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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. 0. C. 20555 -~··-------
-:. · "· ,,, 'I no,.,., 17nq~ 

January 24, 1990 .. -~- . .. . ·. . ·', . .. I 
··;I~ I 

..; I 
., -2 m 

President Mr. P. B. Tucker, Vice 
ttuclear Production 
Duke Power Company 

'•'iE? CO. 
·~··:3:..~r.:.r.'f' COMPLIANCE 

P. o. Box 33189 
Charlotte, NC ~8242 

near Mr. Tucker: 

SUBJECT: ACCEPT~NCE FnR REFERENCING OF TOPICAL REPORT DPC-NE-201JP, "OUkE 
POWER COMP*'NY NUCLEAR DESIGN METHC'COLOGY FOR CORE OPE'RATH'G LIMITS 
OF WESTitlGHOUSE REACTORS" 

The staff has completed its review of the Topical Report OPC-NE-2011P, "Duke 
Power Company Nuclear resign Methodolo9y for r.ore Operatin9 Limits of 
!!estinghouse l(eactors" submitted for NRC reviP.w by the Duke Fower Company by 
letter datea April ?7. 1988. ~dditional infonnation was submitted on 
March 28, 1989. This topical report (DPc-r~E-?OllP) provides infonnation and 
justification for the operating limits on power distribution, control rod 
insertion and power distribution inputs to the overpower-delta-T and 
overtemperature-delta-T reactor protection system trip functions. These limits 
are the axial flux difference for a given power level, the rod insertion limits 
and the f(delta-I) function of the overpower- and overtemperature-delta-T. 
These operating limits provide assurance that the peak local power is not 
9reater than that assumed in the design basis transient and accident analyses. 
The limits are set such that the RPS will trip the reactor before fuel damaqe 
occurs. A three-dimensional reactor model power distribution is employed for 
the nmneuvering analyses in several points in the core life. These power 
distributions arP based on a set of conservative xenon distributions to e~sure 
that the predicted ~ewer distributions are conservative with respect to those 
expected to occ~r. These power distributions are augmented by appropr;ate 
uncer~ainty factors. 

We find the application of DPC-~F.-?.OllP to be acceptable for referenc;ng in 
license applications to the extent specified. and under the limitations 
celineated, ;n DPC-NE-2011P and the associated NRC technical evaluatio". The 
evaluation def;nes the basis for acceptar.ce of this topical report. 

We do not intend to re.peat our review of the ~atters found acceptable as 
descrit·ed in DPC-NE-2011P whP.n the report appears as a re~erence ;n iicense 
applications, Pxcept to assure that the ~aterial presented is applicable to 
the specific plant involved. Our acceptance applies only to the matters 
aescrihed in the application of rPC-NE-2011P. 

'n accordance with procedures established in NIJREG-0390, it is requested that 
the Ouke Power Company publish accepted versions of this topical report. 
proprietary and non-proprietary, within three ~onths of receipt of this 
letter. The accepted versic~s shall includ~ an -A (designating accepted) 
followin9 the report ident1fico~ion symbol. 

• 
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H. B. Tucker 
,.. - ' - January 24, 1990 

Should our criteria or regulations change so that our conclusions as to the 
acceptability of the report are i"val;dated, Duke Power Company and/or the 
applicants referencing the topical report w;11 be expected to revise and 
resubmit their respective documentation, or submit justification for the 
continued effective applicability of the topical report without revision of 
their respective documentation. 

Enclosure: 
DPC-NE-2011P Evaluation 

Sincerely, 

).c ..... ~shok C. Thadani, Director 
i'c Division of ~ystems Technology 

Office of Nuclear ~eactor Regulation 
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ENCLOSURE 

SAFETY EVALUATION FC'R THE TOPICAL REPORT D~C-NE-201 lP 
"f)IJKE P0~!ER COMPANY, NUCLEAR OF.SIGN METHODOLOGY FOR rORE OPERATING 

LIMITS OF WESTINGHOUSE REACTORS" 

1.0 INTRODUCTION 

By lett~r dated April 27, 1988, the Duke Power Company subm;tted the Topical 
i"\eport DPC-NE-2011P for NRC review (Ref. I). Additional infonnation was 
submitt~c en ~arch 28, 1989 (Ref. 2). This topical report provides 
infonnation and ~ustification for the operating li~its on power distribution, 
control rod insertion and power distribution inputs to the overpower-delta-T 
and overtemperature-delta-T reactor protection system trip functions. These 
limits are the axial flux difference for a given power level, the rod 
insertion limits and the f(delta-I) function of the overpower- and 
overtemperature-delta-T. These operatin~ limits provide assurance that the 
peak local power is not greater than that assumed in the design basis 
transient and accident analyses. The limits are set such that the RPS will 
trip the rP.actor before fuel damage occurs. A three-dimensional reactor model 
power distribution is employed for the maneuverinQ analyses in several poirts 
in the core life. These power distributions are based on a set of 
conservative xenon distributions to ensure that thP predicted power 
distributions are conservative with respect to thQse expected to occur. These 
power distributions are auc;nnented by appropriate uncertainty factors. 

lhe followina evaluation incorporates our consultant's, BNL, contribution to 
this review. Restrictions to be observed in the application of this topical 
report are listed in Section 3.5. 

2.0 SUM~ARY OF THE TCPTCAL REPORT 

At first the report describes the three-dimensional nodal power and r.enon 
rlistribution generation method which is based on an NRC approved version of 
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the EPPT-NOOE-P code (Ref. 3). The local radial factors are esti~ated using a 
pin-by-pin PDQ-07 model. Power distributions are generated for different tfmes 

1n the cycle. Limitina xenon distributions are nenerated to assure 
conservatism. The power distribution is augmented by uncertainty factors whfch 
~ccount for the (X-V) power distribution calcLi1ation uncertainty, cuadrant tilt 
and axial power distribution. 

The general methodology for the limiting condition of operation ~nd the 
reactor protection system lfmfts is followed by the calculation of the 
LOCfl ~argin and the estimation of the loss of flow DM8 limits. Jn addition 
the rP.actor protection system maroin, the centerline fuel melt margin, the 
axial flux cifference power levPl 1 imits a~d the control red insertion limits 

dre calculated. 

The power rlistribution surveillance and their relation to the operat1on and 
transient limits are then estimated for the LCCA FQ limits, the loss of flow 
DNB, Fu.H, axial flux difference power level limits, control rod insertion 
limits, the heat flur. ~ot channel factor, the nuclear enthalpy rise hot 

channel factor and the quadrant power tilt. 

~rrendix A in the report gives a brief descrfptior. cf the computer codes used 

in the above calculations. 

3.0 EVALUATION 

The proposed methodology employs a threP-dimensional reactor and cycle 
specific mc~el in conjunction with xenon distributions obtained from a 
maneuverin~ analysis which sinulates severe xenon transients. Bounding power 
distributions are then qenerated based on these sevPre xenon distributions, 
and various combfnations of rod positio~s, inlet temperature, ~ewer level and 
cycle burnup. These pow~r distributions are compared to operatfno and safety 

thenTlal limits to define or validate tht axial flu1 difference (AFD) power 
level operating space, the rod insertion limits and the f(delta-I) penalty 
function employed in the OPUJ and/or the OTOJ trip functions of the P.eactor 
Protection System (RPS) such that power distributions that might exceed the 



., 

.., 

respective thenral limits are prohibited. !n addition to the xencn transient 
based power distributions, a number o• anticipated transients (e.g., boron 
dilution, rod withdrawal, etc.) are analyzed in £etting the RPS limits. A 

core monitoring/surveillance procedure which assures safe operation within the 
applicable lfmits is an integral part of the proposed methodology. This 
approach is an alternative to the Relaxed Axial Offset Control (PPOC) 
methodology (Ref. '1) currently in use at Duke Power Company's (DPC) ~~cGuire 

and Catawba Nuclear Stations. 

The pres~nt review considered the infonnation provided in the topical report 
a 1 ong \'1i th additiona 1 information orovi ded by DPC in response to a request for 
additioral information (RA!~ (Pef. 5). 

The computer codes arid associated r.ethodologies employed in the power 
distributior. 2nd peaking calculations have been previously reviewed by the NRC 
and fcund to he acceptable (Refs. € and 7). The shutdown margin and ejected 
rod an~lyses that enter into the setting of control rod insertion limits have 
also heen dpproved by the NRC. A topical report describing the codes and 
methods to be used by DPC to generate the core thennal hydraulics (including 
hot rod) for ~·~stinghouse (W) reactors is presently under review (Ref. 9). 

in view of t~e above, arid noting that the OPr. methods for deterfTlinina ~aximum 
dllowable LrrA peakirg and loss of flow acci~ent (LOFA) rNB hased opernting 
ltMits and ~aximum allowa~le DNB and linear heat rate based PPS limits ~ave 
been appr~ved by the NPC, the acce~tability of the proposed methodolooy hinoes 

on the followtra ~ajor issues. 

3.1 Operating Space AFO Ltmits 

Sint~ the proposPd ~ethodology represP.nts a departure from currently accepted 
r.ractice, any changes in limits relative to those obtained with the pre£Ently 

employed ana approved P~OC methodology that represent a reduction in 
conserv~tism must be ~ustified. 

OPC has indicated that the proposed methodology \'lin yield operating space AFD 
~1mits that are a few pprcent wider (less conservative) than the currP.rrt QAOC 
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,imits; this is due pri~arily to the use of explir~t three-dimensional f3-u) 
rower distributions as opposed to the synthesi1ed 3-D power oistributions on 
~·:hich RAOC is based. The increase in the available margin. find consequently 
the AFD operatinq space limits, is consistent with previous experience that 
supports a reduction in rPaking when explicit 3-D power distributions are used 
as compared to synthesizino 3-D distributions from 1-D and 2-D calculations. 

Under the propnsea DPC methodology, if operating limits are too restrictive 
for no~al operation, a set of limits can be defined that may still allow 
operation at full pcwer. The resultina "base load" operation is ty~ically 
used above P.O percent power and is similbr to the widely used and accepted 
constant axial offset co~trol (CAOC) approach. The xenon distributions u~ed 
in setting the limits in this case are restrirted to a relatively narrow 
~perating band about a predicted AFD tar9et. 

Tt is therefore concluded that the DPC approach is acceptable with respect to 

AFD limits. 

3.2 Conservatism of Power Distributions 

rn order tn have confioence in the cperating ano PPS limits Gbtained by the 
proposed methodoloay, there must be de~onstratea assurance that the power 
rlistributions resulting from the DPC approach are conservative with respect to 
those that might be reasonably exp~cted to occur, and that they suffitiently 
span the AFD/r~d-1nsertion power-level operat;ng spaces to rermit an accurate 
deternination of 1 imits. 

DPC has detennineci through sensitivity studies that the power distributions 
emplcyed in settinll the operating and RPS limits are conservative. This is 
due in part to the severity of the xenon tran~ients employed in the 
maneuv~ring analyses and conservative modellina assumptions. In addition, 
since the limits are based on the analyses ~f almost 3COO three-dimensional 
power distributions fresulting from a matriY of power level/rod position/inlet 
tP.mperature/burnup and xe"on distri~ution siatepoints), DPC is confident that 
the opera ti nq limits can be determined .Jccurate ly, and any extret:Ci lat ion would 
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be minimal. A rP.view of the statepoints (combinations of power level, 1·od 
insertion, etc.) and anticipated transients co~sidered by DPC in generating 
uoundinq power distributions suppnrts the conclusion that there ;s assurance 
that the power distributions assumed in the analyses of thermal limits are 
irdeed conservative relative to the expected distributions, and this asp~ct of 
the DPC methodology is acceptable. It should he noted that the matri1 cf 
~tatepoints currently considered in the analysis may be ~edified as experience 
is accumulated. However, any reductions in the number of statepoints 
considered should be impiemented onl~1 ~f there are no concomitant adverse 
effects (e.g., excessive interpolations required to set limits). 

3.3 Uncertainties dnd Parameters in ~aroin and Monitorino Aloorithms 

The DPC methodology requires the detennination of mar~ins to linear heat rate 
And r~R thenna1 linits and the monitoring of the measurEd state t~ assure that 
operation is consistent with the DPC analyses performed to ensure that these 
limits \l.1fll not be violated. Two linear heat rate related margins are 
determined - an nperatina limit based on LOCA considerations and an RPS ·1 imit 
that protects a~ainst centerline fuel melt. Similarly, two DN~ related 
margins are also determined - an operatfnq limit based on LOFA considerations 
C'rd an RPS limit. Tn the core surveillance, precalculated factors based on 
the man~uvering analysPs and the available ~arofns arP us~d to define an FnMax 
and FDH ax whir.h Are then ccmpared to me~sured values to deternfne whether the 
core i5 ~ehavino as expected. 

T~e equations used in the cetermination of the maroins, including the 
uncertainti~s, were reviewed and found to be acceptable. The components r.f 
the margin equations i;sed in the ceterminaticn of linear heat rate or.cl l"NB are 
justified. and the values of the uncertainties applied have ~een previously 
reviewed and approved by the NRC. 

~ince only steady-statP power distributions can be measured with reaso,,able 
accuracy, changes in the rnaroirs to limits accompanyi,,c <eviations from 
steaoy-state conditions must be deter~ined on the basis ot calculations. The 
measured vdlues of F CrAax and F l:YiMax are therefore comparerl to maximum 
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allowable values that account ~or the minimum margir.s determired in the 
maneuverin~ analysis to ensurP that the limits on the ~Pasured Vd1ues will be 
met r.t the extremes of the AF11-power level operatinc limits. If the measured 

~x ~x . -
"·alues of F0 or F~ Pxceed their respective limits, then the AFD-power 
l~vei limits and the f(delta-1) function in the OPAT trip function are 
adjusted arid/or the power level i!i reduced. The trends in the margins to the 
limits are monitored from measurement-to-measurement, and the measurement 
frequency is increased or an additional penalty is incluaed in the margins if 
~ncreased peaking is expected. Monitoring in the case of base load operation 
~s similar. This monitoring philosophy is similar to that c~rrently employed 
1n connect1on with RAOC. The factors and uncertainties (and related 
:r.ethodclogies) applied in the comparisons to measurements are .~ustified, and 
the ~PC methodology is acceptable. 

3.4 Evaluation Sumnary 

Based on the review of the topical report and the additional informati1•' 
provided, and recognizing that the NRC has reviewed and approved the computer 
codes and some components of the proposed methodology (e.g., the generation 
~nd use of DNB MATP curves), it is concluded thnt the DPC analysis represents 
~n acceptable approach fr.r detennining and monitorino core operating ord RPS 
;1mits fnr the ~rGuire ana Cdtawba Nuclear Statiuris. The proposed methoaolooy, 
however, should be confirmed l:y c:ontinued calculation-to-meas~rement 
comparisons, and monitoring of trends or any less of conservatism. While the 
~oplication of the methodoloqy to other four-loop, 193-assembly W P~Ps is 
•cceptablP, the appropriate, pl~nt specific reactor sy~tems aspects must be 
cunsidered and justified. 

3.5 Restrictions 

·he following restrictions are imposed on the us~ of the Nuclear Design 
~ethodology described in ~PC-NE-2011: 

(1) Application of this methodclooy is to be limited to the ~cGuire and 
r.atawba nuclear power ~tations. 
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(~) Applicat1rn to other ~estinqhou~e :93-assembly plants ~ould be acceptable 
provided that plant-specific differences be considere~ and justified, 

(3) Application of t~is methoaoloay is contingent upon NRC approval of the 
Pe1cad Oesian Thermal-Hydraulic Methodology DPC-NF.-2004 (presently t.n(fer 
NRC revi~w) usino thP VJPRE-01 code, and 

(4~ Calculation of power and xenon distributions are limited to the use of 
tht EPPY-NOPF-P and the POQ-07 codes. 
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1. Introduction 

1. 1. Purpose 

This report describes the methodology for performing a maneuvering 

analysis for four-loop, 193 fuel assembly Westinghouse reactors, 

such as McGuire and Catawba Nuclear Stations. Duke Power Company 

has developed this methodr~1gy as an alternative to the existing 

Relaxed Axial Offset Control (RAOC) Methodology (1). This maneuver­

ing analysis results in several advantages: more flexible and prompt 

engineering support for the operating stations, consistency with the 

methods of Duke Power Company's nuclear design process, and potential 

increases in available margin through the use of three-dimensional 

monitoring technique~. The increase in margin occurs in limits on 

power distribution, control rod insertion, and power distribution 

inputs to the overpower ~T (OPaT) and overtemperature ~T (OTaT) 

reactor protection system trip functions. 

Specifically, these limits are the axial flux difference (AFD) -
power level operating space, the rod insertion limits and the f(al) 

function of either the OPaT or the OTaT trip functions of the RPS. 

These limits are currently monitored via Technical Specifications 

(2,3). The need for revisions to the Technical Specifications will be 

evaluated prior to implementing this methodology. 

1.2. Summary of the methods 

The operating limits define t11e i\rn - power level space and rod 

insertion limits which provide assurance that the peak local power in 

the core is not greater than that assumed in the analysis of design 

basis accidents or transients (loss of coolant accident or loss of 

flow accident). Operating the reactor within the allowed AFD -

power level window and rod insertion limits satisfies the power 

peaking assumptions of the LOCA and LOFA analyses. 

Page 1 
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The RPS limits, among other function~. provide protection against 

fuel failure due to fuel melting (CFM) or DNB during anticipated 

transients. The relevant limits are set such that the RPS will trip 

the reactor before fuel damage occurs. 

The maneuvering analysis uses a three dimensional nodal reactor model 

to calculate a set of power distributions at several points in core 

life. These power distributions are based on a set of abnormal xenon 

distributions to insure predicted power distributions are conservative 

with respect to those expected to occur. The three dimensional power 

distribution is augmented by pin to assembly factors for the maximum 

pin power in each assembly and by appropriate uncertainty f~ctors. 

These pin to assembly factors are derived from a two dimensional fine 

mesh (pin by pin) model of the core. The augmented power distribu­

tions are then evaluated against the various thermal limits. The 

operating limits and the f(~I) function of either the OP~T or the 

OT~T RPS trip functions are then set to e~clude the power distribu­

tions that exceed the respective thermal limits. Figure 1 shows a 

flow chart of the data as it goes through a maneuvering analysis. 

1.3. Applicability of the method 

The maneuvering analysis presented in this report applies to 

Westinghouse four loop, 193 assembly reactors. This method is 

intended to be used to set or validate the AFD - power operating 

limits, the control rod insertion limits and the RPS trip limits. 

A system of computer programs is used to Implement this method. A 

description of the computer programs currently in use is in Appendix 

A. Most of the programs have already been described In DPC's 

topical report on nuclear design (4) and have been approved by the 

NRC (5). 
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1.4. Definition of terms 

AFD 
Axial Flux Difference is the percent power in the top of the core 

minus the percent power in the bottom of the core. 

Radial Local Factors 
A Radial Local Factor is the peak rod power in an assembly divided by 

the average rod power in the same assembly. 

F Q 
FQ is the local heat flux on a fuel rod surface divided by the core 

average fuel rod heat flux. 

F~H 
F~H is the integral of linear power along a particular fuel rod divided 

by the average integral of all of the fuel rods. 
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2. Generation of Power Distributions 

2.1. Description of the models used 

The three dimensional nodal power and xenon distributions are gen­

erated by a DPC version of EPRI-NODE-P (NODE). NOOE has an explicit 

xenon and iodine model that allows power and time dependent xenon 

transients. NODE has a closed channel thermal hydraulic feedback 

model to generate fuel and moderator temperature distributions that 

are used in the neutronics model. The neutronics model accounts for 

fuel and moderator temperature, coolant flow, soluble boron concen­

tration, lumped burnable absorbers, control rods, fuel burnup, and 

xenon and iodine distributions. The NODE model was approved by the 

NRC for t •se in re 1 oad design in reference 5. 

The radial local factors are extracted from a quarter core, one pin 

per mesh PDQ07 model of the core. PDQ calculations are run in two 

dimensions (X-Y) with a two dimensional thermal hydraulic feedback 

model. The PDQ model was approved for use in reload core design in 

reference 5. 

2.2. Times in core life 

The maneuvering analysis is typically performed at three times in 

core life: [ 
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] 

2.3. Generation of abnormal xenon distributions 

The abnormal xenon distributions are generated with a set of limiting 

xenon transients at each point in core life that is to be analyzed. 

( 
] Table 1 shows the initial and transient condi-

tions of the reactor for each of the transients. [ 

1 
To add to the conservatism, these transients are modeled conserva­

tively in several respects: [ 

] Because of these factors, the xenon trans­

ients in the reactor model will be more severe than could be reasonably 

expected to occur. 

Each of the xenon transients start with xenon in equilibrium with the 

core at the initial conditions. The initial conditions are different 

for each transient. r 
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] 

The control rod positions for the xenon transients were chosen to be 
at or near the expected rod insertion limits. The final control rod 
insertion limits may be different fro~ the positions used in the 
xenon transients and the analysis wi, .;till be valid. This is 

because the xenon transients are so severe that the maneuvering 
analysis results are not sensitive to the control rod motions that 
drive the xenon transients. 

The xenon transients proceed until [ ] 

Depending on the transient power level, this usually takes about[ ] 
hours. Figures 2 through 5 show graphs of AFD, xenon offset, xenon 
concentration, and soluble boron concentration plotted against time 
for a typical set of beginning of cycle xenon transients. 

2.4. Generation of power distributions 

Using the abnormal xenon distributions from the xenon transients, 
three dimensional power distributions are generated so that the 
operating and the RPS limits can be determined. As shown on Table 
2, power distributions are generated with[ 

] The operating limits 
are pre-conditions that would prevent exceeding the peak local power 

in the core assumed in the loss of coolant accident (LOCA) analysis 
or the loss of flow accident (LOFA, or a primary coolant pump trip) 

analysis. Because this is the normal operating mode of the reactor, 
control rod motion will be constrained by the power dependent rod 
insertion limits. [ 

] Power distributions for the operating limits are 
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generated with these abnormal xenon distributions with the reactor at 

nominal conditions. 

The RPS limits protect the fuel against damage from ONB or fuel 
melting even if the reactor si1ould go through any one of several 

anticipated transients: [ 

The limit of the control rod motion for( 

.] 

During an [ 

.] 

] 

The abnormal xenon distributions from the xenon transients are chosen 

so that [ 
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1 
Table 2 shows the reactor conditions and range of control rod posi­
tions. Criticality in the reactor model is maintained by instan­
taneous changes in soluble boron concentrations. 

2.5. Generation of radial local factors 

The radial local factor is the ratio of the maximum rod power in an 
assembly to the average rod power of the assembly. Radial local 
factors are assembly and burnup dependent. They are extracted from a 
core specific fine mesh PDQ model that has been depleted over the 
life of the cycle. The assembly average burnup, used as the indepen­
dent variable to interpolate the radial local factors, is also 
extracted from the PDQ model. The PDQ model has two neutron energy 
groups and one spatial mesh point per fuel pin. Cross sections are 
taken from the EPRI-CELL (6) system and the CASMO (7) system. The PDQ 
model is described more fully in reference 4. 
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Table 1 

Typical Reactor Conditions During Xenon Transients 

Initial Conditions Transient Conditions 
Transient Name % Power Control Rods % Power Control Rods 

[ J 
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Table 2 

Typical Power Levels and Control Rod Bank Positions 
for Generating Power Distributions 
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Figure 2 

Sample Xenon Transients at Beginning of Life 
AFD vs Transient Time 
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Figure 3 

Sample Xenon Transients at Beginning of Life 
Xenon Concentration vs Transient Time 
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Figure 4 

Sample Xenon Transients at Beginning of Life 
Xenon Off set vs Transient Time 
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Figure 5 

Sample Xenon Transients at Beginning of Life 
Soluble Boron Concentration vs Transient Time 
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3. Uncertainty Factors 

3.1. Power distribution 

The NRC SER (5) of the McGuire and Catawba design methodology report 
(4) approved a total peak uncertainty factor of 1.073. This includes 
an engineering factor of 0.03 for Westinghouse fuel, a local peaking 
uncertainty of 0.02, and assembly axial peaking of 0.035. The 
engineering factor is specific to the fuel vendor and may be 
changed for fuel from different vendors. This uncertainty factor 
will be applied to the LOCA margin calculation and the centerline 
fuel melt margin calculation as UCT in sections 4.2. and 4.5. 

The NRC SER also approved an uncertainty factor for fuel rod radial 
peaking of 1.047. However, this value also includes the manufac­
turing tolerance of 0.03. Since the DNB calculations (see section 4) 
already account for this factor it is not necessary to include it 
again. Using the same values as the SER (radial assembly peaking of 
0.03 and radial local peaking of 0.02), the uncertainty factor is: 

1 + J(. 03-' + . 022) = 1. 036 

This uncertainty factor will be applied to the radial pin power in 
the ONB margin calculations as UCR in sections 4.3 and 4.4. 

3.2. Quadrant tilt 

The excore detector system is used to monitor gross changes in the 
core power distribution. The primary purpose of the excore detectors 
with respect to quadrant power tilts is to detect changes in tilt 
from the previous calibration. Since the Technical Specifications 
(2, 3) allow reactor operations with excore quadrant power tilts up 

to 2%, the relationship between excore quadrant power tilt and a 
penalty to apply to the thermal limits calculations had to be deter­

mined. 
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This relationship was determined by evaluating various tilt causing 

mechanisms for several reactor cores. This analysis was performed 

with full core NODE models. The results showed that a[ ]power 
peaking penalty is required to account for the allowed 2% excore 
quadrant power tilt. This penalty will be applied as TILT to the 
LOCA, DNB and centerline fuel melt margin calculations in Section 4. 

3.3 Axial power distribution 

The DNB calculations use an assembly normalized axial peak, which 

may be defined as FQ divided by F~H for an assembly. The McGuire 
and Catawba design methodology report (4) does not provide an 
uncertainty value for this calculated parameter. 

An Observed Nuclear Reliability Factor (ONRF) for the calculated 
assembly normalized peak can be computed from the McGuire and 
Sequoyah data that was used in Reference 4. Using the same 

methodology as Reference 4: 

ONRF = M + D + K * S (D) 

M 

where: M =mean value of (FQ/FAH) meas. = 1.251. 

D =mean value of [(FQ/F~H) meas. - (FQ - F~H) calc.] = 0.032. 

S(O) = standard deviation of D = 0.016. 

K = 95/95 one sided tolerance factor for 846 points = 1. 7343. 

846 points were selected from the full set of 1038 points by the 

criterion that both (FaH> meas. and (FaH) calc. must be greater than 
unity. The ONRF is 1.048. This will be applied to the DNB 

calculation as UCA in Section 4.3. 
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4. LCO and RPS Limits 

4.1. General methodology 

The power distributions are divided into two categories for the 
thermal limits calculations. The operating limits use power distri­
butions that were calculated with nominal inlet temperature, with 
control rods inserted to the power dependent insertion limits and 
with power less than or equal to 100% power. Control rod positions 
will bound insertion limits in order to set the insertion limits. 
The RPS limits use power distributions with the power level up to and 
including 118% power, no administrative restriction on the control 
rod insertions and either nominal or low inlet temperature. 

The margin to the various limits is calculated in the following 

fashion: 

MARGIN % = (ALLOWED PEAK - CALCULATED PEAK)*lOO I ALLOWED PEAK 

The calculated peak is a synthesis of the three dimensional nodal 
power distribution and the radial local factors from the fine mesh 
two dimensional PDQ calculations. Depending on the limit type, this 
equation may be in terms of a peaking factor or a linear heat rate. 

Either the calculated peak or the allowed peak contain sufficient 
factors to account for the various uncertainties and tolerances. 
AFD and control rod insertion limits for each limit type are set to 
exclude all power distributions with negative margins of the same 
limit type. 

4.2. LOCA margin calculations 

Since the LOCA limits are used to define the operating limits of the 
core, the operating limits power distributions, as described in 

section 2.4, are used in this calculation. The LOCA margin is 
calculated for each node in the core, but only the most limiting 
value is used in the determination of the AFO - power level limits. 

The equations below show how the LOCA margin, LOCAM, is calculated. 
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LOCAM =Min {(LOCAMX(z) - LHR(x,y,z)) * 100 I LOCAMX(z)} 

Where: 

LOCAMX(z) 

LHR(x,y,z) 

NP(x,y,z) 

FP 

AVGLHR 

=Axially dependent maximum allowable linear 

heat rate in kw/ft. 

= NP(x,y,z) * FP * AVGLHR * RADLOC(x,y,e) 

* UCT * TILT * RPF * AMF 

=Nodal power from the power distribution 

calculation. 

=Fraction of core power level, including 2% 

uncertainty. 

= Total core power divided by the total 

length of fuel rods in the core, kw/ft, 

accounting for fuel densification and thermal 

expansion. 

RADLOC(x,y,e) = Burnup (e) dependent maximum rod to assembly 

power factor. 

UCT 

TILT 

RPF 

AMF 

= Uncertainty factor on the calculated 

to ta 1 peak, inc 1 udi ng manufacturing 

tolerances (see section 3.1). 

= Factor to account for a peaking increase due 

to an allowed quadrant t1lt (see section 3.2). 

= Factor to account for the power deposited 

in the fuel rod. 

= Additional:Margin Factor, optionally used 

to incorporate additional design margin. 
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The values for LOCAMX(z) are derived from the Technical Specification 

limits on FQ. Typical limiting values are shown in Figure 6. 

The 2.% uncertainty on power level and the factor to account for 
power deposited in the fuel will be used only if these factors were 

not accounted for in the limits on FQ. 

4.3. LOFA DNB margin calculations 

The LOFA DNB limits are also used to define the operating limits, so 
the operating limits power distributions, as described in section 
2.4, are used in this calculation. The DNB margin calculation is 

based on a set of Maximum Allowed Total Peak (MATP) curves that are 
calculated in accordance with reference 14. The MATP curves are 
determined for several power levels (e.g., 100, 75 and 50% power). 

The input power distributions are selected to match the power level 

of each set of MATP curves. Sample MATP curves for LOFA DNB are 
shown in Figure 10. The DNB margin is computed for each assembly in 

the core, but only the minimum margin for each power distribution is 

used in the determination of the AFD - power limits. DNB margin, 

DNBM, is calculated as: 

MARP(x,y) - RPP(x,y) 
DNBM = Min { MARP(x,y) } *100 

Where: 

MARP(x,y) 

AP(x,y) 

UCA 

MATP(z) 

= MATP(z,AP(x,y))/{AP(x,y)*UCA) 

= Axial peak in an assembly, on an assembly 

normalized basis. 

=Axial uncertainty factor (see Section 3.3). 

=Maximum allowed total peak, at 

the axial plane of the axial peak. 
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RPP(x,y) 

RNP(x,y) 

= RNP{x,y) * RADLOC(x,y,e) * AMF * TILT * UCR 

=Normalized assembly power from the 

power distribution calculation. 

RAOLOC{x,y,e) = Burnup (e) dependent maximum rod to assembly 

power factor. 

UCR 

AMF 

TILT 

= Radial rod power uncertainty factor 

(see section 3.1). 

=Additional margin Factor, optionally used 

to incorporate additional design margin. 

= Factor to account for a peaking increase due 

to an allowable quandrant tilt (see Section 3.2). 

The axial uncertainty factor will be included only ff it has not 

been accounted for in the MATP curves. 

4.4. RPS DNB margin calculations 

The rest of the DNB margin calculations are for the RPS limits, so 

the operating limits restrictions on power distributions are not 
applied. The methodology for computing RPS DNB margin is the same as 
1n section 4.3, however the MATP curves are different. Table 3 lists 

the conditions at which the RPS MATP curves were generated and the 

conditions of the power distributions that wfll be used for each set 

of MATP curves. 
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4.5. Centerline fuel melt margin calculations 

Centerline fuel melt limit is also an RPS limit, so the operating 
limits restrictions on power distributions are not applied in the 
calculation. Since there usually is a positive margin, for center­
line fuel melting, only the power distributions at 118% power are 
used for the fuel melt margin calculations. A positive margin at 
118% power will preclude negative margins at lower power levels. If 
the 118% power level results show negative margins, lower power 
levels will be analyzed to fully define the AFD - power level limit. 
The equations below show how the margin for centerline fuel melt is 
calculated. Note that the linear heat rate is calculated similarly 
to the LOCA margin calculation. Each node in the core model is 
analyzed, but only the minimum margin for a power distribution is 
used to determine the AFD - power limits. 

MAXLHR - LHR(x,y,z) 
CFMM = Min { MAXLHR } *100 

Where: 

MAXLHR 

LHR(x,y,z) 

NP(x,y,z) 

FP 

AVGLHR 

=Maximum allowable linear heat rate in kw/ft. 

= NP(x,y,z) * FP * AVGLHR * RADLOC(x,y,e) 

* TILT * RPF * SC * AMF 

= Nodal power from the power distribution 

calculation. 

=Fraction of core power level, including 2% 

uncertainty. 

= Total core power divided by the total length 

of fuel rods in the core, kw/ft, accounting 
for fuel densification and thermal expansion. 
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RAOLOC(x,y,e) = Burnup(e) dependent maximum rod to assembly 

power factor. 

UCT = Uncertainty factor on calculated power 

TILT 

RPF 

SC 

RBOW 

AMF 

= 

distribution, including manufacturing 

tolerances (see section 3.1). 

Factor to account for a peak. i ng increase due to 

an allowable quadrant ti 1 t (see section 3.2). 

= Factor to account for the power generated 

in the fuel rod. 

=Statistical combination of UCT and RBOW. From 

reference 5, the values are combined as : 

(1 + .03l + l(UCT-1-"'"°11 )2 + (RBOW-1) 2 ) 
1.375 1.375 

= Peaking increase due to rod and assembly bow. 

=Additional Margin Factor, optionally used 

to incorporate additional design margin. 

The 2% uncertainty on power level and the factor to account for 
power deposited in the fuel will be used only if these factors were 

not accounted for in the limiting heat generation rate. The factors 

RBOW and UCT are statistically combined because they account for 

independent effects. 

4.6. Determining the AFO - power level limits 

The individual values of margin for each power distribution and 

margin calculation are collected into a database. For each power 

level and margin calculation, the margin data is plotted against AFD. 

The data points are connected by drawing lines between points with 

an equal independent parameter. Control rod position is usually 
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chosen as this independent parameter, which means that different 

points along these lines represent different xenon time steps. The 

limit is taken from the most conservative zero margin intercept 
of these lines. Figures 7 and 8 shows an example plot of LOCA and 
LOFA DNB margin plotted against AFD, connected by equal rod position 

1 i nes. 

The operating AFD limits are determined by selecting the limiting of 
either the LOCA margin results or the LOFA DNB margin results at the 
various power levels analyzed. The AFD limits may be interpolated 
between rod position if the rod position chosen for the rod insertion 
limit was not explicitly modeled when the power distributions were 
generated. The bounding AFD envelope is adjusted to account for 
measurement system (two segment power-range excore nuclear detectors) 
uncertainties. The uncertainties account for the excore detector 
calibration error and drift between calibrations. 

The DNB margin calculations performed for the RPS OT~T AFD Trip 

penalty, f(ti!), provide AFD limits[ 

] The power - AFD 

penalty is determined by selecting the limiting breakpoints and 
slopes defined by the[ ] The uncer-
tainty associated with the f(~l) function is combined with the 
uncertainties of the other OT~T function input parameters in deter­
mining the adjusted K1 constant in the setpoint equation (reference 

2, 3), or the f(61) function is adjusted to account for the AFD 

uncertainties. 

The centerline fuel melt protection criterion is associated with the 
OP6T Trip f(al) penalty function. Since the OP6T f(~l) function is 
usually zero, the check performed at 118% power is adequate to verify 

that the penalty is not required. Should the centerline fuel melt 
margin calculations result in an AFD limit at 118% power, lower power 
levels would be analyzed in order to define the power - AFD penalty. 
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The penalty could then be incorporated into the OP~T trip function or 

the required protection could be provided by the OT~T function. 

4. 7. Control rod insertion limits 

The rod insertion limits are assumed when the operational AFD - power 

level limits are set. However, further iteration on the limits may 

be necessary depending on the results of the shutdown margin and 

ejected rod analyses, which are performed as described in reference 

4. Adjustments are made to the rod insertion limits and AFD - power 

level limits as necessary. 
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Table 3 
Typical RPS MATP Curve Conditions 

and Conditions of the Power Distributions 
used for each set of MATP Curves 
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Figure 6 

Typical LOCA Linear Heat Rate Limits vs Core Height 
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I Figure 7 

I Sample LOCA Margin Plot 

I 
,.... 

al z ..... 
UJ Q 
t!J I 

I 
UJ ~ 
_J ~ • II " .. I a:.~ .~ D~ .~ 

0 

I l//~ 
l!1 

I l!1 
'if 

I 
/1:/ I 

I .1 

I' l/ I 
I ' 

/ // I 0 / ,,. 
'if 

I / J ;' /'. 
/;/ I ,_ 

,/' ,/ I w 
Ul I 

I u.. ,. l!1 u.. 

~ 
(T) 

0 

...J 

I 
< I 
H I 

,_ 
x j w 
< Ul 

0 u.. 
(T) u.. 

I 
Ul 

I 
0 

> 
~ 

z /Jl H 

I (,!) 
/ ·" 

I 
a: I /i 

< I /' r l!1 
'f ru ::::t: // 

< /(/ I 
u I 

~ I 
0 / ; 

-' / / 

/1 
// 0 

ru 

I 11/ I 
II 

I 

I I l!1 

I 
I .. 

'" / 
I 

I 

I 
/ 

0 
I I I I I I r I '" 0 

0 l!1 l!1 0 l!1 0 Ill 0 l!1 

I " + I '" " ru N l'1 l'1 
+ I I I I I I 

I NISti\tW ~ 

I Page 28 

I 



'"·-:·'·· 

I Figure 8 

I Sample LOFA Margin Plot 
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5. Base Load LCO Limits 

If the operational limits for a particular fuel cycle are too restrictive 

for normal operation, then a set of base load limits can be defined that 

may allow power operation at 100% power. Base load is defined as operat­

ing the reactor within a relatively narrow AFD band about a plant 

measured AFD target and within a limited power range. By limiting the 

allowed AFD-power level space, extra margin can be gained in the power 

distribution monitoring factors (see section 6). 

Base load limits and monitoring factors are computed the same as the 

operational limits, only the xenon transients will be re-defined so 

that they will be restricted to the base load operating band about a 

predicted AFO target. The power level at which the plant will be allowed 

to enter base load will be greater than or equal to the power level of the 

xenon transients. 
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6. Power Distribution Surveillance 

6.1. LOCA FQ surveillance methodology 

The AFD - power level limits are set to protect the fuel from damage 
during either a LOCA or LOFA when the power distribution is skewed in 

the axial direction. However, only steady state power distributions 

can be measured with reasonable accuracy. Because of this, the 

limits on the measured FQ are reduced by pre-calculated factors that 

account for perturbations from steady state conditions to the operat­
ing limits. 

The limit that must be met within the AFD - power level operating 

limits is currently specified in references 2 and 3 as: 

FQ ~ 2.32 * K(z) IP for P > 0.5 

FQ ~ 2.32 * K(z) I 0.5 for P < 0.5 

Where P is the relative thermal power and K(z) is shown in Figure 9. 
Both K(z) and the value of 2.32 may change with future LOCA analyses. 

Using definitions from section 4.2, the reduced limits for the 

measured FQ are specified as: 

M F
0
(x,y,z) 

Where: 

• UMT • MT • TI l T : [ 

M F
0
(x,y,z) = The measured total peak in location x,y,z. 

] 

UMT = The measurement uncertainty on the total peak, taken as 

1.05 in the current Technical Specifications (2,3). 

MT =Manufacturing tolerance, taken as 1.03 in the current 
Technical Spec1f1cations (2,3). 

TILT = Factor to account for a peaking increase due to an 
allowable quandrant tilt (see Section 3.2). 

Page 31 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Page 32 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.2. LOFA DNB F
6
H surveillance methodology 

The LOFA DNB F
6
H surveillance uses monitoring factors that are 

similar to those used for the LOCA Fq surveillance. The power 

distribution surveillance limit on F
6
H that must apply anywhere 

within the AFO - power level operating limits is given as Maximum 

Allowed Total Peak (MATP) curves. Sample curves are given in 

Figure 10. 

The limits for F
6
H must be reduced for the same reason as the F0 

limits are reduced (see Section 6. 1). Usfng definitions from 

Section 4.3, the reduced limit for monitoring F6H is given in the 

following relationship: 

Where: 

~H(x,y) =Measured value of F6H. 

UMR =Uncertainty value far measured radial peaks, taken as 

1.04 in the current Technical Specifications (2, 3). 

TILT = Factor to account for a peaking increase due to an 

allowable quadrant tilt (see Section 3.2). 
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6.3 Monitoring of plant measured parameters 

During power operations, the power distribution is continuously 
monitored by the ex-core nuclear instrumentation. The parameters of 
interest to power distribution monitoring are the core power level, 
the AFD and the quadrant power tilt. Limitutions are imposed on 
these three parameters by the maneuvering analysis. The maneuvering 
analysis also imposes limits on control rod positions during power 
operations. The power distribution is also measured periodically by 
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the in-core instrumentation system. The results of these measurements 

are used to verify that the core is behaving as predicted by the 

maneuvering analysis or to adjust the AFD - power level limits if it 

is not. The surveillance of these parameters is described below. 

AFD - ~ower Level Limits 

During normal operations, the combination of AFD and power level 

must be maintained within the operating limits that are provided by 

the maneuvering analysis. Example AFD - power level limits are 

shown in Figure 11. Since the operating limits are a Limiting 

Condition of Operation (instead of a Limiting Safety System Setting), 

the plant would be allowed to operate outside of the operating AFD -

power ~evel limits for short periods of time if necessary. This 

allowance is meant to be used to increase the plant availability 

during transient situations and is not meant to be used for normal 

operation. 

If the power distribution is unusually limiting (because of severe 

power peaking, for example), then base load operation may be used if 

it was provided for by the maneuvering analysis. During base load 

operation, the measured AFD must be within a relatively small AFD 

band about a plant measured target AFD. The size of the AFD band is 

specified by the ma.1euvering analysis. Note that this target may or 

may nJt be within the AFD - power level operating limits. Base load 

may not be entered unless the plant has been relatively stable in 

AFD and power level for a period of time. The power level must be 

above the Allowed Power Level (APL - a value supplied by the maneuver­

ing analysis) and the AFD must be within the AFD - power level opera­

ting limits. The power level may then be increased to a maximum of 

100% rated thermal power or the Maximum Base Load Power (MBLP - a 

value described below). 

Control rod insertion limits 

The control rods must be maintained within the insertion limits that 

were determined by the maneuvering analysis. Example limits are 
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shown in Figure 12. These limits are a Limiting Condition of Opera­

tion, so operation outside of these limits is allowed for short 

periods of time. 

Heat flux hot channel factor - FQ(x,y,z) 

The in-core instrumentation system is used periodically to measure 

M 
FQ (x,y,z), which must always be within the limits specified by the 
LOCA analysis. These limits are currently specified in references 2 

and 3 as: 

M 
FQ (x,y,z) < 

M 

<2· 32 ) (K(z)) for P > 0.5 
p 

FQ (x,y,z) < (4.64) (K(z)) for P ~ 0.5 

Thermal Power Where: P = __ -..;.. __ __;....._;;...;,._ , and 
Rated Thermal Power 

K(z) = The function obtained from Figure 9 for a given 

core height (z). 

M 
This limit on FQ (x,y,z) is a Limiting Condition of Operation, so 
operation outside of the limit is allowed for a short period of time 
to allow the operator to bring the reactor back within the limits 

without a reactor trip. 

M 
FQ (x,y,z) is usually measured at or near nominal conditions. To 

M 
ensure that the limit on FQ (x,y,z) is met at the extremes of the 
AFD - power level operating limits, the maneuvering analysis imposes 

the following limits on the measurements at nominal conditions: 
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M Max 
FQ (x,y,z) < FQ (x,y,z) for nominal operation, or 

M Max, BL 
FQ (x,y,z} < FQ (x,y,z) for base load operation, 

Max Max, BL 
where FQ (x,y,z) and FQ (x,y,z) are supplied by the maneuver-
ing analysis. These limits are not imposed on the top or bottom 15% 

M 
of the core. The limits on FQ (x,y,z) account for an appropriate mea-
surement uncertainty, taken as 5% in the current Technical Specifica-

M 
tions (2 and 3). If the measured values of FQ (x,y,z) exceed these 
limits, then for normal operation the AFD - power level limits must 
be adjusted by reducing the allowed AFD span (move the negative and 
positive AFD limits closer to the zero AFD point), so that positive 
margin would be maintained at the extremes of the AFD - power level 
operating limits. A similar adjustment is made to the f(61) function 
of the OPaT RPS trip function. For base load operation, reactor power 

Max, BL 
must be reduced until the above limit on FQ (x,y,z} is satisfied. 

For base load operation, reactor thermal power may not exceed the 
Maximum Base Load Power (MBLP), which is defined as: 

MBLP = Min 
over 
(x,y,z) FM ( ) Q x,y,z 

* 100% 

M 
Note that this is equivalent to saying that FQ (x,y,z) may not exceed 

Max, BL 
FQ (x,y,z) for base load operation. 
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Nuclear enthalpy rise hot channel factor - F~H (x,y) 

M M 
FaH (x,y) is measured at the same time that FQ (x,y,z) is measured with 

M 
the in-core instrumentation system. FaH (x,y) must be within the Maxi-
mum Allowed Total Peak curves that were used in the maneuvering analysis 
(see Figure 10 for example curves). This limit is a Limiting Condition 
of Operation, so operation outside of this limit is permitted for a period 
of time to allow the operator to bring the reactor back within the limit 

without a reactor trip. 

M 
F~H (x,y) is usually measured at or near nominal conditions. To 

M 
ensure that the limit on FaH (x,y) is met at the extremes of the AFD -
power level operating limits, the maneuvering analysis imposes the 
following limits on the measured values at nominal conditions: 

M Max 
FaH (x,y) < F

6
H (x,y) for nominal operation, or 

M Max, BL 
F~H (x,y) < F~H (x,y) for base load operation. 

If the appropriate relationship is not satisfied, then the reactor 

M 
power will be reduced until it is satisfied. The limits on FaH (x,y) 
account for an appropriate measurement uncertainty, taken as 4% in 

the current Technical Specifications (2 and 3). 

Quadrant power tilt 

An allowance for a 2% quadrant power tilt was made in the AFD - power 

Max BL Max 
level operating limits and in the values of FQ (x,y,z), FQ (x,y,z), 
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Max Max, BL 
F~H (x,y) and FuH (x,y). Thus, no action is required for an 
indicated quadrant power tilt of uo to 2%. A quadrant power tilt larger 
than 2% is a Limiting Condition of Operation, so operation of the plant is 

allowed to continue for a period of time while the operator attempts to 
correct the condition. 
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Figure 10 

Sample LOFA DNB MATP Curves for 100% Power 
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I Control Rod Insertion Limits vs Thermal Power 

I 
I ,.... 

z 

I :I 228 
a: 
~ 220 

I 
Cl 
:c BANK B 1-- 200 ..... 

I :I 

en 180 

I 
a.. 
w 160 1--
en 

I 'J 1Lf0 
z 

I 
0 120 ...... 
1--
...... 100 / 

I en 
0 
a.. 80 

I ~ 
z 60 a: 

I CD 

lf 0 Cl BANK D 

I 
0 
~ 20 

I 
0 10 20 30 lf 0 50 60 70 80 90 100 

I 
PERCENT OF RATED THERMAL POWER 

I 
I 
I 

Page 43 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7. References 

1. "Relaxation of Constant Axial Offset Control, F(q) Surveillance 

Technical Specification", WCAP-10216-PA, June 1983. 

2. Technical Specifications for McGuire Nuclear Station Units No. 1 and 

2, Docket Nos. 50-369/370. 

3. Technical Specifications, Catawba Nuclear Station, Unit Nos. 1 and 

2, Docket Nos. 50-413 and 50-414. 

4. "Duke Power Company McGuire Nuclear Station, Catawba Nuclear 
Station, Nuclear Physics Methodology for Reload Design", 

DPC-NF-2010A, June 1985. 

• 

5. Letter from Cecil 0. Thomas, Chief Standardization and Special 
Projects Branch to H. B. Tucker, Vice President Nuclear Production, 

DPC, March 13, 1985. 

6. Cobb, W. R., Eich, W. J., Tivel, 0. E., 11 EPRI-CELL Code 
Description," EPRI-ARMP System Documentation, CCM-3, Part II, 

Chapter 5, October 1978. 

7. Studsvik Energitechnik AB, 11 CASM0-2, A Fuel Assembly Burnup Program," 

Studsvik/NR-83/3, 1981. 

8. Rothleder, B. M., Fisher, J. R., "EPRI-ARMP System Documentation", 

CCM-3, Part II, Chapter 14, September 1977. 

9. Delp, 0. L., et al, "FLARE - A Three Dimensional Boiling Water 

Reactor Simulator", GEAP-4598, July 1964. 

10. User's manual for PDQ-XO, CE Computer Services, September 1986. 

11. "Computer Code Certification for PDQEDIT, 11 DPC internal document. 

Page 44 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

12. 11 Computer Code Certification for MARGINS," DPC internal document. 

13. "Computer Code Certification for MARGINPLOT, 11 DPC internal 

document. 

14. "Mark-BW Maximum Allowable Peaking Limits, 11 DPC internal document. 

Page 45 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX A 

Page A-1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Appendix A 

Computer Program Descriptions 

EPRI-NODE-P 
NODE (8) is a three dimensional nodal program that is derived from FLARE (9). 

NODE computes a three dimensional power distribution with thermal hydraulic 

feedback, the core multiplication factor, the fuel burnup distribution and 

maintains a reactivity inventory. The physics models within NODE account for 

the presence of control rods, fuel and moderator temperatures, ~ixed burnable 

poisons, soluble boron, fuel depletion, and time dependent xenon and iodine. 

The input to NODE is generated either from CASM0-2E (7) data or from EPRI-CELL 

(6) color set PDQ data. 

PDQ07 
PDQ07 (10) is an industry accepted multi-group, multi-dimensional, neutron 

diffusion depletion program. The Combustion Engineering version nf PDQ that 

is used by DPC has been modified with a two dimensional thermal hydraulic 

feedback model to account for fuel and moderator temperature distributions. 

PDQ uses cross sections from either CASM0-2E or EPRI-CELL. 

PDQEDIT 
PDQEDIT (11) is a utility program that reads the PDQ system files. The 

program has several abilities, one of which is to produce radial local power 

factors from the mesh average power file. 

MARGINS 
MARGINS (12) is a program written by DPC that computes the margin to thermal 

limits for LOCA FQ, DNB and centerline fuel melt. MARGINS requires the radial 

local factors from PDQEDIT and the three dimensional nodal power distributions 

from NODE for input. The output of MARGINS is a file that contains one entry 

per power distribution; the entry contains the case and limit type 

identifiers, the core axial offset and the core margin to the thermal limit 

evaluated. 
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MARGI NP LOT 
MARGINPLOT (13) is a program written by OPC that plots the MARGINS data and 
computes the zero margin intercepts for the thermal limits data. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, O. C. 20HI 

Mr. Hal B. Tucker, Vice President 
~uclear Production 
Duke Power Company 
P. 0. Box 33189 
Charlotte, NC 28242 

Dear Mr. Tucker: 

ol 
t 

'1JiC!El~\EID) 
h· 

·NA 11 ~ 

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION REGARDING THE NUCLEAR DESIGN 
METHODOLOGY FOR CORE OPERATING LIMITS OF WESTINGHOUSE REACTORS, 
iOPJCAL REPORT DPC-NE-2011P 

The Reactor Systems Branch has reviewed the subject top;cal report and has 
concluded that additional information ;s required for us to COlllJ>lete this 
review. 

Please submit the responses to the questions in the enclosure within 45 days 
of the receipt of this letter to enable the staff to complete its review. tf 
you need any clarification, please contact Lanmros Lo;s of my staff at 
301-492-0890. 

Enclosure: 
As stated 

Sincerely, 

M. Wayne Hodges, Chief 
Reactor Systems Branch 
Division of Engineering & Systems Technolo~y 

l 
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REQUEST FOR ADDIT!Ot:n !NFORMATION 

DPC-~IE-201 lP 

1. How do operating limits obtained via this methodology compare to limits 
based on the use of the present RAOC ~ethodology? 

2. Is the potential increase in the available margin associated with the 
sub:;ect methodology due solely to the use of three-d1mensional 
analyses/monitoring, or do other aspects contribute? 

3. There is no indication in that the methodology employed in generating and 
using the LOFA DttB MATP curves has been reviewed and accepted by the NRC. 

4. The procedure for generating power distributions appears to involve 
running two xenon transients at each of three times in a cycle, followed 
by using xenon distributions from eac~ transient/time-in-life to 
calculate instantaneous power distributions associated with various 
combinations of power level, inlet temperature and control rod bank 
position, as well as those occurring during the course of several 
anticipated transients. 

It appears that only four xenon distributions from each transient at each 
time in life are used along with the statepoint configurations given in 
Table 2. Please clarify/elaborate as to how many power level/inlet 
temperature/control rod/xenon statepoints are evaluated at each time in 
1 ife. 

5. Is there demonstrated assurance that the power distributions resulting 
from the above analyses are indeed conservative with respect to those 
that might occur, and that they sufficiently span the AFD/rod insertion 
power level operating spaces to permit an accurate determination of 
operating limits? 
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6. 

.., .. 

8. 

9. 

10. 

11. 

12. 

13. 

2 

What is the basis for the 15 minute limit assumed in the analysis of' the 
boron dilution accident? 

Radial local factors appear to be obtained from a nominal all-rods-out 
depletion calculation for the cycle and are, therefore, only functions of 
assembly type and burnup. However, local peaking should also be affected 
by transient xenon, control presence, etc. What is the basis for not 
accounting for these effects? 

What are the other components of l/CT in addition to those specifically 
mentioned in 3.1? 

How are the axial peaking due to grid spacers and densification spike 
effects accounted for in the margin calculations? 

Please explain the basis for the use of SC in the CFHM calculation, and 
its form. 

Please explain why the uncertainties considered in the linear heat rate 
equation for the CFMM calculation are different from those used in 
obtaining LOCAM qiven that they refer to the same basic quantity. 

The definition of the TILT factor varies while its value appears to be 
constant. Please explain/elaborate. 

Since the maneuvering analysis involves two xenon transients at three 
times in core life there are six F~ and six F~H design distributio"s 
available for comparisons to measurements. ~ave the errors introduced by 
the subsequent interpolation on cycle burnup and power level been 
quantified and included in the analysis? How are mismatches between the 
measured and design data associated with AFO and control rod position 
differences accounted for? 
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14. Are ~O and M~ minimum values over the cycle? 

15. How are possible increases in peaking between measurements due to 
mechanisms other than tilt (e.g. burnup) accounted for in the F

0 
and FAH 

surveillance? 

16. What are the similarities/differneces between base load operation and 
CAOC? 

17. Under what conditions would the AFO target and operating band for base 
load operation not fall within the normal AFD-power level operating 
lim;ts? 

18. Why are the uncerta;nties associated with F~ and F~H in 6.2 different? 
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tL\.L 8. n.:CKER 

"' CL«A• ••not C."'10" 

D'UKE POWER GOMPA.'IY 
P.O. BOX 33189 

CHA.B.LOTTE, !"f.C. 28242 

Harch 28, l 989 

IJ. S. :-luclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D. C. 20555 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Topical Report DPC-NE-2011P, 
"Nuclear Design Methodology for Core 

TELEPHOR 
(7041 :Jr.Jo41MJI 

Operating Limits of \ilestinghouse Reactors"; 
Response to Request for Additional Information 

Attached are responses to questions regarding the subject topical report, which 
were transmitted by letter dated March 3, 1989. 

Please note that the proprietary nature of the original topical report, as 
identified in my April 27, 1988 transmittal letter and accompanying affidavit, is 
maintained in the responses to these questions. Therefore, they should be 
withheld from public disclosure. 

Very truly yours, 

]</6.~~ 
H. a. Tucker ~ 
SAGl 54/ lcs 

xc: ~r. Darl S. Hood, Project Manager 
Off ice of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, O. C. 20555 

Jr. Kahtan Jabbour, Project Manager 
Off ice of Nuclear Reactor Regulation 
1.i. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

~r. S. O. Ebneter, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

Mr. W. T. Orders 
NRC Resident Inspector 
Catawba Nuclear Station 

Mr. P. K. Van Doorn 
NRC Resident Inspector 
McGuire Nuclear Statio11 
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Ql Bov do operating limits obtained via this methodology compare to limits 
baaed on th• WI• of the present RAOC methodology? 

Al The operating apace APD limits from this method are expected to be a few 
percent wider than the current RAOC limits. 

Q2 Ia the potential increase in th• available margin associated with the 
subject methodology due solely to th• u.e of three-dimensional 
analyses/monitoring, or do other a1pect1 contribute? 

A2 Th• maqin increase i• due primarily to analysis of thr••-dimenaioual 
paver distribution•, as opposed to the 1D/2D ayutheeized power 
distribution that the RAOC limit• are baaed on. 

Q3 There is no indication in that the methodology employed in generating and 
using the LOPA DNB MATP curves baa been reviev.d and accepted by the NR.C. 

A3 Th• general methodology for generating DNB MATP curve• baa previoWlly 
been approved by the NR.C as applied to Oconee Nuclear Station in the SER 
for the topical report, "Duka Power Company, Oconee Nuclear Station, 
Reload Design Methodology," NPS-lOOlA, April 1984. A topical report 
describing the codas and method• uaad by Duke Power for generating DNB 
MATP limits epacif ically for WaatingboWI• reactor• waa aubaittad to the 
NRC in January 1989 under the title, "Duka Power Company, McGuire and 
Catawba Nuclear Stations, Core Thermal-Hydraulic Methodology Uaing 
VIPRE-01," DPC-NE-2004. When approved, this methodology will be used to 
generate DNB MATP curves for setting the core limits. 

Q4 The procedure for generating paver diatributione appear• to involve 
running two xanon tranaiant• at each of three times in a cycle, followed 
by uaing zenon distribution• froa each transient/time-in-life to 
calculate inatantaneoua povar diatributiona associated with various 
combination• of power level, inlet temperature and control rod bank 
position, as well aa those occurring during the course of several 
anticipated transients. 

It appears that only four xenon distributions from each transient at each 
tia• ill life are uaad along with the atatepoint configurations given in 
Tabla 2. Plea .. clarify/elaborate •• to how many power level/inlet 
temperature/control rod/xenon atatepointa are evaluated at each time in 
life. 

A4 The matriz of atatepotnta ahovn below will be used as an initial guide 
and may be modified •• 1zp1

1
rienca i• accumul&ted. A power dli..8tribution 

will be analyzed for each atata~nint in the matriz below forL - J That 
i•, a ••t of[ .Jtbree-dimenaional power distributions will 
be analyzed to set limits. 
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Ql Hov do operating lillit• obtained via thi• methodology compare to limit• 
baaed on the uae of th• preaent RAOC methodology? 

Al The operatiDg apace A.ID limit• fro• thia method are expected to be a f ev 
percent vider than th• current RAOC liaita. 

Q2 Ia the potential incr•••• in the available margin aaaociated with the 
subject methodology due solely to the uae of three-dimanaional 
analyaea/monitoring, or do other aapect• contribute? 

A2 Th• 11arain iDcr•••• i• due primarily to analy•i• of thr••-dtaenaional 
power diatributiou., aa oppo1ed to th• 1D/2D ayutheaized pover 
diatribution that the RAOC limit• are baaed on. 

Q3 There i• no indication in that the methodology employed in generating and 
uaina the LOFA DNB MATP curve1 ha1 been reviend and accepted by th• NIC. 

A3 The general methodology for generatina DNI MATP curve• baa preYioualy 
been approved by th• Nl.C aa applied to Oconee Nuclear Station in th• SD 
for th• topical report, "Duke Power Company, Ocon•• Nuclear Station, 
Reload D••ip Kathodoloay," NPS-lOOlA, April 1984. A topical report 
deacribiDa the cod•• and method• uaed by Duka Pover for generating Dll 
~TP limit• specifically for Weatinaboua• reactor• va• aubllitted to tb• 
~IC in January 1989 under the title, "Duke Pover Company, McGuire and 
Catawba Nuclear Stations, Core 'nlar...1-Bydraulic Methodology U1ing 
VIPU.-01," DPC-NE-2004. When apprned, thi• methodology vill be u1ed to 
a•n•rat• DD MlTP curve• for Htting the core liait•. 

Q4 111• procedure for generating power diatributiona appear• to involve 
running tvo xenon tranaient• at each of three tim•• in a cycle, followed 
by uaina xenon diatributiona from each tranaient/tima-in-life to 
calculate inatantaneoua power diatributiona aaaociated with varioua 
combination. of pover level, inlet temperature and control rod bank 
poaition, •• well •• thoae occurring during the cour•• of several 
anticipated tranaienta. 

It appear• that only four zenon diatribution• from each tranai1nt at each 
tiaa 1D life are uaed along with the atatepoint configuration• given in 
Table 2. Pl•••• clarify/elaborate •• to how many paver level/inlet 
temperature/control rod/xenon 1tatepo1Dt• are evaluated at each time in 
life. 

A4 The matriz of atatepointa ahovn belov will be uaed •• an initial guide 
and may be modified •• experience 1• accumulated. A paver d"tribution 
vill be analyzed for each atatep~int in th• matrix belov forL 
condition• fpm both xenon trljl•i1nta at thr•• point• in core lif•J That 
1•, a ••t ofL _Jthr1•-dimanaional pover diatributiona will 
be analyzed to 1et limit•. 
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Liat of State Point• 

QS Ia tb•r• deaonatrated aa11Uranc• that th• pover diatributiona raaultina 
froa th• above analy••• are indeed conaervative with re•pect to tho•• 
that migbt occur, and that they sufficiently span t~ •• AFD/rod inaertion 
p01Mr level operating space• to permit an accurate d•t•raination ~f 
operatiDg lillita7 

AS Yea. [ 

AIJ sbovn in th• reapona• to queation 4, th• etatepoint condition• will 
span th• allovable rod ill8ertion limit• and the accident condition rod 
inaertiona •• deacribed in ••ction 2.4 of th• report. 11ie pover 
diatributiona will generally span th• AFD space, although aoae 
eztrapolation on AlD may be required at timea. Therefore, th• AFD/rod 
inaertion space will be auf ficiently analyzed to accurately determine the 
operatina limit•. 

Q6 What i• th• baai• for th• 15 minute limit aaaumed in th• analyais of th• 
boron dilution accident? 

A6 Tb• 15 minute limit is based on the np•rator action time acceptance 
criteria of th• Standard Review Plan, section 15.4.6-II. 
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Q7 Radial local factor• appear to be obtained from a nominal all-rod•-out 
depletion calculation for th• cycle and are, therefore, only function• of 
••••llbly tYt>• and burnup. Bovever, local peaking should also be affected 
by tranaient zanon, control preaence, etc. What i• the ba•is for not 
accountinc for th••• effects? 

A7 Ouk• Power ha• examined the effect• of control rod• and tran•ient xenob 
on local peaking factors using both two-diaen•ional and thr1e-dimen•ional 
mod•ls. In general, it ha• been observed that th• limiting node• in a 
specific ca•• are located away from th• in••rted control rod•. 'nlat is, 
th• peak. nodal paver occurs in an unrodded plane and/or an ••••ably 
removed fro• the rodded a••••bli•• by several aameably pitch••· 
'nlerefore, the intr•-••••mbly fluz diatribution of th• liaiting nod• is 
relatively unaffected by th• f luz gradient~ induced locally near th• 
rodded ••••llbly. Similarly, the tran•i•nt xenon di•tribution•, while 
significantly •keved globally, do not caua• significant changes in local 
paver distributiona. 

Q8 What are the other component• of UCT in addition to tho•• specifically 
mentioned in 3.1? 

A8 UCT is defined in Ref erenc• 4 of th• report to be 

1 + (.031/1.375) +J(.03) 2 + (.035) 2 + (.02) 2 • 1.073. 

'nl• term (.031/1.375) accounts for a small bia1 in the calculated power 
di1tribution•. 

Q9 How are th• axial peaking due to grid spacers and den1ification spik• 
effects accounted for in the margin calculation1? 

A9 In th• development of th• ob1erved reliability factor• th• calculated 
peak• did not include any grid effect• while the mea•ured data did. 
'nlerefore, th• effect• of th• grid on peaking are inherently included in 
th• observed reliability factor• which are applied to th• calculated 
valu••· 

Current fuel d••ign• u1ed by Ouk• Power 1pacify fuel pallet density 
greater than or equal to 95% of theoretical density. Result• of hot cell 
and , ..... •can meaaurement1 on fuel roda containing pell•t• of th••• 
d•n•iti•• have not shown any significant gap formation. 'nlu•, no paver 
peaking penalty will be taken for d•n•ification power apik••· 

QlO Pl•••• explain th• ba1i1 for the u•• of SC in the C»IM calculation, and 
it• form. 

AlO A rod bav penalty i• applied to the .calculated peak when computing CftQf. 
However, •inc• rod bov ia con•idered to be independent of th• 
calculational uncertainty, it i• 1tati•tically combined with th• 
•naill••ring and pOV9r distribution factor• in the equatioo for UCT found 
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in Reference 4 of the report. Tile algebraic derivation is shown 
belows 

OCT• 1 + .031/1.375 + ~ (.03) 2 + {.035) 2 + (.02) 2 

SC • 1 + .031/1.375 + ~(.03) 2 + (.035) 2 + (.02) 2 + (UOW-1) 2 

J (.03)
2 

+ (.035)
2 + ( .02) 2 • UCT - 1 - .031/1.375 

SC • 1 + .035/ 1.375 + J (UCT - 1 - .031/ 1.375) 2 + (ll!OW-1) 2 • 

Qll Pl•••• n:plain vhy the uncertainti•• con1idered in the linear heat rate 
equation for th• CntM calculation are different froa tho•• u••d in 
obtaiDinl LOCAK given that they refer to the , ... baaic quantity. 

All The only difference ia that the rod bov penalty i• not applied to th• 
LOCA lillita, since any incra ... in peaking will be coape119ated for by the 
increaaad coolut flav. 

Ql2 The definition of the TILT factor vari•• while ita value appear• to be 
con•tant. Pl.eaee n:plain/el&barate. 

A12 Th• aqDituda of the tilt factor ia t>!.1• .... in all aactiau and the 
correct def:l.Dition in all ••ctioua 11 "pealdn1 increaae due to allowable 
quadrant tilt." 

Ql3 Since th• maneuvering analy•i• iDVfflVea tvo ~non trauaient• at three 
tilll•• in core life there are siz FQ and siz F"'. H de•ign distribution• 
available for compariaoaa to uaaureMnt1. Have the error• introduced by 
th• 1ub•equent interpolation on cycle buniup and pover level been 
quantified and included in the analy1is? Rav are miaaatchea betvaen th• 
mea8Ur•d and deaign data aa•ociated with AFD and control rod poaition 
difference• accounted for? 

Al3 Th• value• of rg and ~B from the de1igu paver diatributiona are not the 

value• that are compared to mea•ure .. nts.( 

Thi• is very sillilar to the current monitoring method• which apply 
] 

buraup-dependent W(Z) tranaient peaking factor• to the mea•ured peak•. 
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'nl• impact on peaking of difference1 between the mea1ured and de1ign data 
for AlD are inbarently included in the uncertainty factor• which are 
applied to th• predicted peak1. Th• uncertainty factor uaed ia an 
ob1erved nuclear reliability factor developed by matching reactor power 
and rod po1itiom between predicted and meaaured 1tatepoint1. Th• 
calculated AlD wa1 allovad to vary f roa th• meaaured value in th••• 
calculation•, although th••• dif ferencea are gmlerally within 2%. Th• 
impact of control rod po1ition dif ferenc•• between maaaured and da1igu 
data ia conaidered negligible since power di1tribution mapa are uaually 
taken at nearly all-roda-out conditiona. 

Q14 Ar• HQ and H:a minimwl value• over the cycle? 

Al4[ 

Q15 

Al5 

Bav are po11ibl• incr•u•• in paak:I.~ betnan maanr ... nt1 due to 
machaniaaa other than tilt (e.g., burnup) accounted for in th• FQ and F~H 
surveillance? 

If pM is greater than~· than th• AFD povar level space is reduced by 
an a~propriate amount such that FJ, at tbe new AFD limit, will be within 
the LOCA limits. 

If ~.JI is greater than~. than paver level will be reduced until the 
limit --ra met. 

If tb• margin• to the limit• are found to be decreaaing over succeaaive 
maaaur ... nta, than either tb• mea1uremant frequency will be increaaed or 
th• aargiDa vill be reevaluated with an additional penalty to account for 
th• espacted peaking increaae to the next measurement. 

Q16 What are the similaritie1/difference1 between ba1a load operation and 
CAOC? 

A16 Th• only significant difference ia the pover level at which th• mode of 
operation may be entered. Baaa load operation is typically entered at 
80% paver after stabilizing th• plant at th• target AFD. CAOC is uaed 
for th• full ran.a• of pover operation. 

] 
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Ql7 Under vbat condition• vould th• A.FD target and operating band for bua 
load operation uot fall vithin th• normal AFD-povar level operatin1 
U.m.itl? 

Al7 Thi• condition 11 not expected to occur since th• AFD-pover level limit• 
will be set each cycle with a cycle specific three-dimanaional core 
model. Hovevar, operating for a 1ignificaut period of tim9 at reduced 
power may cauaa the AFD target to be out1ida of th• operating AFD space. 
If thi1 condition should occur, the surYeillanc• of th• mea1ured peakina 
will en1ura that the allowable limits are not exceeded and tighter AFD 
limit• vould ba u1ed to minim.ize potential tran1iaut peaking. 

Ql8 Why are th• uncertainties a11ociated with r°~ 8 and 

Al8 A typographical error was made in th• equation for 
that wa1 intended is: 

T 
FtiH in 6.2 different? 

[ 
T 

F.::.H • The equation 

Bovever, in further research it wa1 di1covared that a rod bov penalty 
do•• not naad to ba applied to a limit that i1 related to DNB. Thi• 
approach ha• prnioU1ly bHn approved by th• NllC iu th• S!I. to "Duka 
Povar Company Oconee.Nuclear Station !Wload D11igu MethodQlogy II,T 
DPC-NE-1002A, October 1985. Thu1, the uncarta~ti•• in ~H and F~H 
should be the same. The correct equation for F~H is: -

[ ] 

] 

Also, the rod bov penalty should be removed from the calculation of DNBM. 
In section 4.3 of the report, the equation for RPP(x,y) should be: 

[ ] 


