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I. RAOC -- AN EXTENSION OF CAOC

A. REVIEU OF CONSTANT AXIAL OFFSET CONTROL (CAOC)

WCAP-8385 (Proprietary) and WCAP-8403 (non-Proprietary), " Power Distri-

bution Control and Load Following Procedures," developed the methodology

and described the procedure needed for plant operation to insure peaking
factors below accident analysis limits. The Constant Axial Offset
Control (CAOC) strategy developed in this topical report insures peaking
factor and DNB limits are satisfied by maintaining the axial power
distribution within a +5% AI band around a measured target value. By
controlling the axial power distribution, the possible skewing of the
axial xenon distribution is limited, thus minimizing xenon oscillations
and their effects on the power distribution.

This topical report described two modes of operation: operation with
part length (PL) rods (Mode B) and operation without PL rods (Mode A).
It was demonstrated generically that a LOCA peaking factor of 2.32 could
be met at all times, and plant specific analyses were required only if
the F limit was less than this generic value or generic radial peak-

g
ing factor limits were not met. A typical AI band is shown in Figure
I -1.

; .

B. AI BAND WIDENING STUDIES

Plants have varying degrees margin to Design Bases Limits which can be

converted into operating flexibility in the form of a wider al band.
Several " standard" widened AI bands are available with the two most
comon being +6, -9% and +3, -12%. A typical widened AI band is shown

in Figure I-2 with respect to the standard AI band.

C. RELAXED AXIAL OFFSET CONTROL (RAOC)

limits, some marginTypically in plants with relatively high LOCA Fg
to the LOCA limit still remains even after one of the standard band
widening studies is. performed. This is evidenced in Figures I-3 and

A-1
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I-4. Fiqure I-3 is the Fg P vs. core height plot from a reload cycle
using the standard +5% AI band. Figure I-4 is a similar plot using a
+6, -9% AI band. While the +6, -9% AI band increases peaking

factors relative to the +5% AI band, margin still exists to the LOCA
_

limit. This indicates that the AI band could be widened by some
additional amount. The RAOC methodology eliminates the iterative
process of searching for this wider band by determining the allowed band
directly.

The allowed AI band can additionally be widened further at reduced

power levels. This is evidenced by two pieces of data. First, current
Standard Technical Specifications allow AI to be outside the allowed
band for up to one hour in 24 between 50 and 90% power and two hours in

24 below 50% power. In fact, the current Technical Specifications do
not require CAOC operation below 50% at all as long as power is not
increased above 50% until CAOC requirements are met. Secondly, all the
limiting F values calculated using the current analysis (such as

g
those shown in Figure I-3 and I-4) are a result of full power operation.
Since the limit is based on F P this indicates that power decreases

g
faster than F increases during CAOC operation and therefore indicates

g
that 1,arger axial peaking factors, and hence wider aI limits, are
permissible at reduced power levels. The RAOC methodology also deter-

mines this pemissable part power relaxation directly. A typical RAOC
limit is shown in Figure I-5 with respect to the standard and widened

CAOC AI bands.

Because relaxation of the CAOC Technical Specifications is much sought
after by utilities, the RAOC methodology has been developed. This
methodology makes it possible to obtain the necessary and sufficient
requirements to satisfy the safety limits under all operating
conditions. The advantages of RAOC operation are to:

a) Allow the operator to minimize and/or smooth the boron system duty
; relative to CAOC operation,

|

!
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b) Increase spinning reserve capacity during 11 ode A operation,

c) Reduce rod motion corrections and hence operator action required to
maintain conformance with power distribution control Technical

Spect fications,

d) Increase greatly the ability to return to power after a plant trip..

In actual plant operation, the surveillar.ce requirements to verify RAOC

conformance to the F limits can take two forms. Fir.st, Fxy(z) cang
be measured, as in the current Standard Technical Specifications, to
verify the values used in the analysis. Second, F (z) can be measuredg

directly and an allowance for normal operation transients, W(z), applied
Surveillancebefore F (z) is compared to the limit, as in the Fqn

Technical Specification.

t

!

|
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FIGURE I-3
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FIGURE I-4
T

EXAMPLE OF MAXIMUM [F PRel] VERSUS AXIAL CORE HEIGHTq

DURIfiG NORMAL OPERATI0ii +6, -9% aI BAfiD

|
2.60

I i I i I II '

Iii i i.I '

I I, ,

j | i | | 1 | II' '| '

I I I l I i

I Ii I I I i i MI,

| l ^ * vi i 1. l PN, _

I
~

2.20
_ K. I I 4''VI, I I 'N.

gig g ,. X A X yi. A
,

., .

| i

i l i i: i^ t , I T'

I
I | I i ^r I li

~
'

l i l l II_ i\
' '

| A I I I I I f i r __ i\
| _

I- 1 1 ^ri1r,

| s I XI L
c- | ll| '

l Al\
~
e I I II l\

'

j b 1.80 i u ;a,

g I I'
E I ei

' :1 i l)g n

.
I I I L i l\r

l || 1 | | \
l i l 1

'
I I

I i _

| | 1 i | 1 1 I I^'

1.40 , , ; g , ; i , ; ; ; ; ; i i, ,

i i l' || | | I I I i i I i Ii
i | I i l I i I I i i l i i l

I l i i i i i l I i i I

,1 i l | | | | | | | | |

"i I i | | 1 I I I I I I I 1 ! I I i i

I_ i l i l | I i i l i l i l I i i i i

i l l I I II ! I i l i i l I i i I I

) | I i i l i l I I I I i i i Ii i i i i

l I l | | | 1 1 I I I I I I I I I I I I IT| | | | ''

0 4 8 12

Core Height (Ft.)

A-7



_ _ _ _ _ _ _ _ _ _ _ _ _ ___ ._ _ _ _ _ _ _ _ _ _ -

.

.

RA0C ( 3and;

Widened 0and
] A

spandardABand
' '

100
\

;

\.

\
'

\
75

_ \
\

- -

s

y \ m
e \ B

?;

,s \ a
-

'"

a " 50 \ ,

t N
\ ;;~

e g ei
E N
: \ ~

\ h
25 g u

__

\
\
\'

k0 t i i i i, i i i

,

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25

Indicated Axial Flux Difference (Percent)

FIGURE I-5

EXAMPLE OF BANDWIDENING POSSIBLE WITH RA0C

.
I



_-~ .

O
* ,.

LESI::GCSE FR;?R2iARt cLE 2

II. CALCULATI0tlAL PROCEDURE

A. XENON REC 0t4STRUCTION
.

In the normal CAOC 18 case analysis, load follow simulations, which

generate power distributions covering the allowed CAOC operating space,
are performed to generate a typical range of allowed axial xenon distri-
butions which in turn are used to calculate axial power distributions in
both normal operation and Condition II accident-conditions. Because of
the much larger allowed operating space during RA0C ~ operation, load
follow simulations are not a practical method for generating power dis-
tributions covering this wider AI-Power eperating space. Therefore,

,

for RAOC analyses, axial xenon distributions are created by a recon . +(a,c)
struction model. 5 1s reconstruction model creates an axial xenon dis-

,
"

tribution by a five term Fourier serics expansion:

.

Xe(z) = A , sin (L 25)n
n=

where: Xe(z) = the xenon concentration at axial position z

z = axial height

L = core height
..

6 = extrapolation distance

A = Fourier coefficients
n

~

Five parameters of the xenon distribution are preserved. The coeffi c

cients, A , can be derived from these parameters by appropriate
n

i matrix inversion.

| .:

'

The following parameters are useful in understanding the reconstruction

model.
- -

|

|
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*(a.c)- -

L.

Xe = f [ Xe(z)dza) Average,
,

/2 )
1 Xe(z)dz iXe(z)dz

axe =7(L/
b) Skewness,' -

o j
f L h

c) Top Third, XETOP =f Xe(z)dzi- fe2L
\r >

[ 2L \

d) Middle Third, XEMID=fl Xe(z)dz - Xe

L/3 )
XEBOT=f[[Xe(z)dz.-Xee) Bottom Third,

ko

SL )
XE2/3 AVG =k(Xe(z)dz - Ref) Middle Two-Thirds,

li

These parameters are typically expressed in units of 10~ Xenon
atoms /b-cm. The five parameters preserved by the xenon reconstruction

i model are then

a) Average,Xe

!
'

b) Skewness, axe

c) Middle Third, XEMID

|
d) Top Third - Bottom Third, XETOP-XEBOT

|

e) Middle Tuo-Thirds, XE2/3 AVG

Empirically, it has been determined that two of the distribution para-
meters can be related to the remaining three through correlations, namely

| ,

;

A-10
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'

XETOP-XEBOT = f (Xe, axe)

XE2/3 AVG = g (Xe,XEMID)

Thus, there are only three parameters necessary to define an axial xenon

distribution.
--

The accuracy of the reconstruction model has been verified by two
methods. They are:

a) Comparison of reconstructed Xe(z) values with those of the diffusion
theory created distributions having the same xenon parameters,

b) Comparison of axial offset and F, differences obtained with the
actual and reconstructed xenon models.

Figure II-l shows a typical envelope of pointwise Xe(z) differences.

These differences over most of the core are <5%. Near the top and +(a.c)
~

bottom of the core differences are larger, but d'o not impact RAOC limit

analysis. Figure II-2 shows histograms of A.0. and F diff8rences.z -

In general, A0's agree within 0.5% and F 's agree within 1%. Because +(a,c)
g ,, ,

of the wide range of xenon distributions examined in the RAOC analysis,
the accuracy of the reconstruction model to reproduce any individual
xenon distribution, and its associated power distributions, is not
important. The accuracy in A0 and F is quite sufficient for the

z
enveloping studies for which the reconstruction model is used.

B. XENON LIBRARY

|
The xenon reconstruction model makes it possible to accurately recreate

! an axial xenon distribution from the xenon parameters. Therefore,
pointwise xenon distributions need not be stored since they can be
recreated from their characteristic parameters. In addition, the recon-

struction model eliminates the need to simulate a large number of xenon

transients to generate the allowed range of xenon distribution.
Instead, a few selected xenon transients can be analyzed to determine

A-11
.



'

.

WESimCHOU3E FR:FR:ETMY C'JSS 2

the allowed range of xenon parameters. These parameters then constitute

the xenon parameter library. The remainder of this section describes
the generation of the xenon library.

+(a,c)-

Although important in terms of global reactivity, and therefore critical
boron concentration, Xe is relatively unimportant in terms of xenon
shape and, hence, power distribution analysis. Of primary importance to
the xenon library are the xenon parameters axe and XEMID since these
parameters determine the shape of the axial xenon distribution.

The first step in determining the range of the xenon parameters is to
select a tentative AI-Power operating space. The tentative operating
space should be at least as wide or wider than the expected LOCA/LOFA

,

limits. This will insure that the xenon parameter ranges are conserva-

tive. However, the tentative space should not be so large as to result
in overly conservative parameter ranges. A poor selection will result
in a time consuming iterative process to arrive at the final allowed
operating space. A reasonable initial operating space is the widest
space allowed at any time during the cycle by the administrative runback
line and CAOC operation. This is illustrated in Figure II-3.

Xenon transient calculations are executed with al maintained within
the tentative AI-Power space. The sequence of these calculations is

as follows:

+(a c)--

a) Set the reactor power at P1 (input)

b) Adjust the AI to the most positive value allowed within the
tenative limits by changing control rod insertion

c) Obtain '.he equilibrium xenon distribution

d) Change reactor power to P2 (input)
-

A-12



*

.

WEST;i:GHCUSE FR;FR:ETATtY CLUS 3 +(a c)-
_

e) Adjust the al to most negative value by changing control rod in-
sertion

f) Deplete xenon every one hour for up to 40 hours and calculate xenon

parameters

g) Maintain the AI at the most negative value during this time

h) If AI control cannot be maintained the calculation is terminated
at the exact time the violation starts.

1) Repeat steps a-h going from the most regative AI to the most post-
tive AI

j) Repeat steps a-1 for varicus combinations of P1 and P2

k) Plot axe vs. XEMID, determine range of Xe

1) Repeat steps a-k for various burnups (BOL, MOL, EOL)

In all the above steps the control rods must meet rod insertion limit
constraints.

The recommended burnup steps and power levels are listed in Table II-1.
A typical plot of axe vs. XEMID (Step k) is shewn in Figure II-4.
This result it.dicates the allowed axe and XEMID range for that burnup

step.

The results of the above transient calculations for a typical
Westinghouse reload core are shown in Figures II-5, II-6, and II-7 at
BOL, MOL, and EOL respectively.

;

A-134
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TABLE II-l

Powers (P1-P2)Burnuns ,(a c)-
,

BOL 100-70
70-100

MOL
100-50-

E0L 50-100

100-30
30-100

All combinat' ions of power and burnup are calculated, resulting in 18
total cases.

--

e

: .

I

,

!

!
i
.
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The allowed axe-XEMID space, as shown in Figure II-4, at each'of three
burnups (BOL, MOL, E0L) then becomes the xenon library. In addition,

from the range of Xe determined from the transient cases, three le are
selected for inclusion in the library. These three are:

a) the highest value,

b) the lowest value,

c) the average value.

The Xe's for a typical Westinghouse reload core are 3.25,1.5, and 2.5.

C. NORMAL OPERATION ANALYSIS

1. POWER SHAPE GENERATION

In the standard CAOC analysis the generation of normal operation power
distributions is constrained by the rod insertion limits (RIL) and AI
band limits. The purpose of RAOC is to find the widest permissible
AI-Power operating space by analyzing a wide range of AI. Therefore

the generation of normal operation power distributions is constrained
only by the RIL. The sequence for generating the power distributions is
then:

*(a,c)

a) Select a power level

I

b) Select a' set of xenon distribution parameters; ie, one of the

| points in the axe-XEMID allowed space and a %e

| c) Reconstruct the xenon distribution
|

d) With the xenon distribution fixed, step the rods from AR0 to the RIL.i

| Maintain criticality by soluble boron concentration adjustment.

I
I

i

A-15
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e) Store P(z), power level, AI, and rod position for each rod post-

tion in d)

f) Repeat Steps b-e until the allowed xenon parameter space is covered

g) Repeat Steps a-f for a range of power levels (a minimum of three
power levels,100%, 50% and an intermediate power, are required)

h) Repeat Steps a-g for various burnups (BOL, MOL, EOL)

The results of the above proccis is a large set of power distributions
covering a large area of AI-Power space. A brief representation of
this space is shown in Figure II-8. This data is used as input to the
LOCA and LOFA analysis.

2. F ANALYSISg

Each power shape generated in Section C.1, above, is analyzed to deter-
mine if LOCA constraints are met or exceeded. The total peaking factor,

TF , is detemined using standard synthesis methods as described in
W AP-8385. For each power level, the results of this analysis will'

indicate a range of AI in which there are no violations of the LOCA
,

l limits. This range is plotted for all the power levels analyzed and a
bounding limit is detemined. This is illustrated in Figure II-9. This

| bounding limit becomes the tentative allowed AI-power operating space

for the plant, pending the results of the Loss of Flow Accident (LOFA)
and Condition II Accident Analyses.

The LOCA limited AI-Power operations space for a typical Westinghouse
reload core is shown in Figure II-10.

1
|

A-16
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3. LOFA Analysis

The themal-hydraulic methods used to analyze axial power distributions

generated by the RAOC methodology is similar to those used in the CAOC
methodology. Normal opcration power distributions are evaluated
relative to the assumed limiting nomal operation power distribution,
typically the 1.55 cosine, used in the accident analysis. Limits on
allouable operating axial flux imbalance as a function of power level
from these considerations are compared to those resulting from LOCA Fg
considerations, (Figure II-10), and the most restrictive limits
detemined.

D. CONDITION II ANALYSIS

The objectives of Condition II simulation (Accident Simulation) are to:

(a) Evaluate whether the consequence of the specified accident satisfy
the design basis of safety related items, i.e., the maximum power
density and design basis axial power shape used in DNBR evaluations.

(b) Provide, if necessary, information to obtain appropriate setpoints
for core protection systems which assure the validity of the design
basis. This will be accomplished by such means as redefining the

f(AI) penalty function in the Overtemperature AT setpoint
equation (OTAT).

Pre-accident conditions have to satisfy the normal operating conditions,

i.e.:

(a) Control rods are above their insertion limit.
i

(b) The flux difference, AI, has to be within the AI-Power space
detemined in the Nomal Operation Analysis.

A-17
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Axial xenon distributions are generated by the xenon reconstruction
model for the range of axe, XEMID and XEAVG's allowed during normal
operation (ie, within the Al-Power Operating space determined in the
normal analysis). Starting from a normal operating condition, the
following accidents are simulated.

Cooldown Accident (Manual Rod Control Mode)

This accident assumes reduction of the inlet temperature of the primary
coolant due to a sudden excessive load increase, steam dump valve open-

ing, excessive feed water flow or a turbine valve opening. The control
rods are assumed to stay at their original insertion. The reactor power
increases as a result of this accident. The maximum amount of tempera-

ture reduction is limited to 30 F. The cooldown will be terminated if
the reactor power reaches the high flux trip point even if the amount of

0temperature reduction is less than 30 F.

Control Rod Withdrawal

This accident assumes uncontrolled full length control rod withdrawal
either by system malfunction or operator error. The baron concentration
is fixed. The control rod is withdrawn every 10% of core height up to
the fully withdrawn position. A reactor trip occurs if the reactor
power reaches the high flux trip point. This analysis also simulates
excessive (uncontrolled) load increase with automatic control rod opera-
tion.

Boration/ Dilution (Automatic Rod Control Mode)

An uncontrolled baration/ dilution accident is the result of a system
malfunction or operator error, and is simulated as follows. The reactor
power is maintained at a constant level. The reactivity change associ-

'ated with the boration/ dilution is compensated by automatic control rod

motion. The baration is terminated when all rods are out of the core.
The dilution is terminated 15 minutes after the rods pass the rod in-

sertion limits.

A-18
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1) Power Shape Generation

The first step in the Condition II analysis is the determination of the
allowable nomal operation preconditions. This is accomplished by
selecting a set of xenon distribution parameters and searching for the

,

control rod insertions at a given power (constrained by the rod inser-
tion limits) that are permissible within the AI-Power operating space
determined in the normal operation analysis. This is illustrated in
Figure II-11. For that xenon distribution and power level, any rod
insertion between these limits is a valid normal operation precondition-

,

for the accident analysis. The process for the accident analysis is then>

*(a,c)

! a) Select a set of ' xenon distribution parameters from the xenon distri-
'

bution library and reconstruct the xenon distribution,

b) Select a power level,

c) Search for the deepest and shallowest rod insertion allowed by the
AI-Power operating space.

d) Originate accidents fron: rod positions between the limits determined
,

in c).

e) Store P(z), power level, AI, and rod position at each step of the
accident simulation,

i

f) Repeat steps b-e for power levels 0.5 i P 11.0,

g) Repeat steps a-f until the range of xenon parameters is spanned.

The power distributions generated in this sequence are then analyzed for
peak power density (Kw/ft) and DNB concerns.

j

|

|
! A-19

- - __ -



.
.

.

WESMGHCUSE FE ?R;;7A3y CUS$ 2

2) Peak Power Density

Core peaking factors can be obtained by the standard synthesis pro-
cedures using 1-D calculated axial power shapes and power levels ob-
tained from the accident simulations and input F 's. The results arexy
summarized in flyspeck format as shown in Figure 11-12. Usually peak
power density will exceed the design basis limit only in very large
axial offset (or AI) regions. These regions are easily protected by
operator action and/or an operationally non-restrictive OPAT f(AI)
penalty function. (Current 17x17 plants with CAOC control operate based
on an analysis without an OPAT f(AI) penalty function since the
OTAT f(AI) penalty function is more restrictive. If the need for an
OPAT f(AI) penalty function is indicated by the RAOC analysis, the
OTAT f(AI) function would be changed such that it would be more

restrictive.)

3) DNS and Setpoint Analysis

The Condition II analyses are evaluated relative to the axial power
distribution assumptions used to generate DNB core limits and resultant
OTAT setpoints (including the f(AI) function) to determine if the
setpoints are adequate for the RAOC generated conditions.

E. FINAL DETERMINATION OF RA0C LIMIT

Once the normal operation and accident analysis described in the

previous sections has been completed, the final determination of the
l RA0C allowed AI-Power operating space can be made. This is accom-
j

|
plished by first comparing the LOCA allowed AI-Power operating space
to that of the LOFA and selecting the most limiting operating space
allowed by these normal operation limited accidents. This result is then
compared to the trip setpoints that result from the OPAT and OTAT

|
f(AI) penalty functions to insure that the trip setpoints are

I non-restrictive.
i

I
;
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The resulting al-Power space from this determination for,a typical
Westinghouse reload core is shown in Figure II-13.

LIMITSF. SENSITIVITY STUDIES FOR VARIOUS Fg

The sensitivity of AI-Power operations space to changes in Fg were

analyzed through a wide range of F 's. The method of analysis is
g

identical to the Fg analysis described in Section C.2, with Fq
varied for each sensitivity case. The results indicate that a 1% change
in F will cause less than a 1% change in AI. As AI is under the

g
control of the operator, F can be conservatively reduced by a 1%g

g s to be decrea ed.reduction in al for each 1% F i

q s used in theThis conservative relationship of 1% al per 1% F i

Surveillance to reduce theTechnical Specifications incorporating Fq
g ndi-allowed AI-Power operating space in the event a measured F i

limit to allow use of the fullcates insufficient margin to the Fg
AI-Power operating space.

G. IMPACT ON REMAINING SAFETY ANALYSIS

The impact of the wider AI-Power space allowed by RAOC on safety
parameters other than those discussed in the previous section has been

evaluated. No change in the methods of determining these safe':y
parameters is required as a result of RAOC for the following reasons.

a) The current methodology as described in WCAP-9272, " Westinghouse
Reload Safety Evaluation Methodology," is sufficiently
conservative to bound RAOC operation. This is a result of the

r

conservative methods used to bound the power distiribution

skewing allowed by CAOC.

.
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i b) Although the allowed' AI-Power operating space is larger for
RAOC than it is for CAOC, the plant is physically able to
operate at the extremes of the allowed space for only brief
periods of time. The plant will always tend toward the equilib-
rium value of AI, i.e. the CAOC target value, as any xenon
oscillation decays. As a result the most probable power
distribution occuring during normal operation of the plant will
be within the CAOC AI-Power allowed operations space.

!

-

.

t

t

,
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III. TECHNICAL SPECIFICATIONS

A. 110DIFICATIONS TO 3/4.2.1

In a plant incorporating RA0C operation the Technical Specifications are

mndified to. remove all references to CAOC in Section 3/4.2.1 and the
corresponding bases. The allowed AI-Power operating space determined

in the previous section becomes Figure 3.2-1 of the Technical Specifica-
tion and opera': ion within these limits is required. If these limits are
exceeded, AI must be returned within the limits within a short grace
period or power must be reduced. An example of the modifications to
3/4.2.1 is Section 1 of the attachment. An example of the modifications
to the BASES of 3/4.2.1 is Section 2 of the attachment.

B. OTHER POTENTIAL TEC INICAL SPECIFICATION CHANGES

As a result of the OT.sT and OPAT analysis of the Condition II
transients, changes may be required to the f(AI) penalty functions in
Table 2.2-1 of the Technical Specifications. This may be required on
plants with high F limits where wider al limits are possible.g

;
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IV. SUtU1ARY APID C0tlCLUSIO!!S

f

The RAOC methodology has been developed for relaxing the current
contraints on axial power distribution centrol. This methodology widens
the allowed AI-Power operating space rela :ive to CAOC operation

particularly at reduced power levels while ensuring that safety con-
siderations are satisfied. This is achieved by examination of a wide
range of possible xenon distributions and the possible range of a.xial

power distributions associated with each xenon distribution in both'
normal operation and accident conditions. This methodology has'.been

applied to t!.e safety analysis of a typical Westinghouse reload core.
With the Technical Specification changes described in this report, .the
plant can operate both safely and with enhanced flexibility during this ,

'
cycle. ,
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ATTACHMENT
~

TECHNICAL SPECIFICATION CHANGES

A.I . MODIFICATIONS TO 3/4.2.1

AXIAL FLUX DIFFERENCE LIMITS

t-

.
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3/4.2 POWER DISTRIBUTION LIMITS

3/4.2.1 AXIAL FLUX DIFFERENCE (AFD)

LIMITING CONDITION FOR OPERATION

3. 2.1 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 PERCENT 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
or 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.

!

A-39
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POWER DISTRIBUTION LI!1ITS

SURVEILLANCE REQUIRE!!ENTS

4. 2.1.1 The indicated AXIAL FLUX DIFFERENCE shall be determined to be
within its limits during POWER OPERATION above 50 percent 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 re-
storing the AFD Monitor Alarm to OPERABLE status.

h. Monitoring and logging 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 lionitor Alarm is inoperable.
The logged values of the indicated AXIAL FLUX DIFFERENCE shall
be assumed to exist during the interval preceding each log-
ging.

4. 2.1. 2 The indicated AFD shall be considered outside of its limits
when at least 2 OPERABLE excore channels are indicating the AFD to be
outside the limits.

i

:
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3/4.2.1 AXIAL FLUX DIFFERENCE (AFD)

The limits on AXIAL FLUX DIFFERENCE assure that the Fo(Z) upper bound
limitenvelope of F times the normalized axial peaking factor i; not

g
exceeded during either normal operation or in the event of xenon
redistribution following power changes.

Provisions for monitoring the AFD on an automatic basis are derived from

the plant process computer through the AFD lionitor Alarm. The computer
determines the one minute average of each of the OPERABLE excore

detector outputs and provides an alarm message immediately if the AFD
for at least 2 of 4 or 2 of 3 OPERABLE excore channels are outside the
AFD limits and the THERMAL POWER is greater than 50 percent of RATED

THERMAL POWER.
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