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LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric
Company LLC. Neither Westinghouse Electric Compary LLC, nor any person acting on
its behalf: I I
A. Makes any warranty or representation express or implied including the warranties of
fitness for a partlcu‘ar l)uroose or: merchantablhty, with respect to, the accuracy,
completeness or use[umess ‘O thé information coniairied in’this report, or that the use
of any information, apparcinss snethod: orprocess disclosed in this report may not
mfnnge pnvately owned nghts or ' '

1

B. Assiimes’ any Tiabilities w h respect 5 thie use ot or for damages resultmg from the
use of, any information; apparatus;; " method; oor process disclosed in this report.

COPYRIGHT NOTICE

This report has been prepared by Westlnghouse Electric Company LLC and bears a
Westinghouse Electric Company copyright notice. Information in this report is the property
of and contains copyright material owned by Westinghouse Electric Company LLC and/or its
subcontractors and suppliers. It is transmitted to you in confidence and trust, and you agree
to treat this document and the material contained therein in strict accordance with the terms
and conditions of the agreement under which it was provided to you.

As a sponsor of this task, you are permitted to make the number of copies of the information
contained in this report that are hecessary fariyour internal use in connection with your
implementation of the report results for your plant(s) in your normal conduct of business.
Should implementation of this reportinvolvé:a third party, you are permitted to make the
number of copies of the information contained in this report that are necessary for the third
party's use in supporting your implementation at your plant(s) in your normal conduct of
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LLC to transmit this information to a third party or parties. All copies made by you must
include the copyright notice in all instances and the proprietary notice if the original was
identified as proprietary.

The NRC is permitted to make the number of copies beyond those necessary for its internal
use that are necessary in order to have one copy available for public viewing in the NRC
public document room if the number of copies submitted is insufficient for this purpose,
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ABSTRACT

Methodology used to establish the pressure-temperature (P-T) curves and low
temperature overpressure protection (LTOP) system limits for Palo Verde
Nuclear Generating Station (PVNGS) Units 1, 2 and 3 is documented in topical
report CE NPSD-683-A, “Development of a RCS Pressure and Temperature
Limits Report for the Removal of P-T Limits and LTOP Requirements from
the Technical Specifications,” Reference 1. Report CE NPSD-683-A has been
reviewed and approved by the NRC staff for compliance with the specific
requirements of Appendices G and H to 10 CFR Part 50.

The basis for the PVNGS Units 1, 2 and 3 reactor coolant system pressure-
temperature limit curves, heatup and cooldown rates, low temperature
overpressure protection setpoints, vessel adjusted reference temperatures and
the projected reactor. vessel neution ﬂﬁencg-ar.e. developed in this report. These
heatup and cooldown limits and LTOP controls, effective through 32 effective
full-power years of operation, are designed to prevent potential brittle fracture
of the reactor pressure vessel during the most restrictive low temperature
overpressure event.

The organization of this report follows that presented in Generic Letter 96-03,
‘“Relocation of Pressure-Temperature Limit Curves and Low Temperature
Overpressure Protection System Limits,” Reference 2. Low temperature
overpressure protection setpoints applicable to PVNGS Units 1, 2 and 3 are
developed in Section 3.0. RCS heatup and cooldown pressure-temperature
limits are developed in Section 5.0. '

This report supports the relocation of specific PVNGS Units 1, 2 and 3 reactor
coolant system pressure-temperature curves, heatup and cooldown rate limits
and low temperature overpressure protection setpoints from the PVNGS
Technical Specifications into a separate Pressure-Temperature Limits Report
(PTLR) that is controlled by Arizona Public Service (APS).
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1.0 VESSEL NEUTRON FLUENCE

1. OVERVIEW

The neutron fluence for the Palo Verde Nuclear Generation Station (PVNGS) 'Units’l.,"Z‘ and:3 reactor vessel
beltline locations has been calculated in accordance with Regulatory Guide.1.190; Reference 3. The following
discussions provide the results of the fluence calculation and the details of the calculatronal analysis for
PVNGS. T TR IPRNL S SRS

<A three-dimensional discrete ordinates transport analysis was performed for:the PVNGS Wnits 1, 2-and 3
“:reactors to determine the neutron.radiation environmentWithin‘the reactor pressure vessel and. surveillance

- capsules: In 'this analysis, fast neutron fluence with enérgy:levels-greater than.1.0- MeV and'iron atom- .’
displacements (dpa) are established orr a:plant- and fuel cyclesspecific:basis:. These.calculations form the basis
for projecting: the reactor pressure vessel neutron: exposune to operatlng penods through 32 effective full-power
years(EFPY) O O LI £ TP B A VIR I P i Cnn ‘

gt

Loswt Al s o e e e e e ags it e e
AN AP I IR I PR FIAREE I SRS DA DU £ B T ]

Current neutron exposure data for the PVNGS reactor vessels, drawn from the sensor sets for each w1thdrawn
capsule and-analyzed using dosimetry:evaluation methodology; aré sumrnarized in Section 1.4.- The comparison
of these- dosrmetry evaluat'on results to the analytrcal predlctlons 13 used to validate the plant-specrﬁc neutron

AAll PVNGS‘ dosimetry' evaluations are based'on-‘the-‘latest available nuclear cross-section data derived from -
ENDEF/B-VI;.Reference 4. | THese neutron transport and dosimetry: evaluatlon methodolog1es fellow the: -
rguldance issued by the staffm Regulatory Gu1del 190! BEECR NIRRT U A R I S T

: e A, .
Pee N L v inik N D
AN A S X = ,,'.(.},r,“, 1, [ B ;Y

The peak reactor vessel neutron-fluence values-at 32: EFPY for PVNGS Umts 1 2 and 3 iare given in’ Table l 1.
These fluence values, ¢alculated: at the core: midplane.inner radius, 1/4T and 3/4T.locations,.are based on those
reported in the post-irradiation analyses of PVNGS surveillance specimen capsules, References 5, 6 and 7.
Neutron fluence values at the-1/4T and 3/4T locations are-determined using’ the attenuation formula from
Rnglatory Gulde 1.99, Reference 8. RO P food e i '

P BRE PN A S S SR

)

1. 2 - DiSCRETE ORDINATES ANALS SIS

Tertet ot I ot ..‘

A plan view of the PVNGS reactor geometry at the core mldplane 1s shown in Flgure 1 1 Six 1rrad1at1on
apsules attached to the reactor pressure; vessel claddmg are mcluded in the reactor vessel survelllance program.
: These capsules are located at azimuthal angles of 38> and l42° (38° from the core cardmal axes), '230° and 310°
(40° from the core cardmal axes) and 43° and 137° (43° from the core, cardlnal axes) From a neutronic
- standpomt the surverllance capsules and assocrated support structures are srgmf cant because the presence of
these materials affects both the spatial distribution of neutron flux and the neutron energy spectrum in the water
annulus between the core barrel and the reactor vessel. Therefore, the capsules and capsule holders must be
included in the analytical model to accurately establish the neutron environment at the test specimen locatiqn.

A series of fuel cycle specrﬁc forwa,rd transport calculatlons were performed for the PVNGS reactor vessels and
surveillance capsules using the followmg three-dimensional flux synthesis techmque when performing the fast

neutron exposure evaluations:.

o

¢(,9 z) ¢(r e)*‘l’(r D

o - (Bam 1-1).
N | ) (SV‘qn. )
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: 1teratron ﬂux convelgen«‘e critericnused:in the’ (r 6) calculatrons is:set at a value- of 0. 001

‘avalueofOOOI - Lo fart 7 T ik

In Equation 1-1:
¢(r,0,z) = synthesized three-dimensional neutron ﬂux drstrrbutron
¢(r,8) = transport solution in r,0 geometry,
o(r,z) = two-dimensional solution for a cylindrical reactor model using the
actual axial core power distribution, and

o)+ = one:dimensional solution for & cylindrical reactor model using the same - e

" .7 .. . sourczper unit Leight as that used in'the (r,8) two-dimensional calculation. -
T T A N (TS TG = T ’ " ’

This synthesis procedure is performed for each operating cycle. _ Coy

Two sets of transport calciilations areiused when neiforraing the fast neutroniexposure €valuations for PYNGS.
The first set of calculations is based on ihe ;8 madel;shown in Figure 1-1, that includes surveillance capsules
at 38°, 40°, and 43°.- The second set of caleulations js:based.en the (r,9) model having no surveillance capsules

present: : The first set of calculations. isiuced to.perform:surveillance capsule dosimetry evaluations for -

comparison with'calculated. resulis: . Ths:second set.of calculationsis used to determine the maximum neutron
exposure levels at the pressure vessel wall. UFSAR Figures 5.3-1 through 5.3-4 provide additional details ..
regarding the arrangement and location of surveillance specimens at PVNGS.

. TR T R N e TI- B I D A R B N T T -
[P SR t DD U T LT e T e T B e LY T e T e

- Nominal design dirnensions are.eniployed for the.various.stractural components when developing'thesz: .

analytical models, with two exceptions:: The first exception-isithat the radius to the center of.the.surveillance,
capsule holder and the pressure vessel inner radius are taken from the as-built drawings, Reference 9, for each
PVNGS reactor. The second exception is that the coolant temperature (i.e., coolant density) is treated on a fuel
cycle-specific basis, with water temperaturesiin the:reactor vessel.core and bypassiregicns based. ¢t full power
operating conditions. . The. reactor-core is treated as a hiomogeneous mixture of fiel, cladding; water, and: "
miscellaneous core structures (such as fuel assembly grids and.guide tubes).. The geometric-mesh: description of
the (r,0) reactor models typically consist of 151 radial by 78 azimuthal intervals. Mesh sizes are chosen to
ensure that proper convergence of thé inrer iterations is achieved on-a:point-wise: basis:: The pomt wise-ipner

PR sy Ty

The (r z) model used for the PVNGS calculatrons extends botb radrally from the centerhne of the reactor. core
out to a location interior to the primary biological shield and axially from:an:elevation. two feet below the active
fuel to two feet above the active fuel. As in the case of the (r,0) models, nominal design dimensions (except for
the pressure vessel inner radius as-built dimension) and full power coolant densities are employedinthe - .
calculations. In this case, the homogenous core regron is treated as an equrvalent cyhnder with a Volume equal
to that of the active core zone The' stalnless steel core shroud assembly girthi rings located between the core”
shroud and core bartel regrons are exphcrtly 1nc1uded in the model The (r zy geometnc mesh descrrpnon of-
these reactor models typically-consists of 141 radlal by 79 axial mtervars Consistent w1th {he case of" the (r 8)
calculations, mésh sizes are chosen fo'ensure’ that proper convergence ‘of the inner itétations is’ achleved ona’

point-wise basis. The pornt wise 1nne1 lteratron ﬂux convergence crr‘terron used 1n the (r z) calculatrons is set at

One- dimensionél radial models used in the synthésié procedure consist of the ‘samé 141 radial miésh intervals
included in the (r,z) models. Radial synthesis factors can be determrned on a mesh- wrse basis throughout the

’entrre geometry Further detalls of the analysls are prov1ded in References 5 6 and 7

Data used in the transport analyses represents cycle-dependent fuel assembly enrichments, burnups; axial power
distributions, and radial pin powers. This information is used todeyelop spatial- and energy-dependent core
source distributions averaged over each individual fuel cycle. Therefore, the results from the neutron transport

“WCAP-16835.NP, Rev 0"~ — = S , "Parge'IQZ
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calculations provide data'in terms of fuel cycle averaged neutron flux. This, whien mult1p11ed by the approprrate
fuel cycle length, generates the incremental fast neutron exposure for each fuel cycle In'Gonstructing these core
source distributions, the energy, distribution of the source was based on the initial enrichments and burnup
histories of 1nd1v1dua1 fiel assemblies. Compos1te values of energy release per ﬁssron neutron yreld per ﬁss1on
' and ﬁssron spectrum are determmed from the assembly dependent ﬁssron spllts o

S I R
[ L . LT LT

CAll' transport calculat1ons supporting th1s analysis are performed using the DORT drscrete ordmates code
Version 3.2, Reference 10, and the BUGLE-96 cross-section library, Reference 11. The BUGLE-96 library
provrdes a 67-group coupled neutron- -gamma ray Cross- -section data set produced spec1ﬁcally for lrght water
reactor apphcatlons In these analyses anrsotrop1c scatterrng 1s treated with a’ P5 Legendre expansron and °

- "Aangular drscret1zatlon i§ modeled w1th an Si6 order of angular Quadrature Energy and space aependent core

i power dlstrrbutlons as well as system operatlng temperatules are treated on a fuel cycle specmc bas1s .

P

13 | VESSEL FLUEN CE ANALYSIS

Fast neutron fluence results from References 5, 6 and 7, projected at a core power level of 3990 MWt for

future c-ycles, are provided in Tables: 1-2through 1:4:for:PVNGS Units:1; 2 and:3; respectively. . This -

calculated fast fluence:with energy levels greaierihani 1.0 MeV is given for the reactor vessel inner radius at -
« four azifnuthal locations. “Data‘givenin-Tables }<2:-through-l:4.er2 determined. for-the clad/base inetal. <
~interface; therefore,.the/data: represenf the:maximurm calculzted fluence.on the : espectrve vessels: ™, o o

. PO f . EEE \ P S P .y . PV . ‘. .. .
[ RN ‘~'r.: ;;.»‘.,-’;) 7*:- COE T LI B R S e L o e P AP S S L A Lo

Data tabulat1ons include both me and fuer yelerspecific celculated: ﬂuence at the-end cf the'most recent .
operating fuel cycle and future projections through 54 EFPY. These projections are based on a core thermal
power of 3990 MWt and the assumr‘tlon that ‘he core power dlstnbutron and associated plant operating
characterrstlcs from the mo t Técent operaﬁng fiel cycle dre representatwe of futtire” plant operation.

14 NEUTRON DOSIMETRY 3 ' B

The validity of the calculated neutron ﬂuence reported in Section:1.3 is demonstrated by a direct comparison
against the measured sensor’ reactron rates and bya least squares evaluat1on performed for each of the capsule
dosimetry sets For completeness an assessment of 4ll measured dosimétry removed through 15 EFPY is

44444

;,‘of measured dosrmetry results to both the calculated and least squares ad]usted values 1s summarrzed herern N

The sensor sets from the capsules have been analyzéd in accordance with the current dosimetry evaluation
methodology described in Regulatory Guide-1. 190 ‘Sensor set results demonstrate that the overall
measurements agree with the calculated and least squares adjusted values to wrthrn +20%, as specified by
Regulatory Gu1de 1.190:: This agreement w1th1n +20°/o valrdates the calculated fluence reported in Section 1.3.
A least squares. evaluatlon of the PVNGS surve1llance capsule dosrmetry was performed using the FERRET
code, Reference 12. F ERRET was employed to: comblne the results of the plant specific neutron transport
calculations and the sensor set reactlon rate. measurements ‘fo determine best-estimate values of exposure
parameters and assoc1ated uncerta1nt1es for the survelllance capsules withdrawn through 15 EFPY. The
application of the’ least squares methodology 1equ1res the following inpuit: o

1. Thé calculated neutron erergy spectrum and associated uncertainties at the measurement location;
2. The measured reaction rates and associated: uncertamty for each sensor contained;in the multiple.,
« foil set and - v e e g T 0 '
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-3 The energy- dependent dosrmetry reaction Cross- sections and assocrated uncertarntres for each
. sensor contarned in the mult1ple foil sensor set, ‘

s

’ a0 A PR -t

"The calculated neutron spectrum was obtamed from the results of plant spec1ﬁc neutron transport calculatrons
with sensor reaction rates denved from the measured specific act1v1t1es Dosrmetrv reaction Cross- -sections and
uncertainties were obtained from the SNLRML d051metry cross-section lrbrary, Reference 13. The SNLRML
library is an evaluated dosimetry reaction cross-section comprlatron recommended for use. 1n LWR, evaluatrons
by ASTM QtandardE 1018 01 Reference 14.. .. e e :

LN : . PR

The uncerta1nt1es assocrated wrth the measured reacnon rates dos1metry cross sectrons and calculated neutron
spectrums are 1nput to the least squares procedure 1n the fonn of vanances and covanances Input uncertamnes
are ass1gned followrng the gu1dance P 'ded'InA TM Standard E 944 02, Reference 15. The followmg
discussion of the reaction rate uncertarnt1es 1s' associated with the least squares evaluation of the PVNGS Unit 2
surveillance capsule sensor sets, Reference 6. (See References 5 and 7 for the correspondrng results for Unrts 1
and 3. ) o ‘

P Y I Y

The overall uncertainty associated with:the racasuredireactio rates inciudes components due to the basic - n"

measurement process, irradiation history. corrections,
accuracy .in the reaction rate determinations is; ensured "

etid:

o,

~tiong forcompeting reactions. A high level of:
sing tabosziory procedures that conform to the ASTM

National Consensus.Standards fo- reaction rate Jeter:: nnationél'for ezck: sensor type. After combmrng all.of these
uncertainty components, ‘the sensor reaction rates derived from the countrng and data evaluation procedures are

assigned the following net uncerfalntlcs for inpit to the. leas sqLares éve. luatlon ot wioe :
g P
o ;- S T z'.ﬁ{':_ i "’f"':‘\.Y o 3 -
PRl L Reaction 2 Uncertalnty Lo A
CSCuma)®Co S =
*Ti(n,p)**Sc 5%
**Fe(n,p)**Mn 5%, 5% P ST SR S
¥Ni(n,p)*Co 5%
. e BRU@OYTCs e o gt 10%, o i ! i = ;
o anertamtres are grven it the one- srgma (1 0') lever S R SRR

The followmg summary prov1des a companson ot measured versus calculated (M/C) fast neutron tnreshold
reactiof rates for the sensors from Capsule W230 withdraws from PVNGS Uit 2 at'the end’ of thie twelfth fuel

cycle . . .
" AN i Lt iy
T U 2R R I PR o IS e &
mt eactlon ates . .
: e e o [UFALRZATSREE: LR A S Unie 2M/CH ] - T
i /at
« , Reaction | (rps/atorn) _ Ratio: - . '[uyit <:
Measured (‘alculated
“Ti(np)*Sc. ,, |, 523816, |, .528E<16:5 |, o
54Fe(n,p)54Mn o 2.88E-15 "293E-15 | ’ y
SgNltn,p)’BCO (Cdy. - 3.59E-15"" 3. 82EH1S ]
' o } e 4 Average )
‘ B Standard Deviation® o

Tty SRR
Tuataie L0E e e

The reaction rate cross-sections used in the least squares evaluations-are taken' from the-SNLRML library.
This data library. provides reaction cross-sections and associated uncertainties,‘including covariances, for 66
dosimetry sensors in common use. Both cross-sections and uncertainties are provided in a fin¢ multigroup
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structure for use in least squares adjustment applications. These cross-sections are comprled from the most
recert cross-section evaluations and have been tested with respect to their accuracy-and consistency fof ©
least squares evaluations. Furthermore, the library has been empirically tested for use in fission spectra "
determjnation,:as' well as in.the ﬂuence and energy characterizations of»:l4 MeV.neutron sources.

For sensors mcluded in; the PVNGS Unit 2 surverllance program the followrng uncertarntles in the ﬁss1on
spectrum averaged Cross- sect1ons are provided in the SNLRML documentatlon package '

. ‘Reaction ~ =~ |7 Uncertamty
G Co T | T e
g e e o ®Ti(n,p)*Se o Y BT% . e ok
5“Fe(n,p)5“Mn 3.05 - 311%
Co ONIE)PCo  icinde g 0a889 5 456% Ll i
BymHYCs L L 054 - 0.64%

These tabulated ranges provide an indication of the dosimetry cross-section uncertainties associated w1th the
sensor sets used.in-LWR drradiatigns. p: -

RTINS T T L I Lo BT T L AN Bt IO S Y EVERN SRR PR TN ot
: .

The measured 10- calcuhted react;on rate rat1os t’or the Capsule W230 threshold reactlons range from 0.94 to‘ :
0.99; the, average M/C r'ttro is, 0, 07 2, 8% at the ene- srgrpa level. Thrs direct; companson falls well w1th1n the

LC ULAI IONAL UNCERTAINTIES
SERTA Pt

cert 1nty assocrated w1th the calculated neutron exposure of the PVNGS surverllance capsule and reactor
pressure vessel is based on the recommended approach provrded in Regulatory Gurde l 190 In partrcular the

quahﬁcat1on of the rnethodology was carrred out 1n the followmg four stages

1. Comparison of calculations with benchmark measure'rr'r’ents from 'the"P'oOl"Critical:Nssemhly (PCA) -
srrnulator at the Oak Rldge Nat1onal Laboratory (ORNL)

.t 1

15

Compansons of calculatlo

to surverllance capsule and reactor cav1ty measurements from the '
H B Robrnson power re 3

. or ’benchmark expe

3 Au analyt'cal .,ens1t1v1ty study addr esslng the uncertamty components resultrng from 1mportant 1nput
cugt e parameters applicable to the plant-specific transport calculations used in the neutron exposure
o assessments C ;

A o\ . . - i .- . - - . | . . B .
I TR TR AT T A AR R PR

4.  Comparisons of the plant specific: f‘alculanons to all 2varlable dos1me‘ry results from the PV\IGS
o qur‘7elllan°e program.; Do oo ol a0 T sl B L

The first phase of the methods qualiﬁcati‘on‘ PCA comparisorrs addressed the 'adequacy of basic transport o
calculation, as well as;dosimetry evaluation techniques and associated.cross-sections. ‘However, this phase .

o did not test the accuracy of commerual core neutron source calculatlons nor d1d it address uncertarntres in

h operatlonal or.geometric varlables that 1mpact power reactor calculat1ons The second phase of the |
quahﬁcatlon H.B. Robmson comparlsons addressed uncertamtres in those add1t10na1 areas that are prrmarlly
.methods-related, and would tend to apply generlcally to all fast neutron exposure evaluatrons The third.
lphase of the qualrﬁcatron analytlcal sensitiyity studres 1dent1ﬁed the potentlal uncertalntles introduced 1nto
the overall evaluatron due to calculanonal methods aporox1mat10ns aswellas toa lack of knowledge relat1ve
to various plant specific 1nput parameters The overall calculational uncertalnty applrcable to the PVNGS
analy51s is established from results of these three’ phases of the methods quahﬁcat1on

Cetben .- [ B P e e . G a b wae saee ween S,
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The uncerta1nt1es developed from the ﬁrst three phases, of the methodology quahﬁcat'on are summanzed as

follows: e e T - X

Basis - Capsule Vessel IR
PCA Compatisons™ : o wa o 3% C3% b e uh
H. B. Robinson Comparisons -,; «., " "= . % 0o b 3% o an 0 3% 0 o e
Analytical Sensitivity Studies 10% 11%
Additional Uncertaitity for Factors not nxpncrtly Evaluatec o 5% - 5%
Net Calculational Unccrtamty R I e v 13%

M Uncertamty”at IR apphes 10 the vessel inside radius. b S N

pas e -y £
) R

The net calculational uncertamty WaS deternmred by co. rnbmmg the mdrvrdual components in quadrature.
Therefore, the resultant uncertainty was freated as random.and.no svstematrc bias was applied to the analyt1cal
results.

| & 3! . . ‘ Py
ety 3 P T T LR IY LD SR I P e N PR O P NS
EREE SRR I I P S B B I L P T S R A S S O M

The fourth phase of the uncertainty assessment, comparisons to PVNGS feasurertienis; is usedto' -
demonstrate the validity of the transport calculations and to confirm the uncertainty estimates associated with
the analytical results: Thé'Corhpatisoniis used only 4s-a chieck, not to-modify the'caltulatéd sitveillance
capsule and pressure vessélnéutton-exposires: 'Restilts of the-least squares évaluatiotis of the dosimetry from
the PVNGS Unit 2 surveillance capsules withdrawn to dat¢ aré providei inTables:I-5nd :1:6:In Table 115,
measured, calculated, and best-estimate values for sensor reaction rates are given for each Unit 2 capsule.
Also provided in this tabulation are ratios of the measuyired reaction rates to both-the calcplated and least = -
squares ad]usted react1on rates These rat1os of measured to- calculated (M/C) and measured-to-best- estrmate

rates, and dosimetry reaction cross-sections. Furth rmore  these results md1cate~ that the of the Ieast squares
evaluation fesults in-a reduct1on it the uncertarntles assoc1ated With the- exposure of the surveillanice ‘eapsules.
For the neutron exposures g1verl ‘in Séction 13, the' uncertarnty ‘associdted With the’ unadjusted calculatron of fast
neutron fluence and iron atom displacements at the surveillance capsule locations is specrﬁed as'129% at the
one-sigma level. The corresponding uncertdinties associated with:the least squares-adjusted-exposure
parameters, Table 1-6, are 7% for fast neutron flux and 6% for iron atom displacément'rate:! Again; these
uncerta1nt1es from the least squares evaluatlon are at the one- 51gma level

i \l N U [ PEE LA A SRR USRS

Further comparlsons ‘of the measurement results to Calculations are provrded in rables’l ’7'and 1-8/ ‘These * *
comparisons are prov1ded on two levels In Table l 7 calculatlons of 1nd1i/'

auar threshold sensor reactron rates

calculations of fasi neutron’ exposure rates'in terms of nieutron flux and the iron atom d1splacernent rate (dpa/s)
are compared to the best estrrnate results obtained from the least's Squares evaluatron of the capsule dos1metry
results. These two' levels of ¢ companson yield consistént and snmlar ‘résults. -All medsurement-to- calculatron
compar1sons fall well w1th1n the 20% l1m1ts spemﬁed as the acceptance cr1ter1a m Regulatory Gu1de 1.190.

LS
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In the case of the direct comparison of measured and calculated sensor reaction rates, the M/C comparisons

for fast neutron reactions range from 0.94 to 1.16 for the eight samples included in the data set. The overall

average M/C ratio for the entire set of PVNGS Un1t 2 data is 1.03, with an associated standard deviation of
7.6%.

In the comparlsons of best estlmate and calculated fast neutron eyposure parameters for U"nt 2, the
correspondrng BE/C comparrsons for the capsule data sets range from;0. 96 to L. 01 fnr fast neutron flux, and -
from 0. 96 to 1.00 for iron atom d1splacement rate. The overall averaoe‘BE/C Tatios tor fast.neutron flux and
tron atom dlsplacement rate are 0. 98 with a standard dev1at10n of %, and 0.99'with a standard dev1at10n of
3.4%, respectrvely Resulfs from the other two units- “arc-compar rable:-For Unrt 1; the correspondrng BE/C
comparisons for the capsule data sets range from 0.94 fo 1. 03 for fast. neutron ﬂux and from 0 94 to 1.03 for
iron atom displacement rate. The overall average BE/C ratios for f’l“t neu tron flux and 1ron atom '
displacerneiit rate ‘are 0.98 witha standard deviation o14.7%, ana 0.58 with d’siandard deviaiion of4. 5%,
réspectively. For Unit 3, the corresponding BE/C comparisons for the capsule data sets range from 0.95 to
1.01 for fast neutron flux, and from 0.96 to 1.01 for iron atem dispiacement rate. The overall average BE/C
ratios for fast neutron flux and iron atom displacement rate are 0.98 with a standard deviation of 4.7%, and
0.98 with a standard devlatlgn of 4.4%: :e_speqtrf,'e‘ ‘

Based on these f‘om“arrsons RTREE conrlwed talt the o ‘c Illated Fast rveutron exposures provrded in: ectlon 13
of this report are vahdeted for.nse in tre assessment ot the condition of the. mutenals comprising the beltline
reglon of the PVNGS Unlt 1, 2 and 3 reactor pressure vessels T

PIpeN s © e e eE o ned im e a e mes b e W e e e e - . e e e a . ——
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Table 1-1

b _v"

P D

,:

Calculated Neutron Fluence at Core Midplane through 32 EFPY

Unig.f -5 i

& |- PVNGS Unit1® .. | =

"BVNGS Unit 2® - .|

. PVNGS Unit3® - - [

VesSél Inner Radias”

" 1.5FE#19 n/ém’®

L.66E+19'n/em” -

~1.74E¥19n/cm’ i

Vessel 1/4 Thlckness

RTE+ I8 em® -

T 9GBS o

1:01E+19 nfom?’

Vessel 3/4 Thlckness

Bostkig e | 3askribmom

3 40E+18 n/cm

), Clad—to-base metal 1nterface o
(2) Calculatéd ? as f fsu,face e O Ghere

1/4 or'3/4 thlcknessdlrﬁenswn forvessel fower shgll. :

Calculated Azimuthal Variation of Neutroin Flience for Unit 1+ 5

) Pro Jected at'a core power of 3990 MW,

R Cumulative | . Neatron Fluence D E>1. 0 MeV (n/c,m)
e ,:»C‘ycle' ,-: - Irradlat101'1 I : ‘ o ‘
H ANt PRI S Time oy . _0-0 i 300 450
(EFPY) Al e e i e 6 D

1 1.22 5.74E+17 8.18E+17 8.32E+17 9.62E+17
2 2.00 9.14E+17 1.19E+18 1.24E+18 1.40E+18
3 3.37 1.57E+18 1.93E+18 1.89E+18 2.08E+18
4 4.57 2.03E+18 | 2.57E+18 249E+18 | 2.72E+18
5 5.79 2.31E+18 2.92E+18 2.90E+18 3.28E+18
6 6.99 2.57E+18 3.26E+18 3.31E+18. 3.84E+18
7 8.32 2.83E+18 3.61E+18 3.69E+18 428E+18
8 '9.76 3.14E+18 3.97E+18 4.05E+18 471E+18
9 11.13 3.48E+18 438E+18 4.54E+18 5.37E+18
10 12.49 3.81E+18 4.80E+18 4.97E+18 5.85E+18
11 13.83 4.16E+18 5.23E+18 5.44E+18 6.47E+18

Future(” 16.00 4.75E+18 5.94E+18 6.22E+18 7.50E+18

Future®” 32.00 9.06E+18 1.12E+19 1.20E+19 1.51E+19

Future) 48.00 1.34E+19 1.64E+19 1.78E+19 2.28E+19.

Future(” 54.00 1.50E+19 1.84E+19 1.99E+19 2.56E+19

' Future projections for Unit 1 are based on power level of 3990 MWt. ‘

@ Calculated at reactor vessel clad-to-metal interface.
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Calculated Aznmuthal Varlatwn of Neutron F luence for Umt 2

i

Table 1-3:

, Cum'ulﬁtivg h _"Neutr(__ixéflljgn'éemi, E > 10 MeV (n/cmz) -
;C&éle I_rra(.iiaﬁong T ; o : -
o Tlme (jo " il ' "30° 45°
(BFPY) | - nil ! BE I e .
1 CLIs | USa9ET 77§E+17 7 96E+T | 9.20E+17:
2" 223 910E+17 128E+18 Ll I34B+18: | 1.SIEHIS
3 341 134E+18 , ,‘_"1 86E+18 192E+18 2.18E+18"
4 54 0| 177E+18 || P241E¥18 | 2.50E+18} | 2.79E+18)
15" | T198EF1s | 273E+is | 297E+18 || 332BH18
e "22(E¥18 | | “3.03E¥18 .| 3.29E+18 | 3.70E+iS.
A ‘248E+18 || "343E+18 - | 3.84E+18, |  432E+18’
et “2796418 "j 3B4E+18 - 436418 | 4.726+18°
o “30E+18 | | 4676+18 - | 5326418
00 '338E+18 || "de4Er1s | S14E+1s’ | 5926418
Sl L " 3.92E+18-1. |1 S20E+18. |- 5.64E+18 .| 6.50E+18

~ Future®™_ 1.

e '4:30}_34}1
. 483E*i8...

63018

PSI66E18 - |

6. 12E+18 -
' 6.79Ea&_1_..8f_“'. o

« 7.14E+18
8.03E+18

. Future®” 9.96E+18 | .1.24E+19 1.33E+19 1.66E+19
Future® 1.51E+19 1.85E+19 1.97E+19 2.51E+19
Future') 1.70E+19 2.08E+19 2.21E+19 2.83E+19

" Future projections for Unit 2 are based on power level of 3990 MWt.
@ Calculated at reactor vessel clad-to-metal interface.

"~ WCAP-16835-NP, Rev 0
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Table 1-4
Calculated Azimuthal Variation of Neutmgl") Fluence for Unit 3

Cumulative Neutron Fluence®, E > 1.0 MeV (n/cm?)
Cycle - Irra(.iiation | ]
Time IR 15° 300 45°
Coy i (EFPY) s | o s s fde e e e
T j 107 T 53 TUPSERT | LTIEHLTY | T8.94E417,
2 T T oaal {URReRY U 26R s | 130 18 | 1.47E418)
3 331 132E—~18 176E+18 . | 1.81E+18, 209E+18
4 444 V| 162E+18 {| 217E+18 || 228E+18' | 268E+18
C TS U ST TUTTISIERIST | I230ERIS T 277EHS | T3.26E+HS;
6. 227E+18 | c294E418 || 320E+18] | 3.78E+18
7 833 ,2.53E+18 338E+18 || 361E+18. 422E+18,
8. 975 L286E+18 || 384E118 | 4. 12E+18' 4.86E+18
L9 L1107 | L34EHIS 423E+18 462E+18 5.49E+18|
S100 | 1244 | 34SERI8 || L 4.68E%I8 | s24E+18 | 620E418
1, 0 |L.1375 | 377B+18 || 51SEHS | 84E+18 6.95E+18;
Future(]) ! 16.00 432E+18 | SO6EHI8 || 6. STE+18| | 8.23E+1S.
o Future® 3200 82<E+18 | 1 7E+19 || T42E+19) | 174E+19
 Futurd® | || 4800 | ,122E+19 ! 175E+19 | 205B+19, | 265E+19
i [ Future® 54.00 137E K19 197E+19 : 243F+19 299E+19i
: A0 .Future projections for Unit 3 are. based on.pewst: level of 3990 Mwt. ‘ ot ;!
: (2) Calculated at reactor vessel clad- to-metal mterface ' b :

’IablelS L L
“Compirison of Measured; Calculated and Best Estlmaie Reactlon Rates for Unit2

Capsule W137 Reaction Rate” Capsule W137 Ratios
Reaction Measured Calculated Best Estimate M/C M/BE
$Cu(n,a)*°Co (Cd) 4 84E-17 4.18E-17 4.72E-17 1.16 1.03
“®Ti(n,p)*Sc 7.24E-16 6.44E-16 7.10E-16 1.12 1.02
*Fe(n,p)’*Mn 3.75E-15 3.60E-15 3.80E-15 1.04 0.99
$Ni(n,p)**Co (Cd) 4.85E-15 4.69E-15 4.92E-15 1.03 0.99
280(n,f)*'Cs (Cd) 1.16E-14 1.21E-14 1.24E-14 0.96 0.94
Capsule W230 Reaction Rate(" Capsule W230 Ratios
Reaction Measured Calculated Best Estimate M/C M/BE
**Ti(n,p)**Sc 5.23E-16 5.28E-16 5.17E-16 0.99 1.01
**Fe(n,p)**Mn 2.88E-15 2.93E-15 2.85E-15 0.98 1.01
¥Ni(n,p)**Co (Cd) 3.59E-15 3.82E-15 3.67E-15. 0.94 0.98 °
() Reaction rate in reactions per second per atom.
WA TGP RR G T me e e e e
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Table 1-6
Comparison of Calculated and Best Estimate Neutron Flux for Unit 2

- 2
Capsule ID? » = Neutron Flux, E > 1.0 MeV (n/cm”-s) .
SRR -Calculated"” —-| - Best Estimate - | - Uncertainty (1o} |- BE/C
w137 - 2.70E+10 _..2T2E+10 6% 1.007
W230 2.19E+10 o 2 4EF+10! 7% 0.965
Capsule 1D | Ifon Atom Displacement Rate (dpals)
Calculated™ . Best Estimate . .| , Uncertainty (10) | BE/C
w137 3.92E-11 ~ 3.93B-11" 6% 1.002
W230 3.19E-11 ,"' 3. O4E 11 . --6%. . 0.955
M Calculated results are based on the synthem ed transport caicuiations’ taken at the core
midplane following the completion of eack respec‘wc capsules 1rraa1atlcn period.
@ Capsule identification is based on’ azxmu.bal position.

Tablevl

e

Comparlson of Measured to Calculated Reactlon Rate Ratios for Unit 2

. Lot Measured/Calculated Ratio?
Reaction
D Capsule W137 ~Capsule W230.
) %Cu(n,a)*Co (Cd) ! 116~ - -
; “Ti(n,p)*’Sc . 112 0.99
**Fe(n,p)**Mn S 104 0.98.
s S Ni(mp)**Co (Cd) 3 "0:94
Z8U(n,H)Cs (Cd) 0.96 -
Average 1.06 0.97
Standard Deviation - 7.4% 2.8%
" The overall average M/C ratio for the set of eight sensor measurements is 1.03 with an
associated standard deviation of 7.6%. :

Table 1-8
Comparison of Best Estimate to Calculated Neutron Flux Ratios for Unit 2

Best Estimate/Calculated Ratio

Capsule ID
Neutron Flux, E > 1.0 MeV dpa/s
w137 1.01 ~1.00
W230 0.96 0.96
Average - 0.99 0.98
Standard Deviation 3.0% 3.4%

" WCAP-16835-NP, Rev 0
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+ Figure 1-1
LG o s Reactor Vessel Geometry at Core Midplane
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2.0 REACTOR VESSEL MATERIAL SURVEILLANCE PROGRAM "

The surveillance program for PVNGS Units 1, 2 and 3 is based on ASTM E185-79, Reference 16, which
presents criteria for monitoring changes in the fracture toughness properties of reactor vessel beltline materials.
This program and the sturveillance ¢apstile withdrawal schedule for PVNGS aré deséribed in this section. -
Reports describing the pre- -irradiation evaluations of the sufveillance materials are contained in References'17,
18 and19. References 5, 6 and 7 are the most recent reports that descnbe the post 1rrad4at10n evaluatlons of the
.PVNGSsurverllancematenals : L A ST L PR

vier i i . ' R T e ., S
L L PN 5 | Froelh L T RN ol . . il

The"-'PVNGS surveillan'ce p"r'ogram=‘adlier‘es3to all ASTM E185+79'guidelifies‘and to 10 CFR 50, Appendix H,
Reference 20. ‘All reactor vessel surveillance specimert c;a'ﬁsufe fiolders are attached tothe inside vessel wall
cladding in the beltline reglon at PVNGS. This: capsule Holder attachmient method meets the desrgn and

1nspect10n requlrements of the ASME Code, Sections'ill apd'HEIL-0n i wiosorn o T 3

KL R B LT Cee svadooant Ly ,t".‘.f’ﬁt_.,,.

2 1 TEST MATERIA‘r SELECTION

| zaccordance vnth the ge'1eral guldelrnes of ASTV’ E185-79 These matenals 1nclude base metal weld metal ‘and
heat affected: zone (HAZ) materials., 1w iper v

2.1.1 Plate Material Selection

The lower shell and a portion of the intermediate shell plate materials are fiearest to the feactor core; hence
they.will sustain the: greatest neutron exposure.; liach of;the; six;plates which make upthe intermediate and

~lower shell courses, were: evaluated (Refercnces 21,22, 2and:23)in- terms of initial RTnpry re31dual copper and
phosphorus content, and the-cumulative effect of irradiation on- RTxpr shlft The base materials s selécted for - ;
the PVNGS survelllance programs 1nclud1ng two plates selected for Unit 1, are listed in Table 2-1.

..Base: metal test materlals for PVNGS Unlts l 2 and 3 are: manufactured from sect1ons of the shell olates lrsted in
Table 2-1-.The section .of the shell plate used: was :adjacent to the test material used for ASME Code Section III
tests and.was, at a distance-of at least one. plate thickness from any water-quenched edge. This material was |
heat-treated to a metallurgrcal condition representative of the final metallurgical condition of the base metal in
the completed reactor vessel.

T S B S T SUC T S I O SRR TR ST FE S R S TS

2:.1:2% Weld Materral Selectron R R A e I

The weld matenals for the PVNGS Umts l 2 and 3 surve1llance programs are selected to duphcate the materrals
in the lower shell axral weld seams. Table y 2 lrsts the weld materlals selected for the PVNGS surverllance R
programs.

o Weld metal arrd HAZ‘specnnens for PVNGS are produced by weldmg together sectlons from the beltllne plates
(i.e. the lower she, plates l1sted 1n Table 2- 1) The. sectlons of the shell plate used for weld metal and HAZ test
mater1a1 are adjacent to the test materlal used for ASME Code Sectlon I tests, and are at a distance of at, least
one plate thickness from any water- quenched edge These specimens are heat-treated to a condition
representatlve of the ﬁnalmetal_lurglcal cond1tlon of_ the weld metal 1n.the completed reactor vessel.

A summary of the materrals and types of spec1mens 1ncluded in the 51x PVNGS survelllance capsules is
presented 1n Table 2-3. Table 2: 3 also deﬁnes specrmen quantities for each surve1llance capsule assembly by
type (i.e., pre -cracked Charpy or compact tens1on) as described below.
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2.2 TEST SPECIMENS

221" Type and Quantlty

The magmtude of the neutron- mduced ploperty changes of the reactor vessel materrals is deterrmned by
comparing the results,of tests using irradiated specimens-to the.results of similar tests usmg unirradiated.. , -
.specimens. For example, ¢changes in toughness; of the vessel materials are determined using ‘the amount of the

" temperature shift in the Charpy impact test curves between the unirradiated material and the irradiated material,
measured at 30 ft-lbs impact energy. Drop weight, Charpy impact, pre-cracked Charpy, compact tension, and
tensile test specimens are provided for, unirradiated. tests:, Drop, weight tests were conducted in accordance with
ASTM E208.: Charpy impact tests were, conductpd in accordance with-:ASTM E23. Tensile tests were
conducted in aqc,o_rdanc_e with ASTM.ER and,E2.1;

Use .of drop ;weight and Charpy. impact tests to establish
initial reference temperature was done in accortiance with-NB-2300-of the ASME Code, Section III Charpy.;
impact, pre-cracked Charpy, compact tension, and tensile test specimens are provided for post-irradiation tests.

_The total quantity of specimens furnished for carrying out the overall requirements of this program:’is presented
in Réferences 21, 227and 23. ‘Aramourt'6f base mietal; weld miétal; and HAZ test material sufficient to provide

! two-additional sets of-test specimens hia§ beeniétained with futl ddeumentation and identification for: future use.

Each of the test materials was chemically analyzed for approximately 21 elésients; including:all those listed in

Paragraph 5.7 of ASTM E185-79. '

e
>
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222 Unlrradlated Specimens . .
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The type and quantrty*of test Specimens prov1ded for’ estabhshmg the properties of the-unirradiated ieactor
vessel materialsiare presenfed in Referénces 21, 22;and23.! The datd from tests' of these: specnnens prov1de the
basis for determrmng th¢ neutron- mduced property changes of the reaCtor vessel materra‘s ~

[T
[SSEERIR TP O FEa rL.l:

Drop Weight Test Specimens: Twelve drop weight test specimens each of the base metal (transverse
- orientatién), wéld-metal, and HAZ inaterial are'provided for establishing the nil ductility‘transition tempetature
" (NDTT) of the unirradiated surveillatice materials’ ! These data’forimi the basis tor the reference témperature; *
RTxpr, from whrch subsequent neutron~mdu0ed changes for the PVNGS plate and weld materialsare <+ « 1
determined. - - ¢-- & Do e e T e g e fea e T EUD TSN VRN R

Charpy Impact Test Specimens: Eighteen to twenty-four test specimens each of base metal (longitudinal and
transverse orientation), weld metal, and HAZ material are provided for impact: testing:,; This quantity exceeds.
the minimum number of test spe01mens recommended by ASTM E185-79 for. developmg a Charpy ‘impact

’ 'energy transmon temperature curve for these materlals These data together w1th the drop welght NDTT are
uséd 'to éstablish the reference temperature RTNDT ‘for éach material. h '

N ¢

Uniaxial Tension Test Specrmens Nine.to twelve tensile test specimens each of base metal (10ng1tud1nal and

' transverse orrentatlon) and weld metal thaterials ‘are provrded for tensron testmg Thrs quantrty “ilso exceeds the
" minimum number of test specrmens recommended by ASTM El 85 to accurately estabhsh the tensﬂe propertles
for these materlals ata m1n1mum of three test temperatures (e g ambrent operatmg, and desrgn)

Pre-cracked Charpy 'Impact Test Sp'e'cim'e'n"s- Tivelve pre cracked Chaipy test 'specimen's &ach of base
metal (longrtudmal and transverse onentatlon) and weld metal materials are provrded for fracture toughness
testing. These test specimens are prov1ded for supplemental toughness property determmatlon and : aré’in’
addition to thé drop weight, standatd Charpy, and un1ax1al tensmn specrmens requlred by ASTM E185 79

. WCAP-IGSSNP, &0 T S s R STy RS TIEE T T, Pageaz
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Compact Tension Test Specimens: Four 1/2T and eight 1T compact tension test specimens each of base
metal (transverse) and weld metal material are provrded for fracture toughness testing. Similar to the pre-
cracked Charpy spe01mens these test specimens are provided for supplemental toughneSs property
determrnatron and are 1n addrtron to* those requlred by ASTM E185- 79 - R

i I

v 4. I

2.2.3. Irradlated Specrmens

Charpy impact, pre-cracked Charpy, compact tension, and un1ax1al tension test specimens:are used to determrne
changes in the static and dynamic properties of the PVNGS reactor vessel materials due to irradiation. The type
and quantity of test specimens provided for establishing the properties of the 1rrad1ated materlals over the g

lifetime of the vessel References 21 22 and 23 are presenteo 1n Table 2 3

’ .
. 3 Lt

.2:3]- SURVEILLANCE sPEchEV Immfprro.. . i e e

2. 3 1 Specrmen Encapsulatlon:

The test specnnens -aré'housed withiin corrosiofi- reslstant“capsule asser’nbhes in'ai 1nert envrronrnent fo:”

P ,,,,_‘w-., veer .
’J Ly et Cheethvroarnnd o s el

‘ 3 : Prevent corrosron of the, carhon steel test spemmens by the pnmary coolant durmg nradlatron

. Phys1cally locate the test specrmens in selected locatrons wrthln the reactor and :

o Facilitate the removal of a desired quantity of test spec1mens from the reactor when a specrﬁed
~neutron fluence has heen attained, ;

[

A typical PVNGS capsule assembly (Referen(‘es 2122 and 25) consists of a series of threet spte.c*irnen "
comipartments connected by wedge couplings and a lock assembly Each compartment enclosure of the capsule
assembly is internally supported by the surveillance specimens, ‘and 18 ‘extérnally pressure’ tested during final

fabrication..:The wedge:couplings also serve as-end caps for, the: specimen compartments, and positien the: ;7

compartraents within thi capsule holders that are attached to. the reactor vessel cladding:- The lack assemblies

afix the Iocations of the capsules within the holders.and prevent:relative motion. The.lock assemblies-also serve

as a point of attachment-forthe tocling used to.remove the capsules frem the reactor. |, .:

Each surveillance specimen compartment consists of two sections connected by. a spacer. Capsule
compartments are ass1gned a unique identification so that a complete record of tesi specimen location within
each compartment can be marntarned Each PVNGS reactor vessel contains six surveillance capsules, including

“both pre=cracked’ (,harpy assernbhes a.l’ld compact ténsion assemblies. PVNGS Unit 1 has: two pre-cracked

Charpy assembliés and orie- cornpact tension assembiy for [6wei'shéll-plate M-4311-1 specimens; and a second
set for intermediate shell plate M-6701-2 specimens. The two sets of assemblies are necessary to accommodate
the two drfferent Unit 1 base'metal surveillance thaterials. PVNGS Units 2 and 3 have thréee each of the pre- -
cracked Charpy assembhes and compact tensron assembhes These assembhes -are rurther descnbed below

wi

2.3.1. 1 Pre—cracked (,harpy Assembhes

The pre- cracked (”harpy icapsuis assemblles con51st of three separate compartments Two compartments
designated as Charpy-and ﬂuy.compart:nc_nts, «contain Charpy impact (standard and pre-cracked) specimens and
neutron flux sp_ec_trum monitors. Charpy specimens are provided to establish an impact energy transition curve
for a given irradiated material. These specimens are arranged vertically in one-by-three arrays, and are oriented
with the notch-toward the core. The:temperature differentia’l_ between the specimens, andhthe reactor coolant is

. N t . L
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- minimized by using spacers between the specimens and the compartment, and by sealing the entire assembly in
an atmosphere of heliym. -
One compartment ( des1pnated the temperature flux, tens1on and C harpy compartment) contams the u'namal
tension test specimens, neutron flux spectrum monitors, temperature monitors, and standard reference matenal
(SRM) Charpy impact specimens. Tensile specimens are placéd in a housmg machined to fit inside the
compartment. Split spacers are placed around the gage length of the tensile specimens to minimize the
temperature differential between the spec1men gage length and the coolant. The’ ent1re compartment is sealed
w1th1n an atmosphereof heliumi. ..+~ Dot nL :

R S P |

23.12 Compact Tension Assemblres

The compact tension capsule assemblles con51st o1 three separate compartments Two compartments ’
(designated as Charpy, flux, and compact tensron compartments) contain Charpy impact (standard and pre-

""" Srétidard Chaipy specimens:aré provided'to establish
an impact energy transition curve for a given 1rrad1ated matenal The Charpy specnnens are arranged vertlcally
in one-by-three arrays, and are oriented with the notch toward the core. The 1/2 T compact tension’ specrmcns
are oriented with the opening of the crack, starter nptch facing the top of the.compartment.(i.e., fo obtain a .
uniform ﬂuence gradlent across the crack front) The temperature d1fferent1al between the spec1mens and the

sealing the entrre assembly 1n an atmospheré' of hehum

AL 14}.;1.?;& R EN AR

One compartment is designated asa temperature, flux, tension, and Charpy ¢ompartment- Tiis compartment is
the same as described for the pre—cracked Charpy:assemblies. .

S e s ey
Do kAT v et

23, 2 Flux and Temperature Measurement?_f__:

The changes in-the.reactor. vessel materials toughress are deﬂved ﬁom\specnnens 1rrad1ated to'vartous ﬂuen(e
levels and-ir different neutron energy spectra.-Complete informatizn on the neutron flux, neutron: energy:
spectra, andthe irradiation temperature ofthe 'suzveillance: ispecim éns'is cbtained from the flux:and: temperature

3

monitors in order to permit accurate interpretation:ofithe- ssurveillance.material test resufts: '+ & ool s

2.3. 2 1 Flux Measurements

‘ el

Neutron ﬂux measurements are obtamed from detecfors 10cated in, each of the six 1rrad1at1on capsules ’iuch
detectors are partrcularly su1ted for ths proposed appllcatron be(‘ause the1r effectlve threshold energles he in the

Neutron threshold detectors can. be used to mo*ntor the thermal and fast neutron spectra 1nc1dent_” n the test .
specimens., These detectors possess. reasonably long:half-lives.and activation cross:sections covering the
desired neutron energy range. One set of neutron flux spectrum monitors is included in each tensile-

monitor compartment. Each detector is placed inside a sheath that 1dent1ﬁes the matenal and facilitates
handling. Cadmium covers are used for those materials (e.g., uranium, nrckel copper “and cobalt) that’

have competing neutron capture activities: - The flux'mcnitors are placed:in holes-drilied in stainless steel
“*housings at three‘axial locations:in' eacb capsule assembl) to provrde an axral fluence proﬁle for each set.of

* test specunens PR ST . N SN S Yl s ’

In addition to t_hese»detect'ors, the PVNGS surveillance program also!includes standard reference material . .
(SRM) specimens. These are Charpy impact test specimens made from a reference heat of ASTM A533

— e P P TS B
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B1. Those specimens are being irradiated along with the specimens made from the PVNGS reactor vessel
materials to serve as a correlation monitor material. The changes in Impact propert1es of the reference
material provide a cross- ~check on the neutron irradiation environment in any-given surveillance program.
These changes also prov1de data for correlating the result from this surveillance program -with the results
from experlmental 1rrad1atrons and other reactor. survelllance programs using the same reference material.

i

2.3.2.2 Temperature Estlmates L 1..’,',‘ S e e

Changes in miechatiical and i 1mpact propertles of urad1ated specrmens are highly dependent on the irradiation
temperature. Therefore, it is necessary to have knowledge of the temperatures of both the specimens and the
pressure vessel. During irradiation, instrumented: capsules are not practical for a surveillance program extending
over the design lifetime of a power eactor. The maxrmum ‘emperature of the'irradiated spe01mens can be
estimated with reasonable accuracy by 1nclud1ng small pleces of low: meltmg pomt alloys or pure metals in the
capsule assembhes The composrtlons ot monitcr matenals and-mglting pomts in the operating range of power
reactors arc listed in Reéfererices 21,22 and 23‘ The monrtors are selected to bracket the’ operatmg temperature
of the reactor vessel ' o - - :

SR Yk < e S P
ot B

.- L i oT TR RNt

The temperature monitors consist of a helix of low melting point alloy wire inside a sealed quartz tube. A
stamless steel weight supported by the wire ensureg that momtor wires havmg reached their melting pomt are

bogene Y

A set of tempera‘ure momtors 1s- mcluded in each temperature ﬂux ~-ten51orr and Charpy compartment The
temperature monitors are placed in holes dnlled in-stainless- steel housmgs to provrde the maxnnum temperature

o }

to which the spec.mens are exposed S SO S '-p- pem e e e T

. .r..,,." i '
; !

2.3. 3 Irradlatron Specimen Locat.on R R s

The test specnnens are enclosed w1th1n capsule assembhes They are 1rrad1ated at six. radlal posmons around the
activé core and at axial | pos1t1ons .that;are bisected by the mldplane of the core. Test specimens contained in the
capsule assemblies are: ‘used to monitor the AT adiation-induced: property changes of: the reactor vessel materials.
Therefore, these capsules are posmoned near the inside wall of the reactor vessel so that the irradiation
conditions (fluence, flux spectrum, temperature) of the test specimens resemble, as closely as possible, the
irradiation condition of the reactor vessel. The neutron fluence of the test specrmens 1s within approximately
15%.0f that seen.by. the adjacent vessel wall. Therefore, the RTNDT changes resultrng from the 1rrad1at10n of
these specrmens wrll closely. approx1mate the RTNDT changes in: the materlals of the reactor vessel .

" b o v ) a
[E R N ; i a4

j
.

Surveiliance; cansule assembhes are w1thdrawn durmg an: approprlate refuelmg outage when the test specrmens
have attained the desired fluenice. ‘Table 2:4:presents the azimuthal locat1ons for the capsule assembhes and the
actual trme of capsule removal in terms of effectrve full power years L

The capsule assemblles located in the 137 degree and 230- degree pos1t1on Have béén withdrawn from each of
the PVNGS units.” Add1t10nally, the 38- degree capsulé has been w1thdrawn from Unit 1. The actual timé of
capsule removal may be moditied to coincide with the refuehng outage or plant shutdown most closely

approaching the scheduled timeforwithdrawal:
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g ' . Table 2-1
. - "Base Metal Materials Selected for Survelllance Program
PVNGS Unit _Plate ID Number Plate Locatlon
Vel Unit . M-4311-1 -, . Lower Shell . .
Unit 1 M-6701-2 Intermediate Shell
Unit 2 F-773-1 Lower Shell
Unit 3 F-6411-2 _ Lower Shell
) I S T
24 n’able"’ 5 SUTE R
RESEEIE P wrm}s Selected for Survelllance Program g |
il YPYNGS' ST FluxType ““Fliix Lot Number - { ="
L 3 S 90071"‘”'-‘-" “Lindé0091 |7 T Y1054 0
I Unit2 a3yt Linde124 | T 0662
Unit 3 4P7869 Linde 124 0281~

: “Pré-cracked CV Assembly RN Co- pvac{ Ténsion Assembly
‘ Material Std. Cv | "Tension PCv | Std.Cy Tension 12TCT |
l BaseMetal (Long) .. 9 ; .4- S ER TR 9 . - L 'n_ 15} ..- LE | RS
o Base Metal (Trans) 5 | 3 97 ' 15 3
Weld Metal 15 3 9 R ‘
HAZ 12 -
SRM® 9 -
+ Total in Adsembly TLeG L i

' Standard Reference Matérial (SRM) charattétizéd by hedvy sectibh ‘steel technology SRR R
program Qpec1mens are: prov1ded only for:.corr e]atlon with: eharacterwanon tests. i 0 :

P R I S SN FL A S by M T iRy RO, e

[ et e s
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, Table 24 i g
Survelllance Capsule Assembly Removal Schedule through 32 EFPY L o

Azimuthal | . Lo Unitl, oo o). o Umit2 o , . Unit3 .
Location Capsule | Removal Time ' Capsule Removal Time Capsule Removal Tlme
(degrees) | Number (EFPY)" Number | (EFPY)(‘) .. | Number. (EFPY)‘”
38 1 9.76 1 |7 samndby | i Standby
43 T réta'ﬁdby‘ FEENE IO DUAT, DTS4k 5 Standby e meiiny Dok ’Standby"-‘z” .
137 | 4.57 + 454 v Ay gy
142 4 Standby * (4 Staitdby ] O tandby
230 5 13.83 5 14 35 5 13.75
310 6 LR e B e R s o) R "'3"6”"' ' 5"'31_‘8‘- 247
" Removal time may ‘be adjusted to commde w1th the refuehng outage or. scheduled shutdown o
most closely dpproximating the withdrav/al sciiedule. ' .
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3.0  LOW TEMPERATURE OVERPRESSURE PROTECTION /" ~ =™
SYSTEM LIMITS = -

31 LOW TEMPERATURE OVERPRESSURE PROTECTION-SYSTEM -

3.1. 1 ) Introductron . ‘ | . O ’ : * -
The low temperature overpressure proteetron (LTOP) system protects the PVNG% reastor. coo;ant system
(RCS) pressure boundary integrity by. ensuring that.the pressyre remains below the applicable.P-T limits of
10 CFR 50, Appendix G, at low temperature, copditions.wher, the;RCS is water-solid.... - ..
Technical Specifications require two shutdown cooling system (SCS) relief valves (“LTOf’ valves”) to be
operable or the RCS vented with a vent area greater than or. eoual to.16 square inches when any:RCS cold
leg temperature is less than the spec1ﬁed LTOP enable temperature Once enabled, the LTOP system
automatically mairntains the RCS presstire below the’ ‘brittle faciure threshold wrthout requrnng actron or
intervention by the plant operator o :

el TR TO R Ty e U O gy i D SR 'Z, R B B AR o
This Section describes the process for developmg the LTOP systera:tmits, an(’ demonstra‘ung adequate
LTOP performance at PVNGS Units 1, 2 and 3. e f.':;', P

3.1.2  LTOP Technical Specifications

Protection of the PVNGS reactor coolant pressure boundary agamst bnttle fracture is, provided durrng ,
Mode 4 heatup or cooldown when all cold leg temperatures are above the LTOP enable temperature by at
least one operable pressurlzer safety valve with a lift’ pressure settmg as spec1ﬁed 1n Techmcal o
Spec1ﬁcat10n LCO 3 4 ll

R

Similarly, RCS brittle fracture'p'r’ote'etion"'i"s{ provided‘when any RCS ¢old lég temperature is less than or
equal to the specified LTOP- enable témperature by taoroperakle:SCS relief valves ‘or, if the RCS is
depressurized; by providing-an RCS vent ared equal to:or greiter:than sixtezn square inches. This limit on
plant operations applies in Modes 4, 5 and 6 as specified in TS LCO 3.4.13. TS LCO 3.4.13 also prohlbrts
startup of a reactor coolant pump in Modeé 4 if the secoridary side water temperature in Cither steatn -
generator is more than 100°F above.any.RCS cold lefr temperature Ty

P

foin ™

.. P .
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3.2 BASIS FOR LTOP SYSTEM LlMITS

et

PVNGS LTOP systém’ setponrts ‘and-conitrols are developéd using the methoaology approved by the staff in
CE NPSD-683-A, Reference 1, and the plant-specrﬁc met‘lodology presented in this report S
Technical Specifications require two-SCS.suction ‘me ( “T,TOP”) relief valves to be operable, although event
mitigation only credits one valve, along with controls on the heatup. and cooldown rate. whenever any RCS
cold leg temperature is below an enable setpomt The SCS relief valve setpomt and capacrty, and the LTOP
heatup and cooldown enable setpoint temperatures support analyses that ensure the peak RCS pressure

resulting from postulated overpressure events does not.exceed the allowable RCS P-T limits.

Calculated limiting temperatures for LTOPheatup and cooldown rate proteotion are given in Table 3-1.
Between the minimum boltup temperature determined in accordance with Section 5.6 and the LTOP enable
temperature determined in accordance with Section 5.12, the peak RCS pressures resulting from postulated
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overpressure events does not- exceed either the minimum pressure value determmcd n accordapce w1th
Section 5.7 or the corrected allowable pressures determined in Section 5.14.-

3.2.1 Peak Transient Pressures = 5 ¢ - ¢

Analyses of the limiting case mass addition (HPSI start) and energy addltron (RCP start) events are f
performed using conservative LTOP assumptions to establish the peak transient RCS pressures at PVNGS. ‘
Calciilated results confirn that the shutdown” cooling system relief-valves (SI-179, SI-189, also-termed’
“LTOP valves”)’ mstalled at PVNGS Unrts 1,2%nd 3 have Sxcess capacity relative'to rehevrng '
requirements. Therefore, ‘the limiting mass ‘and energy addltn,fl overpressure events are ‘quickly terminated -
upon valve actuatron

3 L k) L A S
S . IR SR S S

. The pressunzer is 1n1t1ally V\ ,er solr_" Wi th no, team snace afrd no credrt for the presence of a . L

cover gas (e.g., nrtrogen) e . .

. ‘The RCS pressure boundary is rigid, i.e., no expansron due to pressure or thermal effects

" e No heat is transferred to or from: the:RCS;" (i f
o The RCS letdown flow is isolated,

e All pumps attain rated speed instantaneously,

1 .
yoe sy

o Only one SCS relief valve actuates to rmngate the trans1ent

e No operator action‘is requlred and

o Conservatrve "nergy addrtron sources are u
addition transrents mcludmg '

o Full heat output from all pressurizer heaters (1800 kW) is assumed for the duratron'of
 the transient in order to maximize, the energy input mto the RCS,and . ..o s ooys

o Decay heat; with two- srgma uncertamtres 1s.asg umed cons ant thrrughout thc transient .y, 3
- at.a value,consistent with the ezrliest time after ohutdow.n.that‘tl:e_,ttanSI,epttgan o;cqur;r.ur;i-- TRRRpRP

e The SCS is assumed isolated at the stait'of thi¢ tratisient in order t6'minimize the total -7t = "¢
volume absorbing the heat/mass addition and to isolate any heat removal from the RCS,

e The SCS relief valve opening profile is consistent with the ASME model-described in -+ - < .. .

*Section 3.2.1.1; this model results in a delayed response.to, the relief valve lrft and K A

'resultrng delav in provrdmg the relrefcapacrty et e e - -

o No RCP seal leakage or coritrolled bleed-off is assumed
+ The! RCS is 1sothcrmal and is 'not cooled or: heated by an / ma’s's'addition "ar’rd' Tl

the greatest rate of pressure fisé.

S 3

The transient analysrs methodology used t6 establish resuits for the -désigh Basis iow temperature overpressure
events at PVNGS Unrts 1,2 and 3 is drscussed in the followrng sectrons

i
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3.2.1.1 Rehef Valve Overpressure Protectron

e, : '.,.

Low temperature overpressure protectron at PVNGS Unrts 1 2 and 3 is provrded by sprrng actuated rellef valves
(“LTOP” valves) installed in the SCS suction lrnes . These relief valves are placed in service during RCS
cooldown at or above the LTOP enable temperature and at or below the enable temperature durlng heatup, to
ensure the reactor vessel is protected from brrttle fracture n the event ofa low temperature overpressure event.

Lo Ve W T

sl

The SCS relief valve opening and diScharge characteristics are consistérit atid conservative relative to the ASME
Code requirements for spring loaded safety valves. These.valves follow the ASME.Code model with an initial
SCS relief valve opening of 30% at 3% accumulationand ful};opening at 10% accumulation at which point each
valve has a relieving capacity of 5635 gpm. This.relieving ‘capacity;is substantielly-greater than that needed to
mrtlgate the design basrs RCS mass addltlon and energy addrtron transrents o

The setpoint for SCS rélief valve actuation, a lift pressare.of 467 psiy as definedin TS LCO 3.4.13,18
established by the limiting pressure to which any SCS component (e.g., LPSI pump seals) nmidy be exposed. This
setpoint is sufficiently below the limiting reactor coolant system pressure established by 10 CFR 50 Appendix
G. Therefore, low temperature overpréssure protéction: of the reactor vessel is assured:since the calculdted RCS
pressure rise is terminated before the rehcf valve reaches full:openiin both the; lrmrtlng energy addition and mass
addition LTOP transients.; < v 300 e o dne e oot Slaw oo 0T usinr . oot o i -

ar o riig -

3.2.1.2 Mass Addition Overpressure Event

charging pumps:aré opetating at their desigu flowrate.” Mass.addition.from safety injection tanks is not :
¢ consideréd irethis: transient smce: T echnical. Specrﬁcatron 3 5 2. allows the tanks to be 1solatcd durrng Mode 4
--.operation with the pressurmcr pressure: below 430 psra P L A SN PPN

i : AN N R I £ A PR AP U B AT
This event is analyzed using the methodology of CE NPSD—683—A. That method determines inputs for HPSI
mass-addition; charging pump mass addiiion, and the equivalent mass addition that results from energy addition.
The magnitude!cf the pressurization.is determinec by superposition of the mass addition-curve onto the relief
valve:discharge.curve, both.of which describe.mass flow rate as‘a function of pressurizer pressure. The i -
equilibrium pressure is taken as the intersection of the two pressuré Girves; assumifig liquid input and discharge,
at which the mass addition rate matches the relief valve discharge flow rate. o

The HPSI mass addition is obtarned from the maxrrnum volumetric delrvery curves developed for emergency
core cooling system calculatrons usrng the pressure dlfference oetween the reactor coolant system and the
refueling water tank A copse'vatrve (low) tempcrdture is assumed for: the supplv:water to establish the greatest
rate of mass addrtron S RS

A rapid RCS pressure ﬁs'é occurs upon i‘nitiati-on}ol: a‘ desrgn baslsmassaddltron translent at PVNGS. The
transient is quickly mrtlgated ‘with a peak RCS] nressure at the.pressurizer of less than 499 psra due to the large
capacity discharge through' ‘the.SCS. suctron line telief valves. ... .. . e e

3.2.1.3 Energy Addition Overpressure Event

The limiting energy addition LTOP transient at PVNGS is modeled by simulating the pressure increase in a
water-solid, idle RCS due to reverse heat transfer from a hot steam generator when a single reactor coolant
pump is started. This model, described in Reference 24 and applied to LTOP analyses for PVNGS, simulates
the discharge from a relief valve and determines the RCS pressure during the relieving action.
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' S L
. The followmg conservatrve assumptrons are 1ncluded in the analysrs of the desrgn ba51s energy addrtron
tran51ent 2 : S ; y . . :

. " 'vThe steam generator secondary temperature is assumed to be lOO°F hotter than the prrmary coolant
' temperature throughout the trans1ent ‘ ‘

e One RCP is assumed to start and mstantaneously reach rated speed to 1n1t1ate the trans1ent The
- model assumes a constant heat input for the duration of the analysis, .

" ‘e "TheRCS Loundarv~1s ‘assumed rigid, i.e:; there-is no‘increase in RCS volume w1th an increase in -
*."RCS ‘pressure ortemperatiire. -Alsc; o’ RCP seal leakage is assumed and the letdown flow path are
 isolated, with/mass release only through veliof. valves i AR ;!'L’ ST '

e TheRCS pressure at the initiation of the transient is selected to be 435 p51a and

o Theraethiod for the dete‘nnmn g the. decay ‘heat: contqbutron is;consistent with' that descrrbed mCE -
Tt NPSDH683-A: . T e e * Gt

P L0
S

fx,. [

‘ e v BT B TR

Wrth the rélativ ely large caﬂacr*v QCS T ehef valves installed at PVN GS the energy. addltron pressure -,

Dt
3

.. “transient is quickty mitigated-apon the valve:opening ati3%:accumulation. :Analysis confirms that. the- peak_ :

pressure at the pressurizer during the energy addition transient remains below 499 psia:and coraplies with :;i;
NRC requirements in a conservative manner.

_ 3 2 2 Appllcable Pressure-Temperature lelts PRSP e e

Applrcab‘e P-T heatup:and cooldown limits tised:to. support LTOP controls are estabhshed based on thc v
methedology described in CE NPSD-683-A’ ‘Using this métkodology,:the limiting: rates,_are.»selectedbased on a
comparative evaluation of the family of heatup and cooldewr rate-based:pressure:temperature liritsi(described
.in Sectlon 5.0) to the peak transient pressures described in Sectron 3.2.1.

S . :_._ o a3 i , it C 2 _(l-.l.f“-',".l4;v“ : i" '-".‘r"f"-_!‘z__,jb',;,"'\ . “::‘::;. :u,:'\':\/a,:( TR 4'
F he applrcable P-T. heatup and cooldown rate: lithits,. developed in Sections.5:6 and.5. 12|respect1vely, are»
controlling over the range of RCS temperatures. from the:minimmm: bolt up: temperature (80°F).to the- LTOP

enable témperature (2217F). RCS heatup: and cooldown rates: less than of equal to these shownin Table: 3 Ve

-apply to Units 1,2 and 3 through 32EFPY s oo b b M DTN A L L v, 1A i, 1
. L Table ')-1 FEATEN PRI "i"" : I Al i
e RCS Heatup and LCooldown Rate lelts through 32 EFPY e aebe e e
Indicated RCS Cold.-Legw» " Heatup Rate . *|° Cooldown Rate: [ "= -« winde o
Temperature (°F) (°F/hr) (°F/hr) :
80° to < 92° <75 <30
PR IS Vil S UG SR - SR PORE-E (R S
~ > 100°t0<221° . . b o<755 5 .. . <100 i
>2210 ; ‘ .*,A :75 L a: N R S ]00 il [V
St « e L .
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40  ADJUSTED REFERENCE TEMPERATURE < ' - " o e

Adjusted reference temperatures (ART) for the reactor vessel beltline region are determined nsing NRC- . .
accepted methodologles as described below. Limiting ART values, for the PVNGS Units 1, 2, and 3 reactor .
vessel beltllne reglons correspondlng to 32 effectlve full power years (EFPY) for the l/4T and 3/4T locat1ons

are: Cos 3 P oL el e gt -, Cnr ey LT
Limiting Material Location ART .
Unit 1 - Tntetmediate Sheéll Plate M-6701=2 * '~ % S1/4T7 + [ " 116°F + | - v~
Unit 1 - Intermediate Shell Plate M-6701-2 3/4T RN (1 53 ORI R

RTers values for the PVNGS Umts 1,2,and 3 reactor vessels are calculated in accordance with 10 CF R’
Part 50.61 using the neutron fluence at the clad-to-base metal interface through 32 EFPY. The hrghest
predlcted RTprs value is 123°F, and corresponds to the intermediate shell olate M 6701 2 of Umt l
Section 44 describes the determination of R Tprs. o v

a1, BACkCROUND'”" VA

Determ1nat1on of the' AR [ Valties for*tiie PVNGS Units 152, and’ r'eaétor Véssel beltline materials throtugh 32
EFPY is discussed in this Section. ART values are conseivative with - fespect to the measurements obrairied
from the irradiated surveillance capsules, as described in Section 7. :

AT T

4.2 RESULTS.

The:predicted adjusted reference temperature and RTPTS resul'ts through 32 EFPY for-the. llrmtmg material in
each PVNGS unit are summarized in Table 4-1. All ART values are conservatwely predrcted relative to the
measured properties, i.e., to the Charpy transition temperaturb shifts' measured as part of the surveillanée™
capsule evaluations as d1scussed in'Section 7.

oot et e s s

4.2.1:. -; Fluence Calculation .- «... . .+ . CEEt T liean w0 g

The) peak des1gn fast ﬂuence at the vessel clad- to base-mefal 1nterface through 32 EFPY is 3.29E+19 n/cm’.

For conservatism, it was assumed that this peak fiuefice i appl1ed fo each’of the PVNGS reactor vessel beltline
plates and welds; i.e., no reduction factor is applied to account for axial or azimuthal variations from the peak
value. From Table 1-1, it should be noted that the peak:calc¢ulated neutron fluence through:32-EFPY based on
evaluat10f1 ot 1rrad1ated surve1llance capsules is substantlally less than the des1gn Value of 3 ’% 29E+l9 n/cm and

w1th d1stance mto the plate ‘_e' n "

Sy

£= furt (e '°~2“") | | 7 (Bqn.4-)
In Equat10n4 1: RO O S ": U S A ) s
. £ .+ =neutron fluence at-the. desired locatlon Vo R T : ‘
G ;fSUrf " =neutroh. fluence at-the inside vessel surface;, S e .
i X - - = distance from the inside, vessel surface mches ST e
" "WCAP-16835-NP, Rev 0 ' _ F - Paged4-l
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For PVNGS, the given neutron fluence is assumed to apply at the clad-to-base metal interface. The distance ‘x’
is measured from the clad“to-base metal surface into the plate. - -

4.2.2- .. Chemlstry Factor Calculation = . Lo e

The chemrstry factor (CP) is determmed using Tables 1 and 2 of Reference 8 for the welds and base metal :.
(plates), respectlvely ‘Chémistry factor values determined for each 6f these PVNGS materials and the’
respective 1n1__t1al‘R"_l_fNDT_3/alues are r_epqrted}n Tables 4-2 through 4-4.

Surveillance ‘data, whcn avarlable can be used to deterrmnp a C‘lem1stry factor accordi lng o the following
equations from Reference 8: "~ e i

ARTNDT—(CF)*ff D U S S SR T (Eqn. 4-2)

where: .., et e ae cwaes g S L o
. ff f((mz OIOlogf) o c ». . (eqi. 43)

and: . . e
CF= E(A"RT@T'*" ff’)_i / S, . [(Eqn. 4-3)
One test of the validity of the estimated chemistry factor consists of calculating ARTxpr for a given fluence .
and comparing it with the measured AR Typr for that fluence. The measured ARTypr rdst fall within plus:Or
rnnu° one srgma (GA) of the calculate:l &R’l NDT», where Ta. =-17°‘3 for. base metal.and o, = 28°F for-welds. .

Ty
H ‘>l
M s

- T R RN yeag e i ame T e
HICI IS S PR RO ) T LI S IO H T

4.2.3 Calculatlon of ART for the leltlng Plates at 1/4T and 3/4T

4.3 ANALYSIS DETAILS

Ferritic materials in the PVNGS reactor vessels that may have accumulated fiéutrori fluence in-€xcess ofi & +
1.0E+17 n/cm? are assessed according to CE NPSD-683-A, Reference 1.. The materials.considered, comprlse—
the lower, intermediate and uppet, shell course: plates bottom head plates and 1ncluded welds :

' e . - i,:.,, TR ,—;!,. ‘Z. G e e ..
N ¢ i ; £ Y L SO S SRS DR RN

4 3 A Selectlon of Repr esentatlve 'and errtmg Cascs W

For each of the PVNGS umts ‘the ferritic pIates and weld matenals located w1th1n the regron ‘{fame Ii
surrounding the active core are evaluated to identify the limiting material af the 1/4T and 3/4T locations.  That
includes materials from,the 1ntermed1ate shell course for which only a small section is w1th1n the effective
height of the Core but receives sufficient rietitron ifradiation fo be considered'in the ent1ﬁcat10n of the most
limiting beltline material. The adjusted RTnpr values for the limiting beltline materials are used to éstablish
the heat-up and cool-down limits.

The neutron fluence may exceed 1.0E+17 n/cm? for the ferritic plate and weld materials located abcve and ;

below the region immediately surrounding the active:core. - However, the: fluencein that surrounding region is

too low to make it more limiting relative to the section'within the effective height of the core. The initial RTxpr

values of those ferritic materials are comparable to'the initial RTypt valtes forthé materials from the lowér and
' intermediate shell courses; therefore, the adjustment to RTypr (i.e., the predicted shift) will be smaller than for

" June 2008 : _ : R



the materials surrounding the effective height of the core "Hence, the ferritic plate ‘and weld materials located
above and below the region 1mmed1ately surrounding the effectlve height of the core in the PVNGS are‘not -
lirniting with 1 Tespect to establishing the heat-up and cool-down limits. These additional materials comprise the
upper shell course and bottom head plates and welds that are focated 1mmed1ately above the intertediate shell
course and below the lower shell course.

Tables 4-5 through 4-7 present the prOJected ART values at 1/4T and 3/4T locations in the reactor vessel wall
for each of the PVNGS units. ART values ate determinéd using the full vaiue of margin L.e., no credit is taken
for the case where the predrcted shift \x as less than two standard devratrons (ZO‘A, see Section 4 4) 'As'shown in
Table 4-1, the miaterial with the highest predicted ART at 32 EFPY for PVNGS 15 the Unit 1" 1ntermed1ate shell
plate M- 6701 2. -Note in Table 4-5 -that co*nparable results are also ebtamed for plate M-6701- 3

432 .. 'Calcuiation of Fluence at 1/4T and 3‘/.41_..,.

As stated in Section 4.2.1, the design value of peak fast fluence through 32 EFPY for PVNGS Units 1, 2, and 3
is 3.29E+19 n/cm? (E > 1.0 MeV) and applies to the vessel clad-to-base metal interface. Table 4-8 provides the
values of fluence and fluence factors through 32 ErPY determmed at the 1/4T and 3/4T locations in the vessel
wall. These fluence values are cal @ 'lated usrng Equatron 4 1 and are used in the calculation of ART in Tables
4-5 through 4-7 Fluence factors l“ted m,Ta‘)lc 4 8 are: Calcurated usrng Equatron 4 3 The following values of

B i Location | atuariow at 3/4T
Intermedifie shell i x=2.80in. i/ x =8.394n.} i
. - Lower'Shell © x=227dn] -7 X =6.804n. 1

< e e fm e emme e mee e e e g e+ e e e - m

44 LIMITING ADJUSTED REFERENCE TEMPERATURES S e

The adjusted re"erencc tcmperaturf‘s for PVNGS at 32 E‘:PY are calculated using : Equatlon 4-5. Chernistry
factor and initial RTypr values for each of the PVNGS beltline materials are given in Tables 4-2 through 4-4.
They are calculated using the values of fluence (f) and ﬂuence factor (ff) given in Table 4-8. Margin values are
derived using Equation 4-6 (from Reference 8) as:- : :

i LY " USRI

Margm =2 (6] + X )‘/2

The standard dev'a 1on for the lnltlal RTNDT, c*, is taken as. zero grven the use of measured values for each of
the PVNGS plates and welds.. The. standard deviation for the predicted shift, o, is 28°F. for welds arid . 17°F for
plates _Therefore, with o; being zero, the margin becomes twice the value of oa.. Per Reference 8, o, néed not
exceed one-half of the predicted shift."The prOJected ART values for each of these materials-given in Tables 4-5
through 4-7:are determined using the full value of 1 margin, i.e.; 0. credit is taken - this case when one standard
vdevration for shift exceeded one- half the predicted shrft y '

The' highest calculated values of ART tor €ach’ PVNGS Unit appear in Table 4-1. The highest ad]usted
refcrence termperature is. used to deﬁne the P-T lrmits for PVNGS Units 1; 2°and 3 through 32 EFPY as
described in Sectlon 6. s e e R - S o
Similar calculations are perfomied for the limiting plate and weld at 32 EFPY following the fracture
toughness requirements of 10 CFR Part 50.61. RTprs is calculated for each of the beltline plates and welds
using the values of chemistry factor and initial RTypr shown in Tables 4-2 through 4-4, and margin as

Lo e et amieen s e e e e v
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described above., Calculations.are based on a peak fluence at the vessel clad to-base metal interface through
32 EFPY of 3. 29F+l9 n/cm in both the lower shell and in the 1ntermed1ate shell. The ‘Thighest predlcted

RTPTS is 123°F and corresponds to- 1ntermed1ate shell plate M 6701 =21 in Umt 1. PrOJected RTPTS values ;
through 32 EFPY fcr the l1m1t1ng material at each PVNGS Umt are shown in Table 4-1.
, . ,Table4-1 .
‘ -ummary of leltmg ART and RTyrs Values through 32 EFPY ‘ ,‘, .
- Uit ! |7 Loéation | Mageriti< | 1/4T ART (°F) . 3/4T ART CF) | RTprs(°F) | ©
" 77 | VinterShell | PlaeM-67012 | ‘116 | 13" |7 123 ¢
2 | Inter.'Shell | PlatcF-765-6 74 64 | T8
3 Lower Shell Plate F-6411-2.. fo; .65, | . 57 .} . 68
Beltlirie Material -+ ! | "Platé or Weld Numbeé Imtlal RTNDT (°E)
Lower Shell Plate M-4311-1 R
Lower Shell Plate M-4311-2 20 '  —40
Lower Shell Plate ¢+ - i} P M-431133 - ; ' ' ~20
Intermediate Shell Plate” =" | - P M-670144: 5. - R | | + 30
Intermediate Shell Plate~ . | +  ~ M-6701:2." - . | +40
Intermediate Shell Plate | M-6701-3 ) +40
Inter. Shell Axial Weld 101-124 -50
Low. Shell Axial Weld . 7% . 10121423 ¢ %y froe Ty Q7876 v & [t om0,
Inter/Low. GirthWeld | . 101-171, ... 5

Table 4-3 i -« :» .. L
ART Input Values for Unit 2 Beltline Materlals

- Beltline Material - Plate or Weld Number , Chemistry Factor (°F) |  Initi w(°F) | .

Lower ShellPlate - .| .. F773-1 o .4 . =200 .« .-
Lower Shell Plate -~ |-, - F-7132 .o |0 oy 26 i 0.
Lower Shell Plate © |-~ wF-793:3 9ie o o s '

Intermediate Shell Platé .. | * - & s E-765-4 1 =i 7 {0 w0 r

Intermediate Shell Plate F-765-5 it i

Intermedlate Shell Plate F-765-6

{nter. Shell Axial Weld T rofvad ‘

Low. Shell Axial Weld |~ 101-142 ’

Inter/Low. Girth Weld 101-171

WCAP.I6835-NP.RevO ~ ~ ~ R EE Pagi a4
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. Table 4-4 - .
ART Input Values for Unit 3 Beltline Materials

Beltline Material Plate or Weld Number | Chemistry Factor (°F) Initial RTxpr (°F)
Lower Shell Plate. - . .| -~ - F-6411-1 -, > 26 .. 40
" | Lower Shell Plate " F-6411-2 ) i 26 EEE R 1)

" | Lower Sheli Plate _ | F-6411-3 260 | iilen
intermediate Shell Plate | . F-6407-4 | 7 77 26 7 T30

| Intermediate Shell Plate | F-64075 | 7 B R I, T D
i Intermediate Shell Plate CUFR6407-6 0 T ST
Inter. Shell Axial Weld || T . iol-i2a UL T T =50 L
‘Low. Shell Axial Weld |~ . lo1-i42 LT ‘ T Ts0
Inter/Low. Girth Weld | . 101171 .. I T 1 S
. ! ; G r
: b . et e F i M ;
v Table 4-5 )

" predicted ART Values for Unit 1 Reffiine Materials through 32 EFPY

Plate of Weld Predicted 1/4T 1/4T ART Predicted 3/4T 3/4T ART
Number -Shift ©°T) °F) Shift (°F) °F)
Lower Shell Plate ™7/ 5+ avmd3 X200 70 3% ceens | oy 085 b e 23 47

Beltline Material

Lower Shell-Plate” "~ ™ 4371- D ¢ A D ¢ R 12
Lower Shell Plate™ "~ =] ~ M-4311:3 R R R 32

Intermediate-Sheli-Plate - - - M<6701-1- [r4m - = =50 == = o [vooee = 114+ - |~ L1340 0 98
Intermediate Shell Plate | M-67012 . oo la2... _l...116” .| 20 L i 103
Intermédiate Shell Plate M-6701-3 2 | crle | Y a9 103
Inter. Shell Axiai Weld (= -+ 102124 | v sow = guors o o] -oidungiia ot o 33
Lower Shell Axial Weld 101-142 33 9 .24 0
Inter./Low. Girth Weld 101-171 40 26 30 16

Table 4-6
Predicted ART Values for Unit 2 Beltline Materials through 32 EFPY

Plate or Weld | Predicted 1/4T 1/4T ART Predicted 3/4T 3/4T ART
Number Shift (°F) (°F) Shift (°F) (°F)

Lower Shell Plate F-773-1 24 68 18 62
Lower Shell Plate F-773-2 31 65 . 23 , 57
Lower Shell Plate F-773-3 36 10 27 1

Intermediate Shell Plate F-765-4 23 37 15 29
Intermediate Shell Plate F-765-5 . 23 67 15 - 59
Intermediate Shell Plate F-765-6 30 74 20 64
Inter. Shell Axial Weld 101-124 38 34 26 22
Lower Shell Axial Weld 101-142 52 28 39 15
Inter./Low. Girth Weld 101-171 31 57 23 49

Beltline Material

» . T T L T T P wo e el e bk St ewe b s e e
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Table 4-7

Predlcted ART Values for Unit 3 Beltline Materials through 32 EFPY

Beltline Material | |

1 Plate orWeld -

Number .. |.

‘Predicted 1/4T

Shift (°F) .. -

1/4T ART
CF)

i

Predicted 3/4T -

_Shift (°F)

- “3/4T ART

"Lower Shell Plate. . |

F-6411-1

©31 ..

225 L L.

i3

L en

17

' Lower Shell Plate O F-641-2 | 031 .. . 65 T3 K YA
‘Lower Shéll Plate. ... | .. F6a153 | .31 " o5 223 - i3

‘Intermedi'é:fe Shell Plate.. |} ...

F-6407:4 ...

30 ... 1

34

20

04

Intermediate Shell Elaté. ..

_F-6407-5__ |

L35

S50,

38

.24 i |

Intermediate Shell Plate | . - E-6407%6 ...|.. .. 3Q . Cla4 0! 34
Inter. Shell Axial Weld 101-124 30 36 20 26
Lower Shell Axial Weld 101-142 36 42 27 33
Inter./Low. Girth Weld 101-171 ST S 26 30 16
“ L y ot g -4 T I'.?'
2wl VI G SFAbIe 4. o U
B ; ’.' Fluence and I‘Iuence Factors at: 1/4T and 3/4T through 32‘ EFPY :._‘iujf;":.

R ~Locatlon~

- 1/4% f(n/cm )<‘>

1 /4T' 7P .

- 3/4 T f(n’cm )‘”

Inter. Shell"

- 1: 681n+19

11231

- “4 390E+18

“ A Lower Shell

" L910E+19" T

- ‘1;1;770"' -

TR m

o ; f'=fast neutron fluence.

)

-ff.-_=‘_%ﬂuence factor pér Equation-4-3:- ~— e RS

6A438E+18

4 K
o
N + -
* [
.
- o
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50°  RCS PRESSURE-TEMPERATURE LIMITS - s ool iw

RCS pressure-temperature limits developed for PVNGS employ the analytlcal methodology approved by the
NRC in CE NPSD-683-A, Reference 1, and use conservative reactor vessel beltline residual fracture toughness
_values based on those obtained fror_n pqst-irradiation ex_amination of surveillance specimens.,

‘ foae gl

The pressure temperature lrmrts for the beltline region are combrned with non—beltl egrons ‘as approprrate to
develop the set of composrte curves for the’ operatronal modes at PVNGS The 1ower bound of these composite
curves defines the’ pressure- temperature limit for PVNGS Units 1, 2 'and 3 for each operatronal mode

1

Pressure temperature hmlts establlshed ror non-belthne locatlons .' not change srgmﬁcantly as compared w1th
the most limiting 1/4T and 3/4T belthne locatlons durlng ‘the' vessel hfet1me due to the lower ex(posure to g

: podssrnke] 3
neutron ﬂux expenenced at non-belthne locatrons' “Non-beltl" C AH(

[T

T B A R TUI S TS » 1 el
5.1, STRESSINTENSITY FACTOR

S11  General S

The analytical procedure for developing the PVNGS rédctorvadsel beliling risgion:P-T limits usés the. .. 2.7 ..
- methods of linear elastic fracture mechanics and.the, gurdance found in. ASME Section XTI Appendix G, :
Reference 25.. For the" .analyse ,,,the l\/,lode F( r‘rack opening’; mode) otI‘F‘SS rntensrtv factors are used for the
solutron ba°1s coupledrwrth a superposrtlon techmque and the. 1nﬂuence coefﬁcrent methodology descnbed in.
CE NPSD 683 A R St :

;ARG N ),‘»' IR R R 'r

Pressure-temperature hrmt curves f01 the reactor coolant system are estabhshed based on the belthne lrm1ts “
for a family of heatup,and cooldown rates. These P;T.curves are then corrected to account for pressure. .
elevation, effects andmstrument measurement uncertamtv The ad}uotment addresses RC§ hydraulrc pressure
drop due to flow and corrects for the change in eleva’rron between the vessel beltlme region-and the.
pressurizer, as well as for temperature and pressure mstrument uncertainties.
The final P-T limits also identify the minimum boltup temperature lowedst“‘servwe temperature and the flange
limit:- Both' the minimum boltup teroperature and the'lowest service témperature are determined-using the
.»available materiab information. ‘Mirimum temperature requirements for P-T limits are determine'd'usin‘g the
‘criteriaiestablished:by 10:CFR 50 Appeadix G. LTOP enable temper: atures are determined usmg the heat
transrer results and.applying the-ASME Code: criteria of Refcrence 25.. B Pt

S. 1 2 Pressure-Temperature lelts Calculatlon

Combustron Engmeenng developed a. ﬁmteuelernent methodology to calculate the allowable pressures due to
membrane stress, mtensrty factors in reactor pressure vessels. Th1s methodologv, approved by the staff in report
CE NP?D 683 A 1s used, to- ca]culate the PVNGQ reactor vessel beltline pressure- temperature and LTOP, limits
durmg RCS heatup, (‘ooldown lsothermal and test condrtrons The applrcatlon of this methodology is brleﬂy

described in the followrng sectrons FRTN LI

‘ Heat Transfer Analvs1s e

A one-dimensional, multi- node ﬁnrte element heat-transfer model is used to compute the thermal gradients iri
the reactor vessel beltline region. The model is solved numerically to establish the temperature distribution
through the vessel wall as a function of radius, time, and heatup or cooldown rates. A convective boundary
condition is appl1ed to the inside wall of the vessel and an insulated boundary on the outside vessel wall.

B e et E T T P T TR L PN NS EERI TR PR s e e e e -
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Variation in material properties are modeled usmg average properties for each matenal over the  temperature :
range of mterest assumed n the analy51s
: E RPN AL . . ey AR i A L R AR

Criack Tm Stress: Inten51tv Factors for Membrane Tensrle Pressure’ Stresses R R ST

Two-dimensional finite slement models one with a postulated crack at one- quarter ‘of the vessel wall thlckness
and a second with a crack located at three-quarter of the vessel wall thlckness are .employed to analyze the crack
tip stress 1ntens1ty ,T : ethodology for ca]culatmg the stress 1nten31ty factor correspondmg to) membrane
tensmn resultmg from pressure loadmg of the reactor vessel KN, 1nvolves these ﬁmte element models

oy

‘.These finite element crack models are loaded with internal pressure on the cylmdncal inside surface. For the,
case w1th an 1ns1de crack pressure W a so applled to the crack face Membrane stress 1ntens1ty factor
mﬂuence coefﬁcrents, KIM, are then computed for a umt mtcmal pressure of 1 000 psr Fmally, the KIM o
coefﬁments are extracted from the'".c nto b teors ssummg a crack aspect ratron of 1:6 and corrected using
ASME Code ratios to account for three- drmensronal versus two- dlmensmnal flaws. Corrected values are used to
calculate the stress intensity factors at any applied internal pressure. The membrane stress intensity factor
coefficients, Ky values, due to unit (1,000 psi) internal pressure loadmgs for PVNGS ‘reactor vessel geometry
are then used in place of the simplified pressure stress and the Ky values available in the ASME Code.

AE

Crack Tip Stress Intensity. Eactors for Thermal Stresses

A temperature proﬁle-based Superposmon techque teised’ to stablishthe' crack"tlp stress 1ntens1ty factor due
to. thermal stress; with a third order polyndmlal fit'tised to nlddel the ’temperatlfré distributiofis‘in the'wall: 'Unit
stress infensity lactors Kj; are ‘calculdted Tot each tetriy 'of the polyﬁormal usinga ‘twé: drmensrorfal finite element
modeling method. These unit values are then summed to determine the total K; value for the applred foads -
under any general temperature proﬁle in the wall that occurs durmg the thermal tran51ent

UG T S R ! it i

Temperature based mﬂuence coefﬁments are used to' deterlnme ‘the therfral §tress mtenslty ‘fadtor at! dny o
location. -“Using ‘meéthods from’ CE NPSD- 683 N these coefﬁcrents are COmputed using a two drnensmnal

ol
[

reactor vessel model'with a crack adJusted to' acéount for three dlmensmnal effects R
L IRt M I PR PR :

e

Lrogtres e es e
Dore ey g

32 FRACTURE TQUGHNESS CRITERIA e e

The relerence pressure stress intensity, Kig;.18 obtamed from a reference fracture! toughness ‘curve for reactor
vessel low alloy steels and is:defined in-Appendices.A and G.of Section XI of the ASME Code.. This reféerence
pressure stress intensity is:determined by.two properties, Kia 'and Kjc that represent critical'values of the stress
intensity factor. In this report, Kir is defined as Ky¢; with K¢ defined as the lower bound of:static initiatiom: .
critical K; values measured as a function.of temperature.

N IR SLREW

ASME Code Case N-640 permlts appllcatlon of the lower bound stat1c crack 1mt1at1on cntlcal stress mtensrty
factor equatron (i.e;, K¢ equatron) as the basis’ for estabhshmg the P-T' curves in lleu ‘of using the Tower bound
crack arrest critical stress intensity factor equatlon (i‘e., Kix)' which’ ig’based on condmons needed to’ arrest a’
'propagatmg crack, and which is the method mvoked by’ Appendlx G o' Section’XT of the ASME Code Use of
the Kic equation’ to'determine the lower bound frdctire toughneSs ‘whén'’ computmg p! T curves i$' more -
technically correct than the use of the K;, equation since the rate of loading durmg a heatup or cooldown'is *

~ slow, and since crack initiation, which is more representative of a static condition than a dynamlc condition, is
principally at issue. The Kjc equation appropriately implements the use of the static initiation fracture toughness
behavior to évaluate the controlled heatup. and cooldown process ofiaireactor vessel. .. - .o o e

,l, A
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""53 : TRANbIENT PRESSURE- TEMPERATURE LIMITS f" g

A thermal stress 1ntens1ty factor, KIT, is calculated at the l/4T and 3/4T crack t1p locatrons for anv mstant durmg
the plant heatup or cooldown. Typically, thermal stress intensity factors are calculated.using the temperatire
profile through the vessel wall as a function of time. These stress intensity factors are subtracted from the
available. K ¢ value to find the allowable pressure stress intensity ‘factor and,)corrse‘qu_e,ntl_y,-,jthe"allowable
pressure. l?or PVNGS, the allowable pressure is defined as: ' '

i

f
Yo . Lo e ey e

K -K L ‘ _ . -

P, = —*—L for heatup and eooldown transierisiend : *%: . ver 71 U(Eqn. 5:1)
2k, . :
:P;H =1 - for steady-state (isothermal) conditicns' ”;‘_ L MiLE '3“'. i S Y(Eqn. §-2)
’ RRa97% R IR E R SIS S L 0 TN L1 LR T UL PR S P S
where:
~ kv . = membrane load stressyintensity. factor due to unit internal pressure; ksivVin/psia;- . :: .
Kyt e —thermal load stress intensity, facter, ksr*/m s T T Rt D TR SR E
Kic = fracture toughness, ksiVin;. and N TR R S S S LI
Pay = allowable RCS pressure, psia. ’

Isothermal and trans1ent condltrons are analyzed at the selected ART values Cooldown tran51ents are analyzed
at rates of lO°lvnr °r/hr 30°anr”40Vl‘/hr 50°r/hr 73°F/hr and 100°F/hr beglmnng ata bulk coolant
: temperature of 550°P and terf ' ,matmg at 7O°F Heatup 1ransrents arc analyzed at rates of 10°anr 20°F/hr i

.:;30°F/hr 40°F/hr 50°F/hr and 75°1“/hr‘b ""nmng at a bu]k ternperature of 70°F and terrmn' mg at 550°F _

- RO

[ T T S P

54 CRACK TFP PRESSURE-TEMPERATURE LIMITS

Crack tip pressure-temperature limits are developed byrust cdnduétlhg"a'lleat tranisfer analysis of limiting " “

- heatup and cooldown transients.Results are extracted fromjthe heat transfer analyses, including,through-wall

- thérmalb gradrent profiles and metal temperatures at the 1/4T and 3/4T crack tip locations: : Thermal stress

+ intensity-factors, Kir, for the heatup and the cooldown transients dre thien computed from the through-wall =~ -
thermal gradients. “Next, the allowable fracture toughness is computed-based on the crack tip'metal. .
temperatures Finally, the limiting aliowable pressures for transient and steady-state conditions are computed
‘using the above equations.’ The most litniting allowable pressure enveloped-for each startup and cooldown
transient is evaluated considering that during heatup, the thermal bending stress‘is compressive-at the reactor
vessel inside wall and tensile at the reactor vessel outside wall. Internal pressure creates a tensile stress at the
inside wall and outside wall locations with the outside wall location having ‘the larger total stress. However,
neutron embrittlement, shift in material RTnpr, and reductlon in fracture toughness are greater at the inside
location than the outside. Therefore, results from both the inside and outside flaw locations must be compared
to ensure that the most iimiting condition is recognized. DTN 1
During cooldown, membrane and thermal bending stresses act together in tension at the reactor vessel inside
wall. This results in the pressure stress intensity factor Kpm, and the thermal stress intensity factor, Kir, acting
in unison to amplify the stress intensity. Tensile pressure stress and.comprsssive thermal stress act in opposition
at the reactor vessel outside wall resultrng in a lower total stress at the outs1de as compared to the inside wall
locatron Also the sh1ft in RT NDT, ule reductron int fracture toughness and neut1 on emorrttlement are less severe
at the ‘outside wall than at the 1ns1de wall 1ocatron Consequently, the 1ns1de flaw locatron is more l1m1t1ng for
the c¢édldown event. ' | " '

: e
[NV v
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Although allowable pressures for some transients are limited by steady%tﬁte conditions, calculating the crack tip
P-T limits by the above method, i.e., enveloping the isothermal and all events at 1/4T and 3/4T locations and

.- including.the heatup or cooldown rates below the value under consideration; is more conservative tha the: -
ASME Appendle'nethod P : e

S. 5 HYDROSTATIC AND LEAK. TEST PRESSURE—TEMPERATURE LIMITS ~’i5:‘f- =

The purpose of the hydrostatic test limit is to establish the minimum temperature requlred at the correspondlng
hydrostatic test pressure. - The in-service hydrostatrc test for CE NSSS designs is based ona test pressure
corresponding to 1.1 times the operating pressuze,-with the reaetor core nct.critical. ‘

Pressure-temperature limits for the hydrostatic and leak tests are determined using Ky values due to the applied
pressure loading at isothermal conditions per ASME Code procedure. - A safety factorof 1.5.1 is applied to Kiu
along with the condition that 1.5*Kjy must be less than or equal to Kic when establrshmg the maximum
allowable P-T limits for these tests.

A gradual reactor coolant Systéni temperatire change oF10°F in any - 1thour 'perio"d is assumed to induce
negligible thermal stresses. Therefore, a change in RCS. temperature of ilO“F in an} 1 hour penod is the
‘maximum permitted during inservice hydrostatic and leak testing.::" &

5.6 MINIMUM BOLTUP TEMPERATURE

‘ :The m1n1mum reactor vessel ﬂange boltup temperaurre rs deﬁned aj; :he mtlal RTN_DT tem H;rature for the )
hmrtlng matenal in the stressed (ﬂan ge) reglon ¢ ’

set as the minimum boltup temperature for PVNGS. "This minitui boltup tempel‘ature is apphcable for
pressures less than 20% of the pre-service hydrostatlc pressure.

ED SO N N AT VAT AN Ty A SRRt RN AT I M A R A
-t . hed 8 . i B ' < AP} Ve N L3 SRS RN L1

5.7 ... MINIMUM PRESSURE REQUIREMENT CmvyEhel s oume agrenr

Appendlx G:of 10 CFR 50 specifies fiacture toughness requrrements for fetritic matetials’ used in: reactor coolant
system pressure-rétaining componénts in order:to agsure the: pressure boundary integrity overitsiservicelifetime.
The minimum pressure as defined.in 10 CER 50 Appendix Giis 20%: 6f the pre-service thydrostatlc est | pressure

For PVNGS this minimum uncorrected desngn pressure 1320% x (2500 psia x k. 25) or, 625 psia s o b

e
PR

.....

TRCS "_ ,

" 20% P hyd,;, (625 :

For T > 200°F, P <750 psia, LT
TRCS =200+ 13.2=213.2°F .
204 pre-hydro = (625 128) = 49/ p31a

I\. KR

s. 8 LOWEST SERVICE TEMPERATURL

‘ The lowest service temperatures for p1p1ng pumps and valves w1th;mater1al thlc‘mess greater than 2 5 1nches is
specrﬁed in ASME Section ITI Article NB- 3211 as equal to the hlghest RTNDT plus 100°F Reference 26. For

PVNGS, the highest RTnor for piping, pumps, and valves is 40°F Reference 27. With 1nstrument uncertamty

included, the lowest service temperature becomes (40°F + 100°F + 13.2°F =) 153.2°F. ' '

. ';VW_C_AP:1“6835-NP,"Rév"0”"" PP T — T T T T T T T pages4
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5.9 FLANGE LIMITS o : ST RTINS I SRS AP TR T R
Minimum required temperatures for the allowable P-T limits depend on the lﬁéhest RTIiﬁT' of itie closure flange
region in the highly stressed regions. For PVNGS Units 1, 2 and 3, the highest ﬂange region RTxpr value is
60°F. This value is considered in generating the- minimurh temperature limits for the hydrostatrc test, and for
normal operatlon with and without the core critical.

5.10 MINIMUM TEMPERATURE REQUIRFMENTS

Pressure-temperature limits for the reactor pressure vessel "lange for in- servrce hydrostatlc and leak tests, =
heatup and cooldown transients with the core not critical are dlrectly evaluated using 10 CFR Part 50 Appendix
G Criteria la or 1b (hydro and leak tests) and Criteria 2a or2b (normal .operation_ mcludrng heatup and
cooldown). These criteria establish that when the RCS* pressure i§' iesé‘than ‘or equal to 20% of the pre- service
*. hydrostatic test pressure; the minimum. reactor vessel temperature must-be at least as high as the RTnpr for the
- limiting;material ip the closure flange: regron stressed-by. bolt preload. When the-RCS pressure is greater, than
20% of the pre-service hydrostatlc test pressure; the.miniravm reactor vessel temperature must be at least as.,
high as the RTypy for the limiting material, in; the clesure flange regigu stresses by bolt preload p]us 9C°E for
hydro or leak testing, or plus 160°E. for-norma! f)peratmn frf‘ludrnz heatep and cooldown. . .- . . ap

e,

Hvdrostatrc and Leak Tests (Appendlx G,_ (“-nterla ?a and lh)_ ’

Minimuin temperatufe fequirémeiits: &r hydostatic and leaK tests \vrth fiel in tbe vesse. and the coré not”
critical are grven by: :

ORI R S TE TN SO BN oo .I..,,.. B R e B T T SRR SR

Tmm = l{TNDT flange (P < 20 o Ppre hyd*o‘ and
mm = RTNDT ﬂange+ 900F e (P 5 20A) L pre- hydro)

where: S L
T min 1S the minimum temperature limit requlred for the ﬂange )
RTnpr- ﬂange is the hrghest reference temperature ‘of the materlal m the closure ﬂange regron and
Poretydro 18 the pre servrce hydrostatrc test preSsure et e
. ' RS G, 1A ..r‘;i: e

Applymg these rrnnlmum temperature 11m1ts to PVNGS Unlts 1,2 and 3 results n:

aushiacEr el o R PR L O s ST 1 A SIS SR T S UL
-Critéria 1a: -+ Presstirs'< 20% Pre-Setvice Hyd'bstatle Test met‘ Syl om0 et
Tmin-Hydro-“‘ ‘RTNDT r‘ldnge+ ATuncertalm)’ T R R Cob S
= 60°F + 13.2°F = 73.2°F (A boltup temperature of 80°F is used.)

Crrterla 1b Pressure > 20% Pre- Servrce Hydrostatlc Test ermt B

} , T;mn Hydre g = RTNDT flange “+90°F + AT“““"‘““‘Y
,t.v._‘6ooF+9o°F+1j 2F = [63.2°F

Normal- Operatron Core Not ‘Critical (Aupendrx Crrterla Za and 2b): - N

For normal operatlon 1nclud1ng heatup and cooldown the minimum temperature requrrements are evaluated
using the criteria in 10 CFR 50 Appendix G. For the core not critical condition, the minimum;temperature
requirements are given by: _
- A ’ RS RN “ SIS . .

Tmm o RTNDT flange R t:L"‘(P <20% Ppre hydro) and- : ] C o ::_f; B
- Tmm e RTNDT ﬂange + IZOOF (P > 20 A’ pre hydro) :

. . - N Cod . .

e e e cee e vhee et et s esmues ae s e s e e G e e e ae e
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Applying these limits to PVNGS Units 1, 2 and 3 produces: o SRR
_Criteria 2a;  Pressure <.20% Pre-Service Hydrostatic Test Limit - . N
. Tmm NoP_ ; . —RTNDT ﬂange+ATuncenamry . ) . f: R e, S e e

© i, m60°F+13. 2°F = 73.2°F (A boltup temperature of 80°F is used.)
Criteria 2b:  Pressure > 20% Pre-Service Hydrostatic Test:Limrt T o o
Tmin—NoP - l{TNDT -flange + 120°F + A’.l-"rncertamty

= 60°F + 120°1< + 13.2°F = 195.2°F

A it the P- T llmlts for the hydrostatlc test
2YS dla

511, TEMPERATURE REQ_ RFMFNT

FOR NOF’MAL OPFRATION

Minimusn .elnpcrature critéria for cote: crmca‘ cpcratrcn ' esiablished by 10 CFR 50 Appendlx G Ciriteria 2c ‘and
2d; specify: ithé followmg P-T-limits. In the case when the RES pressure isiless than or equal to 20% of the pre-
service hydrostatic test pressure, the' miininmim readtor vessel temperatur'e must be:at 1east as high as the RTNDT
for'the’ limiting material iri the ¢losure: ﬂarrgc reglon ‘stréssed by bolk prcload plias 40°F, ér the minimumni:.
permissible temperatuie for the in-service hydrostath, pressu’e test} whichever is larger. When the RCS: pressure
is greater than 20% of the pre-service h/drostatic test pressure, the minimum reactor vessel temperature must be
at least as high as the RTypr for the limiting- fhatetriakih the' Clesurs ﬂank,e region stiesses by bolt ‘preload pius
160°F, or the minimum permissible-temperature, for the: ,1n-_S.er,_~,',lcehy._erstc}t_1c‘ pressure test,.,‘f/hllche\,{ er is:larger.

ity :m".i‘. R

When the core is critical, minimum temperatures required for PVNGS Units 1, 2 and 3 are given by

Criteria 2c: Pressure < 20% Pre-Service Hydrostat1c Tcst ant ' f :
Tmm—NoP . Larger Of ((THydro) or (RTNDT ﬂange -'_ 40°F)) + AT
= Larger of ((168.2°F) or (60°F + 40°F)) + 13.2°F = 181. 4°F

Criteria 2d: _, .. Pressure > 20% Pre- Sen 1ce Hydrostatrc Test Elrmt aee
Tmm NoP = Larger of ((THydm) or (RTM,T\ flange ;l- 160°F N AT o
= Larger of ((168. 2°F) or (60°F + 160°F)) + 13.2°F = 233, 2°F

'

2 SR S R A% s PR s FES S PV LI EEE LT B N I A IR
The minimum in-service hydrostat1c test temperature (Tuydro» uncorrected) is 168.2°F and corresponds toa
pressure of 2,475 psi (uncorrected) from Table;5-1: These minimuam temperatures are-incorperated;into.the B- T
limits for the heatup transients in Frgure 5- l, and for cooldown translerr_ts in Figure 5-2. . . -

soWhales iy "

5.12 LTOP ENABLE TEMPERATURE LIMITS

LTOP enable temperatures are implemented at PVNGS to protect agamst bnttle fracture durrng reactor start up
and shutdown operations due to low temperature’ overpressure events ror Sew1ce Level Aor B conditions.
Computed LTOP heatup and cooldown enable temperatures are shown in Table 5-3. Note that the shutdown
cooling system suction line (“LTOP”) relief valves carr remain.in seryice above 2219F during heat- -up; or--
cooldown untll the RCS pressure reaches the maxrmum SCS operat g pressure (cf ~TS LCO 3 4 13)

3

Heatup Transients O R L A

ASME Code criteria requires that LTOP systems must be effective at coolant temperatures'less’ than '2(-)0°F, or
at reactor coolant inlet temperatures corresponding to a reactor vessel metal temperature at the 1/4T crack tip
location of less than (RTypr+50°F), whichever is greater. For heatup, transients, the LTOP enable temperature
is based on the 1/4T crack tip metal temperature limit of 166°F, (RTnpr = 116°F) which’ corresponds to a fluid
temperature, obtained from heat transfer analysis, of 207.3°F. The temperature lag at the 1/4T crack tip is a

R o T AT T e e e e
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function of the heatup rate, vessel dimensions, and thé heat transfer propertles\"used‘rn'the‘ analysis. The
--resulting LTOP heatup enable.temperature including uncertainty is 220.5°F (= 207.3°F + 13.2°F).. Per ASME

“Code criteria, the. LTOP enable temperature for heatup events is set at the maximum of’ (700°F 220.5°F)-or.:

220.5°F, which for operational purposes is rounded to 221°F. A P

Cooldown Transients - e T R R A

The'PVNGS LTOP cooldown enable temperature is conservatlvery set equal to that of the iSothermal case,
and is expressed as the maximum of 200°F or RTxpr + 50°F. The véssel metal ternperatme is taken‘at-a”
distance one-fourth of the vessel thickness from the inside surface i in the vessel beltline regron RTnpr 1S the
hrghest adjusted reference temperature for the weld of base raetal it the beltline region at’ 1/4T: measured -
from the vessel inner surface. This is determined using ths: proeedures of Regulato*y Guiide 1.99, Revision 2.

Instrumentatron correctron needs to be consrdered & 'amvye at the ﬁnal LTOP enable temperature. For an
“including ihsit ncertamty the LTOP enable . = .
temoerature becomes RTNDT + SC"F un('ertamty (1 m"h #50°T + 13.2°F) = 179.2°F.~ As 'this calc‘ulated
temperature is below the ASMF Code requrrement of‘"’OO"«F the LTOP enable temperature for cooldown -

X h jdrauhc bcondmons and mstrument uncertamty A constant temperature 1nstrument uncertamty of +l 3 2°F 1s
I app.red to all*computed RCS temperatures leferent ‘pressure correctionsithat adjust for c.rfferences n elevatron
; een the pressun7er pressure mstrument location and. the reactor vessel, reactor coclant. svstem ﬂowrate and
«-pressurrzer pressure 1nstrument uncertarnty are applred(rn drfferent regrmes ot pressure and temperature ‘These

P e e o

- SRR IO RCS “— T Pressure” 74Temp‘eratu’r’é
AR Temperature ,_:hR(XZ‘S,Pres,s_Tn_r reg - - Correction ~ = Cbrrection -’
. - <750 psia - '-—lllpsrf | H1320F
e <700°F e s ——t— —_—
. | o =750psia | —153psi, HI13.2°F
- . i <750psia . =128psi .. . #132°F. ..
. - -—-‘_->750ps‘a '<~--——169psiv-~- . +1-3.2°Fv -

three RCPs at 200°F_ and above Srmrlarly',mthe applrcable pressure range 1s limited by the range of the
. pressurlzer narrow range 1nstrumentat10n o

. .'~'

‘ Ind1cated RCb pressure temperature llmrtq are generated by subtractlng the pressure correction from the
calculated allowable pressure; then-adding the temperature correction to the calculated RCS temperature. This

- correction process is followed to deternnne the allowable P T l1m1ts for all heatup and cooldown transrents -and
- for RCS-test-conditions. ' : v ‘

ORI PN

.=
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5.14 SUMMARY OF RCS PRESSURE TEMPERATURE LIMITS o

Table5-1; shown plotted in'Figure 5-1, provides PVNGS heatup P-T limits corrected for instrument uncertalnty
through 32 EFPY:Table 5-2, shown plotted in Figure 5-2, illustrates ‘comparable P-T cooldown hmlts LTOP

i

enable temperatures through 32 EFPY, corrected for uncertainties, ave given in Table.5-3. A

Figures 5-3 and 5-4 show the composite P-T limits, including core critical values, corrected for uncertainties.”
Tables 5-4, 5-5 and 5-¢-list the core critical P-T limits, including corrections for instrument uncertainty; for. -
hydrostatu‘ testmg and.for heatup (7 5°F/hr) and cooldown (190°F /hr) events.

Sy ad

F 1gures 5- 5 and 5 _:show the thermal gradxen.ts at 1/4T and 3/4T for heatup and cooldown events through 32
EFPY..: Corresponding heatup and copldown. thermal stress intensity factors are shown in Figures 5-6 and 5-8.

s ':_RCS"Pi'je_ssureand TenTlperature Heatqp lelts through 32 EFPY B C

; . . p >y ox R .
: Pressure { 1+ RCS Bressﬂle(p‘“la)t@ Heatup,Rate TP Hydrostatic
Isothermall .

Tempefature : !
sia) | @10°Fme | @20°F/hrl @SOLF/‘hr @&@i‘«*?ﬁr’”‘ —-‘@'50°’irfhr’ us Fhr' [+ Test (psia)

W s

80 680.6 6806 | 6806 | 6111 | 6502 | 602 | “6023 | 9544

83.2 690.2 690.2 690.2 6762 |  650.2 6222 602.2 967.2

93.2 727.2 727.2 705.2 676.2 650,2:% | 11622200} 4602.2.7 5 1 1016.2

1032 7722 | 7722 17002 | 6762 | 6502 | 6222 | 6022 1075.2
1132 | v 262 1 82627 | 7352 [ UeRi | 6502 ¢ | 62227 602.2 '1148.2

r: E

1232 . 893.2 8932 ~F g 002" T | 6532 " 62227 60207t ] 12372

133.2 974.2 974.2 839.2 738.2 672.2 627.2 602.2 1346.2

143.2 10742 5|2 1074.2 = | 9182 - . e vTFO0.27 1 1 | [ 705.2 s [0 6452, 0 v H02.2: 1478.2

153.2 11952 11952 1018.2 862.2 _ 754.2 _676.2 604.2 1640.2
1632050 7 134472 | 013353 1 ] 1142205 |1 9542 12581912 |1 IR N i 017 ) 18382

L 1T1S s [614948 oo 14675 vk 1269.50 s V8899t 1772:8 : 11203941

o 1721 cu. 51507.0% :of 514788 rh 3 1279:9 i) M ) 896.00 5y 1773 : 52053.6

1722 | . 15252, 1 14942, ). 12952. . | (1068.2:. -1 904:2.. [:; 7832 - |. .»v-.-,600.;2-» - -+ 2080.2

1832 , | 17472 | 16892 .|. 14842 - 12132 | 10142 |..8652. .| .637.2. ). .23752

186.7 | 18417, '],17,72.54', T15654_ ] 12755 | 10622 | . 903.0 .| 6554 | 25000

1932 | 20172 | 19273" | 17162 7 13912 | 11512 9702 | 6892

203.2 | 23472 2217.2- 4-:=1998:2 . 1610:2- < -1320.2 <~ 11012 4 -757.2

207.0 | 2500.0 °|:'2351.5 “21293 17132 4~ 1399.2 (| 11624 790.6

T

2112 |-~ {25000 {22742 --|--'1827.0- | -1486.6-i] -12300 |- 8276
2132 | Pt L] 123432 ] 15282 ) - 12622 | 8452

2132 P 23272 1246.2 8292

217.3 e p o 1.,2500.0 ] 13278 [ 8747

2232 T R R 1 14452 - - 940.2
2308 P wa| e - P .16344 e 10458

233.2 1694.2 __1079.2

2432 :‘_ - L Sl ; N N 20002|J i 12502
2437 fe o bR PG g D08 b 1260841 - A

253.2¢ e RN BRSPS K D372 Lel 14612 0
256.0 e 250000 L 15334 <]

263.2 ' 1719.2

2732 .| . e o e e e 20342 ]

283.2 . ‘ I D 24182

T B — . — T T 25000 .‘
"M Corrected for instrument uncertainty and for RCS préssure and elevat1on effects h DU
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Table 5-2
RCS Pressure and Temperature Cooldown Limits through 32 EFPY
Temperature RCS Pressure (psia) @ Cooldown Rate "
cpH® Isothermal | @10°F/hr | @20°F/hr | @30°F/hr | @40°F/hr | @S0°F/hr | @75°F/hr | @100°F/hr
80 . 680.6 612.3 580.0 | 5271 469.5 - 416.6 329.2 237.6
83.2 690.2 7| 6232 .| 6012 | “541.2° 485.2 “433.2 329.2 272.2
90.9 7186 | 6554 | 6380 ' |-~5834 | 5335 -|-- 4922 402.8 3726
91.3 720.1 |- 6572- | 5980 |- -585.7----| -"536.1: 4954 406.8 378.1
93.2 727.2 6652 |- 607.2. | . 5962- -|-..5482 ..| 5102 4252 403.2
99.6 7561 .| .. 6980 |:: 6445 ..|. 6380.. .1-"5071 | 5597 501.1 493.2
99.9 7575 - | 699.6 - | 6463 | 598.0 | :.E56 _562.1 504.7 - 497.5
103.2 772.2 7162 |7 6652 | 6192 587.2 543.2 543.2
104.7 780.4 . 725.6 676.1 - |, .63 604.8 565.0 565.0
104.9 781.6 727.0 1 7677777 7 63301 " 607.3 568.2 568.2
107.6 795.8 743.4 696.7 654.2 6380 | 6063 606.3
107.8 796.8 744.4 698.0 655.6 598.0 608.7 608.7
109.8 807.8 7570 | 7126 “P671.9 | 621.6 638.0 638.0
109.9 - 308.5 759'97 ] o360 (M 6730 623.2 598.0 598.0
113.2 826.2% | 77827 | 7312 |7 6992 6612 645.2 645.2
123.2 893.2 ;|- 8542 t-- 8232 - |- - 7989 " 7762 776.2 776.2
1332 974.2 ;- +| -~ S| 929:2 -l 918201 9182 918.2 918.2
143.2 1074.2: . © 10572 L -1057.2-. 10572 10572 1057.2 1057.2
153.2 1195.2i.... 11952 | .11952 . |51195.2 _ | .1195.2 1195.2 1195.2
163.2 1344.2° | 1344.2.--1* 13442 | 13442 | 13442 13442 | 13442 1344.2
173.2 - 1525.2 1525.2.: 4" 1525.2 15252 |1 15252 15252 .| 15252 1525.2
183.2 1747:2: 1747.2 1|, 17472 | 17472 |: 17472 17472 | 17472 1747.2
193.2 20172 | 20172 -] 20172 | 20172 | 20172 | 20172 2017.2 2017.2
203.2 23472 | 234772 - 23472 | 234727 | 23472 |7 23472 2347.2 2347.2
207.1 2500.0 7|”"2500.0 |7 25000 | 25000 | " 2500.0 7| " 2560.0 2500.0 2500.0
O Corrected for instriiment uncertamty and for RCS pressure and €lévationeffects. ™
e “Table 5= 3 LTLL
LTOP Enable Temperature Limits through 32 EF PY
RTxpr . _1/4T Crack Uncorrected | Instrument | LTOP Enable
Case 1/4T « Mirglt T'p . Teootant .. | Uncertainty | Enable | Temperature
d (°F_)F «I. (.fi). Tem{):l::;ture (°F) (‘fF) (°F)(l) . (OF)(I)
Heatup @ 75°F/hr s | 116, |7 507 | 166-“ 2073 | . 132 220.5 2205
Heatup, Code Minimum-{ -+« [« = e wof oo wmn e L 29000 -] - 132 213.2 )
Cooldown/Isothermal * |~*116 ~ |~ 50"~ =166 == | 7166 7|~ 132 179.2
Minimum ) : T
Combined Heatup and Cooldown’ L1m1t 1nc1ud1ng uncertamty (rounded). T 221.0
M Corrected for mstrument uncev*ralrt'y T ST
. . ,

PRIV
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Table5-4 . 4

Allowable In-service Hydrostatic Test Pressiire’

P-Allowable (psia) " .

A RCS Temperature (°F)<)

.

- A 0 b

s14 =
514

18382

120802

05

O]

Corrected temperatures and pressures.

A

e
Paotny ing

; ‘ | S Tablé5'6 t i { ¢
: - . Core Critical Limits.for Cooldown a,t’lOO?F/.h}l:‘.“
| RCSTemperature CF)© | P-Allowable (psia) =~
_,‘_. P, \»181.4... PR B e gy e e et
181 - e -
2332
-235.0
] 7400
242.2 .
" Corrected temperatures and pressures.

¥
N
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Figure 5-2
RCS Cooldown Pressure-Temperature Limits through 32 EFPY
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... . . Tigwes3 .
RCS Composite Pressure-Température Heatup Limits through 32 EFPY
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~ Figure 54
..RCS Composite Pressure-Temperature Cooldown Limits through 32 EFPY
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Flgure 5-5 .
RCS Through-wall Thermal Gradients at Crack Tips
for Heatup of 75°F/hr
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. Figure 5-6
RCS Heatup Thermal Stress Intensnty Factors
. , at 3/4T Crack T1p :
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S .. Figures7
RCS Through-wall Therinal Gradients at Crack Tips
for Cooldown of 100°F/hr
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" Figure 5-8
_. . RCS Cooldown Thermal Stress Intensity Factors
S . at1/4T Crack Tip o
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6.0 MINIMUM TEMPERATURE REQUIREMENTS

The minimum temperature requirements specified in Appendix G of 10 CFR 50 are applied to the pressure-
temperature curves using the NRC-approved methodologies as described in Section 6.0 of CE NPSD-683-A,
Reference 1.

The lowest service temperature is established for PVNGS based on the limiting RTypy for the reactor coolant
pumps. Also, pressure-temperature limits developed for PVNGS use the more conservative of either the
lowest service temperature or other minimum temperature requirement for the reactor vessel when the RCS is
pressurized to greater than 20% of the pre-service hydrostatic test pressure.

The “minimum pressure criteria” specified in 10 CFR 50 Appendix G serves as a regulatory breakpoint in the
development of pressure-temperature limits and is defined as 20% of the pre-service hydrostatic test pressure.
For PVNGS, the pre-service hydrostatic test pressure is defined as 1.25 times the design pressure. When
developing these pressure-temperature limits, the minimum pressure establishes the point of transition
between the vartous temperature-only based pressure-temperature limits (for example: minimum boltup and
the lowest service temperature or flange limits).

For PVNGS Units 1, 2 and 3, the nnmmtim (uncorrécted) pressure of 625 psia is calculated in Section 5.0.
The limiting minimum pressure for PVNGS Units 1, 2 and 3 through 32 EFPY, corrected for instrument
uncertainty, elevation and flow, is shown in Table 6-1. Table 6-2 lists the minimum indicated temperature
values applied to the pressure-temperature curves of PVNGS Units 1, 2 and 3 through 32 EFPY.

Table 6-1
Minimum Indicated RCS Pressure through 32 EFPY

) o

Temperature Minimum Pressure
TRCS < 200°F PRCS =514 psia
Trcs = 200°F Pgcs =497 psia

Corrected temperatures and pressures.

M

Table 6-2
Minimum Indicated RCS Temperature through 32 EFPY
Requirement Minimum Temperature'”

Minimum Boltup Temperature 80°F

Minimum Hydrostatic Test Temperature 181.4°F

Lowest Service Temperature 153.2°F
Minimum Flange Limit (Normal Operation) 193.2°F
Minimum Flange Limit (Hydrostatic Test) 163.2°F

M Corrected temperatures. :

e a Co e mme e e a e e sshenr B ] ek ar = dmu wemn a4 e e am e m e s s e e -
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7.0 APPLICATION OF SURVEILLANCE CAPSULE DATA

Post-irradiation surveillance capsule test results for PVNGS units are reported in References 5, 6 and 7. Test
results were evaluated with respect to the credibility criteria of Regulatory Guide 1.99, Reference 8. Results of
the credibility assessment are:

o  The surveillance program plates and welds are those’ Judged to be most 11hcl Vi rontrolhng with
_ -~ regard to radiation-induced embrittlement, - -~ . S e
e _Charpy data scatter does not-cause ambiguity i m the determmat.on of the 3 It ll: Shlft
: . e Measured RTwpr shifts are ‘consistent with the. predrcted shifts, .. ' Yo )
t e ' Capsule.irradiation terperature matches, that of the!vesscl wall, and - AR
- e~ Correlation monitor data falls within the scatter band for that materral and therefore meets the
: f--"credrbrlrty test. : g e ! :

‘ 2 1 of Regulatory Gmde l 99 Calculated chemlstry factor Values f the survelllance plate and weld Thaterials

are shown in Tables 7 1 7 2 and 7 3 for PVNGS Umts l 2 and 3 respectlvely The corresponding cred1b111ty
- test for the syrveillance capsule. éasurements, and the theasured shifts for the, correlatlon _monitor. mater1al are
» shown in Tables 7-4, 7-5 and 7-6. : A e S

; The derived chemistry factor for the Unit 1 surveillancé plate (M 6701-2) and survelllance weld (Heat 90071)

".are 27.5% and 4.9°Frespectively;-as-shown-in Table 7-1. -These chemistry: factor valués compare K
conservatively with their respective values determined followmg Position 1.1 of Regulatory Guide 1.99,
chemistry factors of 37°F and 27.8°F. Table 7-4 demonstrates that the surveillance plate and weld measurements
are predictable given that the difference between the measured and predicted shift is less than one standard
deviation for the predicted shift (17°F for plates and 28°E for welds). Similar conservative results for Unit 2
plate (F-773-1) and surveillance weld (Heat 3P7317) are grven in.Tables.7-2 and 7-5,-and for Unit 3 plate (P-

7 6411-2) and.surveillance-weld. (Heat 4P7369)-in Tables.7-3 and 7 6. --4.~Therefore survelllance resu‘ts are shown

to be predlctable and’c edrble for ea ‘of'the PVNGS _n1ts ‘ T

scatter band of the database for that materral ThlS 1s demonstrated m Tables 7-4, 7 5 and 7 6 in Wl’]lCh the shift
~measuremerts avarlable to-date are compared to predrctlons baséd on-a'chernistry factor determined followmg
i Posruon 1.1 of Regulatory Gu1de 1. 99. The difference:between the measured and predrcted shift is less than
; 19°F for, all seven measurements and the average value of these dlfferences 18 7. 7°F .

 Thecale ulatlon of ad]usted reference temperature ART “for use in determmlng pressure temperature lirnits is
descrlbed in Sectron 4 \T he most xlmntmg (hlghest) value of ART from the three PVNGS units is applied to all
. three units. Even though ‘the information presented in this section demonstrates that the post -irradiation

+ surveillance capsule test results for PVNGS units are credlble the calculatlon of ART takes no credit for those
" credible results. This is.conservative given that; e RN ~

e The most limiting (highest) value of ART from the three PVNGS units is appl1ed to all three units, and

e The derived chemistry factors from the credible surveillance data are all conservative relative to the
chemistry factors determined following Position 1.1 of Regulatory Guide 1.99.

Supplemental surveillance data are not used in the calculations of the chemistry factor. Therefore, the issue of
whether or not the copper and nickel content of the surveillance weld differs from that of the vessel weld, and
how such differences are applied to adjusted values of ART, is not applicable.

- "WCAP-16835-NP, Rev 0 Sk et Mpage 7.
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Table 7-1
oo c Chemlstry Eactors for Unit:1 Surveillance Plates and Weld Materlals e o o

Material :: |- Capsule. |. Capsulef? | , fi® . ARTyp® - | fPFARTwpr [ (0
Plate M-6701-2 137 3.65E+18... 1 0.7216', | . . 34.2°F . 24678 .| .: 05207
Longitudinal 230 | ..8.76E+18. .|.-09629, |- ... 153°F 14734 - | 09271
o ode 437 v |.. 3.65Ex18 ..). 07216, | 13°F 938 .| 0.5207
230 8.76E+18 0.9629 31.9°F 30720 . .| 09271
Sum:. 79518 2.8956
A LFM 670L2—Z(ff*RTNDT) + Z(ff) =(79.518 + 2.8956) =27.5°F
TA37 7 | %65E+F18 107216 ] - OF@ - | - 0 - 0.5207
‘“’."‘.?38"” ! 628L+]8‘ C0.8697 N[N iy 6OF 58291 0.7563
© 230 .0 Lo §76E+18: -

“Plate
M-6701-2
Transverse

g We]d
. (Heat 90071)

' 0. 9629‘ : 5'1:31-"4 T 14913 - +0.9271
e |l L s ot T Sum | 10742 .. [ 22041
I RS CFWeld ?(fF*RTN )iy ff) “/10 742 + 27041) 49°F R

M f ﬂuence (n/cm E>1 OMeV) O P S A N

@ ff = fluence factor“f(o28 0.1*log f)
cn @ ARTNDT values.are the measured 30 ft-Ib shift values T N TP VT DR T
" ® " Actual value for the weld = 2.8°F. L DR

Table7'2 - ' B
Chemlstry Factors for Umt 2 Survelllame I‘latga and Weld ‘v’fatcnals

Material Capsule Capsule f |, 1% ol S ARTwor, | AR e )i - (tﬂ'z"i i
Plate F-773-1 137 3.87E+18 0.7372 13.3°F 9.804 0.5434
Longitudinal . .[7- 230 .| O.92E+18. .| 0:9978..1. + A77F - |- 17.660- .1 -0.9955
: 'V*Piat'e"“"' aLl s 137+ | 1.1 3:.87E+18 <. 07372+ . .. 9.5°F.. b, 1003 o | . 0.5434.

B3 i 230 L -_~9.‘92E+18 N ‘O..9.978_ 1< 19.3°F S - 19.257, _ L 09955

Transverse ) -~ : - ‘ Sum: | 53.724 ‘ ‘3'.07718”,

' v " CFeyy = S(ff * RTypr) + Z(ft) (53724 <3, 0778) - 17. 5°F R
137 3.87E+18 | ' 0.7372 ¢[.° 0°F - 0 70.5434
230 9. 92E+18 0 9978 2.5 °F 2.494 0.9955
R P L v DU tednod L Suphe P -2 24941 DUERTGTIS389 L
o clwﬂd—z(rf*mm) R y(ff) —(2 494+ 1 5389)—16°F T

M “f= fluence (nem’; E >-1.0 MeV). * B A S A L
O ff= ﬂuen»efactor-f‘028 0ftlog®) .. :’? R R T e R T P X TR

®  ARTypr values are the measured 30 fi-Ib shift values

Weld
(Heat3PT317)

it i .
S LS DO '
. .
. ieub e EAR
; Tk ¢
’ i - .1 . ' -

. d ’
5 ! s =

AN i i
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* Table 7-3

Chemlstry Factors for Unit 3 Survelllance Plates and Weld Matenals

i [ s Material Capsule Capsule 1“’ @ ARTNDT,, _ ff*ARTNDT (fn°
Plaie F-6411-2 ke oF v | f19Re - ‘
" Longitudinal 239\‘ 9.07E+18 09726 ;| 63°F. ., 6128 ' ~0.9460:
. 142 3.48E+18 07090 TLLF . | 9087 . 10.5026-
Plate 230 9.07E+18 -.%|. 0.9726. T 92°F. . | . 8948 | 09460
.. F6411-2 - . Sem |24, 363 123947
Transverse T CPreuns— S0 * RTypy) = S (0= (243632 23947) = 102F
. - 142® 3.48E+18 - -| - 0.7090- !.27.5F ... ..19.497 - | 1 0.5026"
Cweld 230 9.07E+18- | 0.9726_ ' _24.1°F 23440 1 | 7F 0.9460
(Heat 4p7369) : . Sum: 42937 ) “1 4487
: _ CFWeld—Z(ff*RTNDT) = Z(ft)z—(42 937-+14487)=29:6°F - 1 -
®  £=fluence (n/cm?; E>10MeV) ‘ . i
@ ff=fluence factor—f(o28 OIMOBD) e e s . , Lt
©®  ARTypr values are the measured 30 ft-Ib shift values
) Irradiated at 137 degree position in Unit 3 vessel.

‘Material |

Capsile |~

ft\”

..Measur.ed._,... .

Shift °F) .,

| Predlcted Shlft. ot
(CF*ff) CF).

:leference -

OF)

~oPlte | 137 275 - ()”216—~- - . 19.8 - - B IR
_MA6T0122. P — T S S s
. Longitudinal _|. ..;'239 s |r21s _9:9_6.2.9. R oLt 265 = 11 200

L 137 {275 i -07arén | - 198 268

230 275 |

10.9629:

1265

k54

. Weld
" (Heat 90071)

,137 49 | 07216, w350 -63 .
1380|049 | 08697 G ., .43 T 424

230 49

0.9629

Ci4

L +04,

“Correlation |
Monitor
Material

137

R UG

1317971

0.7216

RSN

7950

¥63”

38 13179

0.8697

114.1

114.5

-04

230 131.70

0.9629

129.2

126.8

+24

m Chenﬁsh’y facter based on 0.174 Cu and 0.665 Ni using Table 2 of Regulatory Guide 1.99, R02.

2

ff = fluence factor =

£(0.28-0.1%I0g )
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Table 7-5
_ Credibility of Surveillance Measurements for Unit 2

: M;‘lterial

(,apvule

CF

LD

' Méasyred
~ Shift (°F)

:: Predicted Shift :

" (CF*) (°F)

Difference _
R, .

Plate F-773-1

Longitudinal

137

175

0.7372

- 133

12.9°

,+.0.4

16230 |

175 -

0.9978

177

17.5

+02 !

Plate F-773-1 |~
Transverse

437

17.5;

SN R

95 .

12,9

—34

230

175

0"997’8 1

193

17.5

+1.8

Weld
(Heat 3B7317)

37T

BEIEN

0

1.2

-1.2

2.50 }.f

167

5% I. :

i6 .

+0.9"

Correlatio‘n' o

Momtor
'V[alerlal

T 131 7k:)}. A

1160

'971

.+189 7

’7’20

131 7<‘)

1324

-131.4 .

T +3.0

(2)

0.1*log )

Cnemlstry Faclor based on 0:174°Cu and 0 603 Ni usxng Tabie'2 of Regulatory Guxuc 1 99 R02
ff = fluence factor = f*28- -

Table 7-6 -

Credibility of Survejllance;Measurements for Unit 3

Materlal

.| - Lapsule .

s Measured Shlft e

_CK)

Pi‘e’dicted Shift
CRn R

- Difference (°F) .

Matenal

. 230 ..

13179

© 097267

o -'5128 1

PlateF 5411 2 : . i s at _i
ngnadinal- | - 230~ | ~A02. |, 09 -6.3‘::.:\# S
“Plate F-6411-2 - 142~ | 102- | -~ 0.7090" - - - 133 - - - B !
 Tramsverse |, 230 |- 102 |. 09726 92%5 0 ;
“Weld | 142 | 296 | = 0:7090 27 | L . -
(Heat4P7869). | .. 230 .. 1 . 296 | .09726" .| .....24.1:"" ~
Correlation |, 147 <} 131 7“) 07090 * | 825 3
Monitor | == Relacadii) NINNS 3

Chemmtry Factor based oti 0.174 Cu. and 0.665 N1 using Table 2 of Regulatory Guide 1. 99 RO2
_ ff = fluence factor = {***-

X (2)

0 l‘log f) :

| ; .
. ¢
: . ; :
L i »
’ ¥
- fe e —
\ ¢ )
)

.
%

I . -

June 2008 -
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ENCLOSURE 1, ATTACHMENT 6 _

APS Responses to the NRC Request for Additional Infofrﬁatio_n Related to the
San Onofre Nuclear Generating Station (SONGS) PTLR Amendment Request

The precedent cited in Section 4.2 of the Evaluation of the Proposed TS Change was
the PTLR amendment request for the San Onofre Nuclear Generating Station.
(SONGS). Southern California Edison (SCE) submitted a license amendment request
to the NRC by letter dated January 28, 2005 (ADAMS Accession No. ML050320286),
and supplemented this request by letter dated January 12, 2006 (ADAMS Accession
No. ML060190101), for SONGS Units 2 and 3 Operating License amendments to
relocate the RCS P/T limits and LTOP limits from the TSs to a licensee-controlled

- PTLR. The NRC approved the SONGS Operating License amendments in a letter
“dated July 13, 2006 (ADAMS Accession No. ML062170006).

In their January 12, 2006, submittal, SCE identified, and provided responses to, nine
NRC requests for additional information (RAIs) related to the PTLR amendment
request. Provided below are APS responses to the nine RAls.

NRC RAI No. 1 for SONGS

In the staff's safety evaluation (SE) on topical report CE-NPSD-683, Revision 6,
dated March 16, 2001, the staff included 26 action items that would need to be
addressed in a pressure-temperature (P-T) limits report (PTLR) license
amendment request that invoked the methods of the topical report. Your PTLR
submittal of January 28, 2005, does not specifically identify how the proposed
San Onofre Nuclear Generating Station, Units 2 and 3 (SONGS 2 and 3) PTLRs
resolve the action items in the SE of March 16, 2001.

The staff requests that you supplement your application with your responses to
these 26 action items. If your PTLR submittal already includes information that
satisfies any of these action items, please specify which information in the
PTLR satisfies resolution of a particular action item. If the PTLR does not
include information which satisfies a particular action item, please provide
supplemental information which satisfies resolution of the particular action item
of concern.

The staff recognizes that several of these action items have become obsolete
due to updates in the allowable editions and addenda of the American Society
of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
Section XI, Appendix G, which have been incorporated by reference in Title
10 of the Code of Federal Regulations, Part 50 (10 CFR Part 50). If such an
action item falls under this category please designate it as such.
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APS Response No. 1

Responses to the 26 action items of the staff's safety evaluation (SE) on topical report
CE-NPSD-683, Revision 6, dated March 16, 2001, are prowded in Sectlon 3.3 of the -
Evaluation of the Proposed TS Change.

NRC RAI No. 2 for SONGS

The ASME Code, Section XI, Appendix G provides a methodology for calculating
stress intensity factors corresponding to membrane tension (Kiy) and thermal
stress (Kir) for the postulated axial defect. Calculations of Kt are based on stress
influence coefficients from finite element modeling (FEM) analyses for inside
(1/4T) and outside (3/4T) surface flaws. Calculations of the maximum allowable
Kiu are based on a closed-form solution to an equation such as 2Ky +Kir < Kic,
where Kt has been determined from solutions based on stress influence
coefficients, and Kic was determined using the equation representing the
analytical approximation to the lower bound fracture toughness curve, Kic (in
ksi*sqrt(in.)) = 33.2 + 20.734exp[0.02(T -RTnpt)], where RTypr is the material nil-
ductility transition reference temperature and T is the actual temperature of the -
material.

The Combustion Engineering (CE) nuclear steam supply system (NSSS)
methodology differs from the ASME Code, Section Xl, Appendix G methodology
in several respects. The CE NSSS methodology for calculating Ky is based on
thermal influence coefficients from FEM analyses, as opposed to stress influence
coefficients. Furthermore, the CE NSSS methodology for calculating Kiy does
not involve a closed-form solution based on calculations of Kir and Kc factors,
and instead applies FEM methods for estimating the Ky factors.

- Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a
discussion of the specific methodologies that will be applied in the PTLRs for
SONGS 2 and 3 for calculating stress intensity factors at the 1/4T and 3/4T
crack depth locations:

-a. Discuss the methodology for calculating the thermal stress intensity factor,
“Kit. :
b. Discuss the methodology for calculating the stress intensity factor

corresponding to membrane tension resulting from pressure loading of the
reactor vessel, K. Please specify whether Ky is determined by-obtaining
a closed-form solution (as prescribed by the ASME Code, Section XI,
Appendix G) or determined by applying FEM methods (as: prescrrbed by
the CE NSSS methodology).

Per your response to action item 21 in RAI 1, if your methodology applies the
CE NSSS method for calculating Ky stress intensity values, then_ your
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application will need to include a request for an exemption from the
requirements of 10 CFR Part 50, Appendix G for P-T limits. The need foran
exemption for calculating P-T limits using the CE NSSS method is specified in
the fourth paragraph (pages 20-21) of Section 2.5.4 and in action item 21 (page
27) of-Section 5.0 of the SE on topical report CE-NPSD-683, Revision 6, dated
March 16, 2001. The CE Owners Group (CEOG) agreed to this requirement in
their final version of topical report CE-NPSD-683, Revision 6. The requirement
for the exemption is specified in the "Note" on page 5-15 of the tOpical report.

APS Response No. 2

~ Westinghouse methodology for calculating the stress intensity factors corresponding to
membrane tension resulting from pressure loading of a CE NSSS reactor vessel, Kiv, is
based on a two-dimensional finite element model with a unit internal pressure loading.
This model considers a 1/4-thickness crack originating from the inside surface as well
as a second model with a 1/4-thickness crack originating from the outside vessel -
surface. These models were loaded with internal pressure on the cylindrical inside
surface. For the case with an inside crack, pressure was also applied to the crack face.
Membrane stress intensity factor influence coefficients (Kyw) were then computed for
unit internal pressure of 1000 psi. These Kiu coefficients are then corrected to
represent three-dimensional surface cracks with an aspect ratio of 1-to-6 using the
ASME Code ratios for 3D versus 2D flaws. Finally, these corrected values are used to
calculate the actual stress intensity factors at any applied internal pressure.

In order to comply with the conditions listed in the safety evaluation for
CE NSPD-683-A, a request for exemption from the requirements of 10CFR Part 50,
Appendix G is provided as Enclosure 2 of this submittal.

NRC RAIl No. 3 for SOlNGS

In support of the NRC staff's review of the P-T limit curves conta/ned in the
PTLR submittal, please supplement your application with data for the
through-wall thermal gradients (AT) and thermal stress intensities (Kr) for
the 1/4T and 3/4T crack depth locations. These data are necessary for the
NRC staff to perform independent calculations of P-T limits to verify that the
P-T limit curves are at least as conservative as those that would be

~ Obtained as a result of applying the methods of 10 CFR Part 50, Appendix

" G, or as modified using the CE NSSS methodology. In addition, if you are

requesting to use the CE NSSS methodology for Ky determinations, please
submit the plant-specific K/M data to suppon‘ the staff's review of these
calculatlons
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APS Response No. 3

PVNGS Units 1, 2, and 3 reactor vessel stress intén_sity factors (Kit) and through-wall
thermal gradients as a function of heatup or cooldown rate are discussed in Section 5.1
and presented in Figures 5-5 through 5-8 of WCAP-16835 (Attachment 5).

The membrane stress intensity factor coefficient (Kiu) due to unit (1000 psi) internal
pressure loading for the PVNGS reactor vessel geometry with a base metal thickness of
11.2 inches is 25.0 (ksivin) for a 1/4T crack depth location and 23. 3 (ksn/m) at the 3/4T
crack depth location.

NRC RAI No. 4 for SONGS

In all cases P-T limit curves must be determined using the most limiting
“conditions in the reactor vessel. For heatup and cooldown transients the
application of the PTLR methodology and calculations of P-T limits must
always take into consideration the different conditions at the 1/4T and 3/4T
locations during the thermal transient, and the resulting P-T limit curves
must-always represent the most limiting of these conditions.

Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs witha
discussion of how the P-T limit curves account for the most limiting conditions
in the reactor vessel. The discussion should address the following points:

a. Please discuss how the calculation of P-T limit curves for SONGS 2 and 3
' addresses heatup and cooldown transients, specifically taking into
- consideration the different conditions at the 1/4T and 3/4T crack depth
/ocations.

b Please discuss how the calculation of P-T limit curves for SONGS 2and 3
“addresses the assessment of the 1/4T location for steady state conditions
in addition to the 1/4T and 3/4T locations under heatup and cooldown
transient conditions. Please supplement the P-T limit curves for SONGS 2
‘and 3 with a P-T limit curve represent/ng the 1/4Tlocat/on under steady
state conditions. : :

APS Response No. 4

The PTLR methodology of CE NSPD-683-A, Revision 06, first conducts a transient heat
transfer analysis for all heatup and cooldown transients. Results from the heat transfer
analyses, through-wall thermal gradient profiles, as well as the metal temperatures at

the inside (1/4T) and outside (3/4T) crack tip locations are extracted. From the through-
wall thermal gradients, the thermal stress intensity factors, K, for all heatup and
cooldown transients are then computed for all transients. Allowable fracture toughness
is then computed using the crack tip metal temperatures. The membrane stress
“intensity factor, Ky is then computed for a unit pressure loading case. Finally, limiting
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allowable pressures are computed for all transients as well as steady-state conditions.

This approach is conservative when compared to the ASME Appendix G method as it
includes the steady-state condition for all heatup and cooldown transients. Allowable
pressures for some of these transients are limited by the steady-state condltlon at hlgh

' pressu res.

NRC RAI No. 5 for SONGS

Table 1 of 10 CFR Part 50, Appendix G, specifies six different minimum
temperature requirements that must be met when generating the pressure-
temperature (P-T) limits for U.S. operating pressurized water reactors (PWRs):

a.

. Those for pressure test conditions with the Reactor Coolant System (RCS)

pressure less than or equal to 20% of the reactor's preservice h ydrostatlc
test pressure. ,

Those for pressure test conditions with the RCS pressure greater than
20% of the reactors preservice hydrostatic test pressure.

- Those for normal operating conditions (including heatups and cooldowns -

of the reactor and transient operating conditions) with the RCS pressure
less than or equal to 20% of the reactor's preservice hydrostatic test
pressure, at times the reactor is not in the critical operating mode.

Those for normal operating conditions (including he,atups and cooldowns

- of the reactor and transient operating conditions) with the RCS pressure
_greater than 20% of the reactor’'s preservice hydrostatic test pressure at

times the reactor is not in the critical operating mode.

Those for normal operating conditions (including heatups and cooldowns
of the reactor and transient operating conditions) with the RCS pressure
less than or equal to 20% of the reactor's preservice hydrostatic test

pressure at times the reactor is in the critical operating mode.

Those for normal operating conditions (including heatups and cooldowns
of the reactor and transient operating conditions) with the RCS pressure
greater than 20% of the reactor's preservice hydrostatic test pressure at
times the reactor is in the critical operating mode. '

Criterion 6 in Attachment 1 to GL 96-03 states that the above minimum :
temperature requirements of 10 CFR Part 50, Appendix G shall be incorporated

" into the P-T limit curves, and PTLRs shall identify minimum temperatures on the
P-T limit curves such as the minimum boltup temperature and the hydrotest
temperature.
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Section 6.0 of the SONGS 2 and 3 PTLRs, provides a listing and brief discussion
of the minimum temperature requirements that have been incorporated into the
P-T limit curves for SONGS 2 and 3. However, the discussion does not
adequately demonstrate how the P-T limit curves for pressure testing conditions
and normal operations with the core critical and core not critical will be in
compliance with the appropriate minimum temperature requirements as given in
Table | to Appendix G to 10 CFR Part 50. This information is needed to satisfy
action item 23 from staff’s safety evaluation (SE) on topical report CE-NPSD-683,
Revision 6.

Per your response to action item 23 in RAl 1, update Section 6.0 of the PTLRs
for SONGS 2 and 3 to provide a discussion on how the P-T limit curves will meet
all of the minimum temperature requirements mandated by Table 1 of 10 CFR
Part 50, Appendix G. Include in this discussion the value for the highest
" reference temperature of the material in the closure flange region that is highly
stressed by the bolt preload and how this value is applied along with minimum
permissible hydrostatic test temperature to determine minimum temperature
requirements that will be applied to the P-T limit curves for SONGS 2 and 3. This
information is necessary to ensure that the SONGS 2 and 3 P-T limit curves will
continue to comply with the minimum temperature requirements of Table 1 of 10
CFR Part 50, Appendix G, and that the PTLR will conform to the provisions of
Criterion 6 in Attachment 1 to Generic Letter (GL) 96-03.

APS Response No. 5

The pressure-temperature curves for pressure testing conditions and normal operations
with the core critical and core not critical are in compliance with the appropriate
minimum temperature requirements as given in Table 1 of Appendix G to 10 CFR Part
50. This is illustrated below along with each of the minimum temperature requirements
of (a) through (f).

PVNGS Units 1, 2, and 3

Design pressure ‘ - =2500 psia

Normal operating pressure - = 2250 psia
Preservice hydrostatic pressure = 3125 psia
Minimum bolt-up temperature =80°F .
Flange region RTnpt - = 60°F

Initial piping, pumps and valves RTNDT =40°F
Adjusted RTnpr at 1/4T after 32 EFPY = 116°F
Adjusted RTnpr at 3/4T after 32 EFPY = 103°F

20% Preservice hydrostatic pressure =625 psia -

Preservice hydrostatic pressure with correction for instrument uncertainty

= 20% x preservice hydro pressure + RCS instrument uncertainty
= 625 psia — 111 psi = 514 psia for Tres < 200°F
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= 625 psia — 128 psi = 497 psia for Trcs 2 200°F
Inserwce hydrostatic pressure '
= 1.1 x (Operating Pressure) + (pressunzer mstrument uncertalnty)

= 1 1 X (2250 psia) + 70 psi = 2545 pS|a

"Minimum Temperature requrrements for Inservice Hydrostatic/Leak Tests

a) Minimum temperature for pressures at or below 625 psia per 10 CFR 50 App G
Table 1,item 1.a _
- = highest flange RTnpr + instrument uncertainty
=60 + 13.2 = 73.2°F (80°F used)

| b) Minimum temperature for pressures above 625 psia, per 10 CFR 50 App G, Table 1,
item 1.b _

= highest flange RTnpr + 90°F + instrument uncertainty

=60 +90 + 13.2 =163.2°F

Minimum Temperature requirements for Normal Operation (core not critical)

¢) Minimum temperature for pressure at or below 625 psia per 10 CFR 50 App G, Table
1, item 2. a

= highest fIange RTnpt + instrument uncertainty

—60+132 732 F (80°F used)

d) Minimum temperature for pressure above 625 psia, per 10 CFR 50 App G, Table 1,
item 2.b

= highest flange RTNDf+ 120°F + instrument uncertaihty

=60+ 120 + 13.2 = 193.2°F

Minimum Temperature requirements for Normal Operation (core critical)

e) Minimum temperature for pressure at or below 625 psia, per 10 CFR 50 App G,
Table 1, item 2.c.
Larger of [(Thydro) OF (RTNDT-flange + 40°F)] + mstrument uncertalnty
(168 2) or (60 +40)] + 13.2 = 181.4°F

- The minimum inservice hydrostatic test temperature (THydro, uncorrected) is 168.2°F and
corresponds to an uncorrected pressure of 2475 psi. When corrected for instrument
uncertainty, these values correspond to a temperature of 181.4°F and a pressure of
2322 1 psia per Table 5-1 of WCAP-16835 (Attachment 5).

Lowest service temperature per ASME Sectlon 1, Division 1, Article NB-2332
= Initial piping, pumps and valves RTnpr + 100°F + instrument uncertainty
=40+ 100 + 13.2 =153.2°F :
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Minimum temperature required for normal operation for pressures},below 20%
preservice hydro
=181 4 F as glven in Sectlon 5.11 of WCAP- 16835

~ f) Minimum temperature for pressure above 625 psia, per 10 CFR 50 App G, Table 1,
- item 2.d:
= Larger of [(Thyaro) OF (RTNDT-fange + 160°F)] + mstrument uncertainty
=[(168.2) or (60 + 160)] + 13.2 = 233.2°F

Minimum temperature required normal operatlon for pressures at or above 20%
preservice hydro
= 233.2°F as given in Sectlon 5.11 of WCAP-16835.

These minimum pressure and temperature requirements for hydrostatic test, and
heatup and cooldown transients for PVYNGS Units 1, 2, and 3 with the core not critical or
critical, corrected for instrument uncertainty and RCS pressure and elevation effects are
tabulated in Tables 5-1 and 5-2 of WCAP-16835 (Attachment 5). '

NRC RAI No. 6 for SONGS

Section 5.0 of the PTLRs for SONGS 2 and 3 provides a footnote indicating
that pressure and temperature limit values are adjusted for instrument
uncertainty, and for RCS pressure and elevation effects. Please supplement
Section 5.0 of the SONGS 2 and 3 PTLRs with a detailed discussion of how
instrument uncertainties are treated in the development of the PTLR P-T limit
curves for SONGS 2 and 3. Include in this discussion numerical values for the
instrument uncertainties as well as numerical values for factors that
compensate for RCS pressure and elevation effects. Please discuss how these
factors are applied in the calculation of the P-T limit curves.

APS Response No. 6

The calculated reactor vessel pressure and temperature limit values shown in Tables 5-
1 through 5-6 of WCAP-16835 (Attachment 5) are adjusted for instrument uncertainty
and for RCS pressure and elevation effects. These instrumentation corrections ensure
that the calculated beltline pressure-temperature limits are conservatively interpreted by
pressurizer pressure and RCS temperature instrumentation. Section 5.13 of WCAP-
16835 describes the application of instrumentation corrections at PVNGS.

‘The pressure correction factors applied to Tables 5-1 through 5-6 of WCAP-16835 of
(Attachment 5) consist of three components: '

1. A pressure differential corresponding to the static water head between the
pressurizer water level and the reference point in the reactor vessel (APgLev);
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2. The flow-induced pressure drop between the reactor vessel downcomer and the

surge nozzle in the hot leg (APrLow; a value that depends on the number of
operating RCPs); and

3. The pressurizer pressure instrumentation loop uncertainty (APnsTR).

These components are individually established using conservative assumptions, then
summed into the pressure correction factor. Pressure correction factors are subtracted
from the analytical values to conservatively reduce the allowable pressure limit. The
explicit pressure correction factor values applied depend on the number of operating
RCPs and the pressure instrument in service. For Palo Verde, the pressure correction,
including instrument uncertainty ranges from -111 psid to -169 psid as shown in
Sectlon 5.13 of WCAP-16835 (Attachment 5).

The heatup and cooldown data in Tables 5-1 and 5-2 of WCAP-16835 (Attachment 5)
are also adjusted for temperature instrumentation uncertainty. For PVNGS, an
uncertainty of +13.2 °F is added to all computed temperatures as shown in Section 5.13
of WCAP-16835.

NRC RAI No. 7 for SONGS

The proposed P-T limit curves included in Section 5.0 of the PTLRs for SONGS 2
and 3 are proposed to be effective through 32 effective full power years of
operation (EFPY). The existing P-T limit curves contained in the Technical
Specifications (TS) are stated to be effective through 20 EFPY. Confirm whether
the changes to the P-T limit curves included in Section 5.0 of the PTLRs for
SONGS 2 and 3 reflect only the increase in the EFPY for which the curves will be
applied. If there are other factors, such as different parameters or methods,
which contribute to the changes to the curves, provide a detailed discussion of
~ these factors and how they affect the PTLR P-T limit curves.

APS Response No. 7 »

The proposed pressure-temperature limit curves for PYNGS are confirmed to be
effective through 32 EFPY. These curves are based on the RTnpr shifts for the
projected beltline fluence through 32 EFPY for the most restrictive of Unlts 1,2, or 3.

NRC RAI No. 8 for SONGS

Criterion 7 of the Table.in Attachment | to GL 96-03 specifies that an analysis
of the credibility of the surveillance data must be provided in the PTLR.
Regulatory Position 2.1 of Regulatory Guide (RG) 1.99, Revision 2 specifies
that when two or more credible surveillance data sets become available from
the reactor in question, they may be used to determine the Adjusted
Reference Temperature (ART) values. If the procedure of Regulatory
Position 2.1 for determining the ART values based on the surveillance data
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results in a higher value for the ART than that given by using the procedures
of Regulatory Position 1.1 of the RG, RG 1.99, Revision 2 specifies that the
surveillance data should be used for the ART and chemistry factor
determination. If the procedure of Regulatory Position 2.1 results in a lower
value for the ART, either may be used.

~ Please confirm that the credibility analysis of the SONGS 2 surveillance data
from Section 7.0 of the SONGS 2 PTLR demonstrated that the surveillance data
sets for SONGS 2 are credible.

Section 7.0 of the SONGS 2 PTLR states that the surveillance data were not
used to generate a chemistry factor in accordance with the methodology
prescribed in Regulatory Position 2.1 of RG 1.99, Revision 2. Please confirm
whether the ART values for the limiting materials were calculated using the
procedure of Regulatory Position 1.1 of RG 1.99, Revision 2.

If the procedure of Regulatory Position 1.1 of RG 1.99, Revision 2 was used to
calculate the ART values for the limiting materials, please indicate why this i is
an acceptable procedure, given the credibility of the surveillance data.

Please supplement Section 7.0 of the PTLR for SONGS 2 with the following
information:

a. Table 7-1 of the SONGS 2 PTLR provides chemistry factors for the two
surveillance materials plate C-6404-2 and weld 9-203. Please indicate
how these chemistry factors were derived.

b. There is no explicit calculation in the SONGS 2 PTLR demonstrating that

: chemistry factor values for the limiting materials derived from the tables in
RG 1.99, Revision 2 would result in limiting ART values that are more
conservative than those determined using chemistry factors derived from
surveillance data. Per your response to action item 24 in RAI 1 please
supplement Section 7.0 of the PTLR for SONGS 2 with detailed
calculations of the chemistry factors for each of the surveillance materials
based on the calculation methods specified in Regulatory Position 2.1 of

RG 1.99, Revision 2.

The calculations of the chemistry factors for the surveillance materials for
- SONGS 3, provided in Table 7-1 of the SONGS 3 PTLR represent an
- acceptable format for presentmg survelllance mater/al chemistry factor
calculations.

APS Response No. 8

An analysis performed in accordance with Position 2.1 of RG 1.99 found that credibility
criteria are met for surveillance plate and weld data from capsules withdrawn from

10
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PVNGS. Tables 7-4 through 7-6 in WCAP-16835 (Attachment 5) demonstrate the
credibility of surveillance measurements for PYNGS Units 1, 2, and 3, respectively. Itis
also confirmed that ART values for PVNGS reactor vessel beltline materials were
calculated using Regulatory Position 1.1 of RG 1.99, Revision 2. This is conservative
because analysis based on Regulatory Position 2.1 produce credible results that would
yield lower values for predicted adjusted reference temperatures.

Chemistry factors for the limiting PVNGS surveillance plate and weld materials are
shown in Tables 4-2, 4-3 and 4-4 of WCAP-16835 and were derived using Tables 1 and
2 of RG 1.99, Revision 2. These chemistry factors are compared to those derived using
Regulatory Position 2.1 of RG 1.99, Revision 2 in the following table: :

Position 2.1

Position 1.1

PVNGS Material ID Chemistry Chemistry
’ _ Factor Factor

Unit 1 Plate M-6701-2 37°F 27.5°F
Unit 1 Weld | Heat 90071 34.1°F 4.9°F
. Unit2Plate | F-773-1 20°F 17.5°F
Unit 2 Weld Heat 3P7317 26.6°F 1.6°F
Unit 3 Plate F-6411-2 26°F 10.2°F
Unit 3 Weld Heat 4P7869 34.1°F 29.6°F

The preceding demonstrates that the chemistry factors derived based on the PVNGS
surveillance plate and weld data are less than those derived using regulatory position
1.1 of RG 1.99, Revision 2. Therefore, the calculation of adjusted reference
temperature using chemistry factors based on Regulatory Position 1.1 will result in more
conservative values than would be obtained using plant-specific chemistry factors
based on Regulatory Position 2.1. Predicted ART values at 1/4T and 3/4T for PVNGS
are given in tables 4-5 through 4-7 of WCAP-16835 (Attachment 5).

NRC RAI No. 9 for SONGS

Regulatory Position 2.1 of RG 1.99, Revision 2 states that if there is clear
evidence that the copper or nickel content of the surveillance weld differs from
that of the vessel weld, the measured values of ART should bé adjusted by
multiplying them by the ratio of the chem/stry factor for the vessel weld to that for
the surveillance weld.

Please indicate in the SONGS 2 and 3 PTLRs whether the copper and nickel
content of the surveillance weld differs from that of the vessel weld. If so, please
supplement Section 7.0 of the PTLRs for SONGS 2 and 3 with detailed '
calculations for determining the adjustments to the measured values for DRT for
the surveillance weld, and indicate whether these adjusted values of DRT were
used in the determination of the chemistry factor for the surveillance weld.

11
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APS Response No. 9

Chemistry and fluence factors for surveillance weld materials and the measured ARTnpr
values, obtained per Position 2.1, for the PVNGS surveillance capsule weld materials
are shown in. Tables 7-1 through 7-3 of WCAP-16835 (Attachment 5). Adjusted values
of ARTnpt are not used in the determination of the chemistry factor for the surveillance
weld because the copper and nickel content of the surveillance welds do not differ from
that of the vessel welds. The bases for the chemical content of the vessel and
surveillance plates and welds are provided in the APS response to Generic Letter
92-01. ' - :

12
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ENCLOSURE 2
Application for Exemption from Certain 10 CFR Part 50, Appendix G
Requirements when computing Pressure-Temperature Limits
for Palo Verde Nuclear Generating Station (PVNGS) Units 1, 2, and 3
Introduction |

Exemption Request

Discussion

3.1  Exemption is Authorized by Law

3.2  Granting this Exemption W|II Not Present an Undue RISk to the Public
Health and Safety _ _ ‘

3.3 Granting this Exemption is Consistent with the Common Defense and

Security
3.4  Special Circumstances Support the Issuance of an Exemption

Precedent

"~ Conclusion

References



Enclosure 2
Application for Exemption from
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1.0 Introduction

Appendix G to 10 CFR 50 establishes fracture toughness requirements to be applied to
ferritic reactor coolant pressure boundary materials of light water nuclear power
reactors. The purpose of such requirements is to ensure adequate margins of safety -
exist during any condition of normal operation, including anticipated operational
occurrences and system hydrostatic tests, to which the pressure boundary may be
subjected over its service lifetime.

The American Socrety of Mechanical Engineers Boiler and Pressure Vessel (ASME)
Code forms the basis for the requirements promulgated in Appendix G to 10 CFR Part
50. The rules of ASME Section XI, Division 1, “Rules for Inservice inspection of Nuclear
Power Plant Components” are used when developing pressure and temperature limits
for the beltline region of the PVNGS reactor vessels. The sections, editions and
addenda of the ASME Boiler and Pressure Vessel Code, and any limitations and
modifications thereof, which are approved by the staff for use in developing pressure
and temperature limits, are specified in 10 CFR 50.55a. :

The methodology developed by Combustion Engineering to calculate RCS pressure-
temperature curves, heatup and cooldown limits and LTOP requirements is documented
in topical report CE NPSD-683-A (Ref. 1). The staff noted in its March 16, 2001 safety
“evaluation for this report that “[tihe CE NSSS [nuclear steam supply system]
methodology does not invoke the methods in the 1995 edition of Appendix G to the
Code for calculating Ky factors, and instead applies FEM [finite element modeling]
methods for estimating the Ky factors for the RPV shell ... the staff has determined that
the Ku calculation methods apply FEM modeling that is similar to that used for the :
~ determination of the K factors [as codified in the ASME Code, Section XI, Appendix G].
The staff has also determined that there is only a slight non-conservative difference
between the P/T limits generated from the 1989 edition of Appendix G to the Code and
‘those generated from CE NSSS methodology as documented in Evaluation No. 063-
PENG-ER-096, Revision 00. The staff considers that this difference is reasonable and
that it will be consistent with the expected improvements in P/T generation methods that
have been incorporated into the 1995 edition of Appendix G to the Code.”

The staff has advised licerisees to specify whether membrane stress intensity factors
due to pressure loading, Kiv, are determined by obtaining a closed-form solution (per -
the ASME Code, Section XI, Appendix G) or determined by applying finite element
modeling methods (per CE NPSD-683-A, Revision 6). Stress intensity values, Ky, for
PVNGS are computed using the CE NSSS finite element modeling methods, therefore,
APS requests an exemption from the requirements of Appendix G to 10 CFR Part 50 to
apply this model when calculating applicable Units 1, 2, and 3 pressure temperature
curves and LTOP limits.
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2.0 Exemption Request

Reactor coolant system pressure-temperature curves and LTOP limits for PVYNGS Units
1, 2, and 3 are based on the specific methodology developed by Combustion
Engineering and approved by the NRC in CE NPSD-683-A. This methodology employs
- a finite element analysis model and a crack stress intensity factor, Kic, of ASME Code
Case N-640 (Ref. 2). Results produced by this method are slightly less conservative
than the use of K\a stress intensity factors and the linear elastic fracture mechanics
methodology promulgated in Appendix G to 10 CFR Part 50. Specifically, Section
IV.A.2 of Appendix G to 10 CFR Part 50 establishes the foIlownng crlterla for generatlng
plant-specmc pressure-temperature limits:

e The pressure-temperature limits for an operating plant must be at least as
conservative as those that would be generated if the methods of analysis and the
margins of safety from Appendix G to Section Xl of the American Society of
Mechanical Engineers Boiler and Pressure Vessel Code were applied.

Pursuant to 10 CFR 50.12, APS hereby applies for an exemption from the requirements
of the above 10 CFR 50, Appendix G, criterion. This exemption is requested since the
specific RCS pressure-temperature limits developed for PYNGS employ a finite element
modeling methodology developed by Combustion Engnneenng and applied to CE NSSS
“plants for calculating Kiv-stress |ntenS|ty values

APS addresses and satisfies the criteria of 10 CFR 50.12 in this exemption request. As
required by 10 CFR 50.12(a)(1), and as more fully discussed below, this exemption is
authorized by law, does not present an undue risk to the public health and safety, and is
consistent with the common defense and security. Further, in accordance with 10 CFR
50.12(a)(2), the request demonstrates that special circumstances support issuance of
the exemption. '

3.0 Discussion

The reference pressure stress intensity, Kir, used for calculation of RCS pressure and
temperature limits at PVNGS is obtained from a reference fracture toughness curve for
reactor vessel low alloy ferritic steels and is defined in Appendices A and G of Section
X! of the ASME Code. This reference pressure stress intensity is determined by two
properties, Kia and K¢ that represent critical values of the stress intensity factor. For
PVNGS, Ky is defined as K¢, with Kic defined as the lower bound of static initiation
critical K| values measured as a function of temperature.

Title 10 CFR 50 Appendix G criteria require that pressure-temperature limit curves be
generated from the most conservative combinations of the limiting P/T data points and
the minimum temperature requirements listed in Appendix G to 10 CFR Part 50. The -
NRC Staff endorsed Appendix G to the ASME Code through the 1995 Edition at the
.time that the PTLR analysis methodology described in CE NSPD-683-A was approved. -
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ASME Code Case N-640 permits application of the lower bound static crack initiation
critical stress intensity factor equation (i.e., Kic equation) as the basis for establishing
the P/T curves in lieu of using the lower bound crack arrest critical stress intensity factor
equation (i.e., K|a) which is based on conditions needed to arrest a propagating crack,
and which is the method invoked by Appendix G to Section Xl of the ASME Code. Use
of the K¢ equation to determine the lower bound fracture toughness when computing
P/T curves is more technically correct than the use of the Ka equation since the rate of
loading during a heatup or cooldown is slow, and since crack initiation, which is more
representative of a static condition than a dynamic condition, is principally at issue. The
Kic equation appropriately implements the use of the static initiation fracture toughness
behavior to evaluate the controlled heatup and cooldown process of a reactor vessel.

-Appendix G to 10 CFR 50 required the use of the conservative Kia equation since 1974,
when the equation was codified. Use of the conservative K4 equation was considered
necessary due to a limited knowledge of reactor pressure vessel material properties at
the time. A significant amount of additional materials property data have been collected
about RPV fabrication materials since 1974 and have provided the staff with a better
understanding of how the RPV materials behave in service. For this reason, the staff
has concluded that this additional information is sufficient to permit a lower bound static
crack initiation critical stress intensity factor (Kic equation) coupled with a finite element
analysis methodology to be used when calculating P/T limits, as described in Section
1.4.2 of the NRC Safety Evaluation related to Topical Report CE NPSD-683-A, Revision
6 (Ref. 1). In addition, P/T curves based on the Kc equation will enhance overall plant
safety by opening the P/T operating window with the greatest safety benefit in the
region of low temperature operations. Thus, pursuant to 10 CFR 50. 12(a)(2)(ii), the
underlying purpose of the regulation will continue to be served.

Exemptions from the requirements of 10 CFR 50 Appendix G may be granted by the
“Commission in accordance with 10 CFR 50.12. For the reasons discussed below, the
exemption criteria in Section 50.12 are satisfied by this application.

3.1 Exemption is Authorized by Law

Title 10 CFR 50.12(a)(1) requires a demonstration that an exemption from NRC
regulations is authorized by law. This demonstration is found in 10 CFR 50.60 which
defines acceptance criteria for fracture prevention measures for normal _operation of
light water nuclear power reactors

Paragraph (a) of 10 CFR 50.60 requires that PVNGS Units 1, 2, and 3 meet the fracture
toughness and material surveillance program requirements for the reactor coolant
pressure boundary set forth in 10 CFR 50 Appendices G and H. Paragraph (b) of

10 CFR 50.60 advises that proposed alternatives to the described requirements in

10 CFR 50 Appendices G and H may be used when an exemption is granted by the
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Commission pursuant to 10 CFR 50.12. ‘Accordingly, this exemptlon request is
authorized by law, as required by Section 50. 12(a)(1)

3.2 Granting this Exemptlon W|II Not Present an Undue Risk to the Publlc
Health and Safety

| Title 10 CFR 50.12(a)(1) requires a demonstration that the gfantirig of an exemption
from the requirement in question will not present an undue risk to the public health and
safety. As demonstrated below, this exemption request fully satisfies this criterion.

Requirements to monitor and control the pressure and temperature imposed on the
PVNGS Units 1, 2, and 3 reactor coolant system pressure boundaries during heatup,
cooldown, testing and normal operation remain unchanged as a result of this exemption
-request. Further, any conceivable risk would be equivalent to that inherent in any other
license application where an exemption request to apply the Kc crack stress intensity
factors was permitted by the staff.

Any risk to the public health and safety created by granting this exemption request will
be mitigated by a number of factors. First, existing licensee programs and activities
which serve to ensure safe plant operation (e.g., operational, maintenance, engineering,
and corrective action programs and processes) will remain in effect during operation of -
PVNGS Units 1, 2, and 3. Second, the full array of NRC inspection and oversight
activities will remain in effect, including the agency's authority to shut down any or all
units at PVNGS. Third, these inspection and oversight activities will be further and fully
informed by NRC Staff review of this PVNGS license amendment request, which will
have been completed by the time the exemption request is granted. Fourth, no -
changes are made to the methods used to develop the PTLR nor to the application of
such P/T results to operation of the Palo Verde Nuclear Generating Station, therefore
granting the requested exemption will not present an undue risk to the health and safety
“of the public.

3.3  Granting this Exemption is Consistent with the Common Defense and
Security :

NRC requirements relating to maintaining the integrity of the reactor coolant system .
pressure boundary are fully met by this exemption request. The exemption requested in
no way affects the security or safeguards features or programs at PVYNGS. Such
features and programs will remain in full effect during the term of each unit's operating
license. Accordingly, grantlng the requested exemption is consistent with the common
defense and security.
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3.4 Special Circumstances Support the Issuance of an Exemption

- Title 10 CFR 50.12(a)(2) requires a showing of at least one of six “special -

- circumstances” to support issuance of the requested exemption. One of the special
circumstances identified in Section 50.12(a)(2) applies to this request, that is, the
application of the regulation in the particular circumstances is not necessary to achieve
the underlying purpose of the rule.

The underlying purpose of the regulations in 10 CFR Part 50, Appendix G, is to provide
an acceptable margin of safety against brittle failure of the RCS during any condition of
normal operation to which the pressure boundary may be subjected over its service
lifetime. Special circumstances, pursuant to 10 CFR 50.12(a)(2)(ii), apply to this
exemption request in that continued operation of PYNGS Units 1, 2, and 3 with P/T limit
curves developed in accordance with the ASME Code, Section Xl, Appendix G, without
the authorization to utilize the alternative Ky calculational methodology of CE NPSD-
683-A, Revision 6, is not necessary to achieve the underlying purpose of 10 CFR Part
50, Appendix G. Application of the calculational methodology documented in CE .
NPSD-683-A, Revision 6, in lieu of the calculational methodology specified in the ASME
Code, Section XI, Appendix G, provides an acceptable alternative evaluation procedure
that will continue to meet the underlying purpose of 10 CFR Part 50, Appendix G..

Therefore, APS requests an exemption based on the special circumstances of 10 CFR
50.12(a)(2)(ii), “Application of the regulation in the particular circumstances would not
serve the underlylng purpose of the rule or is not necessary to achleve the underlylng
purpose of the rule.” :

4.0 Precedent

The analysis methodology of CE NPSD-683-A employs an alternate finite element
analysis method for calculating stress intensity factors for the reactor pressure vessel
shell. Upon review of an application by Southern California Edison (SCE) for the San
Onofre Nuclear Generating Station (SONGS) Units 2 and 3 (Ref. 3), the NRC
determined that sufficient information was presented to assess the method for
calculating Kiv factors. Except for loading inputs, the staff found that the Ky calculation
methods, as applied to the P/T limits developed for SONGS-2 and -3, utilize finite
element analysis modeling in a manner that is similar to that endorsed by Appendix G of
the ASME Code. The staff also determined that only a slight non-conservative
difference existed between the P/T limits generated from the 1989 edition of Appendix
G to the ASME Code as compared to those generated using the methodology of CE
NPSD-683-A. The staff found this difference to be reasonable and consistent with the
expected improvements in P/T generation methods that have been incorporated into
later editions of Appendix G to the ASME Code. Therefore, the staff concluded that the
methodology of CE NPSD-683-A for generating P/T limits is equivalent to the current
methodology in the 1995 edition of Appendix G to the Code and is acceptable for P/T
limit applications. .
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Consistent with the conditions imposed by the staff's safety evaluation concerning
topical report CE NPSD-683-A, Revision 06, SCE’s January 12, 2006, submittal (Ref. 4)
included a request for an exemption from certain requirements of 10 CFR Part 50,
Appendix G when calculating P/T limits. The specific exemption requested involved the
application of CE Nuclear Steam Supply System finite element analysis methodology for
calculating Kju stress intensity values due to internal pressure loading rather than the
linear elastic fracture mechanics methods promulgated in Appendix G to 10 CFR 50 and
described in Appendix G to the ASME Code Section XI. The NRC staff authorized the
Southern California Edison exemption request in a letter dated June 5, 2006 (Ref. 5).

5.0 Conclusion

Title 10 CFR 50.60(b) permits licensees to use alternatives to the requirements of
Appendix G to Part 50 if an exemption is granted by the Commission pursuant to the
provisions and exemption acceptance criteria of 10 CFR 50.12. The staff has
previously granted permission to Southern California Edison through the exemption
request process to apply CE finite element methods and ASME Code Case N-640 to
the calculation of plant-specific P/T limits (Refs. 5 and 6).

Analytical procedures employed by Westinghouse to develop the PVNGS reactor vessel
P/T limits use the finite element analysis methods developed by Combustion
Engineering and the guidance found in Appendix G of ASME Section XI. Use of Ki¢
crack stress criteria to calculate the allowable fracture toughness when establishing P/T
limits for PVNGS is consistent with Section X! of the 2001 Edition of the ASME Code.
The justification presented in this application provides sufficient grounds for issuance of
the requested exemption to APS. '

As required by Section 50.12 of the NRC regulations, the exemption sought is
authorized by law, presents no undue risk to public health and safety, is consistent with
-the common defense and security, and is supported by special circumstances. A
thorough safety and technical review of the PVNGS PTLR and proposed changes to the
Technical Specifications by the staff are sufficient to provide reasonable assurance of
continued safe operation of PYNGS Units 1, 2, and 3 without increased risk to the
health and safety of the public and without any potential environmental impact.
Accordingly, APS respectfully requests that the NRC grant the exemption from the
requirements of Section IV.A.2 of Appendix G to 10 CFR Part 50 as applied to the
development of RCS pressure-temperature limits for PVNGS Units 1, 2, and 3.
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