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1.0 INTRODUCTION

In response to Generic Letter 8E-11, "NRC Position on Radiation Embrittiement of
Reactor Vessel Magterials and Its Ef;ect on Plant Operations,” Duguesne Light
Company (the 1icensee) proposed to revise the pressure/temperature (P/T) limits
in the Beaver V911¢{ Power Station Unit 1 Technical Specifications. The proposal
was documented in a letter from the 1icensee dated November 23. 1888, This
propesal also changes the effectiveness of the P/T limits for 9.5 effective

full roucr ears (EFPY). The proposed P/T 1imits were based on Regulatory Guide
(R&) 1.95, Revision 2. The proposed revision provides up-to-date P/T limits for
the operation of the reactor coolant system during heatup, cooldown, criticality,
and hydrotest,

To eveluate the P/T 1imits, the staff uses the fo11ou1ng"NRC regulations and
uidence: Appendices G and H of 10 CFR Part 50; the ASTM Standards and the ASME
ode, which are referenced in Appendices G and H; 10 CFR 50,36(c)(2); RG 1.99,

Rev. 2; Standard Review Plant (SKP) Section 5.3.2; end Generic Letter 88-11.

Each licensee authorized to operete & nuclear power reactor is required by

10 CFR 50.36 to provide Technical Specifications for the operation of the plant,
In particular, 10 CFR 50.36(c)(2) requires that limit‘ng conditions of operation
be included in the Technical Specifications. The P/T limits are among the limit-
ing conditions of operation in the Technica) Specifications for all commercial
nuclesr plants in the U.S. Appendices 6 and H of 10 CFR Part 50 describe specific
requirements for fracture toughness and reactor vessel materia) surveillance that
must be considered in setting P/T limits, An acceptable method for constructing
the P/T limits is described in SRP Section 5.3.2.

Appendix 6 of 10 CFR Part 50 specifies fracture toughness and testing requirements
for reactor vessel materials in accordarce with the ASME Code and, in particular,
thaet the beltline materials in the surveillance capsules be tested in accordance
with Appendix H of 10 CFR Part 50. Appendix H, in turn, refers to ASTM Standards.
These tests define the extent of vessel embrittlement at the time of capsule with-
drawe] in terms of the increase in reference temperature. Appendix 6 2lso re-
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quires the ifcersee to predict the effects of neutron frradietion on vesse) eme
brittlement by calculating the adjusted reference temperature (ART) end Charpy
upper shelf energy (USE). Generic Letter B8-1] requested that licensees and
pernittees usc the methods in RG 1,99, Rev, 2, to predict the effect of neutron
frradiation on reactor vesse) meterials., This guide defines the ART &s the sum
of unmirrediated reference temperature, the increase in reference temperature
resulting from neutron irradiation, end @ margin to rccount for uncertainties in
the prediction method,

Rppendix W of 10 CFR Part 50 requires the licensee to establish & surveillence
program to periodically withdraw surveillance capsules from the reactor vessel.
Appendix M refers to the ASTM Stendards which, in turn, require that the capsules
be installed in the vessel before startup and that they contain test specimens
ma?e1from plate, weldg, and heat-affected-zone (HAZ) neterials of the reactor
beltline,

2.0 EVALUATION

The staff evaluated the effect of neutron irracietion embrittlement on each belt-
1ine materiel in the beever Valley Unit 1 recctor vessel. The amount of neutron
irradiation embrittlenent was celculated in accordance with RG 1.99, Pev, 2. The
staff hes determined that the material with the highest ART at 8.5 EFPY for Beaver
Velley Unit 1 wes the lower shell plate (Be607.2) with (.14% copper (Cu), 0.62%
nickel (Ni), ¢~¢ an initie) RTngt ©F 73°F.

The licensee hat removed three surveillance capsules (V, U, and k) from Beaver
Velley Unit 1. The results from capsule V were published 11 kestinghouse Report
WCAP-9B60; the results from capsule U 1n WCAP-10867; and the results from capsule
W in WCAF-12006. A1 surveillance capsules conteinea Charpy impact specimers end
tensile specinens made from base metai, weld wete), and HAZ metal.

For the limiting beltline raterial, plate B6607-2, the staff celculated the ART
at 9.5 EFPY at 1,47 (7 = reactor vessel beltline thicknes,) to be 201.5°F and
175.6°F at 3/4T7. The stuff used @ fluence of 8,1E18 n/cm™ for 1/47 and 3.15E18
n/em® fer 3/8T. The ART was determined by Section 1 of RG 1.99, Rev. 2.

The licensee used the method in RG 1.99, Rev. 2, to calculate &n ART of 20Z°F at
9.5 EFPY at 1/4T and 176°F at 3/47 for the same limiting plate matcrial, The
staff judges that 2 difference of less than 1°F between the Yicensee's ART of
20Z°F and the staff's ART of 201.5°F is acceptable. Substituting the ART of 202°F
into equations in SRP 5.3.2, the staff verifiec that the proposed P/T limits for
heatup, cooldown, and hydrotest mee* the beltline material requirements in
Appendix G of 10 CFR Part 50.

In addition to beltlire meterials, Appendix G of 10 CFR Part 50 also imposes P/T
Timits based on the reference temperature for the reactor vessel closure flange
materials, Section IV.2 of Appendix G states that when the pressure exceeds 20?7
of the preservice system hydroststic test pressure, the temperature of the closure
1lange regions highly stressed by the bolt preclvad must exceed the reference
temperature of the materie) in those regions by at least 120°F tor normal opera-
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tion and by SO°F for hydrostetic gressuro tests end leak tests. Basec on the
fionga reference temperature of GO°F, the staff has determined that the proposed
P/T Twmits satisfy Section IV.2 of Appendix €.

Section IV.B of Appendix G requires thet the predicted Charpy USE at endg of 1ife
be above S0 ft-1b. Based on date from & surveillence cepsule withdrawn at 5,89
EFPY, the measured transverse Charpy USE 1s 58 ft-lb for the - or 3hell plate
meterial, BESC3-1. This 15 @ 26.2% reduction frow the unirrdu. . ced velue of 80
ft-1b. Using the method in RG 1.9%, Rev, 2, the predicted Cherpy USE of the lower
shel) plate material &t the end of T4fe will be below 50 ft-1b. The steff will
monitor the weld meta) Charpy USE from future surveillance capsules. The surveils
Yance capsule dete will provide early warning of the decreese in Charpy USE,
beceuse the surveillence capsule lead factors are greater than 1.0,

3.0 CONCLUSION

The staff concludes that the proposed P/T 1imits for the reactor coolant system
for heatup, cooldowr, Teak test, and critice)ity are velid through 9.5 EFPY be-
couse the fimits conform to the requirenents of Appendices G and K of 10 CFR Pert
50. The licensee's submitta) also setisfies Generic Letter B8-1]1 beceuse the
licensee used the method in RG 1,95, Kev, 2 to celculate the ART, Hence, the
roposeo P/T limits mey be incorporated into the Beaver Valley Unit 1 Technical
gpec1f1cations vie a8 future amendment.
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5.0 PRINCIPAL CONTRIBUTORS

John Tsao, with contractual assistance from the Idaho National Engineering
Laboratory. Report completed in November, 1989,



L0
~'l. .0'.‘

':0 5 UNITED STATES Enclosure 2
£ 2. NUCLEAR REGULATORY COMMISSION

v y WASHINGTON D C 20888

%M v

Treet

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

A0, NPE-73

DUQUESNE LIGHT COMPANY
BEAVER VALLEY POWER STATION, UNIT 2

DOCKET NO, 50-412

1.0 INTRODUCTION

In response to Generic Letter 8811, “NRC Position on Radiaiion Embrittlement of
Resctor Vessel Materials end Its !ffect on Plant Operations,” Duguesne Light
Company (the licensee) proposed to revise the pressure/temperature (P/T) 1imits
in the Beaver Valley Power Station, Unit 2 Technical Specifications, Section

3.4, The proposal was documented in 2 letter from the licensee dated November

€3, 1838, This proposal also changes the effectiveness of the P/T limits

from 10 to & effective full power years (EFPY). The proposed P/T limits were
developed based on Section 1 of Regulatory Guide (RG) 1,99, Revision 2. The
proposed revision provides up-to-oate P/T limits for the operation of the reactor
coolant system during heatup, cooldown, criticality, and hydrotest.

To evaluete the P/T limits, the staff uses the following NRC regulations and
uidance: Appendices f and H of 10 CFR Part 50; the ASTM Standards and the ASME
ode, which are referenced in Appendices G and H; 10 CFR 50.3€(c)(2); RG 1.99,

Rev. ¢; Standard Review Plant (SRP) Section 5.3.2; and Generic Letter 88-11.

Each licensee suthorized to operate & nuclear power reactor is required by

10 CFR 50.36 to provide Technica) Specifications for the operation of the plant,
In particular, 10 CFR 50.36(c)(2) requires that limiting conditions of operation
be included in the Technical Specifications, The P/T limits are among the limit-
ing conditions of ogeration in the Technical Specifications for all commercial
nuclear plants in the U.S. Apﬁendices € and H of 10 CFR Part 50 describe specific
requirements for fracture toughness and reactor vesse)! material surveillance that
must be considered in settin? P/T limits. An acceptable method for constructing
the P/T limits is described in SRP Section 5.3.2.

Appendix 6 of 10 CFR Part 50 specifies fracture toughness and testing requirements
for reactor vessel materials in accordance with the ASME Code and, in particular,
that the beltline materials in the surveillance capsules be tested in accordance
with Appendix H of 10 CFR Part 50. Appendix H, in turn, refers to ASTM Standards.
These tests define the extent of vessel embrittiement at the time of capsule with-
dravs] in terms of the increase in reference temperature. Appendix 6 also re-
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quires the licensee to predict the effects of neutron irradiatior cn vesse) en-
brittiement by caleuleting the adyusted reference temperature (ART) and Charpy
upper shelf energy (USE). Generic Letter B8-1! requested that licensees and
permittees use the methods in RG 1.99, Rev. 2 tu predict the effect of neutron
irrediation on reactor vesse)l materials, This guide defines the ART as the sum
of unirradiated reference temperature, the increzse in reference temperature
resulting from neutron irradietion, and & mergin to account for uncertainties in
the prediction method,

Appendix MW of 10 CFR Part 50 requires the licersee to establish a surveillance
rogram to perfodicelly withdraw surveillance cepsules from the reactor vesse),
ppendix H refers to the ASTM Standards which, in turn, reguire that the cepsules

be installed in the vesse) bafore startup and that they contein test specimens

za?.]from plate, weld, end heat-affected-zore (HAZ) meterials of the reactor
eltline,

2.0 EVALUATION

The staff eveluated the effect of neutron irradietion embrittlement on each belt-
iine materie’ 11 the Beaver Velley 2 reuctor vessel. The amount of neutron
irradiation embrittienent wes celculated in sccordance with RG 1,95, kev, 2. The
steff hes deteriiined that the materia’ with the highest ART at & EFPY was the
internediatg shel) plate with 0.07% copper (Cu), 9.53% nickel (Ni), and an initial
RYMt of 607F,

The Vicensee has not withdrawn any surveillence capsules from the Beaver Valiey
¢ reactor vessel. A1) six surveillance capsules contain Charpy impact specimens
and tensiie specimens made from bese metal, weld metal, and HAZ metal.

For the lamitin beltline materie), plate B5004.1, the steff calculeted the ART
10 be 327t &t ?/GT (T = reactor vesse) beltline thickness) for & EFPY. The neu-
tron fluence at 1/47 was estimeted to be 6.3E18 n/cm? for 5 EFPY, The ART was
determined by Section ] of RC 1,99, Rev, 2, because no surveillernce capsule deta
are aveilable,

The licensee used the method in RG 1.99, Rev. 2, to calculate an ART of 132YF &t

5 EEPY at 1/41 for the seme limiting plate material. Substituting the ART of
1327F into equations in SRP 5.3.2, the staff verified that the proposed P/T limits
for heatup, cooldown, and hydrotest meet the beltline material requirements in
Appendix G of 10 CFR Part 50,

In addition to beltline materials, Appendix 6 of 10 CFR Part 50 also imposes P/T
1imits besed on the reference temperature for the reactor vessel closure flange
materials, Section IV.2 of Appendix G states that when the pressure exceeds 20%
of the preservice system hydrostatic test pressure, the temperature of the closure
flange regions highly stressed by the bolt preload must eaceed the reference tem-
perature 8f the material in those regions v at leest 120°F for normal operetion
and by 90%F for hydrostatis pressuire tests rd leak tests. PBased on the 1iange
reference temperature of O°F, the staff has wetermingd that the proposed P/7T
Timits setisfy Section 1V.2 of Appendix 6.
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Section IV.B of Appendix G requires that the predicted Charpy USE at en! =f life
pe above 50 ft-1b, The materie]l with the lowest unirredieted USE 1s inieimediste
shell plate BOOD4-2 with 75,5 tt«1b, Based on its 0,074 Cu and Figure 2 of RG
1.59, Rev. 2, the EOL (32 EFPY) USE is predicted to be 53.6 ft-1b. This is
greater than 50 ft-1b and, therefore, is acceptable.

3.0 CONCLUSION

The staff concludes that the propossd P/T limits for the reacter coolent system
for heatup, cooldown, leek test, anc criticelity are valid through § EFPY because
the Mimits conform to the requirements of Appencices 6 and H of 10 CFR Part 60,
The licensee's submitta) also satisfies Generic Letter BB-11 because the licensee
used the method in K6 .99, Rev. 2 to celculete the ART, Hence, the proposed P/T
1imits mey be incorporeted into the Beever Velley Unit 2 Technical Specifications
via & fuiure amendment.
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