical Specification to • 
understand some of the reasons why the specification has evolved to its present form. (See Section 2 for 
definitions and descriptions of some of the key terms used in this discussion and the overview discussion 
in Section 1.2.) 

Early versions of the Heat Flux Hot Channel Factor Technical Specification simply required periodic 
measurement ofFQ(z). This measurement was compared to the limit value, which was (and typically still 
is) set by the requirements of the Large Break Loss of Coolant Accident. If the F Q(z) limit was met during 
the surveillance, operation could continue within the allowed operating space until the next required 
surveillance, which typically occurred after 31 Effective Full Power Days (EFPD). 

Since flux map measurements of the core power distribution are taken at steady-state or near steady-state 
conditions, this early version of the specification did not explicitly account for non-equilibrium operation 
of the core as part of the surveillance formulation and the effect that such operation could have on FQ(z). 
Non-equilibrium operation-load follow, for example-can cause substantial increases in axial power 
peaking, and hence, the FQ(z). During this time, the 1970s and early 1980s, virtually all Westinghouse 
Electric Company Nuclear Steam Supply System (NSSS) plants employed the CAOC power distribution 
control strategy. For these plants, FQ limit confirmation for non-equilibrium operation was essentially an 
analytical process in which CAOC operation was simulated for various load follow strategies (see 
WCAP-8385 (Proprietary) and WCAP-8403(Non-Proprietary), "Topical Report Power Distribution 
Control and Load Following Procedures" [Reference 2], Westinghouse Letter NS-CE-687 [Reference 3], 
and NS-TMA-2198, Attachment: "Operation and Safety Analysis Aspects of an Improved Load Follow 
Package" [Reference 4]). This CAOC analysis, also referred to as the Final Acceptance Criteria (FAC) 
analysis, provided the maximum expected FQ(z) for CAOC operation. If the maximum FQ(z) value 
resulting from this analysis met the loss of coolant accident (LOCA) FQ(z) limit, then operation within the 
AFD band was acceptable assumjng that other applicable limits, such as fuel centerline melt, were also 
met. 

A more robust surveillance method was developed and implemented in the late 1970s. This surveillance 
method, known as FxvSurveillance, is still being used today by some CAOC plants. TS 3.2.lA in 
Reference-I, "Heat Flux Hot Channel Factor FQ(z) (CAOC-Fxv Methodology)," gives this version of the 
FQ(z) specification. This method accounts for non-equilibrium operation implicitly by specifying the 
maximum allowable Fxv(z) value that would be permissible within the context of non-equilibrium 
operation. Essentially, the most limiting axial power shapes from the CAOC analysis are used to 
determine the FXY(z) limit values such that, when applied to the limiting axial power shapes, the FQ(z) 
limit would just be met. The core FXY(z) values are periodically measured throughout the operating cycle 
and compared to the limit values, which are specified in the COLR usually as a function of cycle burnup. 
If the measured FXY(z) values are less than the limit Fxv(z) values, then operation within the FQ(z) limit is 
assured for non-equilibrium CAOC operation. This is an implicit confirmation of the FQ limit since the 
maximum transient FQ(z) is not explicitly determined in this formulation. [ 

]"-° In the improved RAOC FQ 
Surveillance Technical Specification, however, the "measured" maximum transient FQ(z) value is 
explicitly detennined and compared to its limit, directly accounting for the potential effects of non­
equilibrium operation. 
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"~ 
• In the early 1980s, the RAOC power shape methodology was developed primarily to provide a larger 

operating space and, hence, enhanced operating flexibility for the reactor core relative to CAOC 

operation. Reference 5 describes the RAOC power shape methodology. The FQ Surveillance methodology 

was also developed at this time. The initial implementation ofFQ Surveillance is also described in 
Reference 5. The F0 Surveillance methodology, however, is not limited to RAOC plants. As indicated 

above, Reference 1 contains both RAOC and CAOC versions of this specification. 

• 

• 

The current FQ Surveillance Technical Specification and its shortcomings will be described more 

completely in later sections. Briefly, this specification accounts for non-equilibrium operation through a 

factor called W(z). W(z) can be thought of as the analytical ratio, at a given elevation, of the maximum 

power density for non-equilibrium operation and the maximum power density for equilibrium 

(steady-state) operation at the surveillance condition. This ratio, determined using the power shapes from 

the RAOC and CAOC power shape analyses, is calculated as a function of core height and is provided in 

the COLR for several different cycle burnups. The surveillance is performed by measuring the steady 

state FQ(z) at the surveillance condition and multiplying this function by W(z). When appropriate 

uncertainties are included, the result is the maximum expected transient FQ(z), which can then by 

compared to the limit value. 

For both CAOC and RAOC plants, the current FQ Surveillance Technical Specification represents a 

significant improvement over the earliest FQ specification since the postulated effects of non-equilibrium 

operation are explicitly accounted for through the W(z) factors. For CAOC plants, this formulation is 

reasonably robust. This is not the case, however, for RAOC plants. [ 

Regardless of whether CAOC or RAOC TSs are employed, exceeding the FQ limit during an FQ 

Surveillance is an uncommon occurrence. For CAOC plants, a power reduction is required by the CAOC 

Technical Specification if the transient FQ limit is exceeded. A reduction in the power level effectively 

reduces the maximum expected power density for a given maximum expected transient FQ for non­

equilibrium CAOC operation. For RAOC plants, the current Technical Specification requires a reduction 

of~l % in the positive and negative AFD limits for each 1 % that the transient FQ(z) exceeds its limit 

(Required Action B.l). The effect of reducing the AFD operating space is to limit the range of possible 

non-equilibrium power shapes. In particular, the potential for the most highly skewed non-equilibrium 

axial shapes to occur is eliminated when the AFD operating space is reduced. These highly skewed power 

shapes often produce the largest transient FQ values. 

To restore margin, reducing the RAOC AFD operating space works well in most instances. There are 
cases, however, where this Required Action does not provide a significant margin improvement for 

non-equilibrium operation. [ 
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r This is discussed in more detail in Section 3. NSAL-09-5, "Relaxed Axial Offset Control • 
FQ Technical Specification Actions" (Reference 6) informed affected utilities of the potential non-
conservatism in this Required Action and provided interim actions should the transient FQ limit be 
exceeded during a surveillance. 

The intent this discussion is to provide some historical context for the current FQ Surveillance Technical 
Specifications and to discuss the two primary issues in the RAOC version of this Technical Specification, 
namely: 

1. The sensitivity of the surveillance to differences between the measured and predicted surveillance 
axial power shapes at both nominal and part power conditions 

2. The potential non-conservatism in Required Action B.1, which requires a reduction in the 
RAOC AFD operating space w,hen the FQ limit is exceeded 

The first item can lead to over-predictions or under-predictions ofFQ margin, depending on the nature of 
the power shape misprediction and the limiting margin location. In turn, under-predictions of margin may 
lead to anomalous FQ violations, i.e., FQ violations that are not true violations but are simply the result of 
the arithmetic used in the FQ Surveillance formulation-that results in this sensitivity to the differences 
between the measured and predicted axial power shapes. This has been a particular problem for part­
power surveillances. [ 

J"'c 
Consequently, the issue with the current RAOC FQ Surveillance Technical Specification is that there is 
significant potential for anomalous FQ violations to result in reductions in the maximum allowable power 
level when the measured and predicted surveillance axial power shapes disagree. 

As discussed in Section 1.2, the primary objective of this report is to address these issues with the current 
RAOC FQ Surveillance Technical Specification. In addition, other minor improvements in both the RAOC 
and CAOC FQ Surveillance Technical Specifications are proposed. 

1.2 OBJECTIVES AND OVERVIEW 

The objectives of this report are to present improved versions of both the RAOC and CAOC FQ 
Surveillance Technical Specifications, to describe in detail how these improved versions address the 
issues with the current FQ Technical Specifications, and to describe the methodologies that will be used to 
support these improved FQ Technical Specifications. The proposed Technical Specifications are provided 
along with their associated bases. In addition, sample COLR inputs associated with these Technical 
Specification~ are provided. A brief overview of the key attributes of the improved FQ Technical 
Specifications follows. 

For RAOC, the improved FQ Surveillance Technical Specification addresses the issues described in the 
previous section by reformulating the transient FQ Surveillance expression and defining new Required 
Actions that ensure adequate ·margin recovery. As part of this reformulation, the FQ Surveillance W(z) 
factors are redefined to mitigate the sensitivity to differences between the measured and predicted 
steady-state power shapes. The new factors, called T(z) factors, primarily characterize the maximum 
transient P(z), i.e., the maximum expected values of the normalized core average axial power shape 
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resulting from non-equilibrium operation. In the new fonnulation, the radial FXY(z) peaking factors are 

measured and multiplied by the T(z) factors to obtain the "measured" FQ w(z), which is the transient FQ(z). 

The measured steady-state axial power shape is not used in the surveillance, nor is the predicted 

surveillance axial power shape. This new formulation will also improve the accuracy of part-power 

surveillances since the surveillance axial power shape is not used to determine the measured transient 

FQ(z). Use of the surveillance axial power shape in the part-power transient FQ(z) measurement is a major 

source of the "over-measurement" that can lead to anomalous reductions in transient F Q margin for 

part-power surveillances. 

To address the non-conservatism in Required Action B.l, the improved RAOC FQ Technical Specification 

is structured to permit multiple RAOC operating spaces to be defined in the COLR. The COLR will 

include T(z) functions for each RAOC operating space, which is defined as a unique combination of 

AFD limits and control bank insertion limits. If the plant measures a transient FQ violation, then a more 

restrictive RAOC operating space can be selected from the COLR that provides the required margin for 

future non-equilibrium operation. This retains the feature of using an AFD reduction to gain margin, but 

in a manner that ensures that appropriate margin is recovered. If none of the RAOC operating spaces 

included in the COLR provides the required margin, then limits on thermal power and AFD must be 

implemented. These limits are specified in the COLR. The analysis methods used to determine the T(z) 

values are described in this report as are the methods used to determine the limits on thermal power and 

AFD. 

The new RAOC FQ Surveillance Technical Specification also improves and clarifies the Surveillance 

Requirements. Following a refueling, the improved FQ Technical Specification requires a surveillance of 

the current FQ(z), FQ c(z), prior to exceeding 75% RTP. The first surveillance ofFQ w(z), however, is not 

required until after 75% RTP is exceeded. The current FQ TS specifies that the first surveillance of FQ w (z) 

should occur prior to exceeding 75% RTP. Also, the rigor of accounting for transient peaking factor 

increases between surveillances is improved in the new Technical Specification by tying the application 

of the penalty factor that accounts for the peaking factor increase between surveillances directly to 

predicted FQ w (z) margin reductions for operation during the next surveillance interval (31 EFPD). The 

current FQ specification requires application of the penalty factor only if FQ c(z)/K(z) has increased over 

the previous surveillance interval, where K(z) is the axial shape function for the FQ(z) limit. 

Consequently, the improved FQ TS will better account for the expected future margin trend. 

The new version of the CAOC F Q Surveillance Technical Specification improves the specification by 

providing an alternative to a power reduction when the transient FQ limit is exceeded. The current 

Required Action B.l of Technical Specification 3.2.lC (Reference 1) requires a 2: 1 % power reduction for 

each 1 % that FQ '\z) exceeds its limit. In the new version of the CAOC FQ Surveillance Technical 

Specification, a more restrictive CAOC operating space may be implemented instead of a power 

reduction. A CAOC operating space is a unique combination of CAOC AFD band limits and control bank 

insertion limits. The COLR will include pre-analyzed CAOC operating spaces representing successively 

more restrictive operating spaces that provide commensurate improvements in FQ margin for 

non-equilibrium operation. 

If none of the CAOC operating spaces included in the COLR provides the required margin, new Required 

Action B.2.1 requires limiting the core thermal power to less than the RTP. The magnitude of the required 

reduction in the maximum allowable thermal power will be specified in the COLR. This new Required 
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Action includes a minor correction to current Required Action B. l, which specifies a reduction in thermal • 

power, not maximum allowable thermal power, when the F0 w(z) limit is exceeded. As discussed later in 

the report, limiting the maximum allowable thermal power is the appropriate action when sufficient 

margin is not restored through a reduction in the CAOC operating space because operation at RTP is 
always limiting for CAOC operation. 

The improved CAOC F0 Surveillance Technical Specification also improves and clarifies the Surveillance 

Requirements for TS 3.2.lC (Reference 1). The changes are the same as those describ~d above for the 

improved RAOC F0 Surveillance Technical Specification. 

The overall intent of this report, therefore, is to address existing issues with these Technical Specifications . 

and to implement minor improvements to make them more rigorous as well as more usable within the 

· context of typical and expected plant operation. 

1.3 REPORT SUMMARY 

The remainder of the report is structured as follows: 

Section 2 describes in detail some key concepts and terms used throughout the report. Section 3 discusses 

the current F0 Surveillance formulation. In this section, the current F0 Surveillance formulation is derived 

and the mathematical basis for the sensitivity to differences between the measured and predicted 

steady-state axial power shapes is discussed. This section provides a detailed discussion of the issues with 

the current formulation and specifications. Section 4 discusses the improved RAOC F0 Surveillance 

formulation. The mathematical basis for the new fonnulation is established and related to the current 

formulation. The analysis methodology required to support the new formulation is described. Section 5 

discusses the improved RAOC F0 Surveillance Technical Specification. Section 6 provides the results of a 

sample RAOC F0 Surveillance analysis, which illustrates how the improved RAOC F0 Surveillance 

Technical Specification wilrfunction. The RAOC operating spaces selected for analysis and the resulting 

T(z) factors are described. This section also applies the improved F0 Surveillance formulation to a flux 

map. Sections 7 and 8 discuss the improved CAOC F0 Surveillance formulation and Technical 

Specification, respectively. The change to the CAOC F0 Surveillance formulation discussed in Section 7 

is relatively minor and involves the inclusion of a factor that permits adjustment of the surveillance to the 

CAOC Target AO core conditions. Section 9 gives the results for a sample CAOC F0 Surveillance 

analysis with multiple CAOC operating spaces. Section 10 discusses implementation of these improved 

F0 Technical Specifications. In particular, some of the potential variations are briefly described, such as 

implementation at plants that utilize the BEACON™ 1 Core Monitoring System. Section 11 gives a brief 

summary and conclusion, and Section 12 lists the report references. Finally, there are six appendices in 

the report. Appendices A and B give the proposed text for the improved RAOC F0 Surveillance Technical 

Specification and Bases. Appendix C provides sample RAOC COLR input. Appendices D, E, and F 

provide the same information but for the improved CAOC F0 Surveillance TS. 

1. BEACON is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or 

its subsidiaries in the United States of America and may be registered in other countries throughout the world. 

All rights reserved. Unauthorized use is strictly prohibited. Other names may be trademarks of their respective 

owners. 
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Westinghouse Non-Proprietary Class 3 2-1 

2 KEY CONCEPTS AND DEFINITIONS 

Definitions and descriptions of some of the key concepts used in this report are provided in this section. 

Heat Flux Hot Channel Factor, FQ 

FQ is the heat flux hot channel factor. There are several equivalent means of defining the heat flux hot 

channel factor. For the purposes of this report, the most useful definition gives F Q in terms of the local 

power density. The FQ at any point (Xo, y0, :zo) in the core is the ratio of the power density at that point in 

the core to the core average power density. Symbolically, this can be expressed as follows: 

r;, (x Y Z ) _ p(xo,Yo,Zo) 
rQ o, o, o - 1JIJ v p(x,y,z) dxdydz 

(2-1) 

where: 

p(x0 , Yo, z0 ) is the local power density at position (x0 , Yo, z0 ) and Vis the total core volume. 

The denominator in expression (2-1) is simply the core average power density, p(x,y,z). So, expression 

(2-1) can be rewritten as follows: 

F (x Y Z ) = p(xo,Yo,zo) 
Q o, o, O p(x,y,z) 

(2-2) 

For a given three-dimensional core power distribution, there will be some point in the core where the 

power density is a maximum. This point determines the maximum FQ of the core. Therefore, 

F 
_ Max p(x,y,z) 

Q-
p(x,y,z) 

(2-3) 

For many cores, the limit for the heat flux hot channel factor is given as a function of z, where z is the 

axial core dimension. Therefore, it is useful to define the limiting FQ at a particular elevation z0 as 

follows: 

Planar Radial Peaking Factor, FXY 

F ( ) 
_ Maxoverx,yofp(x,y,z0 ) 

Q Zo -
p(x,y,z) 

(2-4) 

The planar radial peaking factor, FXY, is a component ofFQ. FXY(z) measures the relative power peaking 

in a given axial plane and is defined as the ratio of the peak-to-average power density in the plane. 

Symbolically, the FXY at elevation zo is expressed as follows, where A is the radial core area: 

F ( ) 
_ Max over x,y of p(x,y,z0 ) 

XY Zo - 1 · A ff p(x,y,zo) dxdy 
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Core Average Axial Relative Power, P(z) 

The core average axial relative power, P(z), quantifies the ratio of the average power density in a given 

radial plane of the core relative to the average power density of the core. Like F:xy, P(z) is a component of 

FQ. Symbolically, the core average relative axial power at elevation z0 is expressed as the following ratio: 

) 
iff p(x,y,zo) dxdy iff p(x,y,z0 ) dxdy 

P(zo = -:ai------
vfff p(x,y,z) dxdydz p(x,y,z) 

(2-6) 

P(z), then, characterizes the axial power shape of the core. 

FQ(z) Synthesis 

From (2-5) and (2-6), the product of FXY(z0) and P(z0) is given by the following: 

F ( ) P( ) 
_ Max over x,y of p(x,y,z0 ) i ff p(X,Y.Zo) dxdy 

XY Zo * Zo - 1 * 
11 ff p(x,y,zo) dxdy p(x,y,z) 

(2-7) 

Simplifying, this becomes: 

F ( ) P( ) _ Max over x,y of p(x,y.zo) 
XY Zo * Zo - ----=====-~= 

p(x,y,z) 

Comparing (2-8) and (2-4) gives the following identity: 

(2-8) 

(2-9) 

This expression shows that the FQ at any point in the core can be detennined from the product of the 

planar radial peaking factor for that point in the core and the axial relative power for the corresponding 

elevation. In general, then: 

(2-10) 

This FQ synthesis expression is the basis for_F0 Surveillance. As described in Reference 2, bounding 

Fxy(z) values based on two-dimensional (2D) core models were originally used in this synthesis 

methodology for analytical estimates of transient FQ(z). With the advent of modem three-dimensional 

(3D) nodal methods, however, F:xy(z) values for the synthesis are obtained directly from 3D core models 

for analytical estimates of transient FQ(z). Transient P(z) power shapes are typically obtained from a one­

dimensional (ID) core model and synthesized with F:xy(z) values from a 3D core model to estimate 

transient FQ(z). However, it is also possible to simulate transients using the 3D core model, thereby 

obtaining transient FQ(z) estimates directly from the 3D core model. 

The improved RAOC F0 Surveillance formulation described in this report employs expression (2-10) as 

the basis for surveillance of the transient FQ(z) through the use of measured FXY(z) values and through 
analytical factors that characterize the maximum transient P(z). This will be discussed in more detail in 

Sections 3 and 4. 
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Most Westinghouse NSSS plants do not employ continuous monitoring of the 3D core power distribution. 

Instead, as required by the Technical Specifications, periodic surveillances are performed ( usually every 

31 EFPD). For the surveillance, a flux map or a calibrated core model is used to ineasure the core power 
distribution. The core is generally operating at or near steady-state conditions at this time. As such, the 

surveillance axial power shape will not reflect the limiting axial power shapes that could occur during 

non-equilibrium operation, e.g., during load follow. In other words, the P(z) component of the measured 

FQ(z) will reflect the steady-state condition of the measurement, not the limiting transient axial power 

shapes that are theoretically possible during non-equilibrium operation within the allowed operating 

space. 

As described in Reference 5, pre-calculated analytical factors are used to account for the effects of 

transient axial power shapes. These factors, called W(z) factors, quantify the increase in the steady-state 

surveillance FQ(z) due to non-equilibriun1 operation. As such, they include the increased peaking factor 

effects of the transient axial power shapes, i.e., the transient P(z). The W(z) factors also account for 

changes in the FXY(z) component ofFQ(z) due to non-equilibrium operation, e.g., increases in FXY(z) 

caused by control rod insertion or operation at part power. In general, however, transient Fxy(z) has only a 

small effect on the transient FQ(z). Transient P(z) is the FQ component that drives FQ(z) to limiting values. 

As will become clear in Section 3, [ 

]"·
0 This is tantamount to normalizing the predicted FXY(z}values to the measured FXY(z). 

The present FQ Surveillance fonnulation does this indirectly through the product of the W(z) factors and 

the measured steady-state FQ(z). As will be discussed in Section 3, this method introduces a sensitivity to 

differences between the measured and predicted axial power shape that can distort the surveillance. 

[ 

For CAOC plants, the situation is slightly different. For CAOC plants, the current FQ Surveillance 

formulation works reasonably well and is not sensitive to the differences between measured and predicted 

steady-state power shapes. [ 

These differences in the efficacy of the current FQ Surveillance fonnulation for RAOC and CAOC 

operation are due to fundamental differences in the axial flux difference limits for these two operating 

strategies. The following describes these differences . 
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Axial Offset and Axial Flux Difference 

AO and AFD are quantities used to characterize and control the core average axial power shape, P(z). The 
AO is defined as follows: 

where: 

AO= PT-PB 
PT+PB 

(2-11) 

PT is the total power produced in the top half of the core and PB is the total power produced in the 
bottom half of the core. 

AO, therefore, is a measure of the skewness of the axial power shape. Top-peaked shapes will have large 
positive AO values. Bottom-peaked shapes will have large negative AO values. Highly skewed power 
shapes tend to have large P(z) values. This translates into large FQ values. Such shapes may be limiting 
with respect to margin if they occur at high power levels. 

AO is normally given in terms of percent oft~e total power, PTOT, i.e.: 

AO(%) = PT-PB* 100% = PT-PB* 100% 
. PT+PB PTOT 

(2-12) 

Axial flux difference (which is sometimes referred to as Delta-I (Lil), Delta-flux, or simply flux 
difference) is related to axial offset and is the axial power distribution parameter continuously monitored 
at the plant. It is also used as an input to the core protection system. Limits on the axial flux difference are 
provided in the Technical Specifications to ensure that axial power shapes are maintained within the range 
considered in the core safety analyses. 

AFD is defined as the difference between the power in the top of the core and the power in the bottom of 
the core as a percent of PRTP, the Rated Thermal Power. Therefore, 

Ifwe define the core relative power as 

AFD =PT-PB* 100% 
PRTP 

p _ PTOT 
rel - PRTP 

then, from (2-12) and (2-13), AFD and AO are related by the following expression: 

AFD =AO* Pret 

CAOC and RAOC strategies will now be briefly discussed. 
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• CAOC Operation 

• 

• 

The current CAOC AFD Technical Specification (see TS 3.2.3A, "AXIAL FLUX DIFFERENCE (AFD) 

(Constant Axial Offset Control (CAOC) Methodology)" of Reference I) limits the range of possible 

non-equilibrium axial power shapes by constraining the AFD to a tolerance band about the natural target 

AFD. The natural target AFD is periodically updated and measured at equilibrium xenon, HFP conditions 
and with the lead control bank at its normal position (only slightly inserted into the core). This measured 

target AFD will vary with cycle burnup and may be slightly different than the predicted target. 

Figure 2-1 shows a typical target AFD band. Below 90% RTP, the AFD is permitted to be outside of the 

target band, but only for a limited period of time. At all times, the AFD must be within the acceptable 

operation limits defined in the figure. The CAOC AFD Technical Specification requires accumulation of 

penalty deviation minutes when AFD is outside of its target band but within the acceptable operation 

limits. If greater than one hour of penalty deviation minutes is accumulated, a power reduction to below 

50% is required. 

In Figure 2-1, the example target AFD is a linear function from -3% at full power to 0% at zero power. 

For this example, then: 

From expression (2-15) we have 

Inserting (2-16) into (2-17) gives: 

Target AFD(o/o) = -3% * Prel 

AO= AFD 
Pret 

T t Ao (OJI.) Target AFD(%) -3%*Prel 3011. t t 
arge 70 = = = - 70 = cons an 

Prel Pre! 

(2-16) 

(2-17) 

(2-18) 

Consequently, the target AFD, which is a linear function of power level, represents a line of constant axial 

offset. Operation at or near this target line ( e.g., within the tolerance band) will limit the range of axial 

power shapes and axial xenon shapes that are produced during non-equilibrium operation. In tum, this 

will limit transient FQ(z). In the FQ(z) synthesis expression (2-10), the FXY(z) component is largely 

determined by the core loading pattern; the operator has little control over its value. By contrast, during 

non-equilibrium operation, the P(z) component of expression (2-10) is greatly influenced by how the core 

is controlled. The essential purpose of CAOC operation is to maintain tight control on P(z) so as to limit 

the large axial power peaking that can result from extreme swings in the axial power shape and axial 

xenon shape. In the CAOC analysis methodology (References 2, 3, and 4), load follow simulations are 

performed in which the AFD is constrained to the narrow band about the AFD target. The simulations 

serve to generate non-equilibrium xenon shapes and rodded power shapes consistent with standard load 

follow maneuvers. The objective of the analysis is to confirm that operation within the CAOC AFD band 

operating space will not result in transient FQ(z) values that exceed the limit. 
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An important aspect of CAOC power distribution control is that the maximum deviation of the AFD • 

relative to the target is fixed by the AFD tolerance band. Regardless of whether the target AFD is 0%, 

+3%, or -3%, the deviation relative to the target is the same. This fact has implications for the 
mathematics of the CAOC FQ Surveillance formulation, which captures the peaking factor effects of this 

allowed deviation through the W(z) factor. Additional discussion of this will be provided in Section 3. 

RAOC Operation 

AFD control in RAOC operation is not limited to a narrow band about a target AFD value. Instead, the 

AFD envelope is fixed and significantly larger than for a typical CAOC AFD operating band. Figure 2-2 

shows a representative RAOC AFD envelope. For comparison, superimposed on this figure is the ±5% 

CAOC AFD band from Figure 2-1. 

In RAOC; operation anywhere within the allowed envelope is acceptable. Furthermore, there are no 

AFD limits below 50% RIP. As part of the reload safety evaluation that is routinely perfonned for each 

operating cycle, the AFD envelope is analyzed using the methodology of Reference 5. Briefly, this 

methodology entails generating a xenon shape library through load swing calculations. Next, normal 

operation power shapes are generated for combinations of xenon shape, control rod insertion, and core 

power level. The intent is to populate the AFD operating space with a robust set of power shapes and 

confirm that power shapes within the allowed AFD operating space will have acceptable FQ(z) values. 

The AFD envelope is adjusted, as necessary, until all the power shapes within the AFD envelope are 

acceptable. 

Unlike during CAOC operation, the AFD envelope is fixed during RAOC operation and does not move 

relative to the natural axial offset of the core. [ 

r Mathematical aspects of this sensitivity will be discussed in Section 3. 

Periodic surveillances are performed during operation to demonstrate that the limits on the transient FQ(z) 

• 

will continue to be met given the actual steady-state core radial peaking factors that are present in the • 
core. [ ]"-c 
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For Westinghouse NSSS plants, the FQ limit, which is generally set by the LOCA analysis, is a function of 
both power level and elevation. The FQ limit is typically provided in the COLR. Figure 2-3 illustrates a 
typical limit. 

The elevation dependence of the FQ limit is characterized by the K(z) function. The K(z) function is the 
normalized FQ(z) limit and has a maximum value of 1.0. Figure 2-3 shows a typical K(z) function. With 
respect to power level, the FQ limit is inversely proportional to power between 50% and 100% RTP. At or 
below 50% RTP, the limit is a constant function of power. Typical limits for FQ(z) are: 

FQ(z) s CFQ * K(z) for Prel > 0.5 
Pret 

(2-19) 

CFQ 
FQ(z) S-*K(z) forPrel S 0.5 

0.5 
(2-20) 

where: 

Pre! is the fraction of RTP and CFQ is the FQ(z) limit magnitude at HFP. 

A typical value for CFQ is 2.50. As previously stated, this value is set by the LOCA analysis. Figure 2-3 
gives a representative HFP FQ(z) limit assuming CFQ equals 2.50. 

The above two expressions can be rearranged slightly as follows: 

FQ(z) * Prel S CFQ * K(z) for Prel > 0.5 

FQ(z) * 0.5 s CFQ * K(z) for Prel s 0.5 

(2-21) 

(2-22) 

The peak power density at elevation z is proportional to the term FQ(z) * Pre! in expression (2-21). The 
· constant of proportionality, PDITTP, is the core average power density at RTP. Expre~sion (2-21), therefore, 
implies that, at any elevation z, the peak power density is limited to a maximum constant value equal to 
CFQ*K(z) *PDITTP for any core power level above 50% RIP. 

For power levels of less than or equal to 50%, the power density limit is fundamentally different. 
Expression (2-22) says that, for the purpose of limit confirmation, the core is assumed to be at 50% RTP 
regardless of the actual core power level. Thus, there is no power density benefit associated with reduced 
power operation below 50% RTP. Whether the core is at 50% RIP or 5% RTP, the FQ limit is the same, 
and the effective power density limit decreases with power level. 
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This dichotomy in the limits above and below 50% RTP is obviously counterintuitive. Operation at a • 
lower power level should be a benefit, all else being equal, with a higher allowed limit on FQ. At 0% RTP, 
for example, the FQ of the core should be irrelevant. It would be reasonable to expect limit expression 
(2-21) to apply at all power levels, not just above 50% RTP. Limit expression (2-21) essentially represents 
a constant limit on power density at elevation z. The power density limit is simply CFQ*K(z)*P~TP-
Combustion Engineering NSSS plants, in fact, employ just this kind of limit at all power levels. 

The reasons why Westinghouse NSSS plants do not employ this kind of limit are historical. Reference 2, 
for example, states that FQ(z) is "arbitrarily limited" for~ 50% RTP. If this arbitrary limit had not been 
introduced, the FQ limit at very low powers would have approached infinity. While there are technical 
reasons why this is appropriate, the i;:,riginators of this limit instead chose to limit the allowable FQ at low 
powers to a very high value (twice the full power value) that would likely never be exceeded. In this 
report, the current FQ limit power dependence will be retained. This power dependence, however, does 
have implications for both the current and improved FQ Surveillance formulations for part-power 
surveillances (when Pre!< 1.0). This will be discussed further in Sections 3 and 4. 

When CAOC and RAOC power shape evaluations are performed to confirm that the core will meet the FQ 
limit during non-equilibrium operation, individual power shapes generated using the CAOC or RAOC 
methodologies are compared to the limit. If necessary, the AFD operating space can be modified to ensure 
that limits will be met. The power shape checks performed are given by the following expressions, which 
are modifications of expressions (2-21) and (2-22): 

Max over i [FQ(z) * Predi::;; CFQ * K(z) for Prel > 0.5 (2-23) 

Max over i [FQ(z) * O.SL:::;; CFQ * K(z) forPrel::;; 0.5 (2-24) 

where: 

the bracketed tennis the FQ (z) * Prez for a given power shape i, including appropriate 

uncertainties. 
I 

In the current FQ Surveillance Technical Specifications, it is necessary to meet the FQ(z) limit at both the 
surveillance condition (steady-state) and considering future non-equilibrium operation (transient). In both 
the current and improved FQ Surveillance Technical Specifications, the steady-state FQ(z) with 
uncertainties is called FQ c(z) while the transient FQ(z) is called FQ w(z). FQ c(z), therefore, is the FQ(z) at 
the surveillance condition, i.e., the actual FQ(z) for the core state at the time of the surveillance. FQ w(z) is 
the maximum postulated transient FQ(z) that could potentially occur in the future during aggressive 
non-equilibrium operation. FQ w(z), therefore, quantifies the maximum expected F0(z) for a future 
hypothetical core state. Since future operation may occur anywhere within the allowed operating space 
(i.e., at any permitted power level, AFD, or control rod position within the insertion limits), the 
assessment of FQ w(z) must account for a range of possible future core states. In the current FQ 
Surveillance formulation, this is accomplished through the W(z) factor. In the improved F0 Surveillance 
formulation for RAOC plants, this will be accomplished through a related factor called T(z). 
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3 CURRENT FQ SURVEILLANCE FORMULATION AND 
TECHNICAL SPECIFICATIONS 

3-1 

In this section, the current RAOC and CAOC FQ Surveillance Technical Specifications will be discussed 
and specific areas for improvement will be identified. 

3.1 FQ SURVEILLANCE MATHEMATICAL FORMULATION 

Before describing the mathematical formulation for the improved FQ Surveillance Technical Specification 
for RAOC plants, it is useful to review the mathematical formulation for the current FQ Surveillance 
formulation as it is applied to both CAOC and RAOC plants. An objective of this discussion is to 
highlight areas where the current formulation requires improvement. 

The power shape analysis methodologies of References 2, 3, and 4 for CAOC and Reference 5 for 
RAOC specify the normal operation power shapes analyses that are performed to analytically confum that 
the core will meet the FQ(z) limits during non-equilibrium operation within the allowed operating space. 
For a given core design, these analyses result in thousands of individual power shapes representing a wide 
range of core power levels, xenon shapes, and control rod positions for various operating cycle average 
burnups. As discussed in the previous section, each individual power shape is evaluated relative to the 
limit. For any particular evaluated cycle burnup, there will be one power shape that results in the 
maximum power density (i.e., the maximum FQ(z)*Pre1 value) at a given elevation z. That limiting shape 
determines the minimum margin to the limit for that cycle burnup and for that elevation. The minimum 
margin must be positive, i.e., the maximum FQ(z)*Pre1 must be less than the limit. Symbolically, this 
power shape evaluation can be expressed as modifications of the FQ limit expressions (2-21) and (2-22) as 
follows: 

for Prel > 0.5 (3-1) 

CFQ * K(z) ~ Max over i [FJr(z) * 0.5). 
l 

for Prel s; 0.5 (3-2) 

These are just slight rearrangements of expression (2-23) and (2-24). ln these expressions, FQTr(z) is the 
FQ(z) for a particular transient power shape i determined using an approved core model and the CAOC or 
RAOC methods. [ 

re The variable P rel in these expressions is the core relative power for power shape 
i. If Pre1 is greater than 0.5 (i.e.,> 50% RTP), then expression (3-1) is employed. Otherwise, expression 
(3-2) must be used. Expression (3-1) is convenient for comparing limiting shapes (which always occur at 
high power levels) because each shape is essentially characterized by FQTr(z)*Pre1, which is proportional to 
the maximum power density of the shape at elevation z, and is compared to the same limit, CFQ * K(z). 
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• In the remaining portion of this description, we will work solely with (3-1). It should be understood that 
when an analytical power shape has Pre! less than 0.5, Pre! for the shape should be set to 0.5. Such shapes, 
however, are never limiting. [ 

• 

• 

Expression (3-1) expresses a desired analytical result. A key purpose of the F Q Surveillance Technical 
Specification is to confirm this result, via measurement, for future non-equilibrium operation given the 
actual measured core peaking factors at the surveillance condition. [ 

[ (3-3) 

Expression (3-3) can be rearranged to group the analytical terms together as follows: 

[ (3-4) 

It is necessary to increase the right-hand side (RHS) of the above expression by an uncertainty term of 
that accounts for manufacturing and measurement uncertainties. Typically, this uncertainty factor is 
1.0815 when standard moveable detector flux map measurement methods are employed. Plants 
employing on-line power distribution monitoring systems may use a slightly different value (see WCAP-
12472-P-A (Proprietary) and WCAP-12473-A (Non-Proprietary), "BEACON: Core Monitoring and 
Operations Support System" [Reference 12]). In either case, the uncertainty factor will be designated as 
Up. With the inclusion of this term, expression (3-4) becomes: 

[ 
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As expression (2-19) indicates, the FQ(z) limit is an inverse function of power. If the surveillance relative • 
power is something other than 1.0, the limit is increased by the factor 1/Prel· To put the left-hand side 
(LHS) of (3-5) in the form of the power dependent FQ(z) limit that is used in the current FQ Technical 
Specification, both sides of expression (3-5) must be divided' by the surveillance relative power, as shown: 

[ (3-6) 

Now the LHS of this expression is consistent with the functional form of the FQ(z) limit for core relative 
powers greater than 0.5. 

Expression (3-6) is the fundamental transient FQ Surveillance expression used in CAOC and 
RAOC plants. It should be noted that the Pre! terms in the ratio on the RHS of the expression are different. 
In the numerator, P refers to the relative powers of the analytical power shapes generated in the power 
shape analyses. [ 

]a,c In the denominator, Prel refers to the steady-state (SS) surveillance relative power 
level at the time of the measurement and corresponds to the relative power term in the FQ limit 
expression. Division by P;;i is only necessary because of the functional form of the limit. If the Technical 
Specification were structured to have two limits-one for FQ c(z), the steady-state peaking factor, and 
another for FQ w (z), the transient peaking factor-inclusion of the 1/ P;;1 factor in (3-6) would be 
unnecessary. The limit for FQw(z) could simply be CFQ*K(z). Alternatively, a single limit could be 
established for both steady-state and transient operation. Instead of specifying a limit on measured FQ(z), 
however, the single limit could be based on measured FQ(z)*PreI or on measured absolute power density • 
(as in the Combustion Engineering NSSS plants). 

The RHS of expression (3-6) is FQ w(z), the postulated maximum transient FQ(z) for non-equilibrium 
operation. Therefore: 

[ 
The ratio in the RHS of expression (3-7) is the analytical factor W (z). Consequently, 

Ff{ (z) = W(z) * [FQ (z) (urv * U F 

where: 

[ 
The steady-state surveillance FQ(z) including uncertainty is defined as FQ c(z), i.e.,: 
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• From expressions (3-6), (3-9), and (3-10) then: 

• 

• 

Fl{(z) = W(z) * F8(z) ::; c~~ * K(z) 
Pre! 

(3-11) 

When Preiss is 0.5 or less, the following ~xpressions apply: 

[ (3-12) 

(3-13) 

Together, expressions (3-9) through (3-13) compose the basic FQ Surveillance mathematical formulation 

for both RAOC and CAOC plants for all surveillance power levels. The W(z) factor quantifies the 

postulated increase in power density due to non-equilibrium operation relative to the surveillance core 

state; it essentially scales the measured steady-state FQ(z) by the maximum postulated increase in 

F Q (z) *P rel relative to the equilibrium value. Recall that the P;;1 term in the expression for W (z) serves 

only to normalize the result to the applicable FQ(z) limit at the surveillance power level. (Since this term 

appears on both sides of the inequality in (3-11). it could be canceled out with no mathematical 

consequence. The same, of course, is true for the 0.5 factor in expression (3-13)). 

Determination of the W(z) factors using expression (3-9) is reasonably straightforward. To generate them, 

however, it is necessary to make a key assumption, i.e., some reference surveillance condition must be 
assumed. [ 

Typically, the surveillance condition assumed in calculating the W(z) factors for the COLR is HFP, all 

rods out (ARO), and equilibrium xenon (EQXE). Effectively, this is the "reference core condition" for the 

W(z) factors. When this reference condition is assumed, the COLR W(z) values are given by the 

following: · 

[ r (3-14) 

where: 

[FQ (z) ]:et is the predicted steady-state FQ(z) at the reference core condition, typically HFP, 

ARO, EQXE. 

When the COLR W(z) values are employed for a given surveillance, they are divided by the surveillance 

power level or 0.5 to ensure consistency with the FQ limit at that power level. That is: 
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[W(z)]COLR 
W(z) = ss for P;;1 > 0.5 

Prel 
(3-15) 

[W(z)]COLR 
W(z) = for P;;1 ::; 0.5 

0.5 
(3-16) 

Strictly speaking, the above expressions are only true when the predicted Fq(z) at the true surveillance 
condition and the predicted Fq(z) at the reference condition assumed for [W(z)]COLR are the same, 

i.e., when [FQ(z)]P in (3-9) is equal to [FQ(z)]P in (3-14). Generally, use ofHFP, ARO, EQXE as 
Surv Ref 

the reference core condition is _a good assumption since the vast majority of surveillances are performed at 
or very near this core state. However, during the startup of a new operating cycle, surveillances are 

frequently performed at power levels as low as -30% RTP. Also, it occasionally becomes necessary to 
perform a mid-cycle part-power surveillance. 

Suppose that a beginning oflife (BOL) surveillance is performed at 30% RTP, but the reference condition 

assumed in generating the W(z) factors for the COLR was HFP, ARO, EQXE It is trivial to adjust the 
W(z) factors to account for the core relative power difference. This is simply a matter of dividing the HFP 

W(z) factors in the COLR by the surveillance relative power if Prei" > 0.5 or by 0.5 if Prei5" ~ 0.5. As 
mentioned above, this factor only serves to scale W(z) and Fq w(z) for consistency with the Fq limit at the 

part power condition. It is not as trivial, however, to account for differences between [FQ (z)]:urv and 

[F Q(z) l:ef unless the surveillance core state is known in advance. [ 

To better understand the nature of these inaccuracies and their implications for RAOC and CAOC plants, 
it is useful to expand the Fq(z) tenns in expression (3-6) using the Fq synthesis expression (2-10) as 
follows: 

[ (3-17) 

Now, suppose we consider only the limiting predicted power shape that results in the minimum margin to 
the Fq limit, which occurs at some elevation z0• Then: 

[ 
This expression can be rearranged by re-grouping terms as follows: 

[ 

WCAP-17661-NP-A 

(3-18) 

(3-19) 

February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietal}' Class 3 3-6 

In an actual surveillance, the W(z) values used will be the [W(z)]coLR values included in the COLR. 
These values assume some reference condition, usually HFP, ARO, EQXE. In this case, the [Fxv(z0 )]furv 
and [P(z0 )]furv terms in expression (3-19) will correspond to [Fxy(z0 )]ket and [P(z0 )]ket· Expression 

(3-19) then becomes: 

(3-20) 

Each of the groups of terms in expression (3-20) will now be briefly discussed. 

The LHS of this inequality is simply the FQ limit at z0 scaled by 1/P rei55
• If the surveillance power level, 

Preiss, is 1.0, then the FQ limit is simply the limit at full power. When Pris is greater than 0.5 but less than 
1.0, the limit is scaled by 1/Prei55, effectively resulting in a constant power density limit for a given 
elevation. If Preiss is less than or equal to 0.5, then Pre/5 is set to 0.5 in expression (3-20), effectively 
increasing the FQ limit by a factor of 2 for relative powers less than or equal to 0.5. 

The first bracketed expression on the RHS of expression (3-20) is the analytically determined transient 
FQ*Power value at the limiting axial location and for the limiting RAOC/CAOC power shape, i.e., the 
power shape that produced the minimum margin to the limit. Because the FQ limit increases dramatically 
with reduced core power level, the limiting margin power shape is virtually always a power shape 
occurring at HFP, i.e., a power shape where Pre! is 1.0. 

The next term on the RHS of expression (3-20) is the reciprocal of the surveillance relative power level. 
When the surveillance relative power is less than or equal to 0.5, then this ratio is equal to 1/0.5 or 2. 
Otherwise, it is equal to 1/P rei55- As discussed earlier, this term simply scales the transient F Q *Power value 
to be consistent with the FQ limit at the surveillance power level. This term could be cancelled from both 
sides of the expression with no mathematical consequence, i.e., no change in the transient FQ margin 
assessment. 

]a.c 

]a.c As discussed earlier, 

radial peaking factors are largely determined by the core loading pattern. While radial peaking factors are 
not highly sensitive to power level, there is, however, some power level dependence through changes in 
local Doppler and moderator reactivity feedback with core power. Also, changes in equilibrium xenon 
number densities with power level can influence radial peaking factors. These feedback effects tend to 
flatten the radial power distribution at high core power levels since high power core locations will 
experience larger negative reactivity feedback than lower power locations. When reactor power is 
decreased, the opposite trend occurs, i.e., slightly larger radial peaking factors can result. Tables 3-1 
and 3-2 illustrate this sensitivity. 
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The deepest rod insertion for a surveillance typically occurs during the first flux map following a 
refueling. The primary purpose of this flux map is to confirm that the core is loaded properly. This 
measurement is typically performed between 25% and 50% RTP. Because of the low power level, the 
lead control bank is usually inserted to maintain the AFD near the expected natural target value. 
Consequently, both rodded operation and part power operation can affect the measured radial peaking 
factors and the FQ margin assessment for this measurement. Table 3-4 compares the FXY(z) values used as 
the basis for generating COLR W(z) values at BOL, HFP with the expected Fxy(z) values for an initial 
flux map following a refueling. The core state for the flux map was 26.4% RTP with D-Bank at 176 steps 
withdrawn (i.e., inserted about 2.5 ft into the top of the active core). The increases in the Fxy values due 
to the reduced power core condition and control rod insertion are clearly evident. [ 

It is important to note that the transient radial peaking factor effects caused by rodded operation and part 
power operation are analytically accounted for in the RAOC and CAOC power shape analyses. For a 
given power shape, the FJ} (z) term in (3-17) accounts for the increases in Fxy that occur because of 
transient operation at reduced power or control rod insertion. Usually, however, FQ margin is limiting for 
full power shapes. Also, while rodded power shapes may be limiting in the power shape analysis, it is the 
unrodded radial planes of those power shapes that are limiting with respect to FQ margin. 

The preceding discussion detailed the radial peaking factor sensitivity of the transient FQ margin 
assessment caused by the disparity between the actual surveillance condition and the reference condition 
assumed in generating the COLR W(z) factors. [ 

ia·c This is the 

ratio of the measured and predicted core average axial power shapes. The measured axial power shape in 
this ratio is simply the core average measured axial shape determined during the surveillance. The 
predicted axial power shape is the core average power shape for the reference surveillance condition 
assumed in the generation of the COLR W(z) factors . 
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Ideally, this ratio is equal to 1.0, i.e., the measured and predicted axial power shapes at the surveillance • 
condition exactly agree. Just as there can be radial tilts, however, there can be axial tilts such that the 
measured and predicted power shapes may not exactly agree. Such a difference can be characterized by 
the AO difference between the axial shapes, commonly called the Delta-AO (~AO). ~AO is defined as 
the measured minus predicted axial offset. [ 

]a.c 

For CAOC cores, this deviation is not problematic with respect to the accuracy of the surveillance. In fact, 
it is necessary to capture this effect in the FQ Surveillance formulation for CAOC. The current 
formulation does this reasonably well. As discussed in Section 2, the permitted AFD variation about the 
target AFD is fixed in CAOC operation. Thus, the AFD may be permitted to vary, for example, 
±5% relative to the target. [ 

This is illustrated in Figure 3-1. Figure 3-1 shows two baseload (BL) FQ(z) shapes which differ due to an 
imposed MO. The first shape, labeled BLl, is the FQ(z) shape corresponding to an axial offset of +0.5%, 

· a reasonably typical value for BOL. For discussion purposes, this will be assumed to be the predicted 
steady-state FQ(z). The second shape, labeled BL2, is the FQ(z) shape corresponding to an axial offset of -
2.5%, a ~AO of -3% relative to BLl. For discussion purposes, this will be assumed to be the measured 
steady-state FQ(z). This shape was generated by slightly modifying the axial burnup distribution of the 
core model used to generate shape BLl. Transient F Q (z) shapes were then created from each of these 
baseload shapes by imposing "transient" axial xenon shapes to skew the AO of each power shape -5% 
more negative. This 5% AO difference corresponds to a maximum negative AFD deviation permitted at 
HFP for a CAOC AFD band of ±5%. These shapes are labeled CAOCl and CAOC2 in Figure 3-1. 
CAOCl, therefore, is the predicted transient shape while CAOC2 would be the expected measured 
transient shape. 

Figure 3-1 clearly shows that, as expected, the maximum FQ(z) values for the transient shapes .are 
different. The maximum FQ value for CAOC2 is larger than for CAOCl. This is simply because each 
transient shape was skewed 5% more negative than its corresponding baseload shape, but BL2 was 
already skewed 3% more negative than BLl. Consequently, CAOC2 is more skewed than CAOCl and 
has a correspondingly larger maximum FQ. [ 

Figure 3-2 plots these ratios. 

WCAP-17661-NP-A 

]a.c 

February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 3-10 

]a,c 

The situation is very different for RAOC plants. To illustrate this, a similar power shape exercise was 
performed except that AFD assumptions appropriate for RAOC were employed. Figure 3-3 shows the 
same two baseload shapes as in Figure 3-1. Figure 3-3 also shows two RAOC transient FQ(z) shapes 
labeled RAOCl and RAOC2. For RAOCl, the BLl shape was skewed to a HFPAFD limit of-15% using 
a transient xenon distribution~ Similarly, the BL2 shape was skewed to the same -15% AFD limit to 
generate RAOC2. This is appropriate since, for RAOC, the AFD operating space is fixed and is not a 
function of the natural targetAFD. The -15% AFD value at HFP represents the most negative AFD value 
permitted at HFP irrespective of the AFD of the baseload shape. 

]a,c 

To further illustrate this point, Figure 3-4 compares rigorously calculated worst case transient axial power 
shape results for a RAOC plant with a fixed AFD band of -15% to + 10% at HFP using models which 
simulate effects producing strongly skewed steady state axial power distributions. [ 

]a,c 

From this discussion, we can conclude the following with r~spect to the sensitivity of the FQ Surveillance 
formulation to differences between the measured and predicted surveillance power shapes: 

works reasonably well. 
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]a.c The improved FQ Surveillance 
formulation for RAOC plants is discussed in Section 4. 

3.2 CURRENT HEAT FLUX HOT CHANNEL FACTOR TECHNICAL 
SPECIFICATIONS FOR RAOC AND CAOC PLANTS 

The above discussion details the current FQ Surveillance mathematical formulation and its issues, 
especially with respect to RAOC plants. In the remainder of Section 3, the current RAOC and CAOC 
Heat Flux Hot Channel Factor Technical Specifications will be discussed and areas for improvement will 
be identified. 

3.2.1 Limiting Condition for Operation 

The Limiting Condition for Operation (LCO) for both the RAOC and CAOC versions of the TS is the 
same and specifies that F Q(z), as approximated by F Q c (z) and F Q w (z), shall be within the limits specified 
in the COLR. As discussed in Section 3.1, FQc(z) is the equilibrium FQ(z) at the surveillance condition, 
while F Q w (z) is the transient F Q (z) for future non-equilibrium operation within the allowed operating 
space. FQc(z) and FQw(z) are compared to the same limit, which is a function of power level and is 
specified in the COLR. This LCO is unchanged in the improved versions of the FQ Technical 
Specifications. 

3.2.2 Required Actions for Condition A: FQ c(z) not within Limit 

When FQc(z) exceeds the limit, the core is in an unanalyzed state following the performance of 
Surveillance Requirement (SR) 3.2.1.1 in that the current peak power density in the core is greater than 
the maximum value assumed in the safety analyses. Both the CAOC and RAOC versions of the TS have 
the same Required Actions and Completion Times for Condition A, "F Q c (z) not within limit." When 
FQ c(z) is not within its limit, it is required to: (1) Reduce thermal power 2".. l % RTP within 15 minutes for 
each 1 % FQc(z) exceeds the limit (Required Action Al), (2) Reduce the Power Range Neutron Flux -
High trip setpoint by 2'.: 1 % within 72 hours for each 1 % FQ c(z) exceeds the limit (Required Action A2), 
(3) Reduce the Overpower L\T trip setpoints by 2".. 1 % within 72 hours for each 1 % FQc(z) exceeds the 
limit (Required Action A3), and (4) Perform surveillances on FQ c(z) and FQ w (z) prior to increasing the 
thermal power above the limit of the Required Action Al (Required Action A.4). 
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In principle, these actions remain appropriate and will be retained in the improved FQ Technical 
Specifications. However, the wording in Required Actions A3 and A.4 which specifies the magnitude of 
the setpoint reductions will be modified to account for the possibility that the limit for F Q c (z ) is exceeded 
during a part-power surveillance. When the limit for FQ c(z) is exceeded, thermal power will be limited to 
less than the surveillance power level by Required Action A 1. The corresponding setpoint reductions 
should therefore reflect this new thermal power limit. These Required Actions will state that the setpoints 
must be reduced by ~ 1 % for each 1 % that the thermal power is limited below the RTP by Required 
Action Al. For example, if the surveillance thermal power is 75% and FQc(z) exceeds its limit by 1 %, 
thermal power will be limited to ::; 7 4 % RTP. Consequently, the new wording will require setpoint 
reductions of~ 26% since this is the amount by which the thermal power is limited below the RTP. The 
current Required Action wording would only require a setpoint reduction of~ 1 %. Strictly speaking, the 
current wording is only appropriate if the surveillance'is performed at full power. 

Two points, however, are worth noting on this. First, the likelihood of FQ c(z) ever exceeding its limit is 
extremely small, especially at reduced power levels. Typically, steady-state peak FQ values are 20% to 
40% less than the limit. As such, a massive core anomaly would be required for the limit to be exceeded. 
Such a core anomaly would almost certainly be due to a fuel misload and would in all likelihood be 
detected during the first power distribution measurement following a refueling, the primary purpose of 
which is to confirm that the core is loaded properly. Continued operation at elevated power levels in the 
presence of such an enormous anomaly would need to be evaluated. 

The second point is that, if F Q c(z) exceeds its limit, then FQ w (z) will exceed its limit by an even greater 
amount since FQw(z)=W(z)*FQc(z) and W(z) is always greater than 1.0 (sometimes much larger than 1.0) 
for the surveilled portion of the core. As such, the Required Actions when Condition A is entered may 
actually be less limiting than the Required Actions for Condition B, "FQ w (z) not within limits." 

3.2.3 Required Actions for Condition B: F Q w (z) not within Limit 

The Required Actions for Condition B are different for RAOC and CAOC. Both will be revised in the 
improved FQ Technical Specifications. 

Current Condition B Required Actions for CAOC 

For CAOC, the current Required Actions for Condition B are the same as for Condition A except that the 
basis for the reduction in the thermal power and the trip setpoints is the magnitude by which FQ w (z) 
exceeds its limit instead of the magnitude by which FQ c(z) exceeds its limit. 

When FQw(z) exceeds the limit and FQc(z) does not, the actual peak power density in the core following 
performance of the Surveillance (SR 3.2.1.2) still meets the FQ(z) limit; however, future non-equilibrium 
operation (e.g., load follow) could potentially produce power shapes that exceed the FQ(z) limit. From 
Reference 1, Required Action B.1 states the following: "Reduce THERNIAL POWER~ 1 % RTP for each 
1 % FQ w (z) exceeds limit." This Required Action is actually overly restrictive. For example, suppose a 
surveillance performed at 30% RTP following a refueling indicates that FQ w (z) could exceed its limit by 
1 % for future non-equilibrium operation. Required Action B.1 would require a reduction in the current 
thermal power from 30% RTP to::; 29% RTP. The problem with this is that 30% RTP is a non-limiting 
power level. For CAOC (and typically for RAOC as well), the full power transient power shapes are 
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limiting and determine the W(z) values and the limiting FQw(z) margin values. Amore appropriate • 
Required Action would be to limit thermal power to:::: 99% RTP, i.e., reduce the maximum allowable 
power level by 2: 1 % RTP for each 1 % that FQ w (z) exceeds its limit. 

The improved CAOC FQ Technical Specification will be discussed in more detail in a later section. 
Briefly, this action is replaced by a new Required Action B.1 that requires implementation of a new 
CAOC operating space, specified in the COLR, which restores FQ w (z) to within its limits. A CAOC 
operating space is a unique combination of CAOC AFD band limits and control bank insertion limits. A 
more restrictive CAOC operating space limits the range of possible non-equilibrium power shapes more 
than the current CAOC operating space through a smaller AFD band and/or shallower control bank 
insertion limits. The smaller CAOC operating space results in more transient FQ margin. The margin 
difference between two CAOC operating spaces at a gfven core elevation is characterized by the ratio of 
their respective W (z) functions at that elevation. If, for example, F Q w (z) exceeds its limit by 1 % at an 
elevation of 5 feet for the current CAOC operating space, a CAOC operating space included in the COLR 
with a W(z) value at 5 feet that is at least 1 % less than the W(z) for the current operating space would 
provide the required margin to demonstrate that the LCO is met. Alternatively, instead of implementing a 
more restrictive CAOC operating space, thermal power may be limited to some maximum value as 
specified in the COLR. 

Current Condition B Required Actions for RAOC 

For RAOC, current Required Action B.1 requires the following action within 4 hours when FQw(z) is not 
within its limits: "ReduceAFD limits 2: 1% for each 1% FQw(z) exceeds limit." Therefore, when the FQ 
limit is exceeded, the AFD operating space is made more restrictive on both the positive and negative 
sides to limit the range of non-equilibrium power shapes that can occur during future operation. If the · 
reduction in the AFD envelope is large enough such that operation at Rated Thermal Power is not 
possible, then the maximum allowable power level must be reduced. In this case, current Required 
Actions B.2 and B.3 require corresponding reductions in the Power Range Neutron Flux-High and 
Overpower LiT trip setpoints within 72 hours, and Required Action B.4 requires the performance of 
SR 3.2.1.1 and SR 3.2.1.2 prior to increasing thermal power above the maximum allowable power of the 
AFD limits. 

While reductions in the AFD envelope will usually reduce the expected maximum values of FQw(z), the 
magnitude of this benefit is very dependent on the axial location of the minimum F Q w (z) margin. The 
presumption is that, if W(z) values were available for the reduced AFD envelope, a surveillance using 
those W (z) factors would demonstrate that the LCO would be met. [ 

Figure 3-6 illustrates this problem. This figure shows the ratio of RAOC W(z) values at a cycle bumup of 

• 

4000 MWD/MTU generated for two differentAFD operating spaces, one with a (-15%, +10%) range at • 
HFP and the other with a (-10%, +5%) range at HFP (see Figure 6-1 for the AFD operating spaces 
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assumed). The second AFD operating space represents, therefore, a 5% AFD reduction relative to the 
first. This is the kind of reduction that Required Action B.1 would specify if the FQ limit were exceeded 
by5%. [ 

The improved FQ Technical Specification will specify Required Actions for RAOC operation that will be 
sufficient to ensure that peak power densities will remain within the bounds of the safety analysis 
assumptions in the unlikely event that F Q w (z) exceeds the limit. Pre-analyzed RAOC operating spaces, 
representing different levels of transient FQ margin, will be included in the COLR and characterized by 
transient factors (T(z) functions) which, in conjunction with measured radial peaking factors, may be used 
to quantify margin and ensure compliance with the LCO for future non-equilibrium operation. Analogous 
to the CAOC operating space concept described earlier, a RAOC operating space is a unique combination 
of an AFD operating space envelope and control bank insertion limits. In the unlikely event that none of 
the allowed RAOC operating spaces included in the COLR provides sufficient transient FQ margin, 
maximum power level and AFD reductions will be required along"with setpoint reductions. The 
magnitude of the required reductions will be included in the COLR. This is discussed in more detail in 
Section 5.3. 

3.2.4 Current Surveillance Requirements for FQ c(z): SR 3.2.1.1 

The current Surveillance Requirements for FQ c(z) are the same for both the CAOC and RAOC versions of 
the current FQ Technical Specification. SR 3.2.1.1 requires verification that FQc(z) is within its limit. 
The current Frequencies for SR 3.2.1.1 specify that FQc(z) must be verified to be within its limit: 

a. Once after each refueling prior to THERMAL POWER exceeding 75% RTP; and 

b. Once within 12 hours after achieving equilibrium conditions after exceeding, by 
2: 10% RTP, the THERMAL POWER at which FQc(z) was last verified; and 

c. Each 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

These Frequencies would permit power escalation following a refueling to no more than 75% RTP prior 
to performance of the first verification of F Q c (z). Together, these three Frequencies are unambiguous and 
appropriately verify FQ c(z) during the initial power escalation and throughout the operating cycle. They 
will be retained in the improved FQ TS with one minor change. In the improved FQ TS, the second 
Frequency will be revised to require verification of F Q c (z) within 24 hours {instead of 12 hours) after 
achieving equilibrium conditions after exceeding, by 2: 10% Rf P, the THERMAL POWER at which 
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FQc(z) was last verified. This Frequency of 24 hours is contained in some plant Technical Specifications. • 
(for a few plants, no Frequency is specified) and is a reasonable time period in which to perform this , 
verification given the extremely small likelihood of limiting power shapes or limiting design basis events 
occurring prior to completion of the surveillance. 

SR 3.2.1.1 is modified by a note. The note also applies.to SR 3.2.1.2, which is the Surveillance 
Requirement for FQw(z). The note states the following: 

"During power escalation at the beginning of each cycle, thermal power may be increased until an 
equilibrium power level has been achieved, at which a power distribution map is obtained." 

This note has been a source of confusion and is interpreted differently by various utilities. Some interpret 
this note to mean that, if multiple flux rriaps are taken prior to achieving 75% RTP following a refueling, 
then FQ c(z) and FQ w (z) must be verified to be within limits for each flux map. Other utilities interpret the 
note and the SR to require only a single verification of FQ c(z) and FQ w (z) during the power escalation 
following a refueling, as long as that verification is obtained prior to exceeding 75% RTP. 

In the improved FQ TS, this note will simply be eliminated. As stated earlier, the surveillance Frequencies 
for FQ c(z) are unambiguous. It is sufficient to confirm FQ c(z) once prior to exceeding 75% RTP following 
a refueling. When a higher power level is achieved, e.g., 100 % RTP, the TS requires another verification 
of F Q c (z). Thus, F Q c (z) will continue to be confirmed at high power levels where margin will be at its 
minimum. In the unlikely event that the limit for FQ c(z) is exceeded, the Required Actions will specify 
compensatory power and setpoint reductions. 

3.2.5 Current Surveillance Requirements for FQw(z): SR 3.2.1.2 

The current Surveillance Requirements for F Q w (z) are the same for both the CAOC and RAOC versions 
of the current FQ Technical Specification. SR 3.2.1.2 requires verification that FQw(z) is within its limit. 
The current Frequencies for SR 3.2.1.2 specify that FQ w(z) must be verified to be within its limit: 

a. Once after each refueling prior to THERMAL POWER exceeding 75% RTP; and 

b. Once within 12 hours after achieving equilibrium conditions after exceeding, by 2: 10% 
RTP, the THERMAL POWER at which F Q w (z) was last verified; and 

c. Each 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

These are the same basic Frequencies as for F Q c (z). 

There are two areas for improvement in SR 3.2.1.2. The first area for improvement concerns the 
surveillance Frequencies. 

The intent of SR 3.2.1.2 is to confirm that the FQ limit will be met during future non-equilibrium 
operation within the allowed operating space between the time of the current surveillance and the next 
required surveillance (usually in 31 EFPD). The above Frequencies will be retained but will be slightly 
modified. 
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The first Frequency for SR 3.2.1.2 will be changed to state that FQ w (z) must be verified to be within its 
limit following each refueling within 24 hours after thermal power exceeds 75% RTP. Some plant· 
Technical Specifications have this Frequency in their TS (specifying 12 hours instead of 24 hours). This 
change is justified since core power distribution measurements taken at low powers ( <50% RTP) to 
confirm that the core is loaded properly will provide ample indication that the core is operating consistent 
with expectations. The new Frequency will ensure that verification of FQ w (z) is performed within a 
reasonable time period and prior to extended operation at power levels where the maximum permitted 
peak linear heat rate could potentially be challenged. Power levels of:::; 75% RTP are non-limiting for 
minimum transient FQ w (z) margin. Furthermore, as discussed in the previous section, surveillances at low 
power levels can be challenging with respect to obtaining an accurate transient FQ margin assessment. 
Performing this initial verification after exceeding 75% power ensures that the surveillance will be 
performed with more appropriate steady state peaking factors measured at or near the power level where 
future non-equilibrium operation could be limiting. If the surveillance indicates that future non­
equilibrium operation could challenge the limit, the Required Actions in the improved FQ TS will provide 
appropriate compensatory measures to ensure that the LCO will be met during such operation. 

The second Frequency will be modified in the same ways as SR 3.2.1.1. In the improved FQ TS, it will 
require verification of F Q w (z) within 24 hours (instead of 12 hours) after achieving equilibrium conditions 
after exceeding, by~ 10% RTP, the THERMAL POWER at which FQ w (z) was last verified. As with 
SR 3.2.1.1, this Frequency of 24 hours is contained in some plant Technical Specifications. The 
Frequency of 24 hours is a reasonable time period in which to confirm that FQ w (z) is within its limits 
given the extremely small likelihood of limiting power shapes or limiting design basis events occurring 
prior to completion of the surveillance. 

The second area for improvement of SR 3.2.1.2 concerns the note modifying SR 3.2.1.2. This note states 
the following: 

"If measurements indicate that the maximum over z [FQc(z) / K(z)] has increased since the previous 
evaluation of F Q c (z): 

a. Increase FQ w (z) by the greater of a factor of [1.02] or by an appropriate factor specified in 
the COLR and reverify F Q w (z) is within limits or 

b. Repeat SR 3.2.1.2 once per 7 EFPD until either a. above is met or two successive flux 
maps indicate that the maximum over z [FQc(z) I K(z)] has not increased." 

The intent of this note in the current F Q TS is to account for potential increases in F Q w (z) between 
surveillances. It requires application of the greater of a 1.02 factor or a factor specified in the COLR (see 
Reference 5) whenever measurements indicate that the maximum value of FQ c(z)/K(z) has increased. 
Alternatively, SR 3.2.1.2 must be repeated once per 7 EFPD until FQ w (z) is within limits with the penalty 
factor applied or two successive flux maps indicate that FQ c(z)/K(z) has not increased. 

In the improved FQ TS, this note will be eliminated, but application of a penalty factor will continue to be 
required whenever the minimum margin to the FQw(z) limit is predicted to decrease. The required penalty 
factors, referred to as Rj factors in this report, will be included in the COLR and will simply become part 
of the FQ w (z) formulation (see discussion in Section 5.5). The penalty factors will be tied to a predicted 
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decrease in the actual transient FQ margin in the upcoming time period {i.e., the next 31 EFPD) rather than • 
a measured increase in the value of F Q c (z)/K (z) over the previous time period. When margin is predicted 
to increase, the COLR will indicate an Rj factor of 1.0 {i.e., no penalty). When margin is predicted to 
decrease, the COLR will indicate an appropriate Rj factor based on predicted margin trends. 

This is more appropriate and rigorous than the current method since decreases in margin in the upcoming 
time period are the relevant concern. The basis for the current SR is that past measurement trends of 
FQc(z)/K(z) can be used to determine whether or not the transient FQ margin will decrease in the future 
and, therefore, whether or not a penalty factor is needed. Past measurement trends of FQ c(z)/K(z), 
however, may or may not be indicative of future margin trends. Though not likely, it is conceivable for 
the maximum value of FQ c(z)/K(z) to be decreasing while margin is also decreasing since margin depends 
not only on the maximum value of FQ c(z)/K(z), which characterizes steady state peaking factors, but also 
on the range of possible non-equilibrium axial power shapes, characterized analytically by W(z) and T(z). 
Furthermore, the Rj penalty factors tend to be largest at BOL when the burnable absorbers are depleting 
relatively quickly with consequent changes in the power distribution. Current core models predict 
burnable absorber depletion and the resulting power distribution changes well. Thus, consistency between 
the measured and predicted trends in steady state peaking factors is expected. Consequently, basing the 
application and magnitude of the penalty factor on predicted margin trends is a reasonable approach. 

Another difficulty with the current SR is that a minimum penalty of 2% is applied regardless of how small 
the increase in FQ c(z)/K(z) was measured to be. Even a small increase in FQ c(z)/K(z) of 0.1 % would 
require a 2% penalty to be applied. The improved SR eliminates this problem since the magnitude of the 
penalty factor is based on the predicted margin trends; no minimum penalty is specified. 

Finally, the improved SR avoids any lag in the application of the penalty factor caused by the current 
requirement for two successive measurements, which could be a month apart, to indicate a potential 
decrease in margin. These measurements characterize the margin trend in the time period that has just 
ended. Therefore, the improved SR will better capture the expected trend of the margin based on 
predictions. By eliminating the note, however, the option to perform more frequent surveillances in lieu of 
applying the penalty factor is also eliminated. It will be necessary to demonstrate that the LCO is met 
with the COLR Rj factor applied. If the LCO is not met, then the Required Actions must be implemented 
to restore margin. 
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Table 3-1 BOL, ARO, FXY(z) Values by Core Power Level 
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Table 3-2 · EOL, ARO, F:xy(z) Values by Core Power Level 
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ARO and Lead Control Bank (Bank D) Inserted (D-In) FXY(z) Values at HFP at BOL 
andEOL 
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Table 3-4 Comparison of Reference and Startup F XY(z) Values at BOL 

Note: 

1. Core planes at -9.5 ft and above are rodded and are indicated by italics. 
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Figure 3-1 CAOC Baseload and Transient Shapes 
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Figure 3-2 Ratio of Transient and Baseload FQ(z) for CAOC FQ(z) Shapes 
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Figure 3-3 RAOC Baseload and Transient Shapes 
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a,c 

Figure 3-4 Maximum Calculated Transient P(z) for a RAOC Plant Assuming Three Different 
Steady State Axial Offset Measurements 
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Figure 3-5 Ratio of Transient and Baseload FQ(z) for RAOC FQ(z) Shapes 
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Figure 3-6 Ratio ofRAOC W(z) Values for (-15,+10) and (-10,+5) AFD Envelopes at 4000 
MWD/MTU Cycle Burnup . 
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4 IMPROVED RAOC FQ SURVEILLANCE FORMULATION 

The previous section discussed the difficulties with the current FQ Surveillance formulation and 
Technical Specification. For RAOC plants, these difficulties are especially problematic. In this section, an 
improved FQ Surveillance formulation for RAOC plants will be derived that mitigates the sensitivity of 
the formulation to differences between measured and predicted power shapes. The methodology 
necessary to support this formulation will be presented. 

4.1 DERIVATION OF THE IMPROVED RAOC FQ SURVEILLANCE 
FORMULATION 

In the absence of continuous FQ(z) monitoring, it is necessary to estimate the transient FQ margin based on 
steady-state peaking factor measurements augmented by analytical factors that characterize the expected 
transient behavior of the core for postulated non-equilibrium operation. This is the basic philosophy of the 
current FQ Surveillance formulation, and this philosophy is still necessary in the improved formulation. 
[ 

]a.c 

For the derivation, we start with the desired analytical result of the RAOC analysis, introduced in 
Section 3.1 as expression (3-1) and repeated here: 

CFQ * K(z) :::: Max over i [F?(z) * Prezt Pre! :::: 0.5 

In expression (4-1), CFQ*K(z) is the HFP FQ limit as a function of height, FQTr(z) is the predicted 
transient FQ(z) for a given core power shape i determined at a given cycle burnup, and Pre! is the core 
relative power associated with the core power shape. [ 

(4-1) 

]a.c Thus, in expression (4-1) we seek the maximum value of FQTr(z)*Prel at each 
elevation over all the power shapes generated at a given cycle burnup. 

Using expression (2-10), we can expand the FQTr(z) term into its radial and axial components as follows: 

CFQ * K(z) :::: Max over i [F{f(z) * pTr(z) * PreiL Prel :::: 0.5 
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Here, F xY Tr (z) is the transient planar radial peaking factor as a function of height and P Tr (z) is the transient 
core average axial power shape for a given power shape i. Fx/r(z) may differ from the steady-state, ARO, 
HFP Fxy(z) value due to the following effects: (1) the presence of control rods in axial plane z for the 
given transient power shape, (2) increases in Fxy(z) if PreI < 1.0, i.e., if the core is at part-power, and 
(3) increases in FXY(z) caused by radial transient xenon effects. The last item, the effect on Fxydue to 
transient radial xenon, is discussed in Reference 5. 

All three of these effects are directly accounted for in the RAOC analysis. If we define Frair(z) as the 
"transient" factor that quantifies the increase in the steady-state, HFP, ARO Fxy(z) due to these combined 
effects, we can write the following: 

FTr(z) = pTr (z) * FHFP(z) XY rad .XY (4-3) 

where: 

Fx)m (z) is the predicted, steady-state, HFP, ARO planar radial peaking factor as a function of 
core height. 

Substituting (4-3) into (4-2): 

CFQ * K(z) ~ Max over i [F (z) * FJ//P(z) * pTr(z) * PrelL 

In (4-4), the limitation of Pre! 2::: 0.5 is dropped for simplicity. It should be understood thatthe RAOC 
methodology generates power shapes for relative powers greater than or equal to 0.5. 

All of the terms on the RHS of expression (4-4) are analytical values. [ 

(4-4) 

[ re (4-5) 

In (4-5) we have also included the factor UF that accounts for measurement and manufacturing 
uncertainties. Rearranging this slightly: 

(4-6) 

For most surveillances, the surveillance core condition is HFP (or very near HFP) with control rods 
almost fully withdrawn, i.e., near ARO. Also, the limiting RAOC power shape, i.e., the power shape with 
the minimum margin to the limit, is typically a shape generated at full power conditions. Therefore, for 
this case: 
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Prel = 1.0 (4-8) 

In these typical circumstances, then, expression (4-6) can be simplified as follows: 

[ . (4-9) 

This simplified form of expression (4-6) is instructive because it highlights the primary attributes of this 
formulation. [ 

]a,c 

Expression (4-9) assumes that the surveillance condition is HFP, ARO. We can generalize the formulation 

for all surveillance conditions as follows: The LHS of expression (4-6) is the F0(z) limit at HFP. As 

discussed in Section 2, the F0 (z) limit is an inverse function of the surveillance power level. To 

implement this functionality in (4-6), both sides of the expression must be divided by the surveillance 

relative power P;;1 or 0.5 if the surveillance relative power is :'S 0.5. This is indicated by the following: 

[ 

r for P;;1 > 05 (4-10) 

[ 
r for P;:1 ~ 0.5 ( 4-11) 

In the remainder of this derivation, we will work with expression (4-10) and, at the end, generalize the 

result for surveillance relative powers below 0.5. 
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The first bracketed expression on the RHS of ( 4-10) is the new analytical factor T(z) that replaces W (z) 
for RAOC plants. Therefore: 

4-4 

[ (4-12) 

We can write this more simply as: 

[ (4-13) 

]a.c 

Like the W(z) factors in the current formulation, the T(z) factors in the new formulation will be 

pre-calculated and included in the COLR. Therefore, it is necessary to assume some reference 
surveillance condition for their calculation. Specifically, a reference surveillance condition must be 
assumed for the denominator of expression (4-13). Generally, the steady-state reference surveillance 
condition assumed will be HFP, ARO, but other reference conditions could be assumed, e.g., for 
surveillance specific T(z) factors at a reduced power level. The following expression indicates that the 
COLR T(z) factors are based on some reference surveillance condition assumed in the denominator of the 

expression: 

[ re (4-14) 

where: 

P!~f is the reference relative power level and [Fxy(z)]~ef is the reference predicted radial 

peaking factor at elevation z assumed in generating the COLR T(z) functions. 

However, since the actual surveillance may not coincide with the surveillance conditions assumed in 

generating T(z), the COLR T(z) values can be modified at the time of the surveillance to provide T(z) 

values more appropriate to the actual surveillance conditions. The following expression indicates the 
required modifications: 

[ (4-15) 

The ratio (Pr~~f / P;;i) represents a straightforward modification to the T(z) factors. At the time of the 

surveillance, the surveillance power level P;;1is known. Also, Pr~t is a known assumption and will 

usually equal 1.0. Consequently, this modification factor will usually be (1/P;:1). This same modification 
is currently made to the W (z) factors supplied in the COLR. It is only necessary because of the scaling of 
the FQ limit with power level. 

WCAP-17661-NP-A 1 February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



follows. 
) 

WestinghoJse Non-Proprietary Class 3 

Using (4-12) and (4-15), expression (4-10) can be rewritten as the following: 

[ 

4-5 

]8-c This is shown as 

(4-16) 

If we define this ratio as Axy(z), i.e., an aqjustment factor for the radial peaking factor, expression (4-16) 

becomes: 

Ref / 

CFQ*K(z) ~ [T(z)]COLR * (PP.r:; ) * Axy(z) * [FXY(z)Wurv * Up 
Pi!1 rel 

(4-17) 

where: 

[ (4-18) 

These expressions indicate that Fxv is a function of z. Fxv, however, is actually a function of a number of 

variables including height (z), relative power, control rod position, and cycle burnup. For a given 
surveillance, the cycle burnup is fixed. To separate the correction factor Axv into its component correction 

factors related to power level and control rod position, the fol lowing definitions will be made with respect 

to the analytical Fxv values for a surveillance at a given cycle burnup: 

Fxy(z, Psurv• Rsurv) = [FXY(z)]furv = predicted radial peaking factor at elevation z, surveillance power 

level Psurv, and survei.llance control rod position Rsurv 
_) 

Fxy(z, PRef,RRef) = [FXY(z)]~ef = predicted radial peaking factor at elevation z, reference power level, 

PREF• and reference control rod position RRef 
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Fxy(z, Psurv, RRef) = predicted radial peaking factor at elevation z, surveillance power level Psurv, and 
reference control rod position RRef 

Expression (4-18) can then be rewritten as follows: 

[ 
If we now make the following definitions: 

we can rewrite (4-19) as follows: 

[ 
Therefore, expression ( 4-17) becomes, 

[ 

[ 

CPQ*K(z) COLR pre! M ( 
Ref) 

ss ~ [T(z)] * -;s * FRc(z) * Fpc(z) * [FXY(z)]surv * Up 
Pre! Pre! 

(4-19) 

(4-20) 

(4-21) 

(4-22) 

(4-23) 

In this expression, FRc and Fpc respectively correct the surveillance for the presence of the control rod 
and for differences in the reference and surveillance power levels, removing the inconsistency between 
the reference conditions assumed in generating the T(z) factors and the ac~ual surveillance core condition. 

For convenience, when the [T(z)]C0 LR values are calculated for inclusion in the COLR, the Pr~~t term in 
the denominator of expression (4-14) will be assumed to be equal to 1.0, that is: 

[ (4-24) 

(This assumption is also made in the calculation of W(z) values for the COLR in the current formulation.) 

With this change, the value of ~!~1 in (4-23) is also set to 1.0, so that (4-23) becomes: 

CPQ*K(z) [T(z)]COLR 
ss ~ ss * FRc(z) * Fpc(z) * [FXY(z)]furv * Up 

Pre! Prel 
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Recall that P;;1is the surveillance relative power level in the FQ limit expression. When the surveillance • 
relative power level is:::; 0.5, P;;1 must be set to 0.5 in (4-25). This leads to the following two expressions 
covering all surveillance power levels: 

for P;;1 > 0.5 (4-26) 

CFQ*K(z) [T(z)]COLR M 
--- ~ * FRc(z) * Fpc(z) * [Fxy(z)]surv * UF 0.5 0.5 

for P;;1 ~ 0.5 (4-27) 

Since FRc(z) * Fpc(z) = AXY(z), these expressions can be more succinctly written as follows: 

CFQ*K(z) [T(z)fOLR 
ss ~ ss * AXY(z) * [Fxv(z)]rurv * UF 

Pre! Pre! 
for P;;1 > 0.5 (4-28) 

CFQ*K(z) [T(z)fOLR M ___;;___;;_;.. ~ * Axy(z) * [Fxy(z)]surv * UF 
0.5 0.5 

(4-29) 

Expressions (4-28) and (4-29) are the fundamental expressions for the improved FQ Surveillance 
formulation for RAOC plants. To support surveillances, values for [T(z)]coLR will be supplied in the 
COLR. The Westinghouse core monitoring software will automatically divide these values by P;;1 or 0.5, 
as appropriate, consistent with expressions (4-28) and (4-29). The same process is used for the W(z) 
values in the current formulation. 

4.2 CALCULATION OF T(Z) FACTORS 

]a.c W(z) values are 
calculated at these burnup steps and are included in the COLR. When surveillances are performed at cycle 
burnups intermediate to the explicitly analyzed burnups, standard interpolation methods are employed by 
the core monitoring software to generate W(z) values appropriate for that particular cycle burnup. The 
same process will be employed for the T(z) factors in the improved FQ Surveillance formulation. 

The relevant expression for calculating the COLR T(z) factors for a particular burnup is expression 
(4-24), which is: 

[ (4-30) 

Normally, the reference condition assumed for calculation of the radial peaking factor in the denominator 
is HFP, ARO, EQXE. However, a different reference condition could be assumed. For example, ifT(z) 
values were desired for a specific reduced power operating state, surveillance specific T(z) values could 
be generated using (4-30) by including radial peaking factors consistent with that state in the denominator 
of the ratio. The numerator of the ratio, which is independent of the surveillance condition, is determined 
by examining all of the power shapes generated in the RAOC analysis for the particular burnup being 
analyzed. These "surveillance-specific" T(z) values could be included in the COLR. 
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The relationship between T(z) and W(z) is very simple and is easily established by comparing the 
expression for the COLR T(z) with the expression for the COLR W(z). The relevant expression for the 
COLR W(z) is expression (3-14), which is: 

[ r (4-31) 

Using expression (2-10): 

[ (4-32) 

Comparing (4-30) and (4-32), it is apparent that: 

(4-33) 

There is a subtle difference in the current FQ Surveillance formulation and the improved formulation that 
requires some discussion. In the current formulation, W(z) is multiplied by the measured FQ(z) at the 
surveillance condition to determine the "measured" transient FQ(z) for the surveillance (see expression 
(3-13)). By virtue of using the measured F Q(z), the axial power distribution effects of the fuel assembly 
spacer grids are directly captured. The fuel assembly spacer grids, which are modest neutron absorbers, 
depress the local power near the grids. As a result, there is a slight increase in power-effectively, an 
increase in P(z)-in the spans between the grids. Because the new formulation uses the measured Fxy(z) 
instead of the measured FQ(z), the effects of the grids are not directly captured via measurement. To 
address this, the new formulation will capture the peaking factor effects of the grids in one of two ways: 
(1) the grids will be explicitly modeled in the core models used to determine F'f/ (z) in the numerator of 

the [T(z)]C0 LR expression, or (2) the grids will be implicitly modeled by smearing their material within 
the model and increasing F'f/ (z) by a small factor to account for the additional axial power peaking in the 

spans between grids. 

The second method is the standard method currently used in the RAOC (and CAOC) power shape 
analyses-not to generate W(z) values, but as part of the reload safety evaluation analyses performed to 
confirm that the FQ(z) limit will be met. Current core models typically do not explicitly model the grids. 
So, when these models are used to calculate FQ(z), a grid factor is always included in the final FQ(z) 
estimate. In the future, however, core models that explicitly model the spacer grids may be used, in which 
case the use of an ancillary grid factor will be unnecessary . 
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4.3 CALCULATION OF Axy(Z) AND ITS SUB-FACTORS 

For the vast majority of surveillances in the vast majority of plants, the Axy(z) adjustment factors will be 
unimportant. The reasons for this are: 

1. Virtually all plants are operated in baseload mode at nominal operating conditions with c9ntrol 
rods nearly fully withdrawn. Consequently, if the reference conditions assumed for generating the 
T(z) values are HFP, ARO, EQXE, these conditions will usually agree closely with the actual 
surveillance core conditions. So, Fpc(z) and FRc(z) will very nearly equal 1.0; therefore, Axy(z) 
will nearly equal 1.0. 

2. For surveillances, many plants use a core model from an on-line core monitoring system that has 
been calibrated to the measured core via periodic flux maps and continuous readings from incore 
and excore instrumentation (e.g., excore detectors, thermocouples, or fixed incore detectors). 

3. 

The power distribution in the calibrated core model is effectively the measured power 
distribution. During a surveillance, this calibrated core model is taken to HFP, ARO, EQXE 
conditions. The resulting FQ(z) from that model is the measured FQ(z) used in the FQ Surveillance 
formulation. For these plants, then, every surveillance is at the correct reference conditions; 
therefore, Axy(z) will always equal 1.0. 

As Tables 3-1 and 3-2 show, the power distribution sensitivity of the radial peaking factor is not 
large. For, power levels 2': 70% RTP, the ratio of the full power Fxy to the part power FXY 
(which is Fpc) was> 0.98, which corresponds to a less than 2% correction. 

4. Tables 3-3 and 3-4 show that FRc, the peaking factor correction for control rods, can be 
significant. However, at high power levels, the lead control bank is rarely inserted deeply. 
Furthermore, the axial location of the minimum margin is· rarely in the small region at the top of 
the core where the lead control bank could be present. 

5. The current FQ Surveillance formulation does not include the Fpc(z) and FRc(z) corrections, 
even though it legitimately could (see Section 7). Despite this, FQ margin issues occur very 
infrequently, which implies that ignoring these effects does not pose significant difficulties in 
meeting limits for the vast majority of surveillances. 

6. Technical Specifications require re-verification of transient FQ(z) whenever power is increased by 
more than 10% relative to the last verification of FQ(z). Consequently, surveillances will always 
occur at high powers near the core conditions assumed in generating the COLR T(z) factors and 
where transient FQ margin is near its minimum value. 

Given these six reasons, a good argument could be made that explicit inclusion of the Axy(z) factors in 
surveillances is unnecessary. However, use of these factors should be an option in the rare circumstance 
where a plant needs margin to avoid an operating space or power level reduction. With this in mind, two 
methods are discussed in the following subsections for incorporating these adjustment factors into 
surveillances. They are discussed in order of increasing complexity. 
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• 4.3.1 Method 1: Axv(z) is Unity 

• 

• 

The current FQ Surveillance formulation makes no adjustment in the radial peaking factors when the 
surveillance conditions differ from the reference conditions. This has not led to frequent or significant 
margin issues. Consequently, assuming that Fpc(z) * FRc(z) = AXY(z) = 1.0 is a reasonable option that 
will in all likelihood result in conservative surveillances for off-nominal conditions. This option, 
however, is not so conservative that margin issues are likely to ensue. In other words, with this method, 
the limiting transient FQ margin will in all likelihood be underestimated if the surveillance conditions are 
at a lower power than the reference conditions and/or the lead control bank is inserted, but this 
underestimation will likely be small in most circumstances. 

In theory, it is possible to slightly over-estimate the minimum margin by assuming that AXY(z) = 1.0. 
This would only occur, however, if the predicted radial peaking factor at the surveillance condition is less 
than the predicted radial peaking factor at the reference condition, i.e., if: 

(4-34) 

at the minimum margin location. Since peaking factors tend to increase with rod insertion and reduced 
power level, this inequality is unlikely to be true at the axial plane of minimum margin. 

Consequently, setting AxvCz) = 1.0 is a viable option and the simplest one. This will be the default 
option presented in the COLR; that is, if explicit values for Axy(z) or its sub-factors are not determined 
via the other methods discussed in the following subsections, then these factors shall be assumed to be 
1.0. 

4.3.2 Method 2: Direct Calculat~on of Axy(z) for the Surveillance Condition 

The most convenient and direct method of determining explicit values for AXY(z) or its sub-factors is to 
calculate them at the time of the surveillance using a model of the core generated using approved 
methods. The method for doing this is essentially expression (4-22), which is: 

[ (4-35) 

In this method, Axy(z) is determined directly through two core calculations: one at the reference 
conditions assumed for the COLR T(z) factors, e.g., HFP, ARO, EQXE, and a second at the actual 
surveillance conditions, which may have a reduced power level and some lead control bank insertion. 
Since surveillances are typically performed at or near equilibrium conditions, equilibrium xenon may be 
assumed in this second calculation for simplicity. 

An example of this method was presented in Table 3-4. Table 3-4 provides the ratio of the radial peaking 
factors at the reference condition of ARO, HFP, EQXE and at a surveillance condition corresponding to 
26.4% RTP and with the lead bank positioned at 176 steps withdrawn. For this case, the Axv(z) factors 
would result in corrections of the transient FQ(z) on the order of a few percent. Note that for this case, all 
of the Axy (z) factors are less than 1.0. Thus, applying these factors would slightly decrease the maximum 
transient FQ(z) and increase the "measured" transient FQ margin. As discussed earlier, one can think of 
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these factors as correcting the COLR T(z) to the surveillance condition or, equivalently, correcting the • 
measured Fxv(z) to the reference condition. 

This method will be included in the COLR as an appropriate method to account for differences between 
the reference and surveillance conditions in the surveillance transient FQ margin assessment. If this 
method is used, the values will be determined on a surveillance specific basis. Note that the values of 
Axy(z) will not be included in the COLR; rather, only the method will be referenced. 

4.4 MEASUREMENT OF Fxy(Z) 

In this new formulation, the key factor being measured is the Fxv(z). The measured Fxv(z) is used to 
normalize the transient F Q (z) analysis to the radial peaking factors of the measured core. Of course, F xv(z) 
is being measured in the current formulation, too, but as a component of the measured FQ(z). The 
measured Fxv(z) can be directly obtained from the measured FQ(z) through use of expression (2-10), i.e.: 

FM ( ) = F;f (z) 
XY z pM(z) 

(4-39) 

There are a number of plants (primarily CAOC plants) that confirm FQ(z) indirectly by measuring Ffy(z) 
and then comparing this measurement to an Fxv(z) limit. These plants utilize the surveillance approach 
discussed in Technical Specification 3.2. lA in Reference 1, which, as mentioned earlier, is the Heat Flux 
Hot Channel Factor Technical Specification for CAOC Fxv(z) plants. The bases for this TS specify that 
core plane regions within ±2% of the grid plane regions are excluded from the surveillance. The 2% value • 
corresponds to 2% of the core height or about 2.9 inches for a 12 foot core. The reason for this exclusion 
is a concern with respect to measuring Fxv in this region. If the flux traces from the moveable detector 
system are not all well-aligned with respect to their grid depressions, it is possible to get "anomalous" Fxv 
measurements. This could occur, for example, if a flux trace were misaligned such that a non-grid axial 
point was mispositioned into a grid plane. This would cause the measured Fxv for that grid plane to be 
unrealistically large, resulting in an anomalous margin reduction relative to the Fxv limit. 

For the current formulation, where FQ(z) is measured, this issue is not much of a problem since the axial 
powers at the grid elevations are depressed. Even if the measured FXY is anomalously large at a grid plane 
because of a trace misalignment or other measurement difficulty, the effect is offset by the grid 
depression. There are no grid exclusions in the current FQ Surveillance TS. 

In the new formulation, grid region exclusions are probably not necessary for two reasons: 

1. Future core models may model the grids. Consequently, the grid depressions will be present in the 
analytical power shapes, much as they are currently in the measured power shapes. 

2. Even if the grids are not included in the model, trace alignment is generally good and the 
measured Fxv values will be accurate. 

With respect to this second point, Figures 4-1 through 4-7 show measured Fxv(z), FQ(z), and P(z) values 
from flux maps for six different plants. Figures 4-1 through 4-4 are for BOL, while Figures 4-5 through 
4-7 are for EOL. Note that for Figures 4-1 through 4-6 there are no significant irregularities in these • 

WCAP-17661-NP-A February 2019 
Revision J 

*** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 4-12 

curves that would indicate serious trace alignment issues, i.e., there is no indication of an FXY point that is 
significantly offset from its neighboring points that would indicate a local trace alignment anomaly. In 
general, the FXY(z) values are well-behaved in the central core region outside of the standard exclusion 
zone (top and bottom 15% of the core). 

Figure 4-7, however, does exhibit evidence of trace alignment issues. The large spikes in F XY at locations 
near the P(z) grid depressions imply that one or more traces were sufficiently misaligned such that 
detector readings outside or nearly outside the grid region were misaligned into the radial planes of the 
grids. The anomalous increases in Fxy(z) at these locations are large, on the order of 6%. 

If trace alignment issues were to occur, they would generally be apparent and correctable using the core 
monitoring software. However, while Fxv measurement issues are likely to be infrequent and 
inconsequential, especially if future core models model the grid depressions, it is judged to be appropriate 
to exclude the grid regions from surveillance to avoid even the rare instance of an anomalous 
measurement that could lead to an anomalous FQ violation. Because the axial power shape is depressed at 
the grid locations, these axial planes will not lead the core, i.e., there will always be a core radial plane 
above or below a grid plane that has a higher FQ(z). Consequently, the standard Fxv measurement 
exclusions employed in Technical Specification 3.2. lA in Reference 1 will be retained in the Bases of the 
improved F Q TS. These exclusions are the following: 

a. Lower core region, from 0% to 15% inclusive 
b. Upper core region, from 85% to 100% inclusive 
c. Grid plane regions, ± 2% inclusive 
d. Core plane regions, within ± 2% of the bank demand position of the control banks 

\ 

These percent values refer to the percent of core height. Note that the top and bottom 15% exclusion 
zones are typical. The exclusion zone is set on a cycle specific basis to ensure that the limiting margin 
location is surveilled. Thus, for a specific operating cycle, exclusion zones smaller than 15% may be 

specified . 
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4.5 CRUD INDUCED POWER SHIFT CONSIDERATIONS 

A central attribute of the FQ Surveillance methodology is the characterization of non-equilibrium core 
behavior using analytical factors. For the current FQ Surveillance formulation, this factor is W(z). For the 
improved RAOC FQ Surveillance formulation, this factor is T(z). Both of these factors characterize the 
transient core peaking factor behavior relative to a reference core state. Use of these factors is only 
necessary because FQ Surveillance is periodic, occurring about once a month throughout the operating 
cycle. A few plants have implemented continuous FQ surveillance. For such plants, these analytical factors 
are not needed (when continuous monitoring is operable) since FQ(z) is monitored continuously during 
both equilibrium and non-equilibrium operation. 

The calculation ofT(z) or W(z) involves performing power shape analyses using an analytical model of 
the core. Thus, there is a necessary assumption in this methodology that the analytical model is a 
reasonable representation of the core. Low power physics testing and startup power distribution 
measurements are used to confirm that the core is operating consistent with expectations and has been 
loaded properly. Consequently, upon completion of this testing, there is high confidence that the core 
model and the actual core are in good agreement. 

Prediction and measurement, however, do not always agree perfectly. As discussed earlier, W(z) factors 
for RAOC plants are sensitive to differences between the measured and predicted surveillance power 
shape, typically characterized by the MO value, because the predicted power shape appears in the 
denominator of the W (z) expression. This term has been eliminated in the T(z) formulation. As a 
consequence, the improved formulation is insensitive to the kind of normal AO difference's that are 
typically observed. Measured and predicted surveillance power shapes may show differences for many 
reasons, particularly in the early stages of a cycle. The previous cycle core model is typically depleted 
assuming a constant power level of 100% RTP, a constant nominal inlet temperature, and with all control 
rods fully withdrawn. Actual plant operation frequently differs from these idealized conditions. Plant 
startups are typically modeled as attaining 100% Rf P instantaneously with all control rods fully 
withdrawn, while the actual core undergoes an ascent to power over a period of a few days, typically with 
some control rod insertion at reduced power levels. Similarly, differences between core modeling and 
actual operation may occur at the end of a cycle during a coastdown, where the core power level, coolant 
temperature, and control rod position assumed in the core model may differ from actual plant operation. 
These operational differences may lead to differences in the axial burnup distribution between the core 
and the model, and such differences can cause either positive or negative MO deviations to occur. 

Occasionally, deviations between measured and predicted steady state power shapes have occurred 
beyond those attributable to differences in the axial burnup distribution due to past operation. One cause 
that has been identified in the past for early cycle negative f:..AO is called Integral Fuel Burnable Absorber 
(IFBA)-induced power shift, which is also known as Axial Offset Deviation (AOD). AOD is 
characterized by a MO more negative than -3% at the beginning of a cycle, which decreases with 
depletion of the burnable absorber material. The cause of AOD has been determined to be a redistribution 
of some of the ZrB2 material on the IFBA rods during the pellet loading process. After the first several 
months of operation, the measured axial offset recovers and eventually becomes slightly more positive 
than predicted. By the end of cycle, the measured axial offset is again close to the predicted value since 
the ZrB2 of the IFBA coated rods is almost completely depleted. Improvements have been made in the 
IFBA rod pellet loading process and to the Westinghouse core design process, so that fewer cores 
experience AOD and the instances of AOD are less severe. 
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These kinds of differences, while affecting the steady state power shape, do not significantly affect the 
range of transient power shapes for a RAOC core. In other words, the denominator of the RAOC W (z) 
expression, which includes the steady state P(z), can be significantly affected, but the numerator, which 
includes the maximum transient P(z), is not. This was discussed in Section 3.1 (see Figures 3-3 to 3-5) . 

The following attributes can indicate that a core is experiencing or could experience CIPS: 

1. ~AO is more negative than 3% typically starting at cycle burnups between 4,000 and 
8,000 MWD/MTU, although manifestation of CIPS later in the cycle is also possible. Figure 4-8 
shows the AO behavior of a typical CIPS core. 

2. Analysis of sub-cooled boiling rates indicates that the cycle is at risk for CIPS. 

3. Examination of axial flux traces for high power feed or once-burned fuel assemblies shows 
evidence of flux depressions below upper grid spans. 

4. There is an indication of lithium return to the coolant following a power reduction. 

5. The previous cycle experienced CIPS, and the fuel management for the operating cycle is not 
significantly different from the fuel management used last cycle . 
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Improvements to the Westinghouse core design process have made it possible to evaluate the potential for • 
CIPS in a reload cycle and to develop core designs and operating strategies that have significantly 
reduced the incidence and magnitude of CIPS. Furthermore, CIPS develops slowly and has a 
characteristic !:!.AO signature making it relatively easy to detect. In light of this, it is proposed that, should 
CIPS occur, the effect of CIPS on transient FQ margin should be addressed in a timely fashion, e.g., within 
several weeks of the observed onset. This is proposed rather than the application of generic CIPS penalty 
factors that are a function of !:!.AO. This approach is judged to be reasonable based on the following: 

1. Cores are screened for CIPS as part of the core design process. 

2. CIPS is a slowly developing phenomenon and has a characteristic !:!.AO signature so that it is 
reasonably obvious when it is occurring. 

3. It is very unlikely that minimum transient FQ margin estimates will be affected even if CIPS 
occurs. 

4. Plants generally have some margin to the FQ limit that could accommodate CIPS effects, if 
necessary. 

5. Plants rarely operate in a manner that would challenge FQ limits. 

6. Plants have continued to improve primary water chemistry operating practices to reduce the 
source of crud. The Institute of Nuclear Power Operations (INPO) has increased focus on the 
chemistry area in the last 5 years; therefore, more plants are adopting industry best practices in 
the chemistry area. Thus, the incidence of CIPS is decreasing. 

In conclusion, if CIPS develops, there is potential for the COLR T(z) factors to be affected, especially in 
the middle region of the core. However, given that CIPS develops slowly and characteristically, it is 
proposed that its effects on peaking factor be evaluated in a timely fashion following its observed onset. 
Appropriate modifications to the COLR T(z) factors and changes to the core operating space can then be 
determined to ensure that future non-equilibrium operation will not challenge limits. 
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Figure 4-1 Measured Fxy(z), FQ(z), and P(z) for Plant A at BOL 
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Figure 4-2 Measured Fxv(z), FQ(z), and P(z) for Plant Bat BOL 
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Figure 4-3 Measured Fxv(z), FQ(z), and P(z) for Plant Cat BOL 
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Figure 4-4 Measured Fxv(z), FQ(z), and P(z) for Plant D at BOL 
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Figure 4-5 Measured Fxy(z), FQ(z), and P(z) for Plant E near EOL 
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Figure 4-6 Measured Fxv(z), FQ(z), and P(z) for Plant C near EOL 
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Figure 4-7 Measured Fxv(z), FQ(z), and P(z) fo r Plant F near EOL 
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Figure 4-8 Measured and Predicted Axial Offset for a Typical CIPS Core 
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IMPROVED RAOC FQ SURVEILLANCE TECHNICAL 
SPECIFICATION 

5-1 

In this section, the improved RAOC FQ Surveillance Technical Specification will be discussed in detail. 

This TS would replace Technical Specification 3.2.lB of Reference I, "Heat Flux Hot Channel Factor 

FQ(z) (RAOC - W(z) Methodology)." Methodology additions necessary to support this TS are 

discussed. The proposed text for the TS and Bases is provided in Appendices A and B, respectively. 

Note that the Improved CAOC FQ Surveillance TS is very similar to the improved RAOC FQ Surveillance 

TS. The improved CAOC FQ TS is discussed in Section 8. 

5.1 LIMITING CONDITION FOR OPERATION (LCO 3.2.1) 

The LCO for the improved version of the RAOC FQ TS is the same as for the current FQ TS. It specifies 

that FQ(z), as approximated by FQ c(z) and FQ w(z), shall be within the limits specified in the COLR. As 

discussed in Section 3.1, FQ c(z) is just the equilibrium FQ(z) at the surveillance condition with appropriate 

uncertainties included. 

For the improved FQ TS, FQ w(z) is defined as follows: 

F;J'(z) 
[T(z)fOLR M 

ss * Axy(z) * [Fxv(z)]surv * Rj * UF 
Prel 

(5-1) for P;;z > 0.5 

(5-2) 

Therefore, Fi}' (z) is the "measured" transient FQ(z) scaled by the 1/ P;;z or 1/0.5 factor from the FQ limit 

expression for P;;z > 0.5 and P;;z ::; 0.5, respectively. In (5-1) and (5-2), the Ri factor has been 

introduced. This analytical factor, briefly discussed in subsection 3.2.5, accounts for potential increases in 

the FQ w(z) between surveillances. Additional discussion ofRi is provided in Section 5.5. 

Using these definitions, we can rewrite the FQ Surveillance limit expressions (4-26) and (4-27) for the 

improved formulation as follows: 

CFQ*K(z) 2:: Fi}' (z) 
0.5 

for P;;1 :;; 0.5 

(5-3) 

(5-4) 

FQ c(z) and FQ w(z) are compared to the same limit, which is a function of power level and is specified in 

the COLR. This LCO is unchanged in the improved version of the FQ Technical Specification. Only the 

definition of Fl{ (z) has changed . 
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5.2 REQUIRED ACTIONS FOR CONDITION A: F Q c(Z) NOT WITHIN LIMIT 

As discussed in subsection 3.2.2, when FQ c(z) exceeds the limit, the core is in an unanalyzed state 
following the performance of the Surveillance (SR 3 .2.1.1) in that the current peak power density in the 
core is greater than the maximum value assumed in the safety analyses. The Required Actions and 
Completion Times for the improved version of the RAOC FQ TS are as follows: 

1. Reduce THERMAL POWER 2':: 1 % RTP within 15 minutes for each 1 % FQ c(z) exceeds the limit 
(Required Action A. l ). 

2. Reduce the Power Range Neutron Flux - High trip setpoint (Required Action A.2) by 

2':: I% within 72 hours for each I% that THERMAL POWER is limited below RATED 
THERMAL POWER by Required Action A. I. 

3. Reduce the Overpower ti T trip setpoint (Required Action A.3) by 2':: I% within 72 hours for 
each 1 % that THERMAL POWER is limited below RATED THERMAL POWER by Required 

Action A.I. 

4. Perform surveillances on FQ c(z) and FQ w(z) (RequiredActionA.4) prior to increasing THERMAL 

POWER above the limit of Required Action A. I. 

Required Action A. I ensures that the core F Q is consistent with the maximum power density assumptions 
of the LOCA analysis. By reducing power by 1 %, the F Q * Power value, which is proportional to the 

power density, will decrease by approximately 1 % as well. As noted in subsection 3.2.2, however, the 
likelihood ofFQ c(z) exceeding its limit is very remote. 

The second and third Required Actions ensure that setpoints are reduced to protect fuel melt and departure 
from nucleate boiling (DNB) limits for a Condition II event. These conservative actions are justified since 
the core is operating with a local power density that is significantly higher than expected. The 
consequences of off-normal power shapes could potentially exceed the consequences evaluated as part of 

the core safety evaluation. 

The final Required Action simply ensures that all limits are met prior to increasing core power above the 

reduced limit of the first Required Action. 

5.3 REQUIRED ACTIONS FOR CONDITION B: FQ w (Z) NOT WITIDN LIMIT 

The Required Actions for Condition Bin the improved RAOC FQ TS are different relative to the current 
FQ TS. If FQ w(z) is not within its limit, it will be required to: 

J 

1. Within 4 hours, implement a RAOC operating space specified in the COLR that restores FQ w (z) 

to within its limits (Required Action B. l ). 

OR 
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2. Within 4 hours, limit THERMAL POWER to less than RATED THERMAL POWER and reduce 

AFD limits as specified in the COLR (Required Action B .2.1). 

Required Action B. l permits the implementation of a new RAOC operating space to restore margin if 

FQ w (z) is not within its limit. A RAOC operating space is a unique combination of AFD limits and 

Control Bank Insertion Limits. The COLR will include one or more RAOC operating spaces. The number 

ofRAOC operating spaces to be included in the COLR will be determined by the utility in conjunction 

with the core designers. Each RAOC operating space will be pre-analyzed using the approved RAOC 

analysis methods of Reference 5. T(z) values will be generated for each RAOC operating space and 

included in the COLR in the same way that W(z) values are provided for the current FQ TS. In the current 

FQ TS, there is a presumption that reducing AFD limits will provide the necessary margin improvement. 

In the improved FQ TS, however, the margin improvement can be directly confirmed using the T(z) 

factors. This will be a very straightforward process and will be discussed in Section 5.5, which discusses 

the Surveillance Requirements for FQ w(z). 

When FQ w (z) exceeds its limit, Required Action B.2.1 may be implemented instead of Required 

Action B. l. Required Action B.2.1 limits thermal power to less than RTP 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 FQ w(z) limit, then 

Required Action B.2.1 must be entered and thermal power must be reduced to less than the thermal power 

limit specified in the COLR. Also, AFD limits must be reduced by the amounts specified in the COLR. 

The required limits on thermal power and the required reductions in the AFD limits for Required 

Action B.2.1 will be determined using the standard RAOC methodology of Reference 5. RAOC power 

distribution analyses will be performed assuming discrete maximum power levels and specific reduced 

AFD limits. In a sense, this is analogous to defining another RAOC operating space with maximum 

thermal power as an additional attribute of the operating space. Analysis of this operating space can 

quantify an expected margin improvement achieved through reduction in the maximum power level and 

the AFD operating space. Section 6 will present sample results of these analyses. [ 

This margin improvement assessment method for power reduction assumes that the core models provide a 

reasonable basis for determining the axial location of the minimum margin in the actual core. This is a 

reasonable assumption since the minimum transient FQ margin axial location is largely determined by the 

T(z) functions, which characterize the maximum transient P(z) and are entirely analytical. If FQ w (z) 

exceeds its limit, the cause will be measured radial peaking factors that exceed the predicted radial 

peaking factors assumed in the analysis. The causes of these peaking factor differences could be, for 

example, unexpected core tilts or underprediction of the hot assembly relative power. In this case, the 

minimum FQ w(z) margin will decrease but its axial location will not be appreciably different. Effectively, 

FQ w(z) will be scaled higher by the larger measured radial peaking factors . 
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As a practical matter, the number of discrete reduced power level evaluations included in the COLR will • 
be limited to three or less, although an individual utility may opt for additional evaluation levels. In the 
sample analysis presented in Section 6, evaluations were performed for 95% and 90% RTP. If the 
required margin improvement exceeds the level of any pre-analyzed thermal power limit, the CO LR will 
specify that thermal power should be limited to< 50% RTP. This is prudent since it means that a very 

large and unusual core anomaly is present. Such a core anomaly should be evaluated extensively with 
respect to continued operation at high power levels. It is likely that other TS, such as the Nuclear 
Enthalpy Rise Hot Channel Factor TS, would also require a power level reduction in the presence of such 
a large anomaly. 

If Required Action B.2.1 is entered, the improved RAOC FQ TS also requires the following: 

1. Within 72 hours, reduce Power Range Neutron Flux - High trip setpoints 2: 1 % for each I% that 
THERMAL POWER is limited below RATED THERMAL POWER (Required Action B.2.2). 

2. Within 72 hours, reduce Overpower AT trip setpoints 2: I% for each 1 % that THERMAL 
POWER is limited below RATED THERMAL POWER (Required Action B.2.3). 

These actions are consistent with the current FQ TS whenever a reduction in the maximum allowable 
power is specified. They are conservative measures that provide protection against the consequences of 
Condition II transients in light of the larger local peaking factors that resulted in FQ w(z) exceeding its 
limit. 

Finally, the last Required Action for Condition B is the following: 

3. Prior to increasing THERMAL POWER above the limit of Required Action B.2.1, perform SR 

3.2.1.1 and SR 3.2.1.2 (Required Action B.2.4). 

This Required Action is essentially the same as in the current FQ TS except that the Completion Time has 

been specifically tied to Required Action B.2.1, which specifies the required limit on thermal power. 

The Required Action for Condition C, "Required Action and Completion Time not met," is unchanged in 

the improved RAOC FQ TS. The Required Action is to be in MODE 2 within 6 hours. 

5.4 SURVEILLANCE REQUIREMENTS FOR F Q c(Z) 

In the improved FQ TS, the Surveillance Requirements for FQ c(z) are very similar to the Surveillance 
Requirements in the current FQ Technical Specification. In the improved FQ TS, SR 3.2.1.1 will require 
verification that FQ c(z) is within its limit. The Frequencies for SR 3.2.1.1 will specify that FQ c(z) must be 
verified to be within its limit as follows: 

a. Once after each refueling prior to THERMAL POWER exceeding 75% RTP; and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by 2: 10% 
RTP, the THERMAL POWER at which FQ c(z) was last verified; and 
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C. 3 1 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

These Frequencies permit power escalation following a refueling to no more than 75% RTP prior to 

performance of the first verification ofFq c(z). They also require verification following large power level 

increases and periodically throughout the operating cycle. Together, these three Frequencies are 

unambiguous and appropriately verify Fq c(z) during the initial power escalation and throughout the entire 

operating cycle until the next refueling outage. As discussed in subsection 3.2.4, the note modifying 
I 

SR 3.2.1.1 has been eliminated. Also, the second Frequency has been increased from 12 to 24 hours. This 

Frequency of 24 hours is contained in some plant Technical Specifications and is a reasonable time period 

in which to perform this verification given the extremely small likelihood of limiting power shapes or 

limiting design basis events occurring prior to completion of the surveillance. 

5.5 SURVEILLANCE REQUIREMENTS FOR FQ w(Z) 

SR 3.2.1.2 requires verification that Fq w(z) is within its limit. This is unchanged in the improved Fq TS. 

As discussed in subsection 3.2.5, however, the Frequencies for SR 3.2.1.2 are changed relative to the 

current Fq TS. The new Frequencies for SR 3.2.1.2 specify that Fq w(z) must be verified to be within its 

limit as follows: 

a . Once after each refueling within 24 hours after THERMAL POWER exceeds 75% RTP; 

and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by:::: 10% 

RIP, the THERMAL POWER at which Fqw(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

The Frequencies in a. and b. are changed relative to the current Fq TS. 

In the current Fq TS Frequency, the initial verification of Fq w(z) following a refueling must occur prior to 

exceeding 75% power. In the improved Fq TS, the initial verification must occur within 24 hours after 

THERMAL POWER exceeds 75% RTP. This Frequency is contained in some plant Technical 

Specifications with 12 hours specified instead of 24 hours. 

As discussed briefly in subsection 3 .2.5, this change is justified for the following reasons: 

1. Core power distribution measurements and physics testing performed at low powers (<50% RTP) 

confirm that the core is loaded properly and provide assurance that the core is operating 

consistent with expectations. In conjunction with the fact that the reload analysis confirms in 

advance that the transient F Q limit will be met for the current operating space at the beginning of 

the cycle using an NRC approved methodology, this provides an expectation that the first 
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performance of SR 3 .2.1.2 after a refueling will successfully confirm that the transient F Q limit is 
met. 

2. Surveillances at low power levels can be challenging with respect to obtaining an accurate 
transient F Q margin assessment. This was discussed in Section 3. I. The improved FQ Surveillance 
formulation for RAOC plants mitigates this concern to some extent by largely eliminating 
sensitivity to L1AO. Performing this initial verification after exceeding 75% power, however, 
ensures that the surveillance will be performed with appropriate steady state peaking factors 
measured at or near the power level and core conditions where future non-equilibrium operation 
has the potential for challenging fuel limits. 

Power levels of :S:75% RTP are typically non-limiting for minimum transient FQ w(z) margin because of 
the increase in the FQ limit with reduced power. The new Frequency will ensure that verification of 
FQ w(z) is performed prior to extended non-equilibrium operation at power levels where the maximum 
permitted peak linear heat rate could be challenged. If the surveillance indicates that future non­
equilibrium operation could challenge the limit, the Required Actions in the improved FQ TS will provide 
appropriate compensatory measures to ensure that the LCO will be met during such operation. 

The second Frequency was increased from 12 to 24 hours consistent with the change made to SR 3 .2.1.1. 
Again, this Frequency is contained in some plant Technical Specifications. 

As discussed in subsection 3.2.5, the note modifying SR 3.2.1.2 has been eliminated. The intent of this 
note in the current FQ TS is to account for potential increases in FQ w(z) between surveillances, which 
could be a month apart if the core is operating at RTP. It requires application of the greater of a 1.02 
factor or a factor specified in the COLR whenever measurements indicate that the maximum value of 
FQ c(z)/K(z) has increased. Alternatively, SR 3.2.1.2 must be repeated once per 7 EFPD until FQ w(z) is 
within limits with the penalty factor applied or two successive flux maps indicate that FQ c(z)/K(z) has not 
increased. 

In the improved FQ TS, the required penalty factor, Rj, is always applied, ·regardless of the trend in 
previous measurements. The Ri penalty factor is now simply part of the definition ofFQ w(z) (see 
expressions (5-1) and (5-2)) and is determined in the same manner as for the current FQ TS (Reference 5). 
The COLR will provide the required penalty factors as a function of cycle burnup. Required penalty 
factors will be provided for each ROS. When margin is predicted to increase in the upcoming operating 
period, the COLR will indicate a penalty factor of 1.0, i.e., no penalty. A penalty factor greater than 1.0 
will be required whenever the minimum margin to the FQ w(z) limit is predicted to decrease in the 
upcoming period. 

• 

• 

In the current FQ TS, the application of the penalty factor for the next operating period is predicated upon 
an increase in the measured value ofFQ c(z)/K(z) over the previous operating period. While a change in 
measured F0 c(z)/K(z) is a good figure of merit for margin changes, the improved FQ TS is more 
appropriate and rigorous since future decreases in margin are the relevant concern and are directly 
employed in determining whether a penalty is necessary. This avoids any lag in the application of the 
penalty factor caused by the requirement for two successive measurements, which could be a month or 
more apart, to indicate a decrease in margin. Therefore, the revised note will better capture the expected 
trend of the margin based on predictions. By eliminating the note, however, the option to perform more • 
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• frequent surveillances in lieu of applying the penalty factor is also eliminated. It will be necessary to 
demonstrate that the LCO is met with the COLR Rj factor applied. If the LCO is not met, then the 
Required Actions must be performed to restore margin. The current FQ TS, requires a minimum penalty of 
2% regardless of the magnitude of the increase in measured F{(z)/K(z). In the improved FQ TS, there is 
no minimum penalty factor for periods of decreasing margin. The penalty factor will be consistent with 
the predicted margin trends. This eliminates the problem of trivial changes in margin requiring a 2% 
penalty. 

• 

• 

The magnitude of the penalty factor included in the COLR is an analytical quantity independent of 
measurement. Consequently, the current methods used to determine this penalty remain appropriate. 
Reference 5 does not provide many methodology details with respect to calculation of these penalty 
factors. The current method used to calculate them is briefly described in the following . 

From (4-31), we have: 

[ r 
Then: 

(5-6) 
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[ 

From (5-5), the minimum margin to the FQ limit at BUi will occur at the axial location where the ratio 

FW(z,BU-)/ . . . 
Q 

1 I K(z) 1s max1m1zed. Therefore: 

[ (5-8) 

I 

]a,c This is accomplished with the following ratio: 

[ r (5-9) 

The factor Ri can be used to account for the expected decrease in margin due to non-equilibrium 

operation over the next EFPM. When applied to the measured F't (z, BUi ), the margin is decreased by the 
maximum amount predicted over the next EFPM. If Ri is less than 1.0, the margin is expected to increase, 

• 

and a value of 1.0 would be indicated in the COLR for that burnup. • 

Note that the above discussion employs W(z) values calculated for the COLR reference condition 
(HFP, ARO, EQXE) . In this context, W(z) is simply used as a means of obtaining the predicted 
maximum transient FQ(z) *Power at the particular burnup of interest. T(z) can been used to accomplish the 
same purpose. From expression (4-33), we have the following: 

[ r (5-10) 

Substituting into (5-7): 

[ 
. ]K 

Consequently, W(z) factors or T(z) factors may be used to determine the analytical maximum transient 
FQ*Power at the burnup of interest. Therefore, both factors may be used to determine Ri. 

Values for Ri will be included in the COLR for each RAOC operating space. In generating the factors, it 

will be assumed that an EFPM is equal to at least 31 EFPD, corresponding to the maximum surveillance 
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• interval in SR 3 .2.1.2. Values larger than 31 EFPD may be used for conservatism or to account for 

permitted extensions of the surveillance time interval. 

• 

• 

During a surveillance, the margin in1provement achievable by implementing a more restrictive RAOC 

operating space can be easily determined as follows. 

Suppose two RAOC Operating Spaces are specified in the COLR as ROS 1 and ROS2. From expression 

(5-3), the percent margin (M) to the FQ limit can be determined for each ROS as follows: 

CFQ;{(z) [Ff (z)] 

M ( ) Pre! ROS1 * l000l 
ROS1 z = CFQ•K(z) 70 for P;;1 > 0.5 

p~~l 

CFQ;{(z)_[Ff (z)] 

M ( ) prel ROS2 l000l 
ROS2 z = CFQ•K(z) * 70 for P;;1 > 0.5 

p~~l 

Therefore, the margin improvement for ROS2 relative to ROS 1 is simply: 

M ( ) M ( ) _ [Ff (z)]ROS1 -[Ff (z)]ROS2 lOOOl 
ROS2 z - ROS1 z - CFQ•K(z) * 70 

~ 

Using (5-1), this becomes: 

MRos2Cz) - MRos1 (z) 
Axy(z) * [FXY(z)Wurv * Up 

for P;;1 > 0.5 

= P;;l {[T( ) R ]COLR [T( ) R ]COLR} 
CFQ * K(z) * z * i Ros1 - z * i Ros2 

P;;i 
* 100% for P;;1 > 0.5 

After simplification, expression (5-15) becomes: 

MRos2(z) -MRos1(z) 

(5-12) 

(5-13) 

(5-14) 

(5-15) 

= Axy(z) * [Fxy(z)]furv *Up* {[r(z) * R·]COLR _ [T(z) * R-]COLR} * 100% 
CFQ * K(z) 1 Ros1 1 Ros2 

(5-16) 

Because the surveillance power level, P;;i, cancels out, expression (5-16) is applicable to all surveillance 

power levels. Expression (5-16) indicates that the margin improvement between two RAOC operating 

spaces is easily determined from the difference in the applicable T(z)*Rj values. 

In a similar way, it is straightforward.to show, using (5-1), that the percent change in Fi{ (z) between two 

RAOC operating spaces is given by the following: 
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[Fw(z)] - [Fw(z)] [T(z) * R-]coLR 
Q ROS1 Q ROS2 lOOOL _ l _ J ROS2 1000.l 

[ 
W ] * 70 - COLR * 70 

FQ (z) Rosi [T(z) * Ri]Ros1 

(5-17) 

Consequently, the percent improvement in Fi{ (z) for two RAOC operating spaces is simply a function of 

the ratio of the applicable T(z)* Rj values. When [F.Qw (z)] is approximately equal to the FQ limit, as 
ROS1 

would be the case if the surveillance challenged the limit, expressions (5-16) and (5-17) will give 

approximately the same result. In other words, the margin improvement relative to the FQ limit and the 
improvement in Fi{ (z) will be about the same. 
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EXAMPLE APPLICATION OF IMPROVED RAOC FQ 
SURVEILLANCE 

6-1 

In this section, the formulation and methods for the Improved RAOC FQ Surveillance and TS will be 

applied to a reload core design and an actual surveillance flux map. The core design employed is a typical 

four-loop, 18 month cycle core design. The same reload core was used for the discussions in Sections 3 

and 4. This core is the "Plant A" core in Figure 4-1. 

This section will present the RAOC operating spaces chosen for inclusion in the COLR, the analytical 

transient F0(z)*Power results for each operating space, the corresponding T(z) functions, the Axv(z) 

factors for use during a startup surveillance, the :Rj factors that account for increases in the transient FQ(z) 

between surveillances, and the power level andAFD reduction requirements for Required Action B.2.1. In 

the last section, the T(z) functions will be employed to determine FQ w(z) for an actual BOL flux map. 

6.1 RAOC OPERATING SPACES 

The choice and number ofRAOC operating spaces to be included in the COLR will need to be a subject 

of discussion at the reload core design initialization meeting conducted for each core design to establish 

the core design and operational requirements for the next reload cycle. It should only be necessary to 

include two or three operating spaces in the COLR. Some utilities may opt to include just a single ROS. 

In this case, if a surveillance shows that FQ w (z) exceeds its limit, Required Action B.2.1 would require a 

reduction in the maximum allowable power as well as a reduction in the AFD limits. These required 

reductions would be specified in the COLR. The benefit of having multiple ROSs in the COLR is to 

obviate the need to reduce power by instead reducing the operating space. In this way, the improved FQ 

TS is similar to the current FQ TS. 

For this sample analysis, three RAOC operating spaces were analyzed. The operating spaces were chosen 

to ensure that the two more restrictive operating spaces provided significant margin improvements at all 

core elevations where transient FQ margin could possibly be limiting. ROSI is the "reference" RAOC 

operating space. ROS2 employs a smaller AFD operating space than ROSI, but the same RILs. ROS3 

employs the same smaller AFD operating space as ROS2, but also employs slightly shallower RlLs. In 

terms of minimum transient margin, ROS 1 has the least margin while ROS3 has the most. As the 

following figures show, ROS3 provides margin improvement in the central core region. 

Figure 6-1 shows the AFD operating spaces for ROSI, ROS2, and ROS3. TheAFD limits for ROS2 and 

ROS3 are reduced by 5% AFD relative to the ROSI AFD limits. Figure 6-2 shows the RlLs for ROSI and 

ROS2. Figure 6-3 gives the ROS3 RILs. The RILs for ROS3 have been raised by 22 steps (about 

14 inches) relative to the RlLs for ROSI and ROS2. Each control bank was raised the same number of 

steps so that the tip-to-tip distance between banks remained the same . 
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6.2 TRANSIENT FQ(Z)*POWER RESULTS 

In a typical RAOC analysis, power shapes are generated at three or four cycle burnups and at three 

different power levels. For this sample analysis, power shapes were generated at cycle bumups of 150, 
4000, 12000, and 20000 MWD/MTU and power levels of 100% RTP, 75% RTP, and 50% RTP. 

6-2 

Figures 6-4 through 6-7 show the maximum transient FQ(z)*Power values calculated at each of the four 

cycle bumups, respectively, for each of the three operating spaces. As the figures show, ROS2 and ROS3 

provide significant margin benefits because of their reducedAFD operating space. ROS3 provides 

additional benefit in the central core region because of its shallower control bank insertion limits. 

6.3 [T(Z)f0
LR VALUES 

[T(z)]COLR values were determined for each ROS and each analyzed cycle burnup. The [T(z)]COLR 
values were calculated from the [W(z)]COLR functions using expression (4-33). Equivalently, expression 

( 4-30) could have been used. Use of expression ( 4-33) was convenient for this exercise since both the 

[W(z)]C0LR functions and the [P(z)]~ef power shapes were readily available. 

The core models used in this saniple analysis did not include explicit modeling of the grids. Consequently, 

as discussed in Section 4.2, a grid factor was included in the [T(z)]COLR values to account for the small 

additional power peaking that occurs in the spans between the grids. This factor is not included in the 

W(z) functions because the grid effects are captured in the measured steady state FQ(z). 

Figures 6-8 through 6-11 give the [T(z)]COLR values for each operating space and, respectively, for each 

cycle bumup considered. Tabular values are given in Tables 6-1 through 6-4. Note that the [T(z)]COLR 
values are 0.0 for the top and bottom 8% of the core. These are the exclusion zones selected for this core. 

The standard 15% top and bottom exclusion zones were not used because the limiting margin location at 

EOL is at about 12% above the bottom of the active fuel. Verification ofFQ w(z) is not required in the 

exclusion zones. The exclusion zones are chosen for the particular core so as to ensure that the limiting 

margin axial location is surveilled. 
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6.4 Axy(Z) VALUES FOR INITIAL POWER ASCENSION 

As discussed in Section 4.3, the Axy(z) factors adjust the measured F},.'Y(z) for consistency with the 

reference core conditions used to generate the COLR T(z) values. The vast majority of surveillances are 

performed at high power conditions during the operating cycle with control rods nearly fully withdrawn. 

For these surveillances, the AXY(z) will generally be very close to 1.0 at nearly all elevations and, in 

particular, at elevations where transient Fo margin is likely to be limiting. Furthermore, for the particular 

core used in this example, ample transient F0 margin is anticipated. This is evident from the F0(z)*Power 

plots in Figures 6-4 through 6-7. Therefore, an assumption of AXY(z) equal to 1.0 is reasonable. 

A convenient method for determining these factors is Method 2 using expression ( 4-35). In this method, 

the factors are not included in the COLR. Instead, they are determined for the specific surveillance 

conditions at the time of the surveillance using an approved 3D core model. In this example analysis, this 

is the method that will be used. 

Section 6.6 will describe the application of this improved F0 Surveillance formulation to a specific flux 

map. The flux map was taken at a cycle burnup of221 MWD/MTU. The core relative power was 0.999, 

and the D-Bank location was 228 SWD. Table 6-9 gives the AXY(z) values determined using Method 2 

and interpolated to the surveillance axial positions. In this case, the flux map was taken at core conditions 

that are nearly the same as the reference core conditions. Consequently, the AXY(z) values are nearly equal 

to 1.0 (within about 0.1 %), indicating that, for this particular surveillance, essentially no adjustment of the 

measured radial peaking factors is necessary for consistency with the reference conditions assumed for 

the COLR T(z) values . 

6.5 POWER AND AFD REDUCTIONS 

As discussed in Section 5.3, ifno ROS included in the COLRprovides the required margin improvement 

when F0 w(z) exceeds its limit, then Required Action B.2.1 and the COLR will specify limits on thermal 

power and required reductions in AFD. Optionally, these reductions may be implemented instead of 

employing a more restrictive ROS. [ 

]"·
0 The 

minimum margin improvement relative to the reference analysis for that ROS will be determined. The 

value specified in the COLR will be the minimum margin improvement over the entire operating cycle. 

Optionally, the COLR may tabulate the margin improvement as a function of cycle burnup. 

Table 6-10 gives an example of the kind of information that will appear in the COLR with respect to 

limits on thennal power and AFD reductions. [ 

operating spaces . 
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The likelihood of any plant being required to reduce power due to FQ w (z) exceeding its limit is very • 
remote. If such a situation developed, it would be due to a significant and unanticipated core anomaly or a 
serious measurement issue. Obviously, any such development would require considerable scrutiny with 
respect to its nature and future operation. The above power and AFD limits should be viewed as necessary 
immediate measures to ensure safety limits are met for near term operation. 

6.6 TRANSIENT F Q(Z) MARGIN DECREASE FACTORS 

Section 5.5 described the methodology for calculating the Ri factors used to account for decreases in the 
transient FQ margin between surveillances. For this example analysis, Ri factors were determined for each 
ROS throughout the operating cycle using expression (5-9). In generating these factors, an EFPM was 

conservatively assumed to be equal to 39.EFPD to allow for permissible extensions in the surveillance 
interval. This is conservative since larger FQ w(z)/K(z) increases are possible when a longer time span is 

assumed until the next surveillance. Tables 6-11 through 6-13 provide the information that would be 

included in the COLR with respect to these factors for each ROS. 

6.7 EXAMPLE FLUX MAP APPLICATION 

In this section, the transient FQ w(z) margin will be determined for a specific flux map for each ROS using 
the improved formulation. For comparison, corresponding values using the current FQ Surveillance 

formulation will also be determined. The surveillance conditions for the flux map were briefly discus.sed 
in Section 6.4. To reiterate, the flux map was taken at a cycle burnup of221 MWD/MTU with a core 
relative power of0.999 and a D-Bank location of228 SWD. Consequently, the flux map conditions are • 

very close to the reference conditions used in the generating the COLR W(z) and T(z) factors. 

Table 6-14 gives the transient FQ(z) margin results for ROSI using the currentfonnulation. Here Ff (z) 

was determined as follows: 

W C [W(z)fOLR [ ]M 
FQ (z) = W(z) * FQ (z) * Ri = ss * FQ(z) * 1.0815 * Ri 

Pre! Surv 
(6-1) 

This expression is just expression (3-8) modified using expression (3-15) and including the Ri factor to 

account for margin decreases between surveillances. The typical 1.0815 value for UF has been used. 
The [W(z)]COLR and Ri factors were interpolated to the surveillance cycle burnup. Table 6-14 shows that 

the minimum margin to the FQ limit was 10.5% and occurred at an elevation of 2.4 feet. 

Table 6-15 gives the corresponding results for the improved formulation. Here, Ff (z) was determined 

using the following expression: 

W [T(z)]COLR M 
FQ (z) = ss * Axy(z) * [Fxy(z)]surv * 1.0815 * Ri 

Pre! 
(6-2) 

This is just expression (5-1) with 1.0815 used for UF. As with the current formulation, [T(z)]COLR and Ri 

were interpolated to the surveillance cycle burnup. The Axy(z) factors are from Table 6-9. As Table 6-15 
shows, the minimum margin to the FQ limit was also 10.5% and occurred at an elevation of 7.4 feet. 
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Figure 6-12 plots the minimum margin versus elevation for ROSI for each formulation. Note that, in this 

case, the minimum margin values for the two formulations are essentially the same. The axial location of 

the minimum margin, however, is very different for the two formulations. Similar differences occurred for 

ROS2 and ROS3. The transient F0 margin results for these operating spaces are shown in Figures 6-13 
and 6-14, respectively. These were generated in the same way as in Tables 6-14 and 6-15, but using 
[W(z)]COLR, [T(z)]COLR, and R1 factors appropriate for these operating spaces . 

For the flux map used in this example, the minimum transient FQ margin was not very different for the 

two methods, but the axial location of the minimum margin was very different. If the LiAO had been 

larger that 2%, e.g., 4-5%, the margin differences between the two fonnulations would have been larger 

as well with the new formulation exhibiting more margin. The new formulation will provide a more 

accurate assessment of both the magnitude and location of the minimum margin for RAOC plants when 

there are differences between the measured and predicted axial power shapes. 

The effects of the grid depressions are clearly evident in the margin curves for the current method (also in 

the measured P(z) plot in Figure 6-15). In the current method, the grid depressions are captured via the 

[FQ(z)t term in expression (6-1). The curves for the improved method do not reflect the grid 
Surv 

depressions because the core model used to generate the T(z) factors did not explicitly model the grids. 

Instead the additional peaking in the spans between the grids was accounted for via a grid factor, which 

was included in the T(z) values. Future core models may include the grids; therefore, their effects will be 

directly incorporated into the T(z) factors. In this way, the margin assessment for the improved 

fonnulation will also reflect the grid depressions . 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 6-6 

Finally, it is important to note the relative margin differences exhibited by the three RAOC operating • 
spaces. [ 

This particular core has ample margin at this surveillance condition for ROS 1. If, however, margin were 
needed, the ROS2 or ROS3 operating spaces would have likely provided sufficient margin improvement 

to preclude the need for a power reduction. 
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Table 6-1 [T(z)fOLR Values at 150 MWD/MTU 

WCAP-17661-NP-A 

6-7 

February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

-a,c 



Westinghouse Non-Proprietary Class 3 

Table 6-2 [T(z)f0
LR Values at 4000 MWD/MTU 
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Table 6-3 [T(z)fOLR Values at 12000 MWD/MTU 
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Table 6-4 [T(z) fOLR Values at 20000 MWD/MTU 
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Table 6-9 Axv(z) for Specific Flux Map Conditions 
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Table 6-10 Required THERMAL POWER Limits and AFD Reductions 

Note: 

1. AFD reductions should be applied to both the positive and negative sides of the AFD operating space. 
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Table 6-11 Rj Margin Decrease Factors for ROSI 

Values may be interpolated to the surveillance cycle burnup . 
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Table 6-12 Rj Margin Decrease Factors for ROS2 

Values may be interpolated to the surveillance cycle burnup. 
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Table 6-13 Rj Margin Decrease Factors for ROS3 

Values may be interpolated to the surveillance cycle burnup . 
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Table 6-14 Surveillance Transient FQ Margin Assessment for ROSI - Current Method 

Note: 
1. Surveillance relative power level is 0.999. 
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Table 6-15 Surveillance Transient FQ Margin Assessment for ROSl - Improved Method a,c 

< 

Note: 

1. Surveillance relative power level is 0.999. 
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Figure 6-1 RAOC Operating Space (ROS) AFD Limits 
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Figure 6-2 RAOC Operating Space 1 and 2 Control Bank Insertion Limits 
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Figure 6-3 RAOC Operating Space 3 Control Bank Insertion Limits 
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Figure 6-4 RAOC Maximum Transient FQ(z)*Power for 150 MWD/MTU 
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Figure 6-5 RAOC Maximum Transient FQ(z)*Power for 4000 MWD/MTU 
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Figure 6-6 RAOC Maximum Transient FQ(z)*Power for 12000 MWD/MTU 
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Figure 6-7 RAOC Maximum Transient FQ(z)*Power for 20000 MWD/MTU 
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Figure 6-8 [T(z)f0
LR Factors for 150 MWD/MTU 
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Figure 6-9 [T(z) f 0
LR Factors for 4000 MWD/MTU 
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Figure 6-10 [T(z)fOLR Factors for 12000 MWD/MTU 
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Figure 6-11 [T(z)f0 LR Factors for 20000 MWD/MTU 
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Figure 6-12 Surveillance Transient FQ Margin Assessment for ROS1 
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Figure 6-13 Surveillance Transient FQ Margin Assessment for ROS2 
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Figure 6-14 Surveillance Transient FQ Margin Assessment for ROS3 
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Figure 6-15 Measured and Predicted Axial Power Shape Comparison 
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7 IMPROVED CAOC FQ SURVEILLANCE FORMULATION 

Section 3 discussed the current FQ Surveillance formulation for RAOC and CAOC plants. This 
formulation works well for CAOC plants since, as discussed in Section 3.1, the W(z) values are 
insensitive to differences between measured and predicted axial power shapes. For CAOC plants, the 
reference conditions used to establish the W (z) values should be the same conditions used to establish the 
measured target axial offset, i.e., HFP, EQXE, with the lead control bank nearly fully withdrawn. 
(Often, the CAOC target axial offset is established with the control bank inserted a small amount, 
e.g., 5-10 steps, to the point where the differential rod worth permits some core reactivity adjustment for 
inlet temperature control.) Furthermore, when the surveillance is performed, the core conditions should 
closely correspond to the core conditions that would be used to establish the target axial offset. Under 
these circumstances, the product of W(z) and the measured FQ(z) will accurately quantify the postulated 
maximum transient FQ(z) for future non-equilibrium CAOC operation about that target AO even if the 
measured and predicted axial power shapes are not in perfect agreement. 

If, however, the surveillance is performed at core conditions that are significantly inconsistent with the 
conditions used to establish the CAOC target, the resulting transient FQ margin assessment may not 
accurately reflect the "true" transient FQ margin for operation about the "true" target AO. The improved 
CAOC FQ Surveillance formulation derived in the following section will include an adjustment factor 
analogous to the Axy(z) factors in the improved RAOC FQ Surveillance formulation to adjust the 
surveillance FQ w (z) to the reference conditions used to establish the target AO . 

7.1 DERIVATION OF THE IMPROVED CAOC FQ SURVEILLANCE 
FORMULATION 

From expressions (3-8) through (3-16), the basic equations for the transient FQ(z) for the current FQ 
Surveillance formulation are as follows: 

· Ff (z) 
[W(z)]COLR C 

= pss * FQ (z) 
rel 

Ff(z) 
[W(z)fOLR 

= * Fc(z) 
0.5 Q 

where: 

[ 
F8(z) = [FQ(z)];urv * UF 
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The limiting conditions for operation are: 

c~~ * K(z) 2:: Ff (z) 
Pre! 

CFQ * K(z) 2:: Ff (z) 
0.5 

for P.;!z > 0.5 

for P.;!z ~ 0.5 

For the remainder of the derivation, we will assume P.;;z > 0.5 and then generalize at the end for all 
surveillance power levels. 

Inserting (7-1) into (7-5) gives the following: 

CFQ * K( ) > [W(z)]coLR * F.c( ) 
pSS Z - pSS Q Z 
rel rel 

7-2 

(7-5) 

(7-6) 

(7-7) 

Typically, the conditions used to determine the CAOC target AO are HFP, EQXE, and with the lead 
control bank nearly fully withdrawn. For a given surveillance, suppose that the core conditions during the 
measurement of F8 (z) are inconsistent with these target AO conditions. In this case, the surveillance 

FQ(z) will not be exactly the same as the FQ(z) that would have been measured had the surveillance been 
performed at conditions consistent with the natural target. The FXY(z) values will be a little different 
(probably a little larger). Also, the surveillance P(z) may be somewhat different than the natural target 
P(z). The W(z) values will correctly account for the increases in P(z) due to transient operation about the 

• 

surveillance condition, but the surveillance may under- or over-estimate margin if the surveillance P(z) is • 
skewed relative to the natural target P(z). In other words, the W(z) values are valid, but the measured P(z) 
is not exactly right, i.e., it is not the P(z) that would have been measured at the natural target core 
conditions. 

For example, suppose the surveillance conditions are 75% RTP with D-bank inserted 30 steps and an axial 
offset that is a few percent more negative than the target axial offset. In this case the measured axial 
power shape will be more bottom-skewed than the natural target axial power shape. As a consequence, 
the transient FQ margin will be slightly smaller in the bottom of the core relative to the margin that would 
have been measured had the surveillance been performed at the natural target core conditions. For the top 
of the core, the opposite will be true; the measured margin will likely be larger than would have been 
measured at the target conditions. Also, because the lead control bank is significantly inserted and the 
core is at less than RfP, the measured Fxv(z) component of F8 (z) will likely be slightly larger than would 

have been measured at the target conditions. Again, this will reduce margin. 

This surveillance can be "adjusted" to the reference core conditions as follows: 

[ r 
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Here, [F.Q (z)]P is the predicted FQ(z) at the reference target AO conditions and [F.Q (z)]P is the 
Ref · Surv 

predicted FQ(z) at the surveillance conditions. This ratio can be viewed as adjusting the measured F8 (z) 

to the reference target AO conditions. Alternatively, the ratio can be viewed as adjusting the [W(z)]COLR 

values to the surveillance condition. Effectively, the product: 

[ r (7-9) 

is equal to the W (z) of expression (3-9). [ 

Note that, after this correction, the measured target AO may still disagree with predicted target AO, i.e., 
the measured P(z) component of F8 (z) may not be the same as the predicted P(z) component of 

[FQ(z) ]:ef° This, however, is acceptable. Capturing the effect of this axial "tilt" is an essential attribute of 

the CAOC FQ Surveillance formulation. Similarly, the differences between measured and predicted radial 
peaking factors will be captured. These differences, however, will be adjusted to be consistent with the 
target AO core conditions . 

For discussion purposes, this adjustment ratio will be referred to as AQ(z), i.e.,: 

[ r (7-10) 

Inserting this into (7 -1) and (7-2): 

[W(z)fOLR 
Fl{ (z) = pss * F8 (z) * AQ (z) 

rel 
(7-11) 

[W(z)]COLR 
Fl{(z) = * F8(z) *AQ(z) 

0.5 
(7-12) 

When surveillances are performed at core conditions close to the core conditions corresponding to the 
target AO measurement, AQ(z) will be very close to 1.0. This is usually the case. 

Expression (7-11) and (7-12) do not include the Rj factor discussed in Section 5.5. This factor accounts 
for expected increases in FQw(z) between required surveillances. With the inclusion of this factor, (7-11) 
and (7-12) become: 

W - [W(z)]COLR C 
FQ (z) = ss * FQ (z) * AQ (z) * Rj 

Prel 
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for P;!z s; 0.5 (7-14) 

Expressions (7-5) and (7-6), the limiting conditions for operation, are unchanged for this improved 
formulation. 

7.2 CALCULATION OFW(Z) FACTORS 

For CAOC plants, the general methods for determining the W(z) factors for the COLR are unchanged. 
References 2, 3, and 4 describe the power shape analyses performed for CAOC plants, which involve 
simulation of specific load follow scenarios. The load follow scenarios are simply a means of generating 
representative xenon and power distributions for characterizing non-equilibrium operation within the 
restricted operating space of CAOC. Part B of Reference 5 describes the calculation of the W (z) factors. 
Expression (7-3) is used to generate W(z) values for the COLR. For a specific surveillance, these W(z) 
values are divided by the surveillance power level, as indicated in expressions (7-13) and (7-14), for 
consistency with the F Q limit at the surveillance power level. 

In determining the W(z) factors (or T(z) factors for RAOC plants), lD or 3D core models may be used to 
perform the power shape analyses. In the Westinghouse methodology, the lD core model currently 
employed is APOLLO (see WCAP-13524-P-A, "APOLLO -A One Dimensional Neutron Theory 
Program" [Reference 7]). When lD core models are used, the axial power shapes are synthesized with 
predicted Fxy(z) values generated using 3D ANG core models; see the following: 

• Westinghouse Report WCAP-10965-P-A, "ANC: A Westinghouse Advanced Nodal Computer 
Code" (Reference 8) 

• Westinghouse Report WCAP-11596-P-A, "Qualification of the PHOENIX-P/ANC Nuclear 
Design System for Pressurized Water Reactor Cores" (Reference 9) 

• WCAP-16045-P-A, "Qualification of the Two-Dimensional Transport Code PARAGON" 
(Reference 10) 

• WCAP-16045-NP-AAddendum 1-A, "Qualification of the NEXUS Nuclear Data Methodology" 
(Reference 11) 

Alternatively, power shape analyses may be performed using 3D methods, in which case no synthesis is 
required since the 3D model provides FQ(z) directly. 

While power shape analyses for CAOC plants typically consist of actual load follow simulations, an 
alternative method is to analyze CAOC operation using the RAOC methods of Reference 5. CAOC power 
shapes can be determined as combinations of xenon shape, power level, and control bank insertion in the 
same way that RAOC power shapes are generated. The range of xenon and power shapes considered 
would simply be limited to those that are achievable and allowable within the more restrictive CAOC 
AFD,!)perating space. 
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7.3 CALCULATION OF AQ(Z) FACTORS 

As with the Axy(z) factors described in Section 4.3, the AQ(z) factors will be unimportant for the vast 
majority of surveillances. This will be the case since surveillances usually occur at core conditions 
consistent with or nearly consistent with the conditions used to measure the target AO. Even for most 
part-power surveillances, the AQ(z) factors will either be less than 1.0 or close to 1.0 if the axial offset of 
the core is close to the target AO. Furthermore, part-power surveillances are generally interim 
surveillances. After the core power is increased to RTP, an additional surveillance is performed at reactor 
conditions consistent with establishing the target AO. 

Calculation of the AQ (z) factors is analogous to the calculation of AXY(z) discussed in Section 4.3. The 

methods for determining AQ(z) are discussed in the following subsections. They are discussed in order of 
increasing complexity. 

7.3.1 Method 1: AQ(z) is Unity 

Setting AQ(z) to 1.0 is a reasonable option as long as surveillances are performed such that the AO is near 
the target. This will generally result in AQ(z) values that are close to 1.0 or less than 1.0. If AQ(z) is less 
than 1.0, it is conservative to ignore it. AQ(z) values greater than 1.0 may occur at some axial locations, 
but will generally be within 1 or 2 percent of 1.0 for limiting core planes outside of the exclusion zones if 
the surveillance is performed at a significant power level, e.g., 2: 90% RTP. If a surveillance is performed 
at a core power < 90% RTP, the Technical Specification will require another surveillance if core power is 
increased to 100% RTP . 

The next subsection discusses some typical AQ(z) values for BOL and EOL. 

7.3.2 Method 2: Direct Calculation of AQ(z) for the Surveillance Condition 

The most convenient method of determining AQ(z) is to calculate it at the time of the surveillance using a 

3D core model generated using approved methods. Expression (7-10) would be used to calculate the 
factors as a function of elevation. As an example, Table 7-1 gives BOL and EOL AQ(z) factors for a 

surveillance power level of 90% RTP. In each surveillance case, the lead control bank was positioned to 
match the HFP target axial offset. For BOL, this position was 197 SWD (10.6 ft elevation). For EOL, the 
bank position was 185 SWD (10.0 ft elevation). The HFP power reference condition has the lead control 
bank inserted a small amount into the active core region (about 12 steps, elevation 11.1 ft). Equilibrium 

xenon was assumed at all conditions. 

Note that the BOLAQ(z) values in Table 7-1 are less than or approximately equal to 1.0 except at the ends 

of the core. The values are influenced by two primary effects: (1) the presence of the control bank in the 
top of the core, and (2) small differences in the P (z) shapes between the reference and surveillance 
conditions. 

The presence of the control bank in the top of the core suppresses the axial power shape in that region, but 
also affects the radial peaking factor. For this core. the control bank suppresses Fxy(z) at BOL near the 
top of the core for the surveillance condition. Since both P(z) and FXY(z) are suppressed, the AQ(z) values 
are> 1.0. The opposite is true at EOL where Fxy(z) is considerably increased when the control bank is 
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inserted. At EOL, FXY(z) is increased more than P(z) is suppressed in the rodded region, resulting in AQ(z) • 
values less than 1.0. Consequently, the AQ (z) values are very different at the top of the core for BOL and 
EOL. 

While the axial offsets are the same for the reference and surveillance cases, the P(z) shapes, while very 
similar, are not exactly the same. Figure 7-1 shows the axial power shapes for the four core conditions of 
Table 7-1. The subtle differences between the reference and surveillance P(z) shapes influence the AQ(z) 
values. In umodded axial planes where the reference P(z) exceeds the surveillance P(z), theAQ(z) values 

. will tend to be greater than 1.0. 

7.4 CRUD INDUCED POWER SHIFT CONSIDERATIONS FOR CAOC CORES 

Section 4.5 discussed CIPS considerations and indicated that the T(z) and W(z) factors can be affected by 
CIPS. Specifically, CIPS can affect the maximum transient P(z), which appears in the numerator of both 
the T(z) and W(z) expressions. The recommendations of Section 4.5 apply to CAOC cores. To reiterate, it 
is proposed that, should CIPS occur, the effect of CIPS on transient FQ margin should be addressed in a 
timely fashion, e.g., within several weeks of the observed onset. This is proposed rather than the 
application of generic CIPS penalty factors that are a function of !iAO. 
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Table 7-1 Typical AQ(z) Factors at BOL and EOL for 90% RTP Surveillances 

Notes: 
1. The reference condition is HFP, EQXE, D at 213 SWD. The surveillance condition is 90% RTP, EQXE, D at the position 

that reproduces the reference condition axial offset. 

2. AQ(z) is the ratio of [FQ(z)]RetF and [FQ(z)]SurvP . 

7-7 
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Figure 7-1 P(z) Shapes for Reference (100% RTP) and Surveillance (90% RTP) Core Conditions 
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IMPROVED CAOC FQ SURVEILLANCE TECHNICAL 
SPECIFICATION 

8-1 

In this section, the improved CAOC FQ Surveillance Technical Specification will be discussed. This TS 

would replace Technical Specification 3.2. lC of Reference 1, "Heat Flux Hot Channel Factor FQ(z) 

(CAOC-W(z) Methodology)." In many respects, the improvements in this TS relative to Reference I 

are very similar to the changes previously discussed in Section 5 for the improved RAOC FQ Surveillance 

TS. Rather than repeat much of the discussion in Section 5, the reader will be referred to Section 5 when 

appropriate. The proposed text for the TS and Bases is provided in Appendices D and E, respectively. 

8.1 LIMITING CONDITION FOR OPERATION (LCO 3.2.1) 

The LCO for the improved version of the CAOC FQ TS is the same as for the current FQ TS. It specifies 

that FQ(z), as approximated by FQ \z) and FQ w(z), shall be within the limits specified in the COLR. As 

discussed in Section 3.1, FQ c(z) is just the equilibrium FQ(z) at the surveillance condition with appropriate 

uncertainties included. 

From expressions (7-13) and (7-14), FQ w(z) is defined as follows: 

- [W(z)fOLR C 
F;{ (z) = ss * FQ (z) * AQ (z) * Rj 

Pre! 
for P;;1 > 0.5 (8-1) 

(8-2) 

where: 

(8-3) 

As in the RAOC formulation, F;{ (z) is the "measured" transient FQ(z) scaled by the l/P;;1 or 1/0.5 factor 

from the FQ limit expression for P;;1 > 0.5 and P;;1 ~ 0.5, respectively. 

The FQ Surveillance limit expressions are the same as for the RAOC TS: 

CFQ*K(z) 2::: F;{ (z) 
0.5 

for P;;1 > 0.5 

for P;;1 ~ 0.5 

(8-4) 

(8-5) 

FQ c(z) and FQ w(z) are compared to the same limit, which is a function of power level and is specified in 

the COLR. This LCO is unchanged in the improved version of the FQ Technical Specification. Only the 

definition of F;{ (z) has changed through the addition of the AQ(z) term, which simply serves to adjust the 

surveillance to the target AO core conditions . 
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8.2 REQUIRED ACTIONS FOR CONDITION A: FQ c(Z) NOT WITHIN LIMIT 

When FQ c(z) exceeds the limit, the core is in an unanalyzed state following the performance of the 

Surveillance (SR 3.2.1.1) in that the current peak power density in the core is greater than the maximum 

value assumed in the safety analyses. The Required Actions and Completion Times for the improved 

version of the CAQC FQ TS are the same as for the improved RAOC FQ TS. When FQ c(z) is not within its 

limit, it is required to do the following: 

1. Reduce THERMAL POWER~ 1 % RTP within 15 minutes for each 1 % FQ c(z) exceeds the limit 

(Required Action A. l ). 

2. Reduce the Power Range Neutron Flux - High trip setpoint (Required Action A.2) by 2': 1 % · 
within 72 hours for each 1 % that THERMAL POWER is limited below RATED THERMAL 

POWER by Required Action A. I. 

3. Reduce the Overpower AT trip setpoint (Required Action A.3) by~ 1 % within 72 hours for each 

1 % that THERMAL POWER is limited below RATED THERMAL POWER by Required Action 

Al. 

4. Perform surveillances on FQ c(z) and FQ w(z) (Required Action A.4) prior to increasing 

THERMAL POWER above the limit of Required Action A. l. 

These actions were briefly discussed in Section 5.2. 

8.3 REQUIRED ACTIONS FOR CONDITION B: FQ w(Z) NOT WITHIN LIMIT 

The Required Actions for Condition B in the improved CAOC FQ TS are different relative to the current 

CAOC FQ Surveillance TS. If FQ w(z) is not within its limit, it will be required to: 

1. Within 4 hours, implement a CAOC operating space sp.ecified in the COLR that restores FQ w(z) 

to within its limits (Required Action B. l ). 

OR 

2. Within 4 hours, limit THERMAL POWER to less than RATED THERMAL POWER as specified 

in the COLR (Required Action B.2.1). 

Required Action B .1 permits the implementation of a new CAOC operating space to restore margin if 

FQ w (z) is not within its limit.A CAOC operating space is a unique combination of AFD limits and 

Control Bank Insertion Limits. The COLR will include one or more CAOC operating spaces. The number 

of CAOC operating spaces to be included in the COLR will be determined by the utility in conjunction 

with the core designers. Each CAOC operating space will be pre-analyzed, and W(z) values will be 

generated for each CAOC operating space and included in the COLR. For the current FQ TS, a reduction 

in thermal power is the Required Action ifFQ w(z) is not within its limit. Implementation of a more 

restrictive CAOC operating space provides an alternative to a power level reduction. Margin is gained by 

• 

• 

reducing the operating space. The COLR will contain the necessary information to confirm that the • 

operating space will provide the necessary margin improvement. 
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• The margin and F0 w(z) improvement between two CAOC operating spaces can be quantified using the 

following expressions, which are analogous to expressions (5-16) and (5-17) for RAOC: 

M M AQ(Z)*F8(z) {[w R ]COLR [w R ]COLR} 
cosz(z) - cos1Cz) = CFQ•I<(z) * (z) * i cos1 - (z) * i cosz (8-6) 

(8-7) 

When F0 w (z) exceeds its limit, Required Action B.2.1 may be implemented instead of Required Action 

B.l. Required Action B.2.1 limits thermal power to less than RTP by the amount specified in the COLR. 

If the CAOC operating spaces specified in the COLR are insufficient to ensure margin to the F0 w(z) limit, 

then Required Action B.2.1 must be entered and thermal power must be limited to less than the RTP. 

(Note that this differs from the improved RAOC F0 Surveillance TS in that limits on thermal power are 

also potentially coupled to AFD reductions in the RAOC TS. This would be feasible for CAOC as well. 

However, AFD limits for CAOC plants are already fairly restrictive and are typically much more 

restrictive than RAOC plants at reduced power levels. One of the CAOC operating spaces selected for 

inclusion in the COLR could reflect the narrowest CAOC AFD band that still permits adequate 

maneuvering and operability as judged by the reactor engineers and operators.) 

The required limits on thermal power and the required reductions in the AFD limits for Required 

Action B.2.1 will be determined using the standard CAOC methodology of References 2, 3, and 4 . • [ 

• 

As in the RAOC TS, if Required Action B.2.1 is entered, the improved CAOC F0 TS also requires the 

following actions in addition to the two Required Actions listed earlier: 

1. Within 72 hours, reduce Power Range Neutron Flux- High trip setpoints 2: 1 % for each 1 % that 

THERMAL POWER is limited below RATED THERMAL POWER (Required Action B.2.2). 

2. Within 72 hours, reduce Overpower f... T trip setpoints 2: 1 % for each 1 % that THERMAL 

POWER is limited below RATED THERMAL POWER (Required Action B.2.3). 

3. Prior to increasing THERMAL POWER above the limit of Required Action B.2.1, perform 

SR 3.2.1.1 and SR 3.2.1.2 (Required Action B.2.4) . 
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Actions B.2.2 and B.2.3 are consistent with the current F0 TS and the improved RAOC F0 TS whenever a • 
reduction in the maximum allowable power is specified. They are conservative measures that provide 
protection against the consequences of Condition II transients in light of the larger local peaking factors 
that caused F0 w (z) to exceed its limit. Required Action B.2.4 is essentially the same as in the current Fo 
TS except that the Completion Time has been specifically tied to Required Action B.2.1, which specifies 
the required limit on thermal power. 

The Required Action for Condition C, "Required Action and Completion Time not met," is unchanged in 
the improved CAOC F0 TS. The Required Action is to be in MODE 2 within 6 hours. 

8.4 SURVEILLANCE REQUIREMENTS FOR FQ c(Z) 

The Surveillance Requirements for F0 c(z) for the improved CAOC F0 TS are the same as for the 
improved RAOC F0 TS. SR 3.2.1.1 requires verification that F0 c(z) is within its limit, and the current 
Frequencies for SR 3 .2.1.1 specify that F0 c(z) must be verified to be within its limit as follows: 

a. Once after each refueling prior to THERMAL POWER exceeding 75% RTP; and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by 2: 10%. 
RTP, the THERMAL POWER at which F0 c(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

These Frequencies were briefly discussed in Section 5.4 for the improved RAOC F0 TS. 

8.5 SURVEILLANCE REQUIREMENTS FOR F Q w (Z) . 

The Surveillance Requirements for FQ w(z) for the improved CAOC FQ TS are the same as for the 
improved RAOC FQ TS. These new Frequencies for SR 3.2.1.2 specify that FQ w(z) must be verified to be 
within its limit as follows: 

a. Once after each refueling within 24 hours after THERMAL POWER exceeds 75% RTP; 
apd 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by 2: 10% 
RTP, the THERMAL POWER at which FQ w(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

• 

The discussion provided in Section 5.5 for the improved RAOC F0 TS applies to the improved CAOC F0 
TS, including the calculation and application of the~ margin decrease factors. Refer to Section 5.5 for 
details on these factors. • 
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Figure 8-1 Typical Standard and Reduced Maximum Power Load Follow Profiles 
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EXAMPLE APPLICATION OF IMPROVED CAOC FQ 
SURVEILLANCE 

9-1 

In this section, the formulation and methods for the improved CAOC FQ Surveillance TS will be applied 
to an actual reload core design. This section is analogous to Section 6, which provided an example 
application of the improved RAOC FQ Surveillance fonnulation and TS. The same core design will be 
employed as in Section 6. 

9.1 CAOC OPERATING SPACES 

As with the improved RAOC FQ TS, the choice and number of CAOC operating spaces to be included in 
the COLR will need to be a subject of discussion at the reload core design initialization meeting 
conducted for each core design to establish the core design and operational requirements for the next 
reload cycle. It should only be necessary to include two or three operating spaces in the COLR. Some 
utilities may opt to include just a single CAOC operating space (COS). In this case, if a surveillance 

shows that FQ w (z) exceeds its limit, Required Action B.2.1 will require that thermal power be limited to 
less than RTP. The required limit on thermal power will be specified in the COLR. The benefit of having 
multiple COSs in the COLR is to preclude the need to reduce power by instead reducing the AFD 
operating band in the unlikely event that FQ w(z) exceeds its limit. This is not a feature of the current 
CAOC FQ Surveillance TS, i.e., the current FQ TS (TS 3.2.lC of Reference 1) calls for a reduction in 
thennal power when FQ w(z) exceeds its limit. 

For this example application, three CAOC operating spaces were specified and analyzed. The operating 
spaces were simply chosen as progressively smaller CAOC operating bands. All three COSs use the same 
control bank insertion limits. Table 9-1 gives the CAOC AFD bands assumed for COS 1, COS2, and 
COS3. [ 

J3'° Figure 9-1 shows the control bank insertion limits employed. 

9.2 CAOC TRANSIENT FQ(Z)*POWER RESULTS 

Figures 9-2 through 9-5 show the maximum transient FQ(z)*Power values calculated at four cycle 

burnups for each of the three CAOC operating spaces. The cycle burnups were 150, 4000, 12000, and 
20000 MWD/MTU, respectively. As the figures show, COS2 and COS3 provide margin benefits relative 
to COS 1 because of their reduced AFD operating spaces. 

9.3 [W(Z)(OLR VALUES 

[W(z)]COLR values were determined in the standard mannerusing expression (7-3) for each COS and for 
the four cycle burnups listed in Section 9.2. Figures 9-6 through 9-9 give the [W(z)]C0LR values for each 
operating space and, respectively, for each cycle burnup considered. Tabular values are given in 
Tables 9-2 through 9-5. Note that the [W(z)]COLR values are 1.0 for the top and bottom 8% of the core. 
These are the exclusion zones chosen for this core. These exclusion zones ensure that the limiting axial 
location will be surveilled. As Figure 9-5 shows, the minimum margin location is at about 1.4 ft near 
EOL, which correspond to 12% of the core height. 
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9.4 AQ(Z) VALUES 

The AQ(z) factors adjust the surveillance for consistency with the reference core conditions for measuring 

the target AO. For the purposes of this example application, it will be assumed that explicit ~(z) values 

are not included in COLR. Rather, values will be determined for each surveillance using an approved core 

model. This is Method 2 discussed in subsection 7.3.2. 

Section 9.7 will describe the application ofthis formulation to a specific flux map. This is the same flux 

map used in Section 6.7. The flux map was taken at a cycle burnup of221 MWD/MTU. The core relative 

power was 0.999, and the D-Bank location was 228 SWD. Table 9-6 gives the AQ(z) values determined 

using Method 2 and expression (7-10) and interpolated to the surveillance axial positions. The core 

conditions for the flux map are very similar to the reference core conditions assumed for the target 

measurement. These reference conditions are a relative power of 1.0, EQXE, and D-Bank at 213 steps. 

This was the reference condition used to generate the steady-state FQ(z) for the W(z) factors, specifically, 

the denominator of expression (7-3). It was also the reference condition for establishing the target AO in 

the CAOC simulations. As Table 9-6 shows, the ~(z) values are reasonably close to 1.0. The largest 

~(z) value is 1.014 near the bottom of the core. This occurs since the reference condition includes a 

small amount of control bank insertion, resulting in a predicted target AO that is slightly more negative 

than the predicted AO at the surveillance conditions. 

9.5 POWER REDUCTIONS 

• 

As discussed in Section 8.3, if no COS included in the COLR provides the required margin improvement • 

when FQ w (z) exceeds its limit, then Required Action B.2.1 and the COLR will specify limits on thermal 

power. Optionally, this limit on thermal power may be implemented instead of employing a more 

restrictive COS. [ 

Table 9-7 gives the expected margin improvement for each COS when thermal power is limited to 

95% RTP and 90% RTP. [ 

]a,c 

As with RAOC operation, the likelihood of any plant being required to reduce power due to FQ w(z) 

exceeding its limit is very remote. If this situation occurred, it would be due to a very large and 

unanticipated core anomaly or a serious measurement issue which would require considerable scrutiny 

with respect to its nature and with respect to future operation. The thermal power limits that will be 

specified in the COLR should be viewed as necessary short term measures to ensure that safety limits are 

met for near term operation. 
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9.6 TRANSIENT FQ(Z) MARGIN DECREASE FACTORS 

Section 5.5 described the methodology for calculating the Ri factors used to account for expected 

decreases in the transient FQ margin between surveillances. For this example analysis, Ri factors were 
determined for each COS throughout the operating cycle using expression (5-9). Tables 9-8 through 9-10 

provide the information that would be included in the COLR with respect to these factors for each 
respective COS. 

9.7 EXAMPLE FLUX MAP APPLICATION 

In this section, the transient FQ w(z) margin will be determined for a specific flux map for each COS using 

the improved formulation. For comparison, corresponding values using the current FQ Surveillance 

formulation will also be determined. The only real difference between the current formulation and 

improved formulation for CAOC is the AQ(z) term. The flux map core conditions are those discussed 

previously. Specifically, the flux map was taken at a cycle burnup of221 MWD/MTU with a core relative 

power of 0.999 and a D-Bank location of228 SWD. For this example application, the Target AO core 

conditions assumed were a core relative power of 1.0 and a D-Bank location of213 SWD. 

Table 9-11 gives the transient FQ(z) margin results for COS 1 using the current formulation. Here Ff (z) 

was determined using expression (6-1), which is repeated here: 

(9-1) 

\ 

The [W(z)]COLR and R1 factors were interpolated to the surveillance cycle burnup of 221 MWD/MTU. 

Table 9-11 shows that the minimum margin to the FQ limit was 12.5 % and occurred at an elevation of3.4 

feet. 

Table 9-12 gives the corresponding results for the improved formulation. Here, Ff (z) was determined 

using the following expression: 

(9-2) 

This is just expression (8-1) and differs from expression (9-1) only by the inclusion of the AQ (z) term. 

The AQ(z) factors in Table 9-12 are from Table 9-6. As Table 9-12 shows, the minimum margin to the 

F Q limit was 11.5 % and occurred at an elevation of 3 .4 feet. 

Figure 9-10 plots the minimum margin versus elevation for COS 1 for the current and improved 

fonnulations. The calculations in Tables 9-11 and 9-12 were repeated for COS2 and COS3. The margin 

comparisons are given in Figures 9-11 and 9-12 for COS2 and COS3, respectively. 

These figures illustrate how the expected minimum margin improves when the CAOC AFD band is 
reduced through implementation of a more restrictive COS. COS2 provides a margin benefit of 

about 1. 7% relative to COS 1. COS3 provides a 4.2% benefit relative to COS 1 . 
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This particular core has significant margin to the limit at this surveillance condition. If, however, margin • 

were needed, these operating spaces would have very likely provided sufficient margin improvement to 

preclude the need for a power reduction. 

Finally, the differences between the current and improved formulations with respect to minimum margin 

were 1.0%, 0.8%, and 0.7% for COSl, COS2, and COS3, respectively. These small differences are 

entirely due to the Target AO core conditions chosen for this example and the resulting values of A0(z). If 
the Target AO core condition had assumed a D-Bank position of 228 SWD, as in the surveillance, the 

~(z) values would have essentially been equal to 1.0, and the differences between the current and 

improved formulations would have been negligible. This example simply illustrates the effect that small 

differences in the Target AO and steady-state P(z) can have on the minimum margin for CAOC plants. 

The W(z) values are not affected by these differences since they are primarily a function of the width of 

the CAOC AFD band. When the target AO core conditions yield a slightly more skewed AO and P(z), the 

result can be slightly less margin. 
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Table 9-1 AFD Bands for CAOC Operating Spaces 
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Table 9-3 [W(z) fOLR Values at 4000 MWD/MTU 
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Table 9-4 [W(z)fOLR Values at 12000 MWD/MTU 
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Table 9-7 Required THERMAL POWER Limits 
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Table 9-8 Rj Margin Decrease Factors for COS1 

Values may be interpolated to the surveillance cycle bumup. 
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Table 9-9 Rj Margin Decrease Factors for COS2 

Values may be interpolated to the surveillance cycle burnup . 

WCAP-17661-NP-A 

9-13 

a,c 

February 2019 
Revision 1 

*** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 

Table 9-10 RJ Margin Decrease Factors for COS3 

Values may be interpolated to the surveillance cycle burnup. 
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Table 9-12 Surveillance Transient FQ Margin Assessment for COS1 - Improved Method 
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Figure 9-1 Control Bank Insertion Limits for CAOC Operating Spaces 
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Figure 9-2 CAOC Maximum Transient FQ(z)*Power for 150 MWD/MTU 
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Figure 9-3 CAOC Maximum Transient FQ(z)*Power for 4000 MWD/MTU 
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Figure 9-4 CAOC Maximum Transient FQ(z)*Power for 12000 MWD/MTU 
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Figure 9-5 CAOC Maximum Transient FQ(z)*Power for 20000 MWD/MTU 
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Figure 9-6 [W(z)f0
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Figure 9-7 [W(z)fOLR Factors for 4000 MWD/MTU 
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Figure 9-9 [W(z)f0
LR Factors for 20000 MWD/MTU 
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Figure 9-10 Surveillance Transient F Q Margin Assessment for COS 1 • 
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Figure 9-11 Surveillance Transient F Q Margin Assessment for COS2 
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Figure 9-12 Surveillance Transient F Q Margin Assessment for COS3 
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10 IMPLEMENTATION 

As discussed in Section 1.1, the improved FQ Technical Specifications provided in the appendices were 

developed using the current F0 Technical Specifications of Reference 1 as a basis. While current plant TS 

generally reflect the key attributes of these current F O TS, a cursory review of actual plant Technical 

Specifications will quickly reveal a substantial amount of variability. These variations reflect, for 

example, different capabilities with respect to core monitoring or additional options for addressing FQ 

limit violations. As discussed in the following sections, a significant number of Westinghouse plants have 

implemented the BEACON Core Monitoring System (Reference 12). This system can be used in a variety 

of ways to monitor the reactor core power distribution. In one variation, the calibrated BEACON core 

model is used to perform the required periodic surveillances instead of the flux mapping system. This 

model essentially provides the measured core power distribution directly. Another variation example is 

the use of baseload TS. A few plants include a base load option in their TS that permits the use of a very 

narrow AFD CAOC operating space as an option to the wider RAOC AFD envelope. In a very real sense, 

this variation is analogous to the improved FQ TS in that it provides an option for implementing a reduced 

operating space as a means of gaining margin. 

For those plants whose current TS closely follow the TS of Reference 1, implementation of the improved 

FQ TS should be straightforward. For plants with variations, some modifications to the improved F0 TS 

may be desirable. The intent of this section is not to discuss each plant-specific variation of the F0 

Surveillance Technical Specifications. Rather, the intent is to generally discuss some of the major 

variations with respect to how individual utilities may opt to implement these improved F0 TS within the 

context of their current surveillance methodologies and procedures. Each of the following sections briefly 

discusses one such variation. 

10.1 DffiECT MARGIN MONITORING PLANTS 

A small number of Westinghouse NSSS plants employ the BEACON Core Monitoring System to perform 

continuous and direct margin monitoring of key safety parameters, including the peak local power 

density. For these plants, the BEACON model is calibrated to the measured core using thennocouple data, 

excore detector data, and periodic flux map data. Calibration can also be performed using fixed incore 

detector data, if available. This system has great advantages since, for example, it eliminates the need for 

periodic surveillance of a number of power distribution related limits ( e.g., AFD, Quadrant Power Tilt, 

F L'..H, and F0) unless the Power Distribution Monitoring System (PDMS) is out of service (a very rare 

event). For plants that do not employ continuous margin monitoring, surveillance of LCO parameters like 

AFD is needed to ensure that the conclusions of the safety analyses remain valid when the core is 

operated in a non-equilibrium mode. These analyses make assumptions with respect to the power shape 

limits, and the core must be operated within those limits for the analyses to remain valid. With continuous 

monitoring, key LCO limits are confirmed in real time and without the need for analytical penalty factors 

such as W(z) or T(z), which account for the potential effects of future non-equilibrium operation relative 

to baseload operation. For these plants, it is unnecessary to penalize the core for aggressive future 

non-equilibrium operation that may never occur. Whether in equilibrium or non-equilibrium operating 

mode, the current core state is always being monitored and assessed relative to key safety limits . 
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For this category of plants, the improved F0 Technical Specifications of the appendices are only relevant • 

when PDMS is out of service. In this unlikely event, periodic surveillance of Fo c(z) and F0 w(z) can be 

performed in the manner outlined in the improved F0 TS. The current Required Actions and Surveillance 

Requirements can be modified in a straightforward manner to be consistent with the recommended 

Required Actions and Surveillance Requirements in the appendices. The COLR for these cores can 

specify one or more operating spaces and can contain the necessary information to perform periodic 

surveillances of the core while PDMS is out of service. 

10.2 TECHNICAL SPECIFICATION MARGIN MONITORING PLANTS 

Another category of plants uses the BEACON Core Monitoring System as part of the PDMS to 

periodically verify LCO limits. For these plants, the PDMS is employed instead of flux maps to monitor 

key limits, like FQ c(z) and FQ w(z), according to the standard surveillance Frequencies, e.g., every 

31 EFPD. The BEACON core model is continuously calibrated to the core as in the direct margin 

monitoring plants described is Section 10.1. As such, the BEACON core power distribution is essentially 

the measured core power distribution. This system has an important advantage relative to flux mapping in 

that, once the BEACON model is calibrated to the core, the BEACON core model can be taken to the 

appropriate surveillance conditions ( e.g., ARO, HFP, EQXE) to perform a surveillance. Consequently, the 

difficulties of part-power surveillances are avoided. Thus, the FQ w(z) surveillance will always be 

consistent with the core conditions that serve as the basis for the COLR W(z) or T(z) factors. 

Consequently, the AXY(z) and Ao(z) factors become irrelevant ( essentially, they are equal to 1.0). 

Again, implementation of the improved FQ Technical Specifications for these plants should be 

straightforward. The PDMS simply replaces the traditional flux map as a means of determining the 

measured core power distribution. The Required Actions and Surveillance Requirements can be updated 

to be consistent with the improved F0 TS. For these plants, the uncertainties applied to the BEACON 

power distribution are determined using the methodology of Reference 12. When PDMS is out of service, 

standard uncertainties are used. This is currently discussed in the Bases for these plants, and this text can 

be carried forward when an improved FQ TS is implemented. 

10.3 CAOC Fxy SURVEILLANCE PLANTS 

A small number of plants currently employ the CAOC operating strategy in conjunction with Fxy 

Surveillance methodology (TS 3.2.lA of Reference 1). This FXY Surveillance methodology used in 

conjunction with CAOC operation has similar difficulties as the current F0 Surveillance methodology 

used in conjunction with RAOC operation. 

The Fxy limits for these plants are a function of the margin between the F0(z) limit and the predicted 

transient FQ(z) determined using the CAOC power shape analysis methodology. The transient FQ(z), 

however, is a function of the baseload axial power shape at the target AO core conditions. This was 

illustrated in Figure 3-l. If the measured baseload axial power shape differs significantly from the 

predicted baseload axial power shape, the transient F0 (z) will be affected. In the half of the core where the 

measured power is larger, the transient F0(z) will be commensurately larger. In the half of the core where 

the measured power is smaller, the transient F0(z) will be commensurately smaller. Consequently, the FXY 

limits are sensitive to differences between the me~sured and predicted axial power distributions in the 
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same way that W(z) factors are sensitive to these differences for RAOC plants (but not CAOC plants). 

Fxy limits should be adjusted if these differences are significant. 

10-3 

The CAOC FQ Surveillance formulation avoids this problem through the use ofW(z) factors, which are 
insensitive to measured and predicted axial power distribution differences for CAOC plants. The W(z) 

factors are primarily a function of the width of the CAOCAFD band. Similarly, the improved RAOC FQ 

Surveillance formulation avoids this problem because the T(z) factors are insensitive to measured and 

predicted axial power distribution differences. Measured FXY(z) is used instead of measured FQ(z) in the 

RAOC formulation. Consequently, the formulation is insensitive to the measured axial power shape at the 

surveillance condition. 

Therefore, implementation of either the improved CAOC or the improved RAOC FQ TS is recommended 

for CAOC plants currently using FXY Surveillance. 

10.4 PLANTS WITH A BASELOAD CAOC OPERATING SPACE OPTION 

Several RAOC plants include a baseload option in their AFD and FQ TS which permits operation within a 

narrow CAOC band. The width of the baseload CAOC band is specified in the COLR. Such operation 

provides a considerable margin benefit at the cost of a significantly reduced operating space. 

If desired, this kind of operating space option could be readily implemented within the context of the 

improved FQ Technical Specifications. As delineated in Appendix A, the improved RAOC FQ Surveillance 

TS Required Action B.l calls for implementation of a RAOC Operating Space that restores FQ w(z) to 

within its limits when Condition Bis entered. There is no reason, however, to limit operating space 

options to RAOC. The Required Action could, instead, call for implementation of a RAOC or CAOC 

operating space that restores FQ w(z) to within its limits. In this case, the TS would be a synthesis of the 

CAOC and RAOC improved FQ Technical Specifications. The AFD TS would also need to reflect the 

potential for CAOC or RAOC operation. Similarly, the bases would need to reflect both kinds of 

operating strategies. COLR W(z) values would be required for any CAOC operating spaces specified in 

theCOLR. 

Use of a narrow CAOC operating space as a backup operating strategy to RAOC is already being done at 

these plants and is clearly a viable variation for plants which desire to retain this option or to implement it 

for the first time. 

10.5 UTILITY-SPECIFIC METHODOLOGIES AND TECHNICAL SPECIFICATIONS 

Some utilities have developed and licensed their own power shape analysis methodologies that are similar 

to the approved Westinghouse power shape analysis methodologies. In addition, some have implemented 

TSs which, while different from the current FQ TS of Reference 1, are functionally equivalent. These 

utilities can implement the improvements discussed in this report by incorporating the essential attributes 

of the transient FQ(z) formulations within the context of their own power shape analysis methodologies 

and TSs. The key essential attributes of the improved RAOC FQ Surveillance formulation are the T(z) 

parameter and the use of measured FXY(z). [ 
t'c The product of 

T(z) and the measured steady-state FXY(z), therefore, provides an estimate of the postulated maximum 
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transient FQ(z). Any approved power shape analysis methodology can be used to determine T(z) or, • 
equivalently, predict the maximum transient FQ(z) and the FXY(z) at the surveillance condition. These 
analytical parameters can then be used in conjunction with the measured FXY(z) to determine the 
"measured" maximum transient FQ(z). Similarly, alternative power shape analysis methodologies can be 
used to determine W(z) values for CAOC plants, which can be used in conjunction with the measured 
steady-state FQ(z) to determined the "measured" transient FQ(z). 

Also, it is important to note that some utilities with in-house analysis capabilities may opt to determine 
the T(z) or W(z) values at the time of the surveillance rather than including pre-calculated values in the 
COLR. This should be a viable alternative as long as approved methodologies are used to determine the 
factors. In reality, the T(z) and W(z) factors are not core operating limits per se; they are analytical factors 
that characterize transient behavior and facilitate estimates ofFQ(z) for future non-equilibrium operation. 
Including them in the COLR is primarily a convenient way of capturing and transmitting them together 
with the actual LCO limits. Calculation of these factors at the time of the surveillance has some 
advantages in that core models which reflect the actual history of the operating cycle and the actual 
surveillance condition can be used to determine the appropriate surveillance-specific factors. 
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11 SUMMARY AND CONCLUSION 

The purpose of the F Q Surveillance Technical Specification is to provide assurance that the heat flux hot 

channel factor, FQ, will remain within the limits assumed in the plant safety analyses when the core is 

operated within its allowed operating space. This report has presented new fonnulations for RAOC and 

CAOC FQ Surveillance and improved RAOC and CAOC FQ Surveillance TSs. The new formulations and 

improved FQ TSs will provide more accurate assessments of transient FQ(z) margin as well as new options 

for modifying the core operating space when a surveillance indicates that transient FQ(z) could exceed its 

limit during future non-equilibrium operation. 

For RAOC, the new formulation is significantly different than the current formulation. It employs 

measured FXY(z) instead of measured FQ(z). It utilizes a new analytical factor, T(z), that characterizes 

transient behavior in a slightly different way than W(z). [ 

The current FQ Surveillance formulation works well for CAOCplants, where the allowed deviation of the 

AFD about the natural HFP target AFD is fixed. [ 

]3'° This adjustment factor will usually be close to 1.0 in the usual case where the 

surveillance is performed at or near the Target AO core conditions. 

The improved RAOC FQ Surveillance TS addresses an important shortcoming with respect to the current 

RAOC F Q Surveillance TS Required Actions. Required Action B. l in the current F Q RAOC TS stipulates 

a reduction in the RAOC AFD envelope of 2: 1 % for each 1 % that FQ(z) exceeds its limit. This Required 

Action, however, does not adequately restore FQ margin in all circumstances. Specifically, if the FQ limit 

is exceeded in the central core region, reducing the AFD envelope by a small amount will likely not 

restore the required margin. To address this, the improved RAOC FQ Surveillance TS incorporates the 

concept ofRAOC operating spaces. ARAOC operating space (ROS) is a unique combination of Control 
Bank Insertion Limits andAFD limits. In the improved FQ TS, T(z) factors are pre-calculated for multiple 

RAOC operating space assumptions. The RAOC operating spaces and T(z) factors are specified in the 

COLR. lfthe FQ limit is exceeded during a surveillance, a more restrictive RAOC operating space can be 
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implemented for future operation that provides the required additional transient FQ margin. In the unlikely • 
event that no RAOC operating space provides the required margin improvement, then thermal power and 
AFD restrictions defined in the COLR are required. 

The improved CAOC FQ Surveillance TS also incorporates the concept of operating spaces. The current 
CAOC FQ Surveillance TS requires a power level reduction if the FQ limit is exceeded. The improved FQ 
TS provides the option of implementing a more restrictive CAOC operating space, which is defined as ~ 
unique combination of AFD band and Control Bank Insertion Limits. As in the improved RAOC F Q 
Surveillance TS, the CAOC operating spaces are specified in the COLR. 

Both the improved RAOC and CAOC FQ Surveillance TSs modify the surveillance Frequencies of the TS 
by requiring that the first surveillance ofFQ w (z) following a refueling be performed after exceeding 75% 
RTP. Performing this initial verification after exceeding 75% RTP ensures that the surveillance will be 
performed with the more appropriate steady state peaking factors measured at or near the power level 
where future non-equilibrium operation could be limiting. If the surveillance indicates that future non­
equilibrium operation could challenge the limit, the Required Actions in the improved FQ TS will provide 
appropriate compensatory measures to ensure that the LCO will be met during such operation. 

Finally, a minor improvement was made to the manner in which potential decreases in the transient FQ 
margin between surveillances are addressed. In the improved FQ TS, application of an FQ w(z) penalty 
factor included in the COLR will be required regardless of the previous measurement trend. When margin 
is predicted to decrease, the COLR will indicate a penalty factor that is greater than 1.0. If margin is 
predicted to increase, no penalty is required (the COLRpenalty factor is 1.0). Thus, the application of the • 
penalty factor is tied to a predicted decrease in the actual transient FQ margin in the upcoming 
surveillance period rather than an increase in the measured value of FQ c(z)/K(z) over the previous 
surveillance period. This is more appropriate and rigorous since future decreases in margin are the 
relevant concern. 

It is anticipated that implementation of these new formulations and TSs will lead to more accurate 
transient FQ margin assessments and more appropriate compensatory measures in the unlikely event that 
limits are exceeded. 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 12-1 

12 REFERENCES 

1. NUREG-1431, Standard Technical Specifications - Westinghouse Plants, Rev. 4, Volume 1 
"Westinghouse Plants: Specifications" and Volume 2 "Westinghouse Plants: Bases," U.S. Nuclear 
Regulatory Commission, April 2012. 

2. Westinghouse Reports WCAP-8385 (Proprietary) and WCAP-8403 (Non-Proprietary). 
"Topical Report Power Distribution Control and Load Following Procedures," September 197 4. 

3. Westinghouse Letter NS-CE-687, C. Eicheldinger to D.B. Vassallo (Chief of Light Water 
Reactors Branch, NRC), July 16, 1975. 

4. Westinghouse Letter NS-TMA-2198, Attachment: "Operation and Safety Analysis Aspects of an 
Improved Load Follow Package," January 31, 1980. 

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

6. Westinghouse Letter NSAL-09-5, Rev. 1, "Relaxed Axial Offset Control FQ Technical 
Specification Actions," September 23, 2009. 

7 . Westinghouse Report WCAP-13524-P-A, Rev. 1-A, "APOLLO -A One Dimensional Neutron 
Diffusion Theory Program," September 1977. 

8. Westinghouse Report WCAP-10965-P-A, "ANC: A Westinghouse Advanced Nodal Computer 
Code," September 1986 and Addendum 2-A, "Qualification of the New Pin Power Recovery 
Methodology," September 2010. 

9. Westinghouse Report WCAP-11596-P-A. "Qualification of the PHOENIX-P/ANC Nuclear 
Design System for Pressurized Water Reactor Cores," June 1988. 

' 
10. Westinghouse Report WCAP-16045-P-A, Rev. 0, "Qualification of the Two-Dimensional 

Transport Code PARAGON," August 2004. 

11. Westinghouse Report WCAP-16045-NP-AAddendum 1-A, Rev. 0, "Qualification of the NEXUS 
Nuclear Data Methodology," August 2007. 

12. Westinghouse Reports WCAP-12472-P-A (Proprietary) and WCAP-12473-A (Non-Proprietary). 
"BEACON: Core Monitoring and Operations Support System," August 1994; Addendum 1-A, 
January 2000; Addendum 2-A, April 2002; Addendum 3-A, June 2006; Addendum 4, September 
2012 . 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 

Page intentionally left blank. 

WCAP-17661-NP-A 

12-2 

February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 

APPENDIX A 
IMPROVED RAOC FQ SURVEILLANCE TS 

3.2 POWER DISTRIBUTIO ll ITS 

[I] 
Fc:(Z} (RAOC -z) elhodology) 

3., 18 

[!] 
eat Fl Hot Channel Factor (f (Z ) (RAOC ' Z) ethodology) 

LCO 3.2.1B 

APP IC BILITY: ODE 1 

ACTlO S 

CO DITIO 

estmg ouse STS 

d F (ZI shal be 

REQUIRED AC 10 

Reduce THERMA 
POWER~ 1% TP or 
each 1% Fc(Z) e ceeds 
Ism . 

CO PLETIO Tl E 

15 m utes Iler each 
F.e (Z) determination 

7 hours a er each 
Fe (Z} determination 

Reduce OVe er :lT tnp 7 hours a er each 
selpoints ~ 1% for each Fe (Z) determination 
1 % ¢.t2 e ceeda 

Perform SR 3.2.1 nd 
SR 3.2.12 . 

3 .. 1B-1 

Pnor to rncreasing 
ERMALPOWER 

bo elheU · o 
Required ctloo 1 
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Fw (Z) not · n limits. 

C. Required Acllon and 
associated Completion 

ime not met. 

esting ouse STS 

WCAP-17661-NP-A 

[!] 
F (Z) (RA~) elhodology) 

32. B 

C 10 CO PLETIO TIME 

4 hours 

~ l·--1 
~ 

er Range 72 hours 
eutron Flu - High tnp 

seipoints 2 1% for each 1% 
at mt~~1m1m--al.:JW;;lf.ll& 

B. Perform SR 3.2.1.1 and 
SR 3 .2.1 '.) _ 

C 1 Bein ODE 2. 6 hours 
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SUR EIUA CE 

Verify ~ (Z l is 

32.18-3 

f c{Z) (RA~ ethodology) 
32 a 

FREOUE CY 

Once each 
re ng pnor o 
THER L 
PO 'ER 
e ceeding 
75% RTP r;TJ 

~ D / - / 
Or]ce n 
[~ hours a er 
acme ng 
eq brium 
conditions a er 
e ceeding, by 
~ 10% RTP the 
THER L 
POWE.Ra 1ch 
Fc(Z) was last 
ertfied 
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ill 
Fa(Z) (RAOC Z) elhodology) 

SURVEILLANCE REOUIREME 

SURVEIUA CE 

SR 3.2.12 ~--------NOE-·------~ 
dlcaie th e 

a. 

er 

in I 

esonghouse STS 3.- .18-4 

WCAP-17661-NP-A 

3" B 

FRE UENC 

Once after each 
rerue ,ng ~ 
THERA'Ab 
POWER8*,eed 
IR!i 75% IUP 

~ ~24j 

Op;:e . 
{~ hours~ 
ac ·eving 
equif:bnum 
conditJons er 
e ceeding, by 
~ 10% RTP, the 
THER L 
POlh'ER a ich 
F'" (Z ) was last 
erifieo 
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Fc{Z) (RAOC 

SUR EILLANCE REOUIREME~ TS con n ed 

SURVEIL.LAr, CE 

estmghouse STS 3 .18-5 
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elhodology) 
3". B 

FRE UE CY 

{ 3 EFPD 
lhereaft r 

In accordance 
·th the 

Surve lance 
F ency 
Control Program I 
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APPENDIXB 
IMPROVED RAOC FQ SURVEILLANCE TECHNICAL 

SPECIFICATION BASES 

F0 (Z) (RA~ thodology) 
B 3.218 

B 3 2 POWER DISTRIBUTION LI ITS . ~ 

B 3 218 Heat Flux Hot Channel Factor (F (Z) (RAoe-Jiz) Methodology) 

BASES 

BACKGROUND 

,> 

Westinghouse STS 

The purpose of the l1m1ts on the values of F 0 (Z) 1s to limrt the local 
(i.e., pellet) peak power density. The value of F0(Z) nes along the axial 
height (Z) of e core. 

F (Z) is de med as the maximum local fuel rod linear po er denS1 
d1 ded by the a erage fuel rod hnear power dellSI , assummg nonun 
fuel pellet and fuel rod dimensions There ore. F 0 (Z) is a measure of the 
pe fuel peUet power wi in the reactor corn. 

During power operation, the global po....er distribution 1s bmtted by 
LCO 3-2.3, "AXIAL FLUX DIFFERENCE (AFD)," and LCO 3.24, 
"QUADRANT POWER TILT RATIO(OPTR)," which are directly and 
coobnuously measured process variables. These LCOs, a ong IMlh 
LCO 3 1 .6, "Control Bank Insertion Limits." maintain the core fim1ts on 
power disbibubons on a continuous basis 

F0 (Z) vanes h fuel loadmg patterns, control bank insertion, fuel bumup, 
and changes m axial power distribution 

F (Z) is measu ed periodically using the 1ncore de edor system. These 
measurements are generally taken th the core at or near equ1hbnum 
cood1tions. 

Using the measured three d mensional power d"stributions, rt rs possible 
to derive a measured value for F (Z). However, because thts value 
represents an equd1bnum condrtion, 11 does not include the vana ons m 
the value of Fo(Z) which re present dunng nooequilibrium situations 
such as load foDo ng or po.ver ascenS10n. 

To account for these posstble vana io • ths sqYilibAUi:R •<alue of~ 
adjustsd as ~ (l} by aR skw~li'1A dspeRdSRt fa&tor that a"Q4.1Rts for U:ie 

c:alQ.llaled '''"'' ,ass ll:3RS18RI ~Rdi&IQRs. 

Core monitoring and control under non-equilibrium condibons re 
accomprished by opera · ng the core thin e limits of the appropriate 
LCOs. induding the limrts on AFD. OPTR. and control rod anserbon 

B 3 2.18-1 Re . 40 

B-1 
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This LCO precludes core power dis butJons that vK>late the fo lowing 
fuel design cntena: 

a_ Dunng a large brea loss of coolant accident (LOCA), the pea 
cladding temperature must not exceed 2200·F (Ref. t }. 

b. Dunng a loss of forced reactor coolant <m accident, there must be at 
least 95% probabi i at the 95% confidence level (the 95195 D B 
criterion) that the hot fuel rod in the core does not expenence a 
departure from nucleate boding (DNB) concfmoo. 

c_ Dunng an ejected rod acadent. the energy deposition to the fuel 
must not exceed 280 caVgm {Re 2), and 

d. The control rods must be capable of sh · ng down the reactor with a 
minimum reqwred SD th the highest worth control rod stuck fully 

thdra m (Ref. 3). 

Limits on F (Z) ensure that the lue of the inrtJal total peaking factor 
assumed in the acadent an lyses remains valid. Other criteria must also 
be met (e.g., maximum cladding oxidabon, maxrmum hydrogen 
generation, coolable geometry, and long term cooling). Ho e er, the 
pea dadd,ng temperature 1s typically most 1m· ·ng. 

F0 {Z) hmits assumed in the LOCA analysis are typically lim1bng rela e to 
(i.e., l<mer than) the F0 (Z) limrt assumed in safety analyses for o er 
postulated accidents. Therefore, this LCO pro ides conserva e imrts for 
other postula ed accidents 

F0 (Z) satis es Critenon 2 o 10 CFR 50.36(c)(2)(ii)_ 

The Hea Flux Hot Channel Factor, Fo(Z), shall be limited by the followlng 
relationships: 

Fo(Z) s: (CFO / P) K(Z) 

F0 (Z) s: (CFO / 0_5) K(Z) 

for P > 0.5 

for P ~ 0.5 

where. CFO is the F0 (Z) hm al RTP proVlded an the COLR, 

K(Z) is the nonnahzed FO(Z)~ c:bon of core height 
proV1ded tn the COLR, and 

P = THERMAL POWER / RTP 
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BASES 

Westinghouse Non-Proprietary Class 3 

Fo(Z) (RA~ thodology) 
B 3.218 

B-3 

LCO (continued) 

For this faality, the actual values of CFO and K(Z) ar ~ the COLR, 
howe er, CFO IS normally a number on the order of ~ t:~ K(Z) is a 

I ~ERTi 

' • :.Jg!l!I 

~ men res RAOC~ 
sp- must t>. pl«Mn-.1 or ocn 

- m and I\FD I m.i. .i t>. 
~uc.d 

nctlon that loo s 11 e the one provided m Figure B 32.1 B-1. 

For Relaxed Offset Control opera ·on, F (Z) is approximated by 
F."(Z) and F (Z) . Thus, bo Fg(Z) and F. • (2) must meet the precedtng 
limits on Fo(Z). 

AIi Fg (Z) e uatlon req ires obtairnng an incore flux map 11"1 MOOE 1. 
From the incore flux map resu ts ie obtain the measured value ( F11(Z) ) of 
F0 (Z). Then, 

f C(Z) = F~(Z) [1 .0815] 

where (1 .0815] 1s a factor a accounts for fuel manufactunng tolerances 
and flux map measurement uncertainty 

F"(Z) 1s an excellen approximation for f 0 (Z) when the reactor JS at the 
steady state power at which the mcore flux map was t en . 

The expression for F"' (Z) 1s: 

Ft (Z)= Fi{ZJ\N{Z) 

~ <l:lere W{Z) is a cycle depend9AI foodioA that acalUnt& for PQl"'9f'. 
d 1&tRbwoA &r:.A&19Al& 9AC:OUAlered duAA9 AQA;lal oper;alloo. W(Z) IS 

incrudad-m ~ The F"{Z} 1& wilculaled ;;it 9'1ui~bri1.1m coAdiOOA& 

The Fo(Z) hm s de ne flmiting values for core pmver pe ·ng that 
precludes pea cladding temperatures above 2200"F dunng either a large 
or small brea LOCA 

Tots LCO -;,l.uires operation in the bounds assumed m the saf 
analyses. ~ lculations are perfonned in the core design process to 
connrm that the core can be controlled in such a manner during operation 
that rt can stay Ihm the LOCA F 0 (Z) l1m ts. If F"(Z) cannot be .. n 
mamt ned within the LCO limits reducbon of the core power is required¢'°'--' 
and If F (Z) c~mnot be mamtained within the LCO limnS;', OR:K;IUCl;IQA-Ql.'IR& 

.AFD limits i& reqUJr:ed. Nole ~ suffigent reduc*19A of &l:le AFC limits will 
also rest1i11A a red11d100 ot the coc:e power 

\liolallAg ihe bCO limit& for Ee(l) prQd1.1,e& 1.1A3ccepbble C:OA&IKjU&Aces If 
3 d9&'9A b3SI& 9 '19AI OCQ.115 while Fo{l) IS outside A& spegfi9d hmlt.E. 

Westinghoose STS B 32 l B-3 Re . 40 
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x.,.(z) 1s a function that adJusis the F w(z) 
Surveillance for differences between the 
reference core cond11Jon assumed in 
generating the [T z)}co_q function and the 
actual core cond1t1on that exists when the 
Surveillance is performed 

Revised IN ERT 1 for Ba e B 3.2.1B 

The vanous facto in thrs expression are de med belaN: 

Fx..''(z) IS the me sured rad.al peaking factor at axial location z and 1S equal to the value or 
Fo ... (z)/P1o1(z). wh e P1o1(z) 1s the measured core average axia power shape. 

[T(z)F " is the c le nd bumup dependent function, specified in the COLR. which ccounts for power 
distnbution trartSi ts encountered dunng non-equifibrium normal operation [T(z)Ffunctions are 
specified or eac an yzed RAOC opera~ space (1.e., each unique combma IOll of AFD limrts and 
Control Ban Ins ion Limits). The [T(z)) functions account for the limiting non-equilibrium axial 
po ier shapes tulated to occur during normal operation for each RAOC operating space. Limibng 
power shapes at th full and reduced power operation are considered m detennining the maximum 
values of [T(z) . The [T(z)J00

L
11 functions also account for the 

fo owing effects: (1) the presence of spacer grids in the fuel assembly, (2) the increase in radial 
peaking in rodde core planes due to the presence of control rods during l'lOO-equ·libnum normal 
operation, (3) th increase m radial peaking that ocrurs during part-power opera ·on due to reduced fuel 
and moderator t mperatures. and (4) the increase in radial peaking due to non-equjijbrium xenon 
effects. The [T( ))COLft functions are normaDy calculated assuming that the Surveillance is performed at 
nominal RTP ditions with l shutdown and control rods fully withdrawn, 1.e., all rods out (ARO). 
Surveillance spqcmc [T(z))~ values may be generated for a given surveillance core condition . 

. .I. . 100°1o RTP all rods out and equil1bnum xenon . 
P is the THERMf-L PO ER / RTP. 

~z) is a ~1:1Ffl1:1p, aAe pewe, eepeAEleRt f · · · eimined--al-the 

(1.0815] is a factor that accounts for fuel man acturing tolerances and measurement uncertain 

Rj is a cycle and bumup dependent analytical ct°' specified in the COLR that accounts for potential 
increases in Fow(z) between Survetllances Rj alues are provided for each RAOC opera ·ng space. 

WGAP--l-1~mp«Wed-RAIJb--aACJ~~· . . 

1.0. as this will typically result 1n an accurate f 0W(z) Surveillance result for a Surveillance that 1s 
performed at or near he reference core cond on. and an underestimation of the available 
margin o the F 1tm1t for surveillances hat are performed at core condrt.ions different from the 
reference condrt on Al emallvety. the AXY(Z) func!Jon ma be calculated using the NRC 
approved methodology in Reference 6. 
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Fo(Z) (RA~ ethodology) 
B 3.2.16 

The F (Z) limits must be ma1nt ned tn MODE 1 to prevent core power 
d stnbutions from excee<fing the limits assumed in the safe an yses. 
Applicabtr in other MODES is not required because there ts either 
msu 1c1ent stored energy 1n the fuel or msuffioent energy being 
transferred to the reactor coolant to require a hmit on the distnbu ·on o 
core power 

Al 

Reducing THERMAL POWER by~ 1% RTP for each 1% by ch Fg(Z} 

exceeds s limit. ma111ta1ns an acceptable absolute pov.er density. Fg(Z) 

is F"(Z)multiplied by a factor accounting or manufactunng tolerances 
and measuremen uncertain ·es. F"(Z) ,s e measured v ue of Fc(Z) 
The Completion Time of 15 minutes provides an acceptable time to 
reduce power 10 an orderly maMer and without I ng the plant to 
remain in an unaccep e condition for an extended period of time. The 
maximum allo able po ·er le el initially de ermined by Required Action 
A. 1 may be affected by subsequent determinations of F (Z) nd would 

require power reductions within 15 minutes of e Fg(Z) determination, if 
necessary to comply w1 the decreased maximum a lowable power le el. 
Decreases in Fg(Z) wou d allo increasmg the maximum allowable 
power le el and I creasing power up to this revised limrl 

~er Range Neutron Flux - High trip selpolnts by 
which Fii: (Z) · · , is a conserva · e 

aclton for pro ection against the consequences of severe transients 
un nalyzed power distnbutions. The Completion Time o 72 hours 1s 
sufficient considering the small h ebhood of a severe transient in this time 
period and the preceding promp reduction 1n THERMAL POWER in 
accordance wi h Required Ac ·on A.1 The maximum allowable Po er 
Range eutron Flux - High trip setpomts initially determined by Required 
Action A.2 may be affected by subsequent determinations of Fg(Z) and 
wou d require Power Range eutron Flux - High tnp setpomt reductions 

in 72 hours of the FJ (Z) determination, · necessary o comply with 
the decreased maximum allowable Power Range eutron Flux - High p 
setpoints. Decreases 1n f C.(Z) ~Id allow increasing the maximum 
allo e Power Range Neutron Flux - High trip setpomts 
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ACTIO S (continued) 

.A..l 

Wes nghouse STS 

WCAP-17661 -NP-A 

Reductio the Overpower 6 T trip setpoints (value of K.) by~ 1% foc 
each 1% · exGeeds its limit, IS a conservab e acbon for 
protection against the consequences of severe transients with 
unanalyzed power distributions. The Completion Time of 72 hours IS 

sufficient conSldering the small llkel hood of a severe transient in this bme 
period, and the preceding prompt reduc!Jon in THERMAL POWER in 
aa:ordance "th Required Acbon A. 1 The rnaxunum allowable 
Overpo er~ T p setpomts in· ·ally determined by Required Acbon A 3 
may be affected by subsequent d rminations of f c(Z) d !Ol.lld 

require Overpo rer ..i T tnp setpoint reductions WI in 72 hours of the 
Fe (Z) detemunation, rf necessary to comply v.,th the decreased maximum 
al1o ble Overpower .1T tnp setpomts. Decreases m F.C(Z) W'C>Uld low 
increasing e maximum lowable Overpower ~ T tnp setpomts . 

.M 

Venficabon that F(Z) has been restored to thin Its limit, b performing 
SR 3.2 1 1 and SR 3 2 12 prior to mcreasmg THERMAL POWER above 

e liniit imposed by Required Action A 1, ensures that core conditions 
o ration at higher power levels and future operabon are 

consistent WI ons. 

Condition A IS modified by a ote th t requ·res equ1red Acbon A 4 to be 
performed whene er e Condibon ,s entered This ensures that 
SR 3.2 1.1 and SR 3.2. 1 wil be performed pnor to increasing 
THERMAL POWER abo the limit of Required Action A.1, even when 
Condition A is exited p r to perfomung Required Action A.4. 
Performance of SR 3. 1.1 and SR 32.1.2 are necessary to assure F0 (Z) 
is property evalua or to increasing THERMAL POWER. 

If it is found that the maximum calculated e of F0 (Z) that can occur 
during normal maneuvers, F.!' (Z), exceeds its specrfied limrts, ere exists 
a tenll for F'(Z) to become excessively high if a normal operational 
transientocCl.lrs?". ~~~~19-.'~~~+,;.,,~~iGR~~f-'M~ 
EG~ . 
r~ &he axial flux di&ViblJOOR ,u,h th.at e><eR If a tfaAsieRt ~,urred, 
00!'9 peakiRg tador. 31'8 RGI exG98ded. 
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BASES 

ACTIO S (continued) 

Westinghouse STS 

WCAP-17661 -NP-A 

A reduction of the Power Rang Neutron Flux-High p setpoints by l1! 1% 
for each 1 % by ich the maxJmum aRowable power reduced, 1s a 
COllServa · e action for protection agamst e conse nces of se ere 
lra11S1ents unanalyzed power dJstnbutx>ns The pletion Tnne of 
72 hours 1s sufficient considering the small h elihood of se ere transient 
m this time period and the preceding prompt reduct,on 1n ERMAL 
PO ER " a,..,~ ... ,~~ AFD lomrts on a"""'3a<e w,t, Req~<ed 
Ac~ B.J. 

l.:.2.Y 
B ~ 

Reduction 1n the Overpower .. ff trip se lue of ~ by 1 % tor each 
1 % by tch the m3Xlmum anowable pow is reduced, 1s a conseJVa e .------. 
action for pmtectK>n agains1 the consequen es of severe transients 
unanalyzed power distnbutions. The Compl tion Time of 72 hours is 
suffioen considering the small Ii elihood of ere transient int 
penod, and the preceding prompt reduction in HER L POWE 
1'8&Ult of r&duG1Ag AFO 6mits in accordance ~th Required Acbon~ . 

.. . .. ...., 
B 

Venficalion that F"(Z) has been restored to m rts hrrnt. byperformng 
SR 3.2.1.1 and SR 3.2.1.2 prior to increasing THERMAL PO'NER above 
the maximum allo.vable power l1m· imposed by Required Action B ~ ...--, 
ensures that core condrttons during operation at higher J>O'"er levels and "L.:J_j 
future operation are consistent with safe analyses assumptions. 
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INSERT 2 

If is lollld tha the maxllOOm calcula ed ue of Fo<Z) that can occur OllTlQ normal maneuvers Fow(Z), 
e ceeds its spe ed limits, there ex1s1s a potenual for F c(Z) become excessively high If a nonnal 
operabonal transient occoo; As discussed above, Requ red Ac on B 1 1 requ res that a new RAOC 
operating space be implemented to restore Fo (Z) to ithin ns hlllllS Requrred ActJon B 1 2 requires that 
SR 3 2.1.1andSR3212 be performed If control rod motJOO occurs as a resu of 1mplementlll(J the new 
RAOC operatmg space m accord.ance Required AciJOn B 1 1 Toe performance or SR 3 21 1 nd SR 
32 1 2 1s necessary to assure Fo(Z) property eva ua ed a er any rod motion resu ng from the 
1mplementa1Jon of a nfM RAOC operabng space n accordance Required CllOn B 1 1 

B.2.1 

When Fow(Z) exceeds I I Reqwred Acbon B 2.1 may be m emented mstead or Requred dlon 
8 1. Req11red Adlon B2. 1 limns THERMAL POWER to less than RA TED THERMAL POWER by the 
alllOUlt spec ed 10 the COlR it also requires reductms m the AFD I by the cMllOIJll specified I the 
COlR. Ths ma t ns an acceptable absol e pow density rela to the maxiJrum power 
alue assumed il the safely analyses 

If the req1.1red Fow(Z) marg n ITT1Provement e ceeds the margm 1mproverren avail e from the pre­
analyZed THERMAL POWER and AFD reductiOnS pro ded m the COLR, then THERMAL POWER mus 
be fu1her reo.iced to less than or equal to 50% RTP In IS case, redUclng THERMAL POWER to less 
than or eQUal o 50% RTP I pro e additional margm the TlSlent F by the required change ,n 

ERMAL POWER and the ncrease in the Fo limit. is · I ensure tha the Fo limit is me dunng 
tranS1ent operation that may occtx a or beloN 50% RTP 

The Comple on lime of 4 hours proVtdes an acceptable time to reduce the THERMAL POWER and AFD 
I mrts an orderly manner to preclude en enng an u cceptable condition dunno re non-eQUII bnum 
operatJon The Im on THERMAL POWER ly determmed by RE!QUlred Action B 2 1 may be ffected 
by SUbsequen de rminaoons of F w(Z) and would requre power reducnons ttm 4 hourS o the 
Fo (Z) de ermnaliOO. necessary to comply w e decreased THERMAL POWER Decreases in 
F w(Z) would 1ncreasino e THERMAL POWER hmrt and 11creasing THERMAL POWER up o s 
revised I • 

Required Actoo B.2 1 IS modified by a Note tha1 states Required cbon 82.4 shat be COlll)leted 
'Whenever Required Action B.2.1 is pe armed prior lo mcreasng THERMAL POWER above e lmt or 
Required AcbOn B 2.1 Required Action B 2 4 requires the performance o SR 3.2.11 and SR 3.2 .1 2 
poor to Increasing THERMAL POWER above the limit established by Required Action 82.1 . The Note 
ensures that the SRs I be performed eve 1f Condltlon B may be e · ed poor to perfomllng Requtred 

ction B.2.4. The perfoonance of SR 32.1.1 and SR 32.1.2 is necessary to assure Fo(Z) is property 
evalua ed poor to mcreas119 THERMAL POWER 

If an Fosurv !lance ts performed at 100% RTP eondrtJoos. and both F c{Z) and Fo Z) c:eed r 
limits, the oplion lo reduce the THERMAL POWER limit 11 accordance proposed Required ctJon 
B.2.1 tead or rnptemenllll(J a new operating space in accordance with proposed Required ActJon 8.1, 

resu in a further power reductioo er Required ctJon 1 has been COlll> etecl. Howe er s 
further poNer reduction would be permitted o occur over the ne 4 hot.ls. ln the ever1 the e alua ed 

ERMAL POWER redudlon 11 lhe COLR for proposed Required Action B.2 1 did no res I i a rlher 
power reducoon (for example, both Condillon A and Conditioo B were en ered at less Chan 100% RTP 
conditions). then the ERMAL POWER I el es 1shed as a resu of compleung Requ ed Ac A 1 

I ta e precedence, aoo establ sh the e ectJve ope atmg poNer leve limit or the ti bo 
ConcfrtlOOS A and B e ed. 
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BASES 

Westinghouse Non-Proprietary Class 3 

Fo(Z) RA~ thodology) 
B 32.16 

ACTIO S (continued) ~ 

ff ~eqw<ed Aci,oos A. I .,mugh A 4 "'B. 1 through s./: "°' mel wrtt,,, 
their associated Completion Times the plant must be placed in a mode or 
condrbon in which the LCO requirements are not applicable. ThJS IS done 
by placing the plant in at least MOOE 2 wi in 6 hours. 

Tots allowed Con-.,letion lime ts reasonable based on operating 
experience regarding the amount of time it ta es to reach MODE 2 from 
fu power operabon m an orderty manner and Without challenging plant 
systems 

SURVEILLANCE R 3.2. 1.1 and SR 3.21 .2 are modified by a Note. The Note applies 
REQUIRE ENTS du · e first power ascension a er a refue ·ng It states tha 

Westinghouse STS 

THE POWER may be increased until an equilibnum power 
has bee chie ed al which a po.ver distnbubon map can be o ned. 
Tots allowa e rs modrfied. howe er, by one of the Frequen conditions 
that requires ·fication that Fe (Z) and F" (Z) are wrthin r spea red 

ltm s after a pow nse of more than 10% RTP overt THERMAL 
POWER at which were last e ted to be with specified hmrts. 
Because Fg(Z) and F: could not have pre · sly been measured in 
this reload core, there ,s a ond Frequen ndition, applicable onl 
for reload cores. that reqwres term,natiotl of these parameters before 
exceeding 75% RTP. Tors ensu~ th some determination of Fg(Z) and 

F. (Z) are made at a lower po er I at which adequate margin is 
a tlable before gotng to 100%,RTP. , this Frequency condi ·on, 
together · the Frequency ndition requ · g enfica on of Fg(Z) and 
Fw(Z) following a power crease of more Iha 10%, ensures th I they 

are venfied as~ TP (or any other le el fo xtended operation) 1s 
achieved. In the nee of these Frequency condi . rt ts possible lo 
mcrease power RTP and opera e for 31 days without rification of 
f C(Z) and F Z) The Frequency cond· ·on is not intended- o requrre 
venficab of these parameters after every 10% tncrease 111 rer le el 
abo last verification. It only requires enfica ·on after a le el 

e ed for extended operatJOn that is 10 htgher an that~ 
ch Fo(Z) ras last measured 

B 3.2.16-7 Re . 40 
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BASES 

Westinghouse Non-Proprietary Class 3 

F (Z) (RA~ ethodology) 
B 3.2.16 

SURVEILLANCE REQUIREMENTS (continued) 

Venficatioo that f C(Z) is within its specdied lmits involves 
increasmgF"(Z) to low fOf manufacturing tolerance and measurement 
uncertainties 1n order to obtain F'(Z) Specifically, F"(Z) is the 
measured alue of Fo{Z) obtained from incOfe flux map results and 
f C(Z) = F.;'(Z) (1.0815] (Ref. 4) F'(Z) IS then compared to its specified 

B-10 

limrts. ~----~ 

The 6mit with which F'(Z} 1s compared varies inversely rth power above 
RTP and directly with a function called K(Z) provided in the COLR. 

is Survei lance in ODE 1 prior to exceeding 75% RT 
~ <-4 limit is met a4leA RTP is aGt.iie>ted, be~.use 

peakiAg fac:ton, geAei:ally dea:ease as pg,11er level is i~ased. 1-----~ 
f241.,_ If THERMAL POWER has been increased by .? 10% RTP Since the ~ 
L.::..;.J ""-.determination of Fg(Z). another evaluation of this factor is required 

the~diht,w 
F~UMCY conclllions 
dl5CUued above J 5 

pos . IOC>Ol!r.lll!fot 31 
EFPOw venf.al!On 
o' F "iZ) 

~ hours after achieving equilibrium condillons at lhrs higher power level 
(to ensure that Fg(Z) values are being reduced s cen with power 
increase to stay within the LCO hmrts). <----

The Frequency of 31 EFPO is adequate to monitor the change of power 
distnbubon with core bumup because such changes are slow and we 
controlled when the plant is operated in accOfdance with the Techn·cat 
Specifications (TS). 

OR 

The Surveillance Frequency is contro ed under the Surveillance 
Frequency Control Program. 

--------REVIEWER'S NOTE-------­
Planls controning Surveillance Frequencies under a Surveillance 
Frequency Control Program should utilize the appropriate Frequency 
description. grven above, and the appropnate ch0tce of Frequency tn the 
Surveillance Requirernen 

The ce cl le> lo 24 hours e,- achle',ing eqialibrium concibons the increased lliERMAl PCM'ER lewl lo ~ the 
next Fo ce applies to &iluations where the Fc'(Z) has already been me3Sl.red al leas! once ta redleed THERMAL 
PONER le.iel. The obsetved rna-gsi in the previous surveibnce provide llSS\Jr3llCe increasng power up lo the next plateoo 
'M net exceed the F Md ltiat the core behaWlg as designed. 
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BASES 

Westinghouse Non-Proprietary Class 3 

Fo(Z) (RA~ethodology) 
B 3.2 1B 

B-11 

SURVEILLANCE REQUIRE ENTS (continued) 

SR 3.212 

Westinghouse STS 

WCAP-17661-NP-A 

The nuclear design process includes calculations performed to determme 
at the core can be operated wrthm the F (Z) hmrts. Because flux maps 

are ta en 1n steady state conditions, the variations in power d'stnbution 
resulting from normal operational manelNers are not present in the flux 
map data. These vanabons are, ho ever, conserva ely calculated by 
conSldenng a de range of unit manewers normal operation. ~ 
m3.1(1m11m peakmg fadQr incn1ase over liteady state 11ah,1e&, ca1'1.llated a& 

a fuAaioo gf GQ!:8 elevatiQR, Z, 1& caUed W(Z) M~llplymg Ule i:Aeas11red 
tQbl peaking fador, f4(.Z) . by W{Z) 9P'85 lf:le maxim1.1m Ee(Z) calcc,llaled 
tQ QGGl'f iR RQICR'lal oper:aOOR, ~:. jZ}­

) 
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Westinghouse Non-Proprietary Class 3 
B-12 

IN ERTJ 

The measured F z) can be de ermined through a synthesis of the measured planar radial peakmg 
factors, Fxv (z), and the measured core average axial power shape, P"'(z) Thus, Foc(z) is given by the 
foUowing expression 

F c(z)=Fxv"(z)P z)[1 .0815)=f0
11 z)[1 .0815] 

For RAOC operation, the analytical fT(z)F functions, speafied rn the COLR for each RAOC 
operabng space. are used together '11h the measured Fxv(z) values lo estimate f 0 z) for non­
equilibnum operation within the RAOC operating space. When the Fxv(z) values are measured at HFP 
ARO cond1llons (Axv(z) equals 1.0), Fo (z) rs grven by the following expresst0n: 

fo (z) = Fxv"(z) fT(z)f0
..1! RJ (1 .0815] 

on~u16brium operation can resu in significant changes to the ax1al power shape. To a lesser 
extent, non-eqU1 rbrium operation can increase the radial pea ·ng factors, Fxv(z). through control rod 
mserllon and through reduced Doppler and moderator feedba at part-power conditions. 

The rr(z)F functions quantify these effects for the range of power shapes. control rod insertion, and 
power levels characteristic of the operating sp ce. ltiplying rr(z)JCOUl by the measured fu I po ,er, 

unrodded fxv "(z) value, and the factor that accounts for manufacturing and measurement uncertainties 
gives F0 w(z), the maximum total pe ing factor postulated for noo-equaibnum RAOC operation. 
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BASES 

-.-------REVIEWERS OTE--------
10216-P-A. Rev. 1A, "Relaxa on o Constant Axial Offset~ ol 

and F illance Technical Specification: Febru 1994, either 
appropnate p t specific methodology, IS to be lis1ed in th OLR 
descnption in the ministra ive Controls Section 5.0 ddress the 
methodology used to · e this factor. 

fied a1 power le els:!: 10'l RTP above the THER 
PO of rts last enficatioo, [12) hours after achle 1ng equilibnum 

d. ·ons to ensure that Fo(Z) is within its limit at higher paNer levels. 

~~ Jhe Suivedlance Frequency of 31 EFPD is dequate lo monitor the 
~ ) ange of pa er distribution with core bumup. The Su eillance may be 

Wes ·nghouse STS 

WCAP-17661-NP-A 

done more frequen if required by the results of F (Z) e uatioos. 

The Frequency of 31 EFPD is adequa e to mon or the change of power 
distribution because such a change is suffiaen slow, vmen e plant 1s 
operated m accordance with the TS, to preclude adverse pe · ng factors 
between 31 day su,veillances. 

OR 

The Surveillance Frequency 1s oontro ed under the Surveillance 
Frequency Contrell Program. 

--------,,REVIEWERS OTE-------­
Plants con olhng SurveiUance Frequencies under a Surveillance 
Frequency Control Program should utilize the appropnate Frequency 
descnption, grven above, and the appropnate choice of Frequency in the 
Survelllance Requiremen 
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Westinghouse Non-Proprietary Class 3 

INSERT 4 

refueling within [24] hours aflE!f 3c;hie·11R9 eq11ihbm,1m GOAditiGR& after ex 
RTP. THERMAL POWER levels belo 75% are typically non--hmiting wi 
hm1t for F w(z). · 

Equihbrium conditions are achie ed when the core is sufficiently stable a the intended 
operating conditions required to perform the Surveillance. 

If a previous Surveillance of F w(z) was performed at part power conditions, SR 3.2 12 
also requires that Fo"'(z) be verified at pc>wE!f levels~ 10% RTP abo e the THERMAL 
POWER of its last verificaboo within [24) hours after achieving equilibrium conditions. 
This ensures that F0 ~ (z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achieving equilibrium condrtions will provide a 
more accurate measurement of F0 "

1(Z) by allo ·ng sufficient time lo achieve equ, 1brium 
condit1oos and obtain the power distribution measurement while slill Feql:liFIFlg 
peAOm-l3AG9 Qf 11:ie s1m1eillam:e before ~ fuel b&Gomes syff"igeRtly QOAditiQAed sud:l 
lh3t IQ3d follow opei:3tjgR GaR be impl~Ated. 
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fo(Z) (RA~ thodology) 
B 32.18 

DO OT OP RATE T IS AR 

T S FIGURE FOR 
IL S RA ION ONLY 

00 NOT USE FOR 
OPE AT ION 

2 
1& a 

1gh1 of 2 ru t 

33 3 
6 

50 0 

CORE HEIGH 

a 
66 7 

I 2 0, 0 65 ) 

10 
83 3 

Figure B 3.2. l B· 1 (page 1 of 1) 

B-16 

K(Z) - orma lized Fo(Z) as a Function of Core Height 
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Westinghouse Non-Proprietary Class 3 C-1 

APPENDIXC 
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 Control Bank Insertion Limits 

3.2.1 Heat Flux Hot Channel Factor - FQ(z) 

3.2.3 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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Westinghouse Non-Proprietary Class 3 

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

C.2.2.1: 

where: 

C.2.2.2: 

C.2.2.3: 

FRTP 
F8(z) $T * K(z) forP>0.5 

FRTP 
F8(z) $ i.

5 
* K(z) for P $ 0.5 

F8 (z) = Ff (z) * 1.0815 

THERMAL POWER 

p = RATED THERMAL PO 

FJTP = 2.50 

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

C.2.2.4: 

FRTP 
F;f'(z) $T * K(z) for P > 0.5 

pRTP 
F;f'(z) <-Q- * K(z) for P $ 0.5 

- 0.5 

where: 

[T(z)]COLR 
F;f'(z) = [Fxy(z)]furv * p * Axy(z) * R1 * 1.0815 

and, [FXY(z)Wurv is the measured planar radial peaking factor . 

C.2.2.5: 

C-2 

[T(z)]C0 LR values are provided in Tables C-1. C-2, and C-3 for ROS1. ROS2 , and ROS3, respectively . 
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Westinghouse Non-Proprietary Class 3 C-3 

• C.2.2.6: 

• 

• 

The Axy(z) factors adjust the surveillance to the reference conditions assumed in generating the 
[T(z)]C0

LR factors. Axr(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 R1 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 ROSl, ROS2 , and ROS3 are provided in Figure C-4 . 
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Westinghouse on-Proprietary Class 3 C-4 

Table C-1 [T(z)fOLR Factors for ROSI 

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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Westinghouse Non-Proprietary Class 3 C-5 

Table C-2 [T(z)fOLR Factors for ROS2 

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)fOLR Factors for ROS3 

Note: 
1. Axial points 1-5 and 5 7 -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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Westinghouse Non-Proprietary Class 3 

Table C-4 Rj Margin Decrease Factors for ROSI 

Values may be interpolated to the surveillance cycle bumup . 
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TableC-5 Rj Margin Decrease Factors for ROS2 

Values may be interpolated to the surveillance cycle burnup. 
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Table C-6 Rj Margin Decrease Factors for ROS3 

Values may be interpolated to the surveillance cycle burnup . 
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Westinghouse Non-Proprietary Class 3 C-10 

Table C-7 Required THERMAL POWER Limits and AFD Reductions 
a,c 

Note: 
I. AFD reductions should be applied to both the positive and negative sides of the AFD operating space. 
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Westinghouse Non-Proprietary Class 3 C-11 

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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Figure C-2 Control Banlc 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 
:S 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 I 

I DO NOT OPERA TE IN THIS AREA I 
1 

(0, 1.0) (6 1.0) -
(12, 0.925) 

0.8 

0.4 ------

0.2 

0 

0 2 4 6 8 10 12 

Core Height (ft) 

Figure C-3 K(z) - Normalized FQ Limit as Function of Core Height 
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Figure C-4 Axial Flux Difference Limits for ROSl , ROS2, and ROS3 
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APPENDIXD 
IMPROVED CAOC FQSURVEILLANCE TS 

Fa(Z) (CAOC- (Z) Methodology) 
3.2.1C 

32 POWER DISTRIBUTIO LIMITS 

3 2.1C Heat Flux Hot Chaooel Factor (F (Z) (CAOC-W(Z) Methodology) 

LCO 3.2.1C F0 (Z), as approXJmated by Fg Z) and F't (Z) . shall be Within the limits 
speafied in the COLR. 

APPLICABILITY· ODE 1. 

ACTIO S 

CONDlll 

A. OTE~~-
Requ1red Action A.4 
shall be completed 
whenever this CondrtJon 
is entered 

REQUIRED ACTI 

A.1 Reduce THERMAL 
POWER 1 % RTP for 
each 1% Fg(Z) exceeds 
bm 

A.2 Reduce Po.ver R nge 
eutron Flu - High trip 

setpotnls ~ 1 % for each 
1% FtfZt-e G8eds.l. 

COMPLETIO TIME 

15 minutes after each 
Fg (Z) delerm1nabon 

n hours after each 
~(Z) determination 

A 3 Reduce Overpower .3 T trip n hours after each 
selpOlnls ~ 1% for each Fc(Z) determmabon 
1% ~) exceeds-llmt 

A D 

A.4 Perform SR 3.2.1.1 and 
SR 3 2..12 

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

Westinghouse STS 3.2. 1 C-1 Rev 40 
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QI! 
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~-11.U CIJl"'*"8I 
- "*"'9GAa:o'! e.2.1 .. """""*' 
prtar lD~T'1E/!MALQO\' -llt 

rt: ""PIC!Al:alnl!1 I 

B. 

Ft (Z) not wrttun flmrts. 

C. Required Action and 
associated Completion 
Time not met 

Westinghouse STS 

WCAP-17661-NP-A 

D-2 

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

QUIRED ACTIO 

Red11;e THERli.AAb 
POV>.'ER ~ 1 % RTP rer 
eattt 1% f=i" (l-) ~reeds 
fimit, 

B 2 Reduce Power Range 
-~ Neutron Flu - High trip 
11] se~nts 2: 1% or each 1% 

F/ (Z ,exceed li,m 

C.1 Bein MODE 2 

3 2.1C-2 

COMPLETI TIME 

4 hours 

~ 
72 hours 

Prior to increasing 

THERMAL POWER? 
above the hm of 
Requrred Ac!Jon B. 

6 hours 
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Westinghouse STS 
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Westinghouse Non-Proprietary Class 3 

SURVEI CE 

Venfy ~ (Z) is thin limit 

3.21C-3 

Fo(Z) (CAOC-W(Z) Methodology) 
321C 

FREQUE CY 

Once a er each 
refueling prior lo 
THERMAL 
POWER 
exceeding 
75%RTP 

AND )3!J 
~ . tn 

f-t23 hours after 
achreving 
equilibrium 
condrtlons after 
exceeding, by 

10% RTP, the 
THERMAL 
PO ER at which 
~(Z) was last 
veri ed 

In accordance 
.... ,th e 
Surveillance 
Frequency 
Con Program ] 

Rev 4 0 
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Fa(Z) (CAOC-W(Z) Methodology) 
3.21C 

SURVEILLANCE REQUIREMENTS continued 

SR 32.12 

SURVEI CE 

'.-~~~~~~-NOTE·~~~~~~-'­
asurements mdtcate that the maximum 

over z c{Z) / K(Z) J has increased si 
previous e luation of Fe (Z) : 

a. 

b. 

Verify F0 (Z) is within limit 

Westinghouse STS 3.2.1C-4 

WCAP-17661-NP-A 

FREQUENCY 

refueliflg J:IA8f le 
THERMAL 
POWER 
8K&e001A!J 
7S04 RTP 

~ 
/ 

Ons;e wittun 
(.1lJ hours after 
achieving 
equilibrium 
conditions after 
exceeding, by 
~ 10% RTP, the 
THERMAL 
POWER a 'Mlich 
r; (Z) was last 
verified 
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SURVEILLANCE REQUIRE ENTS continued 

SURVEI CE 

Westinghouse STS 3.2.1C-5 

WCAP-17661 -NP-A 

Fo(Z) CAOC-W(Z) Methodology) 
3 21C 

FREOUE CY 

In accordance 
the 

SUrveillance 
Frequency 
Control Program J 

Re . 40 
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Westinghouse Non-Proprietary Class 3 

APPENDIXE 
IMPROVED CAOC FQ SURVEILLANCE TS BASES 

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

B 3.2 PO ER DISTRIBUTION LIMITS 

B 3.2 1C Heat Au Hot Channel Factor (Fo(Z) (CAOC-W(Z) Methodology) 

BASES 

BACKGROUND 

Wes ·nghouse STS 

The purpose of the limits on the a ues of Fe Z) is to limit the local 
(i.e., pellet) pea power dens· . The alue of F (Z} ries along the axial 
height (Z) of the core. 

F Z) is defined as the maximum local fuel rod linear power dens 
divided by the a erage fuel rod linear po er densi . assuming nom·nal 
fuel pellet and fuel rod dimensions. Therefore, F (Z) 1s a measure of the 
peak fuel pe et power within the reactor core. 

Outing power operation, e global power distribu ·on is lirn ed b 
LCO 3.23, "AXIAL FLUX DIFFERENCE (AFO)," and LCO 3.24, 
"QUADRANT POWER TILT RA TIO ( PTR)," ch are directly and 
cootinuously measured process riables. These LCOs, Jong with 
LCO 3.1.6, "Control Bank Insertion Limits," maintain the core limits on 
power dtStribubons on a conbnuous basis . 

F: (Z) vanes with fuel load g pa ems. control ban insertion, fuel bumup, 
and changes in axial power distribution. 

F0 (Z} is measured penodically uSJng the incore detector system. These 
measurements are general.ly la .en with e core at or near equilibrium 
conditions. 

Using the measured ree dimensional power distnbutions, it is possible 
to derive a measured value for F (Z). Howe er. because this value 
represents a equilibnum condition. · does not include the vanations in the 

Jue of F Z) which are present during nonequilibrium situations such as 
load following or po....er ascension. 

To account for these possible vanations. the equi ·bnum ue of F0 (Z) ts 
adjusted as ~ (Z) by an ele a · n dependent factor Iha accounts for the 
calculated orst case transient condrtlons. 

Core monrtoring and control under non-equilibrium conditions are 
accomplished by opera ·ng the core wrtlun the mtls of the appropriate 
LCOs, including the 6mits on AFD, OPTR and con ol rod insertion. 

B 3.2.1C-1 Rev 4.0 
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BASES 

APPLICABLE 
SAFElY 
ANALYSES 

LCO 

Westinghouse STS 

WCAP-17661-NP-A 

Westinghouse Non-Proprietary Class 2 

Fo(Z) (CAOC-W(Z) ethodology) 
B 3-2.1C 

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

a Dunng a large brea loss of coolant accident (LOCA), the pea 
cladding temperature must no exceed 2200"F (Ref. 1 ). 

b. During a loss of orced reactor coolant flow accident. there must be at 
least 95% probabili at the 95% confidence level (the 95/95 D B 
criterion) that the hot fuel rod in the corn does not expenence a 
departure from nuclea e boi6ng (D B) condition. 

c. During an ejected rod accident, the energy deposition to the fuel 
must not exceed 280 caVgm (Re . 2). and 

d. The control rods must be capable of shu ng down the reactor with a 
minimum required SOM "th the highest worth control rod stuck fully 

"thdrawn (Ref. 3). 

l.Jmits on Fo(Z) ensure that the value of the initial total peaking factor 
assumed in the accident analyses remains valid. Other criteria must also 
be met e.g., maximum cladd ng oxidabon, maximum hydrogen 
generabon, coolable geometry, and long term coohng). Ho ever, the 
peak cladding temperature 1s typicaDy most lim· ing. 

F (Z) hm1ts assumed in the LOCA analysis are typically limiting rela · e to 
(i.e., lower than) the F0 (Z) limit assumed in safety analyses for other 
postulated accidents. There ore, this LCO provides conservative lim· s for 
other postulated accidents. 

F (Z) satis es Cmerion 2 o 10 CFR 50.36(cX2Xii). 

The Heat Flux Hot Channel Factor. Fo(Z), shall be limited by the follov.1ng 
relationships. 

Fo(Z) s ( CFQ/P ) K(Z) 

F (Z) s ( CFQ/0.5 ) K(Z) 

for P => 0.5 

for P S 0.5 

where: CFO 1s the F0 (Z) hm· at RTP proVlded 1n the COLR. 

K(Z) is the noonaltzed Fo(Z)~ a ~ ncbon of core height 
provided in the COLR, and 

1 

P = THERMAL POWER/RTP 
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BASES 

LCO (continued) 

INSERT 1 
(Nw Page ) 
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Westinghouse STS 
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Westinghouse Non-Proprietary Class 3 

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

foe tru, faahty. the aciual val""' of CFO and K(Z) a,e ! ,n the COLR; 
howe er, CFO is normally a number on e order o [2.~ t'and (Z) is a 
function that loo Ii e the one provided in Figure B 3.2.1C-1. 

For Constant Axial set Control opera on, Fo(Z) ts appro mated by 
f '(Z)and F"'(Z). Thus. both F'(Z) and F"(Z) must meet the preceding 
l1m1ts on F0 (Z). 

All f '(Z} evaluation requires obtaining an incore flux map in MODE 1 
From the incore flux map results e ob ain the measured a ue ( F"(Z} o 
f (Z). Then, 

f C:(Z) = Fl,'(Z) (1.08 15) 

where (1 .0815) rs a factor at accounts for fuel manufacturing tolerances 
and flux map measurement uncertain . 

F'(Z) is n e ce en pproximation for F (Z) when the reactor is at the 
steady stale power at which the incore flux map was t en . 

The expression for F (Z) is: (W( lF::" 
p 

The F (Z) lim· s define limiting values for core power pe ·ng a1 
precludes peak cladding tempera ures above 2200°F dunng either a large 

small break LOCA 

requires opera ·on in the bounds assumed m the safe 
an ys Calculations are performed in e core design process o 
confirm Iha the core can be controlled I such a manner during operation 
tha1 it can slay · n the LOCA F (Z) limits. lf-F' C3RAQI be 
maiAtatAed 11mh1A ll:le bCO limits, r:ed11GOOA g.f the GQf'.8 power is r:eq11rred 

\(IQlatmg U:ie bCO limits for Fe{Z) prod11ces ooaGG&ptable cooseq11eAGes 1f 
a desigA basis &WAI QGGIJrS wl:iile Fe,Z) is 9Yt&ide its specified hmlts. 
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Revi ed IN ERT #1 for Ba es B 3.2.1C 

[W(z)f is e cycle and bumup dependent function, specified in the COLR, rhich 
accounts for power d1stnbutJon transients encountered during non-equ hbnum normal 
operation. [W(z)f :.11 functions are specified or each analyzed CAOC opera ·ng space 
ft .e., each unique combination of AFD band and Control Bank Insertion um ). The 
[W(z)f functions account for the m ing non~ut 1brium axial power shapes 
postulated to occur during normal operation for each CAOC operating space. Limiting 
power shapes at both fuU and reduced power o~atJOO are considered m determinmg 
the maxJmum values of [W(z))COl . The (W z)J functions also account or the 
following effects: (1) the increase in rad al pea ing in rodded core planes due to e 
presence of control rods during non~uibbrium norm operation, (2) the increase m 
radial peaking that occurs during part-poo'I r operation due to reduced fuel and 
moderator temperatures, and (3) the increase in radial pea ing due to non-equilibrium 
xenon effects. The [W(z)J functions are normally calcu ated assuming that the 
Survei lance is_e_e_rformed the Target Axial Offset core con<frtions. Surve Hance 
specific [W(z)j""' values may be generated for a g en survetllance core condltK>n. 

Pis the THERMAL POWER / RTP. 

Rj IS a cycle and bumup de 
for poten al increases m F 
CAOC opera · ng space 

Ao(z) 1s a function that adJusts the F w z) Surveillance for differences between the reference core 
condrt1on assumed m generating the [W(z)f LR rune on and the ac ual core cond1 on that exists 
v.-nen the surveillance 1s performed Normally. this reference core condition 1s defined as he same 
core condition that 1s used to establtSh he target AO (1 e the arget axial nux difference at RTP} tn 

LCO 3.2.3 For s1mphaty, Ao(Z) can De assumed to be 1.0 when the F (Z) Surveillance 1s 
performed at a core condition cons1sten with updating the target AO and when control Ban D 1s 
not inserted below the axial elevation where the llm1ting F margin is predic ed to occur (as 
specified tn the COLR) A.::(Z) can also be assumed to be 1 o the F w z) Surveillance is not 
performed at cond1hons consistent with updating the target AO. and a Survelllance specific 
[W z)JCOLR function assoaa ed with perfonrnng the Surveillance at the applicable core cond1hon ,s 
specified in the COLR If the conditions specified n the COLR for assuming Ao(z)= I o are not met 
and a Surveillance specific [W z)f function has not been specified. then the Ao(Z) function is 
calculated usmg the NRC approved methodology m Reference 6 
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BASES 

APPLICABILJTY 

ACTIO S 

Westinghouse STS 

WCAP-17661-NP-A 

Westinghouse Non-Proprietary Class 3 

F (Z) CAOC- (Z) ethodology) 
83.2.1C 

The F (Z) lim s must be maintained tn MODE 1 to pre ent core power 
d stributions from exceedmg the limits assumed in the safe analyses. 
Applicabf · other MODES is not required because there is either 
1nsufficien stored energy 1n the fuel or insufficient energy betng 
transferred to e reactor coolant to require a imit on the distribution of 
core power 

Al 

Reducing THERMAL POWER by 1 % RTP for each 1 % by llhich Fc(Z) 

exceeds rts lim· mamtams an acceptable absolute power dens· . F"(Z) 

is F"(Z) mu plied by a fac or accountmg for manufactunng tolerances 
and measurement uncertainlles. F.;<(Z) is e measured ue of F0 (Z). 

The Completion Time of 15 minutes provides an accep e ·me to 
reduce power ,n an orderly manner and rithout allov.,ng the plant to 
remain in unacceptable concf ion for an extended peood of ·me. The 
maximum allowable power le el initially determined by Requ·red Action 
A 1 may be a eded by su sequent determinations of F'(Z) and would 
require power reductions ·tt,in 15 minutes of the F;(Z) determina ion. rf 
necessaiy to comply with the decreased maximum allo ble power le el. 
Decreases ·n F"(Z) would allov.1 increasing the maximum allowable 
power le and increasing power up to this re ised hmrt. 

= ==T.-;;=;:-;:;--;,=:-::-:-:;---"1 

p setpomts by 
:!! 1 % foe each 1 % by: wtuch F (Z) a conse · e 
action for protection against the consequences o severe transients 
unana ed power distributions. The Comple ·on Time of 72 hours is 
sufficient considering the small likelihood of a se ere transient in this ·me 
penod and the preceding prompt reduction in THERMAL POWER n 
accocdance with Required Action 1 The maximum lowable Power 
Range eutron Flux - High trip setpomts tnitraUy determined by Required 
Ac on A2 may be affected by subsequent determ nations of F (Z) and 

ould require Power Range eutron Flux - igh trip setpoint reductions 
in 72 hours of the Fg(Z) determination, · necessary to comply wi 

the decreased maximum allowable Po ~r Range eutron Flux - High trip 
setpoinls. Decreases in F"{Z) rould aUo, increasing the maximum 
allowable Power Range Neutron Flux - High trip setpotnls. 
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F0 (Z) (CAOC- (Z) ethodology) 
B 3.2.1C 

E-6 

ACTIO S (continued) 

Westinghouse STS 

WCAP-17661-NP-A 

Reduction in the Overpower 6T trip setpqi ts (value of K.) by:!: 1° for 
each 1% by-whic~-f :'-~ · · · 1s a conservative acbon for 
protection against the consequences of se ere transients w· 
unanalyzed power distributions. The Completion Time of 72 hours 1s 
sufficient considering the small h ebhood of a severe transient 1n is ltme 
penod, and the preceding prompt reduction in THERMAL POWER m 
accordance with Required Action A.1. The maximum allowable 
Overpo er .i T p setpomts mt · ly determined by Required Action A.3 
may be affected by subsequen determinations of Fc(Z) and would 
require Overpower .ll trip se poin reductions · in 72 hours of the 
F'-(Z) determination. If necessary lo comply wrth the decreased maximum 
a lowable Overp0'1<er .l T trip setpoints. Decreases in F (Z) would a C1'N 

increasing the maximum Overpower .1. T trip setpoints. 

Velifica ·on tha Fg(Z) has been restored to within · s 6mit. by performing 
SR 3.2.1.1 and SR 3.2 1.2 prior to increasing THERMAL POWER abo e 
the limit imposed by Required Action A.1, ensures that core concfrtions 

· ration at higher pC>\\er levels and Mure ope<abon are 
consistent · sa e · 

Cooditlon A ts modi ied by a ote that requires uired Action A.4 to be 
performed whenever the Condition is entered is ensures that 
SR 3.2.1.1 nd SR 3.2. I will be performed prior to increasing 
THERMAL POWER abo the limit of Required Action A.1. e en when 
ConditlOfl A is exited · to perfomung Required Action A.4. 
Performance o SR 3 .1.1 and SR 3.2.1.2 are necessary to assure Fo Z) 
1s properly e luate · to increasing THERMAL POWER 

.tU~ 
If it is found that the maximum calculated value of F (Z) that can occur 
during normal maneuvers, F (Z) , exceeds its specified limits, ere exists 
a poten ·a or F'-(Z) to become excessively high if a normal operational 
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Westinghouse Non-Proprietary Class 3 

F (Z) CAOC- (Z) ethoclology) 
B321C 

E-7 

ACTIO S (continued) 

I INS~!~ 1-1--~ 
A reduction of the Power Range Neutron Flux igh tnp setpoin s by~ 1% 
or each 1% by .. 4:1,,1:i ~ · · · , IS a conservatJve action or 

pr; ecbon against e consequences of se ere transien with 
unanalyzed po.ver distributions. The Completion Time of 72 hours 1s 
sufficien considering the small Ii ebhood of a severe transaen in this · e 
penod and the preceding prompt reduction~ · THER POWER~m 
accordance ~th Required Acbon B.~ 

B.~ 
2 

.lhe 

uction in the Overpoweu T trip setpoints ue o by~ 1% for each 
· · ~ ex-eeds its ~mil. IS a conserva · e action for 

pr; ection agains e consequences o se ere transients with 
un nalyzed power distnbutions. The Comple on Tme of 72 hours is 

sufficien considering the small h ebhood of a se ere transien in lh1s lime 
period, and the preced·ng prompt reductio~ i THERMAL POWERk 
accordance with Required Action B . 

~ h 

Westinghouse STS 

WCAP-17661- P-A 

Venfication that F"' (Z) has been res d o · hm its hm1t, by pe ormmg 
SR 3 2.1.1 and SR 3.2.12 prior to i ~sing THERMAL POWER abo e 

e limit imposed by Required Acbon . ensures that core corlditions 
during operation t higher power le els arid future operation are 
consistent with safe analyses assump ons. 

CooditlOO B is modified by a Note lbal req11iras Requu:ed Action 8 4 to be 
perfGAMd 11il:leAe¥er the CQAdiliQA is eAlered. Tuia eA&1.1res lhal 
SR 3.2.1 1 aAd SR J 2.1.2 w~U be pe~ pi::ior IQ 1m;;reasiA9 
THERM<\b POWER a.bQue 11:ie krAit Qf Req1.1ired AGtieA a .1, e>reA WMA 
CQl:ldilign A. IS exited pAO( lQ p~IAg Required Ai:tioA a.4. 
~rtor:maA,e Qf SR J .2.1.1 arid SR 3.2 I 2 are Re,essary lQ as.1.1re ~ 
i& p~r1y e'lah,ated pi::iof tg iA,rea&IAg THERM.A!. POWER 
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IN ERT 2 

Implementing a more restnctive CAOC operating space. specified in the COLR. within 
the allowed Completion Time of 4 hours II restnct the AFD such that core peaking 
factor hmits will not be exceeded during non-equ1 1brium nonnal operation. Several 
CAOC operating spaces, representing successively smal er AFO bands and, optionally, 
shallo er Control Bank Insertion Limits. may be specified m the COLR. The 
correspon<fng {W(z)fO functions for these operating spaces can be used to 
determine which CAOC operating space would result in acceptable non-equilibnum 
operabon within the Fa (Z) limrt. 

IN ERT 3 

If it 1s found that the maximum calculated alue of F (Z) that can occur during normal 
maneuvers, Fo (Z), exceeds its specified limits, there exists a poten ·al for F0 c(Z)to 
become excessively high if a normal operational transient occurs. As discussed abo e, 
Required Action B.1.1 requires that a new CAOC opera ·ng space be implemented to 
restore Fow(Z) to within its limits. Required Action B.1.2 requires that SR 32.1.1 and SR 
3.2.1.2 be performed rf control rod motion occurs as a result of implemenllng the new 
CAOC operating space in accordance with Required Action B.1.1. The performance of 
SR 3.2.1.1 and SR 3.2.1.2 is necessary to assure F (Z) is proper1y e aluated after any 
rod mo on resulting from the implementabon of a new CAOC operallng space in 
accordance 1th Required Action B 1.1 

When Fow(Z) exceeds its limit, Required Action B.2.1 may be implemented instead of 
Required Action B.1. Required Action 82.1 limits THERMAL POWER to less than 
RA TED THERMAL POWER by the amount specified ·n the COLR. This maintains an 
acceptable absolute power density rela · e to the maximum power density value assumed 
in the safe analyses. 

If the required Fow(Z) margin improvement exceeds the margin 1mpro ement available 
from the pre-analyzed THERMAL POWER reductions provided in the COLR. 
then THERMAL POWER must be further reduced to less than or equal to 50°k RTP. In 
this case. reducing THERMAL POWER to less than or equal to 50% RTP II provide 
additional margin in the transient Fa by the required change in THER AL POWER and 
the increase in the Fo limil This ill ensure that the Fo limit is met during transient 
operation that may occur at or below 50% RTP. 
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IN ERT 3 (continued) 

The Comple on Time of 4 hours provides an acceptable time to reduce power in an 
orderly manner to preclude entering an unacceptab e condition during Mure noo-
equil rium opera on. The limit on THERMAL POWER miba y detem11ned by Required 
Aclion B.2 1 may be a ected by subsequent de em11nabons of Faw(z) and would require 
power reductions thin 4 hours of the F Ow z) determination. if necessary to comply 
the decreased THERMAL POWER mil Decreases in F (z) would allo increasing 
the THERMAL POWER limit and increas ng THER L PCMIER up to this revised hm1 

Required Acbon 8.2.1 ts modrfted by a Note that sta es Required Acbon 8.2.4 shall be 
completed ene er Required Action 8.2.1 is performed pnor lo tnereasing THERMAL 
POWER abo e e llllt of Required Action 82. 1. Requ·red Actton 8.24 requires the 
performance of SR 3.2.1. 1 and SR 3.2 1.2 prior to increastng THERMAL POWER above 
the limit established by Required Acbon 8.2. I . The ote ensures that the SRs be 
performed e en If Condition B may bee rted prior to performing Required Action B.2.4. 
The performance of SR 3 2.1.1 and SR 3.2. 1.2 1s necessary to assure Fo(Z) is properly 
e ated prior to increasing THERMAL PCMIER. 

If an F surveillance is performed a 100% RTP conditions, and both F c(Z) nd F0 w(Z) 
exceed their ltm • the option to reduce the THERMAL POWER fimit in accordance with 
proposed Required Acbon 8.2.1 instead o implementing a new opera ng space in 
accordance proposed Required Action B.1, IJ res in a further power reduction 
after Required Aclion A.1 has been completed. Howe er, 1s urlher power reducbon 
would be perm ed to occur o er e next 4 hours. In th e ent e e uated THER L 
POWER reduction in the COLR for proposed Required Action B.2. 1 did not resu in a 
further po ,er reduction (for example, if both Condition A and Condi ion B were entered 
at less than 100% RTP concf ons). then the THERMAL POWER le el estabhshed as a 
resu of comple ng Required Action A. 1 · take precedence, and will establish the 
e ective operating power level lim for the unit un ·1 both Conditions A and 8 are exited . 
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Fo(Z) (CAOCW Z) Methodology) 
B 3.2.1C 

ACTIO S (continued) 

~ ~ 
If Required Actions A. 1 through A.4 or 8.1 through a:lare not met within 
their associated Completion Times, the plant must be placed m a mode or 
condition in which the LCO requirements are not applicable. This is done 
by placing the plant in at least MODE 2 · in 6 hours. 

This aUowed Completion Time is reasonable based oo operating 
experience regarding the amount of time it takes to reach MOOE 2 from 
full power operation in an orderly manner and without challenging plant 
systerris. 

SURVEILLANCE 3.2.1.1 and SR 3.2.12 are modified by a le. The No e applies 
REQUIRE ENTS du the first po er ascension a er a refueling. It states Iha 

Westinghouse STS 

THER POWER may be increased until an equilibnum power 
has been chie ed at which a po er distri ution map can be ined. 
This allowan 1s mocf ied, ho.vever, by one of the Frequen conditions 
that requires · lion thalFG(Z) and Fw (Z) are · ·n ir specified 

l1mrts after a powe se of more than 10% RTP o er THERMAL 
POWER at 'M'!ich the re last enfied to be wi specified limits. 
Because F0 (Z) and F."'( could not have pre · sly been measured in 

this reload core, there is a s ond Frequen condition, applicable only 
for reload cores. that requires erminati of these parameters before 
exceeding 75% RTP. This ensur some determination of F5(Z) and 

f'• (Z) are made at a lower power I at tlich adequate margin is 

available before going to 100% P. Al this Frequency concf oo, 
together · the Frequency ition requi erifica ·on of F'(Z) and 

F!' (Z) following a power · crease of more than %, ensures that they 

are verified as soon TP (or any other level for e ded operation) is 
achieved. In the nee of these Frequency conditio . it is possible to 
increase po: er RTP and operate for 31 days w· out v · cation of 
F."(Z) and F Z) . The Frequency condi ·oo is not intended require 

verifica o these parameters after e ery 10% increase in po r le el 
abov e last verification. It ooly requires erifica ·on after a pow vel 

ieved for extended opera ·on that is 10% higher than that pow t 
ich F0 (Z) was last measured. 

B 3.2.1C-7 Rev. 4.0 
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f 0 (Z) CAOC- (Z) Methodology) 
B 3 2-1C 

E-11 

SURVEILLANCE REQUIREMENTS (conbnued) 

SR 3.2.1.1 

Verifica ·oo that F.C (Z) is · in its specified Ii its invol es increasing 
F"(Z) to allow for manufactunng tolerance and measurement 
uncertain ·es in order to obtain F.' (Z). Specifically, F." (Z) is the 

sured value of F0 (Z) obtained from incore nux map results and 
C(Z) = Fl' (Z) (1.0815) (Ref. 4). F."(Z) is en compared to · s specified 

with which Fc(z ) is compared varies inversety i power above 
a function called K(Z) pro Kled in the COLR. 

s Survetllance tn ODE I pnor to e ceeding 75% RT 
ensures that limit i& met \1¢19A RTP i& adlieved , beGau&e 
peak1Ag faQOr:& geA9r'ally d9Gtea&e a& power le,cel 1& ir:IGUia&ed. ,~--o,- mos1- ,----n1~ 

f24l If THERMAL POWER has been increased by ~ 10% RTP since the 7 
~ ".determination of F.C(Z ), another e ua ·on of thts fac or is reqU1red 

fbJ hours a er achie ·ng equi ibrium conditions at this higher power le el 
(to ensure that F.'(Z) atues are being reduced s cien ith power 
increase to stay within the LCO hmits). - ------------, 

The Frequency o 31 EFPO is adequate o monitor the change of power 
distribution "th COfe bumup because such changes are slow and well 
contro ed when the plant is opera ed m accordance · the Technical 
Specifica ions S). 

OR 

The Surveillance Frequency is con olled under the Surveillance 
frequency Con ol Program. 

--------1REVIEWER'S OTE-------­
Plants controlling Surve·11ance Frequencies under a Survei ance 
Frequency Control Program should ublize the appropnate Frequency 
description, given abo e, and the appropria e choice of Frequency in the 
Surveillance Requiremenl 

, ,.,..._,.,,..,..__ PONER level to CO!rc:,lete 1he 
le • once at a reduced ERMA!. 

power up to the nexi plat 
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SURVEILLANCE REOUIREME TS (continued) 

SR 3.2_1 2 

[W(z)F factors are 

The nuclear design process includes calculations performed to determine 
that the core can be operated within the F0 (Z) limits. Because flux maps 
are taken in steady state conditions, the varia ons in power distnbution 
resultmg from normal operational manewers re not present in the flux 
map data. These vanatioos are, ho e er, conserva ely calculated by 
considering a ·de range of unit maneuvers in nonnal operation. The 
maximum peaking factor increase over steady state values, calculated as 
a function of COfe elevation, Z, is ca led . Multiplying the measured 
total pea ·ng factor, Fg (Z) , by ives t maximum F0 (Z) calculated 
to occur in normal operation. Ft (Z) . 

The flmit wrth which F: (Z) is compared vanes in ersely th power abo e 
50% RTP and directly ith the function K(Z) provided in the COLR 

The-: ~ provided in e COLR for discrete core elevations. 
Flux map data are typica y taken for 30 to 75 core elevations. Ft (Z 
evaluations are not applicable for all!al GQAl regioAs, 
mea&ul'9d iA p&rG&At Qf GQJ.Q l:leigl:lt 

a, low&r ,ore regiOA, ~()lo 16% iAGIYSiv& aAd 

b, !Jpp&r GOr& r&giOA, ~ 86 to 100°.4 iAdU6P'9 . 

In-..,. r--- ;l"The lop aAd boltor:A 16% of the core are exdu 
because of the low probabi that · 

from the evaluation 
would be more rmiting in 
of making a precise 

Westinghouse STS 

the sate analyses and bee use of the difficul 
measurement in these regions. 

· Surveillance has been modmed by a e that may require that 
freq surveillances be performed. If F"" (Z) 1s evaluated, an ev ation 
o the ex.pr · n belO'N is reqU1red o accoun or any incre to F." (Z) 
that may occur a cause the Fo(Z) limit to be excee fore the next 
required F0 (Z) e alua · . 

rt ts requir meet the F (Z) lim· with the last F."' (Z) inc ed by 
a factor o [1 .02] or by an appropnate factor spec,tied 1 

(Ref. 5) 
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SURVEILLANCE REQUIREMENTS (continued) 

Westinghouse STS 

WCAP-17661-NP-A 

), or \Q eualwat& Fe(l} mQl:9 fr&qw&l'lll,', &aGR 7 Efl?.D. lh&&9 allemaw19 
requirements pi:evept Ee(Z) trom exceeding its liroit foe apy sigpificaPI 
peAOO gf time witMwt cl&l&di9R. 

Perfor:miAg the SurueillaAGe iA MODE 1 p('ior to exc99d1A9 75% RTP 
&R6Yl=96 that the Fe(Z) limll is mel wf:l&R RTP 1& aGhi&•recl b&~Y.69 
peakiAg faGto~ are g&R&r:ally cleg:eased as pgwer l&>~I is iAc:reased. 

Fa(l ) i& verified al pgt.1191'. level& :.: 1 ~ RTP abQHQ U.ie TliERJJAl 
POlli,'ER Qf it& lasl ·~~li9A, (121 R91.1F& af:ler achi&1 •iR9 eq11~ibriwm 
@Rlliti9A& to &ASYJe ll,iat Ee(ll is 11rill:iiA its ~mit at tiigl:ler PQ;','&r le>Jel& . 

trhe Surveillance Frequency of 31 EFPD is adequate to monit°' the 
change of power distribution ·th core bumup. The Surveillance may be 
done more frequen if required by e resul of Fo(Z) e alualions. 

The Frequency o 31 EFPD is adequate to monitor the change of power 
distribution because such a change is sufficien slow, when the plant 1s 
operated in accordance with the TS, to preclude adverse pea mg factors 
between 31 day surveillances. 

OR 

The Surveillance Frequency 1s controlled under the Surveillance 
Frequency Control Program. 

-------REVIEWERS OTE------­
Plants con olhng Surveinance Frequencies under a Surveillance 
Frequency Control Program should utifize the appropriate Frequency 
description, grven above, and the appropnate choice of Frequency in the 
Survetllance Requiremen 
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INSERT 4 

ehalleA9e the Fow(z) limit. This Frequency ensures that erifi 
perlormed prior to extended operallon at power le els wher 
peak LHR could be challenged by AOA eq1,1il1bA1,1m g~tiQA. 

r.d Bl~O 

pe!fornance of S 3 I •fltor 
-~f111'S pe~ .. 
- hJ enough to 
pn,v dt .. gh i.v of 
con..'ic ce "' :he aocurxy of 
Ille Swve nee fHult 

Equilibrium conditions are achieved when the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. 

If a previous Surveillance o F w(z) was performed at par1 power conditions, SR 3.2 1.2 
also requires that Fo1 (z) be erified at power levels~ 10% RTP above the THERMAL 
POWER of its last verifica ·on within (24) hours after achie ·ng equt 1brium conditions. 
ThtS ensures that F0 w(z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achie ·ng equifibrium conditions will provide a 
more accurate measurement of F0 (Z) by allowing su tcient time to achieve equilibrium 
conditions and obtain the paNer distributJon measurement while slill reqttiAA§ 
p~3A'18 Qf 11:ie suPl9iDan~ bef91'9 lhe fuel bec;gmes slolffK:ieAUy '10AdiliOAed SU'1R 
U:lat 19ad follow gper:alioA '1aA be iR1ple'"8Ated. 
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APPENDIXF 
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.l 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 Control Bank Insertion Limits 

3.2.1 Heat Flux Hot Channel Factor - FQ(z) 

3.2.3 Axial Flux Difference 

F.2 OPERATING LIMITS 

The cycle-specific parameter limits and associated data for the specifications listed in Section F. l 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 COS 1, COS2, and 
COS3. 

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

F.2.2.1: 

FRTP 

F8(z) ~+ *K(z) forP>0 .5 

FRTP 

F8(z) < - Q- *K(z) for P ~ 0. 5 
- 0.5 
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• where: 

F8(z) = F/f (z) * 1.0815 

THERMAL POWER 

p = RATED THERMAL POWER 

F.2.2.2: 

F.2.2.3: 

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

F.2.2.4: 

F;{(z) 

FlJ' (z) 

F.RTP 

~+*K(z) 

F.RTP 

<-Q-*K(z) 
- 0.5 

for P > 0.5 

for P ~ 0.5 

• where: 

• 

F.2.2.5: 

[W(z)]C0
LR values are provided in Tables F-1, F-2, and F-3 for COSl, COS2, and COS3, respectively. 

F.2.2.6: 

The AQ (z) factor adjusts the surveillance to the Target AO conditions. AQ (z) can be assumed to be equal 
to 1. 0 if the conditions discussed below are met, or may be determined for specific surveillance conditions 
using the approved methods listed in WCAP-17661. Specifically, AQ(z) can be assumed to be equal to 1.0 
if the surveillance is performed at core conditions consistent with updating the measured Target AO and 
Control Bank D is not inserted below 200 steps withdrawn1

. Alternatively, AQ(z) can be assumed to be 
equal 1.0 if a surveillance specific W(z) function is being used that is consistent with the core conditions 
of the surveillance. 

1. Reviewers Note: The Control Bank D insertion requirement will be determined on a cycle specific 
basis, based on bounding the predicted limiting axial elevation for the Fl(w) margin. This single value 
can also be replaced with a table of Control Bank D insertion as a function of cycle bumup . 
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F.2.2.7: 

The Ri penalty factors account for the potential decrease in transient FQ margin between surveillances. 
The Ri factors for COS1, COS2, and COS3 are provided in Tables F-4, F-5, and F-6,respectively. 

F.2.2.8: 

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 AFD target bands for COS1, COS2, and COS3 are provided in Table F-8. 

F.2.3.2: 

The AFD Acceptable Operation Limits are provided in Figure F-3. 
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Table F-1 [W(z)f0
LR Factors for COSl 

Note: 
l.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-2 [W(z)f0
LR Factors for COS2 

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)f0
LR Factors for COS3 

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

WCAP-17661-NP-A 

F-6 

February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

a,c 



Westinghouse Non-Proprietary Class 3 

Table F-4 Rj Margin Decrease Factors for COS1 

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

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

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

a.c 
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APPENDIXG 

PWROG CORRESPONDENCE AND RESPONSES TO NRC REQUESTS 
FOR ADDITIONAL INFORMATION 

Includes the following correspondence: 

1. NRC Letter for Request for Additional Information RE: PWROG Topical Report WCAP-
17661-P/NP, Revision 1 "Improved RAOC and CAOC FQ Surveillance Technical 
Specifications," dated December 24, 2014 {TAC NO. MF3348) 

2. Letter OG-16-273, "Submittal of Request for Additional Information Response Regarding 
WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ Surveillance Technical 
Specifications, PA-LSC-0795," dated September 13, 2016 

• Enclosure 2: Attachment 2, PWROG Request For Additional Information Response and 
revised markup of Technical Specification {TS) 3.2.lB and 3.2.lC (Non-Proprietary) 

• Enclosure 2: Attachments 3-6, PWROG revised markup of Technical Specification (TS) 
3.2.lB and 3.2.lC (Non-Proprietary) 

• 

3. Email from the NRC (Benney) to the PWROG (Holderbaum), Request for Additional 
Information, RAI 15, RE: PWROG Topical Report WCAP-17661-P/NP, Revision 1 "Improved • 
RAOC and CAOC FQ Surveillance Technical Specifications," dated July 27, 2017 (Non- · 
Proprietary) 

4. OG-18-35, "Transmittal of the Response to Request for Additional Information, RAI 15 
Associated with WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ Surveillance 
Technical Specifications, PA-LSC-0795", dated February 15, 2018 

• Enclosure 2: Attachment 2, "RAI-15 Response forWCAP-17661-P/ WCAP-17661-NP, 
Revision 1" (PA-LSC-0795) (Non-Proprietary) 

• Enclosure 3: Attachment 3, "Revision to "Insert 1" in the Bases Markups for TS 3.2. lB 
and TS 3.2.lC that were transmitted via OG-16-273" (Non- Proprietary) 

• Enclosure 4: Attachment 4, "Revision to Section F.2.2.6 on Page F~2 ofWCAP-17661, 
Revision 1 (Sample COLR Input for a CAOC Plant)" (Non- Proprietary) 

5. Email from the NRC (Benney) to the PWROG (Holderbaum), Draft Safety Evaluation by the 
Office of Nuclear Reactor Regulation Related to Pressurized Water Reactor Owners' Group 
Licensing Topical Report WCAP-17661, "Improved RAOC and CAOC FQ Surveillance 
Technical Specifications," dated, April 30, 2018 (Non-Proprietary) 
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APPENDIXG 

PWROG CORRESPONDENCE AND RESPONSES TO NRC REQUESTS 
FOR ADDITIONAL INFORMATION 

Includes the following correspondence (continued): 

6. OG-18-188, "Transmittal of the Response to the Revised Draft Safety Evaluation (DSE) for 
WCAP-17661-P/WCAP-17661-NP, Revision 1 (PA-LSC-0795)", dated-August 2, 2018 

r 

• Enclosure 1: Attachment 1, Comments on the DSE for WCAP-17661-P/ WCAP-17661-NP, 
Revision 1 (PA-LSC-0795) (Non-Proprietary) 

• Enclosure 2: Attachment 2, "Revision to the Technical Specification (TS) Markups for 
TS 3.2.lB and TS 3.2.lC that :Were transmitted via OG-16-273 (Non-Proprietary)_ 

• Enclosure 3: Attachment 3,. "Revision to the TS Bases Markups for TS 3.2.lB and TS 
3.2.lC that were transmitted via OG-16-273 and OG-18-35" (Non-Proprietary) 

• Enclosure 4: Attachment 4, "WCAP-17661-P/ WCAP-17661-NP, Revision 1 Markup 
Pages" (PA-LSC-0795) (Non-Proprietary) 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

December 24, 2014 

Mr. W. Anthony Nowinowski, Program Manager 
PWR Owners Group, Program Management Office 
Westinghouse Electric Company ' 
1000 Westinghouse Drive, Suite 380 
Cranberry Township, PA 16066 

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION RE: PRESSURIZED WATER 
REACTOR OWNERS GROUP TOPICAL REPORT WCAP-17661-P/NP, 
REVISION 1, "IMPROVED RAOC AND CAOC Fa SURVEILLANCE TECHNICAL 
SPECIFICATION" (TAC NO. MF3348) 

Dear Mr. Nowinowski: 

• 
i 
I 

By letter dated January 2, 2014 (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML 14009A092), the Pressurized Water Reactor Owners Group 
submitted Topical Report, WCAP-17661-P/NP, Revision 1, "Improved RAOC and CAOC Fa 
Surveillance Technical Specifications," for U.S. Nuclear Regulatory Commission (NRC) staff 
review. Upon review of the information provided, the NRG staff has determined that additional 
information is needed to complete the review. Mr. Chad Holderbaum, of your staff. and I agreed • 
that the NRC staff will receive your response to the enclosed request for additional information 
(RAI) questions by January 30, 2015. 

If you have any questions regarding the enclosed RAI questions, please contact me at 
301-415-4053. 

Project No. 694 

Enclosure: 
Request for Additional Information 

WCAP-17661-NP-A 

Sincerely, 

2a~ G. Rowley, Project Manager 
Licensing Processes Branch 
Division of Policy and Rulemaking 
Office of Nuclear Reactor Regulation 
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REQUEST FOR ADDITIONAL INFORMATION QUESTIONS 

PRESSURIZED WATER REACTOR OWNERS GROUP 

TOPICAL REPORT WCAP-17661-P/NP, REVISION 1, "IMPROVED RAOC AND CAOC Fg 

SURVEILLANCE TECHNICAL SPECIFICATION" 

RAI No. 1: Required_Actions when both Fac(z) and Faw(z) exceed limits 

Background 

Under the proposed change for both relaxed axial offset control (RAOC) heat flux hot channel 
factor (Fa(Z)) Surveillance (TS 3.2.1B) and constant axial offset control (CAOC) Fa(Z) 
Surveillance (TS 3.2.1 C), Required Actions are· now different for Condition A and B. When 
Fa c(Z) is not within limits, reduction of THERMAL POWER is required along with reduction of 
setpoints and performance of Surveillance Requirement (SR) 3.2.1; 1 and SR 3.2.1.2. Whereas, 
when Faw(Z) is not within limits, two alternative actions may be applicable. Required Action B.1 
requires implementation ·of a different operating· space and if an appropriate operating space 
cannot be implemented, reduction of THERMAL POWER and setpoints and performance of 
SR 3.2.1.1 and SR 3.2.1.1 are required. The proposed change in Required Action when Fa w(Z) 
exceeds limits is intended to avoid THERMAL POWER reduction through implementation of a 
different operating space (Required Action 8.1} . 

Issue and Request 

Under the proposed change, when Fa c(Z) is within limits and Fa w(z) is not within limits, a 
different operating space may be implemented and a THERMAL POWER reduction will not be 
reiuired. However, when both Fac(Z) and Faw(Z) are not within limits, Required Action for 
Fa (~ will require reduction of THERMAL POWER. The corresponding evaluation and action 
for Fa (Z) require clarification. For example, Condition A (Fa c(Z) not within limit) requires 
reduction of THERMAL POWER greater than or equal to (.!:) 1 percent (%) for each 1 % Fa c(Z) 
exceeds the limit, but Condition B (Faw(Z) not within limit) may require reduction of THERMAL 
POWER which mat be evaluated for 5% decrements in the core operating limit report (COLR). 
Also, implementation of Required Action B.1 is unclear since the action does not involve 
reduction of THERMAL POWER. . - -

a. 

b. 

Provide a complete explanation and justification for the THERMAL POWER 
actions that will be taken when both Fac(Z) and Faw(Z) exceed their limits 
including how the COLR evaluations will be used. Discuss the compatibility of 
actions for Fac(Z) and Faw(Z) and the supporting evaluations in the COLR. 

Based on the discussion and the need for clarity of the Required Actions when 
both Fac(Z) and Faw(Z) exceed limits, discuss the need for a NOTE in the 
Required Action column that may. be useful for the operators in abiding by these 
specifications. · 

Enclosure 
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RAI No. 2: Need to perform SR 3.2.1.2 when FQ c(Z) not within limit following refueling 
prior to THERMAL POWER exceeding 75% rated thermal power (RTP) 

Background 

Under the proposed change for SR 3.2.1.2, "Verify Fa w(Z) is within limit," the first frequency is 
revised whereby instead of conducting the surveillance "Once after each refueling prior to 
THERMAL POWER exceeding 75% RTP [rated thermal power]" the requirement will be ".Once 
after each refueling within [24] hours after achieving equilibrium conditions after [emphasis 
added] THERMAL POWER exceeds 75% RTP." This char-ige makes the SR for F0c(Z) and 
Faw(Z) different, i.e., following refueling, Fac(Z) is checked prior to exceeding 75% RTP 
whereas Fa w(Z) is checked after exceeding 75% RTP .. The primary justification for not 
conducting the surveillance for Faw(Z) below 75% RTP is that, during power ascension, Faw(Z) 
calculations are not reliable at such power levels. 

Issue and Request 

The justification for not conducting the Fa w(Z) surveillance following refueling prior to exceeding 
the 75% RTP seems valid and appropriate. However, because of the change, an apparent 
contradiction is noted. Condition A, Fac(Z) not within limit, may occur prior to THERMAL 
POWER exceeding 75% RTP. Required Action A.4, "Perform SR 3.2.1.1 and SR 3.2.1.2," will 
involve unnecessary performance of SR 3.2.1.2. 

Provide either an explanation or correction for this situation. 

RAI No. 3: Changes to SR 3.2.1.2 

Background 

Section 3.2.5 states (Page 3-16): 

The first Frequency for SR 3.2.1.2 [currently requiring performance of Fa w(Z) 
surveillance "Once after each refueling prior to THERMAL POWER exceeding 
75% RTP"] will be changed to state that Fa w(Z) must be verified to be within its 
limit following each refueling within 24 hours after achieving equilibrium · 
conditions after thermal power exceeds 75% RTP ... This change is justified since 
initial startups following a refueling are slow and tightly controlled due to startup 
ramp rate limitations and fuel conditioning requirements. Consequently, the 
initial startup following a refueling will not result in non-equilibrium power shapes 
that coul_d challenge the Fa w(Z) limit. Also, core power distribution 
measurements taken at low powers(< 50% RTP) to confirm that the core is 
loaded properly will provide ample indication that the core is operating consistent 
with expectations. The new Frequency will ensure that verification of F0w(Z) is 
performed within a reasonable time period and prior to extended non-equilibrium 
operation at power levels where the maximum permitted peak linear heat rate 
could potentially be challenged. 
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Page B-1 provides a BASES1 definition of equilibrium conditions: "being at a stable reactor 
power (i.e., within plus or minus (±) 1 % RTP) and at stable axial flux conditions (i.e., with an 
axial flux difference variability of± 1 % over the previous 24 hours." 

Issue and Request 

. It is not clear that the "new Frequency will ensure that verification of Fa w(Z) is performed ... prior 
to extended non-equilibrium [emphasis added] operation at power levels where the maximum 
permitted peak linear heat rate could potentially be challenged," because the new surveillance 

. requirement would permit operation above 75% RTP, prior to achieving equilibrium conditions, 
without performing an initial surveillance. Therefore, as acknowledged in the proposed BASES, 
"In the absence of these Frequency conditions (discussed above) it is possible to operate for 31 
EFPD without verification of Faw(Z)." 

The current version of the SR establishes an unambiguous requirement to verify Fa w(Z) prior to 
exceeding 75% RTP and generally every 31 EFPD thereafter (or in accordance with the· 
Surveillance Frequency Control Program). The improved TS should also establish an 
unambiguous.requirement to perform an initial surveillance, ·followed by periodic surveillances 
on an appropriately justified frequency. · · 

a .. Provide analyses of past data of initial surveillance of Fa w{Z) prior to 
exceeding 75% RTP following a refueling to demonstrate that surveillance at low 
power levels can be challenging with respect to obtaining an accurate transient 
Fa margin assessment. 

b. Justify the 24 hours for completing the surveillance after achieving the 
equilibrium condition, particularly since 24 hours has elapsed to establish an 
equilibrium condition . 

. RAI No. 4: Treatment of uncertainties in Fac(Z) and Faw(Z) determination and in 
defining the requirements 

Background 

One of the multiplicative factors that determines Fa c(Z) and .Fa w{Z) is ttie uncertainty UF which 
accounts for measurement and manufacturing uncertainties. It is typically 1.0815 {Page 3-2); 
which is the result of multiplying a measurement uncertainty of 1.05 by a manufacturing 
uncertainty of 1.03. The sample COLR input given in Appendices C and F do not refer to UF but 
do use 1.0815 as one the factors determining the above Fa(Z) quantities. It is not stated if these 
uncertainties represent 1-sigma or a 95195 uncertainty. The use of a measurement uncertainty 
is obvious but the use·of an uncertainty to account for manufacturing tolerances.is less clear. 

· 
1 NRC staff reviews the proposed BASES for information only and issues requests to obtain clarification 
and improve the interpretability of the proposed TS; however, plant-specific BASES are administratively 
controlled and the NRC staff does not intend to extend approval to the BASES provided in 
WCAP-17661~P Appendices, or to any plant proposing to implement WCAP-17661-P . 
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Another factor defining Fe w(Z) is the T(z) function. According to the statement made with 
respect to Equations 2-23 and 2-24, the T(z) functions are derived with "appropriate 
uncertainties." 

Issue and Request 

A better discussion of the treatment of uncertainties in the methodology, in the calculated 
parameters, and how they are· addressed in defining the requirements is appropriate. · 

a. Explain how uncertainties are taken into account in defining the Fa c(Z) and 
Fa w(Z) that are monitored. . 

b. It is understood that part of the uncertainty is the result of the surveillance 
measureme·nt of planar radial peaking factor (Fxv(Z)) and part the result of the 
analysis to obtain T(z). The T(z) uncertainty is expected to be incorporated into 
the tabulation of these functions but the measurement uncertainty would be 
explicitly given in the COLR if it is a function of the particular reactor and fuel 
cycle or explicitly given and explained. in the topical report if it is a generic 
number. Explain which of these options is being recommended and why. 

RAI No. 5: New Required Action B.1 requiring implementation of a RAOC/CAOC 
operating space · 

• 

Background • 

Under the proposed change, Required Action 8.1 states: 

lm£1ement a RAOC/CAOC operating space specified in the COLR that restores . 
Fa (Z) to within its limits. · 

As stated on Page 3-14 of WCAP-17661-P, 

Pre-analyzed RAOC operating spaces, representing different levels of transient 
Fa margin, will be included in the COLR and characterized by transient (T(z) 
functions) which, in conjunction with measured radial peaking factors, may be 
used to quantify margin and ensure compliance with the LCO for future non­
equilibrium operation. Analogous to the CAOC operating space concept..., a 
RAOC operating space is a unique combination of AFD [axial flux difference] 
operating space envelope and control rod bank insertion limits. lri the unlikely 
event that none of the allowed RAOC operating spaces included in the COLR 
provides sufficient Fa margin, maximum power level and AFD reductions will be 
required along with setpoint reductions; The magnitude of the required 
reductions will be included in the COLR. 

In addition, as part of the change for both RAOC and CAOC plants, the NOTE in Condition B 
stating that Required Action 8.4 shall be completed whenever this Condition is entered is 
deleted. A NOTE in the Required Action column under Required Action 8.2.1 · is entered stating 
that Required Action 8.2.4 shall be completed whenever Required Action 8.2.1 is performed. 
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(Both 8.4 in the previous version and 8.2.4 in the revised version are the same Required Action, 
"Perform SR 3.2.1.1 and SR 3.2.1.2)." In effect, SRswill no longer be applicable when 
Required Action 8.1 is implemented. 

Issue and Request 

Based on the analysis presented, the use of a different operating space is generally an 
appropriate approach to gain margin improvement. However, if changing the rod insertion limits 
(RI Ls) is part of the new operating space AND that requires movement of control rods to 
comply, then this approach puts the reactor into a new operating condition. 

In addition, in order to ·understand if the new operating space will provide the needed margin, it 
is necessary for the reactor engineer to evaluate Fa w(Z) using the T(z) for different operating · 
spaces. This must be done within four hours, the TS completion time. 

If movement of control rods was required, a reevaluation of Fa c(Z) and Fa w(Z) will be required to 
assure that TS requirements are being met. In other words, the NOTE may apply to B. 1" for such 
situations. 

Explain the use of Required Action 8.1 incorporating the response to the following: 

a. Explain what would be done if Required Action 8.1 is carried out and requires 
movement of control rods . 

b. Explain if in addition to the T(z) tables there will be tables to show the margin 
improvement as a function of axial position or some other scheme in the COLR 
to make it easier for the reactor engineer to determine if Required Action B.1 is 
sufficient or Required Actions B.2 are necessary.· 

c. Explain the del.etion of the NOTE to perform .SR 3.2.1.1 and SR 3.2.1.2 under 
required Action B. 1 

d. Discuss clearly the specific actions (e.g., how are the rod insertion limits 
imposed) that will be undertaken by the operator in implementing the new 
operating space and consequently what would constitute a violation of this 
required action. 

' RAI No. 6: Effect of Crud Induced Power Shift 

Background 

Currently, any downward trend in margin (as defined by the minimum margin over all axial 
locations) is accounted for by applying a penalty factor and requiring additional surveillance. 
This is specified in a note modifying SR 3.2.1.2, which is proposed to be eliminated. This NOTE 
monitored increases in Faw(Z) from the previous surveillance and required additional 
surveillances if measurements indicated that the maximum over z of Fac(Z)/K(Z) has increased 
since the previous evaluation of Fa c(Z} . 
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ln lieu of this approach, it is proposed that a penalty factor be applied that takes account of the 
expected change in margin during the next effective full power minutes as a result of normal 
changes in bumup. This approach eliminates any action due to the concern over crud induced 
power shift (CIPS). Reasons are given for this (Page 4-18). · 

One of the arguments presented is that past trends of Fa c(Z)/K(Z) may or may not be indicative 
of future trends. It is justified to remove monitoring of Fa c(Z)/K(Z) for indication of future margin 
trends if it does not provide the required indication. 

Request 

It is stated (Page 4-18): 

... given that CIPS develops slowly and characteristically, it is proposed that its 
effects on peaking factor be evaluated in a timely fashion following its observed 
onset. 

Although the TS is designed to monitor power peaking, it appears that the licensee will now 
have full discretion as to how monthly trends due to any anomalous behavior are taken into 
account. 

. a. Explain how this would actually take place. 

b. Provide data from past experience and additional discussion supporting the 
statement "past measurement trends of Fa c(Z)/K(Z) may or may not be indicative 
of future margin trends." · 

RAI No. 7: Change of Required Action B.2.1 and limitation of THERMAL POWER to < 
50%RTP 

Background 

The improved TS define a new Required Action 8.2. When Fa w(Z) exceeds its limits, Required 
Actions 8.2.1, 8.2.2, B.2.3, and 8:2.4 can be implemented instead of Required A.ction 8.1. 
Required Action 8.2.1 limits thermal power to less than RTP by the amount specified in the 
COLR. If the RAOC operating spaces specified in the COLR are insufficient to ensure margin to 
the Faw(Z) limits, then the Required Action 8.2.1 must be entered and THERMAL POWER must 
be reduced to less than the thermal power specified in the COLR. Also, AFD limits.must be 
reduced by the amount specified in the COLR. 

It is also noted that as a practi~I matter, the n_umber of discrete reduced power level 
evaluations included in the COLR will be limited to three or less (an individual utility may opt for 
additional evaluation levels). Also stated in WCAP-17661-P, if the required.margin improvement 
exceeds the level of any pre-analyzed thermal power limits, the COLR will specify that the 
thermal power is limited to <50 percent RTP. WCAP-17661-P also states that other TS, such 
as the Nuclear Enthalpy Rise Hot Channel Factor TS, would also require a power level 
reduction in the presence of such a large anomaly. 
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Issue and Request 

For situations where necessary margin improvement exceeds the level of any pre-analyzed 
thermal power limits, the requirement to reduce the thermal power to less than 50 percent RTP 
is not noted in the Technical Specifications (TS) or in the Bases. Since this type of situation 
means that a very large and unusual core anomaly is present, clear guidance and justification 
for the actions should be presented. 

a. Explain how the required actions in the COLR for Required Action 8.2.1 will be 
sufficient if Fa w(Z) is not within limits. For example, will some limit of power to 
50% RTP always be imposed and if so, at what point (vis-a-vis margin needed) · 
would that be required. 

b. Since the reduction of thermal power to < 50% RTP is a defined parameter 
applicable to all Westinghouse plants, explain why this requirement should not be 
included in the TS and/or Bases. 

RAI No; 8: Implementation of 24-Hour Frequency in TS SR 3.2.1.1 Jnd 3.2._1.2 

Background 

Section 3.2.4 states (Pages. 3-14 and 3-15): 

In the improved Fa TS, the second Frequency will be revised to require 
verification of Fa c(Z) within 24 hours (instead of 12 hours) after achieving 
equilibrium conditions after exceeding, by~ 10% RTP , the THERMAL POWER 
at which Fac(Z) was last verified. This Frequency of 24 hours is contained in 
some plant Technical Specifications. (for a few plants, no Frequency is specified) 
and is a reasonable time period in which to perform this verification given the 
extremely small likelihood of limiting power shapes or limiting design basis 
events occurring ·prior to completion of the surveillance. 

The information is repeated in Sections 5.4 and 8.4 and a similar change is proposed for 
SR 3.2.1.2, related to surveillance of Faw(Z). · . . · 

The purpose of bracketed information in Standard Technical Specifications is to denote 
site-specific information, which must be in conformance with the final safety analysis report as 
updated. Refer to Chapter 16.0, "Technical Specifications," of NUREG-0800, Standard Review 
Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: L WR Edition, for 
further details. · · 

Issue and Request 

. Since Pressurized Water Reactor Owners Group (PWROG) proposes to use WCAP-17661 as a 
basis to reduce.the frequency requirement for these surveillance test intervals, a more thorough 
technical justification for the change should be provided. The justification should either follow a 
clearly risk-informed or deterministic approach, rather than provide a qualitative assessment of 
the likelihood of limiting initial conditions or initiating events . 
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lf risk-informed, the appropriate regulatory guidance should be followed. This would include 
NRC Regulatory Guide (RG) 1.174,· "An Approach for Using Probabilistic Risk Assessment in 
Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis," and RG 1.177, "An 
Approach fpr Plant-Specific, Risk-Informed Decision Making: Technical Specifications." 

If deterministic, the justification could include consideration of the consequences of a postulated 
event occurring in a condition in which the extended surveillance interval prevented assurance 
that operation was wit~in specified limiting conditions, and of additional mitigating features that 
would ensure that continued operation in such a condition remains otherwise acceptable. 
Finally, consider whether plant-specific submittal items should be identified, which would justify 
any facility licensing basis changes required to implement the proposed TS change.· 

RAI No. 9: Equilibrium vs Stable Conditions 

Background 

The SR for Fa c(Z) requires a measurement "Once after each refueling prior to THERMAL 
POWER exceeding 75% RTP." According to the BASES (Page B-1), equilibrium conditions are 
not required for this measurement but rather stable conditions are required. Both equilibrium 
and stable conditions require that the power be within ± 1 % but for equilibrium, this condition 
must exist for 24 hours. Equilibrium conditions also require that the AFD be within ± 1 % for that 
24-hour period but stable conditions just require that the AFD be within ± 0.5% during the period 
of interest (when the measurement is being done). · 

Issue and Request 

All surveillance requirements except for those done prior to exceeding 75% RTP are done at 
equilibrium conditions whereas for the power ascension surveillance, it is only necessary to · 
have stable conditions. 

a. Explain why there is a need for equilibrium conditions during most surveillance; 
why can't stable conditions suffice? 

' 
b. Is there a benefit to defining the same conditions (equilibrium or stable) for 

conducting all Fa c(Z) and Faw (Z) surveillance? 

RAI No. 10: Required Actions 

Background 

In Required Action A (and Required Action B.2) there is a Note that states that Required Action 
A.4 (Required Action B.2.4) "shall be [emphasis added] completed whenever the Condition is 
entered." However, the completion time for Required Action A.4 (or 8.2.4) is "prior to increasing 
THERMAL POWER above the limit of Required Action A.1 (B.2.1 ). " 
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Issue and Request 

The Required Actions A.4 and 8.2.4 are surveillance requirements. Because of the NOTE 
accompanying these actions, it is not clear if they must be carried out along with the other 
Required Actions or whether they can wait until a decision is made to increase THERMAL 
POWER. 

Discuss and clarify the timing of the surveillance to be performed to satisfy both the. NOTE and 
the Required Action 8.2.4. 

RAI No. 11: Interface of WCAP-17661-P changes with TS 3.2.1A, Heat Flux Hot Channel 
Factor (Fa (Z)) (CAOC-Fxy Methodology) 

Background 

In addition to TS 3.2.1 Band TS 3.2.1C, TS 3.2.1A is included for some CAOC plants. No 
change is proposed for TS 3.2.1A. It is·our understanding that some CAOC plants confirm 
Fa(Z) indirectly by measuring Fxy M (Z) and then comparing this measurement to an Fxv (Z) limit. 
In the new formulation, the key factor being measured is also Fxy (Z). · 

Issue and Request 

In bothTS 3.2.1 A and TS 3'.2.1C, the key factor being measured is F~y(Z). However, the TS 
requirements are different. Some of the concept used in TS 3.2.1 C is not used in TS 3.2.1 A: 
namely, TS 3.2.1A is not modified to use a different operating space and avoid reduction in 
THERMAL POWER. 

a. Delineate the difference between CAOC- Fxy Methodology and CAOC-T(z) 
Methodology to explain why the changes similar to that considered for TS 3.2.1 C 
are not applicable for TS 3.2.1A. · 

b. For CAOC plants, when Fa (Z) is not within limit, Fa c (Z) will also be outside the 
limit. Under the proposed changes, Required Actions for TS 3.2.1A and TS 
3.2.1 C are different. Explain and justify the merits of the differences iri the TS. 

RAI No. 12: Impact of the proposed changes on TS 3.2.4, Quadrant Power Tilt Ratio 
(QPTR) 

Background 

TS 3.2.4, "Quadrant Power Tilt Ratio (QPTR)," provides limits and conditions and associated 
surveillance requirements for QPTR. As stated in the Bases for Section 3.2.4, the QPTR limits 
ensure that nuclear enthalpy rise hot channel factor (F~ n) and Fa(Z} remain below their 
limiting values by preventing an undetected change in the gross radial power distribution. The 
QPTR limit of 1.02, at which corrective action is required, provides a margin of protection for 
both the departure from nucleate boiling ratio and linear heat generation rate contributing to · 
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excessive power peaks resulting from X-Yplane power tilts. A limiting QPTR of 1.02 can be 
· tolerated before the margin for uncertainty in Fa(Z) and F: n is possibly challenged. 

Issue and Request 

Under the proposed changes, when a different operating space is implemented, QPTR may be 
affected .. Since QPTR provides a margin of protection, assurance is needed that the margin of 
protection is not being lost or that adequate margin of protection will still be maintained. 

a. Discuss the impact of the proposed changes on the QPTR and how the changes 
may impact the current LCO and SR in TS 3 .. 2.4. 

b. If changes are non-negligible, discuss that adequate margin of protection is being 
maintained. 

RAI No.13: Additional ~lscussion of methodology 

Background 

The RAOC-T(Z) methodology is presented in different sections in WCAP-17661-P for the reader 
to understand the methodological issues. Details and example results are given; however, 
some aspects of the discussion of the methodology to obtain Fa w(Z) can be considered lacking. 

Issues and Request 

Additional discussion on the following aspects is requested in order to fully understand the 
methodology: 

a. Provide the specific assumptions, limitations, implementing procedures, and 
related guidance associated with the methodology and explain how they have 
been addressed in defining the new requirements. 

b. . Discuss the attributes/results of the methodology and relate them to the changes 
proposed in the Specifications. Discuss each of the changes in the 
Specifications and their relation to the improved methodology if one exists. 

c. Discuss any differences from the results presented for a Westinghouse 4-loop 
plant that might be expected for different designs. · 

RAI No. 14: Adjustment f~ctor for the radial peaking factor (Axv(z)) 

Background 

Appendix C, "Sample COLR Input for a RAOC Plant," indicates in limit C.2.2.6 that "Axv(z) may 
be assumed equal to 1.0 or may be determined for specific surveillance conditions using the 
approved methods listed in TS 5.6.5." This follows discussion contained in Sections 4.3 and 6.4 
of the main topical report. 

WCAP-17661-NP-A February 2019 
Revision 1 

. ••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME sys.tern upon its validation) 



' .~ 
•, . 

• 

•• 

• 

. Westinghouse Non-Proprietary Class 3 

- 11. - . 

Issue and Request 

Regarding Method 2 as described in Licensing Topical Report (L TR) Section 4.3: 

a. Provide a comprehensive list of all approved methods that may be used to 
calculate Axv(z), according to Method 2. 

b. Since Axv(z) is a factor used to scale a surveillance value that is used to confirm 
adherence to a cycle-specific parameter operating limit, its reciprocal could, if 
applied to the operating limit, be considered a cycle (or, more specifically, 
situation)-specific scaling factor for a parameter operating limit. The core physics 
methodology, or computer code, used to calculate this value would need to be· 
referenced in.the TS COLR References list, for consistency with Generic Letter 
1988-16 guidance. · 

· c. Explain whether Axv(z) is ·calculated on-site by an implementing licensee, or 
whether Westinghouse or the PWROG, as supporting vendors, calculate these 
values. 

d. Provide the procedures or engineering guidelines for calculating these values for 
NRC staff review. 

Regarding Methods 3 and 4 as described in LTR Section 4.3: 

e. Various passages of text in the L TR appear to acknowledge many shortcomings 
associated with these methods. For example, Page 6-3 states, "Obviously, this 
method is somewhat awkward given the large number of values that must be 
pre-calculated and the need to determine appropriate values for intermediate 
power levels and rod positions." Explain what benefit offering these methods 
provide to any implementing licensee: why make this option available? 

Regarding A.xv(z) in general: 

f. The text in Section 4.3 suggests that incorporating an Axv(z) term in the 
surveillance formulation is optional. For example, Page 4-9 states, " ... use of 
these factors should be an option ... " Explain how Axv(z) is applied if its value is 
greate_r than 1. 

g. Section 6.4 described Axv(z) values for initial power ascension. If the Fa w(z) 
surveillance is not intended to be performed until after a period of equilibrium 
operation after exceeding a threshold power level, explain why the Axv(z) factors 
are necessary or desired for initial power ascension . 
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Program Management Office 
1000 Westinghouse Drive, Suite 380 

Cranberry Township, PA 16066 

WCAP-17661-P/NP, Revision 1 
Project Number 694_ 

September 13, 2016 

OG-16-273 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
115 5 5 Rockville Pike 
Rockville, MD 20852 

Subject: 

References: 

PWR Owners Group 
Submittal of Request for Additional Information Response Regarding 
WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FO 
Surveillance Technical Specifications, PA-LSC-0795 

1. Letter OG-13-427, "Submittal ofWCAP-17661-P/NP, Revision 1, "Improved 
RAOC and CAOC FQ Surveillance Technical Specifications, PA-LSC-0795," 
dated January 2, 2014 

2. NRC Letter of Acceptance for Review of PWROG Topical Report WCAP-
17661-P/NP, Revision 1, "Improved RAOC and CAOC FQ Surveillance 
Technical Specifications," dated July 1, 2014 

3. NRC Letter for Request for Additional Information RE: PWROG Topical 
.Report WCAP-17661-P/NP, Revision 1 "Improved RAOC and CAOC FQ 
Surveillance Technical Specifications," dated December 24, 2014 (TAC NO. 
MF3348) 

On January 2, 2014, in accordance with the Nuclear Regulatory Commission (NRC) Topical 
Report (TR) program for review and acceptance, the Pressurized Water Reactor Owners Group 
(PWROG)requested formal NRC review and approval ofWCAP-17661-P/NP, Revision 1, for 
referencing in regulatory actions (reference 1). Upon NRC review of the TR, the NRC staff has 
determined that additional information is needed to complete the review per letter dated 
December 24, 2014 (reference 3). 

Enclosed please find the PWROG response to the NRC Request for Additional Information 
(RAI) Questions and a revised markup of Technical Specification (TS) 3.2.IB and 3.2.IC. 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 

• 

• 

Westinghouse Non-Proprietary Class 3 
U.S. Nuclear Regulatory Commission 
OG-16-273 

Enclosed are: 

September 13, 2016 
Page 2 of3 

• Three copies of Response to NRC Request for Additional Information (RAI) Questions 
regarding Pressurized Water Reactor (PWR) Owners Group WCAP-17661-P/NP, Revision 1 
"Improved RAOC and CAOC FQ Surveillance Technical Specifications" and the proposed 
changes to WCAP-17661-P/NP, Revision 1 (Proprietary). (Enclosure 1) 

• One copy of Response to NRC Request for Additional Information (RAI) Questions 
regarding Pressurized Water Reactor (PWR) Owners Group WCAP-17661-P/NP, Revision 1 
"Improved RAOC and CAOC FQ Surveillance Technical Specifications" and the revised 
markup of Technical Specification (TS) 3.2.lB and 3.2.lC. (Non-Proprietary). (Enclosure 2) 

Also enclosed is Westinghouse letter CAW-16-4470, the accompanying affidavit, Proprietary 
Information Notice, and Copyright Notice. 

The enclosed RAI Response (Enclosure 1) contains information proprietary to Westinghouse 
Electric Company LLC; it is supported by an affidavit signed by Westinghouse, owner of the 
information. The affidavit sets forth the basis on which the information may be withheld from 
public disclosure by the Commission and addresses with specificity the considerations listed in 
paragraph (b) (4) of Section 2.390 of the Commission's regulations. J 

Accordingly, it is respectfully requested that this information which is proprietary to 
Westinghouse be withheld from public disclosure in accordance with 10 CFR Section 2.390 of 
the Commission's regulations. 

Correspondence with respect to the copyright or proprietary aspects of the information listed 
above or supporting Westinghouse affidavit should reference CAW -16-44 7 0 and should be 
addressed to Mr. James A. Gresham, Manager, Regulatory Compliance, Westinghouse Electric 
Company LLC, 1000 Westinghouse Drive, Cranberry Township, Pennsylvania 16066. 
Correspondence related to this transmittal should be addressed to: 

Mr. W. Anthony Nowinowski, Program Manager 
PWR Owners Group, Program Management Office 
Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, PA 16066 

If you have any questions, please do not hesitate to contact me at (205) 992-7037 or Mr. W. 
Anthony N owinowski, Program Manager of the PWR Owners Group, Program Management 
Office at (412) 374-6855 . 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



I 

L_ 

Westinghouse Non-Proprietary Class 3 
U.S. Nuclear Regulatory Commission 
OG-16-273 

Sincerely yours, 

Jack Stringfellow, COO & Chairman 
PWR Owners Group 

NJS:CH 

cc: PWROG Licensing Subcommittee (Participants of PA-LSC-0795) 
PWROGPMO 
PWROG Steering and Management Committee 
J. Gresham, Westinghouse 
J. Bosma, Westinghouse 
E. Mercier, Westinghouse 
J. Andrachek, Westinghouse 
J. Moorehead, Westinghouse 
M. Hone, Westinghouse 
J. Brown, Westinghouse 
J. Rowley, US NRC 

September 13, 2016 
Page 3 of3 

Enclosure 1: PWROG Request For Additional Information Response (Proprietary) 
Enclosure 2: PWROG Request For Additional Information Response and revised markup of 

Technical Specification (TS) 3.2.lB and 3.2. lC (Non-Proprietary) 
Enclosure 3: Affidavit for Withholding, CAW-16-4470 (Non-Proprietary) with accompanying 

Affidavit, Proprietary Information Notice and Copyright Notice 
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Attachment 2 

RAI Responses for WCAP-17661-P/ WCAP-17661-NP, Revision 1 
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RAI Responses for WCAP-17661-P/ WCAP-17661-NP, Revision 1 {Non-Proprietary) 

RAI No.1: Required Actions when both Fa c{z) and Fa w{z) exceed limits 

Background 

Under the proposed change for both relaxed axial offset control (RAOC) heat flux hot 
channel factor (Fa(Z)) Surveillance (TS 3.2.1 B) and constant axial offset control (CAOC) 
Fa(Z) Surveillance (TS 3.2.1C), Required Actions are now different for Condition A and B. 
When Fa c(Z) is not within limits, reduction of THERMAL POWER is required along with 
reduction of setpoints and performance of Surveillance Requirement (SR) 3.2.1.1 and SR 
3.2.1.2. Whereas, when Fa w(Z) is not within limits, two alternative actions may be applicable. 
Required Action B.1 requires implementation of a different operating space and if an 
appropri~te operating space cannot be implemented, reduction of THERMAL POWER and 
setpoints and performance of SR 3.2.1.1 and SR 3.2.1.2 are required. The proposed change 
in Required Action when Faw(Z) exceeds limits is intended to avoid THERMAL POWER 
reduction through implementation of a different operating space (Required Action B.1 ). 

Issue and Request 

• 

Under the proposed change, when Fac(Z) is within limits and Faw(Z) is not within limits, a 
different operating space may be implemented and a THERMAL POWER, reduction will not 
be required. However, when both Fac(Z) and Faw(Z)are not within limits, Required Action 
for Fa c(Z) will require reduction of THERMAL POWER. The corresponding evaluation and 
action for Faw(Z) require clarification. For example, Condition A (Fac(Z) not within limit) • 
requires reduction of THERMAL POWER greater than or equal to(~) 1 percent (%) for 
each 1 % Fa c(Z) exceeds the limit, but Condition B (Faw (Z) not within limit) may require 
reduction of THERMAL POWER which may be evaluated for 5% decrements in the core 
operating limit report (COLR). Also, implementation of Required Action B.1 is unclear since 
the action does not involve reduction of THERMAL POWER. 

a. Provide a complete explanation and justification for the THERMAL POWER 
actions that will be taken when both Fac(Z) and Faw(Z) exceed their limits 
including how the COLR evaluations will be used. Discuss the compatibility 
of actions for Fac(Z) and Faw(Z) and the supporting evaluations in the 
COLR. 

b. Based on the discussion and the need for clarity of the Required Actions when 
both Fac(Z) and Faw(Z) exceed limits, discuss the need for a NOTE in the 
Required Action column that may be useful for the operators in abiding by 
these specifications. 

1 
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• Response to RAI No. 1: 

• 

• 

Background Information: 

During the power distribution measurements taken during power ascension after a refueling, the 
plant is still conditioning the fuel for full power operation and is not ready to perform the type of 
load follow power maneuvers that could challenge the Fa limit The measured Fa c(Z) from 
power distribution measurements taken at less than 75% RTP after a refueling is used to 
confirm that the core is loaded correctly and is behaving consistently with predictions. The 
Fa c(Z) obtained from these measurements will normally have ample margin to the Fa limit, 
because the measurements are performed at steady state low power conditions, and the core 
has been designed to meet the Fa limit under transient conditions at 100% RTP. If Fac(Z) 
exceeds the Fa limit, which is an extremely rare occurrence, the core is in a current operating 
state where the peak power density is greater than the maximum value assumed in the safety 
analysis, and the Technical Specification (TS) Actions for Condition A would be implemented. 
Faw(Z) represents the most limiting transient operation within the allowed AFD limits, i.e., all the 
extreme cases of frequent core power ramping up and down (load follow) to meet the power 
demand. These types of power maneuvers are not permitted until the fuel is conditioned to full 
power operation. Even after the fuel is fully conditioned for full power operation, most plants do 
not load follow, and operate in the base load mode of operation. If Faw(Z) exceeds the Fa limit, 
the core is not currently operating in a condition that exceeds the bounds of the safety analysis. 
Rather, an Faw(Z) violation indicates that the next 31 EFPD of potential transient operation 
within the allowed AFD operational space cannot be supported, and the Technical Specification 
(TS) Actions for Condition B would be followed . 

Although the example COLRs in Appendices C and F ofWCAP-17661-P identify the Fa limits 
separately for Fa c(Z) and Fa w(Z), the practice for Westinghouse NSSS plants is to define the Fa 
limit as the same function for both Fac(Z) and Faw(Z). The Fa limit is based on the peak local 
power density assumed in the plant safety analysis. Therefore, there is effectively only one Fa 
limit that is applicable to both Fac(Z) and Faw(Z). · 

Response to 1 a: 

Since Faw(Z) is always greater than Fac(Z) in any single power distribution measurement, and 
the applicable COLR Fa limits are the same, any situation where Fa c(Z) exceeds the Fa limit will 
result in Faw(Z) exceeding the limit as well. 

Clearly, if Fa c(Z) exceeds the COLR Fa limit, tliis requires a more immediate corrective 
response than if only Faw(Z) exceeds the limit. Hence, the TS Completion Time for completing 
the THERMAL POWER reduction in Required Action A.1 is only 15 minutes. In the situation 
where only Condition B (Faw(Z) not within limit) is entered, the Completion Time for the 
associated Required Actions 8.1 or B.2.1 is 4 hours. 

Therefore, if both Fac(Z) and Faw(Z) exceed their limits, Required Action A.1 will be completed 
·first due to the 15 minute Completion Time. Once the power level is reduced below that 
specified by Required Action A.1, the current operating peak power density will be restored to 
less than the value assumed in the safety analysis. However, this Required Action may not 
ensure that the Faw(Z) limit is met. 

2 
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New Required Actions for Condition B are proposed to either implement a new operating space • 
or a, reduction in THERMAL POWER, and are required in order to ensure compliance with the 
Faw(Z) limit during future operation under transient conditions. The COLR will provide the 
available options in terms of implementing a new operating space or a new limit on the 
maximum allowed THERMAL POWER for the purpose of restoring compliance with the Fa w(Z) 
limit. An important distinction between Required Actions A.1 and proposed B.2.1 is that 
Required Action A.1 requires a reduction of the current operating power level, regardless of 
what that current operating power level is at the time the surveillance is performed, while 
proposed Required Action B.2.1 establishes a new THERMAL POWER limit which is less than 
the RATED THERMAL POWER. 

If an Fa surveillance is performed at 100% RTP conditions, and both Fac(Z) and Faw(Z) exceed 
their limits, the option to reduce the THERMAL POWER limit in accordance with proposed 
Required Action B.2.1 instead of implementing a new operating space in accordance with 
proposed Required Action B.1, will result in a further power reduction after Required Action A.1 
has been completed. However, this further power reduction would be permitted to occur over 
the next 4 hours. In the event the evaluated THERMAL POWER reduction in the COLR for 
proposed Required Action B.2.1 did not result in a further power reduction (for example, if both 
Condition A and Condition B were entered at less than 100% RTP conditions), then the 
THERMAL POWER level established as a result of completing Required Action A.1 will take 
precedence, and will establish the effective operating power level limit for the unit until both 
Conditions A and Bare exited. 

A revised markup of the Bases for TS 3.2.1 B and 3.2.1 C that contains the paragraph above, is 
included in Attachments 4 and 6 to the RAI responses. · 

Response to 1 b: 

The Required Actions for Conditions A and B are different because of the differences in both the 
immediate severity associated with violating the Fac(Z) limit, versus the Faw(Z) limit, and 
because there will be significant differences in the amount of margin needed to restore 
compliance with their respective Fa limits. In situations where both Fac(Z) and Faw(Z) exceed 
the COLR Fa limits, compliance with both limits must be restored. Therefore, it is necessary to 
comply with the Required Actions associated with both Conditions A and B. There is no 
fundamental incompatibility between the Required Actions for Conditions A and B, since both 
sets of Required Actions can be met within their associated Completion Times. Since both 
Conditions A and B require the completion of both SR 3.2.1.1 and SR 3.2.1.2 prior to increasing 
power above their respective power limits, this ensures that both Fac(Z) and Faw(Z) are 
assessed and restored to compliance with their respective limits, in the event that either, __ or both 
of those parameters exceed their Fa limit. Therefore a clarifying NOTE to the Required Actions 
is not necessary. 
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RAI No.2: Need to perform SR 3.2.1.2 when Fa c(Z) not within limit following refueling 
prior to THERMAL POWER exceeding 75% rated thermal power (RTP) 

Background 

Under the proposed change for SR 3.2.1.2, "Verify Faw(Z) is within limit," the first frequency is 
revised whereby instead of conducting the surveillance "Once after each refueling prior to 
THERMAL POWER exceeding 75% RTP [rated thermal power]" the requirement will be 
"Once after each refueling within [24] hours after achieving equilibrium conditions after 
[emphasis added] THERMAL POWER exceeds 75% RTP." This change makes the SR for 
Fac(Z) and Faw(Z) different, i.e., following refueling, Fac(Z) is checked prior to exceeding 75% 
RTP whereas Faw(Z) is checked after exceeding 75% RTP. The primary justification for not 
conducting the surveillance for Faw(Z) below 75% RTP is that, during power ascension, 
Faw(Z) calculations are not reliable at such power levels. 

Issue and Request 

The justification for not conducting the Faw(Z) surveillance following refueling prior to exceeding 
the 75% RTP seems valid and appropriate. However, because of the change, an apparent 
contradiction is noted. Condition A, Fa c(Z) not within limit, may occur prior to THERMAL 
POWER exceeding 75% RTP. Required Action A.4, "Perform SR 3.2.1.1 and SR 3.2.1.2," will 
involve unnecessary performance of SR 3.2.1.2. 

Provide either an explanation or correction for this situation . 
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Response to RAI No. 2: 

In response to this RAI, the bold text will be added to the Note for Condition A and will read as 
follows: ' 

............ NOTE ............... . 

Required Action A.4 
shall be completed 
whenever this Condition 
is entered. SR 3.2.1.2 is not required 
to be performed if this Condition is entered 
prior to THERMAL POWER 
exceeding 75% RTP after a 
refueling. 

A revised markup of TS 3.2.1 B and 3.2.1 C is included in Attachments 3 and 5 to the RAI 
responses. 
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RAI No.3: Changes to SR 3.2.1.2 

Background 

Section 3.2.5 states (Page 3-16): 

The first Frequency for SR 3.2.1.2 [currently requiring performance of Fa w(Z) 
surveillance "Once after each refueling prior to THERMAL POWER exceeding 75% 
RTP"] will be changed to state that Fa w(Z) must be verified to be within its limit 
following each refueling within 24 hours after achieving equilibrium conditions after 
thermal power exceeds 75% RTP ... This change is justified since initial startups 
following a refueling are slow and tightly controlled due to startup ramp rate limitations 
and fuel conditioning requirements. Consequently, the initial startup following a 
refueling will not result in non-equilibrium power shapes that could challenge the 
Faw(Z) limit. Also, core power distribution measurements taken at low powers(< 50% 
RTP) to confirm that the core is loaded properly will provide ample indication that the 
core is operating consistent with expectations. The new Frequency will ensure that 
verification of Faw(Z) is performed within a reasonable time period and prior to 
extended non-equilibrium operation at power levels where the maximum permitted 
peak linear heat rate could potentially be challenged. 

Page 8-1 provides a BASES1 definition of equilibrium conditions: "being at a stable reactor 
power (i.e., within plus or minus (±) 1 % RTP) and at stable axial flux conditions (i.e., with an 
axial flux difference variability of± 1 % over the previous 24 hours." 

Issue and Request 

It is not clear that the "new Frequency will ensure that verification of Faw(Z) is performed ... prior 
to extended non-equilibrium [emphasis added] operation at power levels where the maximum 
permitted peak linear heat rate could potentially be challenged," because the new surveillance 
requirement would permit operation above 75% RTP, prior to achieving equilibrium conditions, 
without performing an initial surveillance. Therefore, as acknowledged in the proposed BASES, 
"In the absence of these Frequency conditions (discussed above) it is possible to operate for 31 
EFPD without verification of Faw(Z)." 

The current version of the SR establishes an unambiguous requirement to verify Fa w(Z) prior to 
exceeding 75% RTP and generally every 31 EFPD thereafter (or in accordance with the 
Surveillance Frequency Control Program). The improved TS should also establish an 
unambiguous requirement to perform an initial surveillance, followed by periodic surveillances 
on an appropriately justified frequency. 

a. Provide analyses of past data of initial surveillance of Fa w(Z) prior to exceeding 
75% RTP following a refueling to demonstrate that surveillance at low power 
levels can be challenging with respect to obtaining an accurate transient Fa 
margin assessment. 

1 NRC staff reviews the proposed BASES for information only and issues requests to obtain clarification 
and improve the interpretability of the proposed TS; however, plant-specific BASES are administratively 
controlled and the NRC staff does not intend to extend approval to the BASES provided in 
WCAP-17661-P Appendices, or to any plant proposing to implement WCAP-17661-P. 
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b. Justify the 24 hours for completing the surveillance after achieving the 
equilibrium condition, particularly since 24 hours has elapsed to establish an 
equilibrium condition. 
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• Response to RAI No. 3: 

• 

• 

Response to 3a: 

Historically, the issue and difficultly associated with performing Faw(Z) surveillances at reduced 
power levels has been the fact that the predicted surveillance factors used in the current 
methodology to convert the measured Fac(Z) into Faw(Z) (i.e., the W(Z) functions) have been 
generated assuming that the surveillance is performed at 100% RTP, with all control rods fully 
withdrawn from the core. The denominator of the W(z) function is currently defined as the 
predicted steady state Fa(Z) distribution at the plant conditions when the surveillance is 
performed, times the power level at the plant conditions when the surveillance is performed (see 
Equation 3-9 on page 3-3 ofWCAP-17661-P). In order to perform an accurate Faw(Z) 
surveillance at reduced power levels during the initial startup following a refueling, using the 
current Fa surveillance methods, it has been necessary to generate specific part power W(Z) 
functions at the expected plant conditions when the surveillance is performed. 

Rather than presenting the results from specific part power flux maps (which would almost 
always be at non-equilibrium conditions) in response to RAI 3.a, Table RAl-3.1 has been 
provided below, which demonstrates the magnitude of the correction factors that have 
historically been needed for a typical plant to convert a full power beginning of cycle W(Z) 
function into a part power W(Z) function. These correction factors account for both the change in 
relative power when the surveillance is performed, and the predicted change in the steady state 
axial power shape at reduced power levels. Therefore, in order to generate accurate W(Z) 
corrections, a transient simulation of the startup must be performed in advance, to simulate the 
control rod motion and transient xenon conditions expected during the startup. Since the 
resulting corrections are highly sensitive to control rod position and xenon, any differences 
between the timing of the actual startup and the simulated startup can result in large errors in 
the surveillance results, if not corrected prior to the performance of the Fa w(Z) surveillance. 

The revised Fa surveillance formulation (defined in Equations 5-1 and 5-2 on page 5-1 of 
WCAP-17661-P) for RAOC plants significantly reduces the overall sensitivity of the Faw(Z) 
surveillance to the power level of the surveillance. The sensitivity to the predicted steady state 
axial power distribution is completely eliminated, and the core relative power term is 
incorporated directly into the surveillance equations, and is not part of the predicted surveillance 
factor data. However, there is still some sensitivity present in the new Fa surveillance 
formulation to the plant conditions when the surveillance is performed, and this is represented 
by the Axv(Z) term (defined in Equation 4-35 on page 4-10 of WCAP-17661-P). Tables 4-3, 4-4, 
4-5, and 4-6 in WCAP-17661-P demonstrate the sensitivity of the Axv(Z) term to the relative 
power when the surveillance is performed, and the lead control rod bank position. 

Similarly, for CAOC plants, the new Fa surveillance formulation is less sensitive to surveillances 
performed at reduced power conditions, and the analogous correction term applied is called 
Aa(Z), which is defined in Equation 7-10 on page 7-3 of WCAP-17661-P. Table 7-1 in WCAP-
17661-P shows typical values of Aa(Z) for surveillances performed at 90% RTP . 
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Response to 3b: 

As noted in Section 5.5 ofWCAP-17661-P, the Frequency for performing the initial Surveillance 
Requirement (SR 3.2.1.2) for Fa w(Z) following a refueling that is contained in some plant's 
Technical Specifications is "within 12 hours of achieving equilibrium conditions after [emphasis 
added] THERMAL POWER exceeds 75% RTP." During a controlled startup following a 
refueling, the plant is in a startup and testing phase, and is not ready to perform the type of load 
follow power maneuvers that could challenge the Faw(Z) limit until the fuel is conditioned. The 
current fuel conditioning limits are implemented to prevent pellet clad interaction (PCI) for 
current Westinghouse fuel. The fuel conditioning limits restrict the rate at which THERMAL 
POWER can be increased above [ ]8'c% RTP following a refueling outage, and institute 
minimum hold times at power levels between [ ]0 ·c% and [ ]8·c% RTP. For fuel to be 
conditioned above [ ]8'c% RTP, theplant must have operated in the current cycle at or above 
the conditioned power level for at least [ ]8'c cumulative hours out of the last [ ]0

·c days of 
power operation. These limitations, combined with the time required to perform a complete flux 
map with the movable incore detector system make it difficult to achieve true equilibrium 
conditions and complete the Faw(Z) surveillance within 12 hours during a startup following a 
refueling. While it is recognized that specific fuel conditioning limits may change in the future, it 
would still be necessary to condition the fuel after a refueling outage before the type of load 
follow operation which could challenge the Faw(Z) limit would be permitted. 

• 

Plants implement fuel conditioning startup limitations for the first startup after a refueling outage. 

In the event the plant were held at a THERMAL POWER greater than or equal to 75% RTP but 
less than 100% RTP for an extended period after a refueling, the Faw(Z) surveillance would be • 
required within 24 hours of achieving equilibrium conditions at the reduced THERMAL POWER. 
Thus, if the fuel were conditioned to a lower power level, such that transient operation could be 
performed at or below the fuel conditioned power level, the Faw(Z) surveillance that was 
performed after reaching equilibrium at these conditions would conservatively justify the 
transient operation. 

Sustained operation at less than 75% RTP after a refueling would be permitted for up to 31 
EFPD before an Fa w(Z) surveillance was performed. However, the plant would still be restricted 
by the fuel conditioning limits for performing unrestricted transient operation above the current 
fuel conditioned power level. '-

The allowance of up to 24 hours after achieving equilibrium conditions will provide a more 
accurate measurement of Faw(Z) by allowing sufficient time to achieve equilibrium conditions 
and obtain the power distribution measurement (i.e., to perform SR 3.2.1.1 and 3.2.1.2), while 
still requiring performance of the surveillance before the fuel becomes sufficiently conditioned 
such that load follow operation can be implemented. 

A discussion was added to the Bases for TS 3.2.1 B and TS 3.2.1 C for SR 3.2.1.1 and SR 
3.2.1.2 that incorporates the justification for the 24 hours allowed to perform these 
Surveillances. 

Revised TS Bases markups that reflect this change are included in Attachments 4 and 6 to the 
RAI Responses. 
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It should be noted that other Technical Specification SRs contain a Note that allows deferral of 
the Surveillance, typically for 24 hours, until plant conditions that are required to perform the 
Surveillance can be achieved, in order for an accurate Surveillance to be performed. Some 
examples are the Notes to SRs 3.3.1.2, 3.3.1.3, 3.3.1.6, 3.3.2.10, 3.4.1.4, and 3.4.5.3 . 
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Table RAl-3.1 Typical Part Power W(Z) Correction Factors C(Z) 
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RAI No.4: 

Background 

Westinghouse Non-Proprietary Class 3 

Treatment of uncertainties in FQc(Z) and FQw(Z) determination and in 
defining the requirements 

One of the multiplicative factors that determines Fac(Z) and Faw(Z) is the uncertainty UF which 
accounts for measurement and manufacturing u_ncertainties. It is typically 1.0815 (Page 3-2), 
which is the result of multiplying a measurement uncertainty of 1.05 by a manufacturing 
uncertainty of 1.03. The sample COLR input given in Appendices C and F do not refer to UF 
but do use 1.0815 as one the factors determining the above F0{Z) quantities. It is not stated if 
these uncertainties represent 1-sigma or a 95/95 uncertainty. The use of a measurement 
uncertainty is obvious but the use of an uncertainty to account for manufacturing tolerances is 
less clear. 

Another factor defining Faw(Z) is the T(z) function. According to the statement made with 
respect to Equations 2-23 and 2-24, the T(z) functions are derived with "appropriate 
uncertainties." 

Issue and Request 

A better discussion of the treatment of uncertainties i~ the methodology, in the calculated 
parameters, and how they are addressed in defining the requirements is appropriate. 

a . Explain how uncertainties are taken into account in defining the Fa c(Z) and 
Faw(Z) that are monitored. 

b. It is understood that part of the uncertainty is the result of the surveillance 
measurement of planar radial peaking factor (Fxv(Z)) and part the result of the 
analysis to obtain T(z). The T(z) uncertainty is expected to be incorporated into 
the tabulation of these functions but the measurement uncertainty would be 
explicitly given in the COLR if it is a function of the particular reactor and fuel 
cycle or explicitly given and explained in the topical report if it is a generic 
number. Explain which of these options is being recommended and why . 
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Response to RAI No. 4: 

Response to 4a: 

The generic measurement uncertainty associated with Fa measurements performed using the 
standard moveable incore detector flux mapping system was developed and approved by the 
NRC in WCAP-7308-L-P-A, "Evaluation of Nuclear Hot Channel Factor Uncertainties." Similarly, · 
the generic engineering uncertainty associated with Westinghouse fuel manufacturing 
tolerances has been in use since WCAP-8385 "Power Distribution Control and Load Following 
Procedures,"-was approved by the NRC in a letter from J. F. Stolz (NRC) to C. Eicheldinger 
(Westinghouse), "Safety Evaluation of WCAP-8385 (P) and WCAP-8403 (NP)," dated January 
31, 1978. These values represent 95/95 uncertainties. The engineering uncertainty for 
manufacturing tolerances is applied to measurements of Fa(Z), because analytically derived pin 
factors are used to obtain the "measured" pin powers from the measured assembly powers. 
These pin factors are based on calculations that assume nominal design values of pellet 
enrichment, density, and burnable absorber loading. The engineering uncertainty addresses the 
effects of variations in the as-built fuel pellet from nominal design values. 

The specific uncertainties used at each plant are typically discussed in the Technical 
Specification Bases for SR 3.2.1.1 and in the Nuclear Design section of the plant's Updated 
Final Safety Analysis Report, as required by NUREG-0800, Standard Review Plan for the 
Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition. The use of 1.05 for 

• 

the measurement uncertainty and 1.03 for the engineering uncertainty in this topical report is • 
only for the purpose of illustrating typical generic values that are used in most Westinghouse 
NSSS plants. Plant specific uncertainty values may be different than the generic values for a 
variety of reasons, including the use of a different incore detector syste:m design. 

As discussed with respect to Equations 2-23 and 2-24 in WCAP-17661-P, the calculational 
uncertainties used in confirming that the transient Fa limits will· be met for a given cycle are also 
generically determined and approved in WCAP-7308-L-P-A, "Evaluation of Nuclear Hot 
Channel Factor Uncertainties." A 5% (i.e., 1.05) 95/95 calculational uncertainty and the same 
3% (i.e., 1.03) 95/95 engineering uncertainty that are applied to the measurement, are also 
applied to the maximum calculated transient Fa*Prei values during the nuclear design analysis, 
when confirming that the F0 limit is met. As new nuclear design methods are developed and 
licensed (approved by the NRC), the generic 5% calculational uncertainty is confirmed to 
remain bounding or is increased as necessary. 

Response to 4b: 

No explicit uncertainties have been defined or proposed for the T(Z) surveillance factors. The 
following discussion is provided in support of this approach. 

T(Z) is a factor of the total Faw(Z). During the performance of SR 3.2.1.2, Faw(Z) is increased 
by the 95/95 measurement and manufacturing tolerance uncertainties prior to comparing it to 
the Fa limit, as discussed above in the response to RAI 4a. In the case where the generic 5% 
measurement uncertainty in WCAP-7308-L-P-A is applied to the Faw(Z), the actual 95/95 
uncertainty associated with the measured Fxv(Z) distribution from the incore detector system is • 
only [ ]a,c, as specified in Table 2-1 (Addendum 1, Revision 1) of WCAP-7308-L-P-A. The 
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application of the 3% manufacturing tolerance uncertainty will alsp result in some additional 
conservatism, since the only reason this uncertainty is applied to the measurements is 
because of the use of the analytically derived pin factors that were based on nominal design 
characteristics. Any significant change in the assembly average power distribution caused by 
fuel manufacturing tolerances will be captured directly in the measwed power distribution. 

The measured steady state Fxv(Z) distribution is the only actual measured data provided during 
the performance of SR 3.2.1.2 in TS 3.2.1 B. The measured steady state Fxv(Z) distribution is 
effectively divided by the predicted steady state Fxv(Z) distribution at the surveillance condition, 
which is contained in the denominator of the T(Z) function. As stated on page 4-3 of WCAP-
17661-P, the intent of this approach is to normalize the predicted Fx/FP(Z) term shown in 
Equation 4-4, to account for the effects of measured radial tilts or some other underprediction 
of the limiting radial peaking factors. Since the predicted radial peaking factors are normalized 
to measured values (including the application of the conservative measurement and 
manufacturing uncertainties), the only remaining component of the Faw(Z) surveillance which 
comes from the calculations is the transient axial pTr(Z) term (contained in the T(Z) numerator). 
As discussed in Section 8.4 in WCAP-7308-L-P-A, the predicted axial peaking factor 
uncertainty with 95/95 statistics is [ ]0 ·c% . If one statistically combines the independent 
uncertainty factors associated with the measured radial peaking factors [ ]8'c% and the 
calculated axial peaking factors [ ]0·c%, the total 95/95 uncertainty associated with this 
approach is [ ]a,co/o, which is bounded by the application of the generic 5% measurement 
uncertainty to the Faw(Z) result. It is therefore concluded that the Faw(Z) surveillance includes 
sufficient uncertainty (via application of the 5% measurement uncertainty) to account for any 
additional uncertainty associated with the calculated T(Z) factor. 

Additionally, it should be noted that the T(Z) function is developed at each axial elevation (Z) by 
taking the maximum result of a large number of Condition I transient simulations (see Equation 
4-30 in WCAP-17661-P). The result is a bounding function that is comprised of pointwise worst 
results from several of the most limiting transient shapes. For example, the T(Z) at an elevation 
of 2-feet will likely be from a negatively skewed axial power shape, while the T(Z) at 10-feet will 
likely be from a positively skewed axial power shape. T(Z) values near the middle elevations 
may be from either type of axial shape. Assuming the calculational uncertainty associated with 
P(Z) is random in nature, the transient P(Z) at any given axial location associated with any 
given calculated axial power shape may be overestimated or underestimated. By selecting the 
maximum value at each Z, the selection process favors results where the calculated T(Z) is 
more likely to be overestimated. Thus the [ ]8·c% uncertainty allowance for the predicted 
P(Z) included in the total FQ uncertainty allowance of 5% is highly conservative for T(Z) . 
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New Required Action B.1 requiring implementation of a RAOC/CAOC 
operating space 

Under the proposed change, Required Action 8.1 states: 

Implement a RAOC/CAOC operating space specified in the COLR that restores Faw(Z) 
to within its limits. 

As stated on Page 3-14 of WCAP-17661-P, 

Pre-analyzed RAOC operating spaces, representing different levels of transient Fa 
margin, will be included in the COLR and characterized by transient (T(z) functions) 
which, in conjunction with measured radial peaking factors, may be used to quantify 
margin and ensure compliance with the LCO for future non-equilibrium operation. 
Analogous to the CAOC operating space concept..., a RAOC operating space is a 
unique combination of AFD [axial flux difference] operating space envelope an~ control 
rod bank insertion limits. In the unlikely event that none of the allowed RAOC operating 
spaces included in the COLR provides sufficient Fa margin, maximum power level and 
AFD reductions will be required along with setpoint reductions. The magnitude of the 
required reductions will be included in the COLR. 

• 

In addition, as part of the change for both RAOC and CAOC plants, the NOTE in Condition B 
stating that Required Action 8.4 shall be completed whenever this Condition is entered is • 
deleted. A NOTE in the Required Action column under Required Action B.2.1 is entered 
stating that Required Action B.2.4 shall be completed whenever Required Action B.2.1 is 
performed. 

(Both B.4 in the previous version and B.2.4 in the revised version are the same Required 
Action, "Perform SR 3.2.1.1 and SR 3.2.1.2)." In effect, SRs will no longer be applicable when 
Required Action 8.1 is implemented. 

Issue and Request 

Based on the analysis presented, the use of a different operating space is generally an 
appropriate approach to gain margin improvement. However, if changing the rod insertion 
limits (RI Ls) is part of the new operating space AND that requires movement of control rods to 
comply, then this approach puts the reactor into a new operating condition. 

In addition, in order to understand if the new operating space will provide the needed margin, it 
is necessary for the reactor engineer to evaluate Fa w(Z) using the T(z) for different operating 
spaces. This must be done within four hours, the TS completion time. 

If movement of control rods was required, a reevaluation of Fac(Z) and Faw(Z) will be required to 
assure that TS requirements are being met. In other words, the NOTE may apply to 8.1 for such 
situations. 
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• Explain the use of Required Action B.1 incorporating the response to the following: 

• 

• 

a. Explain what would be done if Required Action B.1 is carried out and requires movement 
of control rods. 

b. Explain if in addition to the T(z) tables there will be tables to show the margin 
improvement as a function of axial position or some other scheme in the COLR to make 
it easier for the reactor engineer to determine if Required Action B.1 is sufficient or 
Required Actions B.2 are necessary. 

c. Explain the deletion of the NOTE to perform SR 3.2.1.1 and SR 3.2.1.2 under required 
Action B.1. 

d. Discuss clearly the specific actions (e.g., how are the rod insertion limits imposed) that 
will be undertaken by the operator in implementing the new operating space and 
consequently what would constitute a violation of this required action . 
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Response to RAI No. 5: 

Response to Sa and Sc: '\ 

If control rod motion is needed as a result of entering Condition B and performing Required 
Action B.1, the fundamental measured power distribution will change as a result. Based on past 
operating experience, entry into Condition B is expected to be an unlikely occurrence. Most 
Fa c(Z) and Fa w(Z) surveillances are performed at 100% RTP with the control rods near fully 
withdrawn, so the institution of a new rod insertion limit after entry into Condition B would not 
result in control rod motion in most cases. It is also considered very unlikely that the withdrawal 
of control rods (if necessary) would result in an increase in the measured radial peaking factors, 
Fxv(Z). This conclusion is based on current core design practices as demonstrated by 
historically observed trends in predicted Fxv(Z) with control rod insertion for most core designs. 
However, it is considered plausible that if the measured Fxv(Z) peak happened .to occur 
adjacent to or in an assembly containing an inserted control rod, that withdrawal of that control 
rod could potentially increase the resulting Fac(Z) and Faw(Z) measured values. It is also 
possible that a revision to the allowed AFD band associated with implementing Required Action 
B.1 could result in either control rod withdrawal or insertion in some cases, in order to obtain 
and maintain the AFD within the allowed operating band. 

Therefore SR 3.2.1.1 and SR 3.2.1.2 should be performed if the implementation.of Required 
Action B.1 results in the need to move control rq_ds. The Required Actions for Condition B in 
both Technical Specifications 3.2.1.B and 3.2.1.C will be revised to require the performance of 
SR 3.2.1.1 and SR 3.2.1.2 if the implementation of a new operating space results in the need to 
move the control rods in order to comply with a new rod insertion limit. A Completion Time of 72 
hours is proposed to ensure that the plant has time to restore equilibrium conditions in the event 
that control rod motion results in a transient condition. Proposed Required Action 8.1 would 
become Required Action B.1.1 in both Technical Specifications, and a new Required Action 
B.1.2 would be added to perform SR 3.2.1.1 and 3.2.1.2 with a required Completion Time of 72 
hours. A markup of TS 3.2.1 B and TS 3.2.1 C is provided as Attachments 3 and 5 to the RAI 
responses. / 

Response to Sb: 

Margin improvement tables are not required to be included in the COLR, since the margin can 
be determined by applying the new surveillance factors associated with the revised operating 
space to the power distribution measurement, and since a new Required Action will be added to 
perform SR 3.2.1.1 and 3.2.1.2, as discussed above, if control rod motion is required as a result 
of implementing the riew operating space. Performing SR 3.2.1.1 and SR 3.2.1.2 will confirm 
that the required margin has been restored. 

Response to Sd: 

• 

• 

If a new rod insertion limit resulted in the need to withdraw control rods, that Required Action 
(A.2) would be completed within 2 hours of implementing the new rod insertion limit, in 
accordance with the Required Actions of TS 3.1.6 (Control Bank Insertion Limits), for Condition 
A (Control Bank insertion limits not met). Since the new operating space may not be 
implemented for up to 4 hours, the total allowed time to reposition the control rods would be 
within 6 hours after the entry into LCO 3.2.1 Condition B. If the control rods were not 
repositioned to above the insertion limits associated with the new rod insertion limit within 6 • 
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hours of initially identifying the Faw(Z) violation, Condition C of-TS 3.1.6 would be entered and 
the Required Action is to be in Mode 2, with keff < 1 in 6 hours. Since the revised operating 
space that will be implemented will be contained in the COLR, the implementation of the revised 
operating space can be performed by the operator. 

The implementation of a License Amendment Request (LAR) includes reviewing the procedures 
that are affected by the LAR. · Prior to implementing a LAR, any affected procedures are revised 
to reflect the Technical Specification changes in the LAR. 

The Technical Specification (TS) Surveillance Requirement (SR) that verifies that the Control 
Banks are above their insertion limits is implemented via a plant procedure. 

· SR 3.1 :6.2 in NUREG-1431, "Standard Technical Specifications, Westinghouse Plants," states: 

"Verify each control bank insertion is within the insertion limits specified in the COLR." 

The Frequency of SR 3.1.6.2 in NUREG-1431 is "[12 hours or In accordance with the 
Surveillance Frequency Control Program.] " 

If revised Control Bank Insertion Limits are implemented, as allowed by the revised TS Required 
Actions that are contained in Attachments A and D of WCAP-17661, the revised Control Bank 
Insertion Limits would be contained in the COLR. · · 

TS SR 3.1.6.2 requires that each control bank insertion is within the insertion limits specified in 
the COLR, and the revised Control Bank Insertion Limits that are contained in the COLR would 

. be used to determine that this SR is met. ·· 

The instrumentation that is used to satisfy SR 3.1.6.2 is the Demand Position Indication System, 
which is required to be Operable by TS 3.1.7, "Rod Position Indication,' in NUREG-1431. · 

The Bases for TS SR 3.1.6.2 in NUREG-1431 state: 

"Verification of the control bank insertion limits at a Frequency of 12 hours is sufficient to detect 
control banks that may be approaching the insertion limits since, normally, very little rod motion 
occurs in 12 ·hours." · 

Therefore the Frequency of TS SR 3.1.6.2 is adequate to ensure that the Control Banks are 
within their insertion limits during normal operation to ensure that the power distribution and 
reactivity limits defined by the core design peaking factors and shutdown margin assumptions in 
the safety analyses are maintained. · 

The Control Rod Insertion Monitor and associated alarms are not credited for satisfying TS SR 
3.1.6.2. 

If the transient Faw(Z) limit is not met, and the TS Required Actions that allow a new operating 
space to be implemented with a different set of control rod insertion limits, those limits (i.e., 
operating space and control rod insertion limits) will always be more restrictive than the primary 
analyzed operating space. The core conditions allowed by the new operating space will always 
be a more restrictive subset of those allowed by the primary (or initial) operating space that is 
assumed in the safety analyses. This is illustrated by the example operating spaces shown in 
Figures 6-1, 6-2, and 6-3 in WCAP-17661-P. Thus, the implementation of a new, more 
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restrictive, operating space to restore the transient Faw(Z) to within its limit, will not result in any • 
impact to any safety analyses. 

As discussed above, the initial safety analysis assumptions regarding the control rod insertion 
limits will continue to be met, since the revised control rod insertion limits are more restrictive . 
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RAI No.6: Effect of Crud Induced Power Shift 

Background 

Currently, any downward trend in margin (as defined by the minimum margin over all axial 
locations) is accounted for by applying a penalty factor and requiring additional surveillance. 
This is specified in a note modifying SR 3.2.1.2, which is proposed to be eliminated. This 
NOTE monitored increases in Faw(Z) from the previous surveillance and required additional 
surveillances if measurements indicated that the maximum over z of Fa c(Z)/K(Z) has 
increased since the previous evaluation of Fa c(Z). 

In lieu of this approach, it is proposed that a penalty factor be applied that takes account of 
the expected change in margin during the next effective full power minutes as a result of 
normal changes in burnup. This approach eliminates any action due to the concern over crud 
induced power shift (CIPS). Reasons are given for this (Page 4-18). 

One of the arguments presented is that past trends of Fa c(Z)/K(Z) may or may not be 
indicative of future trends. It is justified to remove monitoring of Fa c(Z)/K(Z) for indication of 
future margin trends if it does not provide the required indication. 

Request 

It is stated (Page 4-18): 

... given that CIPS develops slowly and characteristically, it-is proposed that its effects 
on peaking factor be evaluated in a timely fashion following its observed onset. 

Although the TS is designed to monitor power peaking, it appears that the licensee will now 
have full discretion as to how monthly trends due to any anomalous behavior are taken into 
account.. 

a. Explain how this would actually take place. 

b. Provide data from past experience arid additional discussion supporting the 
statement "past measurement trends of Fa c(Z)/K(Z) may or may not be indicative 
of future margin trends." 
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Response to RAI No. 6: 

Response to 6a: 

As discussed in Section 4.5 ofWCAP-17661-P, the best indicators of CIPS are the observed 
measured minus predicted axial offset being more negative than -3% beginning at burnups of 
4000 to 8000 mwd/mtu, high predicted sub-cooled boiling rates, flux depressions in the upper 
spans of high power assemblies, and an indication of lithium return following a power reduction. 

Westinghouse has provided guidance to the industry describing the characteristics of CIPS and 
other forms of axial offset deviation, and requested to be notified in cases where the measured 
minus predicted steady state axial offset is more than ±3% in either direction. Nuclear design 
procedures have been established at Westinghouse both for screening reload cores for CIPS 
risk, and for evaluating the effect of CIPS on the power distribution surveillance data and other 
parameters, if it occurs. As noted in Section 4.5 of WCAP-17661-P, both the incidence and 
magnitude of CIPS events have been significantly reduced, due largely to the addition of CIPS 
risk to the loading pattern risk assessment process, and advances in predictive capabilities for 
sub-cooled boiling and crud deposition. 

Response to 6b: 

An issue has been identified that the use of measured trends in Fa c(Z) may not always be 
indicative of the same margin trend in the measured Faw (Z), particularly when the axial power 
distribution of the core is in transition from a cosine type shape to a flattened saddle type shape. 
Figure RAl-6.1 illustrates an example of such a case by comparing the predicted steady state 
and maximum transient Fa values for an example cycle. 

Furthermore, it must be clarified that the initial onset of CIPS will not necessarily result in 
observing a decreasing trend in either the Fa c(Z) or Faw(Z) margin. The preferential 
accumulation of boron-containing crud in high power assemblies will tend to decrease the radial 
peaking (Fxv(Z)) in the affected elevations of the highest power assemblies. If the nominal 
predicted AFD is slightly positive, the onset of CIPS may result in the AFD being closer to zero 
or slightly negative. Both of these factors could result in an increasing trend in margin for Fa c(Z), 
initially. The trend in Faw(Z) is driven largely by the T(Z) or W(Z) surveillance factors, which, as 
noted in Section 4.5 of WCAP-17661-P, will not include the effects of CIPS if it occurs. Thus, 
the observation of past trends in margin for either Fac(Z) or Faw(Z) is not very useful in 
identifying the onset of CIPS. Only in the later stages of a relatively severe CIPS event can it be 
stated with high confidence that the Fa c(Z) margin will be decreasing with burnup. 
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Figure RAl-6.1 
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Background 

Westinghouse Non-Proprietary Class 3 

Change of Required Action 8.2.1 and limitation of THERMAL POWER to < 
50% RTP 

The improved TS define a new Required Action B.2. When Faw(Z) exceeds its limits, 
Required Actions B.2.1, B.2.2, B.2.3, and B.2.4 can be implemented instead of Required 
Action B.1. Required Action B.2.1 limits thermal power to less than RTP by the amount 
specified in the COLR. If the RAOC operating spaces specified in the COLR are insufficient 
to ensure margin to the Faw(Z) limits, then the Required Action B.2.1 must be entered and 
THERMAL POWER must be reduced to less than the thermal power specified in the COLR. 
Also, AFD limits must be reduced by the amount specified in the COLR. 

It is also noted that as a practical matter, the number of discrete reduced power level 
evaluations included in the COLR will be limited to three or less (an individual utility may opt 
for additional evaluation levels). Also stated in WCAP-17661-P, if the required margin 
improvement exceeds the level of any pre-analyzed thermal power limits, the COLR will 
specify that the thermal power is limited to <50 percent RTP. WCAP-17661-P also states that 
other TS, such as the Nuclear Enthalpy Rise Hot Channel Factor TS, would also require a 
power level reduction in the presence of such a large anomaly. 

Issue and Request 

• 

For situations where necessary margin improvement exceeds the level of any prt3-analyzed 
thermal power limits, the requirement to reduce the thermal power to less than 50 percent RTP • 
is not noted in the Technical Specifications (TS) or in the Bases. Since this type of situation 
means that a very large and unusual core anomaly is present, clear guidance and justification 
for the actions should be presented. · 

a. Explain how the required actions in the COLR for Required Action B.2.1 will be 
sufficient if Faw(Z) is not within limits. For example, will some limit of power to 
50% RTP always be imposed and if so, at what point (vis-a-vis margin needed) 
would that be required. 

b. Since the reduction of thermal power to < 50% RTP is a defined parameter 
applicable to all Westinghouse plants, ~xplain why this requirement should not be 
included in the TS and/or Bases. 
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• Response to RAI No. 7: 

• 

• 

Response to 7a: 

As shown in the example COLRs provided in Appendices C and F of WCAP-17661-P, it is 
intended that the ultimate power reduction specified in the COLR for Required Action B.2.1 will 
be to less than 50% RTP, when the measured margin improvement.required in the Faw(Z) 

. surveillance exceeds the margin gain for the otherwise calculated combinations of THERMAL 
POWER and AFD limits. The 50% RTP power threshold is consistent with several other 
Westinghouse Standard Technical Specifications (NUREG-1431). For example, TS 3.2.2 
(Nuclear Enthalpy Rise Hot Channel Factor) contains a Required Action that the power be 
reduced to less than 50% RTP if the FrH limit is not met and is not restored to within the limit 
within 4 hours. TS 3.2.3A (Axial Flux Difference (CAOC Methodology)) allows the AFD to 
deviate outside the target AFD band with THERMAL POWER < 50% RTP, subject to the 
accumulation of penalty deviation time. TS 3.2.3B (Axial Flux Difference (RAOC Methodology)) 
does not apply when THERMAL POWER< 50% RTP. TS 3.2.4 (Quadrant Power Tilt Ratio) 
does not apply when THERMAL POWER s 50% RTP. 

If Faw(Z) exceeds the Fa limit, the most likely cause will be the measured radial peaking factors 
(Fxv(Z)) being higher than predicted in the original nuclear design analysis. The higher 
measured radial peaking factors will also affect the measurements of the current operating heat 
flux hot channel factor, Fa c(Z), and the nuclear enthalpy rise hot channel factor, FfH. If the 
measured radial peaking factors are high enough so that the Fa c(Z) limit is not met, the 
Required Actions for Condition A require the THERMAL POWER to be reduced as much as 
necessary to restore compliance of the Fa c(Z) limit. This would include reducing THERMAL 
POWER to less than 50% RTP, if the severity of the·observed violation was large enough to 
require that. Thus, in such a case where the COLR power limitations in Required Action B.2.1 
result in power being reduced to less than 50% RTP, compliance with the current operating heat 
flux hot channel factor is ensured, via the measured results of the Fa c(Z) surveillance, or by 
meeting the Required Actions_ for Condition A of TS 3.2.1 B or 3.2.1 C. Similarly, compliance with 
the current operating nuclear enthalpy rise hot channel factor is ensured, via the measured 
results of the FfH surveillance, or by meeting the Required Actions of TS 3.2.2. Therefore, the 
plant will either be measured to be complying with the TS peaking factors LCO limits, or meeting 
the Required Actions associated with the Fa c(Z) and FrH limits to restore compliance with the 
limits for the current operation. 

If the transient Faw(Z) is not met, this would only result in the core operating outside the 
assumed peaking factor basis in the safety analysis if transient operation were to occur, which 
results in the plant operating at the edge of the allowed operating space. In the event that the 
THERMAL POWER is reduced to < 50% RTP per Required Action B.2.1, the transient Faw(Z) 
limit will be met for the following reasons. As shown in equations 2:-19 and 2-20 of WCAP-
17661-P, the typical Fa limit is divided by the relative power level down to 50% RTP and then 
remains constant at lower power levels. Thus the reduction of THERMAL POWER to less than 
50% RTP results in doubling the allowed Fa limit. Furthermore, the potential for transient 
operation that significantly disturbs the core xenon distribution is significantly reduced if the 
maximum power of such transients is limited to <50% RTP . 
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Response to 7b: 

The following paragraph was added to the Bases as the first paragraph for Required Action 
B.2.1 in TS 3.2.1 B: 

When FQ W(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. 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 FQ W(Z) limit, then 
Required Action B.2.1 must be entered and THERMAL POWER must be limited to less 
or equal to 50% RTP 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 following paragraph was added to the Bases as the first paragraph for Required Action 
B.2.1 in TS 3.2.1 C: 

When FQ W(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 
FQ W(z) limit, the THERMAL POWER must be limited to less than or equal to 50% RTP; 

• 

This maintains an acceptable absolute power density relative to the maximum power • 
density value assumed in the safety analyses. 

The following paragraph was added to the Bases as the second paragraph for Required Action 
B.2.1 in TS 3.2.1 B and TS 3.2.1 C: . 

"If the required FQ W(z) margin improvement exceeds the margin improvement available 
from the pre-analyzed THERMAL POWER and AFD reductions provided in the COLR, 
then THERMAL POWER must be further reduced to less than or equal to 50% RTP. In 
this case, reducing THERMAL POWER to less than 50% RTP will provide additional 
margin in the transient FQ by the required change in THERMAL POWER and the 
increase in the FQ limit. This will ensure that the FQ limit is met during transient 
operation that may occur at or below 50% RTP." 

Revised TS Bases markups that reflect this change are included in Attachments 4 and 6 to the 
RAI Responses. 
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RAI No.8: Implementation of 24-Hour Frequency in TS SR 3.2.1.1 and 3.2.1.2 

Background 

The Section 3.2.4 states (Pages. 3-14 and 3-15): 

In the improved Fa TS, the second Frequency will be revised to require verification of 
Fac(Z) within 24 hours (instead of 12 hours) after achieving equilibrium conditions after 
exceeding, by.::: 10% RTP, the THERMAL POWER at which Fac(Z) was last verified. 
This Frequency of 24 hours is contained in some plant Technical Specifications. (for a 
few plants, no Frequency is specified) and is a reasonable time period in which to 
perform this verification given the extremely small likelihood of limiting power shapes 
or limiting design basis events occurring prior to completion of the surveillance. 

The information is repeated in Sections 5.4 and 8.4 and a similar change is proposed for 
SR 3.2.1.2, related to surveillance of Fa w(Z). 

The purpose of bracketed information in Standard Technical Specifications is to denote 
site-specific information, which must be in conformance with the final safety analysis report as 
updated. Refer to Chapter 16.0, "Technical Specifications," of NUREG-0800, Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: L WR 
Edition, for further details . 

Issue and Request 

Since Pressurized Water Reactor Owners Group (PWROG) proposes to use WCAP-17661 as a 
basis to reduce the frequency requirement for th!3se surveillance test intervals, a more thorough 
technical justification for the change should be provided. The justification should either follow a 
clearly risk-informed or deterministic approach, rather than provide a qualitative assessment of 
the likelihood of limiting initial conditions or initiating events. 

If risk-informed, the appropriate regulatory guidance should be followed. This would include 
NRC Regulatory Guide (RG) 1.174, "An Approach for Using Probabilistic Risk Assessment in 
Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis," and RG 1.177, "An 
Approach for Plant-Specific, Risk-Informed Decision Making: Technical Specifications." 

If deterministic, the justification could include consideration of the consequences of a postulated 
event occurring in a condition in which the extended surveillance interval prevented assurance 
that operation was within specified limiting conditions, and of additional mitigating features that 
would ensure that continued operation in such a condition remains otherwise acceptable. 
Finally, consider whether plant-specific submittal items should be identified, which would justify 
any facility licensing basis changes required to implement the proposed TS change . 
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Response to RAI No. 8: 

The proposed change allowing the Fac(Z) and Faw(Z) surveillances to be performed within 24 
hours (instead of 12 hours) after reaching equilibrium conditions after exceeding by> 10% RTP, 
the THERMAL POWER at which the surveillances were last performed is not a reduction in the 
frequency requirement. The same number of surveillances will ultimately be performed. If the 
unit increases THERMAL POWER by 10% or more since the surveillances were last performed, 
and then reaches equilibrium conditions, SR 3.2.1.1 and SR 3.2.1.2 are required to be 
performed regardless of the proposed change in the proposed time of 24 hours to complete the 
surveillance. The proposed change affects only the time allowed to complete the surveillance, 
not the total number of surveillances that are performed. 

A discussion was added to the Bases for TS 3.2.1 B and TS 3.2.1 C for SR 3.2.1.1 and SR 
3.2.1.2 that incorporates the justification above for the 24 hours allowed to perform these 
Surveillances. 

Revised TS Bases markups that reflect this change are included in Attachments 4 and 6 to the 
RAI Responses. 

The proposed change in time allowed to complete the surveillance from 12 hours to 24 hours 
applies to situations where the Fac(Z) and potentially the Faw(Z) have already been measured 
at least once at a reduced power level. The observed margins in the previous surveillances will 
provide assurance that increasing power up to the next plateau will not exceed the Fa limit, and 
that the core is behaving as designed. For example, if a previous Fa c(Z) measurement was 

• 

performed at 70% RTP, then there should be greater than 30% margin available to the Fa limit • 
from the current operating state. This would be expected to be true for any surveillance of 
Fac(Z) performed above 50% RTP, since the allowed Fa limit increases by the inverse of the 
current relative power level in this range of Power Operation. The nature of thermal feedback 
from increasing fuel and moderator temperatures will reduce the measured Fxv(Z) values with 
increasing power levels. Therefore, the results of the previous Fa c(Z) surveillance provide 
reasonable assurance that continued power ascension to 100% RTP will not result in the actual 
operating heat flux hot channel factor exceeding the safety analysis limit. 

In addition, the observed margin in the F~H measurement required by TS 3.2.2 will confirm that 
the radial peaking factors are behaving as expected prior to increasing power above 75% RTP. 

The successful performance of the Fa c(Z) and F~n surveillances prior to exceeding 75% RTP 
following each refueling, in conjunction with the controlled power ascension following a refueling 
due to the fuel conditioning ramp restrictions, provides a very high level of confidence that the 
initial operation at 100% RTP following a refueling will not exceed the heat flux hot channel 
factor assumed in the plant safety analysis, while the fuel is being conditioned. As discussed in 
the response to RAI No. 3, the Westinghouse fuel conditioning guidelines require at least [ r,c 
cumulative hours of operation at a steady state power level in the last [ re day period in order 
for the fuel to be considered fully conditioned. Therefore, the Fac(Z) and Faw(Z) surveillances 
will be performed at 100% RTP before the fuel is fully conditioned to 100% RTP operation and 
the type of load follow power maneuvers are permitted that could result in heat flux hot channel 
factors which may challenge the Fa limit. 
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RAI No.9: Equilibrium vs Stable Conditions 

Background 

The SR for Fa c(Z) requires a measurement "Once after each refueling prior to THERMAL 
POWER exceeding 75% RTP." According to the BASES (Page B-1), equilibrium conditions 
are not required for this measurement but rather stable conditions are required. Both 
equilibrium and stable conditions require that the power be within ± 1 % but for equilibrium, 
this condition must exist for 24 hours. Equilibrium conditions also require that the AFD be 
within ± 1 % for that 24-hour period but stable conditions just require that the AFD be within ± 
0.5% during the period of interest (when the measurement is being done). 

Issue and Request 

All surveillance requirements except for those done prior to exceeding 75% RTP are done at 
equilibrium conditions whereas for the power ascension surveillance, it is only necessary to 
have stable conditions. 

a. Explain why there is a need for equilibrium conditions during most surveillance; 
why can't stable conditions suffice? 

b. Is there a benefit to defining the same conditions (equilibrium or stable) for 
conducting all Fac(Z) and Faw(Z) surveillance? 
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Response to RAI No. 9: 

Response to 9a: 

Stable conditions can suffice if necessary for particular surveillances of the Fa c(Z) taken during 
the initial power ascension after a refueling, because these surveillances do not involve the 
application of analytically calculated surveillance factors, such as T(Z) or W(Z), which assume 
equilibrium conditions. Thus the only potential source of error introduced in the measurement of 
Fa c(Z) is the effect of transient conditions on the radial power distribution during the 
measurement, which although small, are not negligible, even if stable conditions are met. In 
addition, the Fa c(Z) measurements taken during power ascension are primarily for the purpose 
of assuring that the core is behaving as expected and that it is safe to proceed up to the next 
power plateau. 

Measurements taken during equilibrium conditions are preferable, since they are more 
repeatable, and are consistent with the generation of the surveillance factors that are used in 
the Faw (Z) surveillance. Thus, the measurements that are taken for the purpose of justifying the 
next 31 EFPD of operation, including the potential for transient load follow operation, are 
performed under equilibrium conditions. 

The Bases for NUREG-1431 were reviewed to determine whether "equilibrium conditions," was 
previously discussed in any of the Bases. 

The NUREG-1431 Bases for Technical Specification 3.2.4, "Quadrant Power Tilt Ratio (QPTR)," 

• 

contains the following discussion for "equilibrium conditions," in third sentence of the Bases tor • 
Required Action A.3, on Page B 3.2.4-3: 

" ... Equilibrium conditions are achieved when the core is sufficiently stable at intended operating 
conditions to support flux mapping ... " 

Based on this Bases discussion that is contained in the Bases for NUREG-1431, the following 
sentence was added to the fourth paragraph in the Bases for SR 3.2.1.1 and as the second 
paragraph in Insert 4 in the Bases discussion for SR 3.2.1.2 in the Bases for TS 3.2.1 B and TS 
3.2.1C: 

"Equilibrium conditions are achieved when the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance." 

Revised TS Bases markups that reflect this change are included in Attachments 4 and 6 to the 
RAI Responses. 

Response to 9b: 

While there would potentially be some benefit in terms of simplification to using the same plant 
condition requirements for all measurements, the cost of that approach could result in 
unnecessary delays during power ascension to wait for equilibrium, or reduced accuracy in the 
monthly Faw(Z) surveillances at 100% RTP, if equilibrium conditions do not exist. 
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• RAI No.10: Required Actions 

Background 

• 

• 

In Required Action A (and Required Action B.2) there is a Note that states that Required 
Action A.4 (Required Action B.2.4) "shall be [emphasis added] completed whenever the 
Condition is entered." However, the completion time for Required Action A.4 (or B.2.4) is 
"prior to increasing THERMAL POWER above the limit of Required Action A.1 (B.2.1 )." 

Issue and Request 

The Required Actions A.4 and B.2.4 are surveillance requirements. Because of the NOTE 
accompanying these actions, it is not clear if they must be carried out along with the other 
Required Actions or whether they can wait until a decision is made to increase THERMAL 
POWER. 

Discuss and clarify the timing of the surveillance to be performed to satisfy both the NOTE and 
the Required Action B.2.4 . 
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Response to RAI No. 10: 

Both Notes, as currently worded, could be interpreted to require that SR 3.2.1.1 and SR 3.2.1.2 
be completed upon initial entry into Condition A or performance of Required Action B.2.1. The 
intent of the Note is that the Surveillances be completed prior to increasing the limitation on 
THERMAL POWER required by Required Actions A.4 and B.2.4. 

Revised Technical Specification markups are included as Attachments 3 and 5 to the RAI 
responses. 
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RAI No.11: Interface ofWCAP-17661-P changes with TS 3.2.1A, Heat Flux Hot Channel 
Factor (Fa(Z)) (CAOC-Fxy Methodology) 

Background 

In addition to TS 3.2.1 B and TS 3.2.1 C, TS 3.2.1 A is included for some CAOC plants. No 
change is proposed for TS 3.2.1A. It is our understanding that some CAOC plants confirm 
F0 (Z) indirectly by measuring FxyM (Z) and then comparing this measurement to an Fxy(Z) limit. 
In the new formulation, the key factor being measured is also Fxy(Z). 

Issue and Request 

In both TS 3.2.1 A and TS 3.2.1 C, the key factor being measured is Fxy(Z). However, the TS 
requirements are different. Some of the concept used in TS 3.2.1C is not used in TS 3.2.1A: 
namely, TS 3.2.1A is not modified to use a different operating space and avoid reduction in 
THERMAL POWER. 

a. Delineate the difference between CAOC- Fxy Methodology and CAOC-T(z) 
Methodology to explain why the changes similar to that considered for TS 3.2.1 C 
are not applicable for TS 3.2.1A. 

b. For CAOC plants, when F0 (Z) is not within limit, Fa c(Z) will also be outside the 
limit. Under the proposed changes, Required Actions for TS 3.2.1A and TS 
3.2.1 C are different. Explain and justify the merits of the differences in the TS . 
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Response to RAI No.11: 

Response to 11 a and 11 b: 

WCAP-17661-P addresses the issue in NSAL-09-5, Revision 1 that was identified with TS 
3.2.1 B. Improvements are also proposed for TS 3.2.1 C in order to add the flexibility of 
implementing a new CAOC operating space, as opposed to the alternative of reducing 
THERMAL POWER in the event Faw(Z) exceeds the limit, and to clarify the surveillance. 
requirements, consistent with the proposed changes to TS 3.2.1 B. There are no issues 
associated with TS 3.2.1A in NUREG-1431. 

The key parameter being measured in TS 3.2.1 C is the steady state Fa(Z) distribution, not the 
Fxv(Z) distribution. The transient Fa w(Z) in TS 3.2.1 C is established by multiplying the steady 
state measured Fa(Z) distribution by analytically determined surveillance factors, as shown in 
Equations 7-13 and 7-14 of WCAP""17661-P. 

In TS 3.2.1 A, only a single LCO is defined as Fa(Z). TS 3.2.1 A does not define measured 
parameters called Fac(Z) and Faw(Z) to verify this limit. However, the Surveillance 
Requirements in TS 3.2.1A require periodic surveillances to be performed (measurements) of 
both the steady state Fa(Z) distribution (which is analogous to Fa c(Z) in TS 3.2.1 C), and the 
Fxv(Z) distribution. Fxv(Z) is measured by performing SR 3.2.1.2 only for the purpose of 
confirming that the nuclear design calculations for operational power maneuvers remain 
bounding. SR 3.2.1.2 in TS 3.2.1A is therefore performed for the purpose of confirming that the 
analyzed values of the transient Fa(Z) will remain conservative, and as a result, that the Fa(Z) 

• 

will be met during transient operation within the allowed AFD operating space. SR 3.2.1.2 in TS • 
3.2.1A does not determine a specific measured approximation of the transient Fa w(Z). 

The Required Actions in TS 3.2.1 A are more conservative than those in proposed TS 3.2.1 C. 
This is because TS 3.2.1A effectively treats all cases where the Fa(Z) limit is exceeded as if the 
plant is currently operating with a peak power density in excess of that that is assumed in the 
safety analysis. In a case where SR 3.2.1.1 has shown that the ~urrent operating steady state 
Fa(Z) has met the limit, and SR 3.2.1.2 has determined that the measured Fxv(Z) exceeds the 
Fxv(Z) limit, the Required Actions of TS 3.2.1A Condition A require a reduction in THERMAL 
POWER with a Completion Time of 15 minutes. An analogous Condition in proposed TS 3.2.1.B 
or TS 3.2.1.C would allow a new operating space or power reduction to be implemented with a 
Completion Time of 4 hours. 

While it has been identified in Section 10.3 of WCAP-17661-P that the Fxv limit in TS 3.2.1A SR 
3.2.1.2 is sensitive to differences in the measured and predicted steady state axial power 
distribution, guidance has been issued by Westinghouse that will ensure that any significant and 
sustained differences in the measured and predicted steady state axial power distribution are 
evaluated before the Fa limit can be challenged. The plants that have implemented TS 3.2.1A 
do not have to implement proposed TS 3.2.1 C, since the resulting surveillances required by TS 
3.2.1A are valid and conservative. This paragraph clarifies the discussions of TS 3.2.1A 
contained in WCAP-17661. 

In summary, the changes that are proposed for TS 3.2.1C are not applicable to TS 3.2.1A 
because the fundamental measured parameters are different (with respect to transient Fa), and 
because there are no issues associated with TS 3.2.1A that would result in non-conservative 
Fa(?) measurements or Required Actions in the event that the Fa limit is not met.· 
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RAI No. 12: Impact of the proposed changes on TS 3.2.4, Quadrant Power Tilt Ratio 
(QPTR) 

Background 

TS 3.2.4, "Quadrant Power Tilt Ratio (QPTR)," provides limits and conditions and associated 
surveillance requirements for QPTR. As stated in the Bases for Section 3.2.4, the QPTR limits 
ensure that nuclear enthalpy rise hot channel factor (F~H) and F0 (Z) remain below their 
limiting values by preventing an undetected change in the gross radial power distribution. The 
QPTR limit of 1.02, at which corrective action is required, provides a margin of protection for 
both the departure from nucleate boiling ratio and linear heat generation rate contributing to 
excessive power peaks resulting from X-Y plane power tilts. A limiting QPTR of 1.02 can be 
tolerated before the margin for uncertainty in F0 (Z) and F~H is possibly challenged. 

Issue and Request 

Under the proposed changes, when a different operating space is implemented, QPTR may be 
affected. Since QPTR provides a margin of protection, assurance is needed that the margin of 
protection is not being lost or that adequate margin of protection will still be maintained. 

a. Discuss the impact of the proposed changes on the QPTR and how the changes 
may impact the current LC6 and SR in TS 3.2.4. 

b . If changes are non-negligible, discuss that adequate margin of protection is being 
maintained . 
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Response to RAI No. 12: 

Response to 12a: 

The implementation of a different operating space in the event that the performance of an 
Faw(Z) surveillance determines that the Fa limit is not met would not significantly affect the 
indicated QPTR on the excore detectors, nor would it affect the actual in-core power distribution 
symmetry. The primary purpose of implementing a different operating space is to allow the use 
of smaller surveillance factors T(Z) or W(Z), in order to establish the new Fa w(Z) associated with 
transient operation at the edge of the allowed operating space. 

• 

The standard QPTR limit of 1.02 was established with the intention of indicating that a 
detectable change has occurred in the core power distribution symmetry, and to initiate the 
performance of SR 3.2.1.1, SR 3.2.1.2, and SR 3.2.2.1 using the movable incore detector 
system to determine the actual margin to safety analysis limits. QPTR in'dicates only a gross 
change in the average power of each core quadrant. The TS 3.2.4 Required Action A.1 to 
reduce THERMAL POWER by ~ 3% from RTP for each 1 % of QPTR > 1.00 is precautionary, 
until such time as the actual margin to the safety analysis limits can be re-assessed and 
confirmed using the movable incore detector system. As required by Required Action A.5 of TS 
3.2.4, once the incore detector surveillances are completed and the safety analysis is re­
evaluated, the excore detectors will be normalized to restore the QPTR to within the limit. Once 
the THERMAL POWER is restored to 100% RTP, SR 3.2.1.1, SR 3.2.1.2, and SR 3.2.2.1 are 
performed as required by Required Action A.6, to confirm that the safety analysis limits are still 
met. No minimum margin requirements are specified for the results of SR 3.2.1.1, SR 3.2.1.2, 
and SR 3.2.2.1, which are required by TS 3.2.4 Condition A, other than that the safety analysis • 
limits must be met using the normal measurement and fuel manufacturing tolerance 
uncertainties implemented by the plant. 

Response to 12b: 

In the response to RAI No. 5, it was identified that performing SR 3.2.1.1 and SR 3.2.1.2 will be 
added as Required Actions with a 72 hour Completion Time, if a new operating space is 
implemented if Faw(Z) exceeds the Fa limit, and control rod motion is required to comply with 
the new operating space. By adding this Required Action, the margin to safety analysis limits 
will be determined and confirmed after the implementation of a new operating space, including 
the effects of any existing QPTR. Once this is done, the same initial conditions are established 
with respect to the continued applicability of TS 3.2.4, as would otherwise have been present 
before the new operating space was implemented. Therefore, TS 3.2.4 will continue to provide 
the requisite margin of protection. 
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• RAI No.13: Additional discussion of methodology 

Background 

• 

• 

The RAOC-T(Z) methodology is presented in different sections in WCAP-17661-P for the 
reader to understand the methodological issues. Details and example results are given; 
however, some aspects of the discussion of the methodology to obtain F0w(Z) can be 
considered lacking. 

Issue and Request 

Additional discussion on the following aspects is requested in order to fully understand the 
methodology: 

a. Provide the specific assumptions, limitations, implementing procedures, and 
related guidance associated with the methodology and explain how they have 
been addressed in defining the new requirements. 

b. Discuss the attributes/results of the methodology and relate them to the changes 
proposed in the Specifications. Discuss each of the changes in the 
Specifications and their relation to the improved methodology if one exists. 

c. Discuss any differences from the results presented for a Westinghouse 4-loop 
plant that might be expected for different designs . 
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Response to RAI No. 13: 

Response to 13a: 

The discussion of the methodology to obtain predicted Faw(Z) was not included because these 
methods have not changed from previous NRC approved methods. The RAOC analysis 
methods are the same, except for the concept of potentially analyzing multiple operating spaces 
for a given unit/cycle, instead of just one operating space. The RAOC analysis methods are 
defined and approved by the NRC in Part A of WCAP-10216-P-A (which is reference 5 in 
WCAP-17661-P). The information contained in Part B of WCAP-10216-P-A, which describes the 
original implementation of the Fa Surveillance Technical Specification, will be superseded by the 
Improved Fa Surveillance Technical Specifications contained in WCAP-17661-P. CAOC 
analysis methods are defined and approved by the NRC in WCAP-8385, NS-CE-687, and NS­
TMA-2198 (which are references 2, 3, and 4 in WCAP-17661-P). WCAP-8385 was approved by 
the NRC in a letter from J. F. Stolz (NRC) to C. Eicheldinger (Westinghouse), "Safety Evaluation 
of WCAP-8385 (P) and WCAP-8403 (NP)," dated January 31, 1978. The specific calculations to 
obtain the peak predicted transient Fa will continue to be performed using either the 2D/1 D 
synthesis methods (originally approved by the NRC in WCAP-8385 Section 5, and summarized 
succinctly by Equation 2-10 of WCAP-17661-P), or by using an NRC approved 3D computer 
code, such as the Westinghouse ANC code (WCAP-10965-P-A). The application of 
calculational uncertainties is not changing as a result of the development of WCAP-17661-P 
(see the response to RAI No. 4 for a discussion of the calculational uncertainties). There are no 
specific assumptions or limitations in the original approved analysis methods that are adversely 

• 

affected by the changes to the Improved Fa Surveillance Technical Specifications proposed in • 
WCAP-17661-P. 

While specific revisions to the implementing nuclear design procedures have not been 
completed at this time, there have been sample calculations performed in support of the data 
contained in WCAP-17661-P. These sample calculations will form the basis for revising the 
nuclear design procedures to implement the new methodology at Westinghouse. 

In the sample calculations discussed above, the predicted transient Faw(Z) power shapes were 
generated for a sample 4-loop plant using the standard RAOC and CAOC analysis procedures, 
for multiple operating spaces. The analysis of a different operating space is a relatively simple 
process that involves changing a few input values in the standard computer runs to define the 
allowed AFD band and rod insertion limits. Similarly, the margin improvements associated with 
reducing the maximum allowed power level and AFD band for each defined operating space 
(Tables 6-10 and 9-7 in WCAP-17661-P) were quantified by changing the applicable inputs 
defining the maximum allowed power level and AFD band, and then running the standard set of 
cases, as if it were a new operating space. The automated sequences within the computer 
codes generate standard transient simulations which operate within the allowed operating space 
provided in the inputs. The number of specific operating spaces and margin improvement 
calculations that will be analyzed in advance for any given plant will depend on the plant specific 
needs. 

The calculation of the new surveillance parameters in support of the Improved Fa Technical 
Specifications [i.e., T(Z), Axv(Z), Aa(Z), and the Rj factor] will be performed in accordance with 
the respective equations used to define these parameters in WCAP-17661-P (i.e., Equations 4-
30, 4-35, 7-10, and 5-9 in WCAP-17661-P, respectively). T(Z) may alternatively be determined • 
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from currently calculated values ofW(Z) using Equation 4-33 in WCAP-17661-P, but this will 
result in the same T(Z) values as would be obtained from Equation 4-30. The values necessary 
to calculate these parameters are already determined as part of the RAOC or CAOC analysis. 

In the case of Axv(Z) and Aa(Z), most surveillances will be performed using values of unity, at 
least for surveillances performed at 100% RTP with all rods out. Specific Axv(Z) and Aa(Z) 
values may be provided in the plant COLRs for surveillances that are performed during the 
initial power ascension following a refueling, as requested by the plant. An option may be 
implemented in the Westinghouse BEACON Core Monitoring System (WCAP-12472-P-A) to 
automatically generate Axv(Z) and Aa(Z) values specific to the conditions where the surveillance 
is performed using the methods discussed in Sections 4.3.2 and 7 .3.2 of WCAP-17661, 
respectively. The BEACON Core Monitoring System is currently used to perform the Fa 
surveillances in many Westinghouse NSSS plants. 

As discussed in the Safety Evaluations/Final Safety Evaluations for WCAP-124 72-P-A and 
Addendums 1 through 4, the BEACON™ Core Monitoring System is a core monitoring and 
support package that uses core power distribution and plant process instrumentation in 
conjunction with this NRC approved analytical methodology for online generation of calibrated 
3-dimensional core power distributions. The BEACON™ system is approved by the NRG for 
core monitoring activities, including the determination of the measured transient Fa w(Z) which is 
required by SR 3.2.1.2. 

The analytical methodologies that are implemented in the BEACON™ system are the same 
NRC approved methodologies that are implemented in the Westinghouse ANG code (WCAP-
10965-P-A Revision O through Addendum 2A), which can also be used to calculate the Axv(Z) 
and Aa(Z) values contained in the COLR. The determination of the Axv(Z) and Aa(Z) values by 
the BEACON™ system can be done in one of two ways as discussed below. 

• Since the BEACON™ system is provided with the current plant conditions where the 
surveillance is performed, and the conditions that were assumed in generating the 
reference T(Z) or W(Z) surveillance factors. The determination of the Axv(Z) and Aa(Z) 
values at the conditions where the surveillance is performed, can be done by calculating 
two different 3-D power distributions in BEACON™ and solving either Equation 4-35 in 
WCAP-17661-P for Axv(Z) or Equation 7-10 in WCAP-17661-P for Aa(Z). 

• The reference Fxv(Z) and Fa(Z) functions that are consistent with the T(Z) or W(Z) 
surveillance factors can be input to the BEACON™ core model. Then the determination 
of the Axv(Z) and Aa(Z) values at the conditions where the surveillance is performed, can 
be done by calculating the 3-D power distribution in BEACON™ at the surveillance 
conditions and solving either Equation 4-35 in WCAP-17661-P for Axv(Z) or Equation 7-
10 in WCAP-17661-P for Aa(Z). 

With either approach the, the determination of the Axv(Z) and Aa(Z) values at the conditions 
where the surveillance is performed using the BEACON™ system will be consistent with the 
current NRG approved methodology for determining 3-D power distributions in WCAP-12472-P-
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A and Addendums 1 through 4, and the updated Fa surveillance methodologies that will be 
approved in WCAP-17661-P. 

The Rj factor is currently already calculated by Westinghouse in support of the current Fa 
Technical Specification Surveillance methodology, as shown in Equation 5-9 ofWCAP-17661-P. 
Rj quantifies the maximum predicted decrease in the transient Faw(Z) margin over the next 
period of operation prior to the next performance of SR 3.2.1.2, from any point forward in the 
cycle. In the revised Fa surveillance methodology contained in WCAP-17661, no minimum value 
will be imposed on the value of Rj, except that Rj will never be specified as being less than 1.0, 
even if it is predicted that the transient Faw(Z) margin will increase during the next Frequency 
when SR 3.2.1.2 is performed. The actual calculated Rj penalty will be applied to all Faw (Z) 
surveillances, instead of focusing the application of the penalty during the performance of any 
individual surveillance on an observed decrease in Fa c(Z) margin from the previous 
performance of SR 3.2.1.2. 

As discussed at the bottom of page 5-8 of WCAP-17661-P, the Rj factors are calculated in 
accordance with the Surveillance Frequency applied in SR 3.2.1.2. The proposed versions of 
SR 3.2.1.2 in WCAP-17661-P TS 3.2.18 and TS 3.2.1C have been developed with the 
recognition that some plants may have the SR 3.2.1.2 Frequency in a Surveillance Frequency 
Control Program. It is also possible that some plants may elect to perform SR 3.2.1.2 more 
frequently than required, during times in the cycle when the Fa w(Z) margin is limited, or for other 
reasons. As a minimum, the Rj penalty factor function provided in the COLR will support the SR 
3.2.1.2 required Frequency. If a plant elects to perform SR 3.2.1.2 more frequently than 

• 

required, either for all or part of a cycle, an appropriate Rj penalty factor may optionally be • 
developed to support that Frequency, and would also be provided in the COLR. For example, if 
a plant notifies Westinghouse that it intends to perform SR 3.2.1.2 on an optional 7 EFPD 
Frequency during parts of the cycle, an Rj function applicable to the 7 EFPD Frequency may be 
provided in the COLR in addition to the standard 31 EFPD Rj penalty. The Rj penalty for the 
optional 7 EFPD Frequency would be calculated in the same manner as the 31 EFPD Rj 
penalty, except that it would be based on the maximum predicted decrease in transient Faw(Z) 
margin for the next 7 EFPDs of operation (instead of the next 31 EFPDs). While performing the 
Surveillance on a 7 EFPD Frequency, the 7 EFPD Rj function would be used by the plant. If the 
plant decides to revert back to the required 31 EFPD Frequency for SR 3.2.1.2, the 31 EFPD Rj 
function would be used for the first Surveillance performed prior to increasing the Frequency 
back to 31 EFPDs (i.e., based on the planned time interval before the next performance of SR 
3.2.1.2). 

The following is the specific justification for basing the calculated Rj factor on only the predicted 
trend in the future transient Faw(Z) margin, and not including the effect of measurements from 
past operation or additional uncertainty. 

The purpose of the Rj factor is to ensure that the Faw (Z) limit will not be exceeded prior to the 
performance of the next Faw(Z) surveillance. Rj is not used in the plant safety analysis. The 
measured trend in the transient Faw(Z) margin is significantly affected by the burnup dependent 
behavior of the predicted surveillance factors T(Z) and W(Z). In other words, the predicted T(Z) 
and W(Z) surveillance factors affect both the predictions and measurements of the transient 
Faw(Z) margin by the same amount. Only the radial component of the measured power 
distribution (Fxv(Z)) affects the transient Faw(Z) margin for RAOC plants. This steady state radial 
component varies much more slowly with burnup than the Faw(Z) value, which is affected by • 
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• both radial and axial trends. 

• 

• 

As discussed in the response to RAI No. 6, it has been shown that trends in Fa c(Z) margin do 
not always correlate with trends in the Faw(Z) margin, because of the effect of the surveillance 
factor variations with burn up. Furthermore, the observed trend in Fa c(Z) margin for the past 31 
EFPDs of operation may not be indicative of the expected decrease or increase in Faw(Z) 
margin over the next 31 EFPDs of operation. The Fac(Z) margin may increase during one 31 
EFPD period and then decrease during the next 31 EFPD period, and it may even oscillate in 
both directions over several 31 EFPD surveillances. These increases and decreases in 
observed Fac(Z) margin may be real (due to fuel depletion effects), however they may also be 
due to the random uncertainties associated with all power distribution measurements. They 
could also be due to minor operational differences, such as operating at a few percent different 
AFD (within the allowed AFD band) between 31 EFPD power distribution surveillances. 

See the response to RAI 4b, regarding the uncertainties for the T(Z) surveillance factors. 

In the event there is some unpredicted, but real anomaly occurring in the core, which results in 
the Faw(Z) margin decreasing faster than predicted, the anomaly will most likely develop slowly 
and be observable over several power distribution measurements before the Fa limit is actually 
challenged (e.g., CIPS). Guidance has been issued by Westinghouse for identifying slowly 
developing radial and axial power anomalies such as CIPS, and evaluating the effect of their 
occurrence before the Fa limit is challenged. Quadrant Power Tilt Ratio (QPTR) monitoring will 
ensure that any more rapidly developing disturbances in the radial power distribution are 
identified between 31 EFPD surveillances, and the Required Actions for exceeding the QPTR 
limit require that the Fac(Z) and Faw(Z) surveillances be performed to determine the current 
operating margin. Finally, it should be noted that the calculations performed to develop the 
predicted Rj penalties are conservative, because they base the penalty for the next 31 EFPD of 
operation on the most conservative result obtained from 1/8 month interval segments in the next 
31 EFPDs (see equation 5-9 in WCAP-17661-P). 

Response to 13b: 

The key attributes/improvements of the revised Fa Technical Specification Surveillance 
methodology can be summarized as follows, and related to the specific changes in the 
Technical Specifications 3.2.18 and 3.2.1 C: 

1) The formulation for determining the measured transient Faw (Z) in RAOC plants has 
been revised to be less sensitive to the ability to predict the actual steady state axial 
,power shape conditions where the surveillances are performed. 

This is related to the use of the new T(Z) surveillance factor, which no longer includes 
the steady state axial power shape in the denominator, relative to the original W(Z) 
factor. 

2) Correction factors have been defined for the new Fa surveillance equations which 
correct the results for any remaining errors associated with the actual plant conditions 
where the surveillance is performed, which may differ from the predicted surveillance 
condition. These factors are the Axv(Z) factors for RAOC plants and the Aa(Z) factors for 
CAOC plants, which have been added to the respective equations used to perform the 
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Faw(Z) surveillance (see equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661-P). Multiple 
methods have been presented for representing the Axv(Z) and Aa(Z) factors. This 
includes the very simple assumption of unity for the factors, all the way up to rigorous 
calculation of the factors at the specific conditions of each surveillance. 

3) The Fa surveillance equations have been changed to appropriately correct for the 
performance of surveillances at part power conditions. This is done by moving the 
relative power term of the condition where the surveillance is performed out of the 
surveillance factors (i.e., T(Z) and W(Z)) and into the actual surveillance equations (see 
equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661-P). For power levels less than 50% 
RTP, ttie Fa limits are correctly evaluated at the 50% RTP power level. 

4) Required Actions for cases where Faw(Z) exceeds the Fa limit have been more 
rigorously defined, and eliminate all reliance on "rules of thumb" that may not be strictly 
applicable in all situations. This is implemented through the possible application of new 
RAOC or CAOC operating spaces, or through the pre-defined limitations on power and 
AFD provided in the COLR, which are rigorously calculated using the standard NRC 
approved analysis methods. These changes ensure that corrective actions taken in the 
rare circumstances when Fa w(Z) exceeds the Fa limit will be effective at restoring the 
necessary margin. 

• 

5) The application of the burn up dependent penalty factor (Rj) to account for predicted 
decreases in the transient Faw(Z) margin during the next 31 EFPDs has been modified 
to apply to all surveillances, independent of the trends in measured Fa c(Z) margin. This 
is implemented by incorporating Rj into the surveillance equations (see equations 5-1, 5- • 
2, 8-1, and 8-2 in WCAP-17661-P) and eliminating the conditional application of the 
penalty factor in the Technical Specification surveillances. This improvement corrects 
cases where the measured trend in Fac(Z) margin from the previous 31 EFPDs may be 
increasing, but the trend in Faw(Z) margin is decreasing due to changes in the 
surveillance factor data. 

6) Requirements to perform SR 3.2.1.1 and 3.2.1.2 have been clarified in cases where 
Fac(Z) and F0w(Z) exceed the Fa limit. In any case where one or both parameters 
exceed the limit, both surveillances are required to be performed by the Technical 
Specifications Required Actions. 

7) The Fa surveillance Technical Specifications have been revised to rely on Fac(Z) 
surveillances during the initial power ascension after a refueling to demonstrate that 
continued power ascension is justified. The first Faw(Z) surveillance is not specifically 
required to be performed until 24 hours after the plant reaches equilibrium conditions at 
a power level greater than 75% RTP. This change recognizes the technical fact that the 
surveillance factors needed to perform an accurate Faw(Z) surveillance at a very low 
THERMAL POWER levels are difficult to accurately calculate in advance of the 
surveillance, and that the most accurate Faw(Z) surveillances will be obtained from 
equilibrium conditions at greater than 75% RTP. The change is justified by the fact that 
the Fa c(Z) surveillances confirm the core is behaving as predicted, and the initial power 
ascension after a refueling outage is performed in a slow, controlled manner, until the 
fuel is conditioned. The first Faw(Z) surveillance that is performed following a refueling 
justifies operation at 100% RTP over the next 31 EFPDs, under potential transient • 
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operation. 

In summary, a number of improvements have been made to the Fa Technical Specification 
surveillance methodology for RAOC and CAOC plants, which improve the expected accuracy of 
the surveillances, and which provide Required Actions that are demonstrated to be effective at 
restoring the required margin in the event the Fa limit is exceeded. 

Response to 13c: 

The choice of a 4-loop Westinghouse plant for performing the demonstration calculations 
supporting the results shown in WCAP-17661-P does not affect any of the methods or 
justifications discussed in WCAP-17661-P. Standard RAOC and CAOC calculations are 
routinely performed for all types of Westinghouse NSSS plants, and for other types of PWRs 
which are licensed using the Westinghouse safety analysis methodology. In generating a COLR 
for a different type of plant, or even for a 4-loop plant with a different fuel type or FrH limit, it 
would be expected that the rod insertion limits and allowed AFD operating bands could be 
significantly different than those presented in WCAP-17661-P. Also, the margin gains 
associated with implementing a different operating space, or a power reduction could be 
different as well. However, all the methods for performing the calculations remain applicable. 
Actual violations of the Fa limit are unlikely based on past operating experience, and will 
continue to be so in the future. However, the implementation of a more rigorous approach to 
define the Required Actions in the event of an Fa violation will ensure that this key safety 
analysis parameter is expeditiously restored to within it limit, if the limit is not met. 
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RAI No. 14: Adjustment factor for the radial peaking factor (Axv(z)) 

Background 

Appendix C, "Sample COLR Input for a RAOC Plant," indicates in limit C.2.2.6 that "Axv(z) may 
be assumed equal to 1.0 or may be determined for specific surveillance conditions using the 
approved methods listed in TS 5.6.5." This follows discussion contained in Sections 4.3 and 
6.4 of the main topical report. 

Issue and Request 

Regarding Method 2 as described in Licensing Topical Report (L TR} Section 4.3: 

a. Provide a comprehensive list of all approved methods that may be used to 
calculate Axv(z), according to Method 2. 

b. Since Axv(z) is a factor used to scale a surveillance value that is us~d to confirm 
adherence to a cycle-specific parameter operating limit, its reciprocal could, if 
applied to the operating limit, be considered a cycle (or, more specifically, 
situation)-specific scaling factor for a parameter operating limit. The core physics 
methodology, or computer code, used to calculate this value would need to be 
referenced in the TS COLR References list, for consistency with Generic Letter 
1988-16 guidance. 

C. Explain whether Axy(z) is calculated on-site by an implementing licensee, or 
whether Westinghouse or the PWROG, as supporting vendors, calculate these 
values. 

d. Provide the procedures or engineering guidelines for calculating these values for 
NRG staff review. 

Regarding Methods 3 and 4 as described in L TR Section 4.3: 

e. Various passages of text in the L TR appear to acknowledge many shortcomings 
associated with these methods. For example, Page 6-3 states, "Obviously, this · 
method is somewhat awkward given the large number of values that must be 
pre-calculated and the need to determine appropriate values for intermediate 
power levels and rod positions." Explain what benefit offering these methods 
provide to any implementing licensee: why make this option available? 

Regarding Axv{z) in general: 

f. The text in Section 4.3 suggests that incorporating an Axv(z) term in the 
surveillance formulation is optional. For example, Page 4-9 states, " ... use of 
these factors should be an option ... " Explain how Axv(z) is applied if its value is 
greater than 1. 

g. Section 6.4 described Axv(z) values for initial power ascension. If the Faw(z) 
surveillance is not intended to be performed until after a period of equilibrium 
operation after exceeding a threshold power level, explain why the Axv(z) factors 
are necessary or desired for initial power ascension. 
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• Response to RAI No. 14: 

• 

• 

Response to 14a: 

If Method 2 is used to calculate Axv(Z) for a RAOC plant, it will be done using Equation 4-35 in 
WCAP-17661-P, using an NRC approved 30 nuclear code such as the Westinghouse ANC 
code (WCAP-10965-P-A) or the Westinghouse BEACON Core Monitoring System (WCAP-
124 72-P-A). Both codes are capable of calculating the Fxv values needed to evaluate the Axv(Z) 
factor, and are approved by the NRC. An ANC calculation would have to be manually performed 
by a qualified user, who would input the conditions of the surveillance directly to the code. The 
calculation could be automated in the BEACON Core Monitoring System, as this code is 
currently used to perform the Fa surveillance measurements for many Westinghouse NSSS 
plants, and the specific plant conditions where the surveillance will be performed would be 
available from the plant computer interface with the BEACON system. The calculation could 
also be performed using another NRC approved computer code capable of calculating the 
necessary Fxv values to solve Equation 4-35. 

Response to 14b: 

It is agreed that WCAP-17661-P would need to be added to the plant specific TS list of COLR 
references as required by NRC GL 88-16. In addition, the topical report describing the­
calculational methods used for the RAOC or CAOC al")alysis would be retained, to support the 
nuclear design analysis methods that will be used (for example, WCAP-10216-P-A, Part A; for a 
RAOC plant). The approved nuclear codes and core physics methods topicals used for a 
particular plant are typically referenced in the Nuclear Design section of the plant's updated final 
safety analysis report, as required by NUREG-0800, Standard Review Plan .for the Review of 
Safety Analysis Reports for Nuclear Power Plants: LWR Edition. 

Response to 14c: 

Method 2 of performing the Axv(Z) calculations could be performed either by Westinghouse or .. 
another qualified supporting vendor responsible for generating the surveillance data, or it could 
be performed by the implementing licensee. If method 2 is used, the most likely implementation 
will be for the calculation to be performed by the implementing licensee during the performance 
of the surveillance, using an NRC approved computer code such as the BEACON Core 
Monitoring System (WCAP-12472-P-A). The BEACON Core Monitoring System contains the 
Westinghouse ANC nuclear methods, in a model which is automatically calibrated to match 
plant measured data during operation of the plant. 

Response to 14d: 

Specific implementing procedures or engineering guidelines have not been developed yet, since 
they need to be consistent with the final NRC approval of the methodology contained in WCAP-
17661. However, as stated in Section 4.3.2 ofWCAP-17661-P, the calculation of the Fxv 
parameters needed to solve Equation 4-35 involves two straightforward core calculations: one 
at the reference conditions assumed for the COLR T(Z) values (e.g., 100% RTP, all rods out, 
equilibrium xenon) and one at the actual conditions of the Fa w(Z) surveillance, which may be at 
a reduced power level and have some control bank insertion. The calculation of Fxv radial 
peaking factors has been a standard part of Westinghouse nuclear design methods ever since 
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synthesis procedures were approved by the NRC in WCAP-8385, "Power Distribution Coqtrol • 
and Load Following Procedures." 

Response to 14e: 

The objective of identifying multiple methods is to provide plants with the maximum flexibility for 
implementation of the methodology. Method 2 will be very easy to implement once incorporated 
directly into the BEACON Core Monitoring System. However, Method 1 is acceptable for most 
Faw(z) surveillances. Methods 3 and 4 are intended for plants that may routinely perform Faw(z) 
surveillances at conditions significantly different than those assumed in generating the T(Z) 
surveillance factors, and who do not use the BEACON Core Monitoring System. 

However, all of the methods are acceptable and will provide accurate results. 

Response to 14f and 14g: 

When detailed calculations of Axv(Z) are performed using one of the methods defined in WCAP-
17661-P, the function is applied as a direct multiplier to the Faw(Z), as shown in Equations 5-1 
and 5-2 of WCAP-17661-P. The value is applied as calculated by the NRC approved nuclear 
code, irrespective of whether or not the calculated value is greater than, less than, or equal to 
1.0. The Axv(Z) factor corrects the analytical T(Z) surveillance factors because the Fxv(Z) 
distribution that is used in the denominator of T(Z) was generated at an assumed condition 
which is not consistent with the actual conditions where the surveillance is performed. The 
measured Fxvdistribution (i.e.,[Fxy(z)U'1urv) from the movable incore detector system is still • 
incorporated directly into the Faw(z) surveillance result. 

The change to the initial performance of SR 3.2.1.2 after a refueling within 24 hours after 
achieving equilibrium conditions after THERMAL POWER exceeds 75% RTP is necessary so 
that, future surveillances of Faw (z) will be performed at core conditions that are very close to 
those used in generating the T(Z) surveillance factors, and there will be no significant error 
introduced by assuming that Axv(Z) is unity. In this case, it would not be necessary to provide 
Axv(Z) values in the COLR, or calculate them using Method 2 during the performance of the 
surveillance. 
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3.2 POWER DISTRIBUTION LIMITS 

Fa(Z) (RAOC-W(Z) Methodology) 
3.2.18 

3.2.18 Heat Flux Hot Channel Factor (Fa(Z) (RAOC-W(Z) Methodology) 

LCO 3.2.18 F0 (Z), as approximated by Fg (Z) and F6' (Z), shall be within the limits 
specified in the COLR. 

APPLICABILITY: MODE 1. 

ACTIONS 

CONDITION 

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

Fg(Z) not within limit. 

Westinghouse STS 
WCAP-17661-NP-A 

A.1 

AND 

A.2 

AND 

A.3 

~ 

A.4 

REQUIRED ACTION 

Reduce THERMAL 
POWER .::: 1 % RTP for 
each 1% Fg (Z) exceeds 
limit. 

Reduce Power Range 
Neutron Flux - High trip 
setpoints .::: 1 % for each 
1 % Fg (Z) exceeds limit. 

Reduce Overpower I),. T trip 
setpoints .::: 1 % for each 
1 % Fg (Z) exceeds limit. 

Perform SR 3.2.1.1 and 
SR 3.2.1.2. 

3.2.18-1 

COMPLETION TIME 

15 minutes after each 
Fg(Z) determination 

72 hours after each 
Fg (Z) determination 

72 hours after each 
Fg (Z) determination 

Prior to increasing 
THERMAL POWER 
above the limit of 
Required Action A.1 
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ACTIONS (continued) 

CONDITION 

B. ------------NOTE------------ B.1 
Required Action B.4 
shall be completed 
whenever this Condition 
is entered. AND 
--------------------------------

B.2 
F~ (Z) not within limits. 

AND 

B.3 

AND 

B.4 

C. Required Action and C.1 
associated Completion 
Time not met. 

Westinghouse Non-Proprietary Class 3 
Fo(Z) (RAOC-W(Z) Methodology) 

3.2.1B 

REQUIRED ACTION COMPLETION TIME 

Reduce AFD limits .:: 1 % for 4 hours 
each 1% F~ (Z) exceeds 
limit. 

Reduce Power Range 72 hours 
Neutron Flux - High trip 
setpoints .:: 1 % for each 1 % 
that the maximum allowable 
power of the AFD limits is 
reduced. 

Reduce Overpower ~T trip 72 hours 
setpoints .:: 1 % for each 1 % 
that the maximum allowable 
power of the AFD limits is 
reduced. 

Perform SR 3.2.1.1 and Prior to increasing 
SR 3.2.1.2. THERMAL POWER 

above the maximum 
allowable power of 
the AFD limits 

Be in MODE 2. 6 hours 

Westinghouse STS 
WCAP-17661-NP-A 
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SURVEILLANCE REQUIREMENTS 

Fo(Z) (RAOC-W(Z) Methodology) 
3.2.18 

-----------------------------------------------------------NOTE--------------------------------------------------------
During power escalation at the beginning of each cycle, THERMAL POWER may be increased 
until an equilibrium power level has been achieved, at which a power distribution map is 
obtained. 

SURVEILLANCE 

SR 3.2.1.1 Verify F5 (Z) is within limit. 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

• 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after • 
exceeding, by 

3.2.18-3 

~ 10% RTP, the 
THERMAL 
POWER at which 
F5(Z) was last 
verified 

AND 

[ 31 EFPD 
thereafter 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 
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F0 (Z) (RAOC-W(Z) Methodology) 

3.2.1B 

SURVEILLANCE REQUIREMENTS continued 

SR 3.2.1.2 

SURVEILLANCE 

-------------------------------NOTE----------------------------
lf measurements indicate that the 

maximum over z [ F5(Z) I K(Z)] 

has increased since the previous evaluation of 
F5(Z): 

a. Increase F6" (Z) by the greater of a factor of 
[1.02] or by an appropriate factor specified in 
the COLR and reverify F6" (Z) is within limits or 

b. Repeat SR 3.2.1.2 once per 7 EFPD until either 
a. above is met or two successive flux maps 
indicate that the 

maximum over z [ F5 (Z) / K(Z) ] 

has not increased . 

Verify F6" (Z) is within limit. 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER exceed­
ing 75% RTP 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after 
exceeding, by 
.:: 10% RTP, the 
THERMAL 
POWER at which 
F6" (Z) was last 
verified 

Westinghouse STS 
WCAP-17661-NP-A 
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Fa(Z) (RAOC-W(Z) Methodology) 

SURVEILLANCE REQUIREMENTS continued 

SURVEILLANCE 

3.2.1B-5 

. 3.2.1B 

FREQUENCY 

[ 31 EFPD 
thereafter 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 
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F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

B 3.2 POWER DISTRIBUTION LIMITS 

B 3.2.1 B Heat Flux Hot Channel Factor (Fa(Z) (RAOC-W(Z) Methodology) 

BASES 

BACKGROUND The purpose of the limits on the values of Fa(Z) is to limit the local 
(i.e., pellet) peak power density. The value of Fa(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, Fa(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 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 Limits," maintain the core limits on 
power distributions on a continuous basis. 

• 

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

Fa(Z) is measured periodically using the incore 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 F0 (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 nonequilibrium situations 
such as load following or power ascension. 

To account for these possible variations, the equilibrium value of Fa(Z) is 
adjusted as F<f (Z) by an elevation dependent factor that accounts for the 
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. 
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BASES. 

APPLICABLE 
SAFETY 
ANALYSES 

LCO 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.18 

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

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 DNB 
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 SOM with the highest worth control rod stuck fully 
withdrawn (Ref. 3). 

Limits on F0 (Z) ensure that the value of the initial total peaking factor 
assumed in the accident analyses remains valid. Other criteria must also 
be met (e.g., maximum cladding oxidation, maximum hydrogen 
generation, coolable geometry, and long term cooling). However, the 
peak cladding temperature is typically most limiting. 

Fa(Z) limits assumed in the LOCA analysis are typically limiting relative to 
(i.e., lower than) the F0 (Z) limit assumed in safety analyses for other 
postulated accidents. Therefore, this LCO provides conservative limits for 
other postulated accidents 

Fa(Z) satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii). 

The Heat Flux Hot Channel Factor, F0 (Z), shall be limited by the following 
relationships: 

Fa(Z) s (CFO / P) K(Z) 

Fa(Z) s (CFO / 0.5) K(Z) 

for P > 0.5 

for P s O.S-

where: CFO is the F0 (Z) limit at RTP provided in the COLR, 

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

P = THERMAL POytER / RTP 

Westinghouse STS 
WCAP-17661-NP-A 
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BASES 

LCO (continued) 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

For this facility, the actual values of CFO and K(Z) are given in the COLR; 
however, CFO is normally a number on the order of [2.32], and K(Z) is a 
function that looks like the one provided in Figure B 3.2.1 B-1. 

For Relaxed Axial Offset Control operation, Fa(Z) is approximated by 
F8(Z) and Ft(Z). Thus, both F8(Z) and Ft(Z) must meet the preceding 
limits on F0 (Z). 

An F8(Z) evaluation requires obtaining an incore flux map in MODE 1. 

From the incore flux map results we obtain the measured value ( F~(Z)) of 

F0 (Z). Then, 

F8(Z) = F~(Z) [1.0815] 

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

F8(Z) is an excellent approximation for F0 (Z) when the reactor is at the 

steady state power at which the incore flux map was taken. 

The expression for Ft (Z) is: 

Ft(Z)= F8(Z)W(Z) 

where W(Z) is a cycle dependent function that accounts for power 
distribution transients encountered during normal operation. W(Z) is 
included in the COLR. The F8(Z) is calculated at equilibrium conditions. 

The Fa(Z) limits define limiting values for core power peaking that 
precludes peak cladding temperatures above 2200°F during either a large 
or small break LOCA. 

This LCO requires operation within the bounds assumed in the safety 
analyses. 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 F0 (Z) limits. If F8(Z} cannot be 
maintained within the LCO limits, reduction of the core power is required 
and if Ft (Z) cannot be maintained within the LCO limits, reduction of the 
AFD limits is required. Note that sufficient reduction of the AFD limits will 
also result in a reduction of the core power. 

\ 
Violating the LCO limits for F0 (Z) produces unacceptable consequences if 
a design basis event occurs while F0 (Z) is outside its specified limits. 

Westinghouse STS 
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INSERT 1 

The various factors in this expression are defined below: 

FxvM(z) is the measured radial peaking factor at axial location z and is equal to the value of 
F0 M(z)/PM(z), where pM(z) is the measured core average axial power shape. 

[T(z)f0 LR is the cycle and burnup dependent function, specified in the COLR, which accounts for power 
distribution transients encountered during non-equilibrium normal operation. [T(z)f0 LRfunctions are 
specified for each analyzed RAOC operating space (i.e., each unique combination of AFD limits and 
Control Bank Insertion Limits). The [T(z)f0 LR 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 maximum 
values of [T(z)f0 LR_ The [T(z)f0 LR functions also account for the 
following 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)f0 LR 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)f0 LR values may be generated for a given surveillance core condition. 

P is the THERMAL POWER/ RTP . 

Axv(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 FxvM(z) to the reference core conditions assumed in generating the [T(z)f0 LR 
factors. Normally, this reference core condition is HFP, ARO, EQXE. For simplicity, Axv(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 Axv(z) may be used. Sub-factors of 
Axv(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 FxvM(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 FxvM(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, Axv(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 burnup dependent analytical factor specified in the COLR that accounts for potential 
increases in F0w(z) between Surveillances. Rj values are provided for each RAOC operating space. 

-----------------------------------------------REVIEW ER'S NO TE--------------------------------------------------------
W CAP-17661-P-A, "Improved RAOC and CAOC Fa 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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BASES 

APPLICABILITY 

ACTIONS 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

The F0 (Z) limits must be maintained in MODE 1 to prevent core power 
distributions from exceeding the limits 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. 

Reducing THERMAL POWER by~ 1% RTP for each 1 % by which F8(Z) 

exceeds its limit, maintains an acceptable absolute power density. F8(Z) 

is F~(Z) multiplied by a factor accounting for manufacturing tolerances 

and measurement uncertainties. F~(Z) is the measured value of F0 (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 F8(Z) and would 

require power reductions within 15 minutes of the F8(Z) determination, if 

necessary to comply with the decreased maximum allowable power level. 
Decreases in F8(Z) would allow increasing the maximum allowable 

power level and increasing power up to this revised limit. 

A reduction of the Power Range Neutron Flux - High trip setpoints by 
~ 1 % for each 1 % by which F8 (Z) exceeds its 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 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 A.2 may be affected ~y subsequent determinations of F8(Z) and 

would require Power Range Neutron Flux - High trip setpoint reductions 
within 72 hours of the F8(Z) determination, if necessary to comply with 

the decreased maximum allowable Power Range Neutron Flux - High trip 
setpoints. Decreases in F8 (Z) would allow increasing the maximum 

allowable Power Range Neutron Flux - High trip setpoints. 

Westinghouse STS 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

ACTIONS (continued) 

Reduction in the Overpower~ T trip setpoints (value of~) by ~ 1 % for 
each 1 % by which F8(Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action A.1. The maximum allowable 
Overpower~ T trip setpoints initially determined by Required Action A.3 
may b.9 affected by subsequent determinations of F5(Z) and would 

require Overpower~ T trip setpoint reductions within 72 hours of the 
· F8(2) determination, if necessary to comply with the decreased maximum 

allowable Overpower~ T trip setpoints. Decreases in F8 (Z) would allow 

increasing the maximum allowable Overpower~ T trip setpoints. 

A.4 

Verification that F8(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 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 

If it is found that the maximum calculated value of F0 (Z) that can occur 
during normal maneuvers, Ft (Z), exceeds its specified limits, there exists 

a potential for F8(2) to become excessively high if a normal operational 

transient occurs. Reducing the AFD by ~ 1 % for each 1 % by which 
Ft (Z) exceeds its limit within the allowed Completion Time of 4 hours, 
restricts the axial flux distribution such that even if a transient occurred, 
core peaking factors are not exceeded . 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

ACTIONS (continued) 

The implicit assumption is that if W(Z) values were recalculated 
(consistent with the reduced AFD limits), then F8(Z) times the 

recalculated W(Z) values would meet the Fa(Z) limit. Note that complying 
with this action (of reducing AFD limits) may also result in a power 
reduction: Hence the need for Required Actions B.2, B.3 and B.4. 

A reduction of the Power Range Neutron Flux-High trip setpoints by ~ 1 % 
for each 1 % by which the maximum allowable power is reduced, 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 as a result of reducing AFD limits in accordance with Required 
Action B.1. 

Reduction in the Overpower ti T trip setpoints value of K,i by ~ 1 % for each 
1 % by which the maximum allowable power is reduced, 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 as a 
result of reducing AFD limits in accordance with Required Action B.1. 

Verification that Ft (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 maximum allowable power limit imposed by Required Action B.1 
ensures that core conditions during operation at higher power levels and 
future operation are consistent with safety analyses assumptions. 

Condition B is modified by a Note that requires Required Action BA 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 B.1, even when 
Condition A is exited prior to performing Required Action B.4. 

• 

• 

Performance of SR 3.2.1.1 and SR 3.2.1.2 are necessary to assure Fa(Z) • 
is properly evaluated prior to increasing TH.ERMAL POWER. 
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Westinghouse Non-Proprietary Class 3 
INSERT 2 

•. 1.2 

If it is found that the maximum calculated value of Fa(Z) that can occur during normal maneuvers, Faw (Z), exceeds its 
specified limits, there exists a potential for F8(Z) to become excessively high if a normal operational transient occurs. As 

discussed above, Required Action 8.1.1 requires that a new RAOC operating space be implemented to restore Fa w(Z) to 
within its limits. Required Action 8.1.2 requires that SR 3.2.1.1 and SR 3.2.1.2 be performed if control rod motion occurs 
as a result of implementing the new RAOC operating space in accordance with Required Action 8.1.1. The performance 
of SR 3.2.1.1 and SR 3.2.1.2 is necessary to assure Fa(Z) is properly evaluated after any rod motion resulting from the 
implementation of a new RAOC operating space in accordance with Required Action 8.1.1. 

When Faw (Z) exceeds its limit, Required Action 8.2.1 may be implemented instead of Required Action 8.1. Required 
Action B.2.1 limits THERMAL POWER to less than RATED THERMAL POWER by the amountspecified 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 Fa w(Z) limit, then Required Action 8.2.1 must be eritered and 
THERMAL POWER must be limited to less than or equal to 50% RTP 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. 

If the required Faw (z) margin improvement exceeds the margin improvement available from the pre-analyzed THERMAL 
POWER and AFD reductions provided in the COLR, then THERMAL POWER must be further reduced to less than or 
equal to 50% RTP. In this case, reducing THERMAL POWER to less than or equal to 50% RTP will provide additional 

•

argin in the transient_Fa by the required change in THERMAL POWER and the increase in the Fa limit. This will ensure 
at the Fa limit'is met during transient operation that may occur at or below 50% RTP. · · . 

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 by Required Action B.2.1 may be affected by subsequent determinations of 
Faw (Z) and would require power reductions within 4 hows of the Faw (Z) determination, if necessary to comply with the 
decreased THERMAL POWER limit. Decreases in Faw(Z) would allow increasing the THERMAL POWER limit and 
increasing THERMAL POWER up to this revised limit. · · 

Required Action B.2.1 is modified by a Note that states Required Action B.2.4 shall be completed whenever Required 
Action B.2.1 is performed prior to increasing THERMAL POWER above the limit of Required Action B.2.1. 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 8.2.1. 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. 

If an Fa surveillance is performed at 100% RTP conditions, and both Fa c{Z) and Faw(Z) exceed their limits, the option to 
reduce the THERMAL POWER limit in accordance with proposed Required Action B.2.1 instead of implementing a new 
operating space in accordance with proposed Required Action 8.1, will result in a further power reduction after Required 
Action A.1 has been completed. However, this further power reduction would be permitted to occur over the next 4 hours. 
In the event the evaluated THERMAL POWER reduction in the COLR for proposed Required Action B.2.1 did not result in 
a further power reduction (for example, if both Condition A and Condition B were entered at less than 100% RTP 
conditions), then the THERMAL POWER level established as a result of completing Required Action A.1 will take 

.recedence, and will establish the effective operating power level limit for the unit until both Conditions A and Bare exited. 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

ACTIONS ( continued) 

SURVEILLANCE 
REQUIREMENTS 

If Required Actions A.1 through A.4 or B.1 through B.4 are 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. 

SR 3.2.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies 
during the first power ascension after a refueling. It states that 
THERMAL POWER may be increased until an equilibrium power level 
has been achieved at which a power distribution map can be obtained. 
This allowance is modified, however, by one of the Frequency conditions 
that requires verification that F8 (Z) and FJ' (Z) are within their specified 
limits after a power rise of more than 10% RTP over the THERMAL 
POWER at which they were last verified to be within specified limits. 
Because F5(Z) and Ft(Z) could not have previously been measured in 
this reload core, there is a second Frequency condition, applicable only 
for reload cores, that requires determination of these parameters before 
exceeding 75% RTP. This ensures that some determination of F8(Z) and 
Ft (Z) are made at a lower power level at which adequate margin is 
available before going to 100% RTP. Also, this Frequency condition, 
together with the Frequency condition requiring verification of F8(Z) and 
FJ' (Z) following a power increase of more than 10%, ensures that they 

are verified as soon as RTP (or any other level for extended operation) is 
achieved. In the absence of these Frequency conditions, it is possible to 
increase power to RTP and operate for 31 days wi.thout verification of 
F8(Z) and Ft (Z). The Frequency condition is not intended to require 
verification of these parameters after every 10% increase in power level 
above the last verification. It only requires verification after a power level 
is achieved for extended operation that is 10% higher than that power at 
which F0 (Z) was last measured. 
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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.1 

Verification that F8(Z) is within its specified limits involves 

increasing F~(Z) to allow for manufacturing tolerance and measurement 

uncertainties in order to obtain F8(Z). Specifically, F~(Z) is the 
measured value of Fa(Z) obtained from incore flux map results and 
F8(Z) = F~(Z) [1.0815] (Ref. 4). F8(Z) is then compared to its specified 

limits. 

The limit with which F8(Z) is compared varies inversely with power above 
50% RTP and directly with a function caUed K(Z) provided in the COLR. 

Performing this Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the F8(Z) limit is met whe,n RTP is achieved, because 
peaking factors generally decrease as power level is increased. 

If THERMAL POWER has been increased by ~ 10% RTP since the last 
determination of F8 (Z), another evaluation of this factor is required 
[12] hours after achieving equilibrium conditions at this higher power level 
(to ensure that F8(Z) values are being reduced sufficiently with power 

increase to stay within the.LCO limits). 

[ The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution with core burnup because such changes are slow and well 
controlled when the plant is operated in accordance with the Technical 
Specifications (TS). 

OR 

The Surveillance Frequency is controlled un,der the Surveillance 
Frequency Control Program. 

-----------------------------------REVIEWER'S NOTE-----------------------------------
Plants controlling 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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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.18 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.2 

The nuclear design process includes calculations performed to determine 
that the core can be operated within the F0 (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 
maximum peaking factor increase over steady state values, calculated as 
a function of core elevation, Z, is called W(Z). Multiplying the measured 
total peaking factor, F5(Z), by W(Z) gives the maximum F0 (Z) calculated 

to occur in normal operation, Ft (Z}. 

The limit with which Ft (Z} is compared varies inversely with power above 
50% RTP and directly with the function K(Z) provided in the COLR. 

The W(Z) curve is provided in the COLR for discrete core elevations. 
Flux map data are typically taken for 30 to 75 core elevations. Ft (Z} 

evaluations are not applicable for the following axial core regions, 
measured in percent of core height: 

a. Lower core region, from Oto 15% inclusive and 

b. Upper core region, from 85 to 100% inclusive. 

The top and bottom 15% of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in 
the safety analyses and because of the difficulty of making a precise 
measurement in these regions. 

This Surveillance has been modified by a Note that may require that more 
frequent surveillances be performed. If Ft (Z} is evaluated, an evaluation 

of the expression below is required to account for any increase to F~(Z} 

that may occur and cause the F0 (Z) limit to be exceeded before the next 
required F0 (Z) evaluation. 

If the two most recent F0 (Z) evaluations show an increase in the 
expression maximum over z [ F8(Z} I K(Z) ], it is required to meet the 
F0 (Z) limit with the last Ft (Z} increased by the greater of a factor of 
[1.02] or by an appropriate factor specified in the COLR (Ref. 5) 
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Westinghouse Non-Proprietary Class 3 

INSERT 3· 

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

For RAOC operation, the analytical [T(z)f0
LR functions, specified in the COLR for each RAOC 

operating space, are used together with the measured Fxv(z) values to estimate Fa(z) for non­
equilibrium operation within the RAOC operating space. When the Fxv(z) values are measured at HFP 
ARO conditions (Axv(z) equals 1.0), Faw(z) is given by the following expression: 

Fa w(z) = FxvM(z) [T(z)f0
LR Rj [1.0815] 

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

The [T(z)f0
LR functions quantify these effects for the range of power shapes, control rod insertion, and 

power levels characteristic of the operating space. Multiplying [T(z)f0
LR by the measured full power, 

unrodded FxvM(z) value, and the factor that accounts for manufacturing and measurement uncertainties 
gives F0 w(z), the maximum total peaking factor postulated for non-equilibrium RAOC operation . 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

SURVEILLANCE REQUIREMENTS (continued) 

-----------------------------------REVIEWER'S NOTE-----------------------------------
WCAP-10216-P-A, Rev. 1A, "Relaxation of Constant Axial Offset Control 
and Fa Surveillance Technical Specification," February 1994, 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. 

or to evaluate F0 (Z) more frequently, each 7 EFPD. These alternative 
requirements prevent F0 (Z) from exceeding its limit for any significant 
period of time without detection. 

Performing the Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the F0 (Z) limit is met when RTP is achieved, because 
peaking factors are generally decreased as power level is increased. 

F0 (Z) is verified at power levels~ 10% RTP above the THERMAL 
POWER of its last verification, [12] hours after achieving equilibrium 
conditions to ensure that F0 (Z) is within its limit at higher power levels. 

• 

[ The Surveillance Frequency of 31 EFPD is adequate to monitor the • 
change of power distribution with core burnup. The Surveillance may be 
done more frequently if required by the results of F0 (Z) evaluations. 

The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution because such a change is sufficiently slow, when the plant is 
operated in accordance with the TS, to preclude adverse peaking factors 
between 31 day surveillances. 

OR 

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

----------------------------------REVIEWER'S NOTE------------------------------- . -
Plants controlling 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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INSERT 4 

SR 3.2.1.2 requires a Surveillance of Fa w(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 Faw(z). Also, 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 Faw(z) limit. This Frequency ensures that verification of Faw(z) is 
performed prior to extended operation at power levels where the maximum permitted 
peak LHR could be challenged by non-equilibrium operation. 

Equilibrium conditions are achieved when the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. 

If a previous Surveillance of Fa w(z) was performed at part power conditions, SR 3.2.1.2 
also requires that Faw(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 Faw(z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achieving equilibrium conditions will provide a 
more accurate measurement of Faw(Z) by allowing sufficient time to achieve equilibrium 
conditions and obtain the power distribution measurement while still requiring 
performance of the surveillance before the fuel becomes sufficiently conditioned such 
that load follow operation can be implemented . 
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Attachment 5 

Technical Specification 3.2.lC 

Heat Flux Hot Channel Factor Markups 
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Westinghouse Non-Proprietary Class 3 

3.2 POWER DISTRIBUTION LIMITS 

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

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

LCO 3.2.1C Fa(Z), as approximated by Fg (Z) and F6' (Z), shall be within the limits · 
specified in the COLR. 

APPLICABILITY: MODE 1. 

ACTIONS 

CONDITION 

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

Fg(Z) not within limit. 

A.1 

AND 

A.2 

AND 

A.3 

AND 

A.4 

REQUIRED ACTION 

Reduce THERMAL 
POWER ~ 1 % RTP for 
each 1 % Fg (Z) exceeds 
limit. 

Reduce Power Range 
Neutron Flux - High trip 
setpoints ~ 1 % for each 
1 % Fg (Z) exceeds limit. 

Reduce Overpower ~ T trip 
setpoints ~ 1 % for each 
1 % F5 (Z) exceeds limit. 

Perform SR 3.2.1.1 and 
SR 3.2.1.2. 

COMPLETION TIME 

15 minutes after each 
Fg(Z) determination 

72 hours after each 
Fg(Z) determination 

72 hours after each 
Fg (Z) determination 

Prior to increasing . 
THERMAL POWER 
above the limit of 
Required Action A.1 
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ACTIONS (continued) 

CONDITION 

B. ------------NOTE------------ B.1 
Required Action B.4 
shall be completed 
whenever this Condition 
is entered. 
-------------------------------- AND 

Fci' (Z) not within limits. B.2 

AND 

B.3 

AND 

B.4 

c. Required Action and C.1 
associated Completion 
Time not met. 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

3.2.1C 

REQUIRED ACTION COMPLETION TIME 

Reduce THERMAL 4 hours 
POWER 2': 1 % RTP for 
each 1% F'(; (Z) exceeds 
limit. 

Reduce Power Range 72 hours 
Neutron Flux - High trip 
setpoints 2': 1 % for each 1 % 
F'(; (Z) exceeds limit. 

Reduce Overpower !:i T trip 72 hours 
setpoints 2': 1 % for each 1 % 
Fci' (Z) exceeds limit. 

Perform SR 3.2.1.1 and Prior to increasing 
SR 3.2.1.2. THERMAL POWER 

above'the limit of 
Required Action B.1 

Be in MODE 2. 6 hours 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS 

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

-----------~--~-----------------~----------~----------~NOTE-----~---------------------------------~---------~----
During power escalation at the beginning of each cycle, THERMAL POWER may be increased 
until an equilibrium power level ha~ been achieved, at which a power distribution map is 
obtained. 
----------------------------------------------------------------------------------------------------------------. -----------

SURVEILLANCE 

SR 3.2.1.1 Verify F5 (Z) is within limit. 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

Once within 
[12] hours after 
achieving 

• 

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

AND 

[ 31 EFPD 
thereafter 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 
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Westinghouse Non-Proprietary Class 3 
. Fa(Z) (CAOC-W(Z) Methodology) 

SURVEILLANCE REQUIREMENTS continued 

SR 3.2.1.2 

SURVEILLANCE 

-------------------------------NOTE--------~--~----------------
lf measurements indicate that the maximum 
over z [ F5 (Z) / K(Z) ] has increased since the 
previous evaluation of F5 (Z): 

a. Increase Fci' (Z) by the greater of a factor of 
[1.02] or by an appropriate factor specified in 
the COLR and reverify Fci' (Z) is within limits or 

b. Repeat SR 3.2.1.2 once per 7 EFPD until either 
a. above is met or two successive flux maps 
indicate that the.maximum over z [F5(Z) / 
K(Z)] has not increased. 

Verify Fci' (Z) is within limit. 

3.2.1C 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after 
exceeding, by 
~ 10% RTP, the 
THERMAL 
POWER at which 
Fci' (Z) was last 
verified 

Westinghouse STS 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS continued 

SURVEILLANCE 

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

FREQUENCY 

[31 EFPD 
thereafter 

OR 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 

Rev. 4.0 
February 2019 

Revision 1 
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Westinghouse Non-Proprietary Class 3 

Attachment 6 

Technical Specification Bases 3.2.1 C 

Heat Flux Hot Channel Factor Markups 
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Westinghouse Non-Proprietary Gass 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

B 3.2 POWER DISTRIBUTION LIMITS 

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

BASES 

BACKGROUND The purpose of the limits on the values of Fa(Z) is to limit the local 
(i.e., pellet) peak power density. The value of Fa(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, Fa(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 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 Limits," maintain the core limits on 
power distributions on a continuous basis. 

• 

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

Fa(Z) is measured periodically using the incore 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 F0 (Z). However, because this value 
represents a equilibrium condition, it does not include the variations in the 
value of Fa(Z) which are present during nonequilibrium situations such as 
load following or power ascension. 

To account for these possible variations, the equilibrium value of Fa(Z) is 
adjusted as Ft (Z) by an elevation dependent factor that accounts for the 
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. 
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BASES. 

APPLICABLE 
SAFETY 
ANALYSES 

LCO 

Westinghouse Non-Proprietary Class 3 · 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

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

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 DNB 
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 SOM with the highest worth control rod stuck fully 
withdrawn (Ref. 3). 

Limits on F0 (Z) ensure that the value of the initial total peaking factor 
assumed in the accident analyses remains valid. Other criteria must also 
be met (e.g., maximum cladding oxidation, maximum hydrogen 
generation, coolable geometry, and long term cooling). However, the 
peak cladding temperature is typically most limiting. 

Fa(Z) limits assumed in the LOCA analysis are typically limiting relative to 
(i.e., lower than) the F0 (Z) limit assumed in safety analyses for other 
postulated accidents. Therefore, this LCO provides conservative limits for 
other postulated accidents. 

F0 (Z) satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii). 

The Heat Flux Hot Channel Factor, F0 (Z), shall be limited by the following 
relationships: 

Fa(Z) s ( CFQ/P ) K(Z) 

F0 (Z) s ( CFQ/0.5 ) K(Z) 

for P > 0.5 

for P s 0.5 

where: CFQ is the F0 (Z) limit at RTP provided in the COLR, 

K(Z) is the normalized F0 (Z) as a function of core height 
provided in the COLR, and 

P = THERMAL POWER/RTP 
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BASES 

LCO (continued) 

Westinghouse Non-Proprietary Class 3 
. Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

For this facility, the actual values of CFQ and K(Z) are given in the COLR; 
however, CFQ is normally a number on the order of [2.32], and K(Z) is a 
function that looks like the one provided in Figure B 3.2.1 C-1. 

For Constant Axial Offset Control operation, Fa(Z) is approximated by 
F8 (Z) and Ft (Z). Thus, both F8 (Z) and Ft (Z) must meet the preceding 
limits on Fa(Z). 

An F8(Z) evaluation requires obtaining an incore flux map in MODE 1. 
From the incore flux map results we obtain the measured value ( Fi(Z)) of 

Fa(Z). Then, 

F5(Z) = Fi(z) [1.0815] 

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

F8(Z) is an excellent approximation for Fa(Z) when the reactor is at the 
steady state power at which the incore flux map was taken. 

/ 

The expression for Ft (Z) is: 

Ft(Z) = F5(Z) W(Z) 

where W(Z) is a cycle dependent function that accounts for power 
distribution transients encountered during normal operation. W(Z) is 
included in the COLR. The Fg (Z) is calculated at equilibrium conditions. 

The Fa(Z) limits define limiting values for core power peaking that 
precludes peak cladding temperatures above 2200°F during either a large 
or small break LOCA. 

This LCO requires operation within the bounds assumed in the safety 
analyses. 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 Fa(Z) limits. If F8(Z) cannot be 

· maintained within the LCO limits, reduction of the core power is required. 

Violating the LCO limits for Fa(Z) produces unacceptable consequences if 
· a design basis event occurs while Fa(Z) is outside its specified limits. 
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Westinghouse Non-Proprietary Class 3 

INSERT 1 

[W(z)f0 LR is the cycle and burn up dependent function, specified in the COLR, which 
accounts for power distribution transients encountered during non-equilibrium normal 
operation. [W(z)f0 LRfunctions are specified for each analyzed CAOC operating space 
(i.e., each unique combination of AFD band and Control Bank Insertion Limits). The 
[W(z)f0 LR functions account for the limiting non-equilibrium axial power shapes 
postulated to occur during normal operation for each CAOC operating space. Limiting 
power shapes at both full and reduced power operation are considered in determining 
the maximum values of [W(z)f0 LR_ The [W(z)f0 LR 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-equilibrium 
xenon effects. The [W(z)f0 LR functions are normally calculated assuming that the 
Surveillance is performed at the Target Axial Offset core conditions. Surveillance 
specific [W(z)f0 LR values may be generated for a given surveillance core condition. 

P is the THERMAL POWER / RTP. 

A0 (z) is a cycle, burnup, and power dependent function specified in the COLR or 
determined at the time of the surveillance using an approved 30 core model and the 
methodology of Reference 6. It adjusts the measured F0 M(z) to the Target Axial Offset 
core conditions. For simplicity, A0 (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 Aa(z) may be used. 

Rj is a cycle and burnup dependent analytical factor specified in the COLR that accounts 
for potential increases in F0w(z) between Surveillances. Rj values are provided for each 
CAOC operating space. 

----------------------------------------REVIEWER'S NOTE----------------------------------------------
W CAP-17661-P-A, "Improved RAOC and CAOC Fa 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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BASES 

APPLICABILITY 

ACTIONS 

Westinghouse STS 
WCAP-17661-NP-A 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

The F0 (Z) limits must be maintained in MODE 1 to prevent core power 
distributions from exceeding the limits 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. 

Reducing THERMAL POWER by .?: 1 % RTP for each 1 % by which Fg (Z) 

exceeds its limit, maintains an acceptable absolute power density. F8(Z) 

is F~(Z) multiplied by a factor accounting for manufacturing tolerances 

and measurement uncertainties. F~(Z) is the measured value of F0 (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 tim~. The 
maximum allowable power level initially determined by Required Action 
A.1 may be affected by subsequent determinations of F8(Z} and would 

· require power reductions within 15 minutes of the F8(Z) determination, if 
necessary to comply with the decreased maximum allowable power level. 
Decreases in F8(Z) would allow increasing the maximum allowable 
power level and increasing power up to this revised limit. 

A reduction of the Power Range Neutron Flux - High trip setpoints by 
.?: 1 % for each 1 % by which F8(Z) exceeds its 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 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 A:2 may be affected by subsequent determinations of F8(Z) and 

would require Power Range Neutron Flux - High trip setpoint reductions 
within 72 hours of the F8(Z) determination, if necessary to comply with 
the decreased maximum allowable Power Range Neutron Flux - High trip 
setpoints. Decreases in F8(Z) would allow increasing the maximum 

allowable Power Range Neutron Flux - High trip setpoints. 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

Reduction in the Overpower D. T trip setpoints (value of K4) by ~ 1 % for 
each 1 % by which F8(Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action A.1. The maximum allowable 
Overpower D.T trip setpoints initially determined by Required Action A.3 
may be affected by subsequent determinations of F8(Z) and would 

require Overpower D. T trip setpoint r~ductions within 72 hours of the 
F8(Z) determination, if necessary to comply with the decreased maximum 

allowable Overpower D. T trip setpoints. Decreases in F8 (Z) would allow 

increasing the maximum Overpower D. T trip setpbints. 

A.4 

Verification that F8(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 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 

If it is found that the maximum calculated value of Fa(Z) that can occur 
during normal maneuvers, Ft (Z), exceeds its specified limits, there exists 

a potential for F8 (Z) to become excessively high if a normal operational 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

transient occurs. Reducing the THERMAL POWER by ~ 1 % RTP for 
each 1 % by which F<f (Z) exceeds its limit within the allowed Completion 
Time of 4 h<;;>Urs, maintains an acceptable absolute power density such 
that even if a transient occurred, core peaking factors are not exceeded. 

A reduction of the Power Range Neutron Flux-High trip setpoints by~ 1 % 
for each 1 % by which F<f (Z) exceeds its 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 
perio~ and the preceding prompt reduction in THERMAL POWER in 
accordance with Required Action 8.1. 

• 

Reduction in the Overpower Li T trip setpoints value of Ki by ~ 1 % for each • 
1 % by which F<f (Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action 8.1. 

Verification that F<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 8.1 ensures that core conditions 
during operation at higher power levels and future operation are 
consistent with safety analyses assumptions. 

Condition B is modified by a Note that requires Required Action 8.4 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 8.1, even when 
Condition A is exited prior to performing Required Action 8.4. 
Performance of SR 3.2.1.1 and SR 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 
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Westinghouse Non-Proprietary Class 3 

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 [W(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 

If it is found that the maximum calculated value of Fa(Z) that can occur during normal 
maneuvers, Faw(Z), exceeds its specified limits, there exists a potential for F5(Z) to 
become excessively high if a normal operational transient occurs. As discussed above, 
Required Action B.1.1 requires that a new CAOC operating space be implemented to 
restore Faw(Z) to within its limits. Required Action 8.1.2 requires that SR 3.2.1.1 and SR 
3.2.1.2 be performed if control rod motion occurs as a result of implementing the new 
CAOC operating space in accordance with Required Action B.1.1. The performance of 
SR 3.2.1.1 and SR 3.2.1.2 is necessary to assure Fa(Z) is properly evaluated after any 
rod motion resulting from the implementation of a new CAOC operating space in 
accordance with Required Action B.1.1. 

When Faw(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 Faw(z) limit, the THERMAL POWER must be limited to less than or equal 
to 50% RTP. This maintains an acceptable absolute power density relative to the 
maximum power density value assumed in the safety analyses. 

If the required Faw(z) margin improvement exceeds the margin improvement available 
from the pre-analyzed THERMAL POWER and AFD reductions provided in the COLR, 
then THERMAL POWER must be further reduced to less than or equal to 50% RTP. In 
this case, reducing THERMAL POWER to less than or equal to 50% RTP will provide 
additional margin in the transient Fa by the required change in THERMAL POWER and 
the increase in the Fa limit. This will ensure that the Fa limit is met during transient· 
operation that may occur at or below 50% RTP . 
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Westinghouse Non-Proprietary Class 3 

INSERT 3 (continued) 

The Completion Time of 4 hours provides an acceptable time to reduce power in an 
orderly manner to pre~lude 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 Faw(z) and would require 
power reductions within 4 hours of the Fa w(z) determination, if necessary to comply with 
the decreased THERMAL POWER limit. Decreases in Faw(z) would allow increasing 
the THERMAL POWER limit and increasing THERMAL POWER up to this revised limit. 

Required Action B.2.1 is modified by a Note that states Required Action B.2.4 shall be 
completed whenever Required Action B.2.1 is performed prior to increasing THERMAL 
POWER above the limit of. Required Action B.2.1. 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 Fa(Z) is properly 
evaluated prior to increasing THERMAL POWER. 

If an Fa surveillance is performed at 100% RTP conditions, and both Fac(Z) and Faw(Z) 
exceed their limits, the option to reduce the THERMAL POWER limit in accordance with 
proposed Required Action B.2.1 instead of implementing a new operating space in . 
accordance with proposed Required Action B.1, will result in a further power reduction 
after Required Action A.1 has been completed. However, this further power reduction 
would be permitted to occur over the next 4 hours. In the event the evaluated THERMAL 
POWER reduction in the COLR for proposed Required Action B.2.1 did not result in a 
further power reduction (for example, if both Condition A and Condition B were entered 
at less than 100% RTP conditions), then the THERMAL POWER level established as a 
result of completing Required Action A.1 will take precedence, and will establish the 
effective operating power level limit for the unit until both Conditions A and B are exited. 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

SURVEILLANCE 
REQUIREMENTS 

If Required Actions A.1 through A.4 or B.1 through B.4 are 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. 

SR 3.2.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies 
during the first power ascension after a refueling. It states that 
THERMAL POWER may be increased until an equilibrium power level 
has been achieved at which a power distribution map can be obtained. 
This allowance is modified, however, by one of the Frequency conditions 
that requires verification that F8 (Z) and Fif (Z) are within their specified 

limits after a power rise of more than 10% RTP over the THERMAL 
POWER at which they were last verified to be within specified limits . 
Because F8(Z) and Fcf (Z) could not have previously been measured in 
this reload core, there is a second Frequency condition, applicable only 
for reload cores, that requires determination of these parameters before 
exceeding 75% RTP. This ensures that some determination of F8(Z) and 
Fif (Z) are made at a lower power level at which adequate margin is 
available before going to 100% RTP. Also, this Frequency condition, 
together with the Frequency condition requiring verification of F8(Z) and 
Fcf (Z) following a power increase of more than 10%, ensures that they 
are verified as soon as RTP (or any other level for extended operation) is 
achieved. In the absence of these Frequency conditions, it is possible to 
increase power to RTP and operate for 31 days without verification of 
F8(Z) and Fcf (Z). The Frequency condition is not intended to require 
verification of these parameters after every 10% increase in power level 
above the last verification. It only requires verification after a power level 
is achieved for extended operation that is 10% higher than that power at 
which F0 (Z) was last measured . 
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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.1 

Verification that F8(Z) is within its specified limits involves increasing 
F~(Z) to allow for manufacturing tolerance and measurement 

uncertainties in order to obtain F8(Z). Specifically, F~(Z) is the 
measured value of Fa(Z) obtained from incore flux map results and 
F8(Z) = F~(Z) [1.0815] (Ref. 4). F8(Z) is then compared to its specified 
limits. 

The limit with which F8{Z) is compared varies inversely with powe( above 
50% RTP and directly with a function called K(Z) provided in the COLR. 

Performing this Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the F8{Z) limit is met when RTP is achieved, because 

peaking factors generally decrease as power level is increased. 

If THERMAL POWER has been increased by =:: 10% RTP since the last 
determination of F8 {Z), another evaluation of this factor is required 

• 

[12] hours after achieving equilibrium conditions at this higher power level • 
(to ensure that F8{Z) values are being reduced sufficiently with power 
increase to stay within the LCO limits). 

[ The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution with core burnup because such changes are slow and well 
controlled when the plant is operated in accordance with the Technical 
Specifications (TS). 

OR 

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

-----------------------------------REVIEWER'S NOTE-----------------------------------
Plants controlling 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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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.2 

The nuclear design process includes calculations performed to determine 
that the core can be operated within the Fa(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 
maximum peaking factor increase over steady state values, calculated as 
a function of core elevation, Z, is called W(Z). Multiplying the measured 
total peaking factor, F8(Z), by W(Z) gives the maximum Fa(Z) calculated 
to occur in normal operation, Fcf (Z). 

The limit with which F<f (Z) is compared varies inversely with power above 
50% RTP and directly with the function K(Z) provided in the COLR. 

The W(Z) curve is provided in the COLR for discrete core elevations. 
Flux map data are typically taken for 30 to 75 core elevations. F<f (Z) 
evaluations are not applicable for the following axial core regions, 
measured in percent of core height: 

a. Lower core region, from Oto 15% inclusive and 

b. Upper core region, from 85 to 100% inclusive. 

The top and bottom 15% of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in 
the safety analyses and because of the difficulty of making a precise 
measurement in these regions. 

This Surveillance has been modified by a Note that may require that more 
frequent surveillances be performed. If F<f (Z) is evaluated, an evaluation 

of the expression below is required to account for any increase to F~ (Z) 
that may occur and cause the Fa(Z) limit to be exceeded before the next 
required Fa(Z) evaluation. 

If the two most recent Fa(Z) evaluations show an increase in the 
expression 

maximum over z [F8(Z) /K(Z)]. 

it is required to meet the Fa(Z) limit with the last F<f (Z) increased by the 

greater of a factor of [1.02] or by an appropriate factor specified in the 
COLR (Ref. 5) 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMENTS (continued) 

-----------------------------------REVIEWER'S NOTE----------------------------------
WCAP-10216-P-A, Rev. 1A, Relaxation of Constant Axial Offset Control 
and Fa Surveillance Technical Specification, February 1994, 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. 

or to evaluate Fa(Z) more frequently, each 7 EFPD. These alternative 
requirements prevent Fa(Z) from exceeding its limit for any significant 
period of time without detection. 

Performing the Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the Fa(Z) limit is met when RTP is achieved, because 
peaking factors are generally decreased as power level is increased. 

Fa(Z) is verified at power levels ~ 10% RTP above the THERMAL 
POWER of its last verification, [12] hours after achieving equilibrium 
conditions to ensure that Fa(Z) is within its limit at higher power levels. 

• 

[ The Surveillance Frequency of 31 EFPD is adequate to monitor the • 
change of power distribution with core burnup. The Surveillance may be 
done more frequently if required by the results of Fa(Z) evaluations. 

\ 

The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution because such a change is sufficiently slow, when the plant is 
operated in accordance with the TS, to preclude adverse peaking factors 
between 31 day surveillances. 

OR 

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

-----------------------------------REVIEWER'S NOTE-----------------------------------
Plants controlling 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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INSERT 4 

SR 3.2.1.2 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 Faw(z). Also, 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 Faw(z) limit. This Frequency ensures that verification of Faw(z) is 
performed prior to extended operation at power levels where the maximum permitted 
peak LHR could be challenged by non-equilibrium operation. 

· Equilibrium conditions are achieved when the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. 

If a previous Surveillance of Faw(z) was performed at part power conditions, SR 3.2.1.2 
also requires that F0w(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 Faw(z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achieving equilibrium conditions will provide a 
more accurate measurement of F0 w(Z) by allowing sufficient time to achieve equilibrium 
conditions and obtain the power distribution measurement while still requiring 
performance of the surveillance before the fuel becomes sufficiently conditioned such 
that load follow operation can be implemented . 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



BASES 

REFERENCES 

Westinghouse Non-Proprietary Class 3 

1. 10 CFR 50.46, 1974. 

F0 (Z) (CAOC-W(Z) Methodology) 
B 3.2.1C 

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) Fa Surveillance Technical Specification," 
February 1994. 

Rev. 4.0 
February 2019 

Revision 1 
••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

Westinghouse STS 
WCAP-17661-NP-A 

B 3.2.1C-11 

• 

• 

• 



• 

• 

• 

FT. 
n.% 

1. 2 

Westinghous~ Non-Proprietary Class 3 

I I I 

F0 {Z) {CAOC-W{Z) Methodology) 
B 3.2.1C 

DO Nor OPE HATE IN THIS AREA 
i . . I 

1. O ~------;---~1 __ (_6_.Q-;.1-1 =·O=--)_ ~--~-·~---_--(1R4) 

0.8 

0.6 . 

0.4 

0.2 ~ 

\ 
('12,0, 0.65) 

-~1·------------
THIS FIGURE FOR 

!LLU.~TRATION ONLY. 
Db NOT USE FOR 

OPERATIO-N 

I 
! 0 - __ , - ---~-- ·-·~ ____ l,.,-.. - ~ ····--- ~ ------··- ---------- ~.,_ _____ _ 

0 2 
16.6 

4 6 

33,3 50.0 

CORE HEIGHT 

8 
'66.7 

1 0 12 
100 

"For core h~lght of 1.2 feet 

Fi gu r.e B 3, 2. 1 C- l (page 1 of 1 ) 
K.(Z) - Normaltzed Fa(Z) as a Function of Core Height 

Westinghouse STS 
WCAP-17661-NP-A 

B 3.2.1 C-12 Rev. 4.0 
February 2019 

Revision 1 
••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



0.8 

e 
::I 
.,E0.6 

1 
l 
0 
2 

0.4 

0.2 

0 

(0,1.0) 

0 2 

Westinghouse Non-Proprietary Class 3 

DO NOT OPERATE IN THIS AREA 

(6,1.0) 

THIS FIGURE IS FOR 
ILLUSTRATION ONLY. 

DO NOT USE FOR 
OPERATION. 

4 6 

Height (ft) 

-
(U,0.925) 

10 12 

WCAP-17661-NP-A February 2019 
Revision I 

***This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



.om: 
Sent: 
To: 
Cc: 

Subject: 

Westinghouse Non-Proprietary Class 3 

Benney, Brian < Brian.Benney@nrc.gov> 
Thursday, July 27, 2017 12:42 PM 
Holderbaum, Chad M. 
Parks, Benjamin; Andrachek, James D; Florian, Robert J. (SouthernCo); Moorehead, John 
D.; Hone, Michael J. 

Attachments: 
PWROG 17661 RAI for discussion 
17661 RAI 15 - proprietary.docx 

Chad, here's the RAI for the August 3 phone call. It is encrypted with the same password. 
Brian 

• 

•• 
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PWROG 
~~§ 
-f'~,i.O 

0 11rners c.; 

February 15, 2018 

OG-18-35 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
11555 Rockville Pike 
Rockville, MD 20852 

Subject: PWR Owners Group 

Program Management Office 
1000 Westinghouse Drive, Suite 380 

Cranberry Township, PA 16066 

WCAP-17661- P/NP, Revision 1 
· Project Number 99902037 

Transmittal of the Response to Request for Additional Information, RAJ 15 
Associated with WCAP-17661-P/NP, Revision 1. Improved RAOC and 
CAOC FO Surveillance Technical Specifications, PA-LSC-0795 

References: 

1. Letter OG-13-427, "Submittal of WCAP-17661-P/NP, Revision 1, "Improved RAOC and 
CAOC FQ Surveillance Technical Specifications, PA-LSC-0795," dated January 2, 2014 

2. NRC Letter of Acceptance for Review of PWROG Topical Report WCAP-17661-P/NP, 
Revision 1, "Improved RAOC and CAOC FQ Surveillance Technical Specifications," 
dated July 1, 2014 

3. NRC Letter for Request for Additional Information RE: PWROG Topical Report WCAP-
17661-P/NP, Revision 1 "Improved RAOC and CAOC FQ Surveillance Technical 
Specifications," dated December 24, 2014 (TAC NO. MF3348) 

4. Letter OG-16-273, "Submittal of Request for Additional Information Response 
Regarding WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ 
Surveillance Technical Specifications, PA-LSC-0795," dated September 13, 2016 

5. Email from the NRC (Benney) to the PWROG (Holderbaum), Request for Additional 
Information, RAJ 15, RE: PWROG Topical Report WCAP-17661-P/NP, Revision 1 
"Improved RAOC and CAOC FQ Surveillance Technical Specifications," dated 
July 27, 2017 
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Westinghouse Non-Proprietary Class 3 
U.S. Nuclear Regulatory Commission 
OG-18-35 

February 15, 2018 
Page 2 of 4 

On January 2, 2014, in accordance with the Nuclear Regulatory Commission (NRC) Topical 
Report (TR) program for review and acceptance, the Pressurized Water Reactor Owners Group 
(PWROG) requested formal NRC review and approval of WCAP-17661-P/NP, Revision 1, for 
referencing in regulatory actions (Reference 1). The NRC Staff has determined that additional 
information is needed to complete the review per letter dated December 24, 2014 (Reference 3). 
On September 13, 2016 the PWR Owners Group provided a response the Request for Additional 
Information (RAI) (Reference 4). 

On July 27, 2017, the NRC Staff determined that additional information was needed to complete 
the review and issued RAl-15 (Reference 5). 

The enclosures to this letter provide a response to NRC RAI-15 (Reference 5) associated with 
WCAP-17661- Pl WCAP-17661-NP, "Improved RAOC and CAOC FQ Surveillance Technical 
Specifications," Revision 1, and revisions to other documents associated with the response to 
RAI 15, as identified below. 

Enclosed are: 

1. LTR-PL&E-18-003, Attachment 1, "RAl-15 Response for WCAP-17661-P/ WCAP-
17661-NP, Revision 1" (PA-LSC-0795) (Proprietary) 

2. LTR-PL&E-18-003, Attachment 2, "RAl-15 Response forWCAP-17661-P/ WCAP-
17661-NP, Revision 1" (PA-LSC-0795) (Non-Proprietary) 

3. LTR-PL&E-18-003, Attachment 3, "Revision to "Insert 1" in the Bases Markups for TS 
3.2.lB and TS 3.2.lC that were transmitted via OG-16-273" (Non-Proprietary) 

4. LTR-PL&E-18-003, Attachment 4, "Revision to Section F.2.2.6 on Page F-2 of WCAP-
17661, Revision 1 (Sample COLR Input for a CAOC Plant)" (Non-Proprietary) 

Also enclosed are the Westinghouse Application for Withholding Proprietary Information from 
Public Disclosure, CAW -18-4708, accompanying Affidavit, Proprietary Information Notice, and 
Copyright Notice. 

As Item 1 contains information proprietary to Westinghouse Electric Company LLC 
("Westinghouse"), it is supported by an Affidavit signed by Westinghouse, the owner of the 
information. The Affidavit sets forth the basis on which the information may be withheld from 
public disclosure by the Nuclear Regulatory Commission ("Commission") and addresses with 
specificity the considerations listed in paragraph (b) ( 4) of Section 2.390 of the Commission's 
regulations. 

Accordingly, it is respectfully requested that the information which is proprietary to 
Westinghouse be withheld from public disclosure in accordance with 10 CFR Section 2.390 of 
the Commission's regulations . 
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U.S. Nuclear Regulatory Commission 
OG-18-35 

February 15, 2018 
Page 3 of 4 

Correspondence with respect to the copyright or proprietary aspects of the item listed above or 
the supporting Westinghouse Affidavit should reference CA W-18-4 708 and should be addressed 
to James A. Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 
Westinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania 16066. 

Correspondence related to this transmittal should be addressed to: 

Mr. W. Anthony Nowinowski, Executive Director 
PWR Owners Group, Program Management Office 
Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, PA 16066 

If you have any questions, please do not hesitate to contact me at (805) 545-4328 or 
Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program 
Management Office at (412) 374-6855. 

Sincerely yours, 

)L·J~ 
V 

Ken Schrader, COO & Chairman 
PWR Owners Group 

JKS:am 

cc: PWROG Licensing Subcommittee (Participants of P A-LSC-0795) 
PWROGPMO 
PWROG Steering and Management Committee 
J. Gresham, Westinghouse 
J. Andrachek, Westinghouse 
J. Moorehead, Westinghouse 
M. Hone, Westinghouse 
J. Brown, Westinghouse 
B. Benney, US NRC 
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Westinghouse Non-Proprietary Class 3 
U.S. Nuclear Regulatory Commission 
OG-18-35 

February 15, 2018 
Page 4 of 4 

Enclosure 1: LTR-PL&E-18-003, Attachment 1, "RAI-15 Response for WCAP-17661-P/ 
WCAP-17661-NP, Revision 1" (PA-LSC-0795) (Proprietary) 

Enclosure 2: LTR-PL&E-18-003, Attachment 2, "RAI-15 Response forWCAP-17661-P/ 
WCAP-17661-NP, Revision 1" (PA-LSC-0795) (Non-Proprietary) 

Enclosure 3 LTR-PL&E-18-003, Attachment 3, "Revision to "Insert 1" in the Bases Markups 
for TS 3.2.lB and TS 3.2.lC that were transmitted via OG-16-273" (Non­
Proprietary) 

Enclosure 4 LTR-PL&E-18-003, Attachment 4, "Revision to Section F.2.2.6 on Page F-2 of 
WCAP-17661, Revision 1 (Sample COLR Input for a CAOC Plant)" (Non­
Proprietary) 

Enclosure 5: Affidavit for Withholding, CAW-18-4708 (Non-Proprietary) with accompanying 
Affidavit, Proprietary Information Notice and Copyright Notice 
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Attachment 2 

RAl-15_ Response for 

WCAP-17661-P/ WCAP-17661-NP, Revision 1 

(PA-LSC-0795) (Non-Proprietary) 

(57 total pages including Attachment 2 cover page and 
WCAP-17661-NP markup pages) 
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Response to RAI 15.a (Diffusivity of Methods) 

It is agreed that Methods 3 and 4, which were proposed to calculate the Axv(z) factors (as 
discussed in Sections 4.3.3 and 4.3.4 of the TR, respectively) and Method 3, which was 
proposed to calculate the Aq(z) factors (as discussed in Section 7.3.3 of the TR) should not be 
used, and will be deleted from the TR. Attachment 1 (Proprietary) and Attachment 2 (Non­
Proprietary) contain the revised pages of the TR that reflect deleting Methods 3 and 4. The 
deletion of Methods 3 and 4 required revising the discussion of how the Axv(z) and A0 (z) factors 
are applied when the Fa w(z) Surveillance is performed as discussed in the Bases of Technical 
Specifications 3.2.1 B and 3.2.1 C. The latest markups of these Bases were previously 
transmitted to the NRC via letter OG-16-273 (Reference 8). The non-proprietary response 
Attachment 3 contains a revision to the "Insert 1" text for each of the respective Bases 
discussions for Technical Specifications 3.2.18 and 3.2.1C. 

Method 2 will be used to explicitly calculate the Axv(z) or A0(z) factors at the time of the 
surveillance (as discussed in Sections 4.3.2 and 7.3.2 of the TR, respectively), when these 
factors are utilized to correct the T(z) or W(z) surveillance factors for the plant operating power 
level and control rod insertion that are actually present when SR 3.2.1.2 is performed. 

However, the option of using Method 1 to set the Axv(z) or Ao(z) factors to unity (as discussed in 
Sections 4.3.1 and 7 .3.1 of the TR, respectively) will still be retained as an alternative to using 
Method 2 to explicitly calculate the Axv(z) or A0 (z) factors at the time of the surveillance. Setting 
the Axv(z) or A0 (z) factors to 1.0 is effectively the same as not using them at all. In this respect, 
using Method 1 is consistent with the current F0 Surveillance methodology, which makes no 
correction for surveillances that are performed at conditions different than were assumed in 
generating the Fa surveillance factors. The use of Method 1 instead of Method 2 will be optional 
for any performance of SR 3.2.1.2, but will be necessary if the licensee does not have at least 
one of the computer codes necessary to perform the calculations as discussed in the response 
to RAI 15.c. 

Section 4.3.1 of the TR states that setting Axv(z) to 1.0, "is a reasonable option that will in all 
likelihood result in conservative surveillances at off-nominal conditions." As a demonstration of 
this, Table 7 in the response to RAI 15.e provides a comparison of the minimum margin results 
obtained from actual plant power distribution measurements which were re-calculated using the 
T(z) Fa surveillance methodology, with both Method 1 and Method 2 for determining Axv(z). As 
seen in Table 7, the Method 1 and Method 2 minimum margin results for the flux maps taken at 
6105 and 6510 MWD/MTU at > 99% RTP are within [ ]a.c of each other. For the other five 
flux maps shown in Table 7, which were taken at near 82% RTP with D-bank inserted 
approximately 14%, the Method 1 results all conservatively underestimate the actual margin to 
the F0 limit by [ ]a.c, compared to the more accurate Method 2 
minimum margin results. The actual Axv(z) factors that were calculated using Method 2 for these 
flux maps are shown in Table 5 of the response to RAI 15.e. Table 5 also contains a set of 
calculated Axv(z) values for the 6125 MWD/MTU map which assumed that the measurement 
had been taken at 50% RTP instead of 82% RTP. The resulting Axv(z) values assuming 50% 
RTP were lower than the Axv(z) values calculated for 82% RTP, and indicate that the use of 
Method 1 would have produced an [ ia,c underestimation of the actual margin to 
the F0 limit at the limiting elevation of 94-inches, compared to the more accurate Method 2 
approach if the measurement had been taken at 50% RTP. The demonstration calculations 
confirm that the use of Method 1 for determining Axv(z) results in an accurate assessment of the 
margin to the Fa limit for nominal core conditions, and also that the use of Method 1 results in a 
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progressively more conservative underestimation of the available F0 margin as core conditions • 
vary further away from the nominal conditions. In some cases, it is even possible that the use of 
Method 1 at different core conditions from nominal could result in a false violation of the F0 limit. 

Section 7 .3.1 of the TR states that setting A0 (z) to 1.0, "is a reasonable option as long as the 
surveillances are performed such that the AO is near the target." For CAOC plants, the target 
AO is a measured parameter that is established and updated monthly from flux map data taken 
at the same reference core conditions at which the W(z) factors are defined. The reference core 
conditions are usually defined as full power, all rods out, equilibrium conditions, unless long 
term operation is planned at other core conditions. Therefore, flux map measurements taken at 
the reference core conditions for the purpose of measuring the target AO are, by definition, at 
the target AO, and are consistent with the W(z) factors. For purposes of discussion, these types 
of surveillances will be referred to as "nominal" F0w(z) surveillances, and constitute the majority 
of all Faw(z) surveillances performed at CAOC plants. Nominal Faw(z) surveillances can use 
Method 1 (Aa(z)=1.0) without affecting the accuracy of the measured F0w(z) margin. 

For "off-nominal" Faw(z) surveillances that are not used to measure the target AO in a CAOC 
plant, the stipulation in Section 7 .3.1 of the TR that the AO must be "near the target" must be 
clarified. If the licensee has identified in advance that an off-nominal surveillance will occur at 
certain core conditions, then surveillance specific W(z) factors can be generated and included in 
the COLR in order to support that specific surveillance. An example of this is a planned Faw(z) 
surveillance performed at a reduced power condition following a refueling outage. In such a 
case, the use of Method 1 for Aa(z) at the time of the surveillance, in conjunction with the 
surveillance specific W(z) factors, would still provide an accurate Faw(z) surveillance result, 
even if the AO is not near the target. The bases of TS 3.2.1C states that Aa(z) may be assumed • 
to be 1.0 when the surveillance is performed at the target AO. Thus, if an unanticipated 
situation arises during a cycle where an Faw(z) surveillance is required to be performed at an 
off-nominal condition, and Method 1 must be used for determining Aa(z), then the surveillance 
must be performed at the target AO. As demonstrated below, if the off-nominal surveillance is 
performed at an AO within ± 1.5% of the target AO, the results of an Fa w(z) surveillance using 
Method 1 for Aa(z) will likely be conservative, and the requirement to repeat the surveillance 
when the power is restored to 100% RTP will provide additional assurance that the Fa limit will 
be met during normal operation. 

As a demonstration that setting Aa(z) to 1.0 is an acceptable option for both nominal 
surveillances performed at the reference core conditions and off-nominal surveillances 
performed at < 90% RTP where the AO is maintained near the target, Table 9 in the response 
to RAI 15.f provides a comparison of the minimum margin results obtained from actual plant 
power distribution measurements which were re-calculated using the W(z) Fa surveillance 
method, with both Method 1 and Method 2 for determining Aa(z). Table 2 in the response to RAI 
15.e shows the measured AO data for each of the flux maps shown in Table 9. The AO results 
from the nominal maps taken at 6105 and 651 O MWD/MTU can be used to establish that the 
target AO would have been approximately -2.2 % to -2.0% for this plant, if the plant had a 
CAOC AFD TS. The AO results from all of the other reduced power flux maps are all within . 
± 1.5% of that target AO. The "Original" results shown in Table 9 correspond to using the W(z) 
Fa surveillance methodology with Method 1 for the Aa(z), as there was no correction made to 
the W(z) factors for the reduced power maps. As seen in Table 9, the Method 1 and Method 2 
minimum margin results for the flux maps taken at 6105 and 6510 MWD/MTU at> 99% RTP are 
within [ ]a,c of each other. For the other five flux maps shown in Table 9, which were taken at 
near 82% RTP with D-bank inserted approximately 14%, the Method 1 minimum margin results • 
are all more conservative (i.e., result in underestimating the actual available Fa margin) than the 
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Method 2 minimum margin results by approximately [ ]a.c. The actual A0 (z) factors that were 
calculated using Method 2 for these flux maps are shown in Table 8 of the response to RAI 15.f. 
From Table 8, it is evident that the majority of the explicitly calculated Method 2 A0 (z)s are < 
1.0, and this is why the Method 1 minimum margin results in Table 9 are more conservative. 
However, Table 8 also demonstrates that A0 (z) values in axial elevations containing partially 
inserted Control Bank D can exceed 1.0 by up to [ re. This indicates that the 
use of Method 1 could result in a non-conservative estimate of the margin in those axial 
elevations where Control Bank D is inserted, ifthe assumed reference core condition at which 
the W(z) factors were defined did not include this Control Bank D insertion. In order to preclude 
this possibility, the sample COLR input for a CAOC plant (Appendix F in the TR) will be revised 
to include a limitation on the use of Method 1 if Control Bank D is inserted deeper than the 
predicted limiting elevation for F0w(z). The form of this limitation can be either a single defined 
Control Bank D insertion value, which conservatively bounds the predicted limiting elevation of 
the F0w(z) for the entire cycle, or a table of Control Bank D insertion versus burnup, which 
accounts for changes in the predicted limiting elevation with burnup. If the surveillance is 
performed with Control Bank D above the value defined in the limitation, then the use of Method 
1 is acceptable, as there is a reasonable assurance that the minimum F0w(z) margin will be 
conservatively assessed. Otherwise the use of Method 2 or a surveillance specific W(z) function 
will be required to be implemented. · 

Attachment 4 contains a revision to Section F.2.2.6 on Page F-2 of the TR. which revises the 
affected Section of the sample COLR for a CAOC plant, which includes an example of how this 
limitation will be implemented. For simplicity, the example provided is for a single bounding 
value of Control Bank D insertion. However, the limitation could also refer to a table of Control 
Bank D insertion versus burnup, instead of a single value. This revision to Section F.2.2.6 on 
Page F-2 of the TR will be made to both the Proprietary and Non-Proprietary versions of the TR. 
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Response to RAI 15.b (Algebraic Cancellation of Fxv(z)Ret> 

As background for this response, it should be noted that the BEACON™ Core Monitoring 
System (Reference 1) uses the same neutronic methodologies as those that have been 
approved by the NRC for the ANC code (see References 2 through 7). This was discussed in 
the response to RAI #2 for Reference 1 . The neutronic methodologies include the methods used 
to generate the neutron cross sections and perform the core neutronics solution. Since there are 
multiple variations of the currently approved ANC cross section and pin power methodologies, it 
is further clarified that the BEACON model will (if used to explicitly calculate Axv(z) or A0 (z) 
values) use the same neutronic methodology as the design ANC model that was used as the 
base model for calculating the F0 surveillance factors. 

Because the W(z) or T(z) factors for the COLR are typically calculated prior to the completion of 
the previous operating cycle, and prior to manufacturing the feed fuel for the upcoming cycle, 
the original design models (ODM) used to perform the W(z) or T(z) factor calculations may have 
some minor differences from the core model ultimately used in BEACON. Typical differences 
between the final BEACON model and the design ANC model are listed below: 

Use of as-built fuel enrichment and theoretical density in BEACON as opposed to 
nominal values in the nuclear design model. 

Use of as-built burnable absorber loadings in BEACON as opposed to nominal values in 
the nuclear design model. 

• 

Use of the actual previous cycle shutdown burnup in BEACON as opposed to using a 
range of possible burnups for the end of the previous cycle in the nuclear design model. • 
It should be noted that the W(z) or T(z) surveillance factors included in the COLR are 
generated assuming that the end of the previous cycle will occur within a range of 
burnups specified by the plant owner (assuming that these factors are calculated before 
the previous cycle ends). Thus the W(z) or T(z) surveillance factors included in the 
COLR typically represent the maximum value of two sets of calculated factors which are 
calculated using nuclear design models that assume different burnups for the end of the 
previous cycle. If the previous cycle ends within the analyzed burnup window, then the 
W(z) or T(z) COLR surveillance factors will remain bounding and will not be re-
calculated. 

Modeling of reconstituted fuel or damaged fuel substitution in BEACON. 

Any significant differences in the core loading pattern that occur during a refueling outage (such 
as substituting another fuel assembly for a damaged fuel assembly), are evaluated to confirm 
that the original analysis package for the cycle either remains bounding, or aspects of the 
analysis will be re-calculated if it does not remain bounding. This evaluation includes the 
transient F0 surveillance factors (W(z) or T(z)) that are included in the COLR. 

During the performance of an F0w(z) surveillance, the above differences may have a small 
effect on the calculation of Fxv(z)Ret, such that an exact algebraic cancellation with the 
denominator in the original T(z) function cannot be guaranteed in all cases. However, these 
same differences also affect the calculation of Fxv(z)sur/, The resulting Axv(z) function, which is 
[ ]a.c. still accurately 
reflects the relative amount that the predicted Fxv(z) distribution will change due to the different 
surveillance condition. Axv(z) is still sufficiently accurate as long as the core is depleted in the • 
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same manner as the original nuclear design model. The depletion of the core model used to 
calculate Axv(z) at the time of a surveillance will be constrained to match that of the original 
nuclear design model, as discussed in the response to RAI 15.d. 

As a demonstration of this, one of the example Method 2 Axv(z) calculations performed in the 
response to RAI 15.e (for the 6125 MWD/MTU flux map) was repeated using the BEACON core 
model to calculate the Axv(z) values for the map instead of the original design ANC model. The 
BEACON core model for this plant contains as-built data for the feed fuel region and models the 
shutdown burnup for the previous cycle. The BEACON model was depleted in the exact same 
manner as the original design model, without making any corrections for plant measured power 
distribution data. The Fxv(z) calculated data and Method 2 Axv(z) parameters are compared 
below from the BEACON model and the original design model in Table 1. From Table 7 in the 
response to RAI 15.e, the minimum margin for SR 3.2.1.2 in the 6125 MWD/MTU map is 
[ ]a,c when using the Method 2 Axv(z) correction factors calculated from the original design 
ANC model. When Axv(z) is calculated using the BEACON core model, the minimum margin for 
SR 3.2.1.2 changes to [ ]a,c. The difference in the SR 3.2.1.2 margin result in this case is 
less than [ ]a,c. 

In comparison, the UF factor used in this calculation was 8.15% (1.0815), which is obtained by 
multiplying the 3% manufacturing and 5% measurement uncertainties. As discussed in the 
response to RAI 4b in Reference 8, the UF factor includes extra conservatism because the only 
element of the manufacturing uncertainty not included in the measurement is the pin power 
factor, and because the axial component of the total uncertainty is known to be conservative 
due to the use of maximum predicted P(z) results in each axial plane . 

The implementation of Axv(z) and A0 (z) calculations in BEACON will use a very similar nuclear 
model as the original ANC model used to generate the T(z) or W(z) factors (with minor 
differences as discussed above). Furthermore, the implementation of Axv(z) and A0 (z) 
calculations in BEACON will NOT use the nodal calibration factors and thermocouple 
corrections which correct the BEACON calculated power distribution results to match the 
measured power distribution, when BEACON is calculating the two power distribution states 
necessary to calculate either an Axv(z) or an A0(z) correction factor. Finally, in later cycle 
calculations of Axv(z) and A0 (z) performed by BEACON, the depletion basis for the cycle to that 
point will be the same as the original nuclear design model used to calculate the T(z) or W(z) 
factors, and will not correct for the operational history of the core to that point. With these factors 
taken into account, and with confirmation that the F0 surveillance multipliers that are included in 
the COLR will remain bounded in any redesign situation, the results from SR 3.2.1.2 will remain 
conservative . 
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Table 1 - Axv(z) Calculations for Response to RAI 15.b a,c 
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• Response to RAI 15.c (List of Methods Used to Calculate Axv(z) and A0(z)) 

• 

• 

In addition to the option of using Method 1 (i.e., setting Axv(z) and Aq(z) to 1.0, which is the 
same as not using them at all) as discussed in the response to RAI 15.a above, the following 
methods can be used to calculate explicit Axv(z) and A0 (z) correction factors by Method 2, using 
either Equation 4-35 or Equation 7-1 O in the TR: 

1) For plants that have the BEACON core monitoring system (Reference 1), the BEACON 
system can be used to calculate either Axv(z) or Aq(z) when the surveillance is 
performed. When BEACON is used, the power distribution calculations for calculating 
Axv(z) or Aq(z) will be performed without using nodal calibration factors, and the core 
depletion assumptions will be the same as used in the original core model to generate 
the T(z) or W(z) factors. 

2) ANC (References 2 through 4) can also be used to calculate either Axv(z) or A0 (z) when 
the surveillance is performed, using the same nuclear model and depletion basis that 
was used to generate the original T(z) or W(z) functions. 

Response to RAI 15.d (Provide a Specific Description of How BEACON will be Used to 
Calculate Axv(z) and A0(z)) 

The BEACON model used by licensees contains a full set of cross sections and a beginning of 
cycle core burnup and isotopic distribution (which is referred to in the discussion below as the 
"reference" core model). As the cycle depletes, BEACON follows the depletion by simulating 
depletion steps that match the operating history of the plant, and it also performs calibrations 
and corrections to the calculated power distribution data based on the plant power distribution 
measurements. However, BEACON is also capable of depleting the reference core model from 
the start of the cycle without making any corrections for the plant operating history or power 
distribution measurements. For the purposes of calculating Axv(z) and Aq(z) correction factors 
using Method 2, the reference core model will be depleted without correcting for plant operating 
history or power distribution measurements, in order to maintain consistency with the original 
design model used to calculate the T(z)s or W(z)s, as described in the response to RAI 15.b. 
The following example illustrates how BEACON will be used to calculate either Axv(z) or Aq(z) 
using Method 2 for a specific surveillance. 

For purposes of this example, it will be assumed that the surveillance is being performed at the 
core conditions matching the example provided in Table 1 of the response to RAI 15.b. The 
results shown in Table 1 of the response to RAI 15.b can then be considered a numerical 
example of calculating Axv(z) using process described below. Specifically the surveillance in this 
example is assumed to be for a RAOC plant at 82% RTP, 6125 MWD/MTU Cycle Burnup, and 
Control Bank D inserted to 197 steps withdrawn (SWD), and that the original T(z) functions were 
generated assuming reference core conditions of hot full power (HFP) and all rods out (ARO), 
and were based on a depletion performed assuming those same reference core conditions. The 
steps of the calculation in BEACON would be: 

1) The T(z) function will be obtained from the table of available T(z) data at HFP ARO 
conditions, and interpolated (if necessary) to 6125 MWD/MTU . 
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2) To calculate Axv(z),, BEACON will first deplete the reference core model of the cycle to • 
the burnup associated with the surveillance, assuming HFP, ARO conditions during the 
depletion. · 

3) From the depletion in step 2, BEACON will perform a core calculation at 6125 
MWD/MTU, HFP, ARO, and Equilibrium Xenon (i.e., the equilibrium xenon condition at 
HFP, ARO conditions), to duplicate the reference condition assumed in the denominator 
of the original T(z) function (see Equation 4-14 of the TR). This calculation generates 
Fxv(z)Ret. Note that in order to maintain consistency with the original design model, no 
corrections are made to the power distribution results from this calculation based on 
plant measured power distribution data. 

4) From the depletion in step 2, BEACON will perform a core calculation at 6125 
MWD/MTU, 82% power, Control Bank D at 197 SWD, and Equilibrium Xenon (i.e., the 
equilibrium xenon condition at the surveillance conditions). This calculation generates 
Fxv(z)sur/, Again, in order to maintain consistency with the original design model, no 
corrections are made to the power distribution results from this calculation based on 
plant measured power distribution data. 

5) The Axv(z) correction is calculated in accordance with Equation 4-35 in the TR [ 
ia,c. 

6) The Axv(z) function is fit to the axial mesh structure used to process the power 
distribution measurements. 

7) Since the power level of the example surveillance is 82% RTP, BEACON then calculates • 
F0w(z) in accordance with Equation 5-1 in the TR and the result is compared to the 
F0w(z) limit in accordance with Equation 5-3 in the TR to complete the surveillance. For 
surveillances where the power level is less than or equal to 50% RTP, Equations 5-2 
and 5-4 in the TR are used in place of Equations 5-1 and 5-3, respectively. 

In the example above, if the plant were a CAOC plant, the same general process would be used 
except that the two core calculations in steps 3 and 4 would be used to generate FQ(z)Ret and 
FQ(Z)sur/, respectively, and the A0(z) factor would be determined in accordance with Equation 
7-10 in the TR. The F0w(z) would instead be determined in accordance with Equation 8-1 in the 
TR (or Equation 8-2 for power levels less than or equal to 50% RTP) and compared to the 
F0w(z) limit in accordance with Equation 8-4 in the TR (or Equation 8-5 for power levels less 
than or equal to 50% RTP). 

Response to RAI 15.e (Verification of Axv Implementation) 

The example discussed below shows the results obtained from actual part power rodded power 
distribution measurements. in a Westinghouse plant. This plant has the RAOC version of the 
Axial Flux Difference (AFD) and F0 Technical Specifications. The plant has an F0 limit of 2.40 
from Oto 6 feet elevation, which reduces linearly from 2.40 to 2.22 between 6 and 12 feet 
elevation due to a K(z) function. The above. values represent the Fo limit at full power operation. 
At reduced power operation, the F0 limit is scaled by the reciprocal of the operating relative 
power level down to 50% power and remains constant below 50% power. 

This plant operated at 82% RTP for approximately 1 O days near the middle of a cycle, and • 
experienced low transient F0w(z) margins and even one small spurious F0w(z) violation in the 
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upper half of the core as a result of the conservative inaccuracy in the current SR 3.2.1.2 
surveillance methodology, which was not corrected for the actual surveillance conditions. Prior 
to the reduced power operation, the plant had operated as planned, at near hot full power (HFP) 
with control rods at near all rods out (ARO). 

This example demonstrates how applying the revised methodology from WCAP-17661 (both 
with and without Method 2 Axv(z) corrections) would have affected the results from these 
surveillances. The results without the Method 2 Axv(z) corrections are the same as assuming 
Method 1 (Axv(z)=1.0). 

Table 2 shows a summary of the operating power history of the plant during the reduced power 
phase. Included in Table 2 are the measured transient F0w(z) m_inimum margin results for the 
top and bottom halves of the core, and the measured minimum steady state F O c(z) minimum 
margin results obtained from the flux maps taken at the plant, which used the current RAOC­
W(z) methodology. The purpose of showing the measured F0c(z) minimum margin is to 
demonstrate that the unit never actually operated anywhere close to the F0 limit used in the 
safety analysis. Table 2 also shows the measured and predicted axial offset (AO) and the 
predicted transient F0w(z) minimum margin results from the original RAOC analysis models at 
the burnups of interest. The predicted AO is based on the depletion model, which assumed 
HFP, ARO reference conditions. All measured and predicted margin results in Table 2 contain 
the standard 8.15% uncertainty applied, and no RJ penalty factor. 

Table 3 shows the COLR W(z) functions that were applicable to this core, and the results of 
interpolating the W(z) functions to the burnups of interest. For each axial elevation, the W(z) 
functions were interpolated to the burnup of interest using a spline fit between three burnup 
dependent data points from the W(z) table. W(z) values in the top and bottom surveillance 
exclusion zones are shown as Not Applicable (NIA). 

Table 4 shows the equivalent calculated T(z) functions for this core. The T(z) functions were 
generated using the methodology described in the TR and using the original core model that 
generated the W(z) functions. The T(z) functions shown in Table 4 represent the T(z) values for 
this plant if it had implemented WCAP-17661-P at the time these power distribution 
measurements were performed. Table 4 also shows the T(z) functions interpolated to the 
burnups of the flux maps. 

Table 5 shows Fxv(z) and Axv(z) values calculated for each flux map, using the original ANC 
model that generated the COLR W(z) data. Both the reference and the surveillance specific 
Fxv(z) calculation results are shown in Table 5. In this table, Method 2 was used to generate the 
Axv(z) values. The original ANC model was depleted to the burnups of various surveillances at 
ARO, HFP conditions, in the same manner that BEACON would perform these calculations at 
the plant (see RAI 15.d response). Table 5 also includes an extra calculation that shows what 
the calculated Axv(z) values would have been if the flux map at 6125 MWD/MTU had been 
performed at 50% RTP and Control Bank D at 155 SWD instead of 81.8% RTP and Control 
Bank D at 197 SWD. The purpose of this extra calculation is to demonstrate that the Axv(z) 
values become significantly more important in the top of the core as power is reduced further 
and Control Bank D is inserted further into the core to maintain the target axial flux difference 
(AFD) close to the normal HFP AFD. 

Tables 6a through 69 show the F0w(z) surveillance calculations performed for each flux map 
using the original RAOC W(z) methodologies and the WCAP-17661-P methodologies, both with 
and without the Method 2 Axv(z) values applied. The results are shown for each axial elevation. 
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Each table includes the measured F0 (z) and Fxv(z) distributions from each flux map, as well as 
the calculated F Ow (z) results using the original RAOC W(z) methodology and the WCAP-17661 
methodologies. Since there were no actual measurements performed for the 6125 MWD/MTU 
flux map at the 50% RTP condition, there is no corresponding Table 6 presented for the extra 
hypothetical Axv(z) calculation included in Table 5. 

Table 7 summarizes the results of all the calculations performed in Tables 6a through 6g. With 
respect to the RJ penalty factor, none of the results shown in Table 7 include an RJ penalty. As 
noted in the response to RAI 13a in Reference 8, the RJ penalty factor may be developed based 
on the SR 3.2.1.2 surveillance frequency, and this plant was processing flux maps more than 
once per day during part of the reduced power phase. The predicted value of RJ at the burnups 
· of the example flux maps, for a 31 day surveillance frequency, was approximately 0.5% 
(RJ=1.005). If the Method 1 and 2 results shown in Table 7 included the RJ penalty associated 
with a 31 day surveillance interval, the margins would be reduced by 0.5%. 

The results in Table 7 confirm the following conclusions: 

1) Using Method 1 to determine the Axv(z) factor would have been conservative (relative to 
using Method 2 to explicitly calculate the Axv(z) factor) for all of the surveillances in this 
case. 

2) The use of Method 1 and Method 2 to determine the Axv(z) factor produced essentially 
the same results (within 0.1 %) for the minimum margins for those flux maps that were 
performed at greater than 99.5% RTP with Control Bank D inserted to 225 SWD. For 

•• 

the reduced power flux maps, the use of Method 2 demonstrated 0.3% to 0.7% more • 
available margin than Method 1. 

3) The Method 2 results shown in Table 7 are the most accurate indication of the true 
measured F0w(z) margin when these power distribution meas.urements were performed. 
The measured margin in the top of the core is less than the predicted margin because 
the plant was measuring larger Fxv(z) values in the top of the core when these 
measurements were performed. 

4) The small violation of the measured F Ow (z) shown in the 6125 MWD/MTU flux map 
using the original RAOC W(z) methodology was a false violation. As evidenced by the 
measured F0c(z) margin in Table 2, the actual operating margin to the safety analysis 
limit increased by more than 10% when core power was reduced to 82% RTP and 
Control Bank D was inserted to 197 SWD. The false violation of F0w(z) was caused by 
the combination of two effects, both of which are corrected by the full implementation of 
the methodology contained in WCAP-17661-P: 

a. The F0 (z) distribution was measured at a power level of 82% RTP with Control 
Bank D inserted to 197 SWD, which was not consistent with the assumed HFP, 
ARO reference core condition used to calculate the denominator of the W(z) 
factor. The measured F0 at the elevation of the apparent F0 w(z) violation was 
therefore increased. Had the W(z) denominator been calculated assuming the 
surveillance would occur at the actual surveillance condition, the W(z) at that 
elevation would have been smaller, because of a similar increase in the predicted 
F0 at that elevation. This effect is the major cause of the apparent decrease in 
F Ow (z) margin in the upper half of the core between the power distribution 
measurements performed at 6105 MWD/MTU and 6125 MWD/MTU. • 
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b. The measured axial power distribution from the power distribution measurement 
performed at 6125 MWD/MTU was slightly more positively skewed than the 
predicted axial power distribution. This also resulted in a small increase in the 
measured Fa(z) values in the upper half of the core, which contributed in a small 
way to the apparent Faw(z) violation. In the later measurements that were 
performed at reduced power conditions, the measured axial power distribution is 
more negatively skewed than predicted, and the result was an apparent increase 
in Faw (z) margin in the upper half of the core, which was just enough to clear the 
false Faw(z) violation. 

5) The hypothetical Axv(z) calculations performed for the 6125 MWD/MTU flux map 
assuming power was at 50% RTP and Control Bank D was inserted to 155 SWD (See 
the final set of calculations shown in Table 5) demonstrate that if the plant had operated 
at these conditions, the F0w(z) surveillance results would underestimate the true 
available Faw(z) margin by up to 8% in the axial elevations containing Control Bank D, if 
Method 1 were used instead of Method 2. When Control Bank D is inserted to 155 SWD, 
the control rods are inserted approximately 44 inches into the core, and the smallest 
Axv(z) values occur in the top 30-inches of the core. At the limiting margin elevation 
determined in the original flux map (94 inches), which would be just below the Control 
Bank D tip at 155 SWD, the hypothetical Axv(z) calculations in Table 5 indicate that the 
use of Method 1 would underestimate the available Faw(z) margin by [ 

]a.c_ In comparing this to the margin results shown in Table 6b, it is unlikely that this 
would have caused an Faw(z) violation in this particular case. This is because there is 
greater than [ ] a.c margin to the Fa w(z) limit in the top 30 inches of the core, and 
greater than [ ] a,c margin to the Fa w(z) limit at the 94-inch elevation at this point in the 
cycle. However, if the 50% power reduction had occurred at a later point in the cycle, 
where margins are reduced in the ~per and lower axial elevations of the core, there is a 
potential that a false violation of Fa (z) would occur if either Method 1 is used for 
determining Axv(z), or if Method 2 is used with a restriction that excludes applying Axv(z) 
values less than 1.0. If Method 2 is W;Plied without such a restriction, as described in 
Section 4.3.2 of the TR then the Fa (z) margin can be accurately determined in the 
axial elevations containing Control Bank D for the reduced power operating condition . 
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Response to RAI 15. f (Verification of Ao Implementation) 

The example discussed in the response to RAI 15.e above includes surveillance calculations 
performed with W(z) factors and no Aq(z) correction factors. These results are identical to using 
Method 1 for determining A0 (z) (i.e., setting A0 (z) to 1.0). 

Using the same core models used in generating the Method 2 Axv(z) factors in Table 5, the 
Method 2 Aa(z) factors were generated for this set of flux maps in Table 8. 

Table 9 then contains updated W(z) based surveillance results after applying the Method 2 
A0 (z) correction factor. 

The results confirm again that the use of Method 1 for determining the A0 (z) factor resulted in a 
conservative surveillance for all of the flux maps, although there is essentially no difference in 
the results for the flux maps that were performed at near HFP ARO conditions. When the 
Method 2 A0 (z) correction factors are applied, the results of the surveillance are significantly 
improved (i.e., more margin to the limit) at the reduced power conditions. 

As discussed in the response to RAI 15.e above, the false F0 w(z) violation in the 6125 

MWD/MTU flux map results from using the W(z) methodology without applying an Aa(z) 

correction factor, which is equivalent to using Method 1 to determine the A0 (z). Table 9 shows 
that the violation is resolved if Method 2 is used to calculate the A0 (z) correction factor, as 
described in Section 7 .3.2 of the TR. However if Method 2 is applied with a restriction that 

• 

excludes applying A0 (z) values less than 1.0, then the false F0 w(z) violation would remain for • 
the measurement performed at 6125 MWD/MTU. 

16 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 



Westinghouse Non-Proprietary Class 3 

• References for RAI 15 Responses 

• 

• 

1) WCAP-12472-P-A, Addendum 4, "BEACON™ Core Monitoring and Operation Support 
System." 

2) WCAP-10965-P-A. "ANC - A Westinghouse Advanced Nodal Computer Code." 

3) WCAP-10965-P-A, Addendum 1, "Enhancements to Rod Power Recover." 

4) WCAP-10965-P-A, Addendum 2, "Qualification of New Pin Power Recovery 
Methodology." 

5) WCAP-16045-P-A. "Qualification of the Two-Dimensional Transport Code PARAGON." 

6) WCAP-16045, P-A, Addendum 1, "Qualification of the NEXUS Nuclear Data 
Methodology." 
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Table 3 - COLR W(z,Bu) Functions and Interpolated W(z)s Used in Flux Maps a,c 
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Table 5 (Continued) - Axv(z) Calculations for Flux Maps Using Method 2 a,c 
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4.3 CALCULATION OF AXY(Z) AND ITS SUB-FACTORS 

For the vast majority of surveillances in the vast majority of plants, the AXY(z) adjustment factors will be 
unimportant. The reasons for this are: 

1. Virtually all plants are operated in baseload mode at nominal operating conditions with control 
rods nearly fully withdrawn. Consequently, if the reference conditions assumed for generating the 
T(z) values are HFP, ARO, EQXE, these conditions will usually agree closely with the actual 
surveillance core conditions. So, Fpc(z) and FRc(z) will very nearly equal 1.0; therefore, AXY(z) 
will nearly equal 1.0. 

2. For surveillances, many plants use a core model from an on-line core monitoring system that has 
been calibrated to the measured core via periodic flux maps and continuous readings from incore 
and excore instrumentation (e.g., excore detectors, thermocouples, or fixed incore detectors). 

3. 

The power distribution in the calibrated core model is effectively the measured power 
distribution. During a surveillance, this calibrated core model is taken to HFP, ARO, EQXE 
conditions. The resulting FQ(z) from that model is the measured FQ(z) used in the FQ Surveillance 
formulation. For these plants, then, every surveillance is at the correct reference conditions; 
therefore, AXY(z) will always equal 1.0. 

As Tables 3-1 and 3-2 show, the power distribution sensitivity of the radial peaking factor is not 
large. For, power levels~ 70% RTP, the ratio of the full power FXY to the part power F:xy 
(which is Fpc) was> 0.98, which corresponds to a less than 2% correction. 

4. Tables 3-3 and 3-4 show that FRc, the peaking factor correction for control rods, can be 
significant. However, at high power levels, the lead control bank is rarely inserted deeply. 
Furthermore, the axial location of the minimum margin is rarely in the small region at the top of 
the core where the lead control bank could be present. 

5. The current FQ Surveillance formulation does not include the Fpc(z) and FRc(z) corrections, 
even though it legitimately could (see Section 7). Despite this, FQ margin issues occur very 
infrequently, which implies that ignoring these effects does not pose significant difficulties in 
meeting limits for the vast majority of surveillances. 

6. · . Technical Specifications require re-verification of transient FQ(z) whenever power is increased by 
more than 10% relative to the last verification ofFQ(z). Consequently, surveillances will always 
occur at high powers near the core conditions assumed in generating the COLR T(z) factors and 
where transient FQ margin is near its minimum value. 

Given these six reasons, a good argument could be made that explicit inclusion of theAXY(z) factors in 
surveillances is unnecessary. However, use of these factors should be an option in the rare circumstance 
where a plant needs margin to avoid an operating space or power level reduction. With this in mind, 
several methods are discussed in the following subsections for incorporating these adjustment factors into 
surveillances. They are discussed in order of increasing complexity. 
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This method will be included in the COLR as an appropriate method to account for differences between 
the reference and surveillance conditions in the surveillance transient FQ margin assessment. If this 
·method is used, the values will be determined on a surveillance specific basis. Note that the values of 
Axy(z) will not be included in the COLR; rather, only the method will be referenced. 

4.3.3 Method 3: Limited Pre-calculation of Fpc(z) and FRc(z) with Simplifying 
Assumptions 

It is possible to include pre-calculated values for FRc(z) and Fpc(z) in the COLR. However, to do this for 
all possible power levels, control rod positions, and cycle bumups is not realistic. Instead a limited set of 
values could be included in the COLR for a specific cycle burnup or range of cycle burnups and 
employing some simplifying assumptions to reduce the scope ofreactor conditions presented in the 
COLR to something practical. 

Surveillances for off-nominal conditions are most likely to be performed during the initial startup 
following a refueling. Consequently, if specific values for FRc(z) and Fpc(z) are desired for inclusion in 
the COLR, it would be most useful to detennine values to support surveillances during the initial power 
ascension. 

The required table of values can be considerably reduced if the following simplifying assumption is 
made: Because of feedback effects, increases in radial peaking factors due to insertion of the lead control 
bank at full power will generally be less than for the same insertion at part power. Another way to state 
this is the following: 

or 

Fxy(z,1.0,ARO) > Fxy(z,Psurv,ARO) 

Fxy(z,1.0,Rsurv) - Fxy(z,Psurv,Rsurv) 
when Psurv ~ 1.0 (4-36) 

when Psurv ~ 1.0 (4-37) 

Table 4-1 provides values for FRc(z,Psurv) at BOL for a range ofrelative powers from 1.0 to 0.7 for a 
typical 4-loop core. The values were generated by assuming complete insertion of the lead control bank to 
quantify the effect of the control rod at each axial elevation. The table also provides ratios of FRc(z, 1.0) 
to FRc(z, Psurv). Note that, except for the very top of the core, FRc(z, Psurv) decreases with power level. 
Typically, the exclusion zone for FQ Surveillance is the top and bottom 15% of the core, although smaller 
exclusion zones are sometimes specified. Estimates of the transient FQ are not required in these regions 
due to the difficulty of obtaining an accurate measurement there and the small likelihood of limiting 
margins in these regions. Consequently, these FRc (z, Psurv) values near the top of the core would usually 
be in the upper exclusion zone and, therefore, would not be employed. Regardless, assuming that the 
values for full power are limiting is generally a good assumption resulting in either conservative values or 
values that are trivially non-conservative. Even the trivially non-conservatisms can be eliminated by 
simply assuming the maximum values of FRc(z, Psurv) over the range of power levels considered. The 
maximum values are also indicated in Table 4-1 . 
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The above strategy results in a single set of FRc(z) values applicable at BOL for the startup surveillances. • 
Of course, the maximum insertion of the lead control bank is a function of power level and is specified in 
the COLR. Deeper rod insertions are permitted at lower power levels. While Table 4-1 illustrates values 
of FRc(z) over a full range of core heights, in practice FRc(z) will be approximately equal to 1.0 for 
unrodded core planes. For example, for the particular core used here, the Control Bank Insertion Limits 
specify that the deepest permitted insertion for the lead control bank (D-Bank) at 70% RTP is a core 
height of approximately 5.1 feet. Consequently, values of FRc(z) below this height would always be-1.0. 
Values for core planes above this height would also be -1.0 if the particular core plane is unrodded at the 
surveillance condition. 

To obtain values for the power correction factor, Fpc(z), expression (4-21) is used. When the reference 
rod position is specified as ARO, we have the following: 

F ( ' p ) _ FXY(z,PRef,ARO) 
PC Z, Surv - F ( ARO) XY z,Psurv, 

(4-38) 

Table 4-2 gives example values for Fpc(z, Psurv) for a range of power levels at BOL for the same 4-loop 
core design used for Table 4-1. Equilibrium xenon was assumed in calculating these values. As noted 
earlier, these values are not a strong function of power level at BOL. A significantly larger sensitivity to 
power level is evident later in life (see Table 3-2). For BOL, all the values are within 1 % of 1.0. 

Tables 4-1 and 4-2 give values for these factors at core heights corresponding to the nodes in the 3D core 
model used to calculate them. In this model, 26 axial nodes were used. Typically, surveillances are • 
performed over a larger number of evenly spaced axial positions. In a typical flux map, 61 axial points are 
usually used. Values for these factors at the specific surveillance axial positions can be obtained by 
interpolating on the nodal values using standard interpolation methods. Similarly, Table 4-2 gives 
Fpc(z, Psurv) values only for a small set of power levels. Values for intermediate powers can be obtained 
using standard interpolation methods. If, however, a surveillance is perfonned at a power level lower than 
the minimum power level in the table, the values of Fpc(z, Psurv) for the minimum power level in the 
table should be used rather than extrapolating the table values to lower powers. 

Tables 4-1 and 4-2 were generated specifically for BOL. In principle, however, similar values could be 
generated for any specific cycle burnup or range of cycle burnups. Interpolation on burnup could then be 
performed. For example, if a part-power surveillance became necessary late in life, FRc(z) and Fpc(z) 
could be pre-calculated at the burnup of interest or over a range ofburnups near the burnup anticipated for 
the surveillance. These values could then be included in the COLR, either when the COLR was initially 
prepared or through a COLR update. 

Note that this method assumes that the power and control rod correction factors are separable, 
i.e., independent of one another. In reality, there are 3D .effects that can occur, especially near the. 
transition region between the rodded and unrodded core planes. In this region, the presence of the control 
rods can affect the limiting radial peaking factors in unrodded core planes just below the control rods and 
vice versa. These 3D effects will be small if the radial location of the peak is not near the control rod 
locations. In this case, insertion of the control rod will normally increase the peaking factor. When the 
peak radial location is near the control rod, insertion of the control rod can reduce the radial peaking 
factor in both the rodded planes and in the unrodded planes in the transition region. In this case, the • 
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product of FRc(z) and Fpc(z) could be underestimated. This would result in an overestimation of the 
margin in this region. It is judged, however, that, in practice, this is very unlikely to result in any 
significant non-conservative minimum margin assessments since control rods are typically not deeply 
inserted during surveillances, except possibly for low power surveillances. Furthermore, low power 
surveillances are really only interim assessments; new surveillances must be performed when reactor 
power is increased by greater than or equal to 10% RTP above the power level of the most recent 
surveillance. Also, core designers can readily determine whether this method will provide sufficiently 
accurate assessments. Method 2 or Method 4 (see subsection 4.3.4) could be used if accuracy is judged to 
be an issue. 

4.3.4 Method 4: Pre-calculation of Ax:y(z) 

The last method for calculating these correction factors involves direct calculation of the product of 
FRc(z) and Fpc(z), i.e., Axy(z), using expression (4-22). This is essentially the same as Method 2 but 
instead of calculating surveillance specific factors at the time of the surveillance using an approved core 
model, the factors are pre-calculated and included in the COLR. (Alternatively, the COLR can be updated 
to include these factors prior to the surveillance.) As discussed above, to do this for all core power levels, 
lead bank positions, and cycle burnups is not very practical or even necessary. However, similar to the 
approach in the previous subsection, values could be detennined for startup, for a specific expected 
surveillance condition, or for a specific cycle burnup or range of cycle burnups. 

Tables 4-3 through 4-6 give startup values for the same core used in the previous example. Each table 
gives Axv(z) values for a different core relative power. Specifically, the relative power levels considei;ed 
were 1.0, 0.9, 0.8, and 0.7 for Tables 4-3 through 4-6, respectively. Also, each table considers various 
D-Bank positions ranging from fully withdrawn to an insertion slightly deeper than the insertion limit for 
that power level. Increments of 20 steps were used (1 step= 0.625 inches). Of course, different power and 
rod position increments could be used, e.g., power increments of 0.05 and rod position increments of 
10 steps. It would be useful for the tables to include rod positions frequently used for flux maps. For 
example, if flux maps frequently occur with the lead bank at ~210 steps withdrawn, then including data 
for a rod position of 210 steps would be advantageous. 

If a surveillance is performed at some intern1ediate state that does not correspond exactly to any of the 
conditions assumed in the table, then the following process is recommended: As an example, suppose a 
surveillance is performed at 85% RTP (0.85 relative power) and with D-Bank at 195 steps withdrawn. To 
obtain Axy(z) values appropriate for these conditions, a reasonable process would be to interpolate 
between the tables to obtain values by rod position for 85% RTP. Next, the maximum Axy(z) values 
between the two sets at 205 steps and 185 steps would be used. In some circumstances, this process may 
conservatively underestimate the available margin in the transition region between the rodded and 
unrodded core planes. Interpolation on rod position is not really appropriate, however, because the 
variability of the factors is not a smooth function of rod position. 

Some of the Axv(z) values in Tables 4-3 through 4-6 exceed 1.0 by a few percent. For example, in 
Table 4-5, the value for a D-Bank position of 185 steps withdrawn (SWD) and a core height of 9.81 ft is 
1.027. As discussed in the previous subsection, this can occur in cases where the presence of the control 
rod suppresses the radial peaking factor. In this particular instance, the peak unrodded FXY(z) is very near 
a D-Bank control rod location. Consequently, inserting the control rod reduces the radial peaking factor. 
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This local peaking factor suppression can occur in both the rodded planes and in the unrodded planes·near • 

the tip of the control bank. A control rod position of 185 SWD corresponds to a core height of 10. 0 ft. 
Thus, core planes above and immediately below this elevation are affected by the control rod's presence. 
The same phenomenon is observable for the other rod positions, but at different axial locations since the 
rod positions are different. 

One option is to simply exclude core planes from the surveillance that are near the bank demand position. 
This exclusion is, in fact, included in the Bases for SR 3.2.1.2 of Technical Specification 3.2. lA in 
Reference 1, which is the Heat Flux Hot Channel Factor Technical Specification for CAOC Fxv(z) plants. 
This exclusion will be retained in the Bases for the improved FQ TS. (See additional discussion on this in 
the following section.) This exclusion is justified because the limiting margin location is very unlikely to 
be in or near a rodded plane. As will be shown in Section 6, the. elevation of the limiting transient FQ 
margin for this core at BOL is 7.65 ft. This is well below any elevation that would be significantly 

affected by control rods for a surveillance at or near full power. Furthermore, for the vast majority of high 
power surveillances, control rod insertion is very minimal. Consequently, the limiting margin location is 
rarely in a region where control rod influences will obscure the minimum margin assessment. For this 
particular core, any of above methods would give good minimum transient FQ margin assessments for 
high power surveillances. 

4.4 MEASUREMENT OF Fx.y(Z) 

In this new formulation, the key factor being measured is the Fxv(z). The measured Fxv(z) is used to 
normalize the transient FQ(z) analysis to the radial peaking factors of the measured core. Of course, Fxv(z) 
is being measured in the current formulation, too, but as a component of the measured FQ(z). The 
measured Fxy(z) can be directly obtained from the measured FQ(z) through use of expression (2-10), i.e.: 

M _ F/j(z) 
FXY(z) - pM(z) (4-39) 

There are a number of plants (primarily CAOC plants) that confirm FQ(z) indirectly by measuring Ffy(z) 
and then comparing this measurement to an Fxv(z) limit. These plants utilize the surveillance approach 
discussed in Technical Specification 3 .2.1 A in Reference 1, which, as mentioned earlier, is the Heat Flux 
Hot Channel Factor Technical Specification for CAOC Fxv(z) plants. The bases for this TS specify that 
core plane regions within ±2% of the grid plane regions are excluded from the surveillance. The 2% value 
corresponds to 2% of the core height or about 2.9 inches for a 12 foot core. The reason for this exclusion 
is a concern with respect to measuring Fxv in this region. If the flux traces from the moveable detector 
system are not all well-aligned with respect to their grid depressions, it is possible to get "anomalous" Fxv 
measurements. This could occur, for example, if a flux trace were misaligned such that a non-grid axial 
point was mispositioned into a grid plane. This would cause the measured Fxv for that grid plane to be 
unrealistically large, resulting in an anomalous margin reduction relative to the Fxv limit. 

For the current formulation, wher~ FQ(z) is measured, this issue is not much of a problem since the axial 
powers at the grid elevations are depressed. Even if the, measured Fxv is anomalously large at a grid plane 
because of a trace misalignment or other measurement difficulty, the effect is offset by the grid 
depression. There are no grid exclusions in the current FQ Surveillance TS. 
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Table 4.,.1 F Rc(z, P surv) Values at BOL for a Range of Relative Powers 

Note: 
1. Values are applicable for the initial ascension to full power for bumups less than or equal to 150 MWD/MTU. 
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Table4-2 F pc(z, P surv) Values at BOL for a Range of Relative Powers 

I 

I 

Note: 
1. Values are applicable for the initial ascension to full power for bumups Jess than or equal to 150 MWD/MTU. 

WCAP-17661-NP November 2013 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

a,c • 

• 

• 



• 

• 

• 

Table 4-3 

WCAP-17661-NP 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-21 

Method 4: Axv(z) Values at BOL for a Relative Power of 1.0 
a,c 
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Method 4: Axv(z) Values at BOL for a Relative Power of 0.9 
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Method 4: Axv(z) Values at BOL for a Relative Power of 0.8 
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Method 4: A:xy(z) Values at BOL for a Relative Power of 0. 7 
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6.4 AXY(Z) VALUES FOR INITIAL POWER ASCENSION 

As discussed in Section 4.3, the A:xy(z) factors adjust the measured FXi,(z) for consistency with the 
reference core conditions used to generate the COLR T(z) values. The vast majority of surveillances are 
performed at high power conditions during the operating cycle with control rods nearly fully withdrawn. 
For these surveillances, the Ax.y(z) will generally be very close to 1.0 at nearly all elevations and, in 
particular, at elevations where transient FQ margin is likely to be limiting. Furthermore, for the particular 
core used in this example, ample transient FQ margin is anticipated. This is evident from the F0(z)*Power 
plots in Figures 6-4 though 6-7. Therefore, an assumption of Ax.y(z) equal to 1.0 is reasonable. 

Section 4.3 presented values of these Axv(z) factors for the initial power ascension calculated using two 
different methods. Method 3 assumed that the Fpc(z) and FRc(z) subfactors of Ax.y(z) were separable. 
These subfactor values were presented in Tables 4-1 and 4-2. In Tables 4-3 through 4-6, pre-calculated 
values of Ax.y(z) were detem1ined using Method 4 for various surveillance power levels and control rod 
positions. The values in Tables 4-3 through 4-6 were tabulated for the axial mesh of the 3D core model 
used to calculate them. Tables 6-5 through 6-8 present these factors interpolated to the surveillance axial 
mesh, which for this core consists of 61 evenly spaced axial points. In these tables, Ax.y(z) was set to 0.0 
for the top and bottom exclusion zones. 

Tables 6-5 through 6-8 present these Axv(z) values as they might appear in the COLR. Obviously, this 
method is somewhat awkward given the large number of values that must be pre-calculated and the need 
to determine appropriate values for intermediate power levels and rod positions . 

A convenient method for determining these factors is Method 2 using expression ( 4-35). In this method, 
the factors are not included in the COLR. Instead, they are determined for the specific surveillance 
conditions at the time of the surveillance using an approved 3D core model. In this example analysis, this 
is the method that will be used. 

Section 6.6 will describe the application of this improved FQ Surveillance fonnulation to a specific flux 
map. The flux map was taken at a cycle burnup of 221 MWD/MTU. The core relative power was 0.999, 
and the D-Bank location was 228 SWD. Table 6-9 gives theAx,{z) values detennined using Method 2 
and interpolated to the surveillance axial positions. In this case, the flux map was taken at core conditions 
that are nearly the same as the reference core conditions. Consequently, the Ax.y(z) values are nearly equal 
to 1.0 (within about 0.1 %), indicating that, for this particular surveillance, essentially no adjustment of the 
measured radial peaking factors is necessary for consistency with the reference conditions assumed for 
the COLR T(z) values. 

6.5 POWER AND AFD REDUCTIONS 

As discussed in Section 5.3, ifno ROS included in the COLR provides the required margin improvement 
when F0 w (z) exceeds its limit, then Required Action B.2.1 and the COLR will specify limits on thermal 
power and required reductions in AFD. Optionally, these reductions may be implemented instead of 
employing a more restrictive ROS. [ 

]""c The 

minimum margin improvement relative to the reference analysis for that ROS will be detennined. The 
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Table 6-6 Initial Power Ascension A,,.,(z) for Relative Power of 0.90 
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Table 6-8 Initial Power Ascension Axv(z) for Relative Power of 0. 70 a,c 
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inserted. At EOL, FXY(z) is increased more than P(z) is suppressed in the rodded region, resulting in ~(z) • 
values less than 1.0. Consequently, the ~(z) values are very different at the top of the core for BOL and 
EOL. 

While the. axial offsets are the same for the reference and surveillance cases, the P(z) shapes, while very 
similar, are not exactly the same. Figure 7-1 shows the axial power shapes for the four core conditions of 
Table 7-1. The subtle diff~rences between the reference and surveillance P(z) shapes influence the ~(z) 
values. In unrodded axial planes where the reference P(z) exceeds the surveillance P(z), the AQ(z) values 
will tend to be greater than 1.0. 

7.3.3 Method 3: Pre-calculation of ~(z) for the Surveillance Condition 

Just as the values for Axy(z) can be pre-calculated as described in subsection 4.3.4, values of AQ(z) can be 
pre-calculated for multiple surveillance conditions using expression (7-10) and included in the COLR in 
tables similar to Table 4-3 through 4-6. While this is possible in theory, as a practical matter it is 
cumbersome due to the wide range of surveillance conditions. Note that as an equivalent alternative, 
surveillance specific W(z) values can be calculated and included in the COLR. This is currently done to 
support specific startup surveillances for some cores. 

7.4 CRUD INDUCED POWER SHIFT CONSIDERATIONS FOR CAOC CORES 

Section 4.5 discussed CIPS considerations and indicated that the T(z) and W(z) factors can be affected by 
CIPS. Specifically, CIPS can affect the maximum transient P(z), which appears in the numerator of both • 
the T(z) and W(z) expressions. The recommendations of Section 4.5 apply to CAOC cores. To reiterate, it 
is proposed that, should CIPS occur, the effect of CIPS on transient FQ margin should be addressed in a 
timely fashion, e.g., within several weeks of the observ:ed onset. This is proposed rather than the 
application of generic CIPS penalty factors that are a function of MO. 
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Axv(z) is a function that adjusts the F0W(z) 
Surveillance for differences between the 
reference core condition assumed in 
generating the [T(z)]COLR function and the 
actual core condition that exists when the 
Surveillance is performed. 

Revised INSERT #1 for Bases B 3.2.1 B 

The various facto in th is expression are defined below: 

FxvM(z) is the me sured radial peaking factor at axial location z and is equal to the va lue of 
F0 M(z)/PM(z), whee PM(z) is the measured core average axial power shape. 

[T(z)f0 LR is the c cle and burnup dependent function , specified in the COLR, which accounts for power 
distribution transi nts encountered during non-equilibrium normal operation. [T(z)f0 LR functions are 
specified for eac analyzed RAOC operating space (i.e., each unique combination of AFD limits and 
Control Bank Ins rtion Limits). The [T(z)f0 LR functions account for the limiting non-equilibrium axial 
power shapes po tulated to occur during normal operation for each RAOC operating space. Limiting 
power shapes at oth full and reduced power operation are considered in determining the maximum 
values of [T(z)f R_ The [T(z)]coLR functions also account for the 
following effects: (1) the presence of spacer grids in the fuel assembly, (2) the increase in radial 
peaking in rodde core planes due to the presence of control rods during non-equilibrium normal 
operation, (3) th increase in radial peaking that occurs during part-power operation due to reduced fuel 
and moderator t mperatures , and (4) the increase in radial peaking due to non-equilibrium xenon 
effects. The [T( )f0 LR functions are normally calculated assuming that the Surveillance is performed at 
nominal RTP co ditions with all shutdown and control rods fully withdrawn , i.e., all rods out (ARO). 

ific [T(z)f0 LR values may be generated for a given surveillance core condition. 

• 

L POWER/ RTP. 
100% RTP, all rods out, and equilibrium xenon. 

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

Rj is a cycle and burnup dependent analytical ctor specified in the COLR that accounts for potential 
increases in F0w(z) between Surveillances. Rj alues are provided for each RAOC operating space. 

1.0, as this will typically result in an accurate F0W(z) Surveillance result for a Surveillance that is 
performed at or near the reference core condition, and an underestimation of the available 
margin to the F O limit for Surveillances that are performed at core conditions different from the 
reference condition . Alternatively, the Axv(z) function may be calculated using the NRC 
approved methodolo in Reference 6. 
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Revised INSERT #1 for Bases B 3.2.1 C 

[W(z)f0
LR 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)f0

LR 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)f0

LR functions account for the limiting non-equilibrium axial power shapes 
postulated to occur during normal operation for each CAOC operating space. Limiting 
power shapes at both full and reduced power operation are considered in determining 
the maximum values of [W(z)f0

LR_ The [W(z)f0
LR 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-equilibrium 
xenon effects. The [W(z)f0

LR functions are normally calculated assuming that the 
Surveillance is performed at the Target Axial Offset core conditions. Surveillance 
specific [W(z)f0

LR values may be generated for a given surveillance core condition. 

Pis the THERMAL POWER/ RTP . 

Rj is a cycle and burnup depen nt analytical factor specified in the COLR that accounts 
for potential increases in Faw(z) b tween Surveillances. Rj values are provided for each 
CAOC operating space. 

A0(z) is a function that adjusts the F0W(z) Surveillance for differences between the reference core 
condition assumed in generating the [W(z) ]COLR function and the actual core condition that exists 
when the Surveillance is performed. Normally, this reference core condition is defined as the same 
core condition that is used to establish the target AO (i.e ., the target axial flux difference at RTP) in 
LCO 3.2.3. For simplicity, A0 (z) can be assumed to be 1.0 when the F0 W(z) Surveillance is 
performed at a core condition consistent with updating the target AO and when Control Bank D is 
not inserted below the axial elevation where the limiting Fa margin is predicted to occur (as 
specified in the COLR). Ao(z) can also be assumed to be 1.0 if the F0W(z) Surveillance is not 
performed at conditions consistent with updating the target AO. and a Surveillance specific 
[W(z)]COLR function associated with performing the Surveillance at the applicable core condition is 
specified in the COLR. If the conditions specified in the COLR for assuming A0 (z)=1.0 are not met 
and a Surveillance specific [W(z)]COLR function has not been specified, then the A0(z) function is 
calc~~fl 'I-~mi#lelJRC approved methodology in Reference 6. 
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F-2 

• where: 

Fg (z) = F/j (z) * 1.0815 

THERMAL POWER 
p = RATED THERMAL POWER 

F.2.2.2: 

F.2.2 .3: 

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

F.2 .2.4: 

Ff (z) 
pRTP 

~+* K(z) 

pRTP 

F;f (z) < - Q- * K(z) 
- 0.5 

for P > 0.5 

for P ~ 0.5 

• where : 

• 

F.2 .2.5 : 

[W(z)]C0 R values are provided in Tables F-1 , F-2, and F-3 for COSl , COS2, and COS3, respectively. 

if the conditions discussed 
below are met can 

factor adjusts the surveillance to the Target AO conditions. AQ (z) be assumed to be equal 

may be detennincd for specific surveillance conditions using the approved methods listed in +6 
. If .4vW i9 ft99ttt1'lecl te ae eEftt!ll 1.0, the 91::lf't'eill!lflee 9he1::1lcl be perfeRl'lecl !l9 ele9e !l9 fl099ible te the 

F.2.2.7 : INSERT 1 

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

F.2 .2.8: 
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INSERT 1 

Specifically, AQ (z) can be assumed to be equal to 1.0 if the surveillance is performed at core conditions 

consistent with updating the measured Target AO and Control Bank D is not inserted below 200 steps 

withdrawn 1
. Alternatively, AQ(z) can be assumed to be equal 1.0 if a surveillance specific W(z) function 

is being used that is consistent with the core cond itions of the surveillance. 

• 

• 

1 Reviewer's Note: The Control Bank D insertion requirement will be determined on a cycle specific basis, 
based on bounding the predicted limiting axial elevation for the F Ow (z) margin. This single value can also • 
be replaced with a table of Control Bank D insertion as a function of cycle burnup. 
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UNITED STATES 
NUCLEAR ~EGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

April 24, 2018 

Mr. W. Anthony Nowinowski, Program Manager 
PWR Owners Group, Program Management Office 
Westinghouse Electric Company · · 
1000 Westinghouse Drive, Suite 380 
Cranberry Township, PA 16066 

SUBJECT: DRAFT SAFETY EVALUATION FOR PRESSURIZED WATER REACTOR 
OWNERS GROUP TOPICAL REPORT WCAP-17661, "IMPROVED RAOC AND 
CAOC FQ SURVEILLANCE TECHNICAL SPECIFICATIONS" 

Dear Mr. Nowinowski: 

By letter dated January 2, 2014 (Agencywide Documents Access and Management System 
(ADAMS) Package Accession No. ML 140Q9A098), the Pressurized Water Reactors Owners 
Group (PWROG), submitted for Nuclear Regulatory Commission approval, Topical Report 
WCAP-17661, "Improved RAOC and CAOC Fa Surveillance Requirements." The topical report 
(TR) was supplemented by letters dated September 13, 2016, and February 15, 2018 
(ADAMS Package Accession Nos. ML 16291A531 and ML 18053A269, respectively). The TR 
provides the technical basis for updates to Technical Specification (TS) 3.2.1, "Heat Flux Hot 
Channel Factor," as presently contained in NUREG-1431, "Standard Technical Specifications­
Westinghouse Plants" (ADAMS Accession Nos. ML 12100A222 (Volume 1) and ML 12100A228 
(Volume 2)). 

The NRC staff review determined that the revisions to the heat flux hot channel factor TS were 
acceptable. The revisions provide a more robust means for performing the Faw(Z) surveillance, 
a series of more restrictive operating spaces if the Faw(Z) LCO is not met, and a more clearly 
defined set of Surveillance Requirements and Required Actions. The TS changes also provide 
reasonable assurance that a core operated in accordance with these TS will remain within the 
power distribution limits assumed in the facility safety analyses. 

Pursuant to Section 2.390 of Title 10 of the Code of Federal Regulations (10 CFR), we believe 
that the enclosed draft SE may contain proprietary information. If you believe that any 
information in the enclosure is proprietary, please identify such information line-by-line and 
define the basis pursuant to the criteria of 10 CFR 2.390. Twenty working days are provided for 
you to comment on the proprietary aspects and provide any factual errors or clarity concerns 
contained in the SE. The final SE will be issued after making any necessary changes and a 
non-proprietary version will be made publicly available. The NRC staff's disposition of your 
comments on the draft SE will be discussed in the final SE. 

I · · · d herewith contains Pro~rielery Information. When 
saparaled{rem lhe enslesu,e,thi&-!Fansmittal ~ is deeontrolledc-
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To facilitate the NRC staff's review of your comments, please provide a marked-up copy of the 
revised draft SE showing proposed changes and provide a summary table of the proposed 
changes. 

If you have any questions, please contact Brian Benney at 301,-415-2767. 

DocketNo.99902037 

Enclosure: 
Draft Safety Evaluation' 
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DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO PRESSURIZED WATER REACTOR OWNERS' GROUP 

LICENSING TOPICAL REPORTWCAP-17661 

"IMPROVED RAOC AND CAOC FQ SURVEILLANCE TECHNICAL SPECIFICATIONS" 

PROJECT NO. 694 

1.0 INTRODUCTION 

The Pressurized Water Reactor Owners Group (PWROG) submitted Topical Report (TR) 
WCAP-17661 1 for U.S. Nuclear Regulatory Commission (NRC) staff review by letter dated 
January 2, 2014 (Ref. 1 ). The TR provides the technical basis for updates to Technical 
Specification (TS) 3.2.1, "Heat Flux Hot Channel Factor," as presently contained in 
NUREG-143,1, "Standard Technical Specifications - Westinghouse Plants" (Ref. 2). 
Specifically, the TR addresses (1) potential non-conservatisms in Required Action B.1 of 
TS 3.2.1 B, which is applicable to Relaxed Axial Offset Control (RAOC) plants, and (2) "the 
sensitivity of the formulation of the associated Surveillance Requirement (SR) to the differences 
between the measured and predicted surveillance power shapes at both nominal and part 
power conditions" (Ref. 1). The TR was supplemented by letters dated September 13, 2016 
(Ref. 3) and February 15, 2018 (Ref. 4): The supplements provided responses to the NRCstaff 
requests for additional information (RAls). 

In addition to the changes described above, WCAP-17661 includes several other improvements 
to Versions B and C of TS 3.2.1. TS 3.2.1 B is the version that is applicable to plants that have 

, implemented the RAOC methodology, whereas TS 3.2.1 C is the version that is appiicable to 
plants that use the Constant Axial Offset Control (CAOC)-W(Z) methodology. Meanwhile, TS 
3.2.1A, the version of the TS that is applicable to plants using the CAOC-Fxv methodology 
remains unchanged, and this TR does not apply to such plants. 

All of the TS changes described and justified in WCAP-17661 are described in detail in 
Section 3.0 of this safety evaluation (SE). · 

1.1 BACKGROUND: POWER DISTRIBUTION TERMS 

The TR relates to peaking factors that are used to describe the power distribution at 
Westinghouse Electric Company (Westinghouse)-designed plants. These factors, and the 
various functions, factors, and limits that are. used to manipulate the peaking factors in order to 
ensure they provide appropriate margins for uncertainties and operational transients over a 
given surveillance interval, are summarized in Table 1, located in the appendix to this SE. The 
table first defines the peaking factors, then provides the limits, functions, and multipliers, and 
finally provides definitions for the various different versions of each peaking factor. 

1 As noted in the citation for Reference 1, WCAP-17661 exists in both proprietary (WCAP-17661 P) and 
publicly available (WCAP-17661 NP) formats. This SE is applicable to both· formats, and refers to the TR 
generally without the proprietary designator (i.e., WCAP-17661 ) . 

· OFFICIAL::-l:ISE-9Nl=-Y---GGNl'AIN-S PROPRIETARY INFORMATION 
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It is useful to refer to Table 1 alongside subsequent sections of this SE, in which the terms 
contained in the table are frequently used in discussing the algebraic formulations of the 
surveillance terms and operating limits. 

1.2 PURPOSE OF TOPICAL REPORT 

In 2009, Westinghouse identified a non-conservatism associated with the limiting conditions for 
operation {LCOs) and associated SRs for the Heat Flux Hot Channel Factor {Fa{Z)) for 
Westinghouse nuclear power plants. Specifically, it was recognized that the Required Actions in 
NUREG-1431 {Ref. 2), in situations where the plant does not meet an Fa limit, are not as 
conservative as previously understood. 

Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 09-5, "Relaxed Axial Offset 
Control Fa Technical Specification Actions," to address the situation on an interim basis {Ref. 5). 
The NSAL required four specific actions, in addition to the current specific Required Actions 
contained in the plant-specific Fa TSs, if it was determined that Fa was not within the LCO limit 
following a surveillance performed at ;;: 75 percent rated thermal power {RTP). These actions 
are very conservative so that they envelop ~II plants. 

The non-conservatism becomes apparent in plants using RAOC rather than CAOC. A key 
surveillance parameter, Faw(Z), is the product of analytical factors and surveillance 
measurements. The analytical factors are derived before each reload, and must assume a 
reference condition for the surveillance, even though the surveillance takes place after the plant 
returns to power, and hence, well after the analytical factors are derived. The initial surveillance 
condition is not necessarily the same as the reference condition, and this can lead to an 
inaccuracy that is non-conservative. 

The PWROG submitted WCAP-17661 in order to develop a permanent resolution to the 
problem and define appropriate revisions to the standard TS {STS) related to the Fa 
surveillance. The intent is to replace the temporary actions required by the NSAL in case Fa is 
found outside the LCO limits with Required Actions that will assure that plant operation will 
remain bounded by the facility safety analyses. The PWROG submitted WCAP-17661 to the 
NRC, requesting approval in order to make subsequent changes to the STS, NUREG-1431. 
The specific TS that are proposed to be changed are TS 3.2.1 B, Heat Flux Hot Channel Factor 
(Fa (Z) (RAOC-W(Z) Methodology)) and TS 3.2.1C, Heat Flux Hot Channel Factor (Fa {Z) 
{CAOC-W(Z) Methodology)). 

1.3 SUMMARY OF CHANGES 

The following discussion provides a brief summary of the changes set forth in WCAP-17661. A 
detailed discussion of each change is provided in Section 3.0 of this SE, and a summary of 
changes in tabular format is provided in Table 2, in the appendix. 

1.3.1 Limiting Conditions for Operation (Unchanged) 

The LCOs for TS 3.2.1 B and 3.2.1 C remain unchanged. The requirement, in both versions of 
the LCO, remains for Fa(Z), as approximated by Fac(z) and Faw(z), to remain within the limits 
specified in the core operating limits report (COLR). The approximations for these parameters, 
however, will change as discussed in the succeeding sections. 
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1.3.2 Core Operating Limits Report Content 

Based on the discussion contained in the TR, the NRC staff determined that the typical COLR 
content2 will change. As outlined below, the amount of the COLR content related to Faw(Z) will 
increase. Primarily, this increase stems from the following items, which will be newly included in 
the COLR: 

1. The definition of new RAOC operating spaces (ROSs) or CAOC operating spaces 
(COSs), 

2. The inclusion of a normalization factor Axv(Z) for RAOC, or Aa(Z) for CAOC3, 

3. The definition of a penalty factor, RJ, and 

4. The inclusion of separate control rod insertion limits, transient functions, penalty factors, 
and axial flux difference (AFD) bands for the new ROSs and COSs. 

The COLR will also include newly formulated, cycle-specific limits associated with implementing 
the proposed Required Actions to take in the event that completion of a SR indicates that an 
LCO is not met. 

1.3.3 Surveillance Requirements 

For RAOC plants, rather than formulating the Faw(Z) surveillance parameter by using a 
core-wide, three-dimensional surveillance to measure Fa, the surveillance will now determine a 
synthesized Fa using a planar Fxv surveillance and multiplying it by a reference axial power 
shape. The surveillance is repeated for each plane in the core, from 15- to 85-percent core 
height to determine a maximum to compare to the limit.4 The philosophy of using multipliers to 
the measured value to provide margin for manufacturing tolerances, surveillance uncertainty, 
and operational transients over the following surveillance interval remains unchanged. 
However, the formulation of the transient function is modified. 

In addition, some language contained 1n the SRs has been modified to add clarity, and minor 
changes to some surveillance frequencies have been proposed. 

1.3.4 Required Actions 

The R~quired Actions associated with both Faw(Z) and Fac(Z) have been modified. These 
modifications serve two primary purposes: (1) to provide more explicit limitations on thermal 

2 This list was formulated by reviewing a sample of COLRs submitted on several dockets. The content of 
a specific COLR varies from plant to plant, and not all plants may have the exact content listed here. 
3 As discussed in Section 4.1, the NRC staff determined that the use of such factors, when less than 
unity, was not acceptable. · · · 
4 Per NUREG-1431, "The top and bottom 15-percent of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in the safety analyses and 
because of the difficulty of making a precise measurement in these regions" (Ref. 2, Volume 2, 
SR 3.2. t2). Note that the top and bottom 15-percent exclusion zones are typical, however, the exclusion 
zone is established on a cycle specific basis to ensure that the limiting margin location is surveilled. 
Therefore, for a specific operating cycle, exclusion zones smaller than 15-percent may be specified . 
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1 power and reactor trip setpoints in the condition that the SRs are not met; and (2) to • 
2 accommodate the implementation of successively restrictive operating spaces in the event that 
3 the SRs are not met. 

• 
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REGULATORY EVALUATION 

The specification of and adherence to limits on Fa ensures that the value of the initial total 
peaking factor assumed in the accident and transient analyses remains valid. As noted in 
NUREG-1431, the Fa limits assumed in the emergency core cooling system (ECCS) 
performance evaluation are typically limiting relative to the Fa limits assumed in safety analyses 
for other postulated accidents and anticipated operational occurrences. Even if the ECCS limits 
are less limiting than those determined by another safety analysis, specification of and. 
adherence to the Fa limits still ensures that facility operation remains bounded by the safety 
analyses. 

The regulatory evaluation thus identifies performance requirements and design criteria 
contained within Title 1 O of the Code of Federal Regulations (10 CFR), Part 50, "Domestic 
Licensing of Production and Utilization Facilities." The applicable requirements related to the 
specific content of TSs, relative to the facility safety analysis, are also identified, including 
appropriate guidance for administratively controlling such specifications. Finally, Section 2.3 of 
this SE summarizes the way in which the regulatory requirements apply specifically to the 
reformulated TS for Fa. 

2.1 PERFORMANCE REQUIREMENTS AND DESIGN CRITERIA 

The performance requirements and design criteria applicable to the power distribution assumed 
in the safety analysis are those that pertain to accident and transient analysis. Primarily these 
include the requirements contained in 10 CFR 50.46, "Acceptance Criteria for Emergency Core 
Cooling Systems for Light-Water Nuclear Power Reactors," and General Design Criterion 
(GDC) 10, contained in Appendix A, "General D~sign Criteria for Nuclear Power Plants." Since 
the TS also prescribe appropriate remedial action to follow if TS limitations are not met, some 
additional GDCs relative to the reactor protection and reactivity control systems also apply, as 
listed below. 

The requirements in 10 CFR 50.46 state, in part, that ECCS shall be designed such that an 
evaluation performed using an acceptable evaluation model demonstrates that acceptance 
criteria, set forth in 10 CFR 50.46(b}, including peak cladding temperature, cladding oxidation, 
hydrogen generation, maintenance of coolable core geometry, and long-term cooling are met for 
a variety of hypothetical loss-of-coolant accidents (LOCAs), including the most severe 
hypothetical LOCA. 

GDC 10, "Reactor Design," states as follows: 

The reactor and associated coolant, control, and protection systems shall be 
designed with appropriate margin to assure that specified acceptable fuel design 
limits are not exceeded during any condition of normal operation, including the 
effects of anticipated operational occurrences. 

GDC 20, "Protection System Functions," states as follows: 

The protection system shall be designed (1) to initiate automatically the operation 
of appropriate systems including the reactivity control systems, to assure that 
specified acceptable fuel design limits are not exceeded as a result of anticipated 
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operational occurrences and (2) to sense accident conditions and to initiate. the 
operation of systems and components important to safety. 

I 

GDC 26, "Reactivity Control System Redundancy and Capability," states as follows: 

Two independent reactivity control systems of different design principles shall be 
provided. One of the systems shall use control rods, preferably including a 
positive means for inserting the rods, and shall be capable of reliably controlling 
reactivity changes to assure that under conditions of normal operation, including 
anticipated operational occurrences, and with appropriate margin for 
malfunctions such as stuck rods, specified acceptable fuel design limits are not 
exceeded. The second reactivity control system shall be capable of reliably 
controlling the rate of reactivity changes resulting from planned, normal power 
changes (including xenon burnout) to assure acceptable fuel design limits are not· 
exceeded. One of the systems shall be capable of holding the reactor core 
subcritical under cold conditions. 

2.2 TECHNICAL SPECIFICATIONS 

The requirements for TS are set forth in 10 CFR 50.36, "Technical Specifications." Specific 
categories of TS are provided in 10 CFR 50.36(c). These include LCOs and SRs. If an LCO is 
not met, the facility must be shut down, or other acceptable remedial action must be taken. SRs 
are intended to ensure that facility operation remains within the LCOs. NRC Generic Letter 
(GL) 88-16, "Removal of Cycle-Specific Parameter Limits from Technical Specifications," 
established the NRC position that licensees could remove the cycle-specific values of certain 
operating limits from the TS and maintain them in a COLR, provided that certain requirements 
were met (Ref. 6). 

Paragraph (c}(2} of 10 CFR 50.36 discusses LCOs, stating that such TSs are the lowest 
functional capability or performance levels of equipment required for safe operation of the 
facility. The requirements indicate that LCOs must be established for each item that meets one 
or more of four criteria. One of the criteria is a process variable, design feature, or operating 
restriction that is an initial condition of a design-basis accident (DBA) or transient analysis that 
either,assumes the failure of or presents a challenge to the integrity of a fission product barrier. 

Paragraph (c)(3) of 10 CFR 50.36 states: 

Surveillance requirements are requirements relating to test, calibration, or 
inspection to assure that the necessary quality of systems and components is 
maintained, that facility operation will be within safety limits, and that the LCOs 
will be met. 

The guidance contained in GL 88-16 provides a means by which the values of certain 
parameters could be determined and modified on a cycle-specific basis without prior NRC 
review and approval. In order to implement this guidance, licensees are required to do the 
followfr1g: (1) use NRG-approved methodology to determine the operating limits; (2) include a 
list, in the TS Administrative Controls section, of the references used to determine the operating 
limits; and (3) maintain the limits in a COLR, which must be submitted to the NRC for 
information: 

I 
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2.3 DISCUSSION 

MATION 

The safety analyses required to establish that a facility will comply with the requirements of 
10 CFR 50.46, and with GDC 10, require as input the peak fuel power and the power 
distribution. Since the peak power and the power distribution are initial conditions of DBA and 
transient analyses, facility operation must be controlled by LCOs that are established based on 
these parameters. Hence, Westinghouse pressurized water reactors (PWRs) have LCOs 
relative to Fa. In accordance with 10 CFR 50.36(c}(2), the LCO is accompanied by SRs to 
ensure that the LCO is satisfied. At plants that have implemented GL 88-16, specific parameter 
values may be administratively controlled, and in such cases these parameters must be 
determined in accordance with NRC-approved methodology, and contained in the facility COLR. 

If during performance of a SR Fa is determined not to be within the limit then the LCO is not 
met, and the TS remedial actions must be followed to ensure that facility operation remains 
safe. These remedial actions are based on (1) restoring compliance with the LCO, and (2) 
adjusting the reactor protection system settings so that the functionality required by GDCs 20 · 
and 26 is maintained. 

The NRC staff evaluation of the modified TS contained in WCAP-17661 cot,sidered whether the 
modified TS are consistent with the regulatory requirements identified above. In particular, the 
NRC staff evaluated whether (1) the revised TS LCOs ensure that facility operation remains 
within the bounds established by the safety analysis, (2) the reformulated SRs ensure that 
facility operation meets the LCOs, and (3) the revised required actions and completion times, 
applicable if either or both of the LCOs are not met, are appropriate to ensure that compliance 
with the unmet LCOs is restored, and that facility operation remains safe . 
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1 3.0 DETAILED SUMMARY OF CHANGES . 
2 
3 This section expands on the discussion provided in Section 1.3 of the SE. 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13' 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23. 

24 
25 
26 
27 
28 
29 
30 

31 

3.1 IMPROVED METHODOLOGY TO DEFINE RAOC AND CAOC Fa SURVEILLANCE 

The current Fa(Z) surveillance relies on a combination of analytical factors and periodic 
measurements to provide assurance that core operation does not lead to unacceptable local 
power peaking. This works well for CAOC plants but for RAOC plants the approach is not as 
robust. Specifically, the problem is that prior to each reload when the analytical factors are 
calculated, there has to be a prediction of the axial power shape at the time of surveillance and 
this is usually not known. 

To understand how the new methodology is expected to overcome this problem, consider how 
the following Fa surveillance parameter is defined: 

Ff (Z) = W(Z)[FQ (Z)]furv * Up (1) 

where W(Z) is an analytically derived factor and the Fo(Z) in the brackets is the measured value 
(M) at the time of the surveillance ( Surv). An uncertainty factor VF is also added to this equation 
to account for both instrument uncertainty and manufacturing uncertainty. Ff (Z) must be less 

than or equal to a limiting value found in the COLR. It is related to the F8 (Z) surveillance 
parameter important to monitor steady state operation: 

Ff (Z) = W(Z) * F8(Z) 

The analytically derived factor W(Z) { 

(2) 

} is relative to a reference 
condition. It is calculated prior to operation of a cycle and found in the COLR for use during the 
surveillances. 

{ } (3) 

32 where { 
33 
34 }. The denominator is the 
35 predicted (p) steady state value at the reference (ref} core condition. The latter is typically at hot 
36 full power with all control rods out and equilibrium xenon, which are not necessarily the 
37 conditions at which the. surveillance Fa is measured. 
38 
39 If the reference condition in Equation (3) is identical to the surveillance value in Equation (1) 
40 then the surveillance is done correctly, but if it is not, an error can be introduced. The new 
41 methodology replaces the factors in Equation (1) with equivalent factors which do not have the 
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2 

overt dependence that the reference and surveillance axial distributions are identical. The new 
surveillance parameter is derived in detail in WCAP-17661. It is5 

3 
[T(Z)fOLR 

F'/{ (Z) = pss Axy(Z) * [FXY (Z)]fuRv * Up * Rj 
.. rel 

(4) 

4 
5 Equation (4) uses both new analyticaHactors and new surveillance factors. The equation also 
6 includes a new penalty factor Ri. In this equation [T(Z)f0LR is the pre-calculated function 
7 

{ } (5) 

8 
9 where [P(Z)]~ef is the relative axial power predicted at the reference condition. P:;1 is the 

10 relative power level (actual power divided by the RTP) atthe time of the surveillance. An 
11 additional analytical factor Axv is included in Equation (4) to accountfor differences between the 
12 reference and surveillance conditions: 
13 

14 
15 
16 
17 

l l (6) 

The proposed approach (Equation (4)) is made consistent by using the measured Fxy(Z) rather 
than Fo(Z) as in Equation (1) or (2). There is also the same factor Up as in Equation (1) to take 
into account uncertainties. · 

• 
18 
19 
20 

The penalty factor Ri for surveillance time point j is used to account for the expected decrease in 
margin due to non-equilibrium operation over the period of operation prior to the next 
performance of SR 3.2.1.2. 

• 

21 
22 
23 
24 
25 
26 
27 
28 
29 

30 

The above approach to redefine the surveillance parameter factors is not needed for CAOC 
plants. However, analogous changes are proposed to the surveillance equation for CAOC 
plants to adjust for differences in the reference and surveillance conditions, and to implement 
the same penalty Ri for any expected decrease in margin prior to performing the next 
surveillance. The result changes the CAOC surveillance parameter from that shown in 
Equation (2) to the following: 

(7) 

31 where the adjustment ratiojs: 
32 

33 

{ } (8) 

5 Only the situation for surveillance done above a relative power of 0.5 (i.e., SO-percent RTP) is 
considered herein. The situation below this power is an obvious extension and is given in WCAP-17661. 
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1 According to WCAP-17661, the usual case is that surveillances are performed at core 
2 conditions close to the conditions corresponding to the target axial offset measurement and 
3 hence, AQ(Z) will be very close to 1.0. 
4 
5 3.2 PROPOSED CHANGES TO TECHNICAL SPECIFICATIONS 3,2.1B AND 3.2.1C 
6 
7 The improved methodology for Fa surveillance was used to define a number of changes to bot.h 
8 RAOC and CAOC Fa surveillance, i.e., both TS 3.2.1 B and TS 3.2.1 C are proposed to be 
9 revised. One obvious change is to substitute T(Z) for W(Z) in the title of TS 3.2.1 B. A summary 

10 of the other proposed changes in each TS is given below and further summarized in Table 2. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

3.2.1 Changes to NOTE and Required Actions for Condition A: Fac{z) not Within Limit 

Changes are considered for the NOTE to Condition A and for Required Actions A.2 and A.3. 
The Changes are the same for both RAOC and CAOC plants. 

The NOTE for Condition A stated, "Required Action A.4 shall be completed whenever this 
Condition is entered." It is proposed to be changed as follows: 

Required Action A.4 shall be completed whenever this Condition is entered prior 
to increasing THERMAL POWER above the limit of Required Action A. 1. 
SR 3. 2. 1. 2 is not required to be performed if this Condition is entered prior to 
THERMAL POWER exceeding 75% RTP after a refueling. 

When F8 (Z) is not within limit, the Required Actions were defined as follows: 

( 1) Reduce thermal power ~ 1 % RTP within 15 minutes for each 1 % F8 (Z) exceeds 
the limit (Required Action A.1 ), 

(2) Reduce the Power Range Neutron Flux-High trip setpoint ~ 1 % for each 
1 % F8 (Z) exceeds limit within 72 hours (Required Action A.2), 

(3) Reduce the Overpower b. T trip setpoints ~ 1 % for each 1 % F8 (Z) exceeds limit 
within 72 hours (Required Action A.3), and 

(4) Perform SR 3.2.1.1 (surveillance on F8(z)) and SR 3.2.1.2 (surveillance on 
Ff (Z)) prior to increasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4). 

The wordings in the Required Actions A.2 and A.3 which specify the magnitude of the setpoint 
reductions are proposed to be modified to account for the possibility that the limit for F8 (Z) is 
exceeded during a part-power surveillance. 

The revised Required Actions are proposed to be defined as follows (changes are in italics): 

(1) Reduce thermal power~ 1% RATED THERMAL POWER within 15 minutes for 
each 1 % F8 (Z) exceeds the limit (Required Action A.1 ), 
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(2) Reduce the Power Range Neutron Flux-High· trip setpoint.:: 1 % for each 1 % that 
THERMAL POWER is limited below RA TED THERMAL POWER by 
Required Ac~ion A.1 within 72 hours (Required Action A.2), 

(3) Reduce the Overpower aT trip setpoints .:: 1 % for each 1 % that THERMAL 
POWER is limited below RA TED THERMAL POWER by Required action A. 1 
within 72 hours (Required Action A.3), and 

(4) Perform SR 3.2.1.1 (surveillance on F8(Z)) and SR 3.2.1.2 (surveillance on 
Fl{(Z) prior to increasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4). 

The Completion Times associated with these Required Actions were not revised. 

With tt1e proposed change, when the limit for F8(Z) is exceeded, thermal power will be limited to 
less than the surveillance power level required by Required Action A.1. The corresponding 
setpoints will therefore reflect this new thermal power limit. For example, i( the surveillance 
thermal power is 75 percent and F8 (Z) exceeds its limit by 1 percent, then thermal power will be 
limited to s 74 percent RTP. Consequently, the new wording will require setpoint reductions of 
.:: 26 percent since this is the amount by which the thermal power is limited below the RTP. The 
current Required Action wording would only require a setpoint reduction of~ 1 percent. In other 
words, the current requirement did not account for surveillance conducted at reduced power. 

3.2.2 Changes to the Required Actions and NOTE for Condition B: Faw(z) not Within Limit 

The Required Actions for Condition B are different for RAOC and CAOC plants. Both are 
proposed to be revised in the improved Fa TSs. 

3.2.2.1 Proposed changes for RAOC plants. 
. I 

When F"t{ (Z) is not within limits, the Required Actions were defined as follows: 

(1) Reduce AFD limits ;;:: 1 % for each 1 % F"t{ (Z) exceeds limit (Required Action 8.1 ). 
The associated Completion Time is 4 hours. 

(2) Reduce Power range Neutron Flux- High trip setpoints.:: 1% for each 1% that 
the maximum allowable power of the AFD limits is reduced (Required 
Action 8.2). The associated Completion Time is 72 hours. · 

(3) Reduce Overpower aT.trip setpoints.:: 1% for each 1% that the maximum 
allowable power of the AFD limits is reduced (Required Action. 8.3). The 
associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.1.2 (Required Action 8.4). The associated 
Completion time is "Prior to increasing THERMAL POWER above the maximum 
allowable power of the AFD limits." 

, -0FrfGIA-l'"-tiSE-0N~ = OON=fA+NS PROPRIETARY INFQRMA:r-lQN--
WCAP-17661-NP-A ... - - . -·- - . - - · - - . " · · . · ··· - · - - - 'February 2019 

Revision 1 

*** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
·41 
42' 
43 
44 
45 
46 

·-eFFtCIAL USE ONLY CONTAINS PR8PRIEi-AR¥-INFeRM*lleN-

- 12 -

In addition, there was a NOTE with Condition 8 which stated "Required Action 8.4 shall be 
completed whenever this Condition is entered." · 

In the improved Fa TSs, pre-analyzed RAOC operating spaces, rep'resenting different levels of 
transient Fa margin, will be in the COLR with characterized transient factors (T(Z) functions) 
which, in conjunction with the radial peaking factors, may be used to quantify the margin and 
ensure compliance with the LCO for future non-equilibrium operation. An RAOC operating 
space is a unique combination of an AFD operating space envelope and control rod bank 
insertion limits. In the unlikely event that none of the allowed RAOC operating spaces included 
in the COLR provides sufficient Fa margin, minimum power level and AFD reductions will be 
required along with setpoint reductions. The magnitude of the reduction is included in the 
COLR. 

The revised Required Actions are proposed to be defined as follows (changes are in italics): 

(1) Implement a RAOC operating space specified in the COLR that restores Ff (Z) 
to within limits (Required Action B.1.1). The associated Completion Time is 
4 hours. 

(2) Perform SR 3.2.1.1 and SR 3.2.1.2 if control rod motion is required to comply 
with the new operating space (Required Action B. 1.2). The associated 
Completion Time is 72, hours. 

Or, implement the following: 

(1) Limit THERMAL POWER to Jess than the RATED THERMAL POWER and 
reduce AFD limits as specified in the COLR (Required Action B.2.1). The 
associated Completion Time is 4 hours. 

(2) Reduce Power Range Neutron Flux - High trip setpoints ~ 1 % for each 1 % that 
THERMAL POWER is limited below RATED THERMAL POWER by Required 
Action B.2. 1 (Required Action 8.2.2). The associated Completion Time is 
72 hours. 

{3) Reduce Overpower t::. T trip setpoints ~ 1 % for each 1 % · that THERMAL POWER 
is limited below RA TED THERMAL POWER by Required Action B.2.1 (Required 
Action 8.2.3). The associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.2.2 (Required Action 8.2.4). The associated 
Completion Time is changed to "Prior to increasing THERMAL POWER above 
the limit of Required Action B.2.1." 

The NOTE in Condition 8 is deleted and a NOTE is added to Required Action 8.2.1 which 
states, "Required Action B.2.4 shall be completed whenever Required Action B.2.1 is performed 
prior to increasing THERMAL POWER above the limit of Required Action B.2.1." 
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3.2.2.2 Proposed changes for CAOC plants 

The changes to the TS for CAOC plants (TS 3.2.1 C) are similar to those for the TS of RAOC 
plants (TS 3.2.18). However, the current requirements for these two types of plants are slightly 
different. 

When Fl{ (Z) is not within limits, the Required Actions were defined as follows: 

( 1) Reduce THERMAL POWER ~ 1 % RTP for each 1 % Fl{ (Z) exceeds limit 
(Required Action 8.1 ). The associated Completion Time is 4 hours. 

(2) Reduce Power range Neutron Flux - High trip setpoints ~ 1 % for each 1 % Fl{ (Z) 
exceeds limit (Required Action 8.2). The associated Completion Time is 
72 hours. 

(3) Reduce Overpower Lff trip setpoints ~ 1 % for each 1 % that Fl{ (Z) exceeds limit 
(Required Action B.3). The associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.1.2 (Required Action B.4). The associated 
Completion time is "Prior to increasing THERMAL POWER above the limit of 
Required Action B.1." 

In addition, there was a NOTE with Condition 8 which stated "Required Action 8.4 shall be 
completed whenever this Condition is entered." 

In the improved CAOC Fa TSs, a new Required Action 8.1.1 is proposed which requires 
implementation of a new CAOC operating space, specified in the COLR, which restores Ff' (Z) 
to within its limits. A CAOC operating space is a unique combination of CAOC AFD band limits 
and control rod bank insertion limits. A more restrictive CAOC operating space limits the range 
of possible non-equilibrium power shapes more than the current CAOC operating space through 
a smaller AFD band and/or shallower control rod insertion limits. The smaller CAOC operating 
space results in more transient Fa margin. Alternatively, instead of implementing a more 
restrictive CAOC operating space, thermal power may be limited to some maximum value as 
specified in the COLR. 

The revised Required Actions are proposed to be defined as follows (changes are in italics): 

( 1 ) Implement a CA OC operating space specified in the COLR that restores Ff' (Z) 
to within limits (Required Action B.1.1). The associated Completion Time is 
4 hours. 

(2) Perform SR 3.2.1.1 and SR 3.2.1.2 if control rod motion is required to comply 
with the new operating space (Required Action B.1.2). The associated 
Completion Time is 72 hours. 
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Or, implement the following: 

(1) Limit THERMAL POWER to Jess than the RATED THERMAL POWER as 
specified in the COLR (Required Action B.2.1). The associated Completion Time 
is 4 hours. 

(2) Reduce Power Range Neutron Flux - High trip setpoints ~ 1 % for each 1 % that 
THERMAL POWER is limited below RA TED THERMAL POWER by Required 

. Action B.2.1 (Required Action B.2.2). The associated Completion Time is 
72 hours. 

(3) Reduce Overpower 6 T trip setpoints ~ 1 % for each 1 % that THERMAL POWER 
is limited below RATED THERMAL POWER by Required Action B.2.1 (Required 
Action B.2.3). The associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.2.2 (Required Action B.2.4). The associated 
Completion Time is "Prior to increasing THERMAL POWER above the limit of 
Required Action B.2.1." 

In addition the NOTE in Condition B is deleted and a NOTE is added to Required Action B.2.1 
which states, "Required Action B.2.4 shall be completed whenever Required Action B.2.1 is 
performed prior to increasing the THERMAL POWER above the limit of Required Action B.2.1." 

3.2.3 Changes to Surveillance Requirements · 

The SRs are modified by a NOTE. The NOTE states the following, "During power escalation at 
the beginning of each cycle, thermal power may be increased until an equilibrium power level 
has been achieved, at which a power distribution map is obtained." 

The NOTE for the SR is proposed for elimination because it was considered to have been a 
source of confusion and can be interpreted differently by different utilities implementing the 
requirement. 

3.2.4 · Changes to Surveillance Requirements for Fac(Z): SR 3.2.1.1 

The current SRs for F8 (Z) are the same for both the RAOC and CAOC methodology. 

SR 3.2.1.1 requires verification that F8 (Z) is within its limits and it must be verified at the 
specified Frequency: 

( 1) Once after each refueling prior to THERMAL POWER exceeding 75% RTP, and 

(2) Once within [12] hours after achieving equilibrium conditions after exceeding, by 
~ 10% RTP, the THERMAL POWER at which F8 (Z) was last verified; and 

(3) Each 31 effective full power days (EFPD) thereafter; or 

(4) In accordance with the Surveillance Frequency Control Program. 
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In the improved Fa TS, the second frequency is proposed to be revised to require verification 
within 24 hours (instead of 12 hours) after achieving equilibrium conditions after exceeding, by 
~ 10 percent RTP, the THERMAL POWER at which F8 (Z)was last verified. The Frequency of 
24 hours is considered a reasonable time period to perform the verification. 

3.2.5 Changes to Surveillance Requirements for Faw(z): SR 3.2.1.2 

The current SRs for Ff (Z) are the same for both the RAOC and CAOC methodology. 
SR 3.2.1.2 requires verification that Ff (Z) is within its limits and it must be verified at the 

specified Frequency (same as F8(Z)): 

(1) Once after each refueling prior to THERMAL POWER exceeding 75% RTP, and 

(2) Once within [12] hours after achieving equilibrium conditions after exceeding, by 
~ 10% RTP, the THERMAL POWER at which F8 (Z) was last verified; and 

(3) Each 31 EFPD thereafter; or 

(4) In accordance with the Surveillance Frequency Control Program. 

In addition, there is a NOTE which modifies the SR as follows: 

"If measurements indicate that the maximum over Z [F8(Z)/K(Z)] has increased since 

the previous evaluation of F8 (Z): 

(1) Increase Ff (Z) by the greater of a factor of [1.02] or by an appropriate factor 
specified in the COLR and reverify Ff (Z) is within limits or 

(2) Repeat SR 3.2.1.2 once per 7 EFPD until either a., above, is met, or two 
successive flux maps indicate that the maximum over Z lF8 (Z)/K(Z)] has not 
increased." 

The revised SR 3.2.1.2 modifies the first and second Frequency (items (1) and (2) above) and 
eliminates the NOTE. 

The first Frequency is modified to be conducted following eacti·refueling within [24] hours after 
achieving equilibrium conditions after thermal power exceeds 75 percent RTP. This change is 
justified based on multiple reasons: 

• Initial startups are not expected to result in non-equilibrium power shapes that 
could challenge the Ff (Z) limit since initial startups are slow and are tightly 
controlled due to startup ramp rate limitations and fuel conditioning requirements. 

• Core power distribution measurements taken at low power ( <50 percent RTP) to 
confirm that the core is loaded properly will provide ample indications that the 
core is operating consistent with the expectations. 
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• Surveillances at low power levels can be challenging with respect to obtaining an 
accurate transient Fa margin assessment. Performing this initial verification after 
exceeding 75 percent RTP will ensure that the surveillance will be performed with 
more appropriate steady state peaking factors measured at or near the power 
level where future non-equilibrium conditions could be limiting. 

• Power levels of s 75 percent RTP are non-limiting for minimum transient Ff (Z) 
margin. Conducting surveillance within 24 hours after achieving equilibrium 
conditions after thermal power exceeds 75 percent RTP will assure verification 
prior to extended non-equilibrium operation at power levels where the maximum 
permitted peak linear heat rate could potentially be challenged. 

The second frequency is modified in the same way as SR 3.2.1.1 discussed earlier. It is 
proposed to require verification of Ff (Z) within 24 hours (instead of 12 hours) after achieving 
the equilibrium conditions after exceeding, by ~ 1 O percent RTP, the THERMAL POWER at 
which Ff (Z) was last verified. The Frequency of 24 hours is considered a reasonable time 

period in which to confirm that Ff (Z) is within its limits given the extremely small likelihood of 
limiting power shapes or limiting design basis events occurring prior to completion of the 
surveillance. 

The NOTE is eliminated, but the application of the penalty factor remains because it is in the 
Ff (Z) formulation in the improved methodology for Fo Surveillance. The required penalty 
factor, referred to as R1 in the new formulation, Will be included in the COLR and will be tied·to a 
predicted decrease in the actual transient Fa margin in the upcoming time period prior to the 
next performance of SR 3.2.1.2 rather than a measured increase in the value of F8 (Z)/K(Z) over 
the previous !ime period. When the transient Fa margin is predicted to increase, the COLR will 
indicate an R1 factor of 1.0 (i.e., no penalty). When the margin is predicted to decrease, the 
COLR will indicate an appropriate R1 factor based on the predicted margin trends. 

3.3 ATTRIBUTES AND IMPROVEMENTS OF REVISED Fa SURVEILLANCE METHOD 

The following seven attributes/improvements were the response to RAI 13b, which asked for a 
discussion of the changes in the TSs and their relation to- the improved methodology. This list 
provides a good summary of what is being attempted. 

(1) The formulation for determining the measured transient Ff (Z) in RAOC plants 
has been revised to be less sensitive to the ability to predict the actual steady 
state axial power shape conditions where the surveillances are performed. 

(2) 

This is related to the use of the new T(Z) surveillance factor, which no longer 
includes the steady state axial power shape in the denominator, relative to the 
original W(Z) factor. 

Correction factors have been defined for the new Fa surveillance equations 
which correct the results for any remaining errors associated with the actual plant 
conditions where the surveillance is performed, which may differ from the 
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predicted surveillance condition. 6_ These factors are the Axv(Z) factors for 
RAOC plants and the Aa(Z) factors for CAOC plants, which have been added to 
the respective equations used to perform the Fl{ (Z) surveillance (see 
Equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661). Two methods have been 
presented for representing the Axv(Z) and Aa{Z) factors. This includes the very 
simple assumption of unity for the factors, and a rigorous calculation of the 
factors at the specific conditions of each surveillance. 

(3) The Fa surveillance equations have been changed to appropriately correct for the 
performance of surveillances at part power conditions. This is done by moving 
the relative power term of the condition where the surveillance is performed out 
of the surveillance factors (i.e., T(Z) and W(Z)) and into the actual surveillance 
equations (see Equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661-P). For power 
levels less than 50 percent RTP, the Fa limits are correctly evaluated at the 
50 percent RTP power level. 

( 

(4) Required Actions for cases where Fl{ (Z) exceeds the Fa limit have been more 
rigorously defined and ~liminate all reliance on "rules of thumb" that may not be 
strictly applicable in all situations. This is implemented through the possible 
application of new RAOC or CAOC operating spaces, or through the pre-defined 
limitations on power and AFD provided in the COLR, Which are rigorously 
calculated using the standard NRG-approved analysis methods. These changes 
ensure that corrective actions taken in the rare circumstances when 
Fl{ (Z) exceeds the Fa limit will be effective at restoring the necessary margin. 

(5) The application of the burnup dependent penalty factor (Ri) to account for 
predicted decreases in the transient Fif'(Z) margih during the next 31 EFPDs has 
been modified to apply to all surveillances, independent of the trends in 
measured F8 (Z) margin. This is implemented by incorporating R1 into the 
surveillance equations (see Equations 5-1, 5-2, 8-1, and 8-2 in WCAP-17661) 
and eliminating the conditional application of the penalty factor in the TS 
surveillances. This improvement corrects cases where the measured trend in 
F8 (Z) margin from the previous 31 EFPDs may be increasing, but the trend in 
Fif' (Z) margin is decreasing due to changes in the surveillance factor data. 

(6) Requirements to perform SRs 3.2.1.1 and 3.2.1.2 have been clarified in cases 
where F8 (Z) and Fl{ (Z) exceed the Fa limit. In any case where one or both 
parameters exceed the limit, both surveillances are required to be performed by 
the TS's Required Action. · 

(7) The Fa surveillance TSs have been revised to rely on F8 (Z) surveillances during 
the initial power ascension after a refueling-to demonstrate that continued power 
ascension is justified. The first Fl{ (Z) surveillance is not specifically required to 
be performed until 24 hours after the plant reaches equilibrium conditions at a 
power level greater than 75 percent RTP. This change recognizes the technical 

6 As discussed in Section 4.1, the NRC staff determined that the use of such factors, when less than 
unity, was not acceptable . 
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fact that the surveillance factors needed to perform an accurate Ff (Z) 
surveillance at very low THERMAL POWER levels are difficult to accurately 
calculate in advance of the surveillance, and that the __ most accurate Ff (Z) 
surveillances will be obtained from equilibrium conditions at greater than 
75 percent RTP. The change is justified by the fact that the F8 (Z) surveillances 
confirm the core is behaving as predicted, and the initial power ascension after a 
refueling outage is performed in a slow, controlled manner, until the fuel is 
conditioned. The first Ff (Z) surveillance that is performed following a refueling 
justifies operation at 100 percent RTP over the next 31 EFPDs, under potential 
transient operation. 
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4.0 TECHNICAL EVALUATION 

4.1 IMPROVED FaSURVEILLANCE FORMULATION 

The rationale for the improved su1veillance formulation was discussed in Section 3.1 and the 
new approach to defining F;f (Z) was summarized therein. Equation (4) represents the new 
formulation for RAOC plants and Equation (7) for CAOC plants. The derivation of these 
formulas inWCAP-17661 has been reviewed and found to be rigorous with the exception of the 
penalty factor Ri which is added to take into account trends with burnup. In the following each 
of the important factors in Equation (4) for RAOC plants are considered. The evaluation for 
CAOC plants follows along similar lines. 

The T(Z) factor is obtained as it always has been for the equivalent W(Z) { 

}. 

The PWROG proposed to introduce the Axv(Z} and Ao(Z) faptors defined in Equations (6) and 
(8), respectively, to adjust for a change in radial peaking factor due to difference in power level 
and control rod insertion relative to the reference core condition. In practicl3, the Axv(Z) and 
Aa(Z) factors allow for a slight adjustment, usually a reduction, in the calculated Faw(Z), when 
the Faw(z) surveillance is co171ducted { 

}. This factor is evaluated in detail .in Section 4.1.1 of this SE. 

The use of the measured FXY(Z) rather than Fa(Z) is an important part of the new RAOC 
formalism. Examples of measuremeints from different reactors are shown in WCAP-17661 and 
although measurement of Fxv(Z) can be problematic in planes where grids reside, this is not an 
issue, because grid plane regions are excluded from surveillance as noted below. Section 4.4 
of WCAP-17661 notes that the region~ where there are measurement exclusions continue to 
be: 

• Lower core region, generally7 from O percent to 15 percent inclusive 
• Upper core region, gener~lly7 from 85 percen't to 100 percent inch,.1sive 
• Grid plane regions, ±2 percent inclusive 
• Core plane regions, within ±2 percent of the bank demand position of the control 

banks 

The use of the uncertainty factor UF to account for both instrumentation and manufacturing 
uncertainties was questioned (RAI No. 4) as it was not clear why a manufacturing uncertainty 
was needed. The RAI also questioned how the uncertairii:y in T(Z) was taken into account. The 
response to the RAI explains that the uncertainties used are conservative. The manufacturing 
(or engineering) uncertainty was originally introduced because the "measured" F9(Z) in the 
formulation is a pin (i.e., fuel rod) power whereas the actual. measurement is a fuel .assembly 
power. The manufacturing uncertainty is needed to account for pin-to-assembly factors8 that 
compensate for this difference. Since the measurement already accounts for actual 

-7 Per Footnote 4 on Page 3, the plant- or cycle-specific exclusion regions may be different. 
8 As noted 1n the HAI response, these p,n~to~assembly factors account for the fact that the analytically 
derived pin factors are based on nominal design characteristics stJch as pellet enrichment, density, and 
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1 as-manufactured conditions, this is not important. Furthermore, since the definition of the T(Z) • 
2 factor is based on bounding calculations, it is not necessary to introduce additional uncertainty 
3 for this factor. Hence, it is concluded that the approach to uncertainty in the improved 
4 methodology is sufficiently conservative. 
5 
6 The last factor in Equation (4) is a penalty that Westinghouse is suggesting and is related to the 
7 elimination of the NOTE for SR 3.2.1.2. The NOTE (see also Section 4.4) required certain 
8 actions take place when the maximum over Z of F8 (Z)/K(Z)9 increased relative to the previous 
9 surveillance. The concern at the introduction of this requirement was deviations between 

10 measured and predicted steady state power shapes due to integral fuel burnable absorber-
11 induced power shift (also known as axial offset deviation, AOD) or crud induced power shift 
12 (CIPS) both of which occur slowly over time. WCAP-17661 explains how AOD has been 
13 resolved so that fewer cores now experience it and the instances of AOD are less severe. 
14 
15 CIPS is explained in the report and in the response to RAI No. 6. Like AOD, it is less of a 
16 problem than it once was. "Furthermore, CIPS develops slowly and has a characteristic 
17 [delta axial offset] signature making it relatively easy to detect." Hence, Westinghouse has 
18 proposed that, should CIPS occur, the effect on transient Fa margin can be addressed in a 
19 timely fashion (with modifications to core models) and there is no need for the generic penalty 
20 as expressed in the NOTE for SR 3.2.1.2. There are several reasons specified by 
21 Westinghouse as to why this approach is reasonable and this review concurs with that 
22 reasoning. 
23 
24 The penalty that is proposed to be added (Rj} is to take care of downward trends in the Fa 
25 margin that might be possible due not to anomalies like CIPS but rather to ordinary changes •. 
26 caused by cycle depletion. Essentially the penalty added at the surveillance point j is related to 
27 the ratio of the Ff (Z') expected at the next surveillance point in the cycle (i.e., point j+1) to the 
28 Ff (Z') at point j, where the prime indicates that it is at the elevation where the margin to the 
29 limit is smallest. This calculation is done prior to the start of the cycle and the Rj are to be found 
30 in the COLR. The minimum value that can be used is 1.0. This approach is reasonable and 
31 further justifies the elimination of the NOTE in SR 3.2.1.2. 
32 
33 CAOC plants will have the option of using Equation (7) to define the surveillance parameter. 
34 The major change is the introduction of the Aa(Z) factor. This factor is evaluated alongside 
35 Axv(Z) in Section 4.1.1. · 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

4.1.1 Evaluation of Axv and Ao 

WCAP-17661 proposes to implement, in the Faw(z) surveillance formulation, new factors Axv 
and Aa for RAOC and CAOC W(Z) surveillances, respectively. This factor is· intended to 
normalize the T(Z) function used in the surveillance to the power distribution conditions present 
at the time of surveillance. The present evaluation is written based on the PWROG response to 
RAI 15, which included proposed revisions to WCAP-17661. The introduction to RAI 15 
provides a succinct explanation of the purpose and derivation of the A factors. 

burnable absorber loading. The engineering uncertainty addresses the effects of variations in the as-built· 
fuel pellet from such nominal values. 
9 K(Z) is a function.that defines the axial dependence of the acceptable value of Fa. • 
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WCAP-17661, as revised, sets forth two methods for the Axv and Aa factors. Method 1 is to 
assume that it is always unity; in other words, surveillances would be performed without 
correcting for possible deviations from the reference condition, for which the T(Z) functions are 
determined. Method 2 is to perform on-line calculations, ·· 

Several considerations justify an allowance to keep the RAOC surveillance uncorrected. First 
among these is the fact that the vast majority of surveillances are conducted in a Hot Full Power 
(HFP), All Rods Out configuration such that there would be little deviation from the reference 
condition. Stated differently, in most cases, the Axv factor would seldom deviate from unity, and 
deviations are usually expected to be minor. Second, the existing methodology does not 
include this correction. Third, PWROG provided, in response to.RAI 15.e, several tables for a 
demonstration plant with several successive surveilla_nces completed slightly a_bove 80-percent 
RTP, with 14-percent D-bank control rod insertion. These tables show that the Axv factor 
removes a small amount of conservatism from the uncorrected surveillance, meaning that, in 
these conditions, a unity-value Axv is conservative. The PWROG also provided a table 
illustrating what an Axv correction would be if the plant were perturbed to a lower power level, 
close to 50-percent RTP, where the Axv correction at the limiting margin elevation corrects an 
approximately { } of actual Fa margin. The data provide an 
indication that the Axv correction is usually minor, and that it increases in magnitude as the core 
begins to deviate more from the reference condition. Based on the PWROG demonstration that 
the Axv factor is generally a minor correction to the Faw(z) RAOC surveillanqe, the NRC staff 
determined that Method 1 for Axv an acceptable way to correct for off-reference conditions. 

If the Axv or Aa factor is implemented using Method 2, it will be calculated using the methods 
listed in the response to RAI 15.c, and subject to the constraints discussed in the response to 
RAls 15.b and 15.d. The response to 15.b includes references to the currently acceptable TRs 
describing methods for calculating the Axv and Aa factors. Additional, newer methods may also 
be used, provided they are specifically found to be acceptable by the NRC staff for doing so. 

Axv is, by definition, a ratio of { 

} As such, the response to RAI 15.b describes 
several items that may cause discrepancies. The discrepancies arise because the T(Z) function 
is based on the original core design, whereas the Axv numerator will reflect properties of the 
actual core, such as actual inventory of reconstituted fuel assemblies and the use of an actual 
previous cycle shutdown burnup instead of the burnup window used in the original design. The 
response to RAI 15.b also indicates that the same discrepancies would be included in the Axv 
denominator, or the Fxv(Z) function for the surveillance condition, meaning that the ratio remains 

· valid despite the difference between the as-designed and as-operated conditions. In addition, 
the PWROG stated that the depletion calculations for the as-operated conditions would be 
performed in the same manner as the original nuclear design model. These considerations 
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ensure that the Axv factor is a valid proportion to use when scaling the T(Z) function to return 
values appropriate for the surveillance conditions. Limitation 2 in Chapter 5 of this SE 
addresses requirements to use NRG-approved core design or surveillance methods to calculate 
the Axv, and to perform the calculations consistent with the original core design model. 

In large part, the Ao factor operates in CAOC - T(Z) surveillance the same as Axv does in 
RAOC surveillance, with a noteworthy difference. The Ao factor was more likely to be greater 
than unity by a significant amount, particularly at rodded core elevations. Therefore, in the 
response to RAI 15.a, PWROG proposed two additional constraints on the use of a unity value 
Ao, i.e., Method 1, to complete off-nominal surveillance: such surveillance is precluded if the 
current axial offset is more than ±1.5-percent of the target value, or if Control Bank D is inserted 
to the elevation of anticipated limiting Fl{ (Z) margin. Subject to this constraint, which is also 
reflected in Limitation 2 in Chapter 5 of this SE, the NRC staff determined that the use of 
methods 1 and 2 to calculate the Ao factor for CAOC-W(Z) surveillance is acceptable, as the 
constraints will ensure that an explicitly calculated Ao factor will be used when off-reference 
conditions would result in an Fow(z) surveillance that is unlikely to be sufficiently conservative. 

4.1.2 Conclusion Regarding Improved-Surveillance Formulation 

In summary, the new approach for the surveillance parameter Fl{ (Z) for both RAOC and CAOC 
plants is valid and eliminates a non-conservatism in the previous approach for RAOC plants. 
Thus, the revised Fi{ (Z) surveillance provides improved assurance that an implementing facility 
will be operated within the initial conditions assumed in the safety analyses, consistent with the 
requirements set forth in 10 CFR 50.36(c)(3). It is therefore acceptable as part of the 
surveillance methodology. 

4.2 REVISIONS TO REQUIREMENTS UNDER CONDITION A OF TS 3.2.1 BAND 3.2.1 C 

This change10 proposes to revise the setpoint reductions that are required when F8(Z) is not 
within limits. Specifically, Required Actions A.2 and A.3 will be revised replacing "1 percent for 
each 1 percent F8 (Z) exceeds limits" with "1 % for each 1 % that THERMAL POWER is limited 
below RA TED THERMAL POWER by Required Action A 1." 

The proposed new wording will require greater setpoint reduction if the surveillance is 
performed at reduced power and F8 (Z) exceeds its limits. For example, if the surveillance 

thermal power is 75 percent and F8 (Z) exceeds its limit by 1 percent, thermal power will be 
limited to s 74 percent RTP. This new wording will require setpoint reductions of~ 26 percent 
since this is the amount by which the thermal power is limited below the RTP. In other words, 
both Neutron Flux - High trip setpoints and Overpower ~T trip setpoints will require setpoint 
reductions of ~ 26 percent. This is different from the current wording which requires a setpoint 
reduction of ~ 1 percent. 

The current wording implicitly assumed that the surveillance is always performed at full power. 
The revised wording accounts for the possibility that the limit for F8 (Z) may be exceeded during 
a part-power surveillance and appropriately defines the setpoint reductions. 

,o See Table 2 for a list of all changes . 
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The proposed revision to the Required Actions A.2 and A.3 addresses an issue with the actions 
for surveillance conducted at part-power. These changes will require an appropriate 
conservative reduction of the setpoints assuring that the limits on F8 (Z) assumed in the 
accident analyses remain valid. With the change, the requirements are appropriately worded for 
implementation since they are connected to the power level reductions defined in Required 
Action A.1. 

The NOTE to Condition A is revised. It previously stated that "Required Action A.4 shall be 
completed whenever this Condition is entered." This NOTE was considered confusing, given 
the changes being proposed for SR 3.2.1.1 and 3.2.1.2. The revised NOTE states: "Required 
Action A.4 shall be completed whenever this Condition is entered prior to increasing THERMAL 
POWER above the limit of Required Action A.1. SR 3.2.1.2 is not required to be performed if 
this Condition is. entered prior to THERMAL POWER exceeding 75% RTP after a refueling." 
This revision makes the NOTE consistent with the changes in Required Actions and SRs, and it 
resolves the issue described above by making the NOTE more explicit. 

These changes are not expected to cause any new accident or increase the likelihood of 
considered accidents. Rather, the changes are expected to reduce the consequence of 
accidents by assuring that F8 (Z) remains within the bounds assumed in the accident analyses. 
The proposed remedial actions are conservative compared to the current actions and can 
contribute to an improved margin of safety. Based on these considerations, the NRC staff 
determined that the proposed revisions are acceptable, insofar as they are consistent with the 
requirements established in 10 CFR 50.36(c)(2) for remedial actions, which may he established 
for conditions when an LCO is not met. 

4.3 REVISIONS TO REQUIREMENTS UNDER CONDITION B OF TS 3.2.1B AND 3.2.1C 

The newly added Required Actions replace prior actions requiring reduction of the AFD limits by 
one percent for each percent that Faw(z) exceeded its limits, followed by a requirement to 
reduce thermal power level if the former Required Action does not restore adequate Faw(z) 
margin. Administratively, licensees have eliminated the AFD required actiori and are presently 
required to reduce power if Faw(z) exceeds its limits, in response to NSAL 09-5. 

The revisions to the Required Actions associated with Faw(Z) exceeding its limits address the 
concern that the AFD reductions currently prescribed by TS are not sufficiently conservative to 
restore adequate margin to the heat flux hot channel factor. The existing TS Required Actions 
are based on assumptions that (1) the Faw(Z) violation occurs when the axial peak is outside 
the core mid-plane, and (2) constraining the power peaking in the core to its axial mid-plane 
region will restore the necessary margin. The PWROG notes that Faw(z) violations are 
uncommon, and that when they occur, they do so more frequently outside the core mid-plane. 
However, the existing Required Action does not restore margin if the Faw(Z) violation occurs 
near the core mid-plane. To resolve the issue, the TR introduces a ROS or COS, depending on 
the power maneuvering control strategy, that can constrain AFD limits as before, but also 
introduces new T(Z) functions and possibly control rod insertion limits to further constrain 
maneuvering capability and restore the necessary margin. Rather than being based on 
assumptions that constraining the AFD limits yields the necessary margin, the new operating 
spaces are based on maneuvering analyses . 
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Required Actions B.1.1 and B.1.2: Deletion of NOTE Requiring SRs 3.2.1.1 and 
3.2.1.2 Whenever Condition B is Entered 

3 A new Required Action B.1.1 was included, which requires licensees to "Implement an RAOC or 
4 CAOC operating space specified in the COLR that restores Ff (Z) to within limits" whenever 
5 Ff (Z) is determined to be not within the limits. Based on the NRC staff review, PWROG also 
6 proposed to add the associated Required Action B.1.2, for instances in which the 
7 implementation of a new operating space requires control rod motion. It states "Perform 
8 SR 3.2.1.1 and SR 3.2.1.2 [verification, respectively, that F8 (Z) and Ff (Z) are within limits] if 
9 control rod motion is requir~d to co~ply with the new operating space." 

1 O An ROS or COS· is a unique combination of AFD limits and control bank insertion limits. The 
11 operating spaces are pre-analyzed using the approved methodology and included in the COLR. 
12 The number of operating spaces that will be included in the,COLR will be determined by the 
.13 utility in conjunction with the core designer. WCAP-17661 presents example calculations 
14 providing the thermal power limit and the required margin reductions for different Ff (Z) margin 
15 improvements for a RAOC plant (Table 6-10 for ROS) and thermal power limits for different 
16 Ff (Z) margin improvements for a CAOC plant (Table 9-7 for COS). For the RAOC plants, in 
17 the improved methodology the margin improvement can be confirmed using the T(Z) factors. 
18 Previously, it was presumed that the AFD limits would provide the necessary margin 
19 improvement. 

20 As documented in the submitted TR, PWROG proposed to delete the NOTE in Condition B, 
21 which required the performance of SR 3.2.1.1 and SR 3.2.1.2 whenever the Condition was 

• 

22 entered. This NOTE required verification that F8 (Z) and Ff (Z) are within limits. The deletion • 
23 of this NOTE was the subject of Topics (a) and (c) under RAI 5, which sought to address the . 
24 following issues: 

25 • The use of a different operating space to gain margin improvement was considered an 
26 appropriate application of the new methodology presented: However, the NRC staff 
27 determined that situations may occur where a different rod insertion limit may be needed 
28 associated with some control rod movement. Withdrawal of a control rod could 
29 potentially increase the F8 (Z) and Ff (Z) measured values (RAI 5a). 
30 
31 • Inclusion of the requirements to perform SR 3.2.1.1 and SR 3.2.1.2 may be necessary to 
32 assure that the changes in F8 (Z) and Ff (Z) remain acceptable assuring that the margin 
33 is being maintained (RAI 5c). 
34 
35 In responding to this RAI, PWROG agreed to modify the proposed Required Actions for 

· 36 Condition B of TS 3.2.1 Band 3.2.1.C. Specifically, to address the above issues, PWROG 
37 agreed to add Required Action B.1.2, with a Completion Time of 72 hours. This new Required 
38 Action will require the completion of SRs 3.2.1.1 and 3.2.1.2 in the event that implementation of 
39 a new operating space results in the need to move the control rods to comply with a new rod 
40 insertion limit. 

41 Completion of Required Action B.1, as originally proposed, may have resulted in a need to 
42 move the control rods. The measured Fxy(Z) peak can occur adjacent to or in an assembly 
43 containing an inserted control rod and the withdrawal of the control rod could potentially 
44 increase the resulting F8 (Z) and Ff (Z) measured values. Also, a revision to the allowed AFD 
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band associated with implementing Required Action .B.1.1 could result in either control rod 
withdrawal or insertion in order to obtain and maintain the AFD within the allowed operating 
band. 

With the addition of Required Action B.1.2 (the current Required Action B.1 becomes B.1.1) to 
perform SR 3.2.1.1 and 3.2.1.2 will provide assurance that F8 (Z) and F"lf (Z) remain within limits 
or appropriate actions are taken. Performing these surveillances will also provide the operators 
assurance that the margin is being maintained. A 72-hour completion time is provided to ensure 
that the plant has time to restore equilibrium conditions in the event that control rod motions 
result in transient conditions. 

In Topic (b) of RAI 5, the NRC staff determined that, to remain in the operating space defined by 
Required Action B.1, operators would need to have a clear understanding that the margin 
improvement is being maintained. Additional information for the operator may be needed to 
determine if Required Action B.1 is sufficient or Required Actions B.2 are necessary. The NRC 
staff requested that PWROG justify why a tabular presentation of the margin improvement as a 
function of the axial position or some other scheme in the COLR would not be required. 
In its response, PWROG stated that the margin can be detern,ined by applying the new 
surveillance factors associated with the revised operating space to the power distribution 
measurement. Additionally, the PWROG noted that F8 (Z) and F"lf (Z) surveillances would now 
be required in the event that implementation of a new operating space requires control rod 
motion. Thus, PWROG stated that performance of the SRs would provide the necessary 
margin confirmation. The NRC staff agrees with the PWROG response, since the concern was 
related to the implementation of new operating spaces in conjunction with control rod motion, 
which would require performance of new surveillances . 

Topic (d) of RAI 5 addresses the actions that will be taken by the operators to remedy potential 
violations of the newly implemented operating space associated with Required Action B.1. The 
PWROG identified other TS Required Actions and SRs that would apply in such a situation, 
particularly with regard to control rod insertion limits and position. Because the potential for 
violation of the core operating limit parameters for an operating space can be addressed 
through existing TS Required Actions and SRs, the NRC staff determined that PWROG 
addressed the concern indicated in RAI 5d acceptably. 

The improved methodology allows for the use of new operating spaces, as defined in the COLR. 
The addition of Required Action B.1.2 assures that for situations involving control rod movement 
surveillance will be conducted to ensure that F8 (Z) and F"lf (Z) remain within limits. Based on 
the review described above, the NRC staff determined that the proposed Required Actions B.1 
are acceptable. 

4.3.2 Required Action 8.2 and Limitation on Thermal Power 

The improved TSs define a new Required Action 8.2 which includes four actions (B.2.1, 8.2.2, 
B.2.3, and 8.2.4). If the RAOC or CAOC operating spaces defined in the COLR are insufficient 
to ensure margin to the F"lf (Z) limits, then the Required Actions B.2 are entered. The actions 
involve reducing the thermal power to less than the thermal power specified in the COLR along 
with reduction of the setpoints. For more explicit presentation of the changes and associated 
justifications, see Table 2. 
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The issues addressed in the review of these changes related to the change of the thermal 
power level. As noted in WCAP-17661-P, the reductions in the thermal power levels evaluated 
and included in the COLR will be limited to three or less. An individual utility may opt for 
additional evaluation levels. If the required margin improvement exceeds the level of 
pre-analyzed thermal power limits, then the option is to limit the thermal power to 
< 50 percent RTP. The 50 percent RTP applies to all Westinghouse plants and no 
plant-specific evaluations are involved. However, in response to RAI 7, PWROG stated that the 
50 percent value is consistent with the required power reduction associated with other power 
distribution surveillances (e.g., FNaH), and agreed to add paragraphs addressing this scenario in 
the BASES. 

The need to limit thermal power to < 50 percent RTP is expected to be a rare occurrence. 
However, such a situation may indicate a serious core anomaly and is a useful discussion in the 
TS BASES for unde~standing of the operating personnel. Since the 50 percent value is 
consistent with the power reduction associated with other peaking factor surveillances the NRC 
staff finds the proposed Required Action 8.2 acceptable for the purposes of this TR. 

The final required THERMAL POWER limit provided in the COLR input supporting Required 
Actions 8.2 for each ROS or COS must be< 50 percent RTP. Even though the final power 
reduction amount is fixed, it is appropriate for inclusion in the COLR and not the TS, because 
the required amount of margin improvement at which this power reduction becomes necessary 
may vary from cycle to cycle. This is a limitation on the NRC staff approval of the TR, as 
discussed in Section 5.3 of this SE. 

4.4 REMOVAL OF NOTES FOR Fa SURVEILLANCE 

Two notes in the SRs are proposed to be removed. The first note, applied to both SR 3.2.1.1 
and 3.2.1.2, required obtaining the power distribution map for measuring F8 (Z) and Ff (Z) in 
equilibrium conditions during power escalation at the beginning of each cycle 11. The second 
NOTE applies to SR 3.2.1.2 and requires multiplication of F'f (Z) by a factor and increased 
surveillance under certain conditions. 

The first NOTE has been a source of confusion and was interpreted differently by various 
utilities. From section 3.2.4 of the topical report it appears that it was understood that a 
determination of F8 (Z) had to be obtained prior to exceeding 75 percent RTP. It is also · 
considered that equilibrium conditions are not necessary for obtaining the power distribution 
map. The removal of the first NOTE removes any requirement for obtaining equilibrium 
conditions during the first power distribution map measuring F8(Z). F8(Z) is required.to be 
verified after each refueling prior to exceeding 75 percent RTP in the first part of the frequency. 
The need for requirements for plant condition in the TS instead ofthe current NOTE was 
considered. 

In consideration of the removal of the first NOTE, the first Frequency for SR 3.2.1.1 no longer 
includes a definition of the applicable plant condition. However, equilibrium conditions are 
defined for other surveillances. Given that equilibrium conditions are defined for the conduct of 

! 

11 The first note stated, "During power escalation at the beginning of each cycle, THERMAL POWER may 
be increased until an equilibrium power level has been achieved, at which [sic] a power distribution map 
is obtained." 
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surveillance, the NRC staff determined that a definition of equilibrium condition should be 
retained in the BASES discussion. The proposed change to the Bases associated with the SRs, 
to remove the definition of the equilibrium condition, can lead to confusion in implementing the 
surveillance and using the surveillance results. .In its response to RAI 9, PWROG proposed 
define equilibrium conditions, for the purposes of SRs 3.2.1.1 and 3.2.1.2, as " ... achieved when 
the core is sufficiently stable at the intended operating conditions required to perform the 
Surveillance." This definition was added to the BASES for both SRs. Since PWROG agreed to 
define the plant condition in the BASES, the NRC staff determined that the disposition regarding 
the plant condition for these surveillances was acceptable. 

The effect of the removal of the first NOTE on SR 3.2.1.2 is that Ff (Z) will not be required to be 
determined until after equilibrium conditions are achieved after exceeding 75 percent RTP 

. instead of before exceeding 75 percent RTP following a refueling outage as currently specified. 
For further detail regarding the change to the time the first Ff (Z) surveillance is required, refer 
to Item 7 in Section 3.3, and to Section 4.7, of this SE. 

The second NOTE defined the penalty factor for Ff (Z). In the improved methodology, the 
penalty factor is embedded in the methodology and a separate penalty factor is not applicable. 
In addition, it is understood that an increasing trend in Ff (Z) measurement is not indicative of 
future margin trends and accordingly, increased surveillance based on an increasing trend may 
not be desired. Additional review considerations regarding the deletion of this NOTE appear in 
Section 4.6 of this SE. 

Based on the considerations discussed above, the NRC staff determined that the proposed 
deletion of the NOTEs associated with Fa surveillance was acceptable. In summary, the 
deletion of the first note will eliminate confusion and inconsistency among implementing 
licensees, the equilibrium condition required for the surveillances will be defined in the BASES, 
and the penalty factor associated with the second NOTE is now embedded in the methodology. 
The NRC staff also notes that revisions made to the NOTES in Condition A and Required 
Action B.2 clarify some of the conditions under which SRs 3.2.1.1 and 3.2.1.2 are necessary, 
further obviating the need for these NOTES. 

4.5 REVISION OF SECOND SURVEILLANCE FREQUENCY FOR SRS 3.2.1.1 AND 3.2.1.2 

Verification that F8 (Z) and Ff (Z) are within limits (SR 3.2.1.1 and SR 3.2.1.2) includes a 
second requirement in the Frequency column of "once within [12] hours after achieving 
equilibrium conditions after exceeding by;;:= 10% RTP, the THERMAL POWER at which Ff (Z) 
was last verified." This requirement assures verification of the Fa limits whenever a significant 
increase of thermal power level has occurred. · 

The increase in the time interval for completing the required surveillance from 12 to 24 hours 
was based on the argument that some plant TSs have used _the 24-hour time interval without 
any adverse effects and there is an extremely small likelihood of limiting power shapes or 
limiting design basis events occurring during this period. 

The response to RAI 8 provided additional technical justification as follows: 
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1 • Westinghouse fuel conditioning guidelines require at least { } cumulative hours of • 
2 operation at a steady state power level in the last { } period in order for the 
3 fuel to be considered fully conditioned. The type of load-follow maneuvers that could 
4 result in heat flux hot channel. factors that may challenge the Fa limits will not take place 
5 before the surveillance is completed at 100 percent RTP. 
6 
7 • Prior to this surveillance, F8 (Z) has already been measured at least once at a reduced 
8 power level providing assurance that increasing power up to the next plateau will not 
9 exceed the Fa limits and that the core is behaving as designed. 

10 
11 Based on these considerations identified in the response to RAI 8, the NRC staff determined 
12 changing the second surveillance time from 12 hours to 24 hours is acceptable. A discussion of 
13 the reasons for allowing 24 hours to complete Fa surveillan9e is included in the Bases. Since 
14 the disposition for the increased completion time is based on Westinghouse fuel conditioning 
15 guidelines, adherence to such guidelines is a limitation of the NRC staff approval of the TR, as 
16 discussed in Section 5.1 of this SE. 
17 
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4.6 DELETION OF NOTE IN SR 3.2.1.2 

The NOTE in SR 3.2.1.2 required increasing the frequency to once per 7 EFPD for certain 
conditions until these conditions are satisfied. The intent of the NOTE in the current TS is to 
account for potential increases in Ff (Z) between surveillances. it required application of the 
greater of a 1.02 factor or a factor specified in the COLR whenever the measurement indicated 
that the maximum value of F8 (Z)/K(Z} has increased. Alternatively, SR 3.2.1.2, "Verify that 
Ft{ (z) is within limit," is repeated once per 7 EFPD until Ff (Z) is within limit with the penalty 
factor applied or two successive.flux maps indicate that F8(Z)/K(Z} has not increased. 

The justification for eliminating the NOTE is that the required penalty factor is part of the Ff (Z) 
formulation in the new methodology. A penalty factor Riis introduced and will be included in the 
COLR. The magnitude of the penalty factor is calculated based on the predicted margin trends 
and no additional assumptions or considerations are necessary. 

The use of the new methodology and the built-in penalty factor has a number of advantages: 
(a} it will better capture the expected trend in the margin avoiding any lag in the application as 
was the case previously, (b} it avoids application of an arbitrary 2-percent minimum penalty, and 
(c} it eliminates the need for more frequent surveillance. 

38 · The issue addressed in this change is that past measurement trends are no longer being used 
39 (RAI 6b}. This may be justified because, as stated in WCAP-17661, past measurement trends 
40 of F8 (Z)/K(Z) may or may not be indicative of future margin trends. 
41 
42 
43 
44 
45 
46 
47 
48 

The response to RAI 6 provided the following additional information: 

• In some situations, measured trends in F8 (Z) may not always be indicative of the same 
margin trends in the measured Ff (Z). An example of such a situation is when the axial 
power distribution of the core is in transition from a cosine shape to a flattened saddle 
shape. 
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• During the initial onset of CIPS, a similar qecreasing trend for both F8 (Z) and F'iJ' (Z) 

may not necessarily occur. An increasing trend in the margin of F8 (Z) may occur due 
to a decrease in the radial peaking (Fxv(Z)) in the affected elevation of the highest power 
assemblies due to preferential accumulation of boron-containing crud there and the AFD 
being closer to zero or slightly negative for onset of CIPS. The trend in F'iJ' (Z) is driven 
largely by the T(Z) or W(Z) surveillance factors. 

Based on its review of the additional information provided by PWROG, the NRC staff 
determined that (1) it is an improvement that past measurement of F8 (Z) will no longer be used 
and (2) the NOTE in SR 3.2.1.2 for more frequent surveillance based on past measurements of 
F8 (Z) should no longer be required. The use of the penalty factor in the methodology to 
determine F'iJ' (Z) is appropriate in assuring that this parameter is within limits. Thus, the NRC 
staff determined that the deletion of the NOTE, combined with the inclusion of a penalty factor in 
the F'iJ' (Z) surveillance formulation is acceptable. The surveillance provides an acceptable 
confirmation that the power distribution remains within analyzed limits, including in instances 
where the surveillance indicates trends of reducing margin to Ff (Z) limits. 

4.7 CHANGE IN FREQUENCY OF SR 3.2.1.2 DURING POWER ESCALATION 

The current SRs for F'iJ' (Z) (SR 3.2.1.2) are the same for both the CAOC and RAOC versions of 
the current Fa Surveillance. The first part of the three-part surveillance frequency required 
assuring Ff (Z) within limits ''once after each refueling prior to THERMAL POWER exceeding 
75% RTP." This requirement is being changed to state that Ff (Z) must be verified to be within 
the limits following each refueling within 24 hours after achieving equilibrium conditions after 
THERMAL POWER exceeds 75 percent RTP. . 

The intent of this SR is to ensure that the Fa will be maintained during future non-equilibrium 
operation within the allowed operating space. 

The surveillance factors needed to perform an accurate Ff (Z) margin assessment at a very low 
power are difficult to generate without the advance knowledge of the expected operating power 
profile during the power ascension. The improved methodology presented in the submittal 
mitigates this concern partly. Conducting the surveillance after exceeding 75 percent power, 
ensures that surveillance will be conducted with appropriate steady state peaking factors 
measured at or near the peak power level and core conditions where future non-equilibrium 
conditions have the potential for challenging the fuel limits .. 

In this approach, power ascension within acceptable power peaking limits is assured, based on 
F8 (Z) surveillance. The Fa surveillance equations have been changed to appropriately correct 
for the performance of surveillance at reduced power conditions. For power levels less than 
50 percent RTP, the Fa limits are correctly evaluated at 50 percent RTP power level. 
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ln addition, ·the following considerations appiy, as stated.in the submittal: 

• limitations on ramp rates and fuel. conditioning requirements assure that initial startups 
following a refueling are slow and tightly controlled. As discussed in r~sponse to RAls, 
Westinghouse fuel conditioning guidelines require at least { } cumulative hours of 
operation at a st!3ady state power level in the last { } period in order for the 
fuel to be fully conditioned. With this' procedure, following a refueling, non-equilibrium 
power shapes that may challenge the Fa limits, are not expected to occur. 

• Core power distribution meas1,Jrements and physics testing performed atlow powers 
(<50. percent RTP) confirm that the core is loaded properly and is operating consistent. 
with expectations. 

The oth1:;:r issue relating to this change is the 24 hours for conducting the surveillance.after 
achieving the equilibrium conditions after THERMAL POWER exceeds 75 percent RTP. 
Because of fuel conditioning requirements, more than 24 .hours will be spent at a st13ady state 
power level before the type of loa.d follow maneuvers are pen11itted that may result in heat flux 
hot channel factors that may challenge the Fa limits. 

Based on the considerations discu~sed; above, the I\IRC staff .determined that the technical 
justification for changing the first frequency of SR 3.2.1.2 is acceptable. Primarily, the power 
·ascension for the first startup of the cycle following a refueling is. tightly controlled, such that 
F8 (Z)..surireillance provides reasonable assurarn~e that the core poY'fer distribution ~emains 
within anaiyzed limits. Further, the ability to perform an accurate F;J' (Z) margin .assessment is 
substantially improved once steady--state operation above 75-p!3rcent RTP i~ achieved. Since 
the-justification for the.modified SR is based in part on Westihghouse fuel.conditioning 
guideiiries, lmplementing. licensees must adhere to. such ;guid!31ines in· ordedo implement this 
TR. This is a limitation pf the NRG staffapprov.:11 of this TR, as·discus~ed in SE:lction 5;1 ofthis-S~ , .... 

4.& CHANGES TO BASES 

·For the changes to RAOC and CAOC Fa TSs {TS 3:2.1 B ~nd JS 3.2.1 C), corresponding 
.changes were made t0the TS BASES. WCAP.,17661-P proVides the changes to the BASES to 
make them compatible with the changes made to the TSs. The ·changes to the BASES were 
reviewed and were discussed c:1s part of the RA ls. The conclusion ofthe reviewwas. that 
additlonal discussions or clarifications for some asper;:ts would be beneficial and providt3 
improved clarity and understanding of the· rElquiremen_ts in theTSs. 

Additional discussions in th~ folloW1i"\g areas Were added irrthe BASES as part of th~ review of 
WCAP-17661: 

1. Under the change for both RAOC and· CAOC plants; Required Actior:is are. n9w different 
for. Conditions A, F8(Z) not_withi,n.limit; and 13, F;J'(Z) not within limit. When E8(Z) is not 
within limit, reduction of THERMAL POWER is required alongwi'th reduction of,setpoints 
and performance of SR 3:2. f, 1 and S°F{ 3.7.1.2. · Whereas, when F;J'(Z) is' n·ot within 
limits, two alternative actions may be applicable as discusl3ec:J ih the response to RAI 1. 
The first alternative action is included in Required Action 13.1, 1, This Required Action 
first requires implementation ofa .different oper?ting space: If an appropriate operating 
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·space cannot be implemented, then reduction of THERMAL POWER and setpoints and 
performance of SR 3.2.1.1 and SR 3.2.1.1 are required as an alternative. These 
aspects are discussed in the "Actions" section of the Bases. 

The changes to the Condition B Required Actions, when F°/{ (Z) exceeds limits is 
intended to avoid THERMAL POWER reduction through implementation of a different 
operating space (Required Action B.1 ). However, when both F8 (Z) and Fl{ (Z) are not 
within limits, Required Action for F8(Z) will require reduction of THERMAL POWER. 
The corresponding evaluation and action for Fl{ (Z) may be different. For example, 

Condition A (F8 (Z) not within limit) requires reduction of THERMAL POWER i:: 1 percent 
for each 1 percent F8 (z) exceeds limit, but Condition B (Fl{ (Z) not within limit) may 
require reduction of THERMAL POWER as evaluated and set forth in the COLR.12 As 
explained as part of the response to RAI 1, if both F8 (Z) and Fl{ (Z) exceed their limits, 
Required Action A.1 will be completed first due to the 15-minute Completion Time. Once 
the power level is reduced below that specified by Required Action A.1, the current 
operating peak power density will be restored to less than the value assumed in the 
safety analysis. As noted in the response to RAI 1, this Required Action may not ensure 
that the Fl{ (Z) limit is met 

The new Required Actions for Condition B are proposed to either implement a new 
operating space or a reduction in THERMAL POWER, and are required ·in order to 
ensure compliance with the Fl{ (Z) limit during future operation under transient 
conditions . 

As a follow-up to the RAls, these aspects are discussed and the BASES, which contain 
the clarifications regarding implementation of the proposed changes under different 
scenarios of F8 (Z) and Fl{ (Z) violations. 

2. Under the proposed change, the new Required Action B.1.1 requires implementation of 
a RAOC/CAOC operating space specified in the COLR that restores Fl{ (Z) within its 
limits. If control rod motion is needed as a result of entering Condition B and performing 
Required Action 8.1, the fundamental measured power distribution will change as a 
result. As stated in response to RAI 5, in some cases, a revision to the allowed AFD 
band associated with implementing Required Action 8.1.1 could result in either control 
rod withdrawal or insertion, in_order to obtain and maintain the AFD within the allowed 
operating band. If the implementation of Required Action 8.1.1 results in a need to 
move control rods, SR 3.2.1.1 and SR 3.2.1.2 should be performed to ensure that F8 (Z) 
and Fl{ (Z) are within limits. This is addressed through the addition of Required 
Action B.1.2 and associated discussions are included in the Bases. 

3. Under the proposed changes, if the operating spaces specified in the COLR are 
insufficient to ensure margin to the Fl{ (Z) limits, then THERMAL POWER must be 
reduced to less than the thermal power specified in the COLR. Also, AFD limits must be 

12 While Tables 6-10, 9-7, C-7, and F-7 in the TR show examples where the margin was defined in 
5 percent decrements, the NRC staff understands that other decrements may be used, provided such 
decrements are analytically supported. · 
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reduced by the amount specified in the COLR. As a practical matter, the number of 
discrete reduced power level evaluations included in the COLR is limited to three or less 
(an individual utility may opt for additional evaluation levels). If the required margin 
improvement exceeds the level of any pre-analyzed thermal power limits, the COLR will 
specify that the thermal power is limited to <50 percent RTP. · 

The requirement to reduce thermal power to <50 percent RTP is discussed in the 
BASES as part of the review of the submittal to ensure completeness of the actions 
required and to provide clear guidance to the plant operators. 

4.9 INTERFACES WITH OTHER REQUIREMENTS 

In assessing the changes to TS 3.2.1 B and TS 3.2.1 C, the interface of these requirements with 
other TS requirements was reviewed. The intent was to determine whether changes in these 
requirements may necessitate· changes in other requirements. 

Based on the review, two interfacing aspects were identified: 

1. It was noted that TS 3.2.1A, Heat flux Hot Channel Factor (Fa (2) (CAOC -Fxy 
Methodology)) is included for some plants. But, the concepts used in TS 3.2.1 C are not 
used for TS 3.2.1A, i.e., TS 3.2.1A is not modified to use a different operating space and 
avoid reduction in THERMAL POWER. This issue was the topic of RAI 11. 

2. TS 3.2.4, "Quadrant Power Tilt Ratio (QPTR)," which provides limits and associated SRs 
for QPTR, may be affected by the proposed changes. The QPTR limits ensure that 
nuclear enthalpy rise hot channel factor (F aHN) and Fa(Z) remain below their limiting 
valuei, by preventing an undetected change in the gross radial power distribution. The 
QPTR limit of 1.02, at which corrective action is required, provides a margin of protection 
for both the departure from nucleate boiling .ratio and linear heat generation rate 
contributing to excessive power peaks resulting from X-Y plane power tilts. Assurance is 
needed that the margin of protection is not being lost or that adequate margin of 
protection will still be maintained. This issue was the topic of RAI 12. 

The response to RAls 11 and 12 provided the following clarifying information: 

1. The Required Actions in TS 3.2.1A are more conservative than those in proposed 
TS 3.2.1 C. This is because TS 3.2.1A effectively treats all cases where the Fa(Z) limitis 
exceeded as if the plant is currently operating with a peak power density in excess of 
what is assumed in the safety analysis. The plants that have implemented TS 3.2.1 A do 
not have to implement proposed TS 3.2.1 C, since the resulting surveillance required by 
TS 3.2.1A is valid and conservative. 

2. The implementation of a different operating space in the event that the performance of 
an F:f (Z) surveillance determines that the Fa limit is not met would not significantly 
affect the indicated QPTR on the excore detector, rior would-it affect the actual in-core 
power distribution symmetry. 

3. Addition of a Required Action of performing SR 3.2.1.1 and SR 3.2.1.2, with a 
Completion Time of 72 hours, when a new operating space is implemented, which 
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results in control rod motion, will provide the requisite margin of protection. With this 
addition, the margin to safety analysis limits will be determined and confirmed after the 
implementation of a new operating space, including the effects of any existing QPTR. 
Once this is done, the same initial conditions are established with respect to the 
continued applicability of TS 3.2.4, as would otherwise have been present before the 
new operating space was implemented. 

4.10 SUMMARY OF KEY REVIEW TOPICS 

Based on the review described above, the NRC staff determined that the reformulated Fa 
surveillance is acceptable. The following paragraphs reiterate the more significant of the NRC 
staff conclusions. 

Regarding changes to the TS associated with Fac(Z), or the instantaneous heat flux hot channel 
factor, the NRC staff determined that the new required actions and completion times are more 
restrictive than the existing, and as such, concluded that they are acceptable. 

Regarding the reformulation of the Faw(z) surveillance, the NRC staff developed the following 
review considerations: 

1. The use of a planar radial surveillance in conjunction with T(Z) factors eliminates axial 
sensitivities in the surveillance procedure, and eliminates the current reliance on 
Westinghouse guidance to adjust W(Z) factors when performing Faw(z) surveillance in 
conditions significantly different from those assumed in the maneuvering analysis. As 
noted in Section 4.1 of this SE, the surveillance formulation, i.e., treatment of 
uncertainties and power distribution perturbations over the surveillance interval, is 
otherwise equivalent to the existing. 

2. The PWROG proposed to introduce an additional factor to correct the surveillance 
parameter for conditions other than reference, i.e., AXY and Aa, and as discussed in 
Sections 4.1 and 5.2 of this SE, the NRC staff determined that the use of such 
parameters was acceptable, provided the methodological description provided in 
response to RAI 15 is followed. 

3. The incorporation of the Ri correction factor, which conservatively adjusts for downward 
trends in Faw(z), directly into the surveillance supports the elimination of the NOTE 
associated with SR 3.2.1.2, as discussed in Sections 4.1 and 4.4 of this SE. 

Based on the above considerations, the NRC staff concluded that the reformulated Faw(z) 
surveillance was acceptable. 

Finally, the NRC staff considered the revisions to the Required Actions associated with not 
meeting the Faw(Z) LCO, and determined that they are acceptable. The revision provides for 
successively more restrictive operating spaces, which help to ensure that the core operates with 
sufficient margin to ensure that the peak power remains within analyzed limits. Perhaps more 
importantly, the operating spaces and associated margin factors are now analytically based. 
This improvement provides assurance that completion of the Required Actions (Faw(z) is not 
within its limits) would ensure that the core power distribution remains within the limits analyzed 
in the ECCS evaluation. If the more restrictive operating spaces fail to provide the requisite 
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1 margin, similar reductions in rated thermal power level and reactor trip setpoints to those • 
2 required for Fac(z) become necessary. 
3 
4 In conclusion, the NRC staff review determined that the revisions to the heat flux hot channel 
5 factor TS were acceptable. The revisions provide a more robust means for performing the 
6 Faw(z) surveillance, a series of more restrictive operating spaces if the Faw(z) LCO is not met, 
7 and a more clearly defined set of SRs and Required Actions. The TS changes also provide 
8 reasonable assurance that a core operated in accordance with these TS will remain within the 
9 power distribution limits assumed in the facility safety analyses. 
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5.0 -APPROVAL LIMITATIONS 

The NRG staff review identified three limitations, adherence to which are n~cessary to ensure 
acceptable implementation of WCAP-17661. 

5.1 LIMITATION 1: ADHERENCE TO FUEL CONDITIONING GUIDELINES 

As discussed in Sections 4.5 and 4.7 of this SE, PWROG justified the specification of.certain 
surveillance intervals on the concept that rapid changes in power level are precluded by fuel 
conditioning guidelines, which require slower ascensions in power, and maintenance of periodic 
thermal power plateaus. However, the TS do not make adherence to these fuel conditioning 
guidel,nes an obligation. Even so, the staff acceptance of the PW ROG justification was based 
on any given facility's adherence to these guidelines. 

Thus, licensees implementing this TR (i.e., making the TS changes contained herein) must 
confirm, in the implementation request, that they adhere to Westinghouse fuel conditioning 
guidelines. Otherwise, implementing licensees must demonstrate to the NRC staff that similar 
requirements exist to provide assurance that the frequency of abrupt changes in power level is 
kept appropriately low during the initial power ascension of a fuel cycle. This TR is not 
applicable if.continued adherence to such guidelines is not practiced. · 

5.2 LIMITATION 2: USE OF Axv AND Aa 

As discussed in Section 4.1.1 of this SE, the use of Methods 1 and 2 are acceptable for 
calculating Axv and Aa when performing RAOC and CAOC W(Z) surveillances, subject to the 
following limitations: · 

1. The NRG-approved methods provided in the response to RAI 15.b must be used to 
perform the surveillance-specific Axv or Aa calculations. Newer methods with similar 
capabilities may be considered acceptable provided the NRC staff specifically approves 
them for calculating Axv and Aa factors. 

2. The depletion calculation used to determine the numerator and denominator of the Axv 
or Aa factor must be performed similarly to the original design calculation, as described 
in the response to RAI 15.c. 

3. The use of Method 1 for calculating Aa is only acceptable subject to the constraints 
discussed in the response to RAI 15.a. The surveillance Axial Offset must be within 
1.5-percent of the target AO, and there must be assurance that the limiting Faw(Z) 
location does not lie within a rodded elevation at the time of surveillance. 

. . . 

5.3 LIMITATION 3: POWER LEVEL REDUCTION TO 50 PERCENT RTP _ 

As noted in Section 4.3.2 of this SE, the use of 50 percent as the final power level reduction in 
the event of failed Fa·surveillance is not included in the TS, but rather in the BASES and in the 
COLR. As such, this final power level, 50 percent, must be implemented on a plant-specific 
basis and included in COLR input generated using this methodology, in order to use this TR. 
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6.0 CONCLUSIONS 

Based on the review described in the· preceding SE, and subject to the limitations provided in 
Chapter 5, the NRC staff has determined that the RAOC and CAOC surveillance formulations 
and required actions proposed in WCAP-17661 are acceptable. The TR may be considered 
approved for use by the NRC staff, for the purpose of justifying the TS changes contained 
therein. 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

:e ~~ 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

• 

c OFFICIAL .USE;. ONl..:V .. , C.ONJAINS ,PROPRIETARY INF.ORMATION 

- 37-

7 .0 REFERENCES 

1. PWROG, "Improved RAOC and CAOC Fa Surveillance Requirements," Reports 
WCAP-17661-P (Proprietary) and WCAP-17661-NP (Publicly Available), and Transmittal 
Letter OG-13-427, Project No. 694, January 2, 2014, ADAMS Package Accession 
No. ML 14009A098. 

2. U.S. NRC, "Standard Technical Specifications - Westinghouse Plants," NUREG-1431, 
Volume 1, Revision 4, "Specifications," and Volume 2, Revision 4, "Bases," April 2012, 
ADAMS Accession Nos. ML 12100A222 (Volume 1) and ML 12100A228 (Volume 2). 

3. PWROG, "Submittal of Request for Additional Information Response Regarding 
WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC RQ Surveillance Technical 
Specifications, PA-LSC-0795," Letter No. OG-16-273 and Enclosure 2 (Publicly 
Available) and Enclosure 1 (Proprietary), Project No. 694, September 13, 2016, ADAMS 
Package Accession No. ML 16291A531. 

4. PWROG, "Transmittal of the Response to Request for Additional Information, RAI 15 
Associated with WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ 
Surveillance Technical Specifications, PA-LSC-0795," Letter No. OG-18-35 and 
Enclosure 2 (Publicly Available)-and Enclosure 1 (Proprietary), Project No. 694, 
February 15, ·2018, ADAMS Package Accession No. ML 18053A269. 

5. Westinghouse Electric Company, "Relaxed Axial Offset Control Fa Technical 
Specification Actions," NSAL-09-5, Revision 1, September 23, 2009. This document 
was not formally transmitted to the NRC and it is not available in ADAMS. 

6. U.S. NRC, "Removal of Cycle-Specific Parameter Limits from Technical Specifications," 
Generic Letter 1988-16, October 4, 1988, ADAMS Accession No. ML031200485. 

Attachment: Appendix 

Principal Contributors: P. Samanta, Brookhaven National Laboratory (BNL). 

Date: April 24, 2018 

D. Diamond, BNL 
B. Parks, NRC/DSS/SNPB 
S. Krepel, NRC/DSS/SNPB 
P. Snyder, NRC/DSS/STSB 

OFFIOIALUSE ONLY ... OON=fAJNS PROPRIETARY INFORMATION1 
WCAP-17661-NP-A February 2019 

Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 



-QFFICIAL~~ROPRlfiTARY INFORMATION-

- 38 -

1 APPENDIX: TABLES 
2 
3 TABLE 1: POWER DISTRIBUTION TERMS 

4 

5 

-
1.A: Peaking Factors 
Term Name Definition 
Fa Total Heat Flux Hot Channel The ratio of peak to average power density in the core 

Factor 
Fxv Planar Radial Peaking Factor The ratio of peak-to-average power density in a radial 

core olane 

1.B: limits, Functions, and Multipliers 
Term Name Definition 
K(Z) Axial shape function Normalizes Fa(Z) as a function of core height. Included 

in COLR. 
W(Z) W(Z) function Analytical ratios used in the current Fa surveillance 

formulation to characterize the maximum expected 
increase in the surveillance Fa(Z) x Power relative to the 
non-eauilibrium Fo(Z} x Power. 

T(Z) T(Z) function Analytical ratios used in the improved Fa surveillance 
formulation for RAOC plants to characterize the 
maximum transient PlZ) 

CFQ Rated thermal power (RTP) Absolute limit applied to Fa. Included in COLR. Term 
Fa limit used in STS and STS Bases (Ref. 2). 

p Fraction of RTP Used to scale the measured power distribution based on 
the core- operating power level. Term used in STS and 
STS Bases (Ref. 2). 

Pre! Core average relative power Same as fraction of RTP, above, but used in 
surveillance formulations oresented in WCAP-17661. 

Preiss Surveillance relative power Actual power divided by the rated thermal power at the 
time of surveillance 

P(Z) Core average axial power Planar average power at elevation Z, divided by volume 
shape average power of the core 

P(Z)ref Relative axial power shape Relative axial power predicted at the reference condition 
PFXY Power factor multiplier Power factor multiplier for Fxv. Provided in the COLR. 
Axv Correction factor for RAOC Used to adjust the FaW(Z) value in instances when the 

surveillance conditions surveillance is conducted in a different condition, i.e., 
thermal power level and control rod insertion, than the 
reference condition (typically hot full power, all rods out, 
equilibrium xenon). May be included in the COLR; could 
also be calculated using a 3-D core simulator for specific 
surveillance conditions. 

Ao Correction factor for CAOC 
surveillance conditions 

RJ Penalty factor Used to account for reductions in Fa margin that may 
occur for trends that follow burnup over the surveillance 
interval 

Appendix 
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Term Name Definition 
Fo(Z) Heat flux hot channel factor Maximum local heat flux on the surface of a fuel rod at 

core elevation Z, divided by the average fuel rod heat 
flux. In the WCAP-17661 methodology, this term is 
a roximated b multi I in FxvZ b PZ. 

FoM(Z) Measured heat flux hot Measured value of Fa(Z} obtained directly from the flux 
channel factor map results. 

Foc(z) The measured value, FaM(Z), multiplied by a factor to 
account for fuel manufacturing tolerances and flux map 
measurement uncertaint . 

Fow(Z) Transient Fo(Z) The maximum Fa(Z} calculated to occur in normal 
operation over the next surveillance interval. Includes 
margin for (1} fuel manufacturing tolerances, (2) flux 
map measurement uncertainty, and (3) operational 
transients anticipated over the next surveillance interval. 
The roduct of Fae Z and W Z . 

FoPR The predicted value of the Heat Flux Hot Channel 
Factor. A maximum value that includes load follow 
im acts. 

FoRTP Rated thermal ower Fa limit Same as CFQ. 

1.0: FxY Terms 
Term Name Definition· 
Fxv(Z) Height-dependent radial Radial peaking factor, measured using the incore 

peakina factor detector system, at a given plane of the core. 
FxvM The measured value of Fxv obtained directly from the -- flux map results. 
Fxvc The measured value, FxvM, multiplied by a factor to 

-- account for fuel manufacturing tolerances and flux map 
measurement uncertaintv. 

FxvRTP -- The limit of Fxv at RTP. 
Fxv'- -- The limit of Fxv at the current thermal power level. ' 
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1 TABLE 2: SUMMARY OF PROPOSED CHANGES 

2 

3 
4 

----- ------ --- ----- .. -
2.A: Title 
TS Section and Current Revised Specifications Justifications presented 
Reauirements S peciflcations intheWCAP 
TS 3.2.1 B, Title Fo(Z)(RAOC-W (Z) Fo(Z)(RAOC-T(Z) Use of a different 

Methodology) Methodology) methodology requires the 
name change 

2.B: Actions, Condition A 
TS Section and Current Revised Specifications Justifications presented 
Reauirements Specifications intheWCAP 
TS 3.2.1 B and II ... 1% for each "... 1 % for each 1 % that Revised wording accounts for 
3.2.1C, 1% F8(Z) THERMAL POWER is limited the possibility that the limit for 
Required Actions exceeds limit" below RATED THERMAL F8 (Z) may be exceed~d 
A.2 and A.3 I POWER by Required Action during a part-power 

A.1." surveillance. The current 
wording is only appropriate if 
the surveillance is performed 
atfull power. 

The new wording will require 
greater setpoint reduction if · 
the surveillance is performed 
at reduced power and F8(z) 
exceeds its limit. (WCAP, 
Section 3.2.2, oa.3-12) 

NOTE in Required Action Required Action A.4 shall be Makes it consistent with other 
Condition A A.4 shall be completed whenever this changes. 

completed Condition is entered prior to 
whenever this increasing THERMAL 
Condition is POWER above the limit of 
entered. Required Action A.1. SR 

3.2.1.2 is not required to be 
performed if this Condition is 
entered prior to THERMAL 
POWER exceeding 75% RTP 
after a refuelina. 
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TS Section and Current Revised Specifications Justifications presented 
Re uirements S ecifications intheWCAP 
TS 3.2.1 B and B.1.1 states, "Implement a Implementation of a New 
3.2.1C, RAOC or CAOC operating RAOC/CAOC operating . 
New Required space specified in the COLR space restores Ff (Z) within 
Action 8.1.1 that restores Ff (Z) to within limits. 

limits." 
New Required B.1.2 states, "Perform SR When control rod motion is 
Action 8.1.2 3.2.1.1 and SR 3.2.1.2 if required, surveillance assures 

control rod motion is required that Ff (Z) remains within 
to comply with the new limits. 
o eratin s ace." 

TS 3.2.1B, Reduce AFD limits Limit THERMALPOWER to Evaluations in the COLR will , 
Required 2: 1 % for each 1 % less than RATED THERMAL provide the applicable power 
Action 8.2.1 Ff (Z) exceeds POWER and reduce AFD level and AFD limits to assure 
(previously B.1) limits limits as specified in the Ff (Z) within limits. 

COLR. 
TS 3.2.1C, Reduce Limit THERMAL POWER to Core models provide basis for 
Required THERMAL less than RATED THERMAL determining the axial location 
Action 8.2.1 POWER 2: 1% for POWER as specified in the of the minimum margin in the 
(previously 8 .1 ) each 1 % Ff (Z) COLR. actual core. 

exceeds limits 
TS 3.2.1B, " ... 1% for each "... 1 % for each 1 % that With the change, peak power 
Required 1% that the THERMAL POWER is limited densities will remain within 
Action 8.2.2 and maximum below RATED THERMAL limits of the safety analyses. 
8.2.3 (previously allowable power POWER by Required Action 
8.2 and B.3) ,of the AFD limits B.2.1." Prior requirements may not 

is reduced" ensure that non-equilibrium 
TS 3.2.1C, II ... 1% for each " ... 1 % for each 1 % that operation was bounded by 
Required 1% Ff (Z) THERMAL POWER is limited the maximum power 
Action 8.2.2 and exceeds limits" below RATED THERMAL distribution assumptions in all 
8.2.3 (previously POWER by Required Action circumstances. 
8.2 and B.3 B.2.1." 
TS 3.2.1B, "Prior to "Rrior to increasing Proposed change in TS 
Completion Time increasing THERMAL POWER above 3.2.18 will make it consistent 
for Required THERMAL the limit of Required Action with the Completion Time 
Action 8.2.4 POWER above 8.2.1" defined in TS 3.2.1 C. 

the maximum Completion Time in TS 
allowable power 3.2.1 C did not need any 
of the AFD limits." chan es. 

NOTE in Applicable Moved (with addition "prior to Required Action option 8.1 
Condition 8 whenever increasing THERMAL assumes that a RAOC · 

Condition B is POWER above the limit of operating space specified in 
entered Required Action 8.2.1") under the COLR satisfies F8 (Z) and 

Required Action 8.2.1, i.e., Ff (Z) limits if no control rod 
applicable when Required (CR) motion is needed. 
Actions under B.2.1, B.2.2, Required Action 8.1.2 
B.2.3 and B.2.4 are entered. requires surveillance CR 

motion is needed. Required 
Action 8.2.4 institutes 
performance of the SRs if 
o tlon 8.2 is used. 
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1 • TS Section and Current Revised Specifications Justifications presented 
Re uirements S ecifications intheWCAP 
NOTEforSRs NOTE states that The NOTE is deleted. The NOTE has been a source 

"During power of confusion and interpreted 
escalation at the differently by various utilities. 
beginning of each 
cycle, THERMAL Existing frequencies, together, 
POWER maybe are unambiguous and 
increased until an appropriately verify Fg (Z) 
equilibrium power during the initial power 
level has been escalation and throughout the 
achieved, at which operating cycle. 
a power 
distribution map is 
obtained." 

SR 3.2.1.1, 2nd "Once within (12] "Once within (24] hours after Frequency of 24 hours is 
requirement in the hours after achieving equilibrium contained in some plant TS 
Frequency column achieving conditions ... " and is a reasonable time 

equilibrium period in which to perform this 
conditions ... " verification. Small likelihood of 

occurrence of undesirable 
condition within the time. 

NOTE for The NOTE in SR The NOTE is deleted. The penalty factor in the 
SR3.2.1.2 3.2.1 .2 requiring improved methodology is 

increasing SR based on predicted rather than • frequency measured trends in transient 
considering an in- Fa margin, and is applied when 
crease factor for SR 3.2.1.2 is performed. 
Ff(Z) when 

It is argued that the past increase from 
previous measurement trends are not 
evaluation has indicative of future margin 
been noted. trends. 

SR 3.2.1.2, 1st "Once after each "Once after each refueling Verification will still be 
requirement in the refueling prior to within [24] hours after performed within a reasonable 
Frequency column THERMAL achieving equilibrium time and prior to extended non-

POWER conditions after THERMAL equilibrium operation at power 
exceeding 75% POWER exceeds 75% RTP." levels where the maximum 
RTP" peak linear heat rate could 

otentiall be challen ed. 
SR 3.2.1.2, 2nd "Once within (12] "Once within (24] hours after Frequency of 24 hours is 
requirement in the hours after achieving equilibrium contained in some plant TS 
Frequency column achieving conditions after exceeding, by and is a reasonable time 

equilibrium ;;: 10% RTP, the TH EMAL period in which to perform this 
conditions after POWER at which Ff (Z) was verification. Small likelihood of 
exceeding, by ;;: last verified." occurrence of undesirable 
10% RTP, the condition within the time. 
THEMAL POWER 
at which Ff (Z) 
was last verified." 
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August 2, 2018 

OG-18-188 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
11555 Rockville Pike 
Rockville, MD 20852 

Subject: PWR Owners Group 

Program Management Office 
1000 Westinghouse Drive, Suite 380 

Cranberry Township, PA 16066 

WCAP-17661- P/NP, Revision 1 
Project Number 9990203 7 

Transmittal of the Response to the Revised Draft Safety Evaluation (DSE) 
for WCAP-17661-P/ WCAP-17661-NP, Revision 1 (PA-LSC-0795) 

References: 

I. Letter OG-13-427, "Submittal ofWCAP-17661-P/NP, Revision 1, "Improved RAOC and 
CAOC FQ Surveillance Technical Specifications, PA-LSC-0795," dated January 2, 2014 

2. NRC Letter of Acceptance for Review of PWROG Topical Report WCAP-17661-P/NP, 
Revision 1, "Improved RAOC and CAOC FQ Surveillance Technical Specifications," 
dated July 1, 2014 

3. NRC Letter for Request for Additional Information RE: PWROG Topical Report WCAP-
17661-P/NP, Revision 1 "Improved RAOC and CAOC FQ Surveillance Technical 
Specifications," dated December 24, 2014 (TAC NO. MF3348) 

4. Letter OG-16-273, "Submittal of Request for Additional Information Response 
Regarding WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ 
Surveillance Technical Specifications, P A-LSC-079 5," dated September 13, 2016 

5. Email from the NRC (Benney) to the PWROG (Holderbaum), Request for Additional 
Infonnation, RAI 15, RE: PWROG Topical Report WCAP-17661-P/NP, Revision 1 
"Improved RAOC and CAOC FQ Surveillance Technical Specifications," dated 
July 27, 2017 

6. OG-18-35, "Transmittal of the Response to Request for Additional Information, RAI 15 
Associated with WCAP-17661-P/NP, Revision 1, Improved RAOC and CAOC FQ 
Surveillance Technical Specifications, PA-LSC-0795", February 15, 2018 . 
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U.S. Nuclear Regulatory Commission 
OG-18-188 

August 2, 2018 
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7. Email from the NRC (Benney to the PWROG (Holderbaum), Draft Safety Evaluation by 
the Office of Nuclear Reactor Regulation Related to Pressurized Water Reactor Owners' 
Group Licensing Topical Report WCAP-17661, "Improved RAOC and CAOC FQ 
Surveillance Technical Specifications," dated Monday, April 30, 2018 · 

The purpose of WCAP-17661-PI WCAP-17661-NP is to develop an improved FQ Technical 
Specification (TS) that addresses the issues associated with the current TS. Specifically, the new 
TS will minimize, to the extent possible, the sensitivity of the Surveillance to differences 
between the measured and predicted axial offset. 

I 

WCAP-17661-PI WCAP-17661-NP also clarifies the requirements for part-power Surveillances 
(i.e., when they must be performed) and minimize the potential for overly conservative part­
power Surveillance results. Finally, it corrects a non-conservative Required Action in TS 3.2.1 B 
in NUREG-1431, and provides appropriate Required Actions to be taken, when a Surveillance 
identifies that the Technical Specification FQ limit has been exceeded. 

On January 2, 2014, in accordance with the Nuclear Regulatory Commission (NRC) Topical 
Report (TR) program for review and acceptance, the Pressurized Water Reactor Owners Group 
(PWROG) requested formal NRC review and approval ofWCAP-17661-P/NP, Revision 1, for 
referencing in regulatory actions (Reference 1 ). 

The NRC Staff has determined that additional information is needed to complete the review per 
letter dated December 24, 2014 (Reference 3). On September 13, 2016 the PWR Owners Group 
provided a response the Request for Additional Information (RAI) (Reference 4). 

On July 27, 2017, the NRC Staff determined that additional information was needed to complete 
the review of the Topical Report and issued RAI-15 (Reference 5). The PWROG provided a 
response to NRC RAI-15 (Reference 5) associated with WCAP-17661- Pl WCAP-17661-NP, 
"Improved RAOC and CAOC FQ Surveillance Technical Specifications," Revision 1, and 
revisions to other documents associated with the response to RAI 15, (Reference 6). 

On April 30, 2018, the NRC Staff provided the PWROG with the Draft Safety Evaluation (DSE) 
for review and comment (Reference 7). 

The purpose of this letter is to transmit the PWROG comments on the NRC's DSE for WCAP-
17661- Pl WCAP-17661-NP, "Improved RAOC and CAOC FQ Surveillance Technical 
Specifications," Revision 1 (Reference 7). 

Please note that the information contained in brackets, as identified by the NRC staff in the DSE, 
is information that is Proprietary to Westinghouse, and therefore both a Proprietary and Non­
Proprietary version of the Final Safety Evaluation should be issued. 

Enclosed are: 
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U.S. Nuclear Regulatory Commission 
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I. Comments on the DSE forWCAP-17661-P/WCAP-17661-NP, Revision 1 (PA-LSC-
0795) (Non-Proprietary) 

2. Revision to the Technical Specification (TS) Markups for TS 3 .2. lB and TS 3 .2.1 C that 
were transmitted via OG-16-273 (Non-Proprietary) 

3. Revision to the TS Bases Markups for TS 3.2.1 B and TS 3.2.1 C that were transmitted via 
OG-16-273 and OG-18-35 (Non-Proprietary) 

4. WCAP-17661-P/ WCAP-17661-NP, Revision 1 Markup Pages (PA-LSC-0795) (Non­
Proprietary) 

5. WCAP-17661-P/ WCAP-17661-NP, Revision 1 Markup Pages (PA-LSC-0795) 
(Proprietary) 

Also enclosed are the Westinghouse Application for Withholding Proprietary Infonnation from 
Public Disclosure, CAW -18-4779, accompanying Affidavit, Proprietary Infonnation Notice, and 
Copyright Notice (Enclosure 6). 

As Item 5 contains information proprietary to Westinghouse Electric Company LLC 
("Westinghouse"), it is supported by an Affidavit signed by Westinghouse, the owner of the 
information. The Affidavit sets forth the basis on which the information may be withheld from 
public disclosure by the Nuclear Regulatory Commission ("Commission") and addresses with 
specificity the considerations listed in paragraph (b)( 4) of Section 2.390 of the Commission's 
regulations. 

Accordingly, it is respectfully requested that the information which is proprietary to 
Westinghouse be withheld from public disclosure in accordance with 10 CPR Section 2.390 of 
the Commission's regulations. 

Correspondence with respect to the copyright or proprietary aspects of the item listed above or 
the supporting Westinghouse Affidavit should reference CA W-18-4 779 and should be addressed 
to James A. Gresham, Consulting Engineer, Westinghouse Electric Company, 1000 
Westinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania 16066. 

Correspondence related to this transmittal should be addressed to: 

Mr. W. Anthony Nowinowski, Executive Director 
PWR Owners Group, Program Management Office 
Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, PA 16066 

If you have any questions, please do not hesitate to contact me at (805) 545-4328 or 
Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program 
Management Office at (412) 374-6855. 

• Sincerely yours, 
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Ken Schrader, COO & Chairman 
PWR Owners Group 

JKS:am 

cc: PWROG Licensing Subcommittee (Participants of PA-LSC-0795) 
PWROGPMO 

· PWROG Steering and Management Committee 
J. Gresham, Westinghouse 
J. Andrachek, Westinghouse 
J. Moorehead, Westinghouse 
M. Hone, Westinghouse 
J. Brown, Westinghouse 
B. Benney, US NRC 
J. Drake, US NRC 
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Enclosure 1: LTR-PL&E-18-029, Rev. 0, Attachment 1, "Comments on the Revised DSE for 
WCAP-17661-P/WCAP-17661-NP, Revision l" (PA-LSC-0795) (Non­
Proprietary) 

Enclosure 2: LTR-PL&E-18-029, Rev. 0, Attachment 2, "Revision to the Technical 
Specification (TS) Markups for TS 3.2.lB and TS 3.2.lC that were transmitted 
via OG-16-273 (Non-Proprietary) 

Enclosure 3 LTR-PL&E-18-029, Rev. 0, Attachment 3, "Revision to the TS Bases Markups 
for TS 3.2.IB and TS 3.2.IC that were transmitted via OG-16-273 and OG-18-
35" (Non-Proprietary) 

Enclosure 4 LTR-PL&E-18-029, Rev. 0, Attachment 4, "WCAP-17661-P/ WCAP-17661-NP, 
Revision 1 Markup Pages" (PA-LSC-0795) (Non-Proprietary) 

Enclosure 5: LTR-PL&E-18-029, Rev. 0, Attachment 5, "WCAP-17661-P/ WCAP-17661-NP, 
Revision 1 Markup Pages" (PA-LSC-0795) (Proprietary) 

Enclosure 6: Affidavit for Withholding, CAW-18-4779 (Non-Proprietary) with accompanying 
Affidavit, Proprietary Information Notice and Copyright Notice 
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DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO PRESSURIZED WATER REACTOR OWNERS' GROUP 

LICENSING TOPICAL REPORT WCAP-17661 

"IMPROVED RAOC AND CAOC FQ SURVEILLANCE TECHNICAL SPECIFICATIONS" 

PROJECT NO. 694 

1.0 INTRODUCTION 

The Pressurized Water Reactor Owners Group (PWROG) submitted Topical Report (TR) 
WCAP-176611 for U.S. Nuclear Regulatory Commission (NRC) staff review by letter dated 
January 2. 2014 (Ref. 1). The TR provides the technical basis for updates to Technical 
Specification (TS) 3.2.1, "Heat Flux Hot Channel Factor," as presently contained in 
NUREG-1431 , "Standard Technical Specifications -Westinghouse Plants" (Ref. 2) . 
Specifically. the TR addresses (1) potential non-conservatisms in Required Action B.1 of 
TS 3.2 .1 B, which is applicable to Relaxed Axial Offset Control (RAOC) plants. and (2) "the 
sensitivity of the formulation of the associated Surveillance Requirement (SR) to the differences 
between the measured and predicted surveillance power shapes at both nomina l and part 
power conditions" (Ref. 1 ). The TR was supplemented by letters dated September 13, 2016 
(Ref. 3) and February 15, 201 8 (Ref. 4) . The supplements provided responses to the NRC staff 
requests for additional information (RAls) . 

In addition to the changes described above, WCAP-17661 includes several other improvements 
to Versions B and C ofTS 3.2.1. TS 3.2.1 Bis the version that is applicable to plants that have 
implemented the RAOC methodology. whereas TS 3.2.1 C is the version that is applicable to 
plants that use the Constant Axial Offset Control (CAOC) - W(Z) methodology. Meanwhile, TS 
3.2.1 A, the version of the TS that is applicable to plants using the CAOC-Fxv methodology 
remains unchanged, and this TR does not apply to such plants. 

All of the TS changes described and justified in WCAP-17661 are described in detail in 
Section 3.0 of this safety evaluation (SE) . 

1.1 BACKGROUND POWER DISTRIBUTION TERMS 

The TR relates to peaking factors that are used to describe the power distribution at 
Westinghouse Electric Company (Westinghouse)-designed plants. These factors, and the 
various functions. factors, and limits that are used to manipulate the peaking factors in order to 
ensure they provide appropriate margins for uncertainties and operational transients over a 
given surveillance interval , are summarized in Table 1, located in the appendix to this SE . The 
table first defines the peaking factors, then provides the limits. functions, and multipliers, and 
finally provides definitions for the various different versions of each peaking factor. 

1 As noted in the citation for Reference 1, WCAP-17661 exists in both proprietary (WCAP-17661 P) and 
publicly available (WCAP-17661 NP) formats. This SE is applicable to both formats, and refers to the TR 
generally without the proprietary designator (i .e., WCAP-17661) . 
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It is useful to refer to Table 1 alongside subsequent sections of this SE. in which the terms 
contained in the table are frequently used in discussing the algebraic formulations of the 
surveillance terms and operating limits. 

1.2 PURPOSE OF TOPICAL REPORT 

In 2009, Westinghouse identified a non-conservatism associated with the limiting conditions for 
operation (LCOs) and associated SRs for the Heat Flux Hot Channel Factor (F 0 (Z)) for 
Westinghouse nuclear power plants . Specifically. it was recognized that the Required Actions in 
NUREG-1431 (Ref. 2). in situations where the plant does not meet an F0 limit. are not as 
conservative as previously understood . 

Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 09-5, "Relaxed Axial Offset 
Control F0 Technical Specification Actions ," to address the situation on an interim basis (Ref. 5) . 
The NSAL required four specific actions. in addition to the current specific Required Actions 
contained in the plant-specific F0 TSs. if it was determined that F0 was not within the LCO limit 
following a surveillance performed at<!: 75 percent rated thermal power (RTP) . These actions 
are very conservative so that they envelop all plants. 

Another potentia~ non-conservatism becomes apparent in plants using RAOC rather than 
CAOC. A key surveillance parameter, F0w(Z) . is the product of analytical factors and 
surveillance measurements . The ana lytical factors are derived before each re load, and must 
assume a reference condition for the surveillance. even though the surveillance takes place 
after the plant returns to power, and hence, well after the analytical factors are derived. The 
initial surveillance condition is not necessarily the same as the reference condition. and this can 
lead to an inaccuracy that is non-conservative _ _ _ _ _ _ _ _ _ _ _________ _ 

The PWROG submitted WCAP-17661 in order to develop a permanent resolution to the 
problem and define appropriate revisions to the standard TS (STS) related to the F0 
surveillance. The intent is to replace the temporary actions required by the NSAL in case F0 is 
found outside the LCO limits with Required Actions that will assure that plant operation will 
remain bounded by the facility sa fety analyses. The PWROG submitted WCAP-17661 to the 
NRC. requesting approval in order to make subsequent changes to the STS. NUREG-1431 . 
The specific TS that are proposed to be changed are TS 3.2.1 B. Heat Flux Hot Channel Factor 
(F0 (Z) (RAOC-W(Z) Methodology)) and TS 3.2 .lC, Heat Flux Hot Channel Factor (Fo (Z) 
(CAOC-W(Z) Methodology)) . 

1.3 SUMMARY OF CHANGES 

The following discussion provides a brief summary of the changes set forth in WCAP-17661 . A 
detailed discussion of each change is provided in Section 3.0 of this SE, and a summary of 
changes in tabular format is provided in Table 2, in the appendix. 

1.3.1 Limiting Conditions for Operation (Unchanged) 

The LCOs for TS 3.2.1 Band 3.2.1 C remain unchan~ ed. The requirement. in both versions of 
the LCO. remains for F0 (Z} , as approximated by F0 (Z) and F0w(Z) . to remain within the limits 
specified in the core operating limits report (CO LR). The approximations for these parameters. 
however. will change as discussed in the succeeding sections. 

• 
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1.3.2 Core Operating Limits Report Content 

Based on the discussion contained in the TR. the NRC staff determ ined that the typical COLR 
content2 will change. As outlined below, the amount of the COLR content related to F Ow (Z) will 
increase. Primarily, this increase stems from the following items. which will be newly included in 
the COLR: 

1. The definition of new RAOC operating spaces (ROSs) or CAOC operating spaces 
(COSs) , 

2. he inclusion of a normalization factor Axv(Z) for RAOC, or Ao(Z) for CAOC 3.I_ __________ -

3. The definition of a pena lty factor. Rj, and 

4. The inc lusion of separate control rod insertion limits. transient functions. penalty factors. 
and axial flux difference (AFD) bands for the new ROSs and COSs. 

The COLR will also include newly formulated, cyc le-specific limits associated with implementing 
the proposed Required Actions to take in the event that completion of a SR indicates that an 
LCO is not met. 

1.3.3 Survei llance Requirements 

For RAOC plants . rather than formulating the F0w(Z) surveillance parameter by using a 
core-wide, three-dimensional surveillance to measure F 0 , the survei llance will now determine a 
synthesized F0 using a planar Fxv surveillance and multiplying it by a reference axial power 
shape. The surveillance is repeated for each plane in the core. from 15- to BS-percent core 
height to determine a maximum to compare to the limit. 4 The philosophy of using multipliers to 
the measured value to provide margin for manufacturing tolerances. surveillance uncertainty. 
and operationa l transients over the following survei llance interval remains unchanged . 
However. the formulation of the transient function is modified. 

In addition. some language contained in the SRs has been modified to add clarity. and minor 
changes to some surveillance frequencies have been proposed. 

1.3.4 Required Actions 

The Required Actions associated with both Fow(Z) and F0c(Z) have been modified. These 
modifications serve two primary purposes: (1) to provide more explicit limitations on thermal 

2 This list was formulated by reviewing a sample of COLRs submitted on several dockets . The content of 
a specific COLR varies from plant to plant, and not all plants may have the exact content listed here. 
3 As discussed in Section 4 .1, the N RC staff determined that the use of such factors , when less than 
unity. was not acceptable. 
' Per NUREG-1431 , "The top and bottom 15-percent of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in the safety analyses and 
because of the difficulty of making a precise measurement in these regions· (Ref. 2. Volume 2. 
SR 3.2.1.2) . Note that the top and bottom 15-percent exclusion zones are typical . however. the exclusion 
zone is established on a cycle specific basis to ensure that the limiting margin location is surveilled. 
Therefore, for a specific operating cycle. exclusion zones smaller than 15-percent may be specified . 

~~A 6-E-GNLY CONTAINS PROPRIETARY lrtF6RMATIO 
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1 power and reactor trip setpoints in the condition that the SRs are not met. and (2) to 
2 accommodate the implementation of successively restrictive operating spaces in the event that 
3 the SRs are not met. 
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2.0 REGULATORY EVALUATION 

The specification of and adherence to limits on F O ensures that the value of the initial total 
peaking factor assumed in the accident and transient analyses remains valid . As noted in 
NUREG-1431 . the F0 limits assumed in the emergency core cooling system (ECCS) 
performance evaluation are typically limiting relative to the F0 limits assumed in safety analyses 
for other postulated accidents and anticipated operational occurrences. Even if the ECCS limits 
are less limiting than those determined by another safety analys is, specification of and 
adherence to the F0 limits still ensures that facility operation remains bounded by the safety 
analyses. 

The regulatory evaluation thus identifies performance requirements and design criteria 
contained within Title 10 of the Code of Federal Regulations (10 CFR). Part 50, "Domestic 
Licensing of Production and Utilization Facilities." The applicable requirements related to the 
specific content of TSs, relative to the facility safety analysis. are also identified. including 
appropriate guidance for administratively controlling such specifications. Finally. Section 2.3 of 
this SE summarizes the way in which the regulatory requirements apply specifically to the 
reformulated TS for F0 . 

2.1 PERFORMANCE REQUIREMENTS AND DESIGN CRITERIA 

The performa nce requirements and design criteria applicable to the power distribution assumed 
in the safety ana lysis are those that pertain to accident and transient analysis. Primarily these 
include the requirements contained in 1 O CFR 50.46, "Acceptance Criteria for Emergency Core 
Cooling Systems for Light-Water Nuclear Power Reactors. " and General Design Criterion 
(GDC) 10, contained in Appendix A, "General Design Criteria for Nuclear Power Plants." Since 
the TS also prescribe appropriate remedial action to follow if TS limitations are not met. some 
additional GDCs re lative to the reactor protection and reactivity control systems also apply, as 
listed below. 

The requirements in 10 CFR 50.46 state, in part. that ECCS shall be designed such that an 
evaluation performed using an acceptable eva luation model demonstrates that acceptance 
criteria, set forth in 10 CFR 50.46(b), including peak cladding temperature. cladding oxidation. 
hydrogen generation, maintenance of coolable core geometry. and long-term cooling are met for 
a variety of hypothetica l loss-of-coolant accidents (LOCAs) . including the most severe 
hypothetical LOCA. 

GDC 10, "Reactor Design, " states as follows: 

The reactor and associated coolant, control , and protection systems shall be 
designed with appropriate margin to assure that specified acceptable fuel design 
limits are not exceeded during any condition of normal operation, including the 
effects of anticipated operational occurrences. 

GDC 20, "Protection System Functions," states as follows: 

The protection system shall be designed (1) to initiate automatically the operation 
of appropria te systems including the reactivity control systems, to assure that 
speci fied acceptable fuel design limits are not exceeded as a result of anticipated 
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1 operational occurrences and (2) to sense accident conditions and to initiate the 
2 operation of systems and components important to safety. 
3 
4 GDC 26, "Reactivity Control System Redundancy and Capability," states as follows : 
5 
6 Two independent reactivity control systems of different design principles shall be 
7 provided. One of the systems shall use control rods, preferably including a 
8 positive means for inserting the rods, and shall be capable of reliably controlling 
9 reactivity changes to assure that under conditions of norma l operation , including 

10 anticipated operational occurrences, and with appropriate margin for 
11 malfunctions such as stuck rods , specified acceptable fuel design limits are not 
12 exceeded. The second reactivity control system shall be capable of reliably 
13 controlling the rate of reactivity changes resulting from planned, normal power 
14 changes (including xenon burnout) to assure acceptable fuel design limits are not 
15 exceeded. One of the systems shall be capable of holding the reactor core 
16 subcritical under cold conditions. 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
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38 
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45 
46 
47 
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49 

2.2 TECHNICAL SPECIFICATIONS 

The requirements for TS are set forth in 10 CFR 50.36, "Technical Specifications." Specific 
categories of TS are provided in 10 CFR 50.36(c). These include LCOs and SRs. If an LCO is 
not met. the facility must be shut down, or other acceptable remedial action must be taken. SRs 
are intended to ensure that facility operation remains within the LCOs. NRC Generic Letter 
(GL) 88-1 6, "Removal of Cycle-Specific Parameter Limits from Technical Specifications," 
established the N RC position that licensees could remove the cycle-specific values of certain 
operating limits from the TS and maintain them in a COLR. provided that certain requirements 
were met (Ref. 6) . 

Paragraph (c)(2) of 10 CFR 50.36 discusses LC Os. stating that such TSs are the lowest 
functional capability or performance levels of equipment required for safe operation of the 
facility . The requirements indicate that LCOs must be established for each item that meets one 
or more of four criteria . One of the criteria is a process variable, design feature. or operating 
restriction that is an initial condition of a design-basis accident (DBA) or transient analysis that 
either assumes the fa ilure of or presents a challenge to the integrity of a fission product barrier. 

Paragraph (c)(3) of 10 CFR 50.36 states: 

Surveillance requirements are requirements relating to test, calibration , or 
inspection to assure that the necessary quality of systems and components is 
maintained, that facility operation will be within safety limits, and that the LCOs 
will be met. 

The guidance contained in GL 88-16 provides a means by which the values of certain 
parameters could be determined and modified on a cycle-specific basis without prior N RC 
review and approval. In order to implement this gu idance, licensees are required to do the 
foll owing: (1) use NRC -approved methodology to determine the operating limits; (2) include a 
list. in the TS Administrative Controls section, of the references used to determine the operating 
limits; and (3) maintain the limits in a COLR. which must be submitted to the NRC for 
information . 
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2.3 DISCUSSION 

The safety analyses required to establish that a facility will comply with the requirements of 
10 CFR 50.46, and with GDC 10, require as input the peak fuel power and the power 
distribution . Since the peak power and the power distribution are initia l conditions of OBA and 
transient analyses, facility operation must be controlled by LCOs that are established based on 
these parameters. Hence, Westinghouse pressurized water reactors (PWRs) have LCOs 
re lative to F0 . In accordance with 10 CFR 50.36(c)(2) , the LCO is accompanied by SRs to 
ensure that the LCO is satisfied . At plants that have implemented GL 88-16, specific parameter 
values may be administratively controlled, and in such cases these parameters must be 
determined in accordance with NRC-approved methodology. and contained in the facility COLR. 

If during performance of a SR Fa is determined not to be within the limit then the LCO is not 
met, and the TS remedial actions must be followed to ensure that facility operation remains 
safe. These remedial actions are based on {1) restoring compliance with the LCO, and (2) 
adj usting the reactor protection system settings so that the functionality required by GDCs 20 
and 26 is maintained. 

The NRC staff evaluation of the modified TS contained in WCAP-17661 considered whether the 
modified TS are consistent with the regulatory requirements identified above. In particular. the 
NRC staff evaluated whether {1) the revised TS LCOs ensure that facility operation remains 
within the bounds established by the safety ana lysis. (2) the reformulated SRs ensure that 
facility operation meets the LCOs. and (3) the revised required actions and completion times, 
applicable if either or both of the LCOs are not met. are appropriate to ensure that compliance 
with the unmet LCOs is restored, and that facility operation remains safe . 
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DETAILED SUMMARY OF CHANGES 

This section expands on the discussion provided in Section 1.3 of the SE . 

3.1 IMPROVED METHODOLOGY TO DEFINE RAOC AND CAOC Fo SURVEILLANCE 

The current Fq(Z) surveillance relies on a combination of analytical factors and periodic 
measurements to provide assurance that core operation does not lead to unacceptable local 
power peaking. This works well for CAOC plants but for RAOC plants the approach is not as 
robust. Specifically, the problem is that prior to each reload when the analytical factors are 
ca lculated , there has to be a prediction of the axial power shape at the time of surveillance and 
this is usually not known . 

To understand how the new methodology is expected to overcome this problem, consider how 
the following F0 surveillance parameter is defined : 

(1) 

17 
18 
19 
20 

21 
22 
23 

where W(Z) is an analytically derived factor and the F0 (Z) in the brackets is the measured value 
(/\tf'J at the time of the surveillance (Surv). An uncertainty factor UF is also added to this equation 
to account for both ,nstrumen ~n_C~~~i~~-a_n_d_f~~l-~~~U!~C!Urin_g_u_n_ce'!~i~tj~ !t(?l ~-U~~ ~E:_ __ , - -
less than or equa l to a limiting va lue found in the COLR. It is related to the F~·cz) surveillance 
parameter important to monitor steady state operation: 

Ft(Z) = W(Z) * F8(Z) (2) 

24 
25 The analytically derived factor W(Z) l 
26 
27 } 1s relat ive to a reterence 
28 cond1t1on. It 1s calculated prior to operation ot a cycle and lound in the COLR for use during the 
29 surveillances. 
30 

{ } (3) 

31 
32 where l 
33 
34 } . I he denominator is the 
35 predicted (p) steady state value at the reterence (ref) core cond1t1on. The latter is typically at hot 
36 full power with all control rods out and equilibrium xenon, which are not necessarily the 
37 conditions at which the surveillance F0 is measured. 
38 
39 If the reference condition in Equation (3) is identical to the surveillance value in Equation (1) 
40 then the surve illance is done correctly, but if it is not. an error can be introduced . The new 
41 methodology replaces the factors in Equation (1) with equivalent factors which do not have the 

• 
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1 overt dependence that the reference and survei llance axial distributions are identical. The new 
2 surveillance parameter is derived in detail in WCAP-17661 . It is5 

3 

(4) 

4 
5 Equation (4) uses both new analytical factors and new surveillance factors. The equation also 
6 includes a new pena lty factor Ri. In this equation [T(Z)f0

LR is the pre-calculated function 
7 

{ (5) 

8 
9 where [P(Z)]~ef is the relative axial power predicted at the reference condition . P;;1 is the 

1 O relative power level (actual power divided by the RTP) at the time of the surveillance. An 
11 additional analytical factor Axv is included in Equation (4) to account for differences between the 
12 reference and surveillance conditions : 
13 

14 
15 
16 .. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 

{ } (6) 

The proposed approach (Equation (4)) is made consistent by using the measured Fxy(Z) rather 
than F0 (Z) as in Equation (1) or (2). There is also the same factor UF as in Equation (1) to take 
into account uncertainties . 

The penalty factor Ri for surveillance time pointj is used to account for the expected decrease in 
margin due to non-equilibrium operation over the period of operation prior to the next 
performance of SR 3.2.1.2 . 

The above approach to redefine the surveillance parameter factors is not needed for CAOC 
plants. However, analogous changes are proposed to the surveillance equation for CAOC 
plants to adjust for differences in the reference and surveillance conditions, and to implement 
the same penalty Ri for any expected decrease in margin prior to performing the next 
surveillance. The result changes the CAOC surveillance parameter from that shown in 
Equation (2) to the following : 

(7) 

31 where the adjustment ratio is: 
32 

33 

• 

{ } (8) 

5 Only the situation for surveillance done above a re lative power of 0.5 (i .e., SO-percent RTP) is 
considered herein. The situation below this power is an obvious extension and is given in WCAP-17661 . 
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According to WCAP-17661 . the usual case is that surveillances are performed at core 
conditions close to the conditions corresponding to the target axial offset measurement and 
hence. AQ(Z) will be very close to 1.0. 

3.2 PROPOSED CHANGES TO TECHNICAL SPECIFICATIONS 3.2.1B AND 3.2.1C 

The improved methodology for Fa surveillance was used to define a number of changes to both 
RAOC and CAOC Fa surveillance, i.e ., both TS 3.2.1 Band TS 3.2.1 Care proposed to be 
revised . One obvious change is to substitute T(Z) for W(Z) in the title of TS 3.2 .1 B. A summary 
of the other proposed changes in each TS is given below and further summarized in Table 2. 

3.2.1 Changes to NOTE and Required Actions for Condition A: F0c(Z) not Within Limit 

Changes are considered for the NOTE to Condition A and for Required Actions A.2 and A.3. 
The Changes are the same for both RAOC and CAOC plants. 

The NOTE for Condition A stated, "Required Action A.4 shall be completed whenever this 
Condition is entered ." It is proposed to be changed as follows -: 

Required Action A.4 shall be completed whenever this Condition is entered prior 
to increasing THERMAL POWER above the limit of Required Action A. 7. 
SR 3.2. 7.2 is not required to be performed if this Condition is entered prior to 
THERMAL POWER exceeding 75% RTP after a refueling. 

When F8 (Z ) is not within limit, the Required Actions were defined as fo llows: 

(1) 

(2) 

Reduce thermal power .!: 1 % RTP within 15 minutes for each 1 % Fg (Z) exceeds 
the limit (Required Action A.1 ), 

Reduce the Power Range Neutron Flux-High trip setpoint .!: 1 % for each 
1 % F8 (Z ) exceeds limit within 72 hours (Required Action A.2) , 

{3) Reduce the Overpower ti T trip setpo ints .!: 1 % for each 1 % F8 (Z) exceeds limit 
within 72 hours (Required Action A.3) . and 

(4) Perform SR 3.2.1.1 (surveillance on Fg (z)) and SR 3.2.1.2 (surveillance on 
Fi( (Z)) prior to increasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4) . 

The wordings in the Required Actions A.2 and A.3 which specify the magnitude of the setpoint 
reductions are proposed to be modified to account for the possibility that the limit for F8. (Z) is 
exceeded during a part-power surveil lance. 

The revised Required Actions are proposed to be defined as follows (changes are in italics): 

(1) Reduce therma l power.!: 1% RATED THERMAL POWER within 15 minutes for 
each 1 % F8 (Z) exceeds the limit (Required Action A.1 ), 
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(2) Reduce the Power Range Neutron Flux-High trip setpoint 2: 1 % for each 1 % thai 
THERMAL POWER is limited below RA TED THERMAL POWER by 
Required Action A. 7 within 72 hours (Required Action A .2). 

(3) Reduce the Overpower b. T trip setpoints 2: 1 % for each 1 % that THERMAL 
POWER is limited below RATED THERMAL POWER by Required action A. 1 
within 72 hours (Required Action A.3) , and 

(4) Perform SR 3.2.1.1 (surveillance on F5 (Z) ) and SR 3.2.1.2 (surveillance on 

Ff{ (Z) prior to increasing the thermal power above the limit of Required 
Action A.1 (Required Action A.4) . 

The Completion Times associated with these Required Actions were not revised . 

With the proposed change, when the limit for F8 (Z) is exceeded, thermal power will be limited to 
less than the surveillance power level required by Required Action A.1 . The corresponding 
setpoints will therefore reflect this new thermal power limit. For example, if the surveillance 
thermal power is 75 percent and F5(Z) exceeds its limit by 1 percent, then thermal power will be 
limited to s 74 percent RTP. Consequently, the new wording will require setpoint reductions of 
2: 26 percent since this is the amount by which the thermal power is limited below the RTP. The 
current Required Action wording would only require a setpoint reduction of 2: 1 percent. In other 
words, the current requirement did not account for surveillance conducted at reduced power. 

3.2.2 Changes to the Required Actions and NOTE for Condition B: Fgw(Z) not Within Limit 

The Required Actions for Condition B are different for RAOC and CAOC plants. Both are 
proposed to be revised in the improved F0 TSs. 

3.2.2. 7 Proposed changes for RAOC plants 

When Ff{ (Z) is not within limits. the Required Actions were defined as follows: 

(1) Reduce AFD limits 2: 1 % for each 1 % Ff{ (Z) exceeds limit (Required Action 8 .1 ) . 
The associated Completion Time is 4 hours. 

(2) Reduce Power range Neutron Flux - High trip setpoints 2: 1 % for each 1 % that 
the maximum allowable power of the AFD limits is reduced (Required 
Action 8 .2) . The associated Completion Time is 72 hours. 

(3) Reduce Overpower b. T trip setpoints 2: 1 % for each 1 % that the maximum 
allowable power of the AFD limits is reduced (Required Action 8 .3) . The 
associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2 .1.2 (Required Action 8.4). The associated 
Completion time is "Prior to increasing THERMAL POWER above the maximum 
allowable power of the AFD limits." 
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1 In addition. there was a NOTE with Condition B which stated "Required Action B.4 shall be 
2 completed whenever this Condition is entered." 
3 
4 In the improved F0 TSs, pre-analyzed RAOC operating spaces, representing different levels of 
5 transient F0 margin, will be in the COLR with characterized transient factors (T(Z) functions) 
6 which, in conjunction with the radial peaking factors, may be used to quantify the margin and 
7 ensure compliance with the LCO for future non-equilibrium operation. An RAOC operating 
8 space is a unique combination of an AFD operating space envelope and control rod bank 
9 insertion limits. In the unlikely event that none of the allowed RAOC operating spaces included 

10 in the COLR provides sufficient F0 margin, minimum power level and AFD reductions will be 
11 required along with setpoint reductions. The magnitude of the reduction is included in the 
12 COLR. 
13 
14 The revised Required Actions are proposed to be defined as follows (changes are in italics): 
15 
16 
17 
18 
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(1) Implement a RAOC operating space specified in the COLR that restores F't (Z) 
to within limits (Required Action B. 7. 7 ). The associated Completion Time is 
4 hours. 

(2) Perform SR 3.2. 7. 7 and SR 3.2. 7.2 if control rod motion is required to comply 
with the new operating space (Required Action B. 7.2). The associated 
Completion Time is 72 hours. 

Or, implement the following: 

(1) Limit THERMAL POWER to less than the RATED THERMAL POWER and 
reduce AFD limits as specified in the COLR (Required Action 8 .2. 7). The 
assoc iated Completion Time is 4 hours. 

(2) Reduce Power Range Neutron Flux - High trip setpoints ~ 1 % for each 1 % that 
THERMAL POWER is limited below RA TED THERMAL POWER by Required 
Action 8 .2. 7 (Required Action B.2.2). The associated Completion Time is 
72 hours. 

(3) Reduce Overpower L'.T trip setpoints ~ 1% for each 1% that THERMAL POWER 
is limited below RA TED THERMAL POWER by Required Action 8 .2. 7 (Required 
Action B.2.3). The associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.2.2 (Required Action B.2.4) . The associated 
Completion Time is changed to "Prior to increasing THERMAL POWER above 
the limit of Required Action 8.2. 7." 

The NOTE in Condition Bis deleted and a NOTE is added to Required Action B.2.1 which 
states, "Required Action 8 .2.4 shall be completed whenever Required Action 8.2. 7 is performed 
prior to increasing THERMAL POWER above the limit of Required Action 8 .2. 7." 

"'6ffietAL USE 0 Nt¥---e0N=FAIN5-PRGPRIHAR N.i;.Q.RMA+tON-

WCAP-17661-NP-A February 20 l 9 
Revision l 

••• Th is record was final approved on 315/201 9 4:48:34 PM . (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

• 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

• 

Westinghouse Non-Proprietary Class 3 

- 13 -

3.2.2.2 Proposed changes for CAOC plants 

The changes to the TS for CAOC plants (TS 3.2.lC) are similarto those forthe TS of RAOC 
plants (TS 3.2.1 B). However, the current requirements for these two types of plants are sl ightly 
different. 

When F(l' (Z) is not within limits, the Required Actions were defined as follows: 

(1) Reduce THERMAL POWER 2 1% RTP for each 1% F({ (Z ) exceeds limit 
(Required Action B.l) . The associated Completion Time is 4 hours. 

(2) Reduce Power range Neutron Flux - High trip setpoints 2 1 % for each 1 % F(l' (Z) 
exceeds limit (Required Action B.2) . The associated Completion Time is 
72 hours. 

(3) Reduce Overpower t:;. T trip setpoints 2 1 % for each 1 % that F(l' (Z) exceeds limit 
(Required Action B.3). The associated Completion Time is 72 hours. 

(4) Perform SR 3.2.1.1 and SR 3.2.1 .2 (Required Action B.4) . The associated 
Completion time is "Prior to increasing THERMAL POWER above the limit of 
Required Action B.1." 

In addition, there was a NOTE wi th Condition B which stated "Required Action B.4 shall be 
completed whenever this Condition is entered." 

In the improved CAOC F O TSs, a new Required Action B.1.1 is proposed which requires 
implementation of a new CAOC operating space. specified in the COLR. which restores F(l' (Z) 
to within its limits. A CAOC operating space is a unique combination of CAOC AFD band limits 
and control rod bank insertion limits. A more restrictive CAOC operating space limits the range 
of possible non-equilibrium power shapes more than the current CAOC operating space through 
a smaller AFD band and/or sha llower control rod insertion limits. The smaller CAOC operating 
space results in more transient F0 margin. Alternatively, instead of implementing a more 
restrictive CAOC operating space, thermal power may be limited to some maximum value as 
specified in the COLR. 

The revised Required Actions are proposed to be defined as follows (changes are in italics) : 

(1) Implement a CAOC operating space specified in the COLR that restores F(l' (Z) 
to within limits (Required Action 8 . 1. 1). The associated Completion Time is 
4 hours. 

(2) Perform SR 3.2. 1. 1 and SR 3.2. 1.2 if control rod motion is required to comply 
with the new operating space (Required Action 8 . 1.2). The associated 
Completion Time is 72 hours. 
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Or, implement the following: 

(1) Limit THERMAL POWER to less than the RA TED THERMAL POWER as 
specified in the COLR (Required Action 8. 2. 7). The associated Completion Time 
is 4 hours. 

(2) Reduce Power Range Neutron Flux - High trip setpoints ~ 1 % for each 1 % that 
THERMAL POWER is limited below RA TED THERMAL POWER by Required 
Action 8 .2. 7 (Required Action B.2.2). The associated Completion Time is 
72 hours. 

(3) Reduce Overpower LiT trip setpoints ~ 1% for each 1% that THERMAL POWER 
is limited below RA TED THERMAL POWER by Required Action 8 .2. 7 (Required 
Action B.2.3). The associated Completion Time is 72 hours . 

(4) Perform SR 3.2.1.1 and SR 3.2.2.2 (Required Action B.2.4) . The associated 
Completion Time is "Prior to increasing THERMAL POWER above the limit of 
Required Action B.2.1." 

In addition the NOTE in Condition Bis deleted and a NOTE is added to Required Action B.2.1 
which states, "Required Action B.2.4 shall be completed whenever Required Action B.2.1 is 
performed prior to increasing the THERMAL POWER above the limit of Required Action 8 .2. 7. " 

3.2.3 Changes to Surveillance Requirements 

The SRs are modified by a NOTE. The NOTE states the following , "During power escalation at 
the beginning of each cycle. thermal power may be increased until an equilibrium power level 
has been achieved, at which a power distribution map is obtained." 

The NOTE for the SR is proposed for elimination because it was considered to have been a 
source of confusion and can be interpreted differently by different utilit ies implementing the 
requirement. 

3.2.4 Changes to Surveillance Requirements for F~{(Zl : SR 3.2 .1.1 

The current SRs for F8 (Z ) are the same for both the RAOC and CAOC methodology. 
SR 3.2.1.1 requires verification that F8 (Z) is within its limits and it must be verified at the 
specified Frequency: 

(1) Once after each refueling prior to THERMAL POWER exceeding 75% RTP. and 

(2) Once within [12) hours after achieving equ ilibrium conditions after exceeding, by 
~ 10% RTP, the THERMAL POWER at which F§ (Z) was last verified; and 

(3) 

(4) 

Each 31 effective full power days (EFPD) thereafter; or 

In accordance with the Surveillance Frequency Control Program. 
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In the improved F O TS. the second frequency is proposed to be revised to require verification 
within 24 hours (instead of 12 hours) after achieving equilibrium conditions after exceeding. by 
;;,: 10 percent RTP, the THERMAL POWER at which Fg(z) was last verified. The Frequency of 
24 hours is considered a reasonable time period to perform the verification. 

3.2.5 Changes to Survei llance Requirements for F0 w(Z) : SR 3.2.1.2 

The current SRs for F"t{ (Z) are the same for both the RAOC and CAOC methodology. 
SR 3.2 .1.2 requires verification that F"t{ (Z) is within its limits and it must be verified at the 

specified Frequency (same as F8(Z)) : 

(1) 

(2) 

Once after each refueling prior to THERMAL POWER exceeding 75% RTP. and 

Once within [12) hours after achieving equilibrium conditions after exceeding. by 
2: 10% RTP, the THERMAL POWER at which F8(Z) was last verified; and 

(3) Each 31 EFPD thereafter; or 

(4) In accordance with the Surveillance Frequency Control Program. 

In addition, there is a NOTE which modifies the SR as follows: 

"If measurements indicate that the maximum over Z [F8 (Z)/K(Z)J has increased since 

the prev ious evaluation of F8 (Z): 

(1) Increase F"t{ (Z) by the greater of a factor of [1.02) or by an appropriate factor 
specified in the COLR and reverify F"t{ (Z) is within limits or 

(2) Repeat SR 3.2.1.2 once per 7 EFPD until either a .. above. is met. or two 
successive flux maps indicate that the maximum over Z [F§ (Z)/K(Z)J has not 
increased ." 

The revised SR 3 .2.1. 2 modifies the first and second Frequency (items (1) and (2) above) and 
eliminates the NOTE. 

The first Frequency is modified to be conducted following each refueling within [24) hours after 
achieving equilibrium conditions after thermal power exceeds 75 percent RTP. This change is 
justified based on multiple reasons: 

• Initial startups are not expected to result in non-equilibrium power shapes that 
could challenge the F"t{ (Z) limit since initial startups are slow and are tightly 
controlled due to startup ramp rate limitations and fuel conditioning requirements. 

• Core power distribution measurements taken at low power (<50 percent RTP) to 
confirm that the core is loaded properly will provide ample indications that the 
core is operating consistent with the expectations . 

WCAP-17661 -NP-A February 2019 
Revision I 

••• This record was final approved on 3/5/2019 4:48:34 PM . (This statement was added by the PRIME system upon its validation) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

• 

Westinghouse Non-Proprietary Class 3 

- 16 -

Surveillances at low power levels can be challenging with respect to obtaining an 
accurate transient Fo margin assessment. Performing this initial verification after 
exceeding 7 5 percent RTP will ensure that the surveillance will be performed with 
more appropriate steady state peaking factors measured at or near the power 
level where future non-equilibrium conditions could be limiting. 

• Power levels of s 75 percent RTP are non-limiting for minimum transient Ff (Z) 
margin . Conducting surveillance within 24 hours after achieving equilibrium 
conditions after thermal power exceeds 75 percent RTP will assure verification 
prior to extended non-equilibrium operation at power levels where the maximum 
permitted peak linear heat rate could potentially be cha llenged. 

The second frequency is modified in the same way as SR 3. 2.1.1 discussed earlier. It is 
proposed to require verification of Ff (Z) within 24 hours (instead of 12 hours) after achieving 
the equilibrium conditions after exceeding. by 2: 10 percent RTP. the THERMAL POWER at 
which Ff (Z) was last verified . The Frequency of 24 hours is considered a reasonable time 

period in which to confirm that Ff (Z) is within its limits given the extremely small likelihood of 
limiting power shapes or limiting design basis events occurring prior to completion of the 
surveillance. 

The NOTE is el iminated, but the application of the pena lty factor remains because it is in the 
Ff (Z) formulation in the improved methodology for F0 Surveillance. The required penalty 
factor, referred to as Rj in the new formulation , will be included in the COLR and will be tied to a 
predicted decrease in the actual transient F0 margin in the upcoming time period prior to the 
next performance of SR 3.2.1.2 rather than a measured increase in the value of F8 (Z)/K(Z) over 
the previous time period. When the transient F0 margin is predicted to increase, the COLR will 
indicate an Rj factor of 1.0 (i .e., no penalty) . When the margin is predicted to decrease. the 
COLR will indicate an appropriate Rj factor based on the predicted margin trends. 

3.3 ATIRIBUTES AND IMPROVEMENTS OF REVISED FQ SURVEILLANCE METHOD 

The following seven attributes/improvements were the response to RAI 13b. which asked for a 
discussion of the changes in the TSs and their relation to the improved methodology. This list 
provides a good summary of what is being attempted . 

(1) The formulation for determining the measured transient Ff (Z) in RAOC plants 
has been revised to be less sensitive to the ability to predict the actual steady 
state axial power shape conditions where the surveillances are performed. 

This is related to the use of the new T(Z) surveillance factor, which no longer 
includes the steady state axial power shape in the denominator, relative to the 
original W(Z) factor. 

(2) ~ orrection factors have been defined for the new F0 surveillance equations 
which correct the results for any remaininq errors associated with the actual plant 
conditions where the surveillance is performed, which may differ from the 
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predicted survei llance condition.6 Thes!;) factors are the Axv(Z) factors for 
RAOC plants and the Aa(Z) factors for CAOC plants. which have been added to 
the respective equations used to perform the Fi{ (Z) surveillance (see 
Equations 5-1, 5-2. 8-1. and 8-2 in WCAP-17661). Two methods have been 
presented for representing the Axv(Z) and Aa(Z) factors . This includes the very 
simple assumption of unity for the factors. and a rigorous ca lculation of the 
factors at the specifi c conditions of each surveilla nc . _____________________ - - i Comment [a4J: See comment a2 above. 

The Fa surveillance equations have been changed to appropriately correct for the 
performance of surveillances at part power conditions. This is done by moving 
the relative power term of the condition where the surveillance is performed out 
of the surveillance factors (i.e .. T(Z) and W(Z)) and into the actual surveillance 
equations (see Equations 5-1, 5-2, 8-1 , and 8-2 in WCAP-17661 -P). For power 
levels less than 50 percent RTP. the Fa limits are correctly evaluated at the 
50 percent RTP power level. 

Required Actions for cases where Fi{ (Z) exceeds the Fa limit have been more 
rigorously defined and eliminate all reliance on "rules of thumb" that may not be 
strictly applicable in all situations. This is implemented through the possible 
application of new RAOC or CAOC operating spaces. or through the pre-defined 
limitations on power and AFD provided in the CO LR. which are rigorously 
ca lculated using the standard NRC-approved analysis methods. These cha nges 
ensure that corrective actions taken in the rare circumstances when 
Fi{ (Z) exceeds the Fa limit will be effective at restoring the necessary margin . 

The application of the burnup dependent penalty factor (Rj) to account for 
predicted decreases in the transient Fij(Z) margin during the next 31 EFPDs has 
been modified to apply to all surveillances. independent of the trends in 
measured F8 (Z) margin. Th is is implemented by incorporating Rj into the 
surveillance equations (see Equations 5-1, 5-2, 8-1 , and 8-2 in WCAP-17661) 
and eliminating the conditional application of the penalty factor in the TS 
surveil lances. This improvement corrects cases where the measured trend in 
F8 (Z) margin from the previous 31 EFPDs may be increasing . but the trend in 
Fi{ (Z) margin is decreasing due to changes in the surveillance factor data. 

Requirements to perform SRs 3.2.1.1 and 3.2.1.2 have been clarified in cases 
where F8(Z) and Fi{(Z) exceed the Fa limit. In any case where one or both 
parameters exceed the limit, both surveil lances are required to be performed by 
the TS's Requ ired Action . 

The Fa surveillance TSs have been revised to rely on F8(Z) surveillances during 
the initia l power ascension after a refueling to demonstrate that continued power 
ascension is justified. The first Fi{ (Z) surveil lance is not specifical ly required to 
be performed until 24 hours after the plant reaches equilibrium conditions at a 
power level greater than 7 5 percent RTP. This change recognizes the technical 

6 As discussed in Section 4 .1. the N RC staff determined that the use of such factors. when less than 
unity, was not acceptable . 
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fact that the surveillance factors needed to perform an accurate Fl[ (Z) 
surveillance at very low THERMAL POWER levels are difficult to accurately 
calculate in advance of the surveillance. and that the most accurate Fl[ (Z) 
surveillances will be obta ined from equilibrium conditions at greater than 
75 percent RTP. The change is justified by the fact that the F8 (Z) surveillances 
confirm the core is behaving as predicted, and the initial power ascension after a 
refueling outage is performed in a slow. controlled manner. until the fuel is 
conditioned. The first Fl[ (Z) surveillance that is performed following a refueling 
justifies operation at 100 percent RTP over the next 31 EFPDs. under potential 
transient operation. 
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4.0 TECHNICAL EVALUATION 

4.1 IMPROVED Fo SURVEILLANCE FORMULATION 

The rationale for the improved surveillance formulation was discussed in Section 3.1 and the 
new approach to defining Ft (Z) was summarized therein . Equation (4) represents the new 
formulation for RAOC plants and Equation (7) for CAOC plants . The derivation of these 
formulas in WCAP-17661 has been reviewed and found to be rigorous ~viY1 tho oxco13tion of tho 
13onalty factor RL ~hJ~h_ i? _a.9g~q_ to_ t9~~ Ln!q_ q~C.9!,11::it_t~e_n.9? _yvJ t!:i _b_!.J~f!.UP~ JQ !h_e_f9~q_~iQg <:!qc_h ____ - -
of the important factors in Equation (4) for RAOC plants are considered . The evaluation for 
CAOC plants follows along similar lines. 

The T(Z) factor is obta ined as it always has been for the equivalent W(Z) I 

}. 

The PWROG proposed to introduce the Axv(Z) and Aq(Z) factors defined in Equations (6) and 
(8), respectively, to adjust for a change in radial peaking factor due to difference in power level 
and control rod insertion relative to the reference core condition . In practice, the Axv(Z) and 
A0 (Z) factors allow for a slight adjustment. usually a reduction, in the calculated Faw(Z) , when 
the Faw (Z) surveillance is conducted I 

} . This factor is evaluated in deta11 1n section 4.1.1 ot this St. . 

The use of the measured Fxv(Z) rather than Fa(Z) is an important part of the new RAOC 
formalism. Examples of measurements from different reactors are shown in WCAP-17661 and 
although measurement of Fxv(Z) can be problematic in planes where grids res ide, this is not an 
issue, because grid plane regions are excluded from surveillance as noted below. Section 4.4 
of WCAP-17661 notes that the regions where there are measurement exclusions continue to 
be: 

• Lower core region, generally7 from O percent to 15 percent inclusive 
• Upper core region, generally7 from 85 percent to 100 percent inclusive 
• Grid plane regions, ±2 percent inclusive 
• Core plane regions, within ±2 percent of the bank demand position of the control 

banks 

Comment [aS]: The derivation of RJ is also 
rigorous. 

The use of the uncertainty factor UF to account for both nstrumentatiorl._a nd manufacturin.9 _______ - -( comment [a6J: see comment a3 . 
uncertainties was questioned (RAI No . 4) as it was not clear why a manufacturing uncertainty 
was needed. The RAI also questioned how the uncertainty in T(Z) was taken into account. The 
response to the RAI explains that the uncertainties used are conservative. The manufacturing 
(or engineering) uncertainty was originally introduced because the "measured" F0 (Z) in the 
formulation is a pin (i .e ., fue l rod) power whereas the actual measurement is a fue l assembly 
power. The manufacturing uncertainty is needed to account for pin-to-assembly factors8 that 
compensate for this difference. Since the measurement already accounts for actual 

7 Per Footnote 4 on Page 3, the plant- or cycle-specific exclusion regions may be different. 
8 As noted in the RAI response, these pin-to-assembly factors account for the fact that the analytically 
derived pin factors are based on nominal design characteristics such as pellet enrichment. densi ty, and 
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as-manufactured conditions. this is not important. Furthermore, since the definition of the T(Z) 
factor is based on bounding calculations, it is not necessary to introduce additional uncertainty 
for this factor. Hence. it is concluded that the approach to uncertainty in the improved 
methodology is sufficiently conservative. 

The last factor in Equation (4) is a penalty that-Westinghouse is suggesting and is related to the 
elimination of the NOTE for SR 3.2.1.2. The NOTE (see also Section 4.4) required certain 
actions take place when the maximum over Z of F§ (Z)/K(Z)9 increased relative to the previous 
surveillance. The concern at the introduction of this requirement was deviations between 
measured and predicted steady state power shapes due to integral fuel burnable absorber­
induced power shift (also known as axial offset deviation. AOD) or crud induced power shift 
(CI PS) both of which occur slowly over time. WCAP-17661 explains how AOD has been 
resolved so that fewer cores now experience it and the instances of AOD are less severe. 

CIPS is explained in the report and in the response to RAI No. 6. Like AOD, it is less of a 
problem than it once was. "Furthermore, CIPS develops slowly and has a characteristic 
[delta axial offset] signature making it relatively easy to detect." Hence. Westinghouse has 
proposed that. should CIPS occur . the effect on transient Fa margin can be addressed in a 
timely fashion (with modifications to core models) and there is no need for the generic penalty 
as expressed in the NOTE for SR 3.2.1.2. There are several reasons specified by 
Westinghouse as to why this approach is reasonable and this review concurs with that 
reasoning. 

The penalty that is proposed to be added (Rj) is to take care of downward trends in the Fa 
margin that might be possible due not to anomalies like CIPS, but rather to ordinary changes 
caused by cycle depletion. Essentially the penalty added at the surveillance pointj is related to 
the ratio of the Fi{ (Z') expected at the next surveillance point in the cycle (i .e ., point j+ 1) to the 

Fi{(Z') at pointj, where the prime indicates that it is at the elevation where the margin to the 
limit is smallest. This calculation is done prior to the start of the cycle and the Rj values are ta 
QQ rGwnd in the COLR. The minimum value that can be used is 1.0 . This approach is 
reasonable and further justifies the elimination of the NOTE in SR 3.2.1 .2. 

CAOC plants will have the option of using Equation (7) to define the surveillance parameter . 
The major change is the introduction of the A0 (Z) factor. This factor is evaluated alongside 
Axv(Z) in Section 4 .1.1. 

4.1.1 Evaluation of A'I.Y and Ao 

WCAP-17661 proposes to implement, in the F0w(Z) surveillance formulation, new factors Axv 
and Ao for RAOC and CAOC W(Z) surveillances, respectively . he~ Axv(Z) factor is intended to 
normalize the T(Z) function used in the surveillance to the power distribution conditions present 
at the time of surveillanc . _ "'[~e_ Qr~s~n_t ~y~l~~tio_n _i~ Y-,!i!t~n ba~e_d _ q_n_ t.t,~ _P~~9~ _r~~Qq_n_s~ Jo 
RAI 15, which included proposed revisions to WCAP-17661 . The introduction to RAI 15 
provides a succinct exp lanation of the purpose and derivation of the A factors . 

burnable absorber loading . The engineering uncertainty addresses the effects of variations in the as-built 
fuel pellet from such nominal values . 
9 K(Z) is a function that defines the axial dependence of the acceptable value of F0 . 
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- Comment [a7]: The previous sentence 
discusses both Axv(z) and A0 (z) . 
Beginning this sentence with the words, 
"This factor is intended to normalize the 
T(z) function .... • is not clear. in particular 
since only T(z) is mentioned in the 2nd 
sentence. The 2nd sentence should be 
revised to: "The Axv(z) factor is intended to 
normalize the T(z) function ... ." 
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WCAP-1 7661, as revised, sets forth two methods for the Axv and Ao factors. ,V,ethod 1 is to 
assume that it is always unity; in other words, surveillances would be performed without 
correctin~ for possible deviations from the reference condition , for which the T(Z) or W(z) 
functions are determined!~ _!l,1etl}o_d_2 1s to p~r_form on-Dne ca lcu_lat1ons. _ _ 

Several considerations justify an allowance to keep the RAOC surveillance uncorrected. First 
among these is the fact that the vast majority of surveillances are conducted in a Hot Full Power 
(HFP), All Rods Out configuration, such that there would be little deviation from the reference 
condition . Stated differently, in most cases , the Axv factor would seldom deviate from unity, and 
deviations are usually expected to be minor. Second, the existing methodology does not 
include this correction. Third, PWROG provided, in response to RAI 15.e, severa l tables were 
provided for a demonstration plant with severa l successive surveillances completed slightly 
above SO-percent RTP, with 14-percent 0 -bank control rod insertion . These tables show that 
the Axv factor removes a small amount of conservatism from the uncorrected surveillance, 
meaning that, in these conditions, a unity-value Axv is conservative. The response to RAI 15.e., 
includedPW~OG also provided a table il lustrating what an Axv correction wou ld be if the plant 
were perturbed to a lower power level, close to SO-percent RTP, where the Axv correction at the 
limiting margin elevation corrects an approximately I } of actual F0 
margin . The data provides an indication that the Axv correction 1s usually minor, and that it 
increases in magnitude as the core begins to deviate more from the reference condition . Based 
on the PWROG-demonstration that the A xv factor is genera lly a minor correction to the F0w(Z) 
RAOC surveillance, the NRC staff determined that Method 1 for determining Axv is an 
acceptable way to correct for surveillanceof:f reference conditions that are different than the 
reference condition . 

If the Axv or Ao factor is implemented using Method 2, it w ill be calculated using the methods 
listed in the response to RAI 15.c, and subject to the constraints discussed in the response to 
RAl s 15.b and 15 .d. The response to 15.b includes references to the currently acceptable TRs 
describing methods for calculating the Axv and Ao factors . Additional, newer methods may a lso 
be used, provided th ey are speci fically found to be acceptable by the NRC staff for doing so. 

Axv is, by definition, a ratio of I 

} As such, the response to RAI 15.b describes 
several items that may cause d1screpanc1es. The discrepancies arise because the T(Z) function 
is based on the original core design, whereas the Axv numerator will reflect properties of the 
actua l core, such as actual inventory of reconstituted fuel assemblies and the use of an actual 
previous cycle shutdown burnup instead of the burnup window used in the original design. The 
response to RAI 15.b also indicates that the same d iscrepancies would be included in the Axv 
denominator, or the Fxv(Z) function for the surveillance condition, meaning that the ratio remains 
valid despite the difference between the as-designed and as-operated conditions. In addition , 
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- Comment [a8): This sentence discusses 
both the Axv(z) and Ao(z) functions. 
therefore. the end of the sentence should 
be revised to state: • .. . for which the T(z) 
or W(z) functions are determined." 
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the response to RAI 15. b .. PW ROG stated that the depletion calculations for the as-operated 
conditions would be performed in the same manner as the original nuclear design model. 
These considerations ensure that the Axv factor is a valid proportion to use when scaling the 
T(Z) function to correctreturn values appropriate for the surveillance conditions. Limitation 2 in 
Chapter 5 of this SE addresses requirements to use NRC-approved core design or surveillance 
methods to calculate the Axv, and to perform the calculations consistent with the original core 
design model. 

In large part, the Ao factor is utilizedoperates in CAOC - +W{Z) surveillance the same as Axv is 
utilizedaees in the RAOC surveillance. with a noteworthy difference . The Ao factor was more 
likely to be greater than unity by a significant amount, particularly at rodded core elevations. 
Therefore, in the response to RAI 15.a, PWROG proposed two additional constraints were 
proposed on the use of a unity value A0 , i.e ., Method 1, to correct fosOF!'lplete oU noA1inal 
surveillance conditions that are different from the reference condition : such surveillance is 
precluded if the current axial offset is more than ± 1.5-percent different thanef the target value. or 
if Control Bank Dis inserted to the elevation of anticipated limiting Ff{ (Z) margin. !subject to 
this constraint. which is also reflected in Limitation 2 in Chapter 5 of this SE. the NRC staff 
determined that the use of methods 1 and 2 to calculate the Ao factor for the CAOC-W(Z) 
surveillance is acceptable, as the constraints will ensure that an explicitly calculated Ao factor 
will be used when off-reference conditions would result in an F0 w(z) surveillance that is unlikely 
to be sufficiently conservativ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ 

4.1.2 Conclusion Regarding Improved Surveillance Formulation 

In summary. the new approach for the surveillance parameter F({ (Z) for both RAOC and CAOC 
plants is valid and eliminates a non-conservatism in the previous approach for RAOC plants. 
Thus, the revised Ff{ (Z) surveil lance provides improved assurance that an implementing facility 
will be operated within the initia l conditions assumed in the safety analyses, consistent with the 
requirements set forth in 1 o CFR 50.36(c){3) . It is therefore acceptab le as part of the 
surveillance methodology. 

4.2 REVISIONS TO REQUIREMENTS UNDER CONDITION A OF TS 3.2.1B AND 3.2.1C 

This change 10 proposes to revise the setpoint reductions that are required when Ff (Z) is not 
within limits. Specifically, Required Actions A.2 and A.3 will be revised replacing "1 percent for 
each 1 percent Ff (Z) exceeds limits" with "1% for each 1% that THERMAL POWER is limited 
below RATED THERMAL POWER by Required Action A.1." 

The proposed new wording will require greater setpo int reduction if the surveillance is 
performed at reduced power and Ff (Z) exceeds its limits. For example, if the surveillance 
thermal power is 75 percent and F8 (Z) exceeds its limit by 1 percent. thermal power will be 
limited to s 74 percent RTP. This new wording will require setpoint reductions of~ 26 percent, 
since this is the amount by which the thermal power is limited below the RTP. In other words, 
both Neutron Flux - High trip setpoints and Overpower L':. T trip setpoints will require setpoint 
reductions of~ 26 percent. This is different from the current wording which requires a setpoint 
reduction of~ 1 percent. 

10 See Table 2 for a list of all changes. 
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- Comment [a9]: The response to RAI 15.a 
discussed the potential use or Method 1 
for Ao (i.e .. Ao(z) =l .O) if "surveillance 
specific" W(z) factors are provided for 
specific core condition different from 
normal reference surveillance conditi 
a CAOC plant (i.e., all rods out, 100% 
RTP). If a utility identifies in advance that 
they want to perform a Surveillance at a 
specific condition (for example 80% RTP, 
with D-Bank inserted 20% near the 
beginning of the cycle) , W(z) factors can 
be generated specific to that surveillance 
condition using the NRC approved CAOC 
methodology and added to the 
COLR. This methodology would provide 
an accurate result without explicitly 
requiring the calculation of Ao(z) using 
Method 2. Currently, the Draft Safety 
Evaluation does not specifically discuss 
the potential use of Method 1 when 
surveillance specific W(z) factors are 
used. Method 2 Aq(z) calculations would 
be required to be performed for such a 
Surveillance. Therefore, a statement 
should be added to Sections 4.1.1 and 
5.2.3 which specifically approves the use 
of Method 1 for Ao(z) when a surveillance 
is performed at conditions different from 
the normal reference condition using 
surveillance specific W(z) factors that are 
consistent with the conditions of the 
surveilla nee. 
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The current wording implicitly assumed that the surveillance is always performed at full power. 
The revised wording accounts for the possibility that the limit for F8 (Z) may be exceeded during 
a part-power surveillance and appropriately defines the setpoint reductions. 

The proposed revision to the Required Actions A.2 and A.3 addresses an issue with the actions 
for surveillance conducted at part-power. These changes will require an appropriate 
conservative reduction of the setpoints assuring that the limits on F8 (Z) assumed in the 
accident ana lyses remain valid . With the change, the requirements are appropriately worded for 
implementation since they are associated withconnected to the power level reductions defined 
in Required Action A.1 . 

The NOTE to Condition A is revised . It previously stated that "Required Action A.4 shall be 
completed whenever this Condition is entered." This NOTE was considered confusing , given 
the changes being proposed for SR 3.2.1.1 and 3.2.1.2. The revised NOTE states: "Required 
Action A.4 shall be completed whenever this Condition is entered prior to increasing THERMAL 
POWER above the limit of Required Action A.1. SR 3.2.1.2 is not required to be performed if 
this Condition is entered prior to THERMAL POWER exceeding 75% RTP after a refueling ." 
This revision makes the NOTE consistent with the changes in Required Actions and SRs. and it 
resolves the issue described above by making the NOTE more explicit. 

These changes are not expected to cause any new accident or increase the likelihood of 
considered accidents. Rather, the changes are expected to reduce the consequence of 
accidents by assuring that F8(Z) remains within the bounds assumed in the accident analyses. 
The proposed remedial actions are conservative compared to the current actions and can 
contribute to an improved margin of safety. Based on these considerations, the NRC staff 
determined that the proposed revisions are acceptable, insofar as they are consistent with the 
requirements established in 10 CFR 50.36(c)(2) for remedial actions. which may be established 
for conditions when an LCO is not met. 

4.3 REVISIONS TO REQUIREMENTS UNDER CONDITION B OF TS 3.2.1B AND 3.2.1C 

The newly added Required Actions replace prior actions requiring reduction of the AFD limits by 
one percent for each percent that F0w(Z) exceeded its limits. followed by a requirement to 
reduce thermal power level if the former Required Action does not restore adequate F0w(Z) 
margin . Administratively, licensees do not implementl=lave eliFRinated the AFD required action 
and are presently required to reduce power if F0 w(Z) exceeds its limits, in response to NSAL 09-
5. 

The revisions to the Required Actions associated with F Ow (Z) exceeding its limits address the 
concern that the AFD reductions currently prescribed by TS are not sufficiently conservative to 
restore adequate margin to the heat flux hot channel factor. The existing TS Required Actions 
are based on assumptions that (1) the F0w(Z) violation occurs when the axial peak is outside 
the core mid-plane, and (2) constraining the power peaking in the core to its axial mid-plane 
reg ion will restore the necessary margin. The PWROG notes that F0w(Z) violations are 
uncommon, and that when they occur, they do so more frequently outside the core mid-plane . 
However, the existing Required Action does not restore margin if the F Ow (Z) violation occurs 
near the core mid-plane. To resolve the issue, the TR introduces a ROS or COS, depending on 
the power maneuvering control strategy, that can constrain AFD limits as before, but also 
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1 introduces new T(Z) functions and possibly control rod insertion limits to further constrain 
2 maneuvering capability and restore the necessary margin . Rather than being based on 
3 assumptions that constraining the AFD limits yields the necessary margin, the new operating 
4 spaces are based on NRC approved RAOC or CAOCmanelol11ering analysiesG methodologies. 

5 4.3.1 
6 

Required Actions 8.1 .1 and 8.1 .2; Deletion of NOTE Requiring SRs 3.2.1.1 and 
3.2.1.2 Whenever Condition Bis Entered 

7 A new Required Action 8 .1.1 was included, which requires licensees to "Implement an RAOC or 
8 CAOC operating space specified in the COLR that restores F'tJ' (Z) to within limits" whenever 
9 F'tJ' (Z) is determined to be not within the limits. Based on the N RC staff review, PW ROG also 

1 O proposed to add the associated Required Action 8 .1 .2, for instances in which the 
11 implementation of a new operating space requires control rod motion. It states "Perform 
12 SR 3.2.1.1 and SR 3.2.1.2 [verification, respectively, that F8 (Z) and F'tJ' (Z) are within limits] if 
13 control rod motion is required to comply with the new operating space." 

14 An ROS or COS is a unique combination of AFD limits and control bank insertion limits. The 
15 operating spaces are pre-analyzed using the approved methodology and included in the COLR. 
16 The number of operating spaces that will be included in the COLR will be determined by the 
17 utility in conjunction with the core designer. WCAP-17661 presents example calculations 
18 providing the thermal power limit and the required margin reductions for different F'tJ' (Z) margin 
19 improvements for a RAOC plant (Table 6-10 for ROS) and thermal power limits for different 
20 F'tJ' (Z) margin improvements for a CAOC plant (Table 9-7 for COS) . For the RAOC plants, in 
21 the improved methodology the margin improvement can be confirmed using the T(Z) factors . 
22 Previously, it was presumed that the AFD limits would provide the necessary margin 
23 improvement. 

24 As documented in the submitted TR , PWROG proposed to delete the NOTE in Condition 8, 
25 which required the performance of SR 3.2.1.1 and SR 3.2.1.2 whenever the Condition was 
26 entered. This NOTE required verification that F8(Z) and F'tJ'(Z) are within limits. The deletion 
27 of this NOTE was the subject of Topics (a) and (c) under RAI 5, which sought to address the 
28 following issues: 

29 • The use of a different operating space to gain margin improvement was considered an 
30 appropriate application of the new methodology presented . However, the NRC staff 
31 determined that situations may occur where a different rod insertion limit may result inee 
32 needed associated with some control rod movement. Withdrawal of a control rod could 
33 potentially increase the F8 (Z) and F'tJ'(Z) measured values (RAI 5a) . 
34 
35 • Inclusion of the requirements to perform SR 3.2.1.1 and SR 3.2.1.2 may be necessary to 
36 assure that the changes in F8 (Z) and F'tJ' (Z) remain acceptable assuring that the margin 
37 is being maintained (RAI 5c) . 
38 
39 In responding to this RAI , PWROG agreed to modify the proposed Required Actions for 
40 Condition B of TS 3.2.18 and 3.2.1 .C. Specifically, to address the above issues. PWROG 
41 agreed to add Required Action 8.1. 2, with a Completion Time of 72 hours. This new Required 
42 Action will require the completion of SRs 3.2.1.1 and 3.2.1 .2 in the event that implementation of 
43 a new operating space results in the need to move the control rods to comply with a new rod 
44 insertion limit. 

-tlfffe+A SE-6~ c....-eeNTAtNS-PR8PRIETARV INFGRMATION 

WCAP-17661-NP-A February 2019 
Revision 1 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

• 

• 

• 



• 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

-26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

• 

Westinghouse Non-Proprietary Class 3 

-GFRCIAL USE ONLY CON=FMNS PROPRH:=FARY4NFGRMA:r-l 

- 25 -

Completion of Required Action B.1. as originally proposed. may have resulted in a need to 
move the control rods . The measured Fxy(Z) peak can occur adjacent to or in an assembly 
containing an inserted control rod and the withdrawal of the control rod could potentially 
increase the resulting F8 (Z) and Fi}' (Z) measured values. Also, a revision to the allowed AFD 
band associated with implementing Required Action B.1.1 could result in either control rod 
withdrawal or insertion in order to obtain and maintain the AFD within the allowed operating 
band. 

With the addition of Required Action B.1 .2 (the current Required Action B.1 becomes B.1.1) to 
perform SR 3.2.1.1 and 3.2.1.2 will provide assurance that F8 (Z) and Fi}' (Z) remain within limits 
or appropriate actions are taken. Performing these surveillances wi ll also provide the operators 
assurance that the margin is being maintained. A 72-hour completion time is provided to ensure 
that the plant has time to restore equilibrium conditions in the event that control rod motions 
result in transient conditions. 

In Topic (b) of RAI 5, the NRC staff determined that. to remain in the operating space defined by 
Required Action B.1, operators would need to have a clear understanding that the margin 
improvement is being mainta ined . Additional information for the operator may be needed to 
determine if Required Action B. 1 is sufficient or Required Actions B.2 are necessary. The NRC 
staff requested that PWROG justify why a tabular presentation of the margin improvement as a 
function of the axial position or some other scheme in the COLR would not be required. 
In its response. PWROG stated that the margin can be determined by applying the new 
surveillance factors associated with the revised operating space to the power distribution 
measurement. Additionally, the PW ROG noted that F8 (Z) and Fi}' (Z) surveillances would now 
be required in the event that implementation of a new operating space requires control rod 
motion. Thus, PWROG stated that performance of the SRs would provide the necessary 
ma rgin confirmation. The NRC staff agrees with the PWROG response, since the concern was 
related to the implementation of new operating spaces in conjunction with control rod motion. 
which would require performance of new Sblrveillances SR 3.2.1.1 and SR 3.2.1.2. 

Topic (d) of RA! 5 addresses the actions that will be taken by the operators to remedy potential 
violations of the newly implemented operating space associated with Required Action B.1 . The 
PWROG identified other TS Required Actions and SRs that would apply in such a situation, 
particularly with regard to control rod insertion limits and position. Because the potential for 
violation of the core operating limit parameters for an operating space can be addressed 
through existing TS Required Actions and SRs, the NRC sta ff determined that PWROG 
addressed the concern indicated in RA! 5d acceptably. 

The improved methodology allows for the use of new operating spaces. as defined in the COLR. 
The addition of Required Action B.1 . 2 assures that for situations involving control rod 
movement. sblr.ieillance SR 3.2.1 .1 and SR 3.2.1.2 will be conducted to ensure that F8 (Z) and 
Fi}' (Z) remain within limits. Based on the review described above, the N RC staff determined 
that the proposed Required Actions B.1 are acceptable. 

4.3 .2 Required Action B.2 and Limitation on Thermal Power 

The improved TSs define a new Required Action B.2 which includes four actions (B.2 .1. B.2.2. 
B.2.3, and B.2.4) . If the RAOC or CAOC operating spaces defined in the COLR are insufficient 
to ensure margin to the Fi}' (Z) limits, then the Required Actions B.2 are entered. The actions 
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1 involve reducing the thermal power to less than the thermal power specified in the COLR along 
2 with reduction of the setpoints. For more explicit presentation of the changes and associated 
3 justifications. see Table 2. 
4 
5 The issues addressed in the review of these changes related to the change of the thermal 
6 power level. As noted in WCAP-17661 -P, the reductions in the thermal power levels evaluated 
7 and included in the COLR will be limitef.1 to three or less . An inf.1i'w'if.11oJal 1oJlility may opt for 
8 aeeilional eval1oJation le·mls . If the required margin improvement exceeds the level of 
9 pre-analyzed thermal power limits, then the option is to limit the thermal power to 

10 < 50 percent RTP. The 50 percent RTP applies to all Westinghouse plants that implement this 
11 Topical Report and no plant-specific evaluations are involved. However. in response to RAI 7, 
12 PWROG stated that the 50 percent value is consistent with the required power reduction 
13 associated with other power distribution surveillances (e.g .. FN11H) , and agreed to add 
14 paragraphs addressing this scenario in the BAS ES. 
15 
16 The need to limit thermal power to < 50 percent RTP is expected to be a rare occurrence. 
17 However, such a situation may indicate a serio1oJs core anomaly and is a useful discussion in the 
18 TS BASES for understanding of the operating personnel. Since the 50 percent value is 
19 consistent with the power reduction associated with other peaking factor surveillances the NRC 
20 staff finds the proposed Required Action B.2 acceptable for the purposes of this TR. 
21 
22 The final required THERMAL POWER limit provided in the COLR-input supporting Required 
23 Actions B.2 for each ROS or COS must be < 50 percent RTP . Even though the final power 
24 reduction amount is fixed, it is appropriate for inclusion in the COLR and not the TS. because 
25 the required amount of margin improvement at which this power reduction becomes necessary 
26 may vary from cyc le to cycle. This is a limitation on the NRC staff approval of the TR. as 
27 discussed in Section 5.3 of this SE. 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

4.4 REMOVAL OF NOTES FOR Fg SURVEILLANCE 

Two notes in the SRs are proposed to be removed . The first note. applied to both SR 3.2.1.1 
and 3.2.1 .2, required obtaining the power distribution map for measuring Fg (Z) and Ft (Z) in 
equilibrium conditions during power escalation at the beginning of each cycle 11

. The second 
NOTE applies to SR 3.2.1.2 and requires multiplication of Ft (Z) by a factor and increased 
surveillance under certain conditions. 

The first NOTE has been a source of confusion and was interpreted differently by various 
utilities. From section 3.2.4 of the topical report it appears that it was understood that a 
determination of F8(Z) had to be obtained prior to exceeding 75 percent RTP. It is also 
considered that equilibrium conditions are not necessary for obtaining the power distribution 
map. The remova l of the first NOTE removes any requirement for obtaining equilibrium 
conditions during the first power distribution map measuring Fg (Z). F8 (Z) is required to be 
verified after each refueling prior to exceeding 75 percent RTP in the first part of the frequency. 
The neee for Fef'11oJiremenls for plant coneition in the TS insteae of the rnrrent ~Jon:: was 
consieeree . 

11 The first note stated. "During power escalation at the beginning of each cycle. THERMAL POWER may 
be increased until an equilibrium power level has been achieved, at which [sic] a power distribution map 
is obtained ." 
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In consideration of the removal of the first NOTE, the first Frequency for SR 3.2.1.1 no longer 
includes a definition of the applicable plant condition. However, equilibrium conditions are 
defined for other surveillances. Given that equilibrium conditions are defined for the conduct of 
surveillance, the NRC staff determined that a definition of equilibrium condition should be 
retained in the BASES discussion. The proposed change to the Bases associated with the SRs. 
to remove the definition of the equilibrium condition, can lead to confusion in implementing the 
surveillance and using the surveillance results. In its response to RAI 9, PWROG proposed 
define equilibrium conditions, for the purposes of SRs 3.2.1 .1 and 3.2.1.2, as" ... achieved when 
the core is sufficiently stable at the intended operating conditions required to perform the 
Surveillance." This definition was added to the BASES for both SRs. Since PWROG agreed to 
define the plant condition in the BASES, the NRC staff determined that the disposition regarding 
the plant condition for these surveillances was acceptable. 

The effect of the removal of the first NOTE on SR 3.2 .1.2 is that F(j (Z) will not be required to be 
determined until after equilibrium cond itions are achieved after exceeding 75 percent RTP 
instead of before exceeding 75 percent RTP following a refueling outage as currently specified. 
For further detail regarding the change to the time the first F(j (Z) surveillance is required , refer 
to Item 7 in Section 3.3, and to Section 4.7, of this SE . 

The second NOTE defined the penalty factor for F(j (Z) . In the improved methodology, the 
penalty factor is embedded in the methodology and a separate penalty factor is not applicable. 
In addition, it is understood that an increasing trend in F(j (Z) measurement is not indicative of 
future margin trends and accordingly, increased surveillance based on an increasing trend may 
not be desired . Additional review considerations regarding the deletion of this NOTE appear in 
Section 4.6 of this SE. 

Based on the considerations discussed above, the NRC staff determined that the proposed 
deletion of the NOTEs associated with F0 surveillance was acceptable. In summary, the 
deletion of the first note will eliminate confusion and inconsistency among implementing 
licensees, the equilibrium condition required for the surveillances will be defined in the BASES, 
and the penalty factor associated with the second NOTE is now embedded in the methodology. 
The NRC staff also notes that revisions made to the NOTES in Condition A and Required 
Action B.2 clarify some of the conditions under which SRs 3.2.1 .1 and 3.2.1.2 are necessary, 
further obviating the need for these NOTES . 

37 4.5 REVISION OF SECOND SURVEILLANCE FREQUENCY FOR SRS 3.2.1.1 AND 3.2.1.2 
38 
39 Verification that Fg (Z) and F(j (Z) are within limits (SR 3.2.1 .1 and SR 3.2.1 .2) includes a 
40 second requirement in the Frequency column of "once within [12] hours after achieving 
41 equilibrium conditions after exceeding by<? 10% RTP, the THERMAL POWER at which F(j (Z) 
42 was last verified." This requirement assures verification of the F0 limits whenever a significant 
43 increase of thermal power level has occurred. 
44 
45 The increase in the time interval for completing the required surveillance from 12 to 24 hours 
46 was based on the argument that some plant TSs have used the 24-hour time interval without 
47 any adverse effects and there is an extremely small likelihood of limiting power shapes or 
48 limiting design basis events occurring during this period. 

• 
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1 
2 he response to RAI 8 provided additional technical justification as follows: 
3 
4 • Westinghouse fuel conditioning guidelines require at least l } cumulative hours of 
5 operation at a steady state power level in the last l } period in order for the 
6 fuel to be considered fully conditioned. The type ot load-tollow maneuvers that could 
7 result in heat flux hot channel factors that may challenge the F0 limits will not take place 
8 before the surveillance is completed at 100 percent RTP. 
9 

1 O • Prior to this surveillance. Fg (Z) has already been measured at least once at a reduced 
11 power level providing assurance that increasing power up to the next plateau will not 
12 exceed the F0 limits and that the core is behaving as designed. 
13 
14 Based on these considerations identified in the response to RAI 8, the N RC staff determined 
15 changing the second surveillance time from 12 hours to 24 hours is acceptable. A discussion of 
16 the reasons for allowing 24 hours to complete F O surveillance is included in the Bases. Since 
17 the disposition for the increased completion time is based on Westinghouse fuel conditioning 

• 

18 guidelines, adherence to such guidelines is a limitation of the N RC staff approval of the TR. as -,-------------~ 
19 discussed in Section 5 .1 of this SE .I_ __________________________________________ - - i Comment [alO]: See Attachment 1 
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4.6 DELETION OF NOTE IN SR 3.2.1 .2 

The NOTE in SR 3.2.1.2 required increasing the ff requency to once per 7 EFPD for certain 
conditions until these conditions are satisfied . The intent of the NOTE in the cu rrent TS is to 
account for potential increases in Ff (Z) between surveillances. It required application of the 
greater of a 1.02 factor or a factor specified in the COLR whenever the measurement indicated 
that the maximum value of F§ (Z)/K(Z) has increased. Alternatively. SR 3.2.1.2, "Verify that 
Ff (z) is within limit." is repeated once per 7 EFPD until Ff (Z) is within limit with the penalty 
factor applied or two successive flux maps indicate that F§ (Z) /K(Z) has not increased . 

The justification for eliminating the NOTE is that the required penalty factor is part of the Ff (Z) 
formulation in the new methodology. A penalty factor Rj is introduced and will be included in the 
COLR. The magnitude of the pena lty factor is ca lculated based on the predicted margin trends 
and no additional assumptions or considerations are necessary. 

The use of the new methodology and the built-in penalty factor has a number of advantages: 
(a) it will better capture the expected trend in the margin avoiding any lag in the application as 
was the case previously, (b) it avoids application of an arbitrary 2-percent min imum penalty, and 
(c) it eliminates the need for more frequent surveillance. 

The issue addressed in this change is that past measurement trends are no longer being used 
(RAI 6b) . This may be justified because, as stated in WCAP-17661 , past measurement trends 
of Fg (Z)/K(Z) may or may not be indicative of future margin trends. 

45 The response to RAI 6 provided the fo llowing additional information: 
46 
4 7 • In some situations. measured trends in F§ (Z) may not always be indicative of the same 
48 margin trends in the measured Ff (Z). An example of such a situation is when the axial 
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power distribution of the core is in transition from a cosine shape to a flattened saddle 
shape. 

• During the initial onset of CIPS, a similar decreasing trend for both F§ (Z) and Ff (Z) 

may not necessarily occur. An increasing trend in the margin of F§ (Z) may occur due 
to a decrease in the radial peaking (F xv(Z)) in the affected elevation of the highest power 
assemblies due to preferential accumulation of boron-containing crud there and the AFD 
being closer to zero or slightly negative for onset of CIPS. The trend in Ff (Z) is driven 
largely by the T(Z) or W(Z) surveillance factors. 

Based on its review of the additional information provided 1n the response to RAI 6by PW ROG, 
the NRC staff determined that (1) it is an improvement that past measurement of Fg(z ) will no 
longer be used and (2) the NOTE in SR 3.2.1.2 for more frequent surveillance based on past 
measurements of Fg(z) should no longer be required. The use of the penalty factor in the 
methodology to determine Ff (Z) is appropriate in assuring that this parameter is within limits. 
Thus, the NRC staff determined that the deletion of the NOTE. combined with the inclusion of a 
penalty factor in the Ff (Z) surveillance formulation is acceptable. The surveillance provides an 
acceptable confirmation that the power distribution remains within analyzed limits, including in 
instances where the surveillance indicates trends of reducing margin to Ff (Z) limits. 

4.7 CHANGE IN FREQUENCY OF SR 3.2 .1.2 DURING POWER ESCALATION 

The current SRs for Ff (Z) (SR 3.2.1.2) are the same for both the CAOC and RAOC versions of 
the current F0 Surveillance. The first part of the three-part surveillance frequency required 
assuring Ff (Z) within limits "once after each refuel ing prior to THERMAL POWER exceeding 

75% RTP." This requirement is being changed to state that Ff (Z) must be verified to be within 
the limits following each refueling within 24 hours after achieving equilibrium conditions after 
THERMAL POWER exceeds 75 percent RTP. 

The intent of this SR is to ensure that the F0 will be maintained during future non-equilibrium 
operation within the allowed operating space. 

The surveillance factors needed to perform an accurate Ff (Z) margin assessment at a very low 
power are difficult to generate without the advance knowledge of the expected operating power 
profile during the power ascension. The improved methodology presented in the submittal 
mitigates this concern partly. Conducting the surveillance after exceeding 75 percent power. 
ensures that surveillance will be conducted with appropriate steady state peaking factors 
measured at or near the peak power level and core conditions where future non-equilibrium 
conditions have the potential for challenging the fuel limits. 

In this approach. power ascension within acceptable power peaking limits is assured, based on 
Fg (Z) surveillance. The Fo surveillance equations have been changed to appropriately correct 
for the performance of surveillance at reduced power conditions. For power levels less than 
50 percent RTP, the F0 limits are correctly eva luated at 50 percent RTP power level. 
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1 !In addition, the following considerations apply, as stated in the submittal : 
2 
3 • Limitations on ramp rates and fuel conditioning requirements assure that initial startups 
4 following a refueling are slow and tightly controlled . As discussed in response to RAls, 
5 Westinghouse fuel conditioning guidelines require at least l } cumulative hours of 
6 operation at a steady state power level in the last l } period in order for the 
7 fuel to be fully conditioned. With this procedure, following a refueling, non-equilibrium 
8 power shapes that may challenge the F0 limits, are not expected to occur. 
9 

• Core power distribution measurements and physics testing performed at low powers 
(<50 percent RTP) confirm that the core is loaded properly and is operating consistent 
with expectations . 

The other issue relating to this change is the 24 hours for conducting the surveillance after 
achieving the equilibrium conditions after THERMAL POWER exceeds 75 percent RTP. 
Because of fuel conditioning requirements, more than 24 hours will be spent at a steady state 
power level before the type of load follow maneuvers are permitted that may result in heat flux 
hot channel factors that may challenge the F0 limits. 

• 
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Based on the considerations discussed above, the NRC staff determined that the technical 
justification for changing the first frequency of SR 3.2.1.2 is acceptable. Primarily, the power 
ascension for the first startup of the cycle following a refueling is tightly controlled, such that 
F8 (Z) surveillance provides reasonable assurance that the core power distribution remains 
within analyzed limits. Further, the ability to perform an accurate Ff (Z) margin assessment is • 
substantially improved once steady-state operation above 75-percent RTP is achieved. Since 
the justification for the modified SR is based in part on Westinghouse fuel conditioning 
guidelines, implementing licensees must adhere to such guidelines in order to implement this 
TR . This is a limitation of the N RC staff approval of this TR as discussed in Section 5.1 of this 
SE .I ________________________________________________________________ - - Comment [all]: See comment a10 

4.8 CHANGES TO BASES 

For the changes to RAOC and CAOC F0 TSs (TS 3.2.1 Band TS 3.2.1C), corresponding 
changes were made to the TS BASES. WCAP-17661 -P provides the changes to the BASES to 
make them compatible with the changes made to the TSs. The changes to the BASES were 
reviewed and were discussed as part of the RA ls. The conclus ion of the review was that 
additional discussions or clarifications for some aspects would be beneficial and provide 
improved clarity and understanding of the requirements in the TSs. 

Additional discussions in the following areas were added in the BASES as part of the review of 
WCAP-17661 : 

1. Under the change for both RAOC and CAOC plants, Required Actions are now different 
for Conditions A, F8 (Z) not within limit, and B, Ff (Z) not within limit. When F8 (Z) is not 
within limit, reduction of THERMAL POWER is required along with reduction of setpoints 
and performance of SR 3.2.1.1 and SR 3.2.1.2. Whereas, when Ff (Z) is not within 
limits, two alternative actions may be applicable as discussed in the response to RAI 1. 
The first alternative action is included in Required Action B.1 .1. This Required Action 
first requires implementation of a different operating space. If an appropriate operating 

above. 
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space cannot be implemented. then reduction of THERMAL POWER and setpoints and 
performance of SR 3.2.1.1 and SR 3.2.1.1 are required as an alternative. These 
aspects are discussed in the "Actions" section of the Bases. 

The changes to the Condition B Required Actions. when Ft (Z) exceeds limits is 
intended to avoid THERMAL POWER reduction through implementation of a different 
operating space (Required Action B.1 ). However. when both F§ (Z) and Ft (Z) are not 

within limits. Required Action for F§(Z) will require reduction of THERMAL POWER. 

The corresponding eva luation and action for Ft (Z) may be different. For example. 

Condition A (F§ (Z) not within limit) requires reduction of THERMAL POWER~ 1 percent 

for each 1 percent F§ (z) exceeds limit. but Condition B (Ft (Z) not within limit) may 
require reduction of THERMAL POWER as evaluated and set forth in the COLR. 12 As 
explained as part of the response to RAI 1, if both F§ (Z) and Ft (Z) exceed their limits. 
Required Action A .1 will be completed first due to the 15-minute Completion Time. Once 
the power level is reduced below that specified by Required Action A.1, the current 
operating peak power density will be restored to less than the value assumed in the 
safety analysis. As noted in the response to RAI 1, this Required Action may not ensure 
th~t the Ft (Z) limit is met. 

The new Required Actions for Condition B are proposed to either implement a new 
operating space or a reduction in THERMAL POWER. and are required in order to 
ensure compliance with the Ft (Z) limit during future operation under transient 
conditions. 

As a follow-up to the RAls, these aspects are discussed and the BASES, which contain 
the clarifications regarding implementation of the proposed changes under different 
scenarios of F§ (Z) and Ft (Z) violations . 

2. Under the proposed change. the new Required Action B.1.1 requires implementation of 
a RAOC/CAOC operating space specified in the COLR that restores Ft (Z) within its 
limits. If control rod motion is needed as a result of entering Condition B and performing 
Required Action B.1.1. the fundamental measured power distribution will change as a 
result. As stated in response to RAI 5, in some cases. a revision to the allowed AFD 
band associated with implementing Required Action B.1.1 could result in either control 
rod withdrawal or insertion, in order to obtain and maintain the AFD within the allowed 
operating band . If the implementation of Required Action B.1.1 results in a need to 
move control rods. SR 3.2.1.1 and SR 3.2 .1.2 should be performed to ensure that F§ (Z) 

and Ft (Z) are within limits. This is addressed through the addition of Required 
Action B.1 .2 and associated discussions are included in the Bases. 

3. Under the proposed changes. if the operating spaces specified in the COLR are 
insufficient to ensure margin to the Ft(Z) limits. then THERMAL POWER must be 
reduced to less than the thermal power specified in the COLR. Also. AFD limits must be 

12 While Tables 6-1 O. 9-7. C-7. and F-7 in the TR show examples where the margin was defined in 
5 percent decrements. the NRC staff understands that other decrements may be used. provided such 
decrements are analytically supported . 
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1 reduced by the amount specified in the COLR. As a practical matter, the number of 
2 discrete reduced power le~·el evaluations included in the GOU~ is limited to three or less 
3 (an indi'w'idual utility may opt for additional e·1aluation levels) . If the required margin 
4 improvement exceeds the level of any pre-analyzed thermal power limits, the COLR will 
5 specify that the thermal power is limited to <50 percent RTP. 
6 
7 The requirement to reduce thermal power to <50 percent RTP is discussed in the 
8 BASES as part of the review of the submittal to ensure completeness of the actions 
9 required and to provide clear guidance to the plant operators. 
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4.9 INTERFACES WITH OTHER REQUIREMENTS 

In assessing the changes to TS 3.2.1 Band TS 3.2.1 C, the interface of these requirements with 
other TS requirements was reviewed . The intent was to determine whether changes in these 
requirements may necessitate changes in other requirements. 

Based on the review, two interfacing aspects were identified: 

1. It was noted that TS 3.2.1 A, Heat flux Hot Channel Factor (Fa (Z) (CAOC -Fxy 
Methodology)) is included for some plants. But, the concepts used in TS 3.2.1 C are not 
used for TS 3.2.1A, i.e. , TS 3.2.1 A is not modified to use a different operating space and 
avoid reduction in THERMAL POWER. This issue was the topic of RAI 11. 

2. TS 3.2.4, "Quadrant Power Tilt Ratio (QPTR)," which provides limits and associated SRs 
for QPTR, may be affected by the proposed changes. The QPTR limits ensure that 
nuclear entha lpy rise hot channel factor (F 6HN) and Fa(Z) remain below their limiting 
values by preventing an undetected change in the gross radial power distribution. The 
QPTR limit of 1.02, at which corrective action is required, provides a margin of protection 
for both the departure from nucleate boil ing ratio and linear heat generation rate 
contributing to excessive power peaks resulting from X-Y plane power tilts . Assurance is 
needed that the margin of protection is not being lost or that adequate margin of 
protection will still be maintained. This issue was the topic of RAI 12. 

The response to RAls 11 and 12 provided the following clarifying information: 

1. The Required Actions in TS 3.2.1A are more conservative than those in proposed 
TS 3.2.1 C. This is because TS 3.2.1 A effectively treats all cases where the Fa(Z) limit is 
exceeded as if the plant is currently operating with a peak power density in excess of 
what is assumed in the safety analysis. The plants that have implemented TS 3.2 .1 A do 
not have to implement proposed TS 3.2.1 C, since the resulting surveillance required by 
TS 3.2.1A is valid and conservative. 

2. The implementation of a different operating space in the event that the performance of 
an F(j (Z) surveillance determines that the Fa limit is not met would not significantly 
affect the indicated QPTR on the excore detector, nor wou ld it affect the actua l in-core 
power distribution symmetry. 

3. Addition of a Required Action of performing SR 3.2. 1. 1 and SR 3.2. 1.2, with a 
Completion Time of 72 hours, when a new operating space is implemented, which 
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results in control rod motion, will provide the requisite margin of protection. With this 
addition, the margin to safety analysis limits will be determined and confirmed after the 
implementation of a new operating space. including the effects of any existing QPTR. 
Once this is done, the same initial conditions are established with respect to the 
continued applicability of TS 3.2.4, as would otherwise have been present before the 
new operating space was implemented. 

4.10 SUMMARY OF KEY REVIEW TOPICS 

Based on the review described above, the NRC staff determined that the reformulated F0 
surveillance is acceptable. The fo llowing paragraphs reiterate the more significant of the NRC 
staff conclusions. 

Regarding changes to the TS associated with F0 c(Z) . or the instantaneous heat flux hot channel 
factor, the NRC staff determined that the new required actions and completion times are more 
restrictive than the existing, and as such, concluded that they are acceptable. 

Regarding the reformulation of the F0w(Z) surveillance, the NRC staff developed the following 
review considerations: 

1. The use of a planar radial surveillance in conjunction with T(Z) factors eliminates axial 
sensitivities in the surveil lance procedure, and eliminates the current reliance on 
Westinghouse guidance to adjust W(Z) factors when performing F0w(Z) surveillance in 
conditions significantly different from those assumed in the RAOC or CAOCmaneuverin§ 
analysis. As noted in Section 4.1 of this SE. the surveillance formulation. i.e .. treatment 
of uncertainties and power distribution perturbations over the surveillance interval, is 
otherwise equiva lent to the existing. 

2. The PWROG proposed to introduce an additional factor to correct the surveillance 
parameter for conditions other than roferonce, i.e., The use of Axv and A0 ,. to correct the 
surveillance parameter for conditions other than the reference condition, iffiG-aS 
discussed in Sections 4.1 and 5.2 of this SE, the ~IRC staff determined that the use of 
such parameters was acceptable, provided the methodological description provided in 
response to RAI 15 is followed. 

3. The incorporation of the Rj correction factor, which conservatively adjusts for downward 
trends in F0w(Z), directly into the surveillance supports the elimination of the NOTE 
associated with SR 3.2.1.2, as discussed in Sections 4.1 and 4.4 of this SE . 

Based on the above considerations, the NRC staff concluded that the reformulated F0w(Z) 
survei llance was acceptable. 

Finally, the NRC staff considered the revisions to the Required Actions associated with not 
meeting the Faw(Z) LCO, and determined that they are acceptable. The revision provides for 
successively more restrictive operating spaces, which help to ensure that the core operates with 
sufficient margin to ensure that the peak power remains within analyzed limits. Perhaps more 
importantly, the operating spaces and associated margin factors are now analyticaW, based. 
This improvement provides assurance that completion of the Required Actions (Fa (Z) is not 
within its limits) would ensure that the core power distribution remains within the limits analyzed 
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1 in the ECCS evaluation. If the more restrictive operating spaces fail to provide the requisite 
2 margin, similar reductions in rated thermal power level and reactor trip setpoints to those 
3 required for F0c(Z) become necessary. 
4 
5 In conclusion. the NRC staff review determined that the revisions to the heat flux hot channel 
6 factor TS were acceptable. The revisions provide a more robust means for performing the 
7 F0w(Z) surveillance, a series of more restrictive operating spaces if the F0w(Z) LCO is not met, 
8 and a more clearly defined set of SRs and Required Actions. The TS changes also provide 
9 reasonable assurance that a core operated in accordance with these TS will remain within the 

10 power distribution limits assumed in the facility safety analyses . 
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5.0 APPROVAL LIMITATIONS 

The N RC staff review identified three limitations, adherence to which are necessary to ensure 
acceptable implementation of WCAP-17661 . 

5.1 LIMITATION 1: ADHERENCE TO FUEL CONDITIONING GUIDELINES 

As discussed in Sections 4.5 and 4.7 of this SE, PWROG j ustified the specification of certain 
surveillance intervals on the concept that rapid chanqes in power level are precluded by fuel 
conditioning quidel ines, which require slower ascensions in power, and maintenance of periodic 
thermal power plateaus . However, the TS do not make adherence to these fuel conditioninq 
quidelines an obligation. Even so, the staff acceptance of the PWROG justification was based 
on any given facility's adherence to these guidelines. 

Thus, licensees implementing this TR (i.e ., making the TS changes contained herein) must 
confirm, in the implementation request, that they adhere to Westinghouse fuel conditioning 
guidelines . Otherwise, implementing licensees must demonstrate to the NRC staff that simi lar 
requirements exist to provide assurance that the frequency of abrupt changes in power level is 
kept appropriately low during the initial power ascension of a fuel cycle. This TR is not 
applicable if continued adherence to such guidelines is not practiced.I _____________________ - comment [a12]: See comment a10 

5.2 LIMITATION 2: USE OF AXY.AND Ao. 

As discussed in Section 4. 1.1 of this SE, the use of Methods 1 and 2 are acceptable for 
ca lculating Axv and Ao when performing RAOC and CAOC W(Z) surveillances, subject to the 
following limitations: 

1. The NRC-approved methods provided in the response to RAI 15.b must be used to 
perform the surveil lance-specific Axv or Ao calculations . Newer methods with similar 
capabilities may be considered acceptable provided the NRC staff specifically approves 
them for calculating Axv and Ao factors. 

2. The depletion calcula tion used to determ ine the numerator and denominator of the Axv 
or Ao factor must be performed similarly to the original design calculation, as described 
in the response to RAI 15.c. 

3. he use of Method 1 for calculating Ao is only acceptab le subject to the constraints 

above. 

discussed in the response to RAI 15.a . The surveil lance Axial Offset must be within 
1.5-percent of the target AO, and there must be assurance that the limiting F0w(Z) 
location does not lie within a rodded elevation at the time of surveillance,l _____________ - -{ comment [a BJ: See comment a9 above. ] 

5.3 LIMITATION 3: POWER LEVEL REDUCTION TO 50 PERCENT RTP 

As noted in Section 4 .3.2 of th is SE, the use of 50 percent as the final power level reduction in 
the event of failed F0 surveillance is not included in the TS, but rather in the BASES and in the 
COLR. As such, this final power level, 50 percent, must be implemented on a plant-specific 
basis and included in COLR input generated using this methodology, in order to use this TR. 
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6.0 CONCLUSIONS 

Based on the review described in the preceding SE . and subject to the limitations provided in 
Chapter 5, the NRC staff has determined that the RAOC and CAOC surveillance formulations 
and required actions proposed in WCAP-17661 are acceptable. The TR may be considered 
approved for use by the NRC staff, for the purpose of justifying the TS changes contained 
therein . 
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• 
1 APPENDIX: TABLES 
2 
3 TABLE 1: POWER DISTRIBUTION TERMS 

4 

I 

5 

IA l't.·.,kmg I J'" lllr!'. 

Tenn Name Oel,nition 

Fa Total Heat Flux Hot Channel The ratio of peak to average power density in the core 

Factor 

Fxv Planar Radial Peaking Factor The ratio of peak-to-average power density in a radial 
core olane 

ill I 11111t ~ I l1111.. t1on!-. .1111.I ,\\uh1pl11,._·1, 

Tenn Name Definition 
K(Z) Axia l sha pe function Normalizes F0 (Z) as a function of core height. Included 

in COLR. 
W(Z) W(Z) function Analytical ratios used in the current F0 survei llance 

formulation to characterize the maximum expected 
increase in the surveillance F0 (Z) x Power relative to the 
non-eauilibrium Fn/Z) x Power. 

T(Z) T(Z) function Analytical ra tios used in the improved F0 survei llance 
formulation for RAOC plants to characterize the 
maximum transient P(Zl 

CFO Rated thermal power (RTP) Absolute limit applied to F0 . Included in COLR. Term 

Fo limit used in STS and STS Bases (Ref. 2) . 
p Fraction of RTP Used to scale the measured power distribution based on 

the core operating power level. Term used in STS and 
STS Bases (Ref. 2) . 

P,e1 Core average relative power Same as fraction of RTP. above. but used in 
surveillance formulations oresented in WCAP-17661 . 

P,e1 
ss Surveillance relative power Actual power divided by the rated thermal power at the 

time of surveillance 
P(Z) Core average axial power Planar average power at elevation Z. divided by volume 

shape average power of the core 

P(Z),.J' Relative axial power shape Relative axial power predicted at the reference condition 

PFXY Power factor multiolier Power factor multiplier for Fxv- Provided in the COLR. 

Axv Correction factor for RAOC Used to adjust the F0w(Z) value in instances when the 

surveillance conditions surveillance is conducted in a different condition, i.e .. 
thermal power level and control rod insertion. than the 
reference condition (typically hot full power, all rods out. 
equilibrium xenon) . ~4ay ee iAGliigeg iA tl:le CObR; ~I~ __ 
caneiilg alse be calculated using a 3-D core simulator 
for soecific survei llance conditions . 

Ao Correction factor for CAOC Used to adjust the F0w(Z) value in instances when the 

surveillance conditions surveillance is conducted in a different condition. i.e .. 
thermal power level and control rod insertion. than the 
reference condition (typically hot full power. all rods out. 
equilibrium xenon) . It can be calculated using a 3-D 
core simulator for specific surveillance conditions. 

Rj Penalty factor Used to account for reductions in F0 margin that may 
occur for trends that follow burnup over the survei llance 
interval 
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• 

- Comment [a14J: The text should be 
deleted. because Methods 3 and 4 were 
deleted from the Topical Report in the 
response to RAI 15. 
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TABLE 1: POWER DISTRI BUTION TERMS (CONTINUED) 

Tenn Name Definition 

Fo(Z) Heat flux hot channel factor Maximum local heat flux on the surface of a fuel rod at 
core elevation Z. divided by the average fuel rod heat 
flux . In the WCAP-17661 methodology, this term is 
aooroximated bv multiolvina F,v(Zl bv P(Zl. 

FaM(Z) Measured heat flux hot Measured value of Fq(Z) obtained directly from the flux 
channel factor map results. 

Fo .... (Z) The measured value, F0M(Z) . multiplied by a factor to 
-- account for fuel manufacturing tolerances and flux map 

measurement uncertaintv. 
Fow(z) Transient Fo(Z) The maximum F0 (Z) calculated to occur in normal 

operation over the next surveillance interval. Includes 
margin for (1) fuel manufacturing tolerances. (2) flux 
map measurement uncertainty, and (3) operational 
transients anticipated over the next surveillance interval. 
The product of F O c(Z) and W(Z) . 

Fa""' The predicted value of the Heat Flux Hot Channel 
-- Factor. A maximum value that includes load follow 

impacts. 
Fo"'r Rated thermal oower Fo limit Same as CFQ. 

11> I q I 1..·n1,.,, 

Tenn Name Definition 

Fxv(Z) Height-dependent radia l Radia l peaking factor, measured using the incore 
peakinq factor detector system. at a given plane of the core . 

FxvM The measured value of Fxv obtained directly from the 
-- flux map results. 

Fxv" The measured value, FxvM, multiplied by a factor to 
-- account for fuel manufacturing tolerances and flux map 

measurement uncertainty. 
Fxv"'r -- The limit of Fxv at RTP. 
FxvL -- The limit of Fxv at the current thermal power level. 
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TABLE 2: SUMMARY OF PRO POSED CHANG ES 
2.A: Title 
TS Section and Current Revised Specilkations Justifkations presented in the 
Requirements Specifications WCAP 

TS 3.2.16, Title Fo(Z)(RAOC-W(Z) F 0 (Z)(RAOC-T(Z) Use of a different 
Methodology) Methodology) methodology requires the 

name chanqe 

2H Allum .. l,m,l1t1011A 

TS Section and Current Revised Speci Rea tions Justifications presented in the 
Requiremenls Speciflcations WCAP 

TS 3.2.1 B and " .. . 1% for each .. ... 1% for each 1% that Revised wording accounts for 
3.2.1C. 1% F8(Z) THERMAL POWER is limited the possibility that the limit for 
Required Actions exceeds limit" below RATED THERMAL Fg (Z) may be exceeded 
A.2 and A.3 POWER by Required Action during a part-power 

A.1 ." surveillance. The current 
wording is only appropriate if 
the surveillance is performed 
at full power. 

The new wording will require 
greater setpoint reduction if 
the surveillance is performed 
at red uced power and Fg (z) 
exceeds its limit. (WCAP. 
Section 3.2.2, DQ .3 -12) 

NOTE in Required Action Required Action A.4 shall be Makes it consistent with other 
Condition A A.4 shall be completed whenever this changes. 

completed Condition is entered prior to 
whenever this increasing THERMAL 
Condition is POWER above the limit of 
entered . Required Action A. 1. SR 

3.2. 1.2 is not required to be 
performed if this Condition is 
entered prior to THERMAL 
POWER exceeding 75% RTP 
after a refue linq. 
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TABLE 2: SUMMARY OF PROPOSED CH ANGES (CONTINUED) 

TS Section and Current Revised Specifications Justifications presented in the 
Requirements Specifications WCAP 

TS 3.2.1 B and B.1.1 states, "Implement a Implementation of a New 
3.2.lC, RAOC or CAOC operating RAOC/CAOC operating 
New Required space specified in the COLR space restores Ft (Z) within 
Action B. l .1 that restores F;f (Z) to within limits. 

limits." 
New Required B.1.2 states, "Perform SR When control rod motion is 
Action B.1 .2 3.2.1.1 and SR 3.2.1.2 if required, surveillance assures 

control rod motion is required that Ff (Z) remains within 
to comply with the new limits . 
operatinq space ." 

TS 3.2.1B, Reduce AFD limits Limit THERMAL POWER to Evaluations in the COLR will 
Required 2: 1% for each 1% less than RATED THERMAL provide the applicable power 
Action B.2.1 F;f (Z) exceeds POWER and reduce AFD level and AFD limits to assure 
(previously B.1) limits limits as specified in the Ft (Z) within limits. 

COLR. 
TS 3.2.lC, Reduce Limit THERMAL POWER to Core models provide basis for 
Required THERMAL less than RATED THERMAL determining the axial location 
Action B.2.1 POWER 2: 1% for POWER as specified in the of the minimum margin in the 
(previously B.1) each 1 % Ff (Z) COLR. actual core. 

exceeds limits 
TS 3.2.1B, " ... 1% foreach " .. . 1% for each 1% that With the change, peak power 
Required 1% that the THERMAL POWER is limited densities will remain within 
Action B.2.2 and maximum below RATED THERMAL limits of the safety analyses. 
B.2.3 (previously allowable power POWER by Required Action 
B.2 and B.3) of the AFD limits B.2.1." Prior requirements may not 

is reduced" ensure that non-equilibrium 
TS 3.2.lC, " .. 1% for each " ... 1% for each 1% that operation was bounded by 
Required 1% Ff (Z) THERMAL POWER is limited the maximum power 
Action B.2.2 and exceeds limits" below RATED THERMAL distribution assumptions in all 
B.2.3 (previously POWER by Required Action circumstances. 
B.2 and B.3) B.2.1." 
TS 3.2.1B, "Prior to "Prior to increasing Proposed change in TS 
Completion Time increasing THERMAL POWER above 3.2.1 B will make it consistent 
for Required THERMAL the limit of Required Action with the Completion Time 
Action B.2.4 POWER above B.2.1" defined in TS 3.2.lC. 

the maximum Completion Time in TS 
allowable power 3.2.lC did not need any 
of the AFD limits." chancies. 

NOTE in Applicable Moved (with addition "prior to Required Action option B.1 
Condition B whenever increasing THERMAL assumes that a RAOC 

Condition B is POWER above the limit of operating space specified in 
entered Required Action B.2.1") under the COLR satisfies F8 (Z) and 

Required Action B.2.1 , i.e., Ff (Z) limits if no control rod 
applicable when Required (CR) motion is needed. 
Actions under B.2.1, B.2.2, Required Action B.1.2 
B.2.3 and B.2.4 are entered. requires surveillance CR 

motion is needed. Required 
Action B. 2.4 institutes 
performance of the SRs if 
ootion B.2 is used. 
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TABLE 2: SUMMARY OF PROPOSED CHANGES /CONTINUED\ 

TS Section and Current Revised Specil,cations )ustil,cations presented in the 
Requirements Specifications WCAP 

NOTE for SRs NOTE states that The NOTE is deleted. The NOTE has been a source 
"During power of confusion and interpreted 
escalation at the differently by various utilities. 
beginning of each 
cycle, THERMAL Existing frequencies, together, 
POWER may be are unambiguous and 
increased until an appropriately verify Fg (Z) 
equilibrium power during the initial power 
level has been escalation and throughout the 
achieved, at which operating cycle. 
a power 
distribution map is 
obtained." 

SR 3.2.1.1, 2na "Once within [12] "Once within [24] hours after Frequency of 24 hours is 
requirement in the hours after achieving equil ibrium contained in some plant TS 
Frequency column achieving conditions . " and is a reasonable time 

equilibrium period in which to perform this 
conditions .. : verification . Small likelihood of 

occurrence of undesirable 
condition within the time. 

NOTE for The NOTE in SR The NOTE is deleted . The penalty factor in the 
SR3.2 .1.2 3.2.1.2 requiring improved methodology is 

increasing SR based on predicted rather than 
frequency measured trends in transient 
considering an in- Fa margin , and is applied when 
crease factor for SR 3.2.1.2 is performed. 
Fjv(z) when 
increase from It is argued that the past 
previous measurement trends are not 
evaluation has ind icative of future margin 
been noted. trends. 

SR 3.2.1.2, 1~ "Once after each ronce after each refueling Verification will still be 
requirement in the refueling prior to within [24) hours after performed within a reasonable 
Frequency column THERMAL achieving equilibrium time and prior to extended non-

POWER conditions after TH ERMAL equilibrium operation at power 
exceeding 75% POWER exceeds 75% RTP. levels where the maximum 
RTP" peak linear heat rate could 

potentially be cha llenqed. 
SR 3.2.1.2, 2'~ "Once within [12] "Once within [24] hours after Frequency of 24 hours is 
requirement in the hours after achieving equi librium contained in some plant TS 
Frequency column achieving conditions after exceeding, by and is a reasonable time 

equ ilibrium .? 10% RTP, the THEMAL period in which to perform this 
conditions after POWER at which Ft(Z) was verification. Small likelihood of 
exceeding, by .? last verified." occurrence of undesirable 
10% RTP. the condition within the time. 
THEMAL POWER 
at which Ff (Z) 
was last verified ." 

Comment [alSJ: See comment alO 
above. 
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Attachment 1- Comment a10 on the Revised 

Draft Safety Evaluation for WCAP-17661 

The initial Frequency for SR 3.2.1.2, will be revised as identified in the markup below. 
The Revised Draft Safety Evaluation for WCAP-17661 should be revised to eliminate 
reference to the Westinghouse Fuel Conditioning Guidelines or other equivalent Fuel 
Conditioning Guidelines. 

Once after each refueling within [24] hours after achieving equilibrium conditions 
after thermal power exceeds 75% RTP 

AND 

Once within (24) hours after achieving equilibrium conditions after exceeding, by 
=?: 10% RTP, the THERMAL POWER at which Fow(Z) was last verified 

[31 EFPD thereafter OR In accordance with the Surveillance Frequency Control 
Program] 

The justification for this change is: 

1) The change will address the primary concern in RAI #3 i.e.,: 

"It is not clear that the new Frequency will ensure that verification of F Ow (Z) is 
performed prior to extended non-equilibrium operation at power levels where the 
maximum permitted peak linear heat rate could potentially be challenged" and 
that there is the potential to operate for 31 EFPD without performing the first 
Surveillance of F0w(Z) . 

By deleting the words "after achieving equilibrium conditions," a time limit is 
required for completing the first performance of SR 3.2.1.2 following a refuel ing 
once 75% RTP is reached . The revised Frequency establishes an unambiguous 
requirement to verify F Ow (Z) before extended operation is permitted to occur at 

1 
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relatively high power levels, while at the same time ensuring that the Surveillance • 
will be performed at a power level high enough to provide a high level of 
confidence in the accuracy of the Surveillance result. 

2) Although the core may not be in a complete equilibrium state for this first 
performance of the Surveillance after a refueling, the Surveillance will be 
performed under conditions where the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. This, and the 
allowance to perform either a "Method 2" correction to the Surveillance using the 
Axv(Z) or Ao(Z) factors (as applicable) , or alternatively to use Surveillance 
specific T(Z) or W(Z) Surveillance factors with no Axv(Z) or A0 (Z) correction 
factors, will ensure that the Surveillance result from the first performance of SR 
3.2.1 .2 after a refueling achieves the same overall level of accuracy as any other 
performance of SR 3.2.1.2. 

3) If the first performance of SR 3.2.1 .2 after a refueling is performed prior to 
thermal power exceeding 90% RTP, then the second Frequency will require an 
additional Surveillance to be performed within 24 hours after achieving 
equilibrium conditions after exceeding, by~ 10% RTP, the thermal power at 
which the first Surveillance was performed. However, even if that Surveillance is 
delayed, i.e., not performed due to a delay in reaching equilibrium conditions, 
compliance with the limit for F0w(Z) will already have been confirmed for the 
current operating space by the first performance of SR 3.2.1.2. 

4) If the first performance of SR 3.2 .1.2 after a refueling is performed after thermal 
power exceeds 90% RTP, then this initial Surveillance may not be repeated for 
another 31 EFPD. However, as stated in #2 above, the first performance of SR 
3.2.1.2 at power levels greater than 75% will obtain the same overall level of 
accuracy as any other performance of SR 3.2.1.2, and is therefore sufficient to 
ensure compliance with the limit for F Ow (Z) while operating in the current allowed 
operating space .. 

5) The concern in RAI #8 is also addressed . This concern was with regard to the 
change to require verification of Foc (Z) and Fow(Z) within 24 hours (instead of 12 
hours) after achieving equilibrium conditions after exceeding by ~ 10% RTP, the 
THERMAL POWER at which the Foc(Z) or Fow(Z) was last verified. The primary 
justification made in the response to RAI #8 was that F0c(Z) and potentially 
Fow(Z) , will already have been measured at least once at reduced power 
conditions, and that this provides assurance that increasing power up to the next 
power plateau will not result in exceeding the Fo limit. It also provides assurance 
that the core is behaving as designed. By deleting the words "after achieving 
equilibrium conditions," from the first Frequency in SR 3.2.1.2, it provides 
certainty that F0w(Z) will have been measured at least once prior to the 
conditions required by the second Frequency for SR 3.2.1.2 becoming 
applicable. It will therefore no longer be necessary to rely on any limitations 
imposed on plant operations by the Westinghouse Fuel Conditioning Guidelines, 
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or other equivalent Fuel Conditioning Guidelines, to ensure compliance with the 
F0 limit. 

Note that additional changes will also be made to the TS Bases, associated with the 
above change to the first Frequency of SR 3.2.1.2 . 
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Technical Specification 3.2.lB 

Heat Flux Hot Channel Factor Markups 

( 
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3.2 POWER DISTRIBUTION LIMITS 

Fa(Z) (RAOC-W(Z) Methodology) 
3.2.18 

3.2.18 Heat Flux Hot Channel Factor (Fa(Z) (RAOC-W(Z) Methodology) 

LCO 3.2.18 Fa(Z), as approximated by Fg (Z) and. F;f (Z), shall be within the limits 
specified in the COLR. 

APPLICABILITY: MODE 1. 

ACTIONS 

CONDITION 

A. ------------NOTE~---------- A.1 
Required Action A.4 
shall be completed 
whenever this Condition 
is entered. 
--------------------------------- AND 

Fg(Z) not within limit. A.2 

AND 

A.3 

AND 

A.4 

REQUIRED ACTION 

Reduce THERMAL 
POWER ~ 1 % RTP for 
each 1% Fg (Z) exceeds 
limit. 

Reduce Power Range 
Neutron Flux - High trip 
setpoints ~ 1 % for each 
1% Fg(Z) exceeds limit. 

Reduce1 Overpower ti T trip 
setpoints ~ 1 % for each 
1 % Fg (Z) exceeds limit. 

Perform SR 3.2.1.1 and 
SR 3.2.1.2. 

COMPLETION TIME 

15 minutes after each 
Fg(Z) determination 

72 hours after each 
Fg(Z) determination 

72 hours after each 
Fg(Z) determination 

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

Westinghouse STS 
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ACTIONS (continued) 

CONDITION 

B. ------------NO"TE------------ 8.1 
Required Action 8.4 
shail be completed 
whenever this Condition 
is entered. AND 
--------------------------------

B.2 
Fg (Z) not within limits. 

AND 

8.3 

AND 

8.4 

C. Required Action and C.1 
associated Completion 
Time not met. 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (RAOC-W(Z) Methodology) 

3.2.18 

REQUIRED ACTION COMPLETION TIME 

Reduce AFD limits ~ 1 % for 4 hours 
each 1 % Ft (Z) exceeds 
limit. 

Reduce Power Range 72 hours 
Neutron Flux - High trip 
setpoints ~ 1 % for each 1 % 
that the maximum allowable 
power of the AFD limits is 
reduced. 

Reduce Overpower !J.l" trip 72 hours 
setpoints ~ 1 % for each 1 % 
that the maximum allowable 
power of the AFD limits is 
reduced. 

Perform SR 3.2.1.1 and Prior to increasing 
SR 3.2.1.2. "THERMAL POWER 

· above the maximum 
allowable power of 
the AFD limits 

Be in MODE 2. 6 hours 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS 

Fa(Z) (RAOC-W(Z) Methodology) 
3.2.18 

------------------------------------------------------NOTE-----------------------------------------------------
During power escalation at the beginning of each cycle, THERMAL POWER may be increased 
until an equilibrium power level has been achieved, at which a power distribution map is 
obtained. 

SURVEILLANCE 

SR 3.2.1.1 Verify Fg (Z) is within limit. 

.FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

• 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after • 
exceeding, by 
2?: 10% RTP, the 
THERMAL 
POWER at which 
Fg (Z) was last 
verified 

AND 

[ 31 EFPD 
thereafter 

OR 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 

Westinghouse STS 
WCAP-17661-NP-A 

Rev. 4.0 
February 2019 

Revision 1 
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Westinghouse Non-Proprietary Class 3 
. Fa(Z) (RAOC-W(Z) Methodology) 

SURVEILLANCE REQUIREMENTS continued . 

SR 3.2.1.2 

SURVEILLANCE 

-------------------------------NOTE------------------------------
lf measurements indicate that the 

maximum over z [ Fg(Z) / K(Z)] 

has increased since the previous evaluation of 
Fg(Z): · ' 

a. Increase F6' (Z) by the greater of a factor of 
[1.02] or by an appropriate factor specified in 
the COLR and reverify F6' (Z) is within limits or 

b. . Repeat SR 3.2.1.2 once per 7 EFPD until either 
a. above is met or two successive flux maps 
indicate that the 

maximum over z [ Fg (Z) / K(Z) ] 

has not increased . 

Verify F6' (Z) is within limit. 

3.2.18 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL " 
POWER exceed­
ing 75% RTP 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after 
exceeding, by 
~ 10% RTP, the 
THERMAL 
POWER at which 
F6' (Z) was last 
verified 

Rev. 4.0 
February 2019 

Revision 1 
••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS continued 

SURVEILLANCE 

Fa(Z) (RAOC-W(Z) Methodology) 
3.2.18 

FREQUENCY 

[ 31 EFPD 
thereafter 

OR 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 

Westinghouse STS 
WCAP-17661-NP-A 

3.2.18-5 .Rev. 4.0 
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Westinghouse Non-Proprietary Class 3 

Technical Specification 3.2.lC 

Heat Flux Hot Channel Factor Markups 
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Westinghouse Non-Proprietary Class 3 

3.2 POWER DISTRIBUTION LIMITS 

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

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

LCO 3.2.1C F0 (Z), as approximated by F5 (Z) and Fci' (Z), shall be within the limits 
specified in the COLR. 

APPLICABILITY: MODE 1. 

ACTIONS 

CONDITION 

A. ------------NOTE------------ A.1 
Required Action A.4 
shall be completed 
whenever this Condition 
is entered. 

- AND --------------------------------

F5(Z) not within limit. A.2 

AND 

A.3 

AND 

A.4 

REQUIRED ACTION 

Reduce THERMAL 
POWER ~ 1 % RTP for 
each 1% F5(Z) exceeds 
limit. 

Reduce Power Range 
Neutron Flux - High trip 
setpoints ~ 1 % for each 
1 % F5 (Z) exceeds limit. 

Reduce Overpower ti T trip 
setpoints ~ 1 % for each 
1 % F5 (Z) exceeds limit. 

Perform SR 3.2.1.1 and 
SR 3.2.1.2. 

COMPLETION TIME 

15 minutes after each 
Fg(Z) determination 

72 hours after each 
F5(Z) determination 

72 hours after each 
F5(Z) determination 

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

Westinghouse STS 
WCAP-17661-NP-A 

3.2.1C-1 Rev. 4.0 
February 2019 
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ACTIONS (continued) 

CONDITION 

B. ------------NOTE------------ 8.1 
Required Action 8.4 
shall be completed 
whenever this Condition 
is entered. 
-------------------------------- AND 

Fi (Z) not within limits. 8.2 

AND 

8.3 

AND 

8.4 

C. Required Action and C.1 
associated Completion 
Time not met. 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

3.2.1C 

REQUIRED ACTION COMPLETION TIME 

Reduce THERMAL 4 hours 
POWER :.:,; 1 % RTP for 
each 1% Fi (Z) exceeds 
limit. 

Reduce Power Range 72 hours 
Neutron Flux - High trip 
se~oints :.:,; 1 % for each 1 % 
F0 (Z) exceeds limit. 

Reduce Overpower ,1 T trip 72 hours 
setpoints :.:,; 1 % for each 1 % 
Fci" (Z) exceeds limit. 

Perform SR 3.2.1.1 and Prior to increasing 
SR 3.2.1.2. THERMAL POWER 

above the limit of 
Required Action 8.1 

Be in MODE 2. 6 hours 

'-

Westinghouse STS 
WCAP-17661-NP-A 

Rev. 4.0 
February 2019 

Revision 1 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS 

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

-------------------------------------------------------NOTE---------------------------------------------------------
During power escalation at the beginning of each cycle, THERMAL POWER may be increased 
until an equilibrium power level has been achieved, at which a power distribution map is 
obtained. 

SURVEILLANCE 

SR 3.2.1.1 Verify Fg (Z) is within limit. 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

Once within 
[12] hours after 
achieving 

• 

equilibrium • 
conditions after 
exceeding, by 

Westinghouse STS 
WCAP-17661-NP-A 

3.2.1C-3 

~ 10% RTP, the 
THERMAL 
POWER at which 
Fg (Z) was last 
verified 

AND 

[ 31 EFPD 
thereafter 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 

Rev. 4.0 
February 2019 

Revision 1 
*** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 
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Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

3.2.1C 

SURVEILLANCE REQUIREMENTS continued 

SR 3.2.1.2 

SURVEILLANCE 

-------------------------------NO TE------------------------------
lf measurements indicate that the maximum 
over z [ Fg (Z) / K(Z) ] has increased since the 
previous evaluation of Fg (Z): 

a. Increase Fci" (Z) by the greater of a factor of 
[1.02] or by an appropriate factor specified in 
the COLR and reverify Fci" (Z) is within limits or 

b. Repeat SR 3.2.1.2 once per 7 EFPD until either 
a. above is met or two successive flux maps 
indicate that the maximum over z [Fg(Z) / 
K(Z)] has not increased. 

Verify Fci" (Z) is within limit. 

FREQUENCY 

Once after each 
refueling prior to 
THERMAL 
POWER 
exceeding 
75% RTP 

Once within 
[12] hours after 
achieving 
equilibrium 
conditions after 
exceeding, by 
;:: 10% RTP, the 
THERMAL 
POWER at which 
Fci" (Z) was last 
verified 

Westinghouse STS 
WCAP-17661-NP-A 

Rev. 4.0 
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Westinghouse Non-Proprietary Class 3 

SURVEILLANCE REQUIREMENTS continued 

SURVEILLANCE 

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

FREQUENCY 

[31 EFPD 
thereafter 

In accordance 
with the 
Surveillance 
Frequency 
Control Program ] 

Westinghouse STS 
WCAP-17661-NP-A 

3.2.1C-5 Rev. 4.0 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.18 

B 3.2 POWER DISTRIBUTION LIMITS 

B 3.2.1 B Heat Flux Hot Channel Factor (Fa(Z) (RAOC-W(Z) Methodology) 

.BASES 

BACKGROUND The purpose of the limits on the values of Fa(Z) is to limit the local 
(i.e., pellet) peak power density. The value of Fa(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, Fa(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 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 Limits," maintain the core limits on 
power distributions on a continuous basis. 

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

Fa(Z) is measured periodically using the incore 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 F0 (Z). However, because this value 
represents an equilibrium condition, it does not include the variations in 
the value of Fa(Z) which are present during nonequilibrium situations 
such as load following or power ascension. 

To account for these possible variations, the equilibrium value of Fa(Z) is 
adjusted as Ft (Z) by an elevation dependent factor that accounts for the 
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 . 
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BASES 

APPLICABLE 
SAFETY 
ANALYSES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

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

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 DNB 
criterion) that the hot fuel rod in the core does not experience a 
departure from nucleate boiling (DNB) condition, 

I 

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 SOM with the highest worth control rod stuck fully 
withdrawn (Ref. 3). 

Limits on Fa(Z) ensure that the value of the initial total peaking factor 
assumed in the accident analyses remains valid. Other criteria must also 
be met (e.g., maximum cladding oxidation, maximum hydrogen 

• 

generation, coolable geometry, and long term cooling). However, the • 
peak cladding temperature is typically most limiting. 

LCO 

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

Fa(Z) satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii). 

The Heat Flux Hot Channel Factor, Fa(Z), shall be limited by the following 
relationships: 

Fa(Z) s (CFQ / P) K(Z) 

Fa(Z) s (CFQ / 0.5) K(Z) 

for P > 0.5 

for P s 0.5 

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

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

P = THERMAL POWER / RTP 
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BASES 

LCO (continued) 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

For this facility, the actual values of CFQ and K(Z) are given in the COLR; 
however, CFQ is normally a number on the order of [2.32], and K(Z) is a 
function that looks like the one provided in Figure B 3.2.1 B-1. 

For Relaxed Axial Offset Control operation, F0 (Z) is approximated by 
F8 (Z) and Ft (Z). Thus, both F8 (Z) and Ft (Z) must meet the preceding 
limits on F0 (Z). 

An F8(Z) evaluation requires obtaining an incore flux map in MODE 1. 
From the incore flux map results we obtain the measured value ( F~(Z)) of 
F0 (Z). Then, 

F8(Z) = F~(Z) [1.0815] 

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

F5(Z) is an excellent approximation for F0 (Z) when the reactor is at the 
steady state power at which the incore flux map was taken . 

The expression for Ft (Z) is: 

Ft (Z) = F8(Z) W(Z) 

where W(Z) is a cycle dependent function that accounts for power 
distribution transients encountered during normal operation. W(Z) is 
included in the COLR. The F5(Z) is calculated at equilibrium conditions. 

The F0 (Z) limits define limiting values for core power peaking that 
precludes peak cladding temperatures above 2200°F during either a large 
or small break LOCA. 

This LCO requires operation within the bounds assumed in the safety 
analyses. 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 F0 (Z) limits. If F5(Z) cannot be 

maintained within the LCO limits, reduction of the core power is required 
and if Ft (Z) cannot be maintained within the LCO limits, reduction of the 
AFD limits is required. Note that sufficient reduction of the AFD limits will 
also result in a reduction of the core power. 

Violating the LCO limits for F0 (Z) produces unacceptable consequences if 
a design basis event occurs while F0 (Z) is outside its specified limits . 
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Westinghouse Non-Proprietary Class 3 

Revised INSERT #1 for Bases B 3.2.1 B 

The various factors in this expression are defined below: 

FxvM(z) is the measured radial peaking factor at axial location z and is equal to the value of 
F0 M(z)/PM(z), where PM(z) is the measured core average axial power shape. 

[T(z)f0 LR is the cycle and burnup dependent function, specified in the COLR, which accounts for power 
distribution transients encountered during non-equilibrium normal operation. [T(z)f0 LRfunctions are 
specified for each analyzed RAOC operating space (i.e., each unique combination of AFD limits and 
Control Bank Insertion Limits). The [T(z)f0 LR 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 maximum 
values of [T(z)f0 LR_ The [T(z)f0 LR functions also account for the 
following 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)f0 LR functions are normally calculated assumin~ 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)f0 LR values may be generated for a given surveillance core condition. 

P is the THERMAL POWER/ RTP. 

Axv(z) is a cycle, burnup, and power dependent function specified in the COLR or determined at the 
time of the surveillance using an approved 30 core model and the methodology of Reference 6. It 
adjusts the measured FxvM(z) to the reference core conditions assumed in generating the [T(z)f0 LR 
factors. Normally, this reference core condition is HFP, ARO, EQXE. For simplicity, Axv(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 Axv(z) may be used. Sub-factors of 
Axv(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 FxvM(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 FxvM(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, Axv(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 burnup dependent analytical factor specified in the COLR that accounts for potential 
increases in F0w(z) between Surveillances. Rj values are provided for each RAOC operating space. 

-----------------------------------------------RE\/IEWER'S NOTE-----------------------------------------------~-------
WCAP-17661-P-A, "Improved RAOC and CAOC Fa 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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BASES 

APPLICABILITY 

ACTIONS 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

The F0 (Z) limits must be maintained in MODE 1 to prevent core power 
distributions from exceeding the limits 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. 

Reducing THERMAL P~WER by :.?: 1 % RTP for each 1 % by which F8 (Z) 

exceeds its limit, maintains an acceptable absolute power density. F8(Z) 

is F~(Z) multiplied by a factor accounting for manufacturing tolerances 
and measurement uncertainties. F~(Z) is the measured value of F0 (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 F8(Z) and would 
require power reductions within 15 minutes of the F8(Z) determination, if 
necessary to comply with the decreased maximum allowable power level. 
Decreases in F8(Z) would allow increasing the maximum allowable 
power level and increasing power up to this revised limit. 

A reduction of the Power Range Neutron Flux - High trip setpoints by 
:.?: 1 % for each 1 % by which F8(Z) exceeds its 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 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 A.2 may be affected by subsequent determinations of F8(Z) and 
would require Power Range Neutron Flux - High trip setpoint reductions 
within 72 hours of the F8(Z) determination, if necessary to comply with 
the decreased maximum allowable Power Range Neutron Flux - High trip 
setpoints. Decreases in F8(Z) would allow increasing the maximum 
allowable Power Range Neutron Flux - High trip setpoints . 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.18 

ACTIONS (continued) 

Reduction in the Overpower Li T trip setpoints (value of K4) by .:: 1 % for 
each 1 % by which F8(Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action A.1. The maximum allowable 
Overpower Li T trip setpoints initially determined by Required Action A.3 
may be affected by subsequent determinations of F8(Z) and would 
require Overpower LiT trip setpoint reductions within 72 hours of the 
F8(Z) determination, if necessary to comply with the decreased maximum 
allowable Overpower Li T trip setpoints. Decreases in Fg (Z) would allow 

increasing the maximum allowable Overpower LiT trip setpoints. 

A.4 

• 

Verification that F8(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 
TH.ERMAL 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 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 

If it is found that the maximum calculated value of Fa(Z) that can occur 
during normal maneuvers, FJ"' (Z), exceeds its specified limits, there exists 
a potential for F5(Z) to become excessively high if a normal operational 

transient occurs. Reducing the AFD by .:: 1 % for each 1 % by which 
F;f (Z) exceeds its limit within the allowed Completion Time of 4 hours, 

restricts the axial flux distribution such that even if a transient occurred, 
core peaking factors are not exceeded. 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

ACTIONS (continued) 

The implicit assumption is that if W(Z) values were recalculated 
(consistent with the reduced AFD limits), then F8(Z) times the 
recalculated W(Z) values would meet the F0 (Z) limit. Note that complying 
with this action (of reducing AFD limits) may also result in a power 
reduction. Hence the need for Required Actions B.2, B.3 and B.4. 

A reduction of the Power Range Neutron Flux-High trip setpoints by 2: 1 % 
for each 1 % by which the maximum allowable power is reduced, 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 reductior_, in THERMAL 
POWER as a result of reducing AFD limits in accordance with Required 
Action B.1 . 

Reduction in the Overpower Ll T trip setpoints value of Ki by 2: 1 % for each 
1 % by which the maximum allowable power is reduced, 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 as a 
result of reducing AFD limits in accordance with Required Action B.1. 

B.4 

Verification that Ft (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 maximum allowable power limit imposed by Required Action B.1 
ensures that core conditions during operation at higher power levels and 
future operation are consistent with safety analyses assumptions. 

Condition B is modified by a Note that requires Required Action B.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 B.1, even when 
Condition A is exited prior to performing Required Action 8.4. 
Performance of SR 3.2.1.1 and SR 3.2.1.2 are necessary to assure F0 (Z) 
is properly evaluated prior to increasing THERMAL POWER. 

Westinghouse STS 
WCAP-17661-NP-A 

Rev. 4.0 
February 2019 

Revision I 
••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 

8 3.2.18-6 



Westinghouse Non:Proprietary Class 3 

INSERT 2 

If it is found that the maximum calculated value of Fa(Z) that can occur during normal maneuvers, Faw (Z), exceeds its 
specified limits, there exists a potential for F8(Z) to become excessively high if a normal operational transient occurs. As 

discussed above, Required Action B.1.1 requires that a new RAOC operating space be implemented to restore Fa w(Z) to 
within its limits. Required Action B.1.2 requires that SR 3.2.1.1 and SR 3.2.1.2 be performed if control rod motion occurs 
as a result of implementing the new RAOC operating space in accordance with Required Action B.1.1. The performance 
of SR 3.2.1.1 and SR 3.2.1.2 is necessary to assure Fa(Z) is properly evaluated after any rod motion resulting from the 
implementation of a new RAOC operating space in accordance with Required Action B.1.1. 

When Fa w(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. 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 Faw (Z) limit, then Required Action B.2.1 must be entered and 
THERMAL POWER must be limited to less than or equal to 50% RTP 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. 

If the required Faw(z) margin improvement exceeds the margin improvement available from the pre-analyzed THERMAL 
POWER and AFD reductions provided in the COLR, then THERMAL POWER must be further reduced to less than or 
equal to 50% RTP. In this case, reducing THERMAL POWER to less than or equal to 50% RTP will provide additional 
margin in the transient Fa by the required change in THERMAL POWER and the increase in the Fa limit. This will ensure 
that the Fa limit is met during transient operation that may occur at or below 50% RTP. 

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 by Required Action B.2.1 may be affected by subsequent determinations of 
Faw(Z) and would require power reductions within 4 hours of the Fa w(Z) determination, if necessary to comply with the 
decreased THERMAL POWER limit. Decreases in Faw(Z) would allow increasing the THERMAL POWER limit and 
increasing THERMAL POWER up to this revised limit. 

Required Action B.2.1 is modified by a Note that states Required Action B.2.4 shall be completed whenever Required 
Action B.2.1 is performed prior to increasing THERMAL POWER above the limit of Required Action B.2.1. 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 
Fa(Z) is properly evaluated prior to increasing THERMAL POWER. 

If an Fa surveillance is performed at 100% RTP conditions, and both Fa c(Z) and Fa w(Z) exceed their limits, the option to 
reduce the THERMAL POWER limit in accordance with proposed Required Action B.2.1 instead of implementing a new 
operating space in accordance with proposed Required Action B.1, will result in a further power reduction after Required 
Action A.1 has been completed. However, this further power reduction would be permitted to occur over the next 4 hours. 
In the event the evaluated THERMAL POWER reduction in the COLR for proposed Required Action B.2.1 did not result in 
a further power reduction (for example, if both Condition A and Condition B were entered at less than 100% RTP 
conditions), then the THERMAL POWER level established as a result of completing Required Action A.1 will take 

• 

• 

precedence, and will establish the effective operating power level limit for the unit until both Conditions A and B are exited .• 
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Westinghouse Non-Proprietary Class 3 
Fa(Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

ACTIONS (continued) 

SURVEILLANCE 
REQUIREMENTS 

If Required Actions A.1 through A.4 or B.1 through B.4 are 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. 

SR 3.2.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies 
during the first power ascension after a refueling. It states that 
THERMAL POWER may be increased until an equilibrium power level 
has been achieved at which a power distribution map can be obtained. 
This allowance is modified, however, by one of the Frequency conditions 
that requires verification that F8 (Z) and FJJ (Z) are within their specified 

limits after a power rise of more than 10% RTP over the THERMAL 
POWER at which they were last verified to be within specified limits. 
Because Fg(Z) and FJJ (Z) could not have previously been measured in 
this reload core, there is a second Frequency condition, applicable only 
for reload cores, that requires determination of these parameters before 
exceeding 75% RTP. This ensures that some determination of F§(Z) and 
FJJ (Z) are made at a lower power level at which adequate margin is 
available before going to 100% RTP. Also, this Frequency condition, 
together with the Frequency condition requiring verification of F8(Z) and 
FJJ (Z) following a power increase of more than 10%, ensures that they 
are verified as soon as RTP (or any other level for extended operation) is 
achieved. In the absence of these Frequency conditions, it is possible to 
increase power to RTP and operate for 31 days without verification of 
F§(Z) and FJJ (Z). The Frequency condition is not intended to require 
verification of these parameters after every 10% increase in power level 
above the last verification. It only requires verification after a power level 
is achieved for extended operation that is 10% higher than that power at 
which Fa(Z) was last measured . 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.18 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.1 

Verification that F8(Z) is within its specified limits involves 
increasing F~(Z) to allow for manufacturing tolerance and measurement 

uncertainties in order to obtain F8(Z). Specifically, F~(Z) is the 
measured value of F0 (Z) obtained from incore flux map results and 
F8(Z) = F~(Z) [1.0815] (Ref. 4). F8(Z) is then compared to its specified 
limits. 

The limit with which F8(Z) is compared varies inversely with power above 
50% RTP and directly with a function called K(Z) provided in the COLR. 

Performing this Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the F8(Z) limit is met when RTP is achieved, because 
peaking factors generally decrease as power level is increased. 

If THERMAL POWER has been increased by 2: 10% RTP since the last 
determination of F8(Z), another evaluation of this factor is required 

• 

[12] hours after achieving equilibrium conditions at this higher power level • 
(to ensure that F8(Z) values are being reduced sufficiently with power 
increase to stay within the LCO limits). 

[ The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution with core burnup because such changes are slow and well 
controlled when the plant is operated in accordance with the Technical 
Specifications (TS). 

OR 

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

-----------------------------·----REVIEWER'S NOTE----------------------------------
Plants controlling 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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BASES 

. Westinghouse Non-Proprietary Class 3 
F0 (Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.2 

The nuclear design process includes calculations performed to determine 
that the core can be operated within the F0 (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 
maximum peaking factor increase over steady state values, calculated as 
a function of core elevation, Z, is called W(Z). Multiplying the measured 
total peaking factor, F8(Z), by W(Z) gives the maximum Fa(Z) calculated 
to occur in normal operation, Ft (Z). 

The limit with which Ft (Z) is compared varies inversely with power above 
50% RTP and directly with the function K(Z) provided in the COLR. 

The W(Z) curve is provided in the COLR for discrete core elevations. 
Flux map data are typically taken for 30 to 75 core elevations. Ft (Z) 
evaluations are not applicable for the following axial core regions, 
measured in percent of core height: 

a. Lower core region, from Oto 15% inclusive and 

b. Upper core region, from 85 to 100% inclusive. 

The top and bottom 15% of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in 
the safety analyses and because of the difficulty of making a precise. 
measurement in these regions. 

This Surveillance has been modified by a Note that may require that more 
frequent surveillances be performed. If Ft (Z) is evaluated, an evaluation 

of the expression below is required to account for any increase to F[f (Z) 
that may occur and cause the Fa(Z) limit to be exceeded before the next 
required Fa(Z) evaluation. 

If the two most recent F0 (Z) evaluations show an increase in the 
expression maximum over z [ F8(Z) / K(Z) ], it is required to meet the 
F0 (Z) limit with the last Ft (Z) increased by the greater of a factor of 

[1.02] or by an appropriate factor specified in the COLR (Ref. 5) 
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INSERT 3 

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

For RAOC operation, the analytical [T(z)f0
LR functions, specified in the COLR for each RAOC 

operating space, are used together with the measured Fxv(z) values to estimate Fa(z) for non­
equilibrium operation within the RAOC operating space. When the Fxv(z) values are measured at HFP 
ARO conditions (Axv(z) equals 1.0), Faw(z) is given by the following expression: 

, 

Fa w(z) = FxvM(z) [T(z)f0
LR Rj [1.0815] 

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

The [T(z)f0
LR functions quantify these effects for the range of power shapes, control rod insertion, and 

power levels characteristic of the operating space. Multiplying [T(z)f0
LR by the measured full power, 

unrodded FxvM(z) value, and the factor that accounts for manufacturing and measurement uncertainties 
gives Faw(z), the maximum total peaking factor postulated for non-equilibrium RAOC operation. 
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Westinghouse Non-Proprietary Class 3 
Fa(Z) (RAOC-W(Z) Methodology) 

B 3.2.1B 

SURVEILLANCE REQUIREMENTS (continued) 

---------------------------------R.E\/IEWER'S NOTE--------------------------·-------
WCAP-10216-P-A, Rev. 1A, "Relaxation of Constant Axial Offset Control 
and Fa Surveillance Technical Specification," February 1994, 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. 

or to evaluate Fa(Z) more frequently, each 7 EFPD. These alternative 
requirements prevent Fa(Z) from exceeding its limit for any significant 
period of time without detection. 

Performing the Surveillance in. MODE 1 prior to exceeding 75% R.TP 
ensures that the Fa(Z) limit is met when RTP is achieved, because 
peaking factors are generally decreased as power level is increased.· 

Fa(Z) is verified at power levels ~ 10% RTP above the THERMAL 
POWER of its last verification, [12] hours after achieving equilibrium 
conditions to ensure th.at Fa(Z) is within its limit at higher power levels. 

[ The Surveillance Frequency of 31 EFPD is adequate to monitor the 
change of power distribution with core burnup. The Surveillance may be 
done more frequently if required by the results of Fa(Z) evaluations. 

The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution because such a change is sufficiently slow, when the plant is 
operated in accordance with the TS, to preclude adverse peaking factors 
between 31 day surveillances. 

OR 

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

----------~---------------------REVIEWER'S NOTE-----------------------------------
Plants controlling 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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SR 3.2.1.2 requires a Surveillance of Faw (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 Faw(z). Also, 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 Faw(z) limit. This Frequency ensures that verification of Faw(z) is 
performed prior to extended operation at power levels where the maximum permitted 
peak LHR could be challenged by non-equilibrium operation. 

Equilibrium conditions are achieved when.the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. 

I . 

If a previous Surveillance of Fa w(z) was performed at part power conditions, SR 3.2.1.2 
also requires that Faw(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 Fa w(z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achieving equilibrium conditions will provide a 
more accurate measurement of Faw(Z) by allowing sufficient time to achieve equilibrium 
conditions and obtain the power distribution measurement while still requiring 
performance of the surveillance before the fuel becomes sufficiently conditioned such 
that load follow operation can be implemented. 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B3.2.1C 

B 3.2 POWER DISTRIBUTION LIMITS 

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

BASES 

BACKGROUND The purpose of the limits on the values of F0 (Z) is to limit the local 
(i.e., pellet) peak power density. The value of Fa(Z) varies along the axial 
height (Z) of the core. 

F0 (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, Fa(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 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 Limits," maintain the core limits on 
power distributions on a continuous basis. 

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

Fa(Z) is measured periodically using the incore 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 F0 (Z). However, because this value 
represents a equilibrium condition, it does not include the variations in the 
value of F0 (Z) which are present during nonequilibrium situations such as 
load following or power ascension. 

To account for these possible variations, the equilibrium value of F0 (Z) is 
adjusted as F~ (Z) by an elevation dependent factor that accounts for the 
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 . 
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Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

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

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 DNB 
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 SOM with the highest worth control rod stuck fully 
withdrawn (Ref. 3). · 

Limits on Fa(Z) ensure that the value of the initial total peaking factor 
assumed in the accident analyses remains valid. Other criteria must also 
be met (e.g., maximum cladding oxidation, maximum hydrogen 

• 

generation, coolable geometry, and long term cooling). However, the • 
peak cladding temperature is typically most limiting. 

LCO 

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

Fa(Z) satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii). 

The Heat Flux Hot Channel Factor, Fa(Z), shall be limited by the following 
relationships: 

Fa(Z) s ( CFQ/P ) K(Z) 

Fa(Z) s ( CFQ/0.5 ) K(Z) 

for P > 0.5 

for P s 0.5 

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

K(Z) is the normalized Fa(Z) as a furi'~tion of core height 
provided in the COLR, and 

P = THERMAL POWER/RTP 
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LCO (continued) 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

For this facility, the actual values of CFQ and K(Z) are given in the COLR; 
however, CFQ is normally a number on the order of [2.32], and K(Z) is a 
function that looks like the one provided in Figure B 3.2.1 C-1. 

For Constant Axial Offset Control operation, Fa(Z) is approximated by 
F8(Z)and Ft(Z). Thus, both F8(Z) and Ft(Z) must meet the preceding 
limits on Fa(Z). 

An F8(Z) evaluation requires obtaining an incore flux map in MODE 1. 

From the incore flux map results we obtain the measured value ( F~(Z)) of 
Fa(Z). Then, 

F8(Z) = F~(Z) [1.0815] 

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

F8(Z) is an excellent approximation for Fa(Z) when the reactor is at the 

steady state power at which the incore flux map was taken . 

The expression for Ft (Z) is: 

Ft (Z) = F8 (Z) W(Z) 

where W(Z) is a cycle dependent function that accounts for power 
distribution transients encountered during normal operation. W(Z) is 
included in the COLR. The F8(Z) is calculated at equilibrium conditions. 

The Fa(Z) limits define limiting values for core power peaking that 
precludes peak cladding temperatures above 2200°F during either a large 
or small break LOCA. 

This LCO requires operation within the bounds assumed in the safety 
analyses. 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 Fa(Z) limits. If F8(Z) cannot be 
maintained within the LCO limits, reduction of the core power is required. 

Violating the LCO limits for Fa(Z) produces unacceptable consequences if 
a design basis event occurs while Fa(Z) is outside its specified limits . 
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Westinghouse Non-Proprietary Class 3 

Revised INSERT#1 for Bases B 3.2.1C 

[W(z)f0 LR 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)f0 LRfunctions are specified for each analyzed CAOC operating space 
(i.e., each unique combination of AFD band and Control Bank Insertion Limits). The 
[W(z)f0 LR functions account for the limiting non-equilibrium axial power shapes 
postulated to occur during normal operation for each CAOC operating space. Limiting 
power shapes at both full and reduced power operation are considered in determining 
the maximum values of [W(z)f0 LR_ The [W(z)f0 LR 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-equilibrium 
xenon effects. The [W(z)f0 LR functions are normally calculated assuming that the 
Surveillance is performed at the Target Axial Offset core conditions. Surveillance 
specific [W(z)f0 LR values may be generated for a given surveillance core condition. 

P is the THERMAL POWER / RTP. 

A0 (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 FaM(z) to the Target Axial Offset 
core conditions. For simplicity, A0 (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 Aa(z) may be used. 

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

-----------------~-------~-~-~-~-----RE\/IEWER'S I\JOTE--~~----------------------~-~---------------
WCAP-17661-P-A, "Improved RAOC and CAOC Fa 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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BASES 

APPLICABILITY 

ACTIONS 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

The F0 (Z) limits must be maintained in MODE 1 to prevent core power 
distributions from exceeding the limits 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. 

Reducing THERMAL POWER by ~ 1 % RTP for each 1 % by which F8 (Z) 

exceeds its limit, maintains an acceptable absolute power density. F8(Z) 

is F~(Z) multiplied by a factor accounting for manufacturing tolerances 
and measurement uncertainties. F~(Z) is the measured value of F0 (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 F8(Z) and would 
require power reductions within 15 minutes of the F8(Z) determination, if 
necessary to comply with the decreased maximum allowable power level. 
Decreases in F5(Z) would allow increasing the maximum allowable 
power level and increasing power up to this revised limit. 

A reduction of the Power Range Neutron Flux - High trip setpoints by 
~ 1 % for each 1 % by which F5(Z) exceeds its 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 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 A.2 may be affected by subsequent determinations of F8(Z) and 
would require Power Range Neutron Flux - High trip setpoint reductions 
within 72 hours of the F5(Z) determination, if necessary to comply with 
the decreased maximum allowable Power Range Neutron Flux - High trip 
setpoints. Decreases in F8(Z) would allow increasing the maximum 
allowable Power Range Neutron Flux - High trip setpoints . 
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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

Reduction in the Overpower ~ T trip setpoints (value of K4) by .:: 1 % for 
each 1 %. by which F5(Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action A.1. The maximum allowable 
Overpower ~T trip setpoints initially determined by Required Action A.3 
may be affected by subsequent determinations of F8(Z) and would 

require Overpower~ T trip setpoint reductions within 72 hours of the 
F8(Z) determination, if necessary to comply with the decreased maximum 

allowable Overpower ~ T trip setpoints. Decreases in F8 (Z) would allow 

increasing the maximum Overpower~ T trip setpoints. 

A.4 

Verification that F8(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 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 

If it is found that the maximum calculated value of Fa(Z) that can occur 
during normal maneuvers, Fti' (Z), exceeds its specified limits, there exists 

a potential for F8(Z) to become excessively high if a normal operational 
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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

transient occurs. Reducing the THERMAL POWER by ~ 1 % RTP for 
each 1 % by which Ft (Z) exceeds its limit within the allowed Completion 

Time of 4 hours, maintains an acceptable absolute power density such 
that even if a transient occurred, core peaking factors are not exceeded. 

A reduction of the Power Range Neutron Flux-High trip setpoints by~ 1 % 
for each 1 % by which Ft (Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action 8.1 . 

Reduction in the Overpower/),_ T trip setpoints value of Ki by~ 1 % for each 
1 % by which Ft (Z) exceeds its 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 in THERMAL POWER in 
accordance with Required Action B.1. 

Verification that Ft (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 8.1 ensures that core conditions 
during operation at higher power levels and future operation are 
consistent with safety analyses assumptions. 

Condition B is modified by a Note that requires Required Action 8.4 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 8.1, even when 
Condition A is exited prior to performing Required Action 8.4. 
Performance of SR 3.2.1.1 and SR 3.2.1.2 are necessary to assure Fa(Z) 
is properly evaluated prior to increasing THERMAL POWER. 
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Westinghouse Non-Proprietary Class 3 

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 [W(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 

If it is found that the maximum calculated value of Fa(Z) that can occur during normal 
maneuvers, Faw(Z), exceeds its specified limits, there exists a potential for F8(Z) to 
become excessively high if a normal operational transient occurs. As discussed above, 
Required Action B.1.1 requires that a new CAOC operating space be implemented to 
restore Faw(Z) to within.its limits. Required Action B.1.2 requires that SR 3.2.1.1 and SR 
3.2.1.2 be performed if control rod motion occurs as a result of implementing the new 
CAOC operating space in accordance with Required Action B.1.1. The performance of 
SR 3.2.1.1 and SR 3.2.1.2 is necessary to assure F0(Z) is properly evaluated after any 
rod motion resulting from the implementation of a new CAOC operating space in 
accordance with Required Action B.1.1. 

When Faw(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 
RA TED 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 Faw(z) limit, the THERMAL POWER must be limited to less than or equal 
to 50% RTP. This mainta.ins an acceptable absolute power density relative to the 
maximum power density value assumed in the safety analyses. 

If the required Faw(z) margin improvement exceeds the margin improvement available 
from the pre-analyzed THERMAL POWER and AFD reductions provided in the COLR, 
then THERMAL POWER must be further reduced to less than or equal to 50% RTP. In 
this case, reducing THERMAL POWER to less than or equal to 50% RTP will provide 
additional margin in the transient Fa by the required change in THERMAL POWER and 
the increase in the Fa limit. This will ensure that the Fa limit is met during transient 
operation that may occur at or below 50% RTP. 
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Westinghouse Non-Proprietary Class 3 

INSERT 3 (continued) 

The Completion Time of 4 ~ours 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 Faw(z) and would require 
power reductions within 4 hours of the Faw(z) determination, if necessary to comply with 
the decreased THERMAL POWER limit. Decreases in Faw(z) would allow increasing 
the THERMAL POWER limit aod increasing THERMAL POWER up to this revised limit. 

Required Action B.2.1 is modified by a Note that states Required Action B.2.4 shall be 
completed whenever Required Action B.2.1 is performed prior to increasing THERMAL 
POWER above the limit of Required Action B.2.1. 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 Fa(Z) is properly 
evaluated prior to increasing THERMAL POWER. 

If an Fa surveillance is performed at 100% RTP conditions, and both F0 c(Z) and Faw(Z) 
exceed their limits, the option to reduce the THERMAL POWER limit in accordance with 
proposed Required Action B.2.1 instead of implementing a new operating space in 
accordance with proposed Required Action B.1, will result in a further power reduction 
after Required Action A.1 has been completed. However, this further power reduction 
would be permitted to occur over the next 4 hours. In the event the evaluated THERMAL 
POWER reduction in the COLR for proposed Required Action B.2.1 did not result in a 
further power reduction (for example, if both Condition A and Condition B were entered 
at less than 100% RTP conditions), then the THERMAL POWER level established as a 
result of completing Required Action A.1 will take precedence, and will establish the 
effective operating power level limit for the unit until both Conditions A and B are exited . 
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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

ACTIONS (continued) 

SURVEILLANCE 
REQUIREMENTS 

If Required Actions A.1 through A.4 or B.1 through B.4 are 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 witho.ut challenging plant 
systems. 

SR 3.2.1.1 and SR 3.2.1.2 are modified by a Note. The Note applies 
during the first power ascension after a refueling. It states that 
THERMAL POWER may be increased until an equilibrium power level 
has been achieved at which a power distribution map can be obtained. 
This allowance is modified, however, by one of the Frequency conditions 
that requires verification that F8 (Z) and Fcf (Z) are within their specified 
limits after a power rise of more than 10% RTP over the THERMAL 
POWER at which they were last verified to be within specified limits. 
Because F8(Z) and Fcf (Z) could not have previously been measured in 
this reload co~e. there is a second Frequency condition, applicable only 
for reload cores, that requires determination of these parameters before 
exceeding 75% RTP .. This ensures that some determination of F8(Z) and 

Fcf (Z) are made at a lower power level at which adequate margin is 
available before going to 100% RTP. Also, this Frequency condition, 
together with the Frequency condition requiring verification of F8(Z) and 
Fcf(Z) following a power increase of more than 10%, ensures that they 
are verified as soon as RTP (or any other level for extended operation) is 
achieved. In the absence of these Frequency conditions, it is possible to 
increase power to RTP and operate for 31 days without verification of 
F8(Z) and Fcf (Z). The Frequency condition is not intended to require 
verification of these parameters after every 10% increase in power level 
above the last verification. It only requires verification after a power level 
is achieved for extended operation that is 10% higher than that power at 
which Fa(Z) was last measured. -· 
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BASES 

Westinghouse Non-Proprietary Class 3 
Fa(Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMENTS (continued) 

SR 3.2.1.1 

Verification that F8(Z) is within its specified limits involves increasing 
F~(Z) to allow for manufacturing tolerance and measurement 

uncertainties in order to obtain F8(Z). Specifically, F~(Z) is the 
measured value of Fa(Z) obtained from incore flux map results and 
F8(Z) = F~(Z) [1.0815] (Ref. 4). F8(Z) is then compared to its specified 

limits. 

The limit with which F8(Z) is compared varies inversely with power above 
50% RTP and directly with a function called K(Z) provided in the COLR. 

Performing this Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the Fg(Z) limit is met when RTP is achieved, because 
peaking factors generally decrease as power level is increased. 

If THERMAL POWER has been increased by ~ 10% RTP since the last 
determination of F8(Z), another evaluation of this factor is required 
[12] hours after achieving equilibrium conditions at this higher power level 
(to ensure that F8(Z) values are being reduced sufficiently with power 
increase to stay within the LCO limits). 

[ The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution with core burnup because such changes are slow and well 
controlled when the plant is operated in accordance with the Technical 
Specifications (TS). 

OR 

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

-----------------------------------REVIEWER'S NOTE----------------------------------
P lants controlling 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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BASES 

Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMl;:NTS (continued) 

SR 3.2.1.2 

The nuclear design process includes calculations performed to determine 
that the core can be operated within the Fa(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 
maximum peaking factor increase over steady state values, calculated as 
a function of core elevation, Z, is called W(Z). Multiplying the measured 
total peaking factor, Fg(Z), by W(Z) gives the maximum Fa(Z) calculated 
to occur in normal operation, F~ (Z). 

The limit with which F~ (Z) is compared varies inversely with power above 
50% RTP and directly with the function K(Z) provided in the COLR. 

The W(Z) curve is provided in the COLR for discrete core elevations. 
Flux map data are typically taken for 30 to 75 core elevations. F~ (Z) 
evaluations are not applicable for the following axial core regions, 
measured in percent of core height: 

a. Lower core region·, from O to 15% inclusive and 

b. Upper core region, from 85 to 100% inclusive. 

The top and bottom 15% of the core are excluded from the evaluation 
because of the low probability that these regions would be more limiting in 
the safety analyses and because of the difficulty of making a precise 
measurement in these regions. 

This Surveillance has been modified by a Note that may require that more 
frequent surveillances be performed. If F~ (Z) is evaluated, an evaluation 

of the expression below is required to account for any increase to F~ (Z) 
that may occur and cause the Fa(Z) limit to be exceeded before the next 
required Fa(Z) evaluation. 

If the two most recent Fa(Z) evaluations show an increase in the 
expres?ion 

maximum over z [Fg(Z) /K(Z)], 

it is required to meet the Fa(Z) limit with the last F~ (Z) increased by the 

• 

• 

greater of a factor of [1.02] or by an appropriate factor specified in the • 
COLR (Ref. 5) 
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Westinghouse Non-Proprietary Class 3 
F0 (Z) (CAOC-W(Z) Methodology) 

B 3.2.1C 

SURVEILLANCE REQUIREMENTS (continued) 

-----------------------------------REVIEWER'S NOTE-----------------------------·----
WCAP-10216-P-A, Rev. 1 A, Relaxation of Constant Axial Offset Control 
and Fa Surveillance Technical Specification, February 1994, 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. 

or to evaluate Fa(Z) more frequently, each 7 EFPD. These alternative 
requirements prevent Fa(Z) from exceeding its limit for any significant 
period of time without detection. 

Performing the Surveillance in MODE 1 prior to exceeding 75% RTP 
ensures that the Fa(Z) limit is met when RTP is achieved, because 
peaking factors are generally decreased as power level is increased. 

F0 (Z) is verified at power levels ~ 10% RTP above the THERMAL 
POWER of its last verification, [12] hours after achieving equilibrium 

· conditions to ensure that Fa(Z) is within its limit at higher power levels . 

[ The Surveillance Frequency of 31 EFPD is adequate to monitor the 
change of power distribution with core burnup. The Surveillance may be 
done more frequently if required by the results of F0 (2) evaluations. 

The Frequency of 31 EFPD is adequate to monitor the change of power 
distribution because such a change is sufficiently slow, when the plant is 
operated in accordance with the TS, to preclude adverse peaking factors 
between 31 day surveillances. 

OR 

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

-----------------------------------REVIEWER'S NOTE----------------------------------
Plants controlling 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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INSERT 4 

SR 3.2.1.2 requires a Surveillance of Faw(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 Faw(z); Also, 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 Faw(z) limit. This Frequency ensures that verification of Faw(z) is 
performed prior to extended operation at power levels where the maximum permitted 
peak LHR could be challenged by non-equilibrium operation. 

Equilibrium conditions are achieved when the core is sufficiently stable at the intended 
operating conditions required to perform the Surveillance. 

If a previous Surveillance of Faw(z) was performed at part power conditions, SR 3.2.1.2 
also requires that Faw(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 Fa w(z) is within its limit using radial peaking factors measured at the 
higher power level. 

The allowance of up to 24 hours after achieving equilibrium conditions will provide a 
more accurate measurement of Faw(Z) by allowing sufficient time to achieve equilibrium 
conditions and obtain the power distribution measurement while still requiring 
performance of the surveillance before the fuel becomes sufficiently conditioned such 
that load follow operation can be implemented. 
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In addition to these difficulties with the F0 Surveillance formulation, there is an important shortcoming 
with the RAOC F O Surveillance (TS) itself. Required Action B. l in the RAOC TS 3 .2. IB (Reference 1) 
requires a reduction in the AFD envelope by~ I% for each I% that F0(z) exceeds its limit. This Required 
Action, however, does not adequately restore F0 margin in all circumstances. [ 

To briefly summarize, there are two primary issues with the current RAOC F0 Surveillance formulation 
and TS 3.2.lB (Reference 1): 

1. Sensitivity of the fonnulation to the differences between the measured and predicted surveillance 
power shapes at both nominal and part power conditions 

2. Potential non-conservatisms in the AFD reduction required action 

In the improved RAOC F0 Surveillance fommlation and TS, these issues are addressed as follows: 

Instead of the requiring measurement of the F0(z) for RAOC plants, the improved fonnulation will 
require measurement ofFA'Y(z). These measured peaking factors are then multiplied by factors that 
characterize the maximum transient P(z) values postulated to occur during non-equilibrium operation. 
P(z) is the core average axial power shape. This formulation essentially eliminates the sensitivity of the 
surveillance to the surveillance axial power shape, but retains the essential feature of incorporating the 
measured radial peaking factors into the surveillance F0(z) values. 

This new fonnulation will also improve the accuracy of part-power surveillances. The improved F0 

Technical Specification, however, also revises the Frequencies of the TS by requiring that the first F0 
Surveillance following a refueling must be performed after ttehieviHg ectttilibriuni eoftditioas ttt tt ]90Vver 
g-Tettter Hifffl 75% ofRTP. ~ 

Finally, the improved RAOC F0 Surveillance TS incorporates the concept ofRAOC operating spaces. A 
RAOC operating space (ROS) is a unique combination of Control Bank Insertion Limits and AFD limits. 
In the improved F0 TS, transient surveillance factors are pre-calculated for multiple RAOC operating 
space assumptions. The RAOC operating spaces are specified in the Core Operating Limits Report 
(COLR). If the F0 limit is exceeded during a surveillance, a more restrictive RAOC operating space is 
implemented that provides the required additional F0 margin for future operation. In the unlikely event 
that no RAOC operating space provides the required margin improvement, then thennal power limits and 
AFD reductions specified in the COLR must be implemented. 

While the current F0 Surveillance formulation works well for CAOC plants, a minor revision is made to 
this formulation to permit adjustment of the surveillance to the target axial offset (AO) core conditions. 
Also, the improved CAOC F0 Surveillance TS incorporates the concept of operating spaces. The current 

CAOC F O Surveillance TS requires a power level reduction if the F O limit is exceeded. The improved F 0 
TS provides the option of implementing a more restrictive CAOC operating space, which is defined as a 
unique combination of AFD band and Control Bank Insertion Limits. The CAOC operating spaces are 
specified in the COLR. The appendices provide the new RAOC and CAOC F0 Surveillance Technical 
Specifications and Bases as well as sample COLRs. 
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resulting from non-equilibrium operation. In the new fonnulation, the radial Fxy(z) peaking factors are • 
measured and multiplied by the T(z) factors to obtain the "measured" FQ w(z), which is the transient FQ(z). 
The measured steady-state axial power shape is not used in the surveillance, nor is the predicted 
surveillance axial power shape. This new formulation will also improve the accuracy of part-power 
surveillances since the surveillance axial power shape is not used to determine the measured transient 
FQ(z). Use of the surveillance axial power shape in the part-power transient FQ(z) measurement is a m~jor 
source of the "over-measurement" that can lead to anomalous reductions in transient FQ margin for 
part-power surveillances. 

To address the non-conservatism in Required Action B.1, the improved RAOC FQ Technical Specification 
is structured to permit multiple RAOC operating spaces to be defined in the COLR The COLR will 
include T(z) functions for each RAOC operating space, which is defined as a unique combination of 
AFD limits and control bank insertion limits. If the plant measures a transient FQ violation, then a more 
restrictive RAOC operating space can be selected from the COLR that provides the required margin for 
future non-equilibrium operation. This retains the feature of using anAFD reduction to gain margin, but 
in a manner that ensures that appropriate margin is recovered. If none of the RAOC operating spaces 
included in the COLR provides the required margin, then limits on thermal power and AFD must be 
implemented. These limits are specified in the COLR. The analysis methods used to determine the T(z) 
values are described in this report as are the methods used to determine the limits on thermal power and 
AFD. 

The new RAOC FQ Surveillance Technical Specification also improves and clarifies the Surveillance 
Requirements. Following a refueling, the improved FQ Technical Specification requires a surveillance of 
the current FQ(z), FQ c(z), prior to exceeding 75% RTP. The first surveillance ofFQ w(z), however, is not 
required until equilibriwn conditions are established after 75% RTP is exceeded. The current FQ TS 
specifies that the first surveillance of FQ w(z) should occur prior to exceeding 75% RTP. Also, the rigor of 
accounting for transient peaking factor increases between surveillances is improved in the new Technical 
Specification by tying the application of the penalty factor that accounts for the peaking factor increase 
between surveillances directly to predicted FQ w(z) margin reductions for operation during the next 
surveillance interval (31 EFPD). The current FQ specification requires application of the penalty factor 
only if FQ c(z)/K(z) has increased over the previous surveillance interval, where K(z) is the axial shape 
function for the FQ(z) limit. Consequently, the improved FQ TS will better account for the expected future 
margin trend. 

The new version of the CAOC FQ Surveillance Technical Specification improves the specification by 
providing an alternative to a power reduction when the transient FQ limit is exceeded. The current 
Required Action B .1 of Technical Specification 3 .2.1 C (Reference 1) requires a ~ 1 % power reduction for 
each 1 % that F Q w (z) exceeds its limit. In the new version of the CAOC FQ Surveillance Technical 
Specification, a more restrictive CAOC operating space may be implemented instead of a power 
reduction. A CAOC operating space is a unique combination of CAOC AFD band limits and control bank 
insertion limits. The COLR will include pre-analyzed CAOC operating spaces representing successively 
more restrictive-operating spaces that provide commensurate improvements in FQ margin for 
non-equilibrium operation. 

• 

If none of the CAOC operating spaces included in the COLR provides the required margin, new Required • 
Action B.2.1 requires limiting the core thermal power to less than the RTP. The magnitude of the required 
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The first Frequency for SR 3.2.1.2 will be changed to state that FQ w(z) must be verified to be within its 
limit following each refueling within 24 hours after achieving equilibrium conditions after thermal power 
exceeds 75% RTP. Some plant Technical Specifications have this Frequency in their TS (specifying 
12 hours instead of 24 hours). This change is justified since initial startups following a refueling are slow 
and tightly controlled due to startup ramp rate limitations and fuel conditioning requirements. 
Consequently, the initial startup following a refueling will not result in non-equilibrium power shapes that 
could challenge the FQ w(z) limit. Also, core power distribution measurements taken at low powers 
(<50% RTP) to confirm that the core is loaded properly will provide ample indication that the core is 
operating consistent with expectations. The new Frequency will ensure that verification ofFQ w(z) is 
performed within a reasonable time period and prior to extended non-equilibrium operation at power 
levels where the maximum permitted peak linear heat rate could potentially be challenged. Power levels 
of~ 75% RTP are non-limiting for minimum transient FQ w(z) margin. Furthermore, as discussed in the 
previous section, surveillances at low power levels can be challenging with respect to obtaining an 
accurate transient FQ margin assessment. Performing this initial verification after exceeding 75% power 
ensures that the surveillance will be performed with more appropriate steady state peaking factors 
measured at or near the power level where future non-equilibrium operation could be limiting. If the 
surveillance indicates that future non-equilibrium operation could challenge the limit, the Required 
Actions in the improved FQ TS will provide appropriate compensatory measures to ensure that the LCO 
will be met during such operation. 

The second Frequency will be modified in the same ways as SR 3.2.1.1. In the improved FQ TS, it will 
require verification of F Q w (z) within 24 hours ( instead of 12 hours) after achieving equilibrium conditions 
after exceeding, by~ 10% RTP, the THERMAL POWER at which FQ w(z) was last verified. As with 
SR 3.2.1.1, this Frequency of 24 hours is contained in some plant Technical Specifications. The 
Frequency of24 hours is a reasonable time period in which to confirm that FQ w(z) is within its limits 
given the extremely small likelihood of limiting power shapes or limiting design basis events occurring 
prior to completion of the surveillance. 

The second area for improvement of SR 3.2.1.2 concerns the note modifying SR 3.2.1.2. This note states 
the following: 

"If measurements indicate that the maximum over z [FQ c(z) / K(z)] has increased since the previous 
evaluation ofFQ c(z): 

a. Increase FQ w (z) by the greater of a factor of [1.02] or by an appropriate factor specified in 
the COLR and reverify FQ w(z) is within limits or 

b. Repeat SR 3.2.1.2 once per 7 EFPD until either a. above is met or two successive flux 
maps indicate that the maximmn over z [FQ c(z) / K(z)] has not increased." 

The intent of this note in the current FQ TS is to account for potential increases in FQ w(z) between 
surveillances. It requires application of the greater of a 1.02 factor or a factor specified in the COLR (see 
Reference 5) whenever measurements indicate that the maximum value of FQc(z)/K(z) has increased. 
Alternatively, SR 3 .2.1.2 must be repeated once per 7 EFPD until FQ w (z) is within limits with the penalty 
factor applied or two successive flux maps indicate that FQ c(z)/K(z) has not increased . 
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d. In accordance with the Surveillance Frequency Control Program. 

These Frequencies permit power escalation following a refueling to no more than 75% RTP prior to 
performance of the first verification ofFQ c(z). They also require '{erification following large power level 
increases and periodically throughout the operating cycle. Together, these three Frequencies are 
unambiguous and appropriately verify FQ \z) during the initial power escalation and throughout the entire 
operating cycle until the next refueling outage. As discussed in subsection 3.2.4, the note modifying 
SR 3.2.1.1 has been eliminated. Also, the second Frequency has been increased from 12 to 24 hours. This 
Frequency of 24 hours is contained in some plant Technical Specifications and is a reasonable time period 
in which to perform this verification given the extremely small likelihood of limiting power shapes or 
limiting design basis events occurring prior to completion of the surveillance. 

5.5 SURVEILLANCE REQUIREMENTS FOR F Q w (Z) 

SR 3.2.1.2 requires verification that FQ w(z) is within its limit. This is unchanged in the improved FQ TS. 
As discussed in subsection 3.2.5, however, the Frequencies for SR 3.2.1.2 are changed relative to the 
current FQ TS. The new Frequencies for SR 3.2.1.2 specify that FQ w (z) must be verified to be within its 
limit as follows: 

a. Once after each refueling within 24 hours after achieving equilibrium conditions after 
THERMAL POWER exceeds 75% RTP; and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by~ I 0% 
RTP, the TijERMAL POWER at which FQ w(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

The Frequencies in a. and b. are changed relative to the current FQ TS. 

In the current FQ TS Frequency, the initial verification ofFQ w(z) following a refueling must occur prior to 
exceeding 75% power. In the improved FQ TS, the initial verification must occur within 24 hours after 
achieving equilibrium after THERMAL POWER exceeds 75% RTP. This Frequency is contained in some 
plant Technical Specifications with 12 hours specified instead of 24 hours. 

As discussed briefly in subsection 3.2.5, this change is justified for the following reasons: 

1. Initial startups following a refueling are slow and tightly controlled due to startup ramp rate 
limitations and fuel conditioning requirements. Consequently, the initial startup following a 
refueling will not result in non-equilibrium power shapes that could challenge the F0 w(z) limit. 

2. Core power distribution measurements and physics testing performed at low powers ( <50% RTP) 
confirm that the core is loaded properly and provide assurance that the core is operating 
consistent with expectations. 
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Surveillances at low power levels can be challenging with respect to obtaining an accurate 
transient FQ margin assessment. This was discussed in Section 3.1. The improved FQ Surveillance 
formulation for RAOC plants mitigates this concern to some extent by largely eliminating 
sensitivity to ~AO. Performing this initial verification after exceeding 75% power, however, 
ensures that the surveillance will be performed with appropriate steady state peaking factors 
measured at or near the power level and core conditions where future non-equilibrium operation 
has the potential for challenging fuel limits. 

Power levels of :S75% RTP are typically non-limiting for minimum transient FQ w(z) margin because of 
the increase in the FQ limit with reduced power. The new Frequency will ensure that verification of FQ w(z) 

is performed prior to extended non-equilibrium operation at power levels where the maximum pennitted 

peak linear heat rate could be challenged. If the surveillance indicates that future non-equilibrium 
operation could challenge the limit, the Required Actions in the improved FQ TS will provide appropriate 
compensatory measures to ensure that the LCO will be met during such operation. 

The second Frequency was increased from 12 to 24 hours consistent with the change made to SR 3 .2.1.1. 
Again, this Frequency is contained in some plant Technical Specifications. 

As discussed in subsection 3.2.5, the note modifying SR 3.2.1.2 has been eliminated. The intent of this 
note in the current FQ TS is to account for potential increases in FQ w (z) between surveillances, which 

could be a month apart if the core is operating at RTP. It requires application of the greater of a 1.02 factor 
or a factor specified in the COLR whenever measurements indicate that the maximum value of 
FQ c(z)/K(z) has increased. Alternatively, SR 3.2.1.2 must be repeated once per 7 EFPD until FQ w(z) is 
within limits with the penalty factor applied or two successive flux maps indicate that FQ c(z)/K(z) has not 
increased. 

In the improved F Q TS, the required penalty factor, Ri, is always applied, regardless of the trend in 
previous measurements. The Ri penalty factor is now simply part of the definition ofFQ w(z) (see 
expressions (5-1) and (5-2)) and is determined in the same manner as for the current FQ TS (Reference 5). 
The COLR will provide the required penalty factors as a function of cycle burnup. Required penalty 
factors will be provided for each ROS. When margin is predicted to increase in the upcoming operating 
period, the COLR will indicate a penalty factor of 1.0, i.e., no penalty. A penalty factor greater than 1.0 
will be required whenever the minimum margin to the FQ w(z) limit is predicted to decrease in the 
upcoming period. 

In the current FQ TS, the application of the penalty factor for the next operating period is predicated upon 
an increase in the measured value of FQ c(z)/K(z) over the previous operating period .. While a change in 
measured FQ c(z)/K(z) is a good figure of merit for margin changes, the improved FQ TS is more 

appropriate and rigorous since future decreases in margin are the relevant concern and are directly 
employed in determining whether a penalty is necessary. This avoids any lag in the application of the 
penalty factor caused by the requirement for two successive measurements, which could be a month or 
more apart, to indicate a decrease in margin. Therefore, the revised note will better capture the expected 
trend of the margin based on predictions. By eliminating the note, however, the option to perform more 
frequent surveillances in lieu of applying the penalty factor is also eliminated. It will be necessary to 

demonstrate that the LCO is met with the COLR Ri factor applied. If the LCO is not met, then the 
Required Actions must be performed to restore margin. The current FQ TS, requires a minimum penalty of 
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Actions B.2.2 and B.2.3 are consistent with the current FQ TS and the improved RAOC FQ TS whenever a • 
reduction in the maximum allowable power is specified. They are conservative measures that provide 
protection against the consequences of Condition II transients in light of the larger local peaking factors 
that caused FQ w (z) to exceed its limit. Required Acti~n B.2.4 is essentially the same as in the current FQ 
TS except that the Completion Time has been specifically tied to Required Action B.2.1, which specifies 
the required limit on thermal power. 

The Required Action for Condition C, "Required Action and Completion Time not met," is unchanged in 
the improved CAOC Fci TS. The Required Action is to be in MODE 2 within 6 hours. 

8.4 SURVEILLANCE REQUIREMENTS FOR FQ c(Z) 

The Surveillance Requirements for FQ c(z) for the improved CAOC FQ TS are the same as for the 
improved RAOC FQ TS. SR 3.2.1.1 requires verification that FQ c(z) is within its limit, and the current 
Frequencies for SR 3 .2.1.1 specify that FQ c(z) must be verified to be within its limit as follows: 

a. Once after each refueling prior to THERMAL POWER exceeding 75% RTP; and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by 2:: 10% 
RTP, the THERMAL POWER at which FQ c(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

These Frequencies were briefly discussed in Section 5.4 for the improved RAOC FQ TS. 

8.5 SURVEILLANCE REQUIREMENTS FOR FQ w(Z) 

The Surveillance Requirements for FQ w(z) for the improved CAOC FQ TS are the same as for the 
improved RAOC FQ TS. These new Frequencies for SR 3.2.1.2 specify that FQ w(z) must be verified to be 
within its limit as follows: 

a. Once after each refueling within 24 hours after achieving equilibrium conditions after 
THERMAL POWER exceeds 75% RTP; and 

b. Once within 24 hours after achieving equilibrium conditions after exceeding, by 2:: 10% 
RTP, the THERMAL POWER at which FQ w(z) was last verified; and 

c. 31 EFPD thereafter; or 

d. In accordance with the Surveillance Frequency Control Program. 

• 

The discussion provided in Section 5.5 for the improved RAOC FQ TS applies to the improved CAOC FQ 
TS, including the calculation and application of the Rj margin decrease factors. Refer to Section 5.5 for 
details on these factors. • 
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implemented for future operation that provides the required additional transient FQ margin. In the unlikely 
event that no RAOC operating space provides the required margin improvement, then thermal power and 
AFD restrictions defined in the COLR are required. 

The improved CAOC FQ Surveillance TS also incorporates the concept of operating spaces. The current 
CAOC FQ Surveillance TS requires a power level reduction if the FQ limit is exceeded. The improved FQ 
TS provides the option of implementing a more restrictive CAOC operating space, which is defined as a 
unique combination of AFD band and Control Bank Insertion Limits. As in the improved RAOC FQ 
Surveillance TS, the CAOC operating spaces are specified in the COLR. 

Both the improved RAOC and CAOC FQ Surveillance TSs modify the surveillance Frequencies of the TS 
by requiring that the first surveillance ofFQ w(z) following a refueling be performed after achieving 
equilibrium conditions above 75% RTP. Performing this initial verification after exceeding 75% RTP 
ensures that the surveillance will be performed with the more appropriate steady state peaking factors 
measured at or near the power level where future non-equilibrium operation could be limiting. If the 
surveillance indicates that future non-equilibrium operation could challenge the limit, the Required 
Actions in the improved FQ TS will provide appropriate compensatory measures to ensure that the LCO 
will be met during such operation. 

Finally, a minor improvement was made to the manner in which potential decreases in the transient FQ 
margin between surveillances are addressed. In the improved FQ TS, application of an FQ w(z) penalty 
factor included in the COLR will be required regardless of the previous measurement trend. When margin 
is predicted to decrease, the COLR will indicate a penalty factor that is greater than 1.0. If margin is 
predicted to increase, no penalty is required (the COLR penalty factor is 1.0). Thus, the application of the 
penalty factor is tied to a predicted decrease in the actual transient FQ margin in the upcoming 
surveillance period rather than an increase in the measured value ofFQ c(z)/K(z) over the previous 
surveillance period. This is more appropriate and rigorous since future decreases in margin are the 
relevant concern. 

It is anticipated that implementation of these new formulations and TSs will lead to more accurate 
transient F Q margin assessments and more appropriate compensatory measures in the unlikely event that 
limits are exceeded . 
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ln addition; there is a NOTE which modifies the SR as follows: 

"If measurements indicate that the maximum over Z £F8 (Z)/K(Z)] has increased since 

the previous evaluation of F8 (Z): 

(1) Increase Ff (Z) by the greater of a factor of [1.02] or by an appropriate factor 

specified in the COLR and reverify Ff (Z) is within limits or 

(2) Rep?at SR 3.2.1.2 once per 7 EFPD until either a., above, is met, or two 

successive flux maps indicate that the maximum over Z [Fg (Z)/K(Z)] has not 

increased." 

The revised SR 3.2.1.2 modifies fhe first and second Freql!ency (items ( 1) and (2) above) and 
eliminates the NOTE. 

The first Frequency is modified to be conducted following each refueling within [24] hours after 

thermal·power exceeds 75 percent RTP.5 This change is justified based on multiple reasons: 

• lnifa1I startups are not expected to result in non-equilibrium power shapes that 

could challenge the Fij' (Z) limit since iniUal startups are slow and are generally 

tightly controlled due to startup ramp rate limitations and fuel conditioning 
requirements . 

• Core power distribution measurements taken at low power ( <50 percent RTP) to 
confirm that the core is loade.d properly will provide ample indications that the 
core is operating consistent with the expectations. · 

• Surveillances performed at low power levels can be challenging with respect to 
obtaining an accurate transient Fa margin assessment. Performing this initial 
verification after exceeding 75 percent RTP will ensure that the surveillance will 
be performed with more appropria~e steady state peaking factors measured at or 

near the power level where future non-equilibrium conditions could be limiting. 

• Power levels qf:::: 75 percent RTP are non-limiting for minimum transient Fij' (Z) 

margin. Performing the surveillance within 24 hours after thermal power exceeds 
75 percent RTP will assure verification prior to extended non-equilibrium 
operation at power levels where the maximum permitted peak linear heat rate 
could potentially be challenged. 

The second Frequency is modified in the same way as SR 3.2.1.1 discussed earlier. It is 

proposed to require verificcltion of Ff (Z) within 24 hours (instead of 12 hours) after achieving 

the equilibrium conditions after exceeding, by~ 10 percent RTP, the THERMAL POWER at 

which Fij' (Z) was last verified. The Frequency of 24 hours is considered a reasonaple tirne 
period in which to confirm that Fl{ (Z) is within its limits given the extremely small likelihood of 

5 In Reference 7, a final modification was made to ttiis Frequency to eliminate the italicized portion of the 

• phrase " ... within [24) hours after achieving equilibrium conditions after thermal power, .. " 
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The TR Introduces the Axv(Z) and Aa(Z) factors defined in Equations (6) and (8), respectively, to 
adjust for a change in radial peaking factor due to. difference in power level and control rod 
insertion relative to the reference core condition. In practice, the Axv(Z) and Aa(Z) factors allow 
for a slight adjustment, usually a reductjori, in the calculated Faw(z), When the Faw(Z) 
surveillance is conducted { }. 
This factor is evaluated in detail in Section 4.1.1 of this SE. 

The use of the measured Fxv(Z) rather than Fa(Z)is an important part of the new RAOC 
formalism. Examples of measurements from different reactors are shown in WCAP-17661 and 
~!though measurement of Fxv(Z) can be problematic in planes where grids reside, this is not an 
issue, becaµse grid plane regions are·excluded from surveillance as noted below. Se.clion 4.4 
ofWCAP-17661 notes that the regions where there are measurement exclusions continue to 
be: 

• Lower core region, geherally6 from O percent to 15 percent inclusive 
• Upper core region, generally7 from 85 percent to 100 percent inclusive 
• Grid plane regions, ±2 percent inclusive 
, Core plane regions. within ±2 percent of the bank demand position of the· control 

banks 

The use of the uncertainty factor UF to accountfor both·measuremerit and fuel manufacturing 
uncertainties was questioned (RAI No. 4) as it was not clear: why a man!,lfacturing uncertainty • 
was needed. The RAI also questioned how the uncertainty in T(Z) was taken into account. The -
response to the RAI explains that the ·uncertainties used arEl coriservative .. The manufacturing 
(or engineering) uncertainty was originally introduced because the "measured" Fa(Z) in the 
formulation is a pin (Le., fuel rod) power .whereas the ·actu~l..measurementis a fuel assembly 
power. The fuel manufacturing uncertainty is needed. to accountfor pin-to-asse111bly factors7 

that compensate for this difference, Since the measurement already accounts for actual, 
as~manufactured conditions, this is not important. Furthermore, sincei the definition of th~ T(Z) 
factor is based on bounding calculations, jt is not necessary to introduce ad~itional uncertainty 
for this factor. Hence: it is concluded that tlie approacJ, to uncertainty in the improved 
methodology is sufficiently conservative. · 

The last factor in Equation ( 4) is a penalty that is related to the elimination of the NOTE'. for 
SR 3.2.1 .2. The NOTE (see also Section 4.4} required certain actions take place when the 
maximum over Z ofF§:(Z)/K(ZJ8 increased rellative t9 the previous surveillance. The concern at 
me introduction of this requirement Was deviations between measured and predicted steady 
state power shapes due to integral fuel burnable apsorber-induced power shift (also known as 
axial offset deviation, AOD) or crud induced power shift (Cf PS) both of which occur slowly over 

6 Per Footnote 4·on Page 3, the plant,;. or cycle-spedtic exclusion regions may be different. 
7 As noted in the RAI response, these pin-to-as!?eniblyfactors account for the fact.tharthe analytically 
~erived pin factors are based ori nominal design characteristics such as pell!:lt enrichment, density, and 
burnable absorber loading. The engineering uncertainty ciddresse.s the effeds of variations in the as-built 
fuel pellet from such nominar vaiues . 
. s K(Z) is a function that defines the axiai dependence of the acceptable value of Fa. 
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ensure that the plant has time to restore equilibrium conditions in the event that control rod 
motions result in transient conditions. 

In Topic :Cb) of RAI 5, the NRC staff determined that, to remain in the op.erating space defined by 
Required Action 8.1, the·operators would need to have a clear understanding that the margin 
improvement is being maintained. Additional information for the operator may be needed to 
determine if Required Action B. 1 is sufficient or Requited Actions 8.2 are necessary. The NRG 
staff requested justification as to why a tabular presentation of the margin improvement as a 
function of the axial position or some other scheme in the COLR would not be required. 

The response to RAI 5(b) stated that the margin can be determined by applying the new 
surveillance factors associated with the revised operating space to the power distribution 

measurement. Additionally, the response noted that F8 (Z) and Fi{ (Z) surveillances would now 

be required in the event that Implementation of a new operating space requires control rod 
motion. Thus, performance of the SRs would provide the necessary margin confirmation. The 

NRG staff agrees with the response, since the concern was related to the implementation of 
new operating spaces in conjunction with control rod motion, Which would require the 
performance of SRs 3.2.1.1 and 3;2.1.2. 

Topic (d) of RA! 5 addresses the actions that Will be taken by the operators to reniedy potential 
violations of the newly implemented operating space associated with Required Action 8. ·1. The 

response identified other TS Required Actions and SRs that would apply in such a situation, 
particul~rly with regard lo control rod insertion limits. and position. Because the potential for 
violation of the core operating limit parameters for an operating space can be addressed 
through existing TS Required Actions and SRs, the NRC staff determined that the response 
addressed the concern indicated ·in RAI 5d acceptably. 

The improved methodology allqws for the use of new operating spaces, as defined in the COLR. 

The ·addition of Required Action B.1.2 assures that for situations involving control rod movement 

SRs 3.2.1. 1 and 3.2.1.2 will be performed to ensure that F8 (Z) and Fi{ (Z) remain within limits. 

Based on the review described above, the NRC staff determined that the proposed Required 
Actions 8. 1 are acceptable. 

4.3.2 Required Action 8.2 and Limitation on Thermal Power 

The improv~d T.Ss define a new Requited· Action 8.2 which includes four actions (B.2. 1, B.2.2, 

B.2.3, and B.2.4). If the RAOC or CAOC operating spaces defined in the COLR are insufficient 

to ensure margin to the Ff (i) 'limits, then the Required Actions B.2 are entered. The actions 

involve reducing the thermal power to le~s than the thermal p9wer specified in the GOLR along 

with reduction pf the setpoints, For more explicit presentation of the changes and associated 
justifications, see Table 2. 

The issues addressed in the review of these changes related to the change of the thEirmal 
power level. As noted in WCAP-17661-P, the reductions in the thermal power levels evaluated 
and included in the COLR.. If the required margin improvement exceeds the level of 
pre-analyzed thermal power limits, then the option is to limitthe thermal power to 
< 50 percent RTP. The 50 percent RTP applies to all Westinghouse plants that implement this 
TR and no plant-specific evaluations ate involved. However, the response to RAI 7 stated that 
the 50 percent value is consistent with the requlred power ·redudion associated with other 

OFFICIAL.USE ONLY ·CONTAINS PROPRIETARY INFORMATION · 

WCAP-17661-NP-A February 2019 
Revision I 

*** This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its valida_tion) 



WCAP-17661-NP-A Revision 1 Proprietary- Class 3 

**This page was added to the quality record by the PRIME system upon its validation and shall not be considered in the page numbering of this document.•• 

.. . 

•• .. " 

Approval Information 

Author Approval Hone Michael Mar-05-2019 11 :22:24 

Reviewer Approval Pomirleanu Radu Mar-05-2019 12:01 :26 

Licensing Reviewer Approval Andrachek James Mar-05-2019 12:05:59 

Verifier Approval Moorehead John D Mar-05-2019 12:07:24 

Manager Approval Boyle James Mar-05-2019 16:48:34 
,. 

•• 
Files approved on Mar-05-2019 

••• This record was final approved on 3/5/2019 4:48:34 PM. (This statement was added by the PRIME system upon its validation) 




