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3.10 CONTROAOD AND POWER DISTRIBUTION LIMI !! )

L Applicability

11
A

Applies to the limits on core fiéSion power distributions and to the limits on
control rod operations.

Objective

To ensure 1) core subcriticality after reactor trip, 2) acceptable core power
distribution during power operation in order to maintain fuel integrity in
normal operation transients associated with faults of moderate frequency, |
supplemented by automatic protection and by administrative procedures, and to
maintain the design basis initial conditions for limiting faults, and 3) limited
potential reactivity insertions caused by hypothetical control rod ejection.

Specification

a. Shutdown Reactivity

When the reactor is éubcritical_prior to reactor startup, the hot

shutdown margin shall be at least that shown in Figure TS 3.10-1.

Shutdown margin as used here is defined as the amount by which the reactor
core would be subcritical at hot shutdown conditions if all control rods
were tripped, assuming that the highest worth control rod remained fully
withdrawn, and assuming no changes in xenon, boron, or part length rod
position.

b. Power Distribution Limits

1. At all times, except during low power physics tests, the hot channel
factors defined in the basis must meet the following limits:
N ;
A, FQ(Z) Limits:

(i) Westinghouse Electric Corporation Fuel

FS(Z) x 1.03 x 1.05 < (2.22/P) x K(Z) for P > .5

FS(Z) x 1.03 x 1.05 < (4.44) x K(2) for P < .5

(ii) Exxon Nuclear Company Fueél

T
Q

o N , :
90702 811114 > Fa(Z) x 1.03 x 1,05 € (4.42) x K(Z) for P < .5
DOCK 05000385/ ¢

. PDR, TS 3.10-1

48

Fg(Z) x 1.03 x 1.05 < F,(Ej)/P x K(Z) for P > .5
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10.

11.

B. Reduce reactor power and high neutron flux trip setpoint by 1% for
each pefcent that the measured FSQ exFeeds the relationship of 3.10.b.4.
Reactor power may subsequently be increased provided that adequate
margin is demonstrated by a power distfibution map to reasonably assure
that the relationship of 3.10.b.4 can be met at the increased power level,
The reference equilibrium indicated axial flux difference as a function of
power level (called the target flux difference) shall be measured at least
once per full powér month. |
The indicated axial flux difference shall be considered outside of the iimits
of sections 3.10.b.9 through 3.10.b.12 when more thaﬁ one of the operaBle
excore channels are indicating the axial flux difference to be outside a limit.
Except during physics tests, during excore détector calibration and except as
modified by 3.10.b.10 througﬁ 3.10.b.12 below,:the indicated axial flﬁx
difference shall be maintained within a fi5% band about . the target flux

difference.

At a power level greater than 90 percent of rated power if the indicated axial

- flux difference deviates from its target band, the flux difference shall be

feturned to the target band immediately or reactor power shallvbe reduced to

a level no greater than 90 peréent of rated power.

At power levels greater than 50 percent and less than or eqﬁal t§ 90 percent

of rated power:

A, The indicated axial flux difference may deviate frém its tS% target band
for a maximum of oné hour (cumulative) in any 24 hour period provided the
flux difference does not exceed an envelope bounded by -10 percent and
+10 percent from the target axial flux differenée at 90% rated power and

increasing by -1% and 41% from the target.axial flux difference for each

2.7% decrease in rated power below 90% and above 50%. - If the cumulative
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time exceeds one hour, then the reactor.power shall be reduced
iﬁmediately to less than or equal to 50% power and the high
neutron flux setpoint reduced to less than or equal to 55% of
rated power.
‘B.. A poWer increase to a level greater than 907% of rated pbwer.is
contingent upon the indicated axial flux difference being within

its target band.

12. At a power level no greatér than 50% of rated power:

13.

A. The indicated axial flux difference may deviéte from its target band.

B. A power increase to a levelAgreater thaﬁ 50% of rated power 1is
contingent upon the indicated axial flux difference not being outside
its target band for more than two hours (cumulative) of the

preceding 24 hour period.

One half of the time the indicated axial flux différence is out of
its target band up to 50% of rated power is to be counted as
‘contributing ﬁo the one hour cumulative maximum the flux difference
may deviate from its target Band at a power level less than or equal to
90% of rated power.
Alarms shall normally be used to indicate non-conformance with the flux
difference requirement of 3.10.b.10 or the flux difference time
requirement of 3.10.b.11.A. If the alarms are témporarily out of service,
the axial flux difference shall be logged, and conformance with the

limits assessed, every hour for the first 24 hours, and half-hourly

. thereafter.

Proposed Amendment 48
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¢. Quadrant Power Tilt Limits

Excepf for physics tests, whenever the indicated quadrant power tilt

ratio exceeds 1.02, one of the folldwing actions shall be taken within |

B. Restrict maximum core power level two percent for every one percent
of indicated power tilt ratio exceeding 1.0.

If the tilt condition 1Is not eliminated after 24 hours, reduce power

Except.for low power physics tests, if the indicated quadrant tilt exceeds
1,09 and.there is simultaneous indication of a misaligned rod:
A. Restrict méximum core powér level by 2 percent of rated values for
every one percent of indicated power tilt ratio: exceeding 1.0.
B, If the tilt condition is not’eliminated within 12 hours, the
reactor shall be brought ﬁé a minimum load condition ( <30 Mwe).
If the indicated quadrant tilt exceeds 1.09‘and there is no simultaneous
indication of rod misalignment, the reactor shall immediately be brought

to a No Load condition (fi 5% reactor power).

- The shutdown rods shall be fully withdrawn when the reactor is critical

Figure TS 3.10-1 must be maintained except for the low power physics test

The control banks shall be limited in physical insertion; insertion

limit is shown in Figure TS 3.10-3. | 48

1.

two hours:

A. Eliminate the tilt,
2,

te 50 percent or Lower.
3.
4,
Rod TInsertion Limits
1.

or approaching criticality.
2,
3.

Insertion limit does not apply during physics tests or during periodic

exercise of individual rods. However, the shutdown margin indicated in

TS 3.10-5 . Proposed Amendment No. 48
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- to measure control rod worth and shutdown margin. For. this test,

the reactor may be critical with ail but one high worth rod

inserted and the part length rods fully withdrawn.

e. Rod Misaligmment Limitations

1.

When'reactdr power is greater than or equal to 85% of rating the rod
cluster control assembly shall be maintained within : 12 steps from

their respective banks. If a rod clusﬁer control assembly is misaligned
from its bank by more than P steps (indicated) when reactor power is
greater than or equal to 85%, the rod will be realigned or the core power
peaking factors shall be determined within 4 hours, and specification
3.10.b applied. If peaking factors are not determinéd within 4 hours,
the reactor power shall be reduced to less than 85% of rating.

When reactor power is less than 85% of rating, the rod cluster control
assembl ies shali‘Bemaintained within : 24 steps ffém their respective

banks. If a rod cluster control assembly is-misaligned from its bank

" by more than * 24 steps (indicated) when reactor power is less than 85%,

the rod will be realigned or the core power peaking factors shall be

.determined within 4 hours, and specification 3.10.b applied.

And, in addition to 3.10.e.1 and 3.10.e.2 above, if the misaligned rod

' cluster control assembly is not realigned within 8 hours, the rod shall

be declared inoperable.

f. Inoperable Rod Position Indicator Channels

1.

If a rod position indiéatorvchannel is out of service, then:

A. For operation betwéen'SO percent and 100 percent of rating, the
position of the rod cluster control shail be checked indirectly
by core instrumentation (excore detector and/or thermocouples
Iand/or movable incore detectors) every shift, or subsequent
to rod motion exceeding a total dispiacemeﬁt of 24 steps, which-

ever occurs first.

Proposed Amendment No. 48
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'B. During operation below 50 percent of rating, no spéciai
mbnitoring is.required.

2. Not more than one rbd.poéition indicatdr chanﬁel per group nor two
rod position indiéator.channeis perbbaﬁk shall be permitted to be
inoperablé at any time. \

3. If a rod clﬁster control assembly having é rod position indicator 48;
chénnel out of sefvice is found to be misaligned from 3.10.£.1.(4)

above, then specification 3.10.e will be applied.

g. Inoperable Rod Limitations

1. An inoperable rod is a rod which does not trip or which is declared

inoperable under specification 3.10.e or 3.10.h. .

TS 3.10-6a - Proposed Amendment 48
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BASIS

SHUTDOWN REACTIVITY

Trip shutdown reactivity is provided consistent with plant safety analysis !
assumptions. To maintain the required trip reactivity, the rod insertion limits

of Figure TS 3.10-3 must be observed. In addition, for hot shutdown conditions, 48
the shutdown margin of Figure TS 3.10-1 must be provided for protection against

the steamline break accident which requires more shutdown.reactivity at end of

48

core life (due to a more negative moderator temperature coefficient at

end-of-life boron concentrations) .

Rod insertion limits are used to assure adequate trip reactivity, to assure
meeting power distribution limité, and to limit the consequences of a
hypothetical rod ejection accident. The available control. rod reactivity or
excess beyond needs, decreases with decreasing boronvconcentration, because
the negative reactivity required to reduce the cofe power level from full

power to zero power is largest when the boron concentration is low.

The exception to the rod insertion limits in Specificatibn 3.10.d.3 is to

allow the measurement of the worth of all rods less the worth of the worst *8
case of an assumed stuck rod; that is, the most reactive rod. The measurement

wquld be anticipated as part of the initial startup program and infrequently

over the life of the-plant,.to be associated primarily with determinations of

special interest, such as end-of-life cooldown or startup of fuel cycles which
deviate from normal equiiibrium conditions in terms of fuel loading patterns

and anticipated control bank worths. These measurements Qill augment the

normal fuel cycle design calculations and place the knowledge of shutdown

capability on a firm experimental as well as analytical basis.

Proposed Amendment 48
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Operation with abnormal rod configuration during low power and zero power testing
is permitted because of the brief period of the test and because special

precautions are taken during the test.

POWER DISTRIBUTION CONTROL

Criteria

Criteria have been chosen for- Condition I and II events as a design basis for
fuel performance related to fission gas release, pellet temperature, and cladding
mechanical properties. First the peak value of linear poﬁer densiﬁy ﬁgst not
exceed the value assumed in»the accident analysis.l.’_3 Seéond, the minimum DNBR
in the core must not be less than 1.30 in normal oberation or in short term

2
transients.

In addition to conditions imposed for Condition I and II events, the peak linear
power density must not exceed the limiting Kw/ft values which result from the

large break loss of coolant accident analysis based on the ECCS acceptance

criteria limit of 2200°F. . | | 48
Eg(z), Height Dependent Nuclear Flux Hot Channel Factor

Fg(Z), Height Dependent Nuclear Flux Hot Channel Factor, is defined as the maximum

' local neutron flux in the core at core elevation Z divided by the core averaged

neutron flux, assuming nominal fuel and rod dimensions. 48

vFgQ(Z) is the measured Fg distribution obtained at equilibrium conditions during

the target flux determination.

TS 3.10-9 Proposed Amendment 48
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N.
Q

determined from extensive analyses coﬁsidering all operating maneuvers consistent

An upper bound envelope for F, defined by specification 3.10.b.1 has been 48
with the technical specifications on power distribution control as givén in
Section 3.10. The results of the loss of coolant accident analyses based on this

upper bound ehveloPe indicate that peak clad températures remain below the

48
2200°F limit.
The Fg(z) iimits of specification 3.10.b.1.A include consideration of enﬁanced
fission gas release at high burnup, off-gassing (release of absorbed gases), and
otherAeffects in fuel supplied by Exxon Nuclear Cqmpany; this results in an
additional penalty in the form of the function Fg(Ej), as shown in Figure 48

TS 3.10-6, which is épplied to Exxon fuel. References 7 and 8 discuss these

phenomena.

When an Fg measurement is taken, both experimental error and manufacturing tolerance [48
must be allowed for. Five percent is the appropriate allowance for a full core
map taken with the movable incore detector flux mapping system and three percent

is the appropriate allowance for manufacturing tolerance.

In specification 3,10.b.1 and 3.10.b.4 Fg is arbitrarily limited for P < 0.5 48

(except for low power physics tests).

.EEH’ Nuclear Enthalpy Rise Hot Channel Factor
FN Nuclear Enthalpy Rise Hot Channel Factor, is defined as the ratio of the

an’

intégral of linear power along the rod on which minimum DNBR occurs to the average

rod power.

Proposed Amendment 48
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It should be noted that ggﬂlis based on an integral end is used as such in

the DNB calculations. Local heat fluxes are_obtained by using hot channel and
adjacent channel explicit power shapes.which take into account variations in
4horiz0ntal (x-y) power ehapes throughout the core. Thus-tne horizontal power
shape at the ooint of maximum heat flux is not necessarily directly related

In the specified limit of Efﬁ there is an 8% allowance for uncertainties1 which

means that normal operation of the core is expected to result in E A?H < 1.55/1.08.
The logic behind the larger uncertainty in this case 1s that (a) normal perturba-

tions in the radial power shape (e.g. rod misalignment) affect %FH’ in most cases
' N

Q

‘w1thout necessarily affecting Fg, (b) the operator has a direct influence. on F
through movement of rods, and can llmlt it to the desired value, he has no-
direct control over %fﬁ and (c) an error in the predictions for radial power ehape,
which may be:detected during startup physics tests can be conpensated for in FN

by tighter axial control, but compensatlon for E,, is less readily available. When a

AII
measurement~of=£§H is taken, experimental error musc,behallowed for and 4% is the

appropriate allowance.

The use of EfH in specification 3.10.b.5 is to monitor "upbnrn" which is defined
as an increase in gfﬁ with exposure. Since this is not to be confused with
observed changes in peak power resulting from such phenomena as xenon

redistribution, control rod movement, power level changes, or changes in the

number of instrumented thimbles recorded, an allowance of 2% is used to account

,fo£ such changes.
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Rod Bothffects

" The EEH limité df specificafion 3.10.b.1 include consideration of fuel rod

bow effects; Since .the effects of rod bow afe dependent on fuel burnup an
édditional penalty is incorporated in a decreaée in the 5?# limit of 2% for
0-15000 MWD/MTU fuel.Burnuﬁ; 4% for 15000-24000 MWD/MTU fuel burnup, and 6% for
greater than 24000 MWD/MTU fuel burnup. These penaltiés are counter-balanced by
credits for increésed Reactor Coolant flo@ and lower core iniet temperature.

The Reéctof Coolant Sysfem flow has been determined to exceed design by greater
than 8%. Since the flow channel protective trips are set. on a percentage of
full flow, significant margin to DNB is provided. One half of the additional flow
is taken as a DNB credit to offset 2% of the Egﬁ penalty. The existence of 47

"~ additional reaétor coolant flow will be verified after each refueling at ﬁower
‘prior ﬁo exceedinngSZ powér. If the reactor coolant flow measured ﬁer loop
a&erages less than 92560 gpm, the.ggH limit shall be reduced éf the rate of 17
fér every.L.BZ of reactor coolant design flow (89000 gpm design flow ratej for
fuel with greater than 15000 MWD/MTU burnup. Uncertainties in reactor coolant
flow have already beén acéountea for in the flow channel protective trips for
design flow. The.assumed T inlet for DNB analysis was 540°F whilé the normal T
inlet at 100% power is apprqximétely 5320F. The redﬁctibn of maximum allowed T
inlet at 100% pdwerito 5369F as addressed in speéification 3.10.k provides an.
ladditional 2% credit to offéet the rod bow penaify. The combination of the
peﬁalties and offsets results in a required 2% reductidﬁ of allowed ggH for high
bufﬁup fuel; 24000 MWD/MTU. Thé permittéd rélaxation in EFH allows radial power

shape changes with rod insertion to the insertion limits, ' 48

Proposed Amendment 48
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Surveillance

Measﬁrements of the hot channel factors are required as part of startup ﬁhysics
tests, at léast eéch full powef mbnth of operatién, and whenever abnormal power
distribution condifionS'réquire a reduction of‘core power to a level based on
measured‘hoﬁ chanﬁelvfactors. The incore map taken following initial loading
provides confirmation of the basic nuclear design bases including proper fuel

loading patterns. The periodic monthly incore mapping provides additional

assurance that the nuclear design bases remain inviolate and identifies operational ’48

anomalies which would, otherwise, affect these bases.

For normal operation, it is not necessary to measufe these quantities. Instead
it has been determined that, provided certain conditions.areobserved; the hot
channel factor limits will be met; these conditions are as follows:

1. Control rods in a‘single bank move together with no individual rod insertion
differing By more than an indicated 12 stéps froﬁvthe bank demana position
where reactOr'powér"iS'zi85%,‘or an indicated'24 steps when.reactor power is <857%,

2. Control rod Eanks are sequénced with overlapping banks as shown in Figure
TS 3.10-3. o |

3. The contfolvbank-insertion limits aré not violated.

4. Axial ﬁdwer distribﬁtiop coﬁtrol specificationsvﬁhich are given in terms of
flux difference control and éontrol bank in;efti;;llimits are observed.

Flux difference refers to the différence in signals befween the top and
bottoﬁ halves of two-section excore neutron detectors. Thé flux difference
is a measuré of the axial offset which is defined as the difference in

normalized power between the top and bottom halves of the core.

Proposed Amendment 48
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' The specifications for axial power.distribution control referred to above are
designed to minimize the effects of xenon redistribution on the axial power

distribution during load-follow maneuvers.

Conformance with specification 3.10.b.9 thfough 3.10.b.12 ensures the Fg upper

.bound envelope is not exceeded and xenon distributions will not develop which

at a later time would cause greater local power peaking.

At the beginning of cycle, power escalation may proceed without the constraints
of section 3.10.b.5 since the startup test program provides adequate surveillance’
to ensure peaking factor limits. Target flux_differeﬁce surveillance is

initiated after achieving equilibrium conditions for sustained opérétion.

Theetarget (or referenee)'value of flux diffefenee is determined as follows.

At any time that equildbrium xenon conditions have been established, the indicated
flux difference is determined froﬁ the nuclear instrumentation. This value,
divided by the fractiod of full pewer at which the core was operating“isvthe‘full
power value of the target flux difference. Values for all other core power 1eveis
are obtained by multiplying-the full pdwer value by the fracfionai power.’ Since.
thevindieated equiiibriuﬁ value was noted, no alloQances-for excore detector error
are necessary. and indicated devietions of +5% flux difference are perﬁitted from
the indicated reference value. Figure TS 3.10-5 shows a typical construction of
the target flux diffefedce band'at BOL and Figure TS 3.10-4 shows the typical

variation of the full power value with burnup.

Proposed Amendment 48
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Strict control of the fiux differenée (and rod positiqn5 is not as necessary
during part powef operation. This is because xeﬁon aiStribution control at

part power is not as Significant as the control at fﬁll power and allowance

has beenvﬁade-in bfedicting the heat flux peaking factors for less stfict control
at pért fowei. Strict control of the flux difference is not possible during
certain physics tests or during reqpired, periodic, excore calibrations which
require larger flux differences than permitted. Therefore, the specifications
on power distribution controlbare not aﬁplied during physics tests or excore
calibrations; tﬁis ié acgeﬁtabié due.fo the low probability of a significant

accident occurring during these operations.

In some instances of rapid plant power reduction automatic rod motion will cause
the flux difference to deviate from the target band when the reduced po&er level

is reached. This does not necessarily affect the xenon distribution sﬁfficiently

to change the envelope opreakiﬁg factors wﬁich can be reached on a subsequent
return to full power within tﬁé target; however,.to simplify the épecificétion,

a limitation of one hour in'any peri&d of 24 hoursrisvplaced oﬁ operation.outside
the band. This ensureé that fhe resulting xenon distributions are ﬁot significantly
different from those resulting from oﬁeration within the target bgnd. The

instantaneous consequences of being outside the band, provided rod insertion limits

‘are observed, is not worse than a 10% increment in peaking factor for flux

difference in the range +107% to -10% from the target flux increasing by jl%vffém

the target axial flux difference for each 2.7% decrease in rated power below 90% 48
and above 50%. Therefore, while the deviation exists the power level is limited

to 90% or lower depending on the indicated flux diffefence witﬁout additional

core monitoring. 1If, for any reason, flux difference is not controlled within the

Proposed Amendment 48
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+5% band for as long a period as one hour, then xenon distributions may be
significantly changed and operation at 50% is required to protect: against
potentially more severe consequences of some accidents unless incore

monitoring is initiated. 48

As discussed above, the essence of the procedure is to maintain the xenon

\
|
|
1
distribution in the core as close to theequilibrium full power condition as
possible. This is accomplished, without part length-rods, by using the bdron

system to position the full length control rods to produce the required indicated

flux difference.

For Condition II'évents the éore is protected from overpower and a minimum DNBR
of 1.30 by an automatic protection system. Compliance with the specification
is assumed as a precondition for.Condition IT transienté, however, operator
érror and equipment malfunctions are separately assumed to lead to the cause of

the transients considered.

QUADRANT POWER TILT LIMITS

The radial power distribution within ﬁﬁe coré must satisfy the désign valuésv
assumed for calculation of power capability. Radial power distributions are
measured as part of the startup physics testing“and'éfe periodically measured
at a monthly or greater frequency. These measurements are taken to assure that
the radial power distribution with any quarter core radial power asymmetry

conditions are coﬁsistent with the assumptions used in power capability analyses.

The quadrant tilt power deviation alarm is used to indicate a sudden or unexpected

" change from the radial power distribution mentioned abové. The two percent tilt

s 3.10-16 . Proposed Amendment 48
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alarm setpoint represents a minimum practical value consistent with
instrumentatioﬁ erfors and opeféting précedures. This symmetry level is
sufficient‘to detect significant misalignmenf of cbntrol rods. Misalignment

of controi rods is cénsidefed to be the most likely cause of radial power
asymmetry. Tﬁe requirement for verifying rod posi;ion once each shift is

imposed to preclude rod misalignmént which would causé a tilt condition less

than the 22 alarm levél. This monitorihg is required by Techﬁical Specifications,.

Section 4.1.

The two hour time interval in speéification 3.10.¢ is‘considered‘émplé to 48
identify a dropped or misaligned rod. Iﬁ the event that the tilt condition cannot
Be eliminated within the two hour time allowance, additional time would bé needed

to investigate the cause of fhe tilt condition. The measurements would include

a full core physics map utilﬁzing the movable detector system. For a tilt

condition € 1.09 an additional 22 hours time interval is authoriéed to accoﬁplish
these measurements. However;'to'assﬁre that the peak core power is maintained below
limiting values, a reduction of reactor power of two befcent for each one percent

of indicated tilt is required. fhysics_measureﬁents have indicated that the

core radial power'éeaking Wouid not exceed a two-to-one relationghip with the
indicated tilt from the excore nuclear detector system for the worstvrod
misalignment. In the event a tilt condition of < 1.09 cannot be eliminated after

24 hours, the reactor power level will be reduced to the range required for flux

mapping and turbine synchronization.

If tilt ratio greater than 1.09 occurs which is not due to a misaligned rod, the

reactor shall be brought to a low power condition for investigation by flux

TS 3.10-17 Proposed Amendment 48
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mapping. However, if the tilt condition can be identified as due to rod
misalignment, operation can continue at a reduced power (2% for each 1% the
tilt ratio exceeds 1.0) for the 8 hour period necessary to correct the rod

misalignment.

INOPERABLE ROD POSITION INDICATOR CHANNELS

The rod position indicatof channel is sufficiently accurate to detect a rod t7-5
inChesaway from its demand position. If the position indicator channel is not
operable, the operator will be fully aware of the inoperability of the channel,

and special surveillance of core power tilt indications, using established
procedures and relying on excore nuclear detectors, and/or movable incore detectors,

will be used to verify power distribution symmetry.

INOPERABLE ROD LIMITATIONS

One inoperable control rod is acceptable provided the potential consequences of
accidents are not worse than the cases analyzed in the éafety analysis report.
A 30 day period is provided for the re-analysis of all accidents sensitive to

the changed initial condition.

ROD DROP TIME

The required drop time to dashpot entry is consistent with safety analysis.

DNB PARAMETERS

The DNB related accident analysis assumed as initial conditions that the T inlet
was 4°F above nominal design or T avg was 4°F above nominal design. The Reactor

Coolant System pressure was assumed to be 30 psi below nominal design.
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