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'
This report documents a study performed for the Florida Power and Light
Turkey Point Units 3 and 4, to address the Lssue of operating with lass
than 758 of the 50 total instrumentation thimbles in the core. The
main objective of this analysis vas to determine the additional peaking
factor ‘measurement uncertainty that should be applied and addrssses the
NRC concerns when fewer than 75% of the instrumentation thimbles are
oparational. The study is based on previous studies of a sinilar nature
vheres rtemoval of more than 758 of the operable thimbles was desired,
Because of the nature of the problem this study is statistical in
nature, and an exact ansver cannot be defined. The following pages

dsscribe the methodology used for the study and recommendations for
applying the results.

Hisgory

Studies similar to this ha.a besn generated for other apsrating plants
with tech specs raquiring more than 75¢ of the instrumentation thimbles
opserational. Howaver, no permanent technical specification change
allowing a reduced nunber of operable instrumentation thimbles has been
approved by the Nuclear Regulatory Commission. Attached is the NRC
Safety Evaluation Report {n response to a submittal pispared by
Westinghouse. This SER states several concerns regarding the reduction
of operating instrumentation thimbles in the core (less than 75%)
during normal plant operations. A tamporary tsch spec change has been
grantad for a currsnt operating cycle based on the submittal: however,
a permanent tech spec changs has not been granted because of the
concerns addressed in the attached SER.

It is the intent of this study to satisfy these concerns in this regard
in order to obtain a permanent tach spec change. The two main issues
from this SER are:

1) Permansnt changs of the tsch spec would lead to dacreased level of
Hoveabls Incors Detector System (MIDS) systes maintenance,

2) The ability of the MIDS system to detect anomalies i{n cases with
large portions of ths core uninstrumsntsd would be unacceptadble.

The following sxplains hov the sbove concarns may be addressed;
however, other ¢oncerns relating to thimble reduction may exist that
are not known at this timse, *

Paaking Factor Uncartsintiss

Several studies have been done with peaking factor measursasnt
uncertainties vhen less than the full coaplesent of instrumentation
thisbles are used in the cors. These studies wers used as a basis for
dstermining the magnituds of the uncertainty to be applied to neasured
peaking factors for the Turksy Point Units.

To determine the additional uncertainty in seasurement of peaking
factors, three full pover core power distribution maps wers used for
referance. Five separate random thimble reduction cases (down to 50%
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of the thimbles) were done for each map -- a total of 15 reduced maps.
The measured peaking factors in the deleted maps were then compared to
the reference maps (with all 50 thimbles). The additional measurement
uncerctainties for 508 of the thimbles were determined from these
comparisons. Uncertainties were calculated for F,,, and F, and the
erfects of thimble deletion on the axial offset a%g quadrgnc tile were
also assessed. )

As_a regult of these calculations an addfitional measurement uncertainty
of[ :rvns detarmined for F,.., and an additional measurement 44,¢
uncertainty of %as decéluined for F.. These values were +q,¢
conservativaly rounded to 1.08 for F an& 2.08 for F,. As an
additional conservatism these values ars doubled to 290\ for FAH and
4,08 for F.. These are the naxinun additional measurement
uncertaint¥es for F,, and F, with S0t of the instrumentations thimbles
removed. Current seﬁndard gech Specs define the uncertainties ac 75%
o>f thinbles remaining as 4.0% for F,,. and 5.08 for F.. Therefore, the
total uncertainty in measurement ongoaking factors 91:h more than 75%
of the thimbles removed can be described by the functions as follows:

FAH measurenent uncertainty = 4% + (2)%(3 - T/12.5)
FQ measurenent uncertainty = 5% 4+ (4)*(3 - T/12.5)

wvhere T is the number of operable thinmbles remaining and must be
between 25 and 37 thimbles, inclusive. For cases with greater than 17
thinbles operable, the standard Tech Spec uncertainties apply (4.0% for
FAH and 5.08 for FQ).

Although these uncertainties apply to removal of up to 50% of the
thinbles, a base thinble limit can be set. This limit would be a
oinizun mmber of thimbles (greater than or equal to 25) that nustc
renain operable. This is the same as having a naximua number of
thinbles (less than or squal to 25) that can be removed from operation.
The purpose of this limi{t {s to address the concern that large areas of
the core would bs uninstrumented.

The next section discusses the base thimble liait association with the
nininun nusber of thinbles per quadrant. A higher base limit resulcs
in a theoretically greater nunber of thimbles per quadrant. And a
higher number of minimua thimbles per quadrant results in smaller areas
of the core being uninstrumanced. )

The i{mpact of thinmble reduction on axial power offset and quadrant cilc

is negligible. Studies have shown that the difference becween reduced ; ac
thinble maps and the referencpg maps is equal to or less chan[, for '
axial power offset and for quadrant tilt. +a,¢

Minizun Thinble Reguirenent Per Ouadrant

The peaking factor msasurement uncertainty analysis described above
makes the assunption that thimbles were randomly deleted from the core.
1f thinbles are somshow systematically deleted from the core then the
above calculated peaking factor measurement uncertainties will not
anplvy  This section describes the calculations performed to establish
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a criteria for dstermining vhether elimination of instrumentation
thinbles from the flux mapping system is random or systematic and also
dstermines the bounds of applicability of the incremental peaking
factor uncertainties.

Both Turkey Point units (3 and 4) have a total of 50 i{nstrumentation
thinbles. A basic assumption of the peaking factor uncertainties
docunented in the previous section i{s that the removal of operable
thinbles from the core is random in nature. The following defines
exactly vhat random deletions means {n term of the peaking factor
uncertainty.

The assunption of random deletion of thimbles is an important one. If
renoval of {nstrumentation thimbles in the core is completely random
then each thimble in the core has an equal probability of bdeing removed
fron operation. Therefore, Lf 50 percent of the thimbles in the core
vere to be dsleted randonly, a random pattern of thimbles would result.
On the other hand, if there were some function driving the removal of
the thinbles the result would not be a random pattern of thinmbles.

This systematic dsletion of thimbles could conceivably result in large
arsas of the cors bsing uninstrumented. If this would occur the
peaking factor uncertainties would no longer be applicable.

To help {nsure that thimble dsletion {s random, a restrict. n can be )
placed on the number of thimbles that must remain operable in each

quadrant. For sexample, if 508 of the thimbles wvere randomly removed

froa the core, it can be shown that J £ the tine at +q,c
least three(3) thimbles will ba remaining in each quadrant of the core.

1f less than three(3) chimbles remain in any quadrant a systematic :

dsletion would be suspectsd and the peaking factor uncertainties could
not be applied.

To determine the minimum nusber of thimbles that will remain per
quadrant in a random daletion a small computer simulation code was
writtan to arrive at a statistical solution, The core was divided into
two sets of quadrants as depicted in Figures 1 and 2. Figurs 1l shows
the core dividad i{nto four sections by cutting it north to south and
east to west., This vill be referred to as quadrants Ql through Q4.
Figure 2 shows the core divided along the disgonals to fora four
sections; thase quadrants will be referred to as QA through Q0. What
this accomplishes is to basically divide the core into eight octants
using tvo sets of four quadrants each. These quadrants are all defined
such that the assemblies along the axes dividing the quadrants are
included {n each of those adjacent quadrants.

The object of the computer simulation {s to datermine the aininua
nuaber of thimbles remaining in any one of thess quadrants for a given
percentage of the thimbles deleted. The program randomly deletes a
specified percentage of ths total mmber of thimbles froa the pattern
of thimble locations shown in Figures 3 and 4. The resulting pattern
{s then analyzed to determins 'the minimum nusber of thimbles remaining
in any of the eight quadrants defined above.

The computer simulation vas run for deletfions of 60% and 508 of the
thinbles with 5000 cases for each simulation. The :uglcs are

tabulated in Table 1. C ] +q,c
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ln summary, when 50% of the thimbles remain after a random deletion, at
least three(3) thimbles should be left in each of the eight quadrancs.
If less than three thimbles are left in any quadrant, then the thimble
renoval i{s probably not a random process and the peaking factor
uncertainties calculated praviously will no longer apply.

of the total number of thimbles was not random; the peaking factor
uncertainties no longer apply.

Minigum Thioble Requirement at Cvcle Startup

One of the NRC'’s main concerns was that a procedure for reducing the
minimun number of operable thimbles would lead to reduced maintenance
of the MIDS. To alleviate this concerm an inftfal startup criceria
can be added to the requirements. This would require that ¢ minimum
number of thimbles (908 for example) must be operabls at the starc of a
cycle. This would assure adequats maintenance of cthe MIDS.

Conclusions

Using the additional peaking factor msasurement uncertainties and
requirenents for ainimum nuaber of thimbles remaining per quadrant will
provide a procedurs acceptable for operation of the MIDS with 50% or
greater of the thinmbles. However, no permanent Tech Spec change has
been grantsd allowing a reduced mmber (less than 758) of operable
instrumentation thimbles.

Reconaandations

In summary, the following recomaendations are made to address the
technical aspects of thimble reduction as well as the concerns of the
HRC which have been voiced in the past. These reconnsndations are as
follows:

1) Pesking factor uncertainties: Additional measurement
uncertainties should be applied to both F,, and F,. These
uncertainties are applied in the form of the follgving
equations:

F U=e2* (3 -T/12.5) + 4.0

o4

Fa

vhere T is the nuaber of operable thimbles remaining. And T
aust between 25 (50%) and 37 (74%) inclusive. The

» uncertainties are expressed in percent and include cthe
noninal uncertainties.

-4 * (3 - T/12.5) + 5.0

<
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2) Base thinble limit: A ainimm percentage of thimbles remaining
must be set. This study provides the ability to set the base
thimble limit to 50%. However, the higher the base limit is,
the less concern regarding uninstrumented areas of the core.

3) Minimum number of thimbles per quadrant: In order to apply the
peaking factor uncertainties a ninimum number of thimbles
gust be in each quadrant. This ainfimum is dependant on the
base limit set above. For a 508 base limit the minimum
nunbar of thimbles per quadrant is thres.

4) Startup minimum thimble linmit: To address the concern for
reduced incentive of MIDS maintenance at startup, a minimum
thinble linit should be applied. This limit would require
that a ainimum nunber of thimbles (908 for example) be
operable at the start up of each cycle. A major problem with
reduced KIDS maintenance is the inability of the system (wich
& large raduction in operable thinmbles) to detact misloaded
assenblies at the beginning of a fusl cycle. Since the
peaking factor measurement uncertainties calculated in this
study assume & normal powsr distribution map as a reference,
the {ssus of misloaded assenblies is not specifically
addressed. The ninimus thimble limit at startup would
resolve this concern.

Since MIDS is not a continuous on-line core monitoring system, nor is
it & safety grads protection system it is the Westinghouse position
that its use in detecting or analyzing abnormal core conditions is a
secondary function of the system, Its primary function is the
verification of measured versus predicted cors parameters on a periodic
basis. Since the philosophy behind the purpose of the MIDS is
dsbatable, the above recommendations may not satisfy the NRC concerns
regarding licensing of the system below 758 of the thinbles
operational.
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Table 1

Three Loop Core Geometry

Turkey Point Units 3 and &




Ve

P

-

L




S tpe & -

Fi.gure 1

O .
- Q4 in]ls! Q1
°o| @® * Qe |O
IRENE @
@ 1O|le| |o|@®] ®le]e
Q iy Ol |9
® @ o o o |Q
—OT—® ® = is 1O
Qle oDl |O ©
® @ [® o] |[0|O]e]|O]e
Ol Qe[ o| [e]|O
o o o @ |@®
@ ® ,
Q3 B [¢]e] [® Q2
‘ 6 |

O nm uixvs vevice (46)
[ THERMOCOUPLE (51)
@ INCORE MOVASBLE DETECTORS (50)

Core Quadrants Defined by the
Horizontal and Vertical Axes




e

IR LA .A.Y_ JTON
> Srel e ¥ v <: «
- N.F. 3
200 S <
%

LAASTS e SRR
Lk T
ﬁr
o




/ 0 Figure 2

QA
Y [a) |
0{Q
o @ |@0|Q]e|Q
- ol 1O @
® (O o @ |[®| oo
=) ol Q] I©
o ® |@® ° ®
0 QD Q] @ (@ |9 0[O @
Ole A=\ [=]
® @ |®|e Qje |Q
Q- [OlFIO] (0|0 ()
N ® o I®I\I®
@ ® '
& ole ®
, ol |

- QC
O now mxnv oevice (46)

D THERMOCOUPLE (S1) -
@ IKCORE MOVABLE DETECTORS (S0)

Core Quadrants Defined by the
. Diagonal Axes

QB




-

¥

Py




'Y

Y ae

Attachment 1

NRC SER on Incore Detector Thimble Reduction Study
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%, UNITED STATES
NUCLEAR REGULATORY COMMISSION

*
=T, E WADNGTOW, C. C. 20855
¢

trees’ ) SAFETY EVALUATION REDPORT

OFFICE OF NUCLEAR REACTOR REGULATION

INCORE DETECTOR THIMSLE DELETION STUDY
INTRODUCTION
Ina Yetzer cated Decexber 16, 1982, . P;:opcnd Crange Reques:
No.75 to the Operating License of Power Station, Unit No. 1.

The request proposed to reduce the number of thimbles required by the Technicai

Specifications to 503 from 752 for the incore movable detector systes to be
operable. _ . : ‘

T.r;e licanses provided docmcnaiion in Tetters dated January 4, 1983 and
Fedbruary 24, 1583 supporting an increase of the movable incore detector map
Rgasurmaent ﬁnccminty 8s part of the change request. By Aaendaent No. 61
dated January 19, 1883, we provided l'mtu'il approval of the proposed Technical
Specification change request for the remainder of the then operating Cycle 3.
Cur fntention was to complete the review of the subject report.

EVALUATION

Essantially 811 MR Technical Specifications contain a requirement for oper-
abflfty of 75% of the {ncore detactor locations for periodic mapping of the
core power distribution. On a mumber of occasions, for various ressons,
failures {n operating PWRs have approached or exceeded 25%, and relaxation of
the 752 requirement has been permitted for the duration of affected reactor
cycles., This has genarally besn allowed either with increased sul:-vmhnce of
soce sort (such s {ncraased fraquency of mapping) or, as in the case of the
interim approval of this change for Cycle 3 of Unit 1, when
thers §s substantial margin to Technica) Specification peaking factor Vimits.
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We advocate mintenance of as close to 1002 cperability of the incore detector
systam as s possible. We believe that this s required to be able to

{dent{fy and evaluats possible powar distribution or reactivity anomalies
which might occur during the operation of power plants. An example s the
burnadle poison rod leaching prodblem that occurred in St. Lucie 1 where the
incors instrumentatfon was essential in {dentifying and understanding the
prodla.

The 752 cperability requirsment was chosen o allow a reasonable amount of
Tailures of the incors detactors, but to encourage the licansees to strive for
as near to 1003 as possible. Permanent Technical Specification changes to
reduce the umber to 50% might reswll 4n a Tack of incantive o keep the syste
6p¢nt1ng ss close to 100% as possible. This could result in an unacceptabdly
degraded ability to datect ancmalous conditions in the cors.

We thersfors conclude that & permanent change of the CUndt d
Technical Specifications to allow operation with up to 50% of the incore
detector thimbles failed s not acmt!bh. In the event that the operabilizy
requirement of 753 cannot be met during & cycle, we will consider '
interim Technical Specifications for ﬂn remainder of 2 cycle, 28 has been
done before. Considaration would be ﬂm to avaflable rasylting margin from
reduction gf operating paaking factors with cycle burnup, appiication of

* additicns) measurement uncertainties, and more frequent incore maooing.

fate: August 29, 1583

principal Contribtutor:
M. Duun_f'old
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Attachaent 2

Sample Technical Specification Modifications
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Insexrt A:

Insert B:

Insert C:

Insert D:

Insert E:

Insert F:

When the nuaber of operable moveable datector chimbles (T) is
less than 75% of the total, the 5% F. measurenent uncertainty
shall be increased to [5% + (4)(3 - $/12.5)] where T (the
nuaber of operable thimbles), must be greater than or equal
to 508 of the total.

When the number of oparable moveable detector thinbles (T) is
less than 75% of the total, the 4% F,,, measurement
uncertainty shall be increased to [4&+ (2)(3 - T/12.5)]
vhere T (the number of operable thimbles), must be greater
than or squal to 508 of the total,

A mninimun of three(3) detector thinmbles per core quadrant --
wvhere two sets of quadrants are dsfined: 1) quadrants formed
by the vertical and horizontal axes of the core and 2)
quadrants formed by the two diagonals of the core. These
quadrants are dsfinad such that the instrumented locations
along the axes dividing the quadrants ars included in each of
those adjacent quadrants as whole thinbles.

At least 90% of the detector thinbles must be opsrable at the
beginning of cycle. ‘

U,y is dafined as the Bass Load uncertainty factor that
ag&ounts for: manufacturing tolerance, measuresent error,
rod bow and any burnup and power depsndent peaking factor
increases. WUith at least 75% of ths detector thinbles
operable, U, 1is 9%, Uhen the number of operable moveable
dateccor thikbles (T) is less than 75 of the total, the U
uncertainty factor shall be increased to:

{9% + (8)(3 - T/12.5)])
whare T (the number of operable thimbles), must be greater

*than or squal to 50% of ths total.

U,p i3 defined as the Radial Burndown uncertainty factor
tﬁ!: accounts for: manufacturing tolerance, mesasurenent
error, rod bow and any burnup and power dependant psaking
factor increasss. Vith at least 758 of the datector

. thisbles operable, 1s 98. VWhen the mmber of opsrable

moveable datsctor thilbles (T) is less than 73% of the
total, the th uncertainty factor shall be increased to:

, [9% + (4)(3 - T/12.5)]
vhere T (the number of operable thimbles), oust be greater
than or equal to 50% of the total.







POWER DISTRIBUTION LIMITS

3/4.2.2 HEAT FLUX HOT CHANNEL FACTOR - Fn (2)

LIMITING CONDITION FOR OPERATION

3.2.2

N
fQtZ) snall be limited by the following relationships:

"E(Z) L [FqlLX (X(2)] for P > 0.5
-

FS(Z) £ LFQ:lLX (K(2)) for P < 0.5 °
0.5

where: [FQ]L s 2,32

ps= Thermal Power
Rated 1hermal Power

and K(Z) is the function obtained from Figure 3.2-2 for a given
core height location.

APPLICABILITY: MOOE 1

ACTION:

With the measured valye of FQ(Z) exceeding its limit:

b.

Reduce THERMAL POWER at least 1% for each 13 FS(Z) exceeds

Fﬁ(l) within 15 ainutes and similarly reduce the Power Range Neutron
Flux = High Trip Setpoints within the next 4 hours; PONER OPERATION
may proceed for up to a total of 72 hours; subsequent PONER OPERATION
may proceed provided the Overpower Delta-T Trip Setpoints (value of
Kq4) have been reduced at least 1% for each 1$'F3(Z) exceeds the
limit; and

Identify and correct the cause of the ocut-of-limit condition prior

to increasing THERMAL POWER above the reduced power limit required by
ACTION a., above; THERMAL POWER may then be fncreased provided Fg(2)
is demonstrated through incore mapping to be within its limit,

3/4 2-4
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS

4.2.2.1 1If [FQ]P as predicted by approved physics calculations is greater
than (Fqll and P 1s greater than Pr as defined in 4.2.2.2, Fg(2)
shall be evaluated by 4.2.2.2, 4.2.2.3 or 4.2.2.4 to determine if Fq
is within its limit. If [FQ]P. is less than [FQ]L or P is less than

Prs FQ(Z) shall be evaluated to determine if FQ(Z) is within its
1imit as follows:

4. Using the movable incore detectors to obtain & power
distribution map at any THERMAL PONER greater than 5% of RATED
THERMAL POWER.

b. Increasing the measured Fq(Z) component of the power
distribution map by 3% to account for manufacturing tolerances
and further increasing the value by 5% to account for
msasurement uncertainties. Verifying that the requirements of
Specification 3.2.2. are satisfied.

ITNseERT A"

c. FQID) < F§(2)

Where FS(Z) i{s the measured F0(Z) increased by the allowances
for manufacturing tolerances and measurement uncertainty and

FG(2) 15 the Fq 1imit defined in 3.2.2.

3/4 2-5
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POWER DISTRIBUTION LIMITS
SURVEILLANCE REQUIREMENTS (Continued)

d. Measuring F’Q'(Z) according to the following schedule:

1. Prior to exceeding 75% of RATED THERMAL POMER®, after
refueling,

C 2. At least once per 31 Effective Full Power Days.

e. MNith the relationship specified in Specification 4.2.2.1.c above
not being satisfied:

1) Calculate. the percent F'Q'(Z) exceeds 1ts limit by the

‘ following expression:
C: ‘ Maximum Fa(2) '
- X 100 for P > 0.5

Over 2 [Fgd" X K(z)/P

Maximun Fg(l) - ] X 100 for P < 0.5
Over 2 [Fgd" X X(2)/0.8 '

¥ puring power escalation at the beginning of each cycle, power level may be
increased until a power level for extended operation has been achieved and
power distribution map obtained.

3/4 2-6
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POWER DISTRIBUTION LIMITS
SURVEILLANCE REQUIREMENTS {Continued)

2) The following action shall be taken:

a) Comply with the requirements of Specification 3.2.2 for

FS(Z) exceeding its limit by the percent calculated
above,

; 4.2.2.2 Operation is permitted at power gbovo Py where Py equals the
f ratio of [FQ]L divided by [FQ]P if the following Augmented Surveillance
| (Hovable I[ncore Detection System, MIDS) requirements are satisfied:

| 0 a. The axial power distribution shall be measured by MIDS when

| required such that the limit of [Fqlt/P times Figure 3.2.2 is
not exceeded. FJ(Z) fs the normalized axial power distribution
from thimble § at core elevation (Z).

1. If FJ(Z) exceeds [Fi(Z)], as defined in the bases by
£ 43, immediately reduce thermal power one percent for
every percent by which [Fj(Z)J‘ is exceeded.

2. 1If FJ(Z) exceeds [FJ(Z)], by > 4% imsediately reduce
- thermal power below Py. Corrective action to reduce Fj(Z)
below the limit will permit return to thermal power not to
exceed current Py as defined in the bases.

3/4 2-7
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POWER DISTRIBUTION LIMITS -

SURVEILLANCE REQUIREMENTS (Continued)

b.

Co

FJ(Z) shall be determined to be within limits by using MIDS to
monitor the thimbles required per specification 4.2.2.2.c at the .
following frequencies.

1. At least once every 24 hours, and

2. lewmediately following and as a minimum at 2, 4 and 8 hours
following the events listed below and every 24 hours there-
after.

1) Raising the thermal power above Py, or

2) Movement of control-bank D more than an accumulated
total of 15 steps in any one direction.

MIDS shall be operable when the thermal power exceeds Py with:

1. At least two ‘thidlu available for which RJ andO’J as
defined in the bases have been determined.

2. At lnst' two movable detectors available for mapping Fy(2).

3.. The continued accuracy and representativeness of the
selected thimbles shall be verified by using the most

recent flux map to update the R for each selected thimble.
The flux map sust be updated at least once per 31 effective
full power days. )

3/4 2-8
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

4.2.2.3 Base Load operation is permitted at powers above Py if the following
requirements are satisfied:

2, Efther of the followiﬁé preconditions for Base Load operation
must be satisfied.

1.

2.

For

a)

b)

¢)

b)

entering Base Load operation with power less than Pr,

Maintain THERMAL PONER between Py/1.05 and Py for at
least 24 hours,

Maintain the AFD (Delta-l) to within a = 2% or = 3%
target band for at least 23 hours per 24 hour period.

After 24 hours have elapsed, take a full core flux map

to determine FS(Z) unless a valid full core flux map

was taken within the cime period specified in 4.2.2.1d.
Calculate PBL per 4.2.2.3b.

entering Base Load operation with powar greater than
Maintain THERMAL POWER between Py and the power

Timit determined in 4.2.2.2 for at least 24 hours, and
maintain Augnented Surveillance requirements of 4.2.2.2

during this period.

Maintain the AFD (Delta-l) to within a £ 2% or = 33
target band for at least 23 hours per 24 hour period,

3/4 2-9
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POWER DISTRIBUTION LIMITS

SURVE ILLANCE REQUIREMENTS (Continued)

b.

c) After 24 hours have elapse&. take a full core flux map

to. determine Fa(Z) unless a valid full core flux map
was tiken within the time perfod specified in 4.2.2.1d.

Base Load operation is permitted provided:

1. THERMAL POWER {s maintained between Py and Pp or between
Py and 1003 (whichever is most limiting).

2. AFD (Delta-1) is maintained within a ¢ 2% or 2 3% target
band.

3. Full core flux maps are taken at least once per 31
effective Full Power Days.

PgL and Py are defined as:

Py = Mintmm | [Fqd" X k(2)
ver 2 | Fq(2) X W(2) g X )09
Vv

pr = [FIW/IFY

where: F'Q‘(Z) is the measured FQ(z) with no allowance for
sanufacturing tolerances or measurement uncertainty. For the
purpose of this Specification th(Z)]mp Meas. shall be obtained
betwaen elevations bounded by 10% and 503 of the active core
height. [Fql- is the Fg limit. K(2) 1s given in

Figure 3.2-2. W(Z)p, 1s the cycle dependent function that
sccounts for limited power distribution transients encountered
during base load operation.

3/4 2-10
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POWER DISTRIBUTION LIMITS C—

SURVEILLANCE REQUIREMENTS (Continued)

c.

d.

The function is given in the Peaking Factor Limit Report as per

Specification 6.9.1.6. The 9% uncerteinty—factor—dccounts—for-
sanufectur iy tUTETance;—Redsurenent—error;—Tod—tow—aad—any

46k €

Duriny Base Load operation, if the THERMAL POWER {s decreased
below Py, then the conditions of 4.2.2.3.2 shall be satisfied

. before re-entering Base Load operation.

If any of the conditfons of 4.2.2.3b are not maintained, reduce
THERMAL PONER to less than or equal to Pp,-or, within 15 minutes
initiate the Augnented Surveillance (MIDS) requirements of
4.2.2.2. |

4.2.2.4 Operation is permitted at powers above Py {f the following Radial
Burndown conditions are satisfied:

b.

Radial Burndown operation {s restricted to use at powers between
Py and Ppg or Py and 1.00 (whichever is most imiting).

The maximum relative power permitted under Radial Burndown
operation, Ppg, 1s equal to the minimum value of the ratio

of [F&(Z)]/[Fq(znga Meas. where:
[Fq(Z)1pg Meas. = [Fyy(Z)Iygp Meas. x Fz(2) x 309 and

Uzs
CF5(2)3 1s equal to [FG] x K(2).

A full core flux map to determine [ny(z)lmp Meas. shall be
taken within the time period specified in Section 4.2.2.1d.2.
For the purpose of the specificattion, [ny(z)]lhp Meas. shall

be obtained between the elevations bounded by 10% and 90% of the
active core height.

L J

3/4 2-11
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

4.2.2.5.

Ce

\

i

—

d.

The function F,(2), provided in the Peaking Factor Limft Report.
(6.9.1.6), is determined analytically and accounts for the most
perturbed axial power shapes which can occur under axial power

distribution control. The—wuncertdinty—fector—of-95—sccounts—for

BAULACIUCING 0T ST ENCES T MERINPONAL—ArOT—TOd-bow—Ad—aRY
burnup-dependent—peaicing—factor—ineresses~
OSERT €EF

Radial Burndown operation may be utilized at powers between
Py and Ppg, or, Py and 1.00 (whichever is most limiting)
provided that the AFD (Delta-I) is within & 5% of the target
axfal offset.

If the requirements of Section 4.2.2.4d are not maintained, then
the power shall be reduced to less than or equal to Py, OF
within 15 minutes Augmented Surveillance of hot channel factors
shall be initfated if the power {3 above Pg.

When Fq(Z) 1s measured for reasons other than meeting the
requirements of specification 4.2.2.1, 4.2.2.2, 4.2.2.3 or
4.2.2.4 an ovara)l measured Fo(Z) shall be obtained fron

a power distribution map and increased by 3% to account for
manufacturing tolerances and further increased by 5% to account
for measursment uncertainty.

INSERT A:

3/46 2-12
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FIGURE 3.2-2
K(2) Normalized Fo{2) as a Function of Core Hefght
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POWER DISTRIBUTION LIMITS
3/4.2.3 NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR

LIMITING

CONDITION FOR OPERATION

3.2.3 Fiy Shall be limited to the following:

Ffﬂ.‘. 1.62 [1.0 + 0.3(1-P)], where

Ps= THERMAL POWER

APPLICABILITY: MOOE 1. ~

ACTION:

N

e,

b.

exceeding its limit:

Within 2 hours reduce THERMAL PONER to less than 50% of RATED THERMAL

PONER and reduce the Power Range Neutron Flux - High Trip Setpoint to

ms than or equal to 55% of RATED THERMAL POWER within the next 4.
rse.

Within 24 hours of initially being outside the.above limits, verify

through tncore flux mapping that F"'" is restored to within the

above limit, or reduce THERMAL POMER to less than 5% of RATED THERMAL

. POMER within the next 2 hours.

C.

Jdentify and correct the cause of the out-of-limit condition prior to '
increasing THERMAL POWER above the reduced THERMAL POWER limit
required by ACTION a. and/or b., above; subsequent POWER OPERATION

®may proceed provided that F!H ts demonstrated, through incore flux
mapping, to be within its limit of acceptable operation prior to
exceeding the following THERMAL POWER levels:

1. A nominal 503 of RATED THERMAL PONER,
2. A nomtnal 75% of RATED THERMAL PONER, and

3.  Within 24 hours of attaining greater than or equal to 95% of

RATED THERMAL POWER.

3/4 2-1¢
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POWER DISTRIBUTION LIMITS
SURYEILLANCE REQUIREMENTS

4.2.3.1 The provisions of Specification 4.0.4 are not applicable. ~

4.2.3.2 F!H shall be determined to be within its limit through incore

flux mapping:

a. Prior to operating above 75% of RATED THERMAL POWER after each
fuel loading, and

b. At least once per 31 Effective Full Power Days.

4.2.3.3 The measured qu shall be increased by 4% to account for
seasurement error.

NSERT B

3/6 2-158
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INSTRUMENTATION

MOVABLE_INCORE DETECTORS
LIMITING CONDITION FOR OPERATION

3.3:_3.2 The movable Incore Detection System shall be OPERABLE with:

\

S
L3 At least 75% of the detector thimbles, |

~“br—A-ainimum of two detector thimbles—per—core—quadrant;—and
~INSERT C . .
. Sufﬁg‘lcnt t:?:?lc detectors, drive, and readout equipment to
map these es.
(oserdT D
APPLICABILITY: When the Movable Incore Detection System is used for:

2. Recalibration of the Excore Neutron Flux Detection System, or
b. Monftoring the QUAbRANT POMER TILT RATIO, or
c. Measursment of l-':" and Fol2)
ACTION:
Nith the Movable Incore Detéction System inoperable, do not use the system

for the above applicadble monitoring or calibration functions. The provisions
of Specifications 3.0.3 and 3.0.4 are not applicadle.

SURVEILLANCE REQUIREMENTS

4.3.3.2 The Movable Incore Detection System shall be demonstrated OPERASLE at
Teast once per 24 hours by normalizing each detector output when required for:

8. Recalibration of the Excors Neutron Flux Detection System, or

b Monitoring the QUADRANT POWER TILT RATIO, or
C. Neasyrsment of r{‘" and FQ(Z)

3/4 3-36
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