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UNITED STATES :
NUCLEAR REGULATORY COMMISSION
WASHING TON, D © 20666

SAFETY EVALUATION BY THE OFFIC: F NUCLEAK REACTOR REGULATION |
RELATING TO END-OF -CYCLE MOOERATOR TEMPERATURE COLFFICIENT
TECHNICAL SPECIFICATION BASES CHANGE
GEORGIA POMER_CUMPANY
VOGTLE ELECTRIC GENERATING PLANT, UNITS 1 AND 2 2
DOCKET NOS. 60-424 AND 50-425

1.0 INTRODUCTION

By letter dated March 29, 1991 (Ref, 1), Georgia Power Company (GPC) requested
concurrence with a Technical Specification (TS) (Ref, 2) Bases change for the
Vogtle Electric Generating Plant (VEGP), Units | and 2. The proposed TS Bases
change would revise the method of determining the eno of cycle 1ife (£0L) most
negative moderator temperature coefficient (MTC) and the associated 300-ppm
surveillance requirement (SR) limits specified in the Core Operating Limits
Report (COLR) (Ref, 3). The purpose of the 300-ppm SR is to ensure that the
most negative MTC at EOL remains within the bounds of the Vogtle | and 2 safety
analyses (Ref, 4), in particular for those transients and accidents that assume
& constant value of the moderator density coefficient (MDC) of 0.43 delta-K per
gm/cc.,

The current Vogtle TS 3.1.1.3 states that:

“Tne moderator temperature coefficient (MTC) shall be within the
beginning of cycle Vife (BOL) and the end of cycle 1ife (EOL) limit
specified in the Core Operating Limits Report (COLR)."

The corresponding action for exceeding this limiting condition for operation
(LCO) 1s to be in hot shutdown within 12 hours. The Vogtle SR involves an
MTC measurement at any therma) power within 7 effective full power days (EFPD)
after reaching an equilibrium primary coolant boron concentration of 300-ppm,
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After approcriate corrections are made, the measured value 1s compared to the
300-ppm SR 1. it value specified in COLR Section 2.3 at the all rods withdrawn
(ARD), rated thermal power (RYP) condition. In the event that the measured

MTC 15 more negative than the 300<ppm SR 1imit, the MTC must be remeasured

and compared with the £0' MTC LCO value at least once per 14 EFPD during the
remainder of the operating cycle. The Vogtle | and 2 300-ppm SK and EOC LCO
values for the most negative MIC are conservative (less negative) when compared
to the value uf the MTC (actually the MDC) which 1s used in the safety
analyses,

The use of 18.month cycles at Vogtle has led to higher core average burnups
resulting in mire negative EOL MYC values. Recent reload designs have
approached the 300-ppm SR 1imit and ancicipated high energy 18-month cycle
designs for futu:e power uprated conditions are approaching the EOL MTC 1imit
specified in COLR Section 2.3, Failure to satisfy the 300-ppm SR MTC does not
necessarily mean that the most negative MTC that occurs at EOL would be
exceeded or that the safety aqalysis MTC (or MDC) would be exceeded, The
sdditiona! MTC measurements once every 14 EFPDs, if needed to comply with the
Sk, could become an undue burden for plant operations because they can require
that 1oad swings be performed, causing temperatures to deviate from the
prog-ammed reference temperature which perturbs nominal steady-state reactor
operation, Additionally repeated MTC measurements requive the resvurces of
multiple operations personnel and require greater water processing for
measurements via the boration/dilution method,

GPC proposes to revise t & (.rrent method for determining the 300-ppm surveils
fance and the EOc MI1C liwit. specified in the COLR, The revised methoa for
determining the COLR MTC 1imits will result in a change to the Technical
Specificat{ons Bases Section B 3/4,1.1,3, This revised method and the COLK
MTC 14mit changes do not affect the maximum moderator feedback safety analysis
assumption of a constant moderator density coefficient (MDC) value of 0.43
delta-k/gm/cc, which corresponds to an MTC value of <56 pem/°F, These changes
apply to the current and future reload cvcles for Vogtle Units | and 2 and are
supported by an evaluation provided by Westinghouse (Ref, §) as referenced in
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would not require the conversion assumption of the ARl HIP condition but would
require the conversion assumption that all contral rod banks are inserted to
the maxinmum amount that s permitted by the 15, Westinghouse uses the MNF MTC
method to determine EOL MTC sensitivities to those design and operational
parameters that directly impact the MTC in such a way that the sensitivity to
one parameter 15 independent of the assumed values for the other parameters,

The parameters considered with this MNF MTC method include:

{1) soluble boren concentration in the primary coolant
(2) moderator temperature and pressure

(3) control rod insertion

(4) axia) power shape

(8) transient xenon concentration

The MNF MTC approach uses this sensitivity information to derive an [OL ARD
HFP MTC LCO value bused on the safety analysis value of the MDC,

This MNF MTC approach has, according to Westinghouse, a number of advantages
over the previous method for determining the most negative MIC LCO value, The
MNF MTC will be sufficiently negative so that repeated MTC measurements from a
300-ppm cors condition to EOL would not be required. The MNF MTC method does
not change the safety analysis moderator feedback assumption, The safety
analysis value of MDC is unchanged. The MNF MTC method is & conservative and
reasonable basis to assume for an MTC value of a reload core and is consistent
with plant operation defined by other TS5, Finally, the MRF MTC method retains
the Sk on MTC at the 300-ppm core condition to verify that the core 1§
operating within th nds of the safety analysis,

Westinghouse has determined the sensitivity of the above parameters on the EOL
MTC for three different reload designs representative of future Vogtle Units

1 and 2 reloads (Ref, ). These reload designs included fuel designs, dise
charge burnups, and cycle lengths which are typical of those expected for
Vogtle. The soluble boron concentration was not used in the sensitivity
analysis because the EOL WFP ARD MTC TS value 1s assumed to be at O-ppm of
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boron, the definition of LOL, and because the most negative MIL orcurs at
O«ppm of boron in the coolant,

The sensitivity study did not include the radial power distribution which can
vary under normal operation and can affect the MTC, The operational activities
that affect the radial power distribution do so through the movement of control
rods and other activities that affect the xenon concentration, The &)lowed
changes in the radial power distribution are mplicitly included in the MTC
sensitivity to contro! rod insertion and xenon concentration,

Westinghouse states (Ref. 5) that the SR MTC value would be obtained in the
same manner as currently desc‘bed in the Westinghouse Standard Technical
Specifications (575) Bases (Ref, 6). The SR MTC value is obtained from the COC
ARQ MTC value by making corrections for burnup and boron at & core condition of
300-ppm of boron.

The staff has reviewed the assumptions and basis for the MNF MTC method
described above and concludes that they are acceptable becsuse they wil)
result in conservative most negative MTC SR and EOL values that could result
from allowed operation of Vogtie Units 1 and 2 from nominal conditions and
because the MTC measurement at 300-ppm of boron core condition will assure,
using the SR value of MTC, that the safety analysis MDC wil) not be exceeded.

2.2 Yogtle Units 1 und 2 Accident Analysis MDC Assumption

westinghouse uses an MDC for performing accident analyses, For events sensie
tive to maximum negative moderator feedback, a constant value of the MDC of
0,43 delta-K/gm/cc is assumed throughout the analysis, For HFP and full flow
nominal operating conditions, the temperature and prassure are 591.8°F and 2250
psia, respectively. At these conditions the MTC, equivalent to the MCC of

0.43 delta-k/gm/cc, 1s -56 pom/°F, We will refer to this MTC as the safety
analysis MTC, Based on its review, the staff concludes that the evaluation of
the MTC from the MDC ¢ acceptable because it conforms to the physical rela-
tionship of MTC to MDC; that is, the MTC is equal to the MDC times the rate of
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change of density with temperature at the nominal pressure and temperature of
the coolant at rated therma | power conditions,

7 3 Sersitivity Results

Vogtle Units 1 and ¢ T¢ 3.2.5 provides *'e LCD values of the departure from
nucleate bofling (DNB) parameters, reacter coolant system average temperature
(T.vq) and pressurizer pressure, The mi*nimum allowsdble indicated pressurizer
pressure 15 2224 psig and the maximum a1lowable T”9 is 591.0°F, To actount
for expected future fuel designs and possible power uprate conditions, cone
servative bounding values for RCS pressure of 2200 psig and for RCS temperature
of 595.7°F were used for the Westinghouse analyse: The current nominal design
Tavo for Vogtle Lnits 1 and 2 s 58B.5°F so that e safety analysis represents
& 7.2°F maximum allowahle increase over Iav numinal conditions, The current
nominal desfgn pressure 1s 2250 psie so that the safety analysis represents a
50 psi maximum allowabie decrease from nominal pressurizer pressyre, Based on
these maximum allowed system variations, & maximum &1lowable Yimit is placed on
the moderator density variation, Using the sensitivity of the MTC to tempera-
ture and pressure, derived from the analysis of three reload designs,
Westinghouse obtained for Vogtle Units | and 2 & bounding delta MTC (a pro-
prietary value) associated with these maximum allowable coolant temperature and
pressure deviations from nominal conditions,

The Vogtle Unit 1 and Unit 2 75 3.1.1.3 require an ARD configuretion in the
evaluation of the MIC, 7§ 3.1.3.5 requires that all shutdown RCCA banks be
withdrawn from the core during normal power operation (Modes 1| and 2). 715
3.1.3.6 Yimits contro) bank insertion by rod insertion limits ...L) in Modes 1
and 2. A)) contro) rods can be inserted at hot zero power (HIP) coincident
with a reactor trip. In genersl, greater control rod insertion results in a
more negative MTC assuming that al) other parameters are held constant, Howe
ever, greater control rod insertion will also cause a reduction in core power
and T”9 which causes the MTC to become more positive, This effect 1s more
pronounced at lower power with the positive change being more important than
the negative change in the MTC, EBased on this line of reasoning, Westinghouse




determined (Ref. &) that the most negative NTC configuration vil) cccur at M
with control rods inserted to the RIL. Westinghouse analyzed a typical reload
core design, using a bounding value of contro! bank insertion at HFP with no
soluble boron in the coelar*, ““is analysis gave a bounding delta MTC

{a proprietary value) associated with the control bank inserted to the RIL for
Vogtle Units 1 ond 2.

The axia) power shape produces changes in the MTC caused primarily by the rate
at which the modevator 15 hected as it flows up the core, with the MTC sensis«
tivity to extremes of axial power shapes being small, This effect can be cor-
related with the axial flux difference (AFD), which is the difference in the

power in the top half of the core minus the power in the lower half of the core,

Vogtle Units 1 and 2 T5¢ also include 1imits on the AFD, Westinghouse deter-
mingd that the more negative the AFD the more negative the MTC, Westinghouse
examined several reload designs and determined the sensitivity of the MTC to
AFU, This analysis gave fur Vogtle | and 2 a bounding deltes MTC (a proprietary
value) for an -ssumed bounding value of AFD,

Although no TS Timits exist on either the xengn distribution or concentration,
the axial xenon distrilution is effectively limited by TS limits on the AFD,
The physics of the xenon buildup and deray process limits the xenon concentra-
tion, The effect of xenon axial distribution is quantified in the effect of
the axiul power shape on the MTC, as discussed previously. The effect of the
everall xenon concentration on the MTC needs to be evaluated separately.
Westinghouse determined that the MTC became more negetive with no xenon in the
core, Therefore, Westinghouse analyzed the typical reluad core designs at

HFP ARD with no xenon present. This analysis gave for Yogtle Units 1 and  a
delta MTC (a proprietary vaiue) for the xenon concentration factor,

A1l of the delta MTC values described above are summed to provide a total
delta MTC for Vogtle Units 1 and 2 besed on the allowed deviations of the
various factors from nominal values.
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The staff has reviewed the discussion and analysis of the primary facters of
the MNF MTC method and concludes that the results obtained are acceptable
becsuse approved methods and conservetive assumptions were used to generate
the results,
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Changes 1h the parameters discussed previously could take place during 4
transient to make the MTC more negative than allowed during normal operation,
The most adverse conditions seen in the affected transient events will not
result 1n a2 reactivity ingertion that would fnvalidate the conclusions of the
FSAR accident analyses, Thus, the MDL used as & basis for the MNF MTC TS wil)
not thange, Tne reload safety analysis process will include verification that
the MDC safety analysis value remains valid, The staff conclides that thig
verification process for the safety analysis MDC 1s acceptadle.
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