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1.0 Introduction

In response to Loss-of-Coolant Accident (LOCA) Emezgancy Corza
Cooling System (ECCS) criteria that imposed new reguirements on
local power peaking, Westinghouse developed the Constant Axial
Offset Control (CAOC) power distribution contzol proceduze [1]. The
CAOC strategy restricts axial power skewing in the reactor core
during normal operation to within a band of 252 del*ta-I arosund a
target value, determined at all-rods-out equilibzium conditions.

Delta-I 1s defined as

delta~-I (%) = 100 * (Pt - Ph) (1=1)

where Pt and Pb aze the fractions of rated full-coze powazr in tha

top and bottom halves of the core., zbspectxvely. This $2S%X linit on
axial power skewing reduces the magnitude of axial xaacn
oscillations which, in tuzn, decreases the magnitude o0f anv souer
peaking during abnormal opezation. VEPCO's £fouz nucleaz units
presently operate under the CAOC control strzategy. A typical S30C
delta~-I band for North Anna or Surry is shown in Figuze 1.03.°. Ths
CACC tazrget value varies with buznup as thea all=zods~out

equilibrium delta-I changes.

Much of the louw pouwerzr operational £flexisility ¢f C£.0C uas
originally centered azound the use of the pazt lengtah zocds 25 a
means Zfor axial power distribution contzrol [1]. Tuil lencth zods

and boron were to be used mainly £for zeactivity con=rol assoc:

Wwith changes in pouwe:z. Since the zequizement £o0z z:z-oval cf£ zazt
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length rods was imposed, f£full length zods have had to b2 uszd *o
help control the axial pouwer distributions. As a zesult, it hecana
more difficult to maintain the axial power distribution within +=he
¢S5% delta-I band at low pouers. This is especially “zus nea:z
end-of-cycle when the soluble horon concentration has been raduced
to a very low level to compensate for the effects of fual deplztion
and £fission product buildup. Should a tzip occuz duzing this
portion of the cycle, a plant may not be able to zetuzn 4o full
pouwer easily Dbecause of difficulty in meeting the delta-I limits.
There 1s insufficient reactivity available £fzom boron dilu=icn %o
allow the £full length zrod movement required to offset the buizldu»

of xenon and, at the same time, maintain delta=-I within its bani.

As a result, delta-I limits could be exceedad at lou pouwaz lavels,

requizing the plant to remain baelow 350’ power in ordazr %o =z&% ths

i

"one hour in tuenty-four™* requirement in the plant Tzchaical

Specifications.

Some Westinghouse CAOC plants with available 2ull sowez nrzzin
to theiz LOCA Overall Peaking Factor (FQ) license lirits have
tzansformed this mazgin into operating flexibili4ty %thzough dalszza-2
"band widenaing.” In the past (2], Suzzy hzd a dalta=-l Land wad -¥
*6, =-9% about the tazget value. This nethod o0f gaininge opezatisnal
*The CAOC Technical Specifications impose no operzational li=it 2on
delta-I while a plant operates below 50! pouex Hosaver, i ¢ziaz
to ascend above 504 powe:z, the plant must not ha'e excea2iad zthea
delta-I bands £or moze than one panalty ous 03 the Tavicus

twanty-£four.
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flexibility does provide some additional full power dzl%a-I
operating space, but offers only minimal zrelief £for post-zzip

return to power at end-of-cycle conditions.

This operational restriction on delta-I imposed by CAOC can be
eased by the implementation of a variable de.ta-I band contrel
strzategy that takes credit £or the £full power delta-I mazgin
available from standard band widening while also providing £2r an

increasing delta-I band with decreasing powerzr. The widened daslta-I

i

band 1is formed by maintaining an approximately constant analysis
margin to the Design Bases Limits at all power levels. 2i8 is in
contzast ¢to CAOC opezation which has lazrge anmounts o0f aazgin

available at reduced pouer. For Nozxth Anna and Suzzy., uwhich have

.

LOCA-limited <total peaking £factors., this vaziablie dalta-I »an
would be selected such that the margin to the LOCA F2*2*M(z2) limis
would zrzemain approximately constant £or all pouwer levels. An

example of a variable delta~-I band is given in Figuze '.0.2

The principal benefits of a vaziable band fel%a-I

(%)
(9]

]
ot
"
o

stzategy over curzent CAOC operation aze as £ollous:

') The ability to retuzn to pouwer aftez a tzip FEztigulianzi &%
end-of-cycle, is enhanced;

2) Contzol zod motion necessazy to compensate for %ii2 pzavious
CAOC £57% delta-I band zestrictions is now reduced %o onlv (haz
motion needed to maintain operation within a much wider bangd:
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3) The

are decreased,

reactor

due.,

in part,

to the reduced contzol

4) The plant has enhanced operational flexibility.

The concept of widened delta-I limits at reduced power

1is not a new one.

(4]

for their reload cores for several years.

recently
called RAOC

reload cores.

VEPCO

Engineering

techniques (!

delta-I

Distribution

has

contzrol.

(Relaxed

methodology

6]

Contzol

This

(RPDC).

Combustion Engineering

develioped and licensed a

Axial

(3]

to form an alternate

Offset

with

methodology

The chapters

(31

variabhle delta-I

h

Contzol) or

combined some of the concepts from

the cuzzent
methodolocy oz

is called

that

the VEPCO procedure for generating the variable wid=h

They will also discuss the methods used %to ansura <
to the design bases criteria., such as Derazturs
Soi1ling (DNB), fuel <centerline melt and Loss of Co
(LCCA) peak clad temperature is maintained

This report also discusses the fornulation o T
Technical Specifications. The cuzzent CAOC zadizl
Fry(z) surveillance replaced by FR(z) monito:z
measured value of FQ(z) augmented bv a non-ssuilil

- -

have supported increased axial skewing at reduced
Westinghouse
con
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and Babcock and
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multipliex., in oxder to verify compliance with the

n h
h CCA

factors. As will be seen in Chapter 5, FQ surveillance conm

RPDC to form a consistent but more flexible plant monitorin

than that provided by the current CAOC methods.
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2.0 Analysis of Axial Shapes Which Result from Normal Operation

The objective of a RPDC analysis is to determine accertable
delta-I band 1limits that will guarantee that margin %o all =he
applicable design bases criteria has been maintained and, at the
same <Time, will provide enhanced delta-I operating marzin ovae:r
CAOQC. Because the RPDC delta-I band is an analysis output guansity
rather than a £fixed input limit, as in CAOC, avial shapas uhich

adequately bound the potential delta-I range must be genezats

(29

These axial shapes must include the effect o2 all X%t

1
- -

"
O
ot
L
»

combinations of ¢the Key parameters such as burnup, contzol rel

position, xenon distribution, and powezr level. VZPCO has devalorzed

h

ax

-
-
B -

the methodology of Section 2.1 to analyze the large runmbaz o

shapes included in RPDC.
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After the axial power shapes have been create
allowable delta-I limits for normal operation are establisiad: ora

based on LOCA FQ considerations and the other one based on a Locs

0f Flow (the limiting DNB transient) thermals/hydraulic evaluz:ion.
The methods used are described in Sections - A and - e ¥
respectively. These tuwo separate delta-I bands are conbinrna2di %o Zozn

a composite delta-I limit as discussed in Saction 2
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2.1 Axial Shape Generation

The axial power distributions encountered during nozn
operation (including load-follow) are primazily a functicn o Zo

parameters: the xenon distribution, power level, control zod ba

position and burnup distribution. for RPDC, zeasonable increrzent

variations that span the entire expected range of valuas =must
considered £for each of theses parameters. The following method
used to create the axial pouwer distributions needed fox %

development of the RPDC normal operation delta-I linmits.

2.1.1 Axial Xenon Distributions Durxing Normal Opezation

The axial xenon distribution is a function o0f the co::
operating history and, as a zesult, is constantly changing.
order to analyze a sufficient number of xenon distzibutiocns

ensure that all possible cases have been accountad £or, a x2n

"free oscillation” method similar to the one desczibed in 2efz2zan
3 1s used ¢to form these distributions. By crxeating a divaezce
Xenon-power oscillation, axial xenon distributions can be c¢t:ain
that will be more severe than any experienced <uzing nozr
operation, including liocad £follow mnaneuvacrs.

To 1initiate a xenon-pouwer oscillation, an eguilipziua 1
model (7] of the reload cycle is perturbed. This pazxtushetisn ui
generally be in the £form of a change in pouer, zod pssition,
both. However, since the core nodel may be innezently stable <
to the presence of £feedback mechanisnms, these achishismg
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either be modified or bypassed to obtain a divergent oscillaticn.

? a1
mocdgsd

One way to accomplish this is to reduce the stability of th

o
[

by reducing the amount of Doppler (i.e., £fuel temperaturzs) zfeeddack
in the systenm. The divexgent oscillation provides a spectzum ¢£
xenon distributions that will produce power distrxibutions with
delta-I values covering the expected delta-I range. The magnitude
of the "free oscillations™ should be such that the =xeneon
distzibutions (when combined with normal operating conditions)
produce axial power shapes with delta-I values that bound tha

expected operating limits.

The stability of the calculational model may vazy uwith buzaup
or core loading. Therefore, the anmount o0f pertuzbatison and

feedback modification necessary to achieve a dive

"
“
W
b+ |
'
[
]
(o]
3

oscillation may vary with cycle burnup or core loaiing Tyoical
examples aze given in Figuzes 2.1.1 and 2.1.2 £oz Leginning=- and
end-of-cycle, respectively. The VEPCO NOMAD (7] 1D difsusion codie
was used to perform these <calculations. Thase 23zticuliy
oscillations were initiated by zeducing power, c8gliating Stz
several houzxs and then zetuzning to £ull pouazr £oz an additisnal

100 hours of depletion.



FIGURE 2.1.1 - TYPICAL RPDC BOC XENON OSCILLATION
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2.1.2 Pouer Level During Normal Operation

For the normal operation analysis, power levels spannirg the
0% ¢o 100% range are investigated to establish the 22D0C dalta-I
limits. This range is consistent with the current CAOC Technical
Specifications which do not impose axial flux difference linmits or
require CAOC operation below 50% of full power.* The pouer lavaels
used for RPDC analysis are selected at increments within the 302 >
100%Z range which are small enough to ensuze an adequate nunbezr of
power distzibutions are being analyzed: O that all

safety-related effects due to the power level aze accounted Zor.

2.1.3 Control Bank Position During Normal Opezation

During nozxmal operation, the contzol zod bank insertion 1is

limited by the Technical Specification rod inserticon linm
2.1.3 gives a set of typical rod insextion limits. The inszr=ion
limits azxe a £function of zeactor pouerz, and the zods nmay
anywhere between the £fully withdzawn pesition and %hs vaziailas
insertion limit. In order to adegquately analyze tha vazisus z2
pesitions allowed, contzrol zod insertions vezsus Jsouwaz laval aza
selected which cover the range of rod inserticns allowasd 2oz z22:zh

particular pouer.

* See the footnote on page 9.
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2.1.4 Cyecle Burxnup

The RPDC analysis is performed at several times in cycle lifa
in order to provide limiting delta~-I bands for the entire cycle.
Typically, three «c¢ycle buznups, near beginning-of-cycle (3CC),
middle-of-cycle (MOC) and end-of-cycle (EOC), are chosan for the
RPDC analysis. The MOC case 1is chosen to zeflect thes maximun

middle-of-cycle radial peaking factors.

2.1.5 Combining Xenon Shapes, Rod Position, Power Level and 3urnup

The £inal power distributions wused in ¢the 2P°DC noznmal
operation analysis result from combining axial xenon shares, poua:z
levels, rod insextions and cycle burnups. At each selectad timz in
cycle life, the xenon shapes are combined with each power level and
rod configuzation. A criticality seaxch is then performad £or each
case using the NOMAD code with normal feedback. £ach calculatzd
axial power distribution is stored £or wuse in the LOCA T2 and
thermal/hydraulic evaluations discussed in Sections 2.2 and 2.2.

The combinations of burnups, power levels, zod configurations anid

xenon distributions typically evaluated on a rzelecaéd basic ars
summazized in Table 2.1.1. The conditions zesult in a dalsa=-I
zange of approximately -60% to +50%, bounding the ex®2c+%ed final
delta~-I envelope at all power levels. The conmbirations of zod
insertions and power levels necessary for Surzy and Nozth Anna

would be slightly different due to the difference in rzod insezt.sn

limits between the two plants.
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TABLE 2.1.1

TYPICAL CONDITIONS ANALYZED FOR

NORMAL OPERATION UNDER RPDC

Cycle Burnups BOC, MOC, EOC

Xenon Shapes 100 £~z each ti

Power Level Range (%) 50-100

Rod Inserxtions Range Versus Power: Se

(3 burnups) ¥ (100 xenon shapes) * (30 po
position combinations) = 9000 shapes

me
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life
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2.2 LOCA Delta-I Limit Formation
The axial shapes created in Section 2.1 are combined with
Fry(2) data using a standaxd 1D/2D/3D FQ synthesis (1,7]:
FR(z) = Fuy(2) * P(2) * Xe(z) * FMNU * FQE % FGR (2-2)

where the following are non-dimensional parametezs:

Fxy(z) = Fxy distribution calculated by FLAME

PDRO07 [9]; dependent upon buznup,
rod position and power level

[
.

8]

and

core height,

P(2) = Axial power shape £function generated >y
fe(z) = The radial xenon rzedistribution Zfacto:x
FNU = Nuclear unceztainty factor [(11]

FRE = Engineezring heat-£flux hot-channel £facto:x
FGR = Grid corzection factor (7]

The axially varying zadial xenon £ac

or

Aw el(=)
e, S@8L3)

-

for 1increases to FQR(z) resulting from redistzibution of

in the radial plane due to zod nmovement. ™™
redistzibution effect cannot be explicitly repzesan
and 1s therefore applied in the synthesis as an unc

Xe(z) 1s calculated as follous:

max Fxy(=)T

where Fxy(2)T is the Fxy(z2) calculated £fzrom a tzransie:

in xenon radial redistzibution and Fxy(z)E is %ha F:

an equilibrium xenon distzibution. Fuv(s)T 48 calcou.atad
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3D FLAME code by £irst pre-conditioning the =radial uenon
distribution £for several hours with the core at reduced pouer and
the contzol rods inserted sufficiently to drive delta-I to the
negative edge of the expected band. By withdzawing the zods and
increasing power a xenon transient is created. This transient will
cause the xenon to redistribute radially as well as axially in tha
30 model. Fxy(2)T is calculated £for each time stap as this
transient 1is followed in small time intezvals. The maximua values
of Fxy(2)T £or the entire transient are used in equation (2-3) <o

detezrmine Xe(z).

The synthesized FQ*Power £or each shape is compazed to tks

LOCA FR*Power*K(z) limit at each pouwer level %o datarain: whiech

axial shnécs approach the LOCA limit, thezeby estallisihing a
preliminary allowable delta-I versus power band. TA48 coTpazison
replaces the traditional CACC FAC analysis [!'] and ensures +.1% the

margin to the LOCA FR*Power*K(z) envelcre is maintained duzins the

cycle as long as <reactor operation cremains within +=ha dalta-2

limits. A typical LOCA delta-I limit 1s shown in Tiguse 2.3.1.

A sensitivity study to examine the inpact oL a ¢change in rs on
the width of the LOCA delta-I limits determined +ha* a shange of
increase 1in TFQ results in less than a 1 deczease 1n 2a.:3~I at
constant pouecr. This conclusien 1i1s based cn the analyses ¢f a

range of FQ values for VEPCO plants using

r
g
’
(8}
2}
:
]
v
"

described.



TYPICAL LOCA DELTA-I LIMITS
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2.3 Loss of Flow Thermal/Hydraulic Evaluation

The Loss of Flow Accident (LOFA) xzepresents the nost limiting
ONB transient not terminated by the Overtempera*ure Delta-T txip.
In order to ensure the applicability of the current LOFA analysis,
the entire set of axial power distributions fornmed by tha 22CC
normal operation analysis are evaluated against the 1.55 zosine
design axial power distribution £for the Loss o0f Flow Accicant
analysis with the COBRA [10] code. The thermals/hvdzaulsis
evaluation methods wused 1in this LOFA evaluation are similay =2
those of the present CAOC techniques. As a zesult of this LOFA
comparison, a second set of delta-I versus power limits is £cr=ed.
These delta-I limits delineate the allowable opazrating band whizh
will ensuzxe that ¢the margin to the O°NB design baze £or LOFA is
maintained. The 1impact of RPDC on other DXN3 t:zansient evants .3

discussed in Chaptez 3.
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2.4 Final Normal Operation Delta-I Limit

The results of the LOFA delta-I limit generation aze combinad
with ¢the LOCA delta-I limits (Figuze 2.2.1) to produce a set o2
limits which will ensure that the preconditions £for both accidents
azxe met. This set of composite cycle-specific delta-I limits will
be made more restrictive than necessary for the first-time analyses
in order to bound upcoming zreload c¢ycles and minimize futuze
Technical Specification changes. These genezic linmits will be
verified on a cycle-by=-cycle basis using the RPDC methods describad

in this report.

The LOCA FQR based delta-I limits are genezally nc:ze
zestrictive than LOFA-based delta~I limits Zfor VEPCO's zlants. This
will allow the plant Technical Specifications to take advanizagze o2
the FQ versus delta-I sensitivity identified in Section 2.2 (sea

Appendix A.2).
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3.0 Analysis of Axial Shapes Which Result £from Condition II Evants

One of the important features of any axial pouwer distribution
control strategy (RPDC, CAOC or any otherzr) is the cleaz distinction
betuween normal and accident conditions. The delta-I linmits
established in Chapter 2 and the Technical Specification contzol
rod insertion limits (see Figuze 2.1.3) define conditions o0£ nozral

operation. If the axial power distribution (as measuzed by dalta-I)

remains inside the pre~-established band duzing all noz:al
operation, and the contzol zods zzemain within ¢ths Teshniczal
= Specification limits., then the nazgin to the design czitezia ¢2

fuel centerline melt, DNB and LOCA peak clad tempeczatuze, willi Le

maintained.

This chapter examines Condition II or Abnozmal Opazasizsn
events, which may be the result of system nmalfunctions or ¢razs%ox
erzxors and create reactor conditions that £all outside the Lounids
analyzed in Section 2. The RPDC analysis exanmines tha no:ze
limiting of these Condition II events and confiz=s S8t %he
Overpower Delta-T (OPDT) and the Oveztenpezatuza lalta~T < gt P
setpoints®* have been conservatively calculated and ensuzas 4Lhat
mazrgan ¢to the fuel design limi%s i1s maintainaed. These set2aints

are verified on a cycle=-by=-cycle basis.

* The OPDT and OTDT setpoints were designaed primazily % 4 1
tzansient and steady state protection against fuel cantizlineg ra.
and DN3., respectively.
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3.1 Determination of Accident Pre~Conditions

Initial condition parameters £for Condition II analysis are
determined from the core conditions allowed by the normal oparation
delta~I versus pouwer envelope. These conditions are a functicn of
rod contzxol cluster (RCC) position, boron concantration, xenon
distribution, buznup and core power lavel. Any set of these
conditions which produce an axial power distridbu<sion within %he
normal operation delta-I envelope established in Chaptar 2 (Fijuza
2.2.1) ecan be a potential stazting point £or & Condition II
accident. Each set of valid normal operxation conditions 4is

considered in the RPDC Condition II analyses.

3.2 Condition II Accident Simulation

Three categories of credible accidents bound tha :angs of

h

abnormal operation events which nust be considezad in tarrs o

their effect upon the axial powaer distzibution 2z losal pouaz
peaking. These three accidents are rod withdrawal., axcessive heat
removal and erzoneous borationsdilution. Tha zod u;thiz;;z; § N
borationsdilution events (1] are the nost limiting Cenditien I
events with cespect ¢to the impact of conszrol zod posgision on %3
axial pouwer distribution or local power peaking. &N the excasciv
heat removal event the impact of tempezatuze is inves4siratald
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3.2.1" Uncontzolled Rod Withdzrawal Event

The rod withdrawal event [6] is an erzonecus coatrol rod
withdzrawal stazting fzrom a normal operation condition with the
control banks operating in their normal overlap sejuence. To
perform the analysis of this accident, *the xenon distribution and
boron concentration are fixed at values alloued by tha nczraal
operation analysis. The lead contzol bank is then withdrawun in
inczements f£rom the fully insezted to the fully withdzaun prsiticn.
After each incremental movement a criticality saazcsh 1s peziozmaed
with the NOMAD code (7] and the axial power distrilbution i1s caved
for use in the Condition II evaluation of Sactions 3.3 and 2.4. The
analysis is limited to those cases producing powa:z levals betueen

S0% of zated pouwer and the high £lux tzip linmis
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3.2.2 Excessive Heat Removal Event

The Excessive Heat Removal (or cooldown) event, like the zod
withdrawal event, is an overpower accident. The accident assunas a
decrease in the reactor core inlet temperature as a resul“ of a
sudden load increase, steam-dump valve opening., excessive fealuatar
£low or a turbine valve opening [(6]. Since the control zods aze
assumed to be in manual control for this event, they will zaczin at

their original position, which allous the zeacto:z

4 ]
O

~aZl <0

increase.

To simulate this accident, allowable nermal operzation

-y
>
m
p<_
O
e J

distributions, contzol =xod positions and boron concantzaticns ara
provided as input to the NOMAD code (7). The inlet taimrezatuze i3
seduced and a criticality seazch 1s perforned. TS Aisae P2UNE

distzibution £zom each case is saved £or use in the Cenditzon 21

evaluation of Sections 3.3 and 3.4, Reduction of ¢t:e inlet
tempeczatuze is limited to 30°F, which has been shoun %o bound <he
results of the above accidents in the Suzzy and Nozrth Aanz F3.2's
{12=13). Cases producing a power level greater than tie high £lux

tzip limit are excluded £fzom considezation
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3.2.3 Borations/Dilution

The Borations/Dilution event causes a movement in %“he control

rods to compensate £for the reactivity changes due to a change in

soluble boron concentration as a result of inadvertent boratisn oz

dilution. In this analysis the contzol banks are assuned to Lt

automatic mode and to operate in a normal overlap sequence.

-
-

a2

manual mode of operation <could result in an cverpouwer transiar=

duzring a dilution incident. However, the consaguancaes o3

-

event are bounded by those of the rod withdzawal accident [&].

To perform the borations/dilution analysis, NCMAD reads
lllqulblc xenon distzibution £fzom the Condition I analysis and
& series of cases inserting the rods £zxom £fully withdzaun %o
insertion limits in fixed incraments. At each step a czitica
seazch 1s performed. Once the rods reach the insazsien linis

rod position seazxch is performed to determine the amount of con

rod insertion necessary to compensate for the zeactivity asscci

with a dilution of £ifteen minutes. The zod

(5]
5]
"
W
ot
4 g
W
4
(&}
or
'

"3
‘o
w

m
W

£xom the insezrtion limits t0 the deteznminaed zod position,

performing criticality seazches. All axial pouez distziiiut

fzom the borationsdilution event are saved for *ths Conditin:

evaluation of Sections 3.3 and 3.4,

each

b
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3.3 Overpower Limit Evaluation

The axial power distributions and pouer levels produced by the
Condition II accident simulations are c¢ombined with calculatad
Fry(2) data using the FQ synthesis techniques as described in
Section 2.2 (with the addition of the densification spike factor

S(z2)) to determine the maximum linear power density for sach

x

distzribution. The zesults are generally plotted in the "Zlysnac

format shown in Figure 3.3.1, which shows typical results for the

r

three limiting Condition II accidents described in Sec on 3.3.

The peak power density "£flyspeck” is compared to the desigzr

I

basis limit £for £fuel centerzline nmelt. If necessary, the 23LC°T

f(delta-I) <function (which provides protection against this daciga

limit) is modified to ensure that mazgin to the fual cantarzlina
melt limit is maintained. I£f needed at all, this modificaticn
would be zequizred only £for very large values c¢f dalta-I. An

alternative approach would be to maintain the mazgin to fuel
centerline melt by restrzicting the OTDT £(delta-I) function seyend
the DNBR requizement, effectively eliminating the nesed f£or tle C2r7

f(delta~-I) function.
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3.4 DNB Evaluation
The OTDT ¢tzrip <£unction and setpoints [(14] pzovida 2oN3
protection for Condition II accidents. Pazxt of this function. thas
£(delta~-I) term, responds to changes in the indicated dalta-I
created by skewed axial pouwer distributions. The axial poua:z

distributions formed by the RPDC Condition II accident simulatiocns
are evaluated to confirm that the assumptions [14] used to form <ha
£(delza~I) term and the zrest of *“he O0TDT tzip function zamain
valid. If the RPDC power distzibutions £for any subseguant zalcad
should be moze limiting than those previously used to estalbl.sh %1a
OTDT <tzip setpoints, the OTDT setpoints will be zeformulat:i using

standarzd techniques {14] and the appropriate R20C zouarz

distzibution parametezs.
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4.0 Other Safety Analyses

No changes will be <requizred ¢to the other safety analysis
methods described in Reference 6 to incorporate the effact of thea
widened delta-I band =zesulting £rom the RPDC methodology. The
current CAOC methods used by VEPCO already employ a consazvative
method for incorporating the effect of skewad axial pouwa:z
distrxibutions. However, as is currzently the practice with €200,
the accident analyses will be evaluated on a zeload basis for 220C
o ensure that the Key input parameters remain bounding. Should an
accident analysis be determined to be impacted by a reload 2esign,

that accident will be re-evaluated or reanalyzed., as appzopriata.






FQ SURVEILLANCE

K(z) = the normalized LOCA FQ(z) limit

P = the fraction of rated thermal power

N(2) = the maximum potential increase in FQM(z)

from non-equilibrium normal operation.

I
«

™

33

rasulting

N(2) is a factor that represents the largest possible increase

in FR(2) that could =result £rom changes in the nouer

delta~-I allowed duzing normal plant operation:

FR(2), max Condition I

FR(2), equilibrium depletion

The impact of control zrod insertion and xenon transian<s,

axial and radial, are all included in N(z). The FQ(=)'s in ecu

(5-3) arxe £formed by the standazd FQ synthesis =atho

previously 4in this report. N(3) 48 similazx ¢o
Reference 16 and W(z2) given in PReference 18. A

function is given in Figuze 5.0.1,

When FRM(2)EN(2) exceeds the LOCA FR*H(z) limit,

versus FQ sensitivity discussed in Section 2.2 rezmiscs

by means of a reduction in the normal operation de.*a-

provision and the other changes to tha
Specifications resulting £zom F2 surveillance are

sample Technical Specifications given in Appendix
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3/4.2 POWER DISTRIBUTION LIMITS

AXIAL FLUX DIFFERENCE (AFD)

LIMITING CONDITION FOR CPERATION

- S A The indicated AXIAL FLUX DIFFERENCE (AFD) shall be maintained within
the allowed operational space defined by Figure 3.2-1.

APPLICABILITY: MODE 1 ABOVE 50% RATED THERMAL POWER*

ACTION:

a. With the indicated AXIAL FLUX DIFFERENCE outside of the Figure 3.2-1
limits,
1.) Either restore the indicated AFD to within the Figure 3.2-1
limits within 15 minutes, or

2.) Reduce THERMAL POWER to less than 50% of RATED THERMAL POWER
within 30 minutes and reduce the Power Range Neutron Flux -
High Trip setpoints to less than cr equal to 55 percent of
RATED THERMAL POWER within the next 4 hours.

b THERMAL POWER shall not be increased above 50% of RATED THERMAL POWER
unless the indicated AFD is within the Figure 3,2-1 limits
-
*See Special iest Exception 3.10.2.




POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS

FS
o

§.2.1.1

The ‘ndicated AXIAL FLUX DIFFERENCE shall be determined to be within
its Timits during POWER OPERATION above 50% of RATED THERMAL POWER by:

a.

Monitoring the indicated AFD for each OPERABLE excore
channel:

1. At least once per 7 days when the AFD Monitor Alarm is
OPERABLE, and

2. At least once per hour for the first 24 hours after
restoring the AFD Monitor Alarm to OPERABLE status.

Monitoring and Togging the indicated AXIAL FLUX DIFFERENCE
for each OPERABLE excore channel at least once per hour for
the first 24 hours and at least once per 30 minutes
thereafter, when the AXIAL FLUX DIFFERENCE Monitor Alarm is
inoperable. The logged values of the indicated AXIAL FLUX
OIFFERENCE shall be assumed to exist during the interval
preceding each logging.

The indicated AFD shall be considered outside of its limits when at

least 2 OPERABLE excore channels are indicating the AFD to be outside
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limit shown in Figure 2,2-1
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FIGURE 3.2-1

AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF RATED THERMAL POWER
(TYPICAL EXAMPLE)
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENT (Continued)

A

At least once per 31 effective full power days, whichever
occurs first.

e. With measurements indicating

ma x imum FE(Z)
over Z K(Z)

has increased since the previous determination of F ~(Z) either
of the following actions shall be taken:

1

-

M : cds
FA(Z) shall be increased by 2 percent over that specified
in 4.2.2.2.¢c, or

A

2. F,(Z) shall be measured at least once per 7 effective full
power days until 2 successive maps indicate that
max imum Eziil is not increasing.
over Z K(Z)
fs ~1‘h Ehe relationships specified in 4,2.2.2.c above nct being
atisfied:

J

Calculate the percent F.(Z) exceeds its limit by the
following expression: -

™ &
* - . TE A - -~ -
maximum Palts & R{E) ot | Y 1C0 for P Ve?d
lj; Ce—
- ~ {7
over Fa x K(Z)
vilhe
o)
\ ;
' ol b
max imum FalZ) x N(2) -1 « 10C for P < 0.5
over Z P X KUL
L' e

Either of the following actions shall be taken:

a. Power operation may continue provided the A
Figure 3.2-1 are reduced 17 AFD for each pe
exceeded its limit, or
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POWER DISTRIBUTION LIMITS

BASES

3/4.2.2 and 3/4.2.3 HEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNEL FACTORS
Q\L) and F'NH

The Timits on heat flux and nuclear enthalpy hot channel factors ensure that
1) the design limits on peak local power density and minimum ONBR are not
exceeded and 2) in the event of a LOCA the peak fuel clad temperature wi'l not
exceed the 2200°F ECCS acceptance criteria limit,

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

a. Control rod in a single group move together with ro individua! rod
insertion differing by more than + 12 steps from the group demand
position,

b. Control rod groups are sequenced with overlapping groups as described
in Specification 3.1.3.6.

£, The control rod insertion limits of Specifications 2.1.3.5 and 3.1.3.6
are maintained,

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

The relaxation in Fi, as a function of THERMAL POWER allows chapges in the
radial power shape ‘or all permissible rod insertion limits. F!H will be
maintained within its limits provided conditions a thru d above are maintained.

when a F. measurement is taken, both experimental error and manufacturing
toleranc@ must be allowed for, 5. is the appropriate &'lowance for a full core
map taken with the incore detector flux mapping system and 3 is the
appropriate allowance for marufacturing tolerance,

en F,, is measured, experimental error must be 21lcwed for and & is the
propriate allowance for 3 full core map taker with the incore detection

stem, The specified Timit for F y a1s0 contains an 8% allowapce for
certainties which mean that normal operation will resylt in F. 1.58/1.08.
=

8°. allowance is based on the following considerations:

B 3/4 2-4






A.5 TECHNICAL SPECIFICATION

$s9.1.10

Technical Specification 679.1.1
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CORE SURVEILLANCE REPORT

6.9.1.10

The N(Z) functicn for normal operation shall be provided to the Regional
Administrator, Region II, with a copy to:

Director, Office of Nuclear Reactor Regulation
Attention: Chief, Core Performance Branch

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

at least 60 day prior to cycle initial criticality. In the event that the
limits would be submitted at some other time during core 1ife, they shall be
submitted 60 days prior to the date the limits would become effective unless
otherwise exempted by the Commission.

Any information needed to support N(Z) will be by request from the NRC and need
not be included in this report.



