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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINOTCN, D.C. ZOU,.(1001 

Mr. W. Anthony Nowinowskl, 
Executive Direclor 
P\NR OtmerS Group, 

Program Management Officl3 
Westinghouse Electric Company 
1000 Westinghouse Drlvo. Sutte 380 
Cranberry Township, PA 16066 

December 12, 2019 

SUBJECT: FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR 
REGULATION FOR THE PRESSURIZED WATER REACTOR OWNERS GROUP 
TOPICAL REPORT PWROG-17090-NP, REVISION 0, "GENERIC ROTTERDAM 
FORGING AND WELD INITIAL UPPER-SHELF ENERGY DETERMINATION" 
(EPID L-2018-TOP-0017) 

Dear Mr. NowiOO',•/Ski: 

By letter dated April 6, 2018 (Agencywk1B Documents Acces.s and Management System 
(ADAMS) Package Accession No. ML 18114A173). the Presat.riz&d Waler Reactor Owners 
Group (PWROG} submitted Topl<:al Report (TR) PWROG-17090-NP. Revision (Rev.) 0, 
"Generic Rotterdam Forging and Weld Initial Upper-Shelf Energy De\ennlnation· (ADAMS 
No. Ml 18114A183) for the U.S. Nuclear Regulatory Commission (NRC) review and approval. 
Additional lnfonnatlo!l relatod to PWROG-17090-NP, Rev. 0 ','/88 stlbmltted by letterdote{j 
Juno 12, 2019 (ADM1S No. ML19170A06), In response loo request foraddltional information 
(RAI) from the NRC staff. By letter datod October 7, 2019 (ADAMS No. ML 19284A400), lhe 
PWROG submitted commenm to the draft Safety Evaluation (SE) and requested that the NRC 
prepare the final SE for PWROG-17090-NP against Re\/. 0. 

Tho NRC staff has re'liewed tho TR end its supplemental Information, and based on the 
evaluation in Sectioo 4.0 of lhe enclosed SE, finds that lhe TR. as modrfled by tha SE. provido:l 
conservative estimates of gonerio varues of the unlrradiated Charpy Upper-SM!f Energy {USE) 
for American Society of Mechanical Englneers (ASAfE) SJ\508, Oass 2 (or the correspondrng 
American Society for Testing and Materials (ASTM) A508, Class 2) reactor vessel (RV) forgings 
lhat were fabricated by the Rotterdam Dookyard Company (Rotterdam); and generic valuas of 
unlrradlated Charpy USE, weight percentage copper (Cu) contont, and weight percentage nickol 
(Ni) cootont for RV Submerged Arc Welds (SAWs) and Shleldad Wiota! Arc Welds (SMAWs) 
based on the material classes spocified In the TR. 

As stated in PWROG's submtttal lettef' dated April 6, 2018, llcanaoos will reference tho 
P'NROG-17090-NP, Rev. O TR as the basis for the QOOOric USE. Cu content, and Ni conlont 
vi:ilues to demonstrate complionce with Title 10 of the Coda of Federal Regulstions (10 CFR) 
Pert 50, Appendix G requtroments tor exteooed operating license terms when plant-specific RV 
material 111fonnatlon is not available, or rncomplele. Thls TR Is tor implemsntation by nil U.S. 
PWRs with RVs fabricated by Rotterdam ln I.he late 1960's and early 1970's t1meframe. 
AppHcarits who utilize tho TR win be requn-ed lO adhere to tho conditions lhat the NRC staff 
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W. Nowinowskl • 2.. 

impose in the SE and &hall be suq'ect lo NRC staff review and approval on a case.by-case 
basis. 

By letter dated September 11, 2019 {ADAMS No. Ml 1922A259), thO NRC sroff prowled tha 
draft SE to th& FWROG for review and commenl By letter dated October 7, 2019 {ADAMS 
No. ML 19284A400), the PWROG provlded comments on the draft SE_ The NRC 
staffs disposition tabto for the draft SE comments is in the SE. 

In accordance with the gukjance provided on the NRC website, the NRC st.iff reque$1S that the 
PWROO publish approve<! versions of PWR~17WO-NP, Re\llslon O withfn 3 months of 
receipt of lhls letter, Tho oppro'ie<l version shall incorporate thls iettor and tho enclosed final SE 
after the tltw page. Also. the approved versions must contain hl&torlcill review Information, 
lncludtng NRC roquosts for additlonal Information (RAls) and tho corresponding RAI responses. 
Toe approved versions shall include an "-A" (designating approve{!) fo~owino tho TR 
identificatfon symbol As an alternative to lndudlng the request for RAls and RAI responses 
behind lhc titlo page, if change:1 to the TR were provided to the NRC staff to support the 
resok.rtion of RAJ reepon$eS, and If the NRC staff reviavRd and approved those changes 86 
descnbed in I.he RAJ responses, there are two ways that the accepted VErsion can capture the 
RAls: 

1. Too RAfs and RAJ responses can be Included as an Appendix to the accepted version 
2. The RAIS and RAI responses can be ca~ured in the rotn1 of a table (inserted after lhe 

final SE) which summarizes the changes as shown m the approved version of the TR 
The table should reference th& specific RAls and RAI responses \'i'hlch resulted in any 
changes, as shovm in the accepted version of lhe TR 

If future changes to lhe NRC's regulatory req1.11rements affect the a~eptt.1bH1ly of these TRs, 
P\/JROG wffl be expacted to revise the TRs approprtatefy (X jUBtify their continued appllcabllrty 
for subsequent referencing. Llconseas referencing these TRs would be expected to Justify their 
continued appllc.ibllity or evaluate their pfant using the revised TRs, 

If you have any questions. please contact Lesfie Relds at 301-415-1186. 

Docket No. 99902037 

Enclosure: 
Final SE {Non-proprietary) 
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2.0 BACKGROUND AND REGULATORY EVALUATION 

Background - Generic RV Prooertfes, Aopl/cauon to RV Fracture Toughness EvaJuat/00§ 

Terms such as "genectc values," •generic data: or &best estimate values," etc. are often used In 
Industry reports and In NRC staff publications for addressing certain RV materfal properties that 
are based on statistical evaluation of a set of ortginal fabrtcatloo data for a "dass" of RV 
material2. Data seis such as those provided In the TR are developed from available RV 
fabricatJon records for multipta plants and are often appUcable to certain plant and/or RV 
material categortes. When used in ncansmg appOcations for meefinQ regulatory requirements 
discussed below, generic RV matertal properties are- subject to revfew and approval by the NRC 
staff. 

When approved by the NRG staff, generic RV material properties may be tmplemented In 
plant-specific licensing appOcations to demonstrate compliance with the requirements of 
10 CFR Part 50, Appendix G, "Fracture Toughness Requlrements.m For PWR plants, generic 
RV material properfles may also be tmplemented In applications for addressing the 
requirements of 10 CFR 50.61, "Fracture toughness requfrernents for protectJon against 
pressUJizecl thermal shock events," or the requirements of 1D CFR 50.61 a, "Attemate fracture 
tougmess requirements for protection against pressurized thermal shock events," as 
appropriate. In applfcatlons for License Renewal (LR) and Subsequent License Renewal (SLR) 
under 10 CFR Part 54, genenc properties may be used in RV neutron embrittlement evaluations 
to meet the technical Information requlrements for TI.AAs, as set forth in 10 CFR 5421 (c){1). 
TLAA evaluations related to RV neutron embrittlement, pursuant to 1D CFR 5421(c)(1 ), rely 
upon demonstrations tflat the above 10 CFR Part 50 fracture tooghnsss requirements are · 
satisfied (or will be satisfied) tor proposed extended ncense terms_ It should be noted that whne 
Qenertc properties are used as inputs into time-dependent neutron embnttlement anafyses, the 
properties themselves.are fixed based on the evaluation of available RV fabrtcatton data for the 
preseJVice (unlrradlated) condrtlon, and once approved they become tnoorporated tnto a plant's 
ncenstng basis documentation3• 

Fracwre Touqlme.ss Real.Jirements and Guidanca - Fenitic RCPB and RV Be/tJine Mat§dals 

Pursuant to Section rv .A of 10 CFR Part 50, AppendLX G, pressure-retalnlng components of the 
reactor coolant pressure boundary {RCPB) that are made of ferrttic materfals must meet the 
reqlirements of the ASME Boller and Pressure Vessel Code (Code), Section Ill. as 
supp!emented by the additional requirements set forth in paragraph 1\1 A 1, "Reactor Vessel 
Charpy Upper-Shelf Energy Requirements," and paragraph IV A.2, "Pressure-Temperature 

2 For genenc valuM; of the inrti!ll (unirradlotecl) reference temperature (RTNDT), 10 CFR 50.61, 50.61a; 
and NRC Regulatory Guide U19, Revision 2, stete that the "class" ot m8terial is genemRy determined for 
welds by the type of welding fill)( (e.g., Linde 80 or other), and for base metal by the mall!llal 
specffirotion The material speclflcafioo ls generaily the ASTM or ASME standard !peCfficatlon 
(e.g_, ASME Section II, SA508, Class 2 or other). · 
3 NRC Branch Technical Posi6on 5-3, Posibon 1.3, "Reporting Reqwements,m states "Fracture toughness 
ilfO!Tllll.bon idemified by the ASME Code and by Appendix G, 10 CFR Pmt 50, should be reported in the 
final safety analysis report (FSAR) to provide a basis for evaluatfrl~ the adequacy of the operating 
!irritations gr.·en in the [tectmlcal speciffcatloos] or [pressure-temperature limits report].· 

vii 

PWROG-17090-NP-A January 2020 
Rev1s1on O 



WESTINGHOUSE NON-PROPRIETARY CLASS 3 

-3-

Limits and Minimum Temperature Requirements, a of tha Rule. With respect to Charpy USE 
reqUiraments, paragraph IV A 1.a of 10 CFR Part 50 Appendix G states: 

Reactor vessel beltiine materials must have Charpy upper-shelf eneray1 in the 
transverse direction [i.e., weak direction] for base metal and along th8 weld for 
weld material according to the ASME Code [Section Ill], of no less than 75 ft-lbs. 
( 102 JJ 1mtia/ly and must maintain Charpy Upper-shelf energy throughout the Jffe 
of the vessel of no Jass than 50 ft-lbs., t.mless ff is demonstrated in a manner 
approved by the Director, [NRRJ or Director, [NROJ, as appropriate, that Fower 
values of C/larpy upper-shelf energy wifl µrovkie margins of S8fety against 
fracture equivalent to those required by Appendix G of Section XI of the ASME 
Code. 

Nata 1 of this paragraph states that Charpy USE is defined In ASTh1 Standard E185-82, 
"Standard Practice for Conducting SUrveiiaoce Tests for Light water Cooled Nuclear Power 
ReactorVesselsa (Ret 3) which is incorporated by reference In 10 CFR Part 50, Appendlx H. 
Section 4 of ASTM E185--82 provk!es the following deflntt!ons that are appficable to the 
determination of Charpy USE based on actual Charpy V-Notch lrnpact Tests (also referred to in 
thfs SE as "maasureci values of Charpy USE). 

• Paragraph 4.17 defiles the uCharpy transition curvaa as a graphfc.presentatlon of 
Charpy data, Including absorbed energy, lateral· expansion, ar11f fracture appearance, 
extending over a range fncludlni;;i the lower shelf energy (less than (<) 5 percent shaar}, 
the transition region, and the upper-shelf energy (greater than {>) 95 percent shear). 

• Paragraph 4.18 defines the "'upper shelf energy teveF as the average energy vaJue for aD 
Charpy specimens (normally three) whose test temperature 1s above the upper end of 
the transition regfon. For specimens tested in se!s of three at each test temperature, the 
set having the highest average may be regarded as defirnng the upper-sheV energy. 

SecHon IV .A of 10 CFR Part 50, Appendix G states that for feJiitic materials that are part of the 
RV "Beltrme Reglon,0 as daffned4 ti Section II of the Rule, the values of the reference 
temperature (RT r,m, also defined in Section II of the Rufe) and Charpy USE must account for 
tile effects of neutron radiation, lnclucttng the results of the RV surveDlance program required by 
10 CFR Part 50, Appendix H. For protection of PWR RVs against pressurtzed thermal shock 
(PTS) events, 10 CFR 50.61 also requires that the RT NDT for RV beltline mater1als account for 
the effects of neutron radiation. Tos regulation at 10 CFR 50.61 deflne:s RT ?TS as the RT .NOT 

evaluated for the ~EOL Fluence~ for each of the RV beltline materfals, using the procedures in 
10 CFR 50.61 (c). Tha regulation of 10 CFR 50.61 defiles EOL Fluence as the IJast-asttmate 
neutron fluence projected for a spedflc RV bettlne material at tt,e dad-base-metal Interface at 
the location where the mater1a! receives the highest ffuence on the expiration date of the 
operattno license. For PWR plants 1mplementlng the alternate PTS protectmn raqurrements of 
10 CFR 50.61a, 1 o CFR 50.61a{c){1) requires that each ncensee shall have projected values of 
RT IW,X-X, as defined In 1 D CFR 50.61 a(a)( 6}, for each RV be!tllne matertaJ for the EOL flue nee of 
the matenaJ. ' 

"'Section n of 10 CFR Part 50, Appencix G defines the RV beftine as the region offhe RV (lnciudm~ 
welds, heat affected zones, and pfates or fo!9ings) that cirectJy su rround9 the effective height of the 
acffve core and adj a.cent reQions o! the RV that are pre<f ictad to expenence sufficient neutron radiation 
damage to be considered In the selection of the moot limiting material with regord to radlatioo damage. 
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The NRC Regulatory Issue Summary (RJS) 2014-11 (Ref. 4) identlfles that the beltllne definition 
In 10' CFR Part 50, Appendix G Is applicable to all RV ferrtt!c materials with projected neutron 
fluence values greater than 1.0 x 1017 n/cm2 (E > 1.0 MeV), and this f!uence threshold remains 
applicable throughout the licensed operating period. Accorcfingly, RIS 2014-11 states that the 
effects of neutron radiaHon must be conslderad for any RV locations that are predicted to 
expenence a neutron fluence exposure greater than 1.0 x 1017 n/cm2 (E > 1.0 MeV) at the end 
of the Ucensed operatr~ pertod; this Includes penods of extended operation for LR and SLR. 

In order to account for the effects of neutron embrfttlement on RV beltline matertals, Regulatmy 
Guide (RG) 1.99, Rev. 2 (Ref. 5) specifies methods for calculatrno projected values of Charpy 
USE and adjUsted RT r,«:rr due to neutron fluence exposure. Procedures tor calculating RT Pm 

are specfffed directly In 10 CFR 50.61(c); ancl procedures for calcul~ RT wx-x are spedfiecl ln 
paragraphs (f) and (g) of 10 CFR 50.61a For RY beltline materials that are not represented in 
Ille RV survelllanca program, RG 1.99, Rev. 2 provides methods for direct calculation of 
projected values of Charpy USE and aclJusted RT 1'DT based on the weloht percentage Cu and NJ 
content and projectecl neutron fluence exposure of the RV belfflne materials. The regulation at 
10 CFR 50.61 spocrfies methods for direct calculation of RT P'Tll based on weight pa~ CU 
and NI content and EOL f!uenca. Per RG 1.99, Rev. 2, only the- CU content Is needed to 
determine the proJected percentage decrease In USE as a function of projected neutron fluence 
per Figure 2 of the RG. Per RG 1.99, Rev. 2 and 10 CFR 50.61, both Cu and Ni content are 
needed in Oider to detemune flle chemistry factor (CF) for the material using CF Tables 
provided therein. For RV belttine materials, the product of the CF and the neutron fluence 
factor (FF) detem,rnes the projected mean value of the shift ln RT NDT {fl.RT wr). These 
procedures spaclfy that tha projected value of the adjusted RT NOT (or RT PTS under 
10 CFR 50.61) Is equal to the sum ot the values of unirradiated (lnitlaO RT r,vr, ilRT NOT, and a 
margin term (M). For PWR plants implementing the alternate PTS protectkxl requirements of 
10 CFR 50.61 a, caJculatfon procedures 11 Paragraphs {g) and (f) of this Rule specify more 
detaled Inputs and equations for calculatlng RT MAX-x; these 10PutS Include, among other tilings, 
Cu content, Ni content, phosphorus (P) content, manganese {Mn) content, and EOL neutron 
fluence. 

If the RV beltlfne materials are represented fn the RV surveUlance prooram, RG 1.99, Rev. 2 
and 10 CFR 50.61 specify methods for calculatfng projected USE, aclJusted RT P-DT, and RT PTB 

tllat are based on measurements of percen~e decrease In Charpy USE and aRT ~ from 
Charpy impact tests of lrracfiated surveillance materials. For PWR plants Implementing the 
alternate PTS protectJon requirements of 10 CFR 50.61a, paragraph (f){6)0} of this Rule 
specifies that the ~censee sha.n evaluate the results from a plant-specific or lnt~ted 
surveillance program if the surveillance data sattsty the criteria desctibecl In paraQraPhs 
(f){6){i)(A) and (f}(6)(!)(8) of this section. 

Regufrements and GUtdance, Preservfce Fracture Toughness Tesm, and Analysis of Test Data 

Pursuant ro 10 CFR Part 50, Appendix G, SectJon Ill, "Fracture TouQhness Tests.0 fenitic 
materials for pressure-retaining components of the RCPB must be tested In accordance with the 
ASME Gode, SectJon Ill ancl, for RV beltline matena/s, the RV surveillance program test 
req1.1rements of 10 CFR Part 50, AppencflX H, In order to demonstrate compliance with the 
fracture touwiness r~ements in Section IV .A of the Rule. For c11 RV that was constructed to 
an Edition and Addenda of the ASME Code, Section Ill earlier than the Summer 19n Addenda 
of the 1971 Ecfltfon, Section Ill of 10 CFR Part 50, Appendix G states the fracture toughness 
data and data analyses must be supplemented In a manner approved by the NRC to 
demonstrate equivalence with these fracture toughness requirements. 
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The NRG guidance In NUREG-0800, Branch Technical Position (BTP) 5-3 {Raf. 6), states that 
the preservlce fracture toughness test requirements for plants with construction permits Issued 
prtor to August 15, 1973, may not comply with the later Codes and Regulations in all respects. 
Accorcillg!y, Section 8.1, "Preservlce Fracture To~hnass Test Requirements," of BTP 5-3 
recommends that the preserv1ce fracture toUQhness properti~pecfffcally, unirradlated RT NOT 

and lllirracfiated Charpy USE-of the ferrltlc materials for these plants should be assessed by 
using the available test data to estimate the preservice fracture toughness properties in the 
same terms as the new requirements. 

Wrth respect to estimation or Charpy USE klr the preservice {ooirradfated) condftfon. 
Ppsition 12 of BTP 5-3 specrfies that if Charpy Impact tests ~re only conducted on longltudinal 
specimens (Le .• Charpy V-Notch specimens oriented In the strong dlrectfon), the Charpy USE 
values should be reduced to 65 percent of the measured Jonottudinal values to estimate the 
transverse USE (i.a, USE for the weak cf1rection). 

For cases where there rs Insufficient tast data In •Cett!ffed Material Test Reports" (CMTRs5) to 
estab~sh measured values of these properties for a plant's own RV materials6 using. BTP 5-3 
methods, the implementation of NRG-approved genertc estimates based on generic data for a 
material ·c1ass· may be appropriate, especially for older plants. The regulations at 
10 CFR 50.61, 10 CFR 50.61a, and RG 1.99, Rev. 2 have provisions that address the use of 
genetic data to demonstrate compnance wttn these fracture toughness requirements. Toe 
staffs over.riew ot criteria for use of gene rte data, as applied to the determfnatloo of ~enertc 
values of unirradiated Charpy USE, CU content, and Ni content, is provided below. 

Generic Values tor Unirradiated Charoy USE. cu Content and Ni Content 

The NRC regulations and, guidance In 10 CFR Part 50, Appendix 6 and RG 1.99, Rev. 2 do not 
provide explicit criterta regarding tha lmplementatlon of generic unrrradlated USE values for a 
"class· of matenal for the praservlce conaltlon. However, with respect to oenertc values of inma.J 
(unirradiated) RT HOT that are used for P-T limits and PTS evaluations, 10 CFR 50.61 and 
RG 1.99, Rev. 2 both state that If a measured value of lnttlal RT NOT is not avaliable, a generic 
mean value of initial RT NOT for the ·dass" of material (as specified above) may be used if there 
are sufficient test results to establlsh a mean and standard deviation (cr) for the class.. Per 
RG 1.99, Rav. 2 and 10 CFR 50.61, the standard deviation on l1itial _RT MIT rs ·at (referred to as 
"mJ°'i111J CFR 50.61) and Is fncorporated Into the calculation of the adjusted RTr,m (or RT F'l"S} 
due to the effects of neutron embrfttlement by usf~ a margin term, "M." Equation (4) of the RG 

5 For later Edibons and Addenda of Che ASME Code, Section Ill, Cmtffled Meterfal Test Reports. as 
delined !n NCA-9200 of ASME Section Ill, are required for Class 1 pressure-retalnlng materiole, as 
specified n NB-2130. For lmpactte&Jng offerrtbc RPCB materials in accordance with NB-2300, tl'latast 
results, test temperatures, specimen orienmtion and location, etc, as applicable, for all impact tests 
(Charpy V-Notch Tests and Drop Weig htTests) performed to meet the requfrern ents of N B-2330 shall be 
reported In the CMTR, BS specified in NB-2321 (later Editions and Addenda of ASME Section Ill). 
1 For the regulatory appHcafiooo addressed herein, plant-specific RV materims ere often identified using e 
specific component identifier and an Kleliltifier for the specific 'near (stated tonnage of metal obtained 
from a period of continuous meltin~) of material used to fabricate the plant's RV weld, forgfng, or plate. 
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and Equation (2) of 10 CFR 50.61 specify the same expression for the margin term, which is 
shown below: 

M=2xJa;+~ 
If on~/ the preseJVice condition for the RV material is considered, the ilRT XDT term and the 
standard deviation on .a.RT r.,l)T (crJ) are eliminated, and the expression for the margin term on 
Initial RT NDT reduces to tw1ce the standard deviation on initial RT NDT {2crJ. Thus, the generic 
value of fnffial RT NDT for the material class equals the mean value plus 2m. Equivalently, for 
determlnations of a generic value ot un[rradlated Charpy USE, where only the standard 
deviation on the unfrradiatecl property is considered, the approJ)liate value for a bounding 
statisbcal representation of the property for a dass of material is the mean value minus two 
standard devfations (Mean - 2cr), since rower USE values are more bounding (as opposed to 
RT NDT, where hfgher values are more bounding). 

If measured vak.les of CU and N1 content for pf ant-specific RY beltnne matelials are not 
available, Poslt!on 1.1 of RG 1.99, Rev. 2 ano 10 CFR 50.61{c)(1)fiv)(A) provide equivalent 
criteria regarding the use of generic values. Spedffcany, If measured Cu and Ni content are 
unknown. "the upper limiting values given fn the materfaJ speclticatfons~ may be used. If the 
material specifications provide no upper limiting values, conservative estimates (Mean+ 1a) 
based on generic data may be used if JUStiflcatlon Is provided. lt there is no fnfomiabon 
avalla.ble baseo on measure-d content, material speciflcations, or conservative estimates 
(Mean+ 1o) from generic data, ~o.35 percent copper and 1.00 percent nicker must be 
assumed. For calcuJat!ons of RTr.t",)(.x, 10 CFR 50.61 a(f)(3) states that If measured values of 
CU, Ni, P. and Mn content are not available for the specific RV matenal, either the upper nmltfng 
values given in the material specfficatlons to which the RV matenal was fablicated, or 
conseJVatlve estimates (1.e.., mean plus one standard deVJaUon) based oo genelic data must be 
used. Table 4 of 10 CFR 50'.61 a provides the genenc values for P and Mn content, wtlich must 
be used, tf measured values are unknown for the specific RY material. 

Fmally, with respect to determlnaboo of genenc values of Cu and NI content based on 
evaluation of Mean + 1 cr for Qenelic data. Note 4 of 1 O CFR 50.61 (c}(1 l(rv)(A) and Note 4 of 
10 CFR 50.61a{f)(3-) state: ·aata from reactor vessels fabrfC8ted to the same materfal 
specification in the same shop as the vessel in question and in the same time period is an 
example of 'generic data~ 

The NRG staff applied these crttena to determine whether the TR evaluabons provide 
acceptable generic estimates of unirrad1ated Charpy USE, Cu Conten~ and Ni content for use Ul 
plant ticensino applications to demonstrate compliance wtth the requf rements of 
10 CFR Part 50, Appendix G; 10 CFR 50.61 or 50.61a; and 10 CFR 54.21 (c)(1 ). 

3.0 OVERVIEW OF PWROG-17090-NP, REV1SION 0 

For RVs fabncated by Rotterdam, the TR provides generic values of unlrradlated Charpy USE 
tor ASME SA508, Class 2 (or the corresponding ASTM A508, Class 2) forg111gs and generic 
values of i.mirradlated Charpy USE, Cu content, and Ni content for SAWs and SMAWs when no 
or limrted plant-specific material information is available. These genenc values are developed 
uslno baseline (unilr.3.diated) test data from RV material surveillance program records and 
CMTRs that are available to Westinghouse. The TR idenbfies that the need for these ~eneric 
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properties Is prompted by the difflcufty In lclentlfylng plant-specific matertal !nfom,at!on needed 
to establish measured values for these properUes for Rotterdam RVs fablicated in the ~late 
1960's to earfy 1970's.D The proposed generic values for these mater1at properties are as 
fo[lows: 

• For an SA508, Class 2 Rotterdam RV forging supplled by RhelllStahl Huttenwer1<e AG, 
the TR provides a generic lower bound Charpy USE value of 56 ff-lbs., ~ased on the 
mean minus two standard deviations (Mean - 2o) evaluation of measured USE values 
for the Rheilstahl HuttenweIBe AG data set 

• For an SA508, Ctass 2 Rotterdam RV forging supplied by Fried-Krupp Huttenwerl<e AG, 
or an unknown .Rotterdam RV forging supplier, the TR provides a Qeneric lower bound 
Charpy USE value of 52 ft-fbs. based on the Mean - 2o evaluation of me~ured USE 
values for the Fried-Krupp Huttenwerke AG data set, and consideration of additional 
Charpy USE data for oth9.rforgf119 suppliers addressed in. Section 4.3 of the TR and 
discussed below. 

• For a Rotterdam RV SAW, the TR provides a generic lower bound Charpy USE value of 
75 ft-lbs. based on the Mean - 2o evaluaUon of measured USE values for the Rotterdam 
RV SAW data set The TR also provides a generic upper bound Cu content of 
023 percent by weight and a genertc upper bound Ni content of 0.56 percent by weight, 
both of which are based,on the mean plus one standard deviation {Mean + 1cr) 
evaluation for the Rotterdam RV SAW Cu and. NI chemisb:y data. 

• For a Rotterdam RV SMAW,. flle TR provides a generic lower bound Charpy USE value 
of n ft-lbs., which is the lowest of the iower bound USE valuesD (as described in 
Sections 32 and 52 for the Rotterdam SMAW evaluation) for the nOJH>Utller SMAW 
weld heats_ The lower bound USE values are deternmed from measured absorbed . 
Impact energies for the SMAW CharpyV-Notch tests, which are establlshad to be below 
an undetermined USE based on Charpy test temperatures at 10.4 °F or below and 
available percent shear data. The TR recommends a !Jenenc Cu content of 0_35 percent 
per RG 1.99, Rev. 2, and it provides a generic upper bound Ni content of'1.13 percent 
~reater than the .genenc NI content of 1.00 percent provided rn the RG) based on the 
Mean + 1o evaluation for the Rotterdam .RV SMAW Ni chemlstiy data:. 

Section 3_0 of the TR describes the methooofogy for anafyzin!J the materfal property data for the 
subject Rotterdam RV f~ngs and welds_ Sedion 4.0 of the TR provides the actual data sets 
and statistical analyses for determln!ml the generic values of lflfrradlated Charpy USE for 
Rotterdam RV f~ing matertars. Section 5_0 provides the data sets and analyses for 
determining the generic values of unirradiatad Charpy USE, Cu content, and Nl content for 
Rotterdam RV weld materials. The NRC statrs Independent evaluation of these methods and 
data analyses is documented in Section 4.0 of ttlis SE The key aspects of the methodology 
and data analyses, as reported in TR, are summarized bebw_ 

Genenc Charoy USE Values for SA508, Class 2 Forainqs fn Rotterdam RVs 

The TR 1dentlffes that rts generic Charpy USE values are determined by calcufatmg the 
Mean - 2o for two independent sets of measured Charpy USE values In the weak direction. 
The two Independent data sets correspond to two Rotterdam RVforu[ng suppllers: Rheinstahl 
HuttenweJ1,;e AG and Flied-Krupp Huttenwerke AG. The TR indicates that measured USE 
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values were determined by revtewlng Charpy impact test records from avalfabla CMTRs and 
baseline (unfrradlated} Charpy test data from RV material swvelllance program records. The 
total number of Charpy test records for foroings suppijed by Rheinstahl Huttenwerke AG ls 38, 
and the total number of test records for Fried-Krupp Huttenwerke AG-supplied forolngs Is 67. 
Each Charpy test record corresponds to a subset of Charpy Impact tests on samples 
(I.e., ChaIJ)y V-Notcil specimens) of a specffic forging material for an unnamed plant (e.g., "Inlet 
Nozzle 09" for "Pfant D, • "Upper Shell" for "Plant C, • etc.). For each test record, the TR 
reviewed measurements of absorbed Charpy Impact energies, test temperatures, and 
measurements of percentage shear fracture surface areas (percent shear) for the fractured 
Charpy specimens (I.e., the broken pieces). 

For each Charpy test record, the TR determined either a measured value of the USE for that 
torgfng materlal--or where this Is not possible due to less strimient Impact testing crtterla prior 
to 1973-a measured value of the absorbed Charpy Impact energy, which Is considered in the 
TR to be a rower bound on actual USE for that fo~g. For these cases, the USE Is identtfied in 
the TR as being greater than or equal to {:l!:) the reported absorbed impact energy. 

Only measured USE values for Charpy tests-on forgfng specimens oriented in the weak 
c!lrectlon (transverse specimens) are used to calculate the recommended Mean - 2o values for 
the two forging supplier data sets. For cases where measured USE values are available only In 
the strong direction Oongitudfna.l specimens), or where the strong dlf8ciion must be assumed 
because the Charpy V-Notch specimen orientation was not reported in the CMTR, tne TR 
estimates USE in the weak dfrec:tion using'Posrtlon 12 ofBTP 5-3; specifically, the weak 
dlrectloo USE is estimated to be 65 percent of the measured stro~ dlrecflon USE. These 
reduced values of measured strong dlrectlon USE ~ reported In the data sets as the "BTP 5-3" 
USE values. Separate l'Y1ean - 2cr calculations are also reported for both the measw-ed 
"BTP 5-3~ USE values and the full complement of measured USE values and estfmated lower 
bol.lld USE values to contextualize and Justify the recommended generic values. However, It 
must be emphasized that the TR's recommended !Jeneric USE values are set equal to the 
calculated Mean - 2cr values 2!!lY. for Charpy USE data that is measured in the weak dfrection. 

Toe TR states that all measured USE values for Charpy tests In both the strong and Y'i'0ak 
directions are detemllned as per the follOWU1g criterta: 

• For a giVen forging ChaJpy test record, the TR attempts to determine a value ror USE 
based on available percent shear measurements in a manner that Is consistent with 
ASTM E185-82 Spacffically, ff the Charpy test data for the forging material contains 
at feast one impact energy measurement With ~reater than or equal to 95 percent shear 
(l.e-~ ~ 95 percent shean, but some of the lll1)act energy measurements report no 
percent shear values, au impact energies approximately greater Utan or equal to those 
that are known to exhibit.!: 95 percent shear are assumed to have ~ 95 percent sllear. 
AJJ -non-outlier" impact enerw measurements with~ 95 percent shear are averaged to 
determine the measured-USE, which is reported In the lR for the forging test record. 

• TR states that If the Charpy test recorcl contains limited or no percent shear data, 
however the upper-sllelf region ol the Charpy curve can be cleaJty determined from the 
data provkled, the USE is ldentlffed by an approximately constant energy versus 
temperature reQlon. As an example, the TR Identifies cases where data pofnts at four 
temperatures over a 50 "F range exhibited Impact energy values wffllm a scatter of 1 O"F 
or less. TR states that the existence of the upper-sheU region ts confirmed by plotting 
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the rm pact energy data and identifyinQ ff the plot levels off at higller temperatures. The 
reported USE reprasants an average of all Ch31py energy values considered to be ln the 
upper-shelf rejJlon. 

In addition to measurements of actual USE, the TR also reports measured values of the 
absorbed Charpy Impact enerOY ln the strong direction for which actual USE is undetemiiled. 
For these cases, the reported Charpy impact enerw Is considered to represent a lower bound 
on actual USE for the forging, and file WlknO\'m USE ls therefore reported to be greater than or 
equal to the rep<irted Cflarpy lrripact energy. Further, since these Impact energies are an 
measured in the strong cf!rection, the TR provides BTP 5-3 estimates ot absorbed Impact 
energies In the weak direction, which are 65 percent of. the measured fmpact en~es in the 
strong direction. These cases are an destgnated In the TR as "USE ~ XX." where the value of 

. "XX" IS a number that equals the reported Charpy Impact energy, and they are also reported as 
"BTP 5-3D values. The TR's cntena for determfn~ that UUSE ::: XX," where ·xx is a nwnter 
that equals the reported Impact energy are as foUows: 

• The TR states that if the tsst record reports percent shear values, but au data indicates a 
percent shear lass than 95 percent, the USE is reported to be greater than or equal to 
the maximum Charpy Impact eneiw. Toe reported Impact energy is not Incorporated 
into the caJculatfon of the recommended Mean - 2<J value since this recommended 
Qeneric value is based exch.Jsfvely on the measured weak direction USE values. 

• The TR states that ff the test record included lirnled shear data or cfld not include shear 
data, and Charpy Impact energies are Increasing thro~out the temperature range 
available, it is urumown If the upper-shelf has bean readle{I_ The TR states that the 
USE is reported to be greater or equal to the hiQhest Charpy Impact enefOY value 
avaflable; or ff the highest data .polnt is determfned to be a. potentJal 'ouH!er' or a 
non-representative data pomt, the USE Is reported as greater than or equal to a value 
less than the highest ener~ value based on the avera!;Je of the comparable preceding 
data points. In these Instances, the reported Impact energy ts not incorporated into the 
calculation of the genertc 'USE. 

In addition to data sets for SA508, Class 2 forg[JllJS supplied by Rheinstahl Hutterruerke AG and 
Fried-Krupp Huttenwerke AG, the TR also reports Charpy impact energfes and USE data for 
several other firms who supplied SA508, Class 2 toru~s to Rotterdam; these lndude 
K!Ocimer-Werke AG, Teml, Marrel-Freres, and an unl<Jlown supplier. The Cllarpy test data from 
these other supptlers ls fndependently evaluated tn Section 4.3 of the TR, but due to more 
fllTirted data sets for each of the other sup pilers, a statistical evaluation to determine generfc 
USE vaJues for the other suppliers is not performed. Instead the TR shows that all measured 
USE values and Charpy impact en~les (where USE ts reported as greater than or equal to the 
reported Charpy impact energy, as per the above), are greater than the recommended 
Mean-2o values from the Rheinstahl Huttenwerke AG and Fried-Krupp Huttenwerke AG data 
sets. Based on this comparison, this section o'tthe TR concludes that an SA508, ctass 2 
forg~ from an unknown supp{1er in a Rotterdam-fabricated RV would be expected to have an 
urnrradlated Charpy USE value of at least 52 ft-lbs. Therefore, the TR recommends 52 ft-lbs. as 
the oenenc unirradiated Charpy USE value to be used tor SA508, Class 2 forgings In Rotterdam 
RVs if the forging suppller is unknown. 
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Generic Charov US£ Copper Content. and Nie/ref Content for Rotterdam RV Welds 

The TR states that the Rotterdam CMTRs identify two types of welds used in the fabrication of 
the RVs: SMAWs and SAWs. Each type Is evaluated separately. The TR states that the 
indusby practice at the time of Rotterdam RV fabrication was to perform Charpy tests at a 
nmited number of temperatures to show 30 ft-lbs. or more of absorbed energy at 10 "F. These 
tests were consic!ered sufficient to satisfy ASME Code requirements at that time; however, the 
CMTRs often contain ilsufficfent Charpy Impact data to detem,ine measured values of USE. 
The TR recommends a generic unrrradlated Charpy USE value of 75 n-!bs. for Rotterdam RV 
SAWs; this Is the Mean - 2c, value for the set of seven measured un[rrad[ated USE values from 
RV material surveillance programs. The TR states that the Rotterdam RV SAW data set 
represents every SAW material vendor and every flux type, With the exception of Linde 80 flux 
type. The TR emphasfzes that the SAW welds of the Linda 80 flux type are specifically 
exduded from the Rotterdam weld analyses. The TR Identifies that outside of the baseline USE 
measurements from the RV material surveillance programs, there 1s no maanmgfu! USE 
rnformatlon avaflable ln the CMTRs for Rotterdam SAWs. Therefore, only the seven measured 
USE values for SAWs from RV survelllance programs are reported m the TR 

The TR states that out of 38 SMAW Charpy test records, actual measured USE values are 
available for only three heats of SMAW material. The three measured USE values are 116, 
130, and 134 ft-lbs. The TR does not detem1rne a Mean - 2cr value for these three due to the 
stabstically insignificant slze of the data set For the remaining 35 Charpy test records, the TR 
determined a lower boUnd on the USE for each SMAW based on the available ChalJ)Y impact 
energy data using methods sim!Jar to those described above for SA508, Class 2 forgings. If no 
p-ercent shear data is available, the USE is reported as ·greater than or equal to .. the average of 
Ula Chrupy Impact energies at the test temperature, typically around 10 °F. When percent 
shear values are reported, and each Is less than 95 percent, then the TR reports maximum 
Charpy Impact enerw for the weld test Based on these methods, the TR determined that rts 
recommended generic unirradiated Charpy USE value for Rotterdam SMAWs is n ft-lbs., vmlch 
Is based on the non-outlier weld heat showing the lowest of the "lower bound USE values. 0 

In addibon to the generic USE, the TR determines generic Cu and NI welght percentages lor 
both SAWs and SMAWs based on the calculation or Mean+ 1cr for the data sets. The TR 
identifies this method as consistent with RG 1.99, Rev. 2, whlch states that conservattva 
estlmates of CU and Nl content based on ~enerlc data may be used if justJficatJon ls provided; 
the TR notes that for Cu and Ni content, the RG identifi9$ "conservative estimates" as ·tTl88!1 
plus one standard deviation.· The TR further states that rt' a common Y,1etd metal heat and flux 
type comblnation ls shared between multiple welds, the average chemistry value for the heat ls 
considered as one data polnfwhen determinlllQ the generic weld chemistry values so as not to 
assign undue wei(Jht to multiple samples of weld material of the same heat The chemistry data 
used Ill the evaluation consists of measurements from RV survellJance programs, supplemented 
with all available chemistly data for heats outside the survelllance programs. The TR states that 
the data is limited to deposited weld chemistry results, unless otherw[se noted. The TR notes 
that the CU content for one SAW matertal (Smit-Weld Heat No, 25006) is based on the weld 
wire analysis since deposited weld chemistJy is not available. 

4.0 STAFF EVALUATION 

The NRC staffs rav[aw of PWROG-17090-NP, Rev. 0 addressed. whether the TR evaluations 
for determlnlnr;, the Qeneric properties for Rotterdam RVs are acceptabfa as a basis for 

. Implementation of these properties in ptant flcensfng appllcations for demonstrating compllaoce 
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with RV fracture toughness requirements fn 10 CFR Part 50, Appendlx G; 10 CFR 50.61 or 
50.61a; and TLAAs related, to RV fracture toughness per 10 CFR 5421(c){1}. The staff applled 
the regulatory ou!dance rngardini;i the use of genertc data, as set forth in Section 2.0 of this SE, 
to determine whether the TR evaluations provide reasonably conservative genertc esttmates of 
these properties for use In plant Ucensilg applications that.address these requirements . 

.I' 

4.1 Genenc Unrrradiated Charoy USE for SA508, Class 2 Forgings In Rotterdam RVs 

The TR detern111es genertc unlrradlated Charpy USE values for SA508, Class 2 RV foroings 
based on calculating the Mean.- 2o value for the set of measurements of Charpy USE in the 
weak direction, consistent with the crtter1a addressed in Section 2.0 of this SE. Toe staff 
[dentified that the TR's evaluation of i;,eneric data sets for determining generic USE values for 
the ASME SA508, Class 2 forging specification Is consistent with the deflr.tion of the material 
"dass~ provided In 10 CFR 50.61, 10 CFR 50.61a, arK1 RG 1.99; Rev. 2. 

The TR ldenttfies that several firms manufacturecl and suppned SA508, Class 2 RV forging 
components to Rotterdam; the TR lndicatss that Rotterdam procured the forgings to fabricate 
the welded RVs in the late 196D's and earty 1970's timeframe. The Charpy test data sets used 
to estabHsh the TR's oenertc USE values are based on the forgmg suppliers. Note 4 of 10 CFR 
Sections 50.61 and 50:61a states: uDeta from reactor vessels fabricated to the same material 
specification ln the same shop as the vessel in question and in the same fime period ls an 
example of 'generic data· The staff determined that for multiple suppiers of SA508, Class 2 
torgmgs to the RV fabficator {Rotterdam), the ·same shop~ Is appropriately cons[dered tn tha TR 
t6 be the same ffnn responsttlle for manufactunl"IIJ the fo!llllQ component Therefore, the staff 
determined that these genertc data sets and corresponcfing !J&ll8f1C USE values are -
appropnately delineated for p!ant-spe,dfic· application m a mamer that ls consistent with Note 4 
of 10 CFR 50.61 and 50.61a. · 

Although this Note 4 IS spedfically crted for the use of generic Cu and Ni content data to 
demonstrate compliance with applicable PTS requirements, the NRG staff finds that the criteria 
In Note 4 are also relevant to the TR's appllcatlon of genertc data for determining generic values 
of unrrradiatad Charpy USE. Toe NRC staff also finds there are no crtteria in 10 CFR Part 50, 
Appendix G or NRC ollfdance related to Charpy USE that would proll1bit or othe1wise preclude 
the application of Note 4 to the determination of generic unlrradiated Charpy USE based on 
forgfng manufacturer. Therefore, the staff finds that the TR's dasslftcation of the geneoc data 
sets for SA508, Class 2 forgings based on the forging manufacturer, consistent with Note 4 of 
the PTS requirements, is acceptable. 
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The RV forging suppliers and the number of Charpy test records for each forg[ng supplier are 
nstect below: · · 

Forging Supplier NLDTiber of Charpy Test Records 
For Forging Components 

Suontled to Rotterdam 
RhelllStahl Huttenwerke AG 

' 
38 

Fried-Krupp Huttenwerke AG 67 

Klockner-Werke AG 8 

Teml 6 

Marrel-Freres 2 

Unknown 1 

The staff reviewed the TR methods for evaluating Charpy impact test data to determ[ne either a 
measured value of the USE for the forging-or where a measured USE value cou!{j not be 
determined-the methods for determlnlno a tower bound on the USE for the for!J11g·based on 
available Charpy test data. The staff's review of these methods is documented below. 

For cases where Charpy impact energy data fs accompanfed by at least 1 percent shear 
measurement greater than or equal to 95 percent shear, the staff reviewed the TR ·methods for 
determining USE based on the definitions in ASTM E185-82 Specifically, upper-shett eneroY is 
defined as the region in the Charpy transition curve where the broken specimens exhllxt Qreater 
than g5 percent shear, and upper-shelf energy level Is defined as the averaoe of absorbed 
Impact energy vaJues for Charpy specimens whose test temperature is above the upper end of 
the transilion region, wtuch is below the USE reg[on_ This definition also states that for 
specimens tested In sets of three at each temperature, the set havlnQ the highest average 
Impact energy may be re,garde<i as defining the USE. The staff determined that the TR's 
statement that the reported lJSE is the average of all ·non-ouflfat' impact energy values greater 
than or equal to the value(s) with greater than or equal to 95 percent shear is sufficiently 
consistent with thrs definmon, provided that the staff could confirm, based on review of 
examples, that the elim111ation of the ouHier data point rs reasonable. Therefore, in RAJ 
correspondence, the staff requested that the PWROO provide examples of both high and low 
outliers that were elfmfnated from this calculation of the average. 

In fts June 12, 2019, RAl-3 response (Ref. 2), the PWROG provided an exampte or an 
uncharacterlsticall'j low impact energy and an example of an mcharacter1stlcally high Impact 
energy, both of which are considered to be ouffiers and elfminated from the calculafion of the 
average, which is the USE reported !n TR For both the high and low ouflfer Impact enerwes, 
the RAJ response Id entilled all the other impact energies that went ilto the calculation of the 
average, as well as the test temperatures and the available percent shear measurements. The 
PWROG compared the outlier impact enaro1es with the non-outlier data that was used to 
determine appRcable USE values for these forginQ components, as reported In tha TR As 
dascnbed below. based on fts review of the hiQh and low outUer Impact energies, and· Its review 
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of PWROG's comparison of. the outlfers to the other data that was used to detennlne USE, the 
NRG staff.was able to verify that appropriate eng11eanng judgement was used In the elimination 
of the high and low outlle,r ifppact energies to determine the reported USE for these 
components. Therefore, the staff finds that this method for determining measured USE is 
acceptable. 

If a Charpy test record lndudes no percent shear data for [dentifyilg USE, the staff reviewed the 
TR's reported method of determining USE by identifyllg an "approximately constant energy 
versus temperature region. in the Croupy data. Toe staff noted that the TR's example of four 
data points over a 50 "F temperature range exhlbilll!J Impact energy values wtthin a scatter of 
10 °For less Is appropriate for Identifying file upper-shelf re(Jion because at temperatures above 
the transttlon regton, impact energy values become approximately constant at or near the USE 
[evel. The staff noted that ASTM E185-82 deffnes the upper-shelf energy level as the average 
energy vallle for Charpy specimens whose test temperature Is at>ova the upper end of the 
transftlon region. Therefore, the staff confirmed that the USE value can be determined as the 
average of Impact energies that ara determ[ned to be In the upper-shelf region based on low 
scatter over a I~ temperature range. The staff finds that this method for determlnfng 
measured USE is acceptable. -

When measured USE for the forgin{l test record cannot be determined based on the above 
methods, the staff reviewed the two methods described rn the TR for establlshl119 a tower bound 
on the USE based on the available absorbed Impact energy data 

• Based on the deflnltfons In ASTht E1B5-82, the staff noted that ff the test record Includes 
percent sheaf values, and an are fess than 95 percent. then the correspondlng impact 
energies are not in the upper-shelf region; therefore, the staff identified that USE woulp 
be greater than or equal to the maxlmum absorbed impact energy wffh percent shear 
less than 95 percent Basad on the clefinft!ons In the ASTM standard, Iha staff finds this 
method for determining a lower bound on USE for the avatlable test data to be 
acceptable. 

• [f shear data are not avaifable, aru:l It Is seen, based on examination of fmpact energy 
data, that energies are increasing throughout the temperature range available, the staff 
confirmed that it wouk:I be unknown whether the USE region has been reached. The 
staff noted that for RV materials that were fabricated to eaJfler ASME Coda edrtlons, 
Charpy impact testing may not have occurred at temperatures above the transition 
region. Thus; it Is reasonable for the TR to detennll)e that USE for the material would be 
greater than or equal to absorbed impact energy In the transrtlon region. The staff's 
review of spedffc cases for this sttuation is docm18nted below based on its audit of 
Charpy test data for one of the forglllg suppflers. 

Toe TR performed Independent evaluations of Cha.rpy test data for SA508, Class 2 for~ln~s 
supplfed by Rhe!nstahl Huttenwerke AG and Fried-Krupp Huttenwerke AG. The TR.perfomled 
a third evaluation that addressBd the other forging supplfers, whlch colectlvely ilcludes 
K!Ockner-Werke AG, Teml, Marref-Freres, and the unkno'im supplier. The staffs review 
addressed the three TR evatuations for estabnsh!ng the recommended genenc USE values. 

Unirradiatoo USE Evaluation of RV Forolnas Suoolled bv Rhe{nstahl Huttemverke 

The NRG staff confirmed that of the 38 Chaipy test records that are availabfe for Rl1e1nstahl 
Huttenwerke AG for~gs, there are 11 test records where measured varues for umrradiated 
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Chaipy USE were able to be determined based on the methodologies described above. Toe 
staff noted that 8 of the 11 forglnos have measured: USE values for both the stronQ and the 
weak directions; one forying has a measured USE value only in the stro(}IJ c!lrectian; and two 
~rl95 have measured USE values only in the weak direction. For the 9 measured USE 
values in the stro~ direction, the staff confirmed that the TR correctly used Position 12 of 
BTP 5-3 to estimate the USE values In the weak direction; sp,eciflcally, BTP 5-3 estim.$8 ot 
weak direction USE are equal to 65 percent of the measured USE values in tile strong direction. 

For the 11 forgings wtth measured varues for Ch_arpy USE, the staff's independent calculations 
showed the fo !lowing. 

• For the 10 measured USE 'ialues in the weak direction, the staff confirmed that the 
Mean - 2a vakle for this data set Is 56 fl-lbs., which is the recommended generic USE 
value tor forgings supplied by Rhe!nstahl Huttenwerke AG. The staff noted that this 
bounds (i.e., 1s more consmyative than) the lowest measured weak cltrection USE value 
of64 ft-lbs. 

• For the 9 BTP 5-3 estimates of USE In the weak direction, the staff confirmed tllat. the 
Mean - 2o value ls 70 ft-lbs., whJch bounds the lowest BTP 5-3 USE value of 75 fl-lbs. 
The staff note{Mhat the TR's recommended Qenerlc USE value of 56 ft-lbs. bowels 
these BTP 5-3 USE estimates. Therefore, based on review of all available USE data for 
Rhefnstahl Huttenwerke AG forgings, the staff 'ierified that the reconunended i:,ener'ic 
USE value of 56 ft-lbs. Is Hla most conservative. 

BTP 5-3 Estimates of Lower Bound USE 'for Rhemstahl Huttanwelka Fora/oos 

The NRC staff also confirmed that out of the 38 Charpy test records for the Rhefnstahl 
Huttenwerke AG data set. there are 27 for which measured USE could not be established, but 
the available lftl)act energy data were used to determine a lower bound on USE 1n the stronQ 
direction using the methods summarized above. stlce all of the absorbed Impact energies 
war~ measured in the strong c!lrectlon, the TR determfned estimates of absorbed Impact energy 
In the weak <firection to be 65 percent of the measured impact anergfes in the strong direction 
by applying BTP 5-3. The staff noted that 23 of these 27 estimates of lower bound USE are 
considered along wih measured weak direction USE values and BTP 5-3 USE values in a 
separate Mean - 2cr calculation, .vtlich is 40 1Hbs. The TR does not recommend 40 1t--bs. as 
the generic USE vaJue for Rhelnstahl Huttenwerke AG for¢1gs because the 23 BTP ~3 
esflmates of lower bound USE inciudecl in this Mean - 2a calculation do not represent actual 
USE for that test r&ord. SpecrflcaUy, Note "b" of the data set states that It is unknown whether 
the upper:-she[f was reached during the test SV1ce the Charpy impact eneroies are Increasing 
throughout the temperature range available, and ·the actual USE value Is ffkely trlgher." 

The staff noted that the four towast of tne 23 ·tower bound USE estimates that were tncluded In 
the Mean - 2a calculation of 40 ft-lbs. are lovier than the TR's recommended generic USE value 
of 56 ft-lbs. These values, wtlich are amotated with Note "b. in the Rheinstahl Huttenwerke AG 
data set are 53 ft-lbs., 52 ft-tbs., and two values at 47 !Hbs. The staff also noted that the 
calculation of 40 ft-lbs. excludes the four lowest of the 27 available lower bound USE estimates, 
whlch are 44 ft-lbs., 42 ft-lbs., and two values at 39 ft-lbs. Note "f' of the Rheilstahl 
Huttenwerke AG data set explarns that the four lowest values of 44 ft-lbs., 42 tt--bs., and two 
values at 39 ft-lbs .. are &exduded from statisticaJ analysis" because the values '"do not provide . 
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accurate representation of USE," and ~e actual USE fs llkeJy much higher since a Charpy test 
with a BimBar absorbed Impact energy has a shear value much less than 95 percene 

The NRG staff identified that the Charpy test data used to determine the e~ht loWest estimates 
of lower bound USE needed to be reviewed to assess whether the reported impact energies are 
below the upper-shelf regloo. Therefore, as part of its TR review, the staff audited Charpy test 
records for the tollowlng Rheinstahl Huttenwarke AG forgings, which had the elQht lowest 
reported absorbed Impact energies: 

Four Lowest Impact Energjes, Rhelnstahl Huttenwerke AG Forgings with Note "b" . 
(Included In Mean - 2o- of 40 ft-lbs.; 40 ft-lbs. is not the recommended USE) 

Coll'l)On !mi Me~l.l[ed Absorbed lmoag BTP 5-3 Esfimat~ ot Ab~mea 1mi;iag 
ldentiflcati on Enemv, strono Dfrectlon En§rav, Weak Diraction 

!J!l .. ·1.2wer Sol.III~-!.!~(; Es~irates:J 

Plant D, 82 ft-lbs. 82 ft-lbs. X·65% = 53 tt--lbs. 
lntennedlate Shell 

Plant E, 80 ft-lbs. 80 ff:-l>s. X 65% = 52 ft-lbs, 
Inlet Nozzle 11 

Plant D, 72 ft-lbs. 72 ft-bs. X 65% = 47 fi:lbs, 
Inlet Nozzle 09 

Plant F, 72 ft-lbs. 72 ft-lbs. X 65% = 47 fi:[bs. 
Inlet Nozzle 09 

Four Lowest Impact Energies, Rhetnstahl Huttenwerke AG Forgings with Note "f" 
(Excluded from All Statistical Evaluations) 

Com12QOent Measured Absorbed lmm.!!;;t E!TP 5-J Estimate of Ab~rbelj lmi;iact 
llj~atificati oo Emm1Y:, Strono Direction En~[:fil:. Weak DirectiQD 

{l.e,. "Lower Bound USE Estimates'.'.) 

Plant E, 68 ft-lbs. 68 ft-lbs. X 65% = 44 ff-lbs. 
Upper Shell 

Plant F, 64 rt-lbs. 64 ft-lbs. X 65.% = 42 fl--lbs, 
Outlet Nozzle 13 

Plant D, 60 ft-lbs. 60 ft-l>s. X 65% = 39 ft-lb$, 
Inlet Nozzle 11 

Plant o,- 60 ft-lbs. 60 ff-lbs. X 65% 7 39 fl-lbs. 
Outlet Nozzle 14 

The staffs audlt of the Charpy test records for the eight forging materials incttJded. review of test 
temperatures, absorbed impact energies, and avallable percent shear measurements. The 
staff's review identified that the maxfmum absomed impact energies ln the eight Charpy test 
records correspond to the measured Impact energy values for the strong direction that are 
reported Ill the TR The staffs audtt genera[ly confinned TR statements that the eight lowest 
Impact energies are not represen~e of the USE for those forgings since the Impact er:ieroles 
were 111creas!llg throughout the temperature range shown In the test record. Based on the 
fncreasfng energy trends, available test temperatures, and the rlmltec:1 amount of shear data. the 
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staff found that there ls suffldant evidence that the materials were Ilkely In the transition region 
, at the highest test temperatures documented-in the records. Thus, the staff confirmed that the' 
actual USE values for these fo~n!JS, while unknown (because It was !Eely not reached~ 
the test evolutlon), can reasonably be expected to be hJgherthan the measured vab.Ies of 
absomed rmpact energy for the strong direction, as reported In the TR for these eight forgings. 
Based on Its audit of the test records, th0 stafff(){Bld that the eight lowest impact enSf!Jies do 
not need to be considered 1n the statlsfical evaJu.ation of the measured USE values for 
determining the TR's recommanded genertc USE value. 

The staff also noted that tile other19 BTP 5-3 estinates of lower bound USE are al greater 
than the TR's recommend0d generic value ot 56 ft-lbs~ ttus provides addiiional evidence that 
the Mean - 2v value for the ten measurements of Charpy USE In the weak cirectlon Is a 
conseNative 11enenc estimate of tmirradiated Charpy USE for this for~~ suppner. _ Therefore, 
the staff confirmed that 40 ft-lbs. does not warrant ~talion as a generic estimate of USE 
for Rheinstahl Huttenwerke AG forgings. Accor<ingly, the staff finds that 56 ft-rbs is acceptable 
for mplementatlon as a generic untrradlated Charpy USE value far SA508, Class 2 RV 1'o~~s 
supplied by Rhefnstahl Huttenwet1<e AG for Rotterdam RVs. 

Unfrradfated USE EvaiuarJon of RV Forgings SUppffed by Fri9d:K[upp Huttenwertre AG 

The NRG staff confirmed Ulat of the 67 Charpy test records that are avaiable for Fried-Krupp 
Hutlenwelke AG forgings, there are 38 test records where measured values for ururradiated 
Charpy USE were able to be datermmed based on the methodologfes descrl>ed above. For the 
38 forgings with measured USE values, the staff noted that 5 of the 38 forgfngs have measured 
lJSE values for both the strong and 1he weak dlreciloos, and the other 33 have measured USE 
values only in the strong direction. For al 38 measured USE values fn the strono direction, tile 
staff confirmed that the TR correctly used Posttfon 1.2 of BTP 5-3 to estimate USE values In the 
weal< direction. For the 38 forgings with measured values for Chapy USE, the staff's 
independent calculations showed the folfowtng. 

• For the 5 measured USE values In the weak direction, the staff confirmed that the 
Mean - 2a value for this data set IS 52 tt-lbs., whfch is the recommended generic USE 
value 'for forgings supplied by Fried-Krupp Huttenwe/ke AG. The staff noted that this 
bounds {Le~ IS more conservative than) the lowest measured weak clrection USE value 
~~~~ . 

• For the 38 BTP 5-3 es&nates of USE In the weak dlrec;tion, the staff confirmed that the 
Mean - 2a value Is 61 ft-lbs., which Is equal to the lowest of the 38' BTP 5-3 USE 
estimates. Toe staff noted that the TR's recommended generic USE value of 52 fl-lbs. 
bounds this BTP 5-3 USE estimate. Therefore, based on review of aU avalJable USE 
data for Fried-Krupp l-luttenwerxe AG forg!n!JS, the staff vertfied that ttie recommended 
genenc USE value of 52 ft-lbs. is the most conS8fVative. 

BTP 5-3 Estimates ot Lmver Bollnd USE for Frfed--KruDD Huttenwer(<e AG Forofnqs 

The NRC staff also confirmed. that out of the 67 tharpy test records for the Fried-Krupp · 
Huttenwerke AG data set, there are 29 for which measured USE coufd not be det6fTllined, but 
BTP 5-3 estimates of the lower bound on USE could be determined, as per the crttelia above. 
All of the 29 estimates of lower bound USE are considered along with the measured USE 
values i1 a separate eyalmrtion that calculates a Mean - 2o value of 51 ft-lbs. Toe TR does not 
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recommend 51 ft-lbs_ as the geneiic USE value for these forg[ngs because the 29 BTP 5-3 
estimates of lower bound USE Included in thls Mean - 2cr calculation do oot represent actual 
USE for that test record_ The 29 BTP 5-3 estimates of lower bomd USE are annotated with 
either Note "b. or Note T _ Note "b~ states that it is unknown whether the upper-shelf vms 
reached during the test Slflce the Charpy lrnpact energies are Jncreasng throu,-;ihout the 
temperature ranqe ava/lable,,and. "tha actual USE VBlue is fik'e!y higher." Note "f' states that 
"reported shaar values am less than 9j percents~, and tbe reported Umpaet energy] V?fue i:S 
Fess then or equal to the maximum energy value of a Charpy specimen with less than 
95 percent. shear," and as a result, "the USE ls higher than· the Cllarpy data reported." 
Toe staff Identified that there are no lower bound USE estnnates that are excluded from the 
Mean -2a calculation of 51 ft-fbs. Further, just two of the 29 lower bound USE estirnates 
{51 ft-lbs. and 50 ft-lbs.) are lower than the TR's recommended generfc USE vah.te of 52 fl:-lbs 
The staff deternwled that actual USE values for these two for,-;iinos, wttne tmknown. would likely, 
be higher than their reported lower bound vakles given that these impact energies are 
annotated wtth Note~· identlfytng that Impact energies are tncreasrng thrOUQhout Iha 
temperature range available. The staff noted that an of the other 27 lower bound USE estimates 
are greater than the TR's recommended generic USE Y.3kle of 52 ft-lbs. for this~ suppDer. 
Therefore, the staff Inds that 52 ft-lbs, based on 1he Mean - 2a for the 5 measured USE values 
rn the weak dlredlon, ls acceptable for tmpJementatlon as a generic· unimldiated Charpy USE 
varue for SA508, Class 2 RV forgings supplled by Fned-KruW Huttenwet1ce_AG for Rotterdam 
RVs. · 

UnJrra<fiated USE EV8lu8tion qfRVForoinq§ from Other SUDD/le!S 

The staff noted that there are 17 Charpy test records represented in a singfe data set provfded 
in TR Table 7-for the other toro1ng suppliers, whtcll Includes Klocmer-Werke AG, Term, 
Marrel'-Freres, and an unknown company_ In RAJ correspondence, the NRC 19QU8Sted that the 
PNROG resolve the apparent Inconsistency In the TR regardlno the number of Charpy test 
recor¢3 from an unknovm company because m Table 2 the TR idantitleS that there are two 
forging components from an unkOOMl supplier, whereas Table 7 of the IR lists one Impact 
anergy measurement for the unknown supplier_ In Its June. 12, 2019, RAl-2 response·{Ref. 2), 
the PWROG Indicated that there are two SA5Q8, Class 2 fo~ materials vilith an unknown 
supplier, as shoWn II TR Table 2 - however, only one such matenal Is rrstec:1 m TR T~ 7 
because the Charpy test record is nd available for the other "unknown supplie~ material. 
Accordlllg/y, Charpy data for the other SA508. Class 2 ~ing component from an unknown 
&Jppller could not be Included Table 7. 

out of these 17 test reCOfds, the staff noted there are tl.vo wrth meastred USE values 1n the 
weak dlredlon; these USE values are 13411:-lbs. and 141 ff-lbs. There are 10 measured USE 
values m· the strong direction, for which the TR applied BTP 5-3 to estimate weak direction USE; 
the staff Identified that the lowest of the BTP 5-3 USE estimates ls 94 fl lbs. The USE is 

1 

unknown fCf" 7 test records, but a lower bound on USE In the strong direction was established 
based on evaluation of available absorbed impact energy data that Is estabflshed to be in the 
transition region {i.e..,_the energ!es are 11creastng throughout the temperature range ava!Jable); 
this is same method as that used for the Rhelnstahl Huttenwefl{e AG and Fried-Krupp 
Huttenwerke AG data sets, as lderitlffed in Note "b" for these data sets. As with the other 
SA508, Class 2 data sets. the lower bound USE values are reduced per BTP 5-3 to determlne 
estimates of lower bound USE in the weak direction. The lowest of these B1P 5-3 estimates of 
lower bound USE for the other forging suppl[ers ts 75 ft-lbs. 

xxii 

PWROG-17090-NP-A January 2020 
Revision 0 



WESTINGHOUSE NON-PROPRIETARY CLASS 3 

- 18-

Considering the smaller number of records coveting the three kno\'m suppliers and the unknown 
supplier, the staff confirmed that tt Is reasonable for the TR to select a lower generic USE value 
that could be used for SA508, ctass 2 ~1ngs In Rotterdam RVs rf the forging manufacturer Is 
unknown. For this purpose, Iha TR recommended that a gen9l1C USE value of 52 ff-lbs. be 
used for SA508, Class 2 ,forgings In Rotterdam RVs rf the foJ"Qirlg manufacturer JS unknown. In · 
Its JIJle 12, 2019. -RAJ-7 response (Ref. 2) the PW ROG darffled that the genertc value- of · 
52 fl-lbs. Is fil11 Intended for the StJpp!iers Kk:ickner-Werlce AG, Terni, or Marrel-Freres because 
data for all known and appficable Rotterdam RV forgings from these suppliers are provided [n 
Table 7 of the TR for this data set Toe PWROG stated that there Is sufficient data in Tabfe 7 
tor these components to just,y a component-specrflc USE value that Is higher than 52 ft-lbs. 
The staff reviewed this RAI response and confirmed- that the applicable component-specific 
USE value (or rower bound USE estfmate, as applicable) should be used for plants that can 
!denlify fhelf forg-iflOs from among the components listed in Table 7. 

VVith respect to a generic USE value cr 52 tt-bs. for an unlmO'Ml forQ!ml supplier In a Rotterdam 
RV. the NRC staff considered an Charpy test data for an SA508, Class 2 forging manufacturers 
evaluated In the TR and noted the foilowfng: 

• Th&re are 122 Charpy ~ test records evaluated In the TR. . 
• 52 fl.lbs. is the most bouncmg of the two Mean - 2cr values far the two largest Sl4>P Hers, 

Rhefnstahl Huttenwerke AG and Fned-Krupp Huttenwerke AG. 
• 52·ff-lbs_ oounds aH avallable Charpy fmpact test data {measured weak direction USE 

data, BTP 5-3 USE data, and tower bound USE estimates) from the three other known 
suppliers and the unknown supplier. 

• For all forging suppliers, 52 ft-lbs bounds aU measured USE values Ill the weak direction 
and afl BTP 5-3 USE estimates for the weak <irection (le., USE estElates based on 
appncatlon of BTP 5-3 to USE measurements in the strong cf1T0ction). 

• 52 n-11:>s bounds 21 of the 27 BTP 5-3 estimates of lower bound USE In the Rheinstafll · 
Huttenwerke AG data set and 27 of the 29 lower bound USE estimates In the 
Fried-Krupp Huttenwelke AG data set 

• For tile those several BTP 5-3 estimates of lower bound USE in the two largest data sets 
that are less than 52 fl-lbs, the staff determined based on review TR methods and audit 
of Chmpy test records that actual USE values for these trugngs, while unknown, woukl 
[J(ely be !ligher than their reported lower bomd values !Jfven that these mpact energies 
are lncraaslng throughout the temperature range avaHabla. 

Therefore, base<l on Its review of all the SA508, Class 2 Charpy test data, the staff determined 
that for a Rotterdam RV with SA50S, Class 2 fo~inQ(s) from an mknown supp Der, there is 
reasonable assurance the USE value tor that forging would be at least 52 ft-tbs. Accordingly, 
the staff finds that 52 ff-lbs is acceptable for implementation as a generic wurradiated Cha,py 
USE value for SA508, crass 2 RV forglnos from an unknown supprier ln Rotterdam RVs. 

42 .Generjc Cl)arpy USE. CU Content and Nf Content 1o·r Rotterdam RV Submeraed Arc 
Welds and Shielded Metal Puc Welds 

Toe TR detanninectoenertc values ofumadiated Charpy USE, CU content, and NI content for 
Rotterdam SAWs and SMAWs. Data sets for Charpy USE, Cu content, and Ni content were 
separately evaluated in the TR to determfne the recorrunended generic properties for these two 
weld types. The NRG statrs review of these data sets and data ana.Jyses·follows below. 
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Rotterdam RV Sllbmeraed Arc Wefds 

Toe NRC staff revfewed ~arpy USE values and-chemlstiy data for Rotterdam.SAWs, which 
are provided in TR Tpbles 9 and 10, raspectlvely. These tables also.k:lentify the flux types and 
weld wtre vendors. The TR Indicates that tfle two flux types C-SAF89" and 't.W320'') and six 
weld wire vendors Identified In these tabfes are genericafly applfcable to SAW materials for 
Rotterdam RVs, except for welds with Lllde 80 flux type. SAWs with Un.de 80 flux type are -
excluded from tflese generic: analyses sf nee welds with Linde 80 flux have been generically 
anatyzsd previously. The staff found that the TR adequately defined the material class for 
Rotterdam SAWs based on its !dentfflcatlon of the two flux types and six wim vendors used to 
fabrtcate these welds. 

The TR daterrnlOOS the @neric Ulllrradlated Charpy USE value for Rotterdam SAWs by 
calculati~ the Mean - 2o for the set of seven measured values of unirradiatecl Charpy USE for 
the "Non-Linde 80" SAWs Included In Rotterdam RV-surveillance programs. The seven USE 
values are listed fn TR 1"able 9. Note ·aD·orTable 9 identifies that these USE values are 
determlled as the average of all avalab(e absorbed eneroY values wffl1 pen:erit shea'r greater 
than or equal 95 percent, as par the AS1M E185-82 method that was used to determine USE 
for the RV forgings. As with the forgings, the staff detecmined that the TR's application of the 
ASTM E185-82 det'lnltlons for determining the seven USE values Is acceptable. 

' -

The staff noted that for six of the seven Charpy USE values ih Table 9, the reported USE value 
corresponds to a SAW fora speclffc unnamed plant (e.g.,~ B"). One USE vaJue fn Table 9 
corresponds to SAWs at four plants (Plants &g, "G·, ·t-r, and "r). In itS June 12, 2019, RAl-5 
response (Ref. 2), the PWROG -Identified that each of the seven Unirradlated Charpy USE 
values in Table 9 represents a unique heat of weld material. 

The staff confirmed that the Mean - 2o: value for the set of seven baseine Charpy USE values 
for SAWs 111 Rotterdam RV surveillance programs 19 75 fi-lbs. The staff noted that this 
recommended generic USE value bounds O.e., Is more conswvative than) the lowest.oft.he 
sa\fSfl measured USE values, whk:h is 82 fl-l)s. Consideling that surveillm.ce welds were 
selected from.the amongst the core fe9{on welds (I.e.., welds located In the original 40-year 
baltline region), the staff noted that the Mean- 2cr value of 75 ft-lbs may be reasonable for 
generic appf!catlon to the non-Linde 80 core f8Q!Oll SAWs in Rotterdam RVs. Addftlonal 
considerations regardlng the appllcablllty ofthts data to all Rotterdam SAWs ara discussed 
below. 

Toe TR Identifies that outside of the baseline USE measurements from RV surveillance 
programs, no USE Information is avaflable for Rotterdam SAWs. The TR states that the 
industry practice at the time of Rotterdam RV fabncatlon was to test Charpy sped mens at 1 O °F 
or lower-to show 30 ft-lbs or more of absorbed elleroY, and the reportfm, of this test information 
fn the Rotterdam CMTRs was considered sufficient to satisfy the fracture toughness · 
requirements of the ASME Coda at that lime. The TR a1so states that the core region· welds had 
the same spedffcation requirements as the other RV welds, but for core region welds, 
Rotterdam was required to "aim for" both a Charpy V-Notch Transition TeJTl)efature (TTCV) and 
a Nil-Ducmtty Transtfion Temperature (NDTT} based on drop weight testing less than 10 "F, and · 
to furnish additional test results relavant to TTCV and NOTT. The TR also states "the TTCV 
and ND TT do not occur near the upper-shelf region, and thus, the survei11ance capsule program 
test resulm are genericalfy rapreseniatlve of the SA Ws produced at Rotterdam for USE 
calcutat/on.s • Gons1derfng thIS Information, the staff surmised that CMTRs for non-sU1Veffiance 
welds would show tow test temperatures and correspondinglY low Impact energies, which could 
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not be used to further support the Qener1c USE value of 75 ft~ based on the surveillance W&ld 
USE data in Table 9. 

The NRG staff identlflecl that addrt!onal information was needed to conmn that the seven USE 
values for Rotterdam SAWs In Table 9 are representative for Rotterdam SAWs In general. In Its 
RAJ, the stafl' requested that the PWROG address how specification requrrements and test · 
criteria for Rotterdam SAWs support the TR detennlnation that the baseline USE data for 
surve!Bance program SAWs tn Table 9 Is representative of Rotterdam SAWs In general. In its 
June 12, 2019, RA.1-6 response (Ref. 2), the PWROG stated that based on acceptance criteria 
for Rotterdam RV welds, the nuxtwlre welds (SAWs) did not have chemfstry requirements, but 
ae welds had the same mechanfcal requfrements, which included ;i minimum tensile strength of 
80 ksi, a minimum absoroecl Charpy Impact energy of 30 ft-lbs for the average of three 
specimens, and a minimum absorbed Charpy impact energy 25 tt~lb for one indMdual 
spe clmen. The PWROG emptlastzed that these requirements were Identical· for the beltline and 
non-beltllne SAWs; however, the core region welds had adcittwnal requirements to establish 
both the ncv based on Charpy testing and NDTI based on drop weight testing, and to "aim 
for' a transition telT1)0{clture of 1 o· F. The PWROG emphasized that these additional testing 
req1.1rements for core region welds would not affect the USE, since these properties are 
associated with ductife-to-brtttle transiboo, not the ductile region .. Since the requirements for 
tenS1le strength and absorbed Charpy impact energy were equivalent, the PWROG stated that 1t 
Is expectact that all Rotterdam RV SAWsware taken from the same set of available welcl 
metals. The PWROG ldentffied that this is further supported by the known instances where a 
core region weld and a non-core region weld share the same heat nurooer. Therefore, the 
PWROG concluded that the statlsllcal analysts ot the core region surveillance program SAW 
materials are also appHcabJe to ttle non-core region SAWs. 

The staff considered the RAI response statement that the same sat of requirements for 
m!nfnun tensile strength and absorbed Charpy Impact en91V1 were applicable to all Rotterdam 
RV SAW materials (core region welds and welds outside of the region), and the TR information 
!ndlcatlnQ that the six SAW weld wtre vendors and two flux types identified in Tables 9 and 10 
are applicable to all Rotterdam SAWs (excludlno Linde 80 fllli type). The staff also took into 
consideration the RAJ response statement that appacab!uty of SAW generic USE data in Table 9 
1s supported by known instances where a core region weld and a non-core regfon weld· share 
the same heat number. Based on consideration of l:hfs information, the staff determined that the 
Mean - 2o value of.75 ft-lbs, tor the seven heat-specrfic uninadiatad USE measurements for 
SAWs in Rotterdam RV surveillance programs is reasonable as a conse1Vative estimate of the 
unlrradlated ChafP'/ USE for Rotterdam SAWs. Therefore, the staffmds that 75 ft-lbs is 
acceptable for implementation as a generic untrradiated Chmpy USE value for non-Lnde 80 
SAWS [n Rotterdam RVs. 

Based on rts review of chemistry data provided m Table 10, the staff confirmed that measured 
values of Cu content are specified for 14 SAW heats. Where multiple Cu measurements 
(corresponding to specific ffux lot numbers) are lsted for a spedflc SAW heat and illlx type, the 
staff confirmed that the CU content value usad in the Mean+ 1<J calculation is the average of the 
measured Cu content values for that heat and flux type_ One of the 14 CU content values 
(0.17 percent) is Identified as being based on the weld wire analysis, whereas all the other 
13 values (as well as all NI values addressed below) are based on the deposited content Toe 
staff confirmed tha1 the Mean+ 1cr for the set of 14 CU content values for Rotterdam SAW 
materials listed in Table 10 is 023 percent Therefore, the staff determined that a genenc Cu 
content of 023 percent may be used for non-Linde 80 Rotterdam SAWs ff the measured value 
ls unknown tor the specific SAW material. · 
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The staff conffrrned that measured values of NI content are available for 10 SAW heats. All 
10 Ni content measurements are identified as _based on the deposited weld content The staff 
confirmed that the Mean + 1a for the set of 10 Ni content values for Rotterdam SAW materials 
listed In Table 1 O ls 0.56 percent Therefore, the staff determined that a generic NI content of 
0.56 percent may be used fornon-Unde 80 Rotterdam SAWs if the measured value Is unknown 
for the specitlc SAW material. · -

Rotterdam RV Shielded Metal Arc Welds 

The NRC staff reviewed the avallable Charpy rmpact energy data, percent shear data, chemistry 
data, and weld identification information for Rotterdam SMAWs, which a-re provided in TR 
Table 12. The staff noted that there are 38 Rotterdam SMA.Ws addressed In TR Table 12, each 
of which has a unique heat number associated with It. Table 12 identifias four wetd types 
corresponding to four vendors for the 38 heats of SMAW material lfsted therein. The TR states 
that an S"MAW heats that were used rn RV fabrfcatlon by Rotterdam, and that are avaDab-le In 
the West!~house records, are Included In.Table 12 The staff determined that this information 
ls sufficient to define the material class for Rotterdam SMAWs. 

Of the 38 absorbed impact energy values reported in Table 12, the staff confirmed that there are 
only three measured values for Charpy USE for Rotterdam SMAWs. These values are: 
130 fl-lbs, 116 ft-lbs, and 134 ft-lbs. All three USE values have percent shear values of 
100 percent The staff agreed with the TR determination that the three measured USE values 
do not constitute a data set of sufficient size to define a generic USE value based on 
Mean - 2o. Therefore, the TR used a different approaeh to determine Its recommended generic 
Charpy USE value of 72 ft-lbs for Rotterdam SMAWs. 

As addressed In Section 2.0 of this SE, RG 1.99. Rev. 2, does not expUcrtly specify "Mean --2cr~ 
as a recommended method for determining a genelic umradiated USE based on evaluation of 
oeneric data for a ·c1assD of material, and the USE requirements of 10 CFR Part 50, Appendix G 
am generally SIient on tills issue. Further, Position 1.3 of BTP 5-3 states that ·in the case of 
older plants, the [preserv1ce fracture toughness] data may be estlm8tad using procedures listed 
above {Position 12 for plant-specific USE measurements] or ottwr method§ that can be shown 
to be conservative [emphasis added)"' · · 

For Rotterdam RV SMAWs, the starr reviewed the TR evaluaflon tor determimng a oaneric USE 
value of 72 ft-lbs by assessing whether the evaluation has been shown to be conservative, as 
specified il Position 1.3 of BTP 5-3. While OBY 3 of the 313 impact anergfes m Table 12 are 
determined to be the actual USE, the other 35 absorbed Impact energfes in Table 12 are 
reported to represent a lower bound on the USE for the test record. As with the lower bound 
USE values for SA508, Class 2 forgings, the actual USE values for these 35 SMAW materials 
are unknoon, and they are ldentffled as being ·greater than or equal to" the reported Impact 
energy. Of these 35 lower bound USE values, four of them have percent shear measurements 
that are less than 95 percent, and 31 do not have percent shear measurements. The TR 
Identifies that aa 35 lower bound USE values are based on Charpy tests completed at 10.4 "F or 
lower and shear values which are either unknown or less than 95 percent The TR states that 
USE Is typically reached at a temperature greater than 10 "F, as demonstrated by the welds 
With actual measured USE Vall)e.S, which reached the upper-shelf at temperatures of 
approximately 70 "For hli;Jher. 

Considering all 38 impact ener,Jies reported rn Table 12 (35 lower bound USE values plus 
3 actual USE values), the stafT noted n tt-lbs for Heat No. 9092 1s the second lowest value. 
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The staff also noted that 72 ft-lbs ls !he lowest of the 31 lower bound USE values that do not 
have percent shear ·measurements reported in Table 12. The staff confirmed that the lowest 
Impact ene,w value rn Table 12 is 63 ft-lbs for Heat No. 7359.6708; this impact energy has a 
corresponcflllQ percent shear value of 52 percent Considenng this percent shear 
measurement, and the low temperature range reix>rted for the Charpy impact test { 10.4 °F or 
lower). the staff found that it ts reasonable to expect that actual USE ror Heat No. 7359.6708 
would be s[gnlficantly qreater than 63 ft-lbs if testing of this SMAW matenal had continued at 
higher temperatures into the upper-shelf region. On this basls, the staff determined that 
63 ft-lbs for Heat No. 7359.6708 does not warrant consideration for detennin~ the generic 
USE value for Rotterdam SMA.Ws based on the lower bound USE values fisted In Table 12. 
Therefore, the staff flnds that the lower bound USE value of 72 ft-lbs rs acceptable for 
fmpfementatlon as a genertc unirradlated ChaJl)Y USE value for SMA\1Vs In Rotterdam RVs. 

Based on Its review of chem1Stry data provided In Table 12, the staff conflrmed that measured 
values of Cu content are available for only two SMAW heats. The staff aQreed 'Nlth the 
PWROG determination that Dus is Insufficient data to determine a IJeneric Cu content value. 
Accordingly, the staff confirmed that the default Cu content of 0..35 percent, as specified in 
RG 1.99, Rev. 2, would be the correct value to use If no other lnfoonation Is available (i.e., no 
heat-specific measurements, no Cu content requirements in material specificaoons, and no 
conservative estimates (Mean + 10") based on generic data). The staff noted that the default Cu 
content of 0.35 percent is conservative relative to the measured values, 0.01 percant and 
0.023 percent, for Rotterdam SMAWs. Therefore, the stafl'fincls that the RG 1.99, Rev. 2,. 
default Cu content of 0.35 percent is acceptable for Rotterdam SMAWs If the measured value rs 
unknoWn for the specific SMAW matenaL 

The staff noted that 32 of the 38 SMAW heats listed in Table 12 have measured vakles of Ni 
content The staff determined that this constitutes a sufficient set of measurements to 
detennlne a generic value based on Mean+ 1cr for Rotterdam SMAWs. as per RG 1.99, Rev. 2 
The staff confinned that the Mean + 1 cr for the set of 32 Nf content values for Rotterdam SMAW 
matertals fisted in Table 12 ls 1.13 percent Therefore, the staff finds that a generic Ni content 
1.13 percent 1s acceptable for Rotterdam SMAWs If the measured value ts unknown for the 
specrllc SMAW material. 

The TR also recommends that If insufficient data exists to determine whether a Rotterdam RV 
weld is a SAW or a SMAW, then the genelk values for unfrradlated Charpy USE, Cu content, 
and Ni content for Rotterdam SMAWs can be utf[ized. The staff confirmed that the above 
generic values for unlrradlated Charpy USE, Cu content, and Ni content for Rotterdam SMAWs 
are boundln!J relative to those for Rotterdam SAWs. Toe staff also noted that the TR 
afflnnafivefy states that Rotterdam CMTRs specify only these two weld types for Rotterdam 
RVs. Therefore, the staf finds that the generic properties for Rotterdan SMAWs are 
acceptable for Rotterdam RV welds If the weld type {SAW or SMAW) 1s unknown and if 
measured values of the applicable properties are tmkno\NTl for the speclf!c weld matel1a.Js. 

5.0 CONDITIONS AND LIMITATIONS 

There Is no NRC staff-Imposed condition or Umitatioo on the use of this TR In ncenslng 
applcatJons for addressf119 reQulatory requirements [n 10 CFR Part 50, Appendix G; 
10 CFR 50.61 or 50.61a; and/orTLAA requ1rernents in 10 CFR 5421(c)(1>. Ha,•.1ever, PWR 
plants referencing the TR as the basis for the genenc Rotterdam RV material properties 
prov1ded therein must ensure that thelr RV materials meet the critelia specified In the TR, as set 
forth below. 
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The generic properties provided in the TR are for Implementation as conservative generic 
estimates for the materfal classes ldentrtled beloW only If no measllred values of un/rradfated 
Charpy USE, Cll content and/or Ni content are available for the specific RV material under 
consideration. Pv\lR plants that implement these genenc estimates must identify their RV 
materials ·as foflows: 

• A PWR plant with a Rotterdam RV proposfng to use the genectc unlrradiated Charpy 
USE value of 56 fl-lbs. for Its RV forQlng(s) must Identify that rts forg[119(s) are of the 
SA508, Class 2 or A508, Class 2 spe-cfficatton and that the f-Org!no(s) were supplied by 
Rhe[nstahl Huttenwerke AG. 

• A PWR plant with a Rotterdam RV proposing to use the oenertc urnrradiatecl Charpy 
USE value 52 ft-lbs. for Its RV forgw1g(s) must Identify that Its forg1ng(s) are of the 
SA508, Class 2 or A508, Class 2 specification. This Oeneric unirradlatad Charpy USE 
value may be used if the Rotterdam RV forging supplier ls tdentified as Fried-Krupp 
Huttenwerke AG or If the forging supplier is unknown. 

• A PWR plant wffll a Rotterdam RV proposfng to use the generic unirracfiated Charpy 
USE value of 75 ft-lbs. for its RV wekl(s) must identify that the wek!(s) are of the SAW 
type, that the SAWs are rug of Linde 80 flux type, and that tts SAW(s) were fabricated by 
Rotterdam. 

• A P'WR plant with a Rotterdam RV proposing to use the oenerfc Cu content of 
023 percent and genertc NI content of O 56 percent for Its RV weld(s) must Identify that 
the weld(s) are of the SAW type, that the SAWs are not of Linde 80 flux type, and tt,at Its 
SAW(s} were fabricated by Rotterdam. -

• A PVVR plant with a Rotterdam RV proposing to use the generic unlrradlatect Charpy 
USE value ot.n '(t-lbs. for Its RV wetd(s) must rdenffly that the wetct(s) were fabr1cated 
by Rotterdam. This generic unlrrad1ated Charpy USE va.lue may be used if the 
Rotterdam RV weld ls Identified as a SMAW or rf the Rotterdam RV welfl fype is 
unknown. 

• A PVVR plant with a Rotterdam RV proposing to use the RG 1.99, Rev. 2, default Cu 
content of 0.35 percent and generic NI content of 1.13 percent for rts RV weld{s) must 
Identify that the weld{s)-were fabricated by Rotterdam. These values may be used If the 
Rotterdam RV weld Is Identified as a SMAW or If the Rotterdam RV wefo type is 
lllknown. 

6.0 CONCLUSION 

As set forth above, the NRC staff has reviewed the P\ll[RQG-17090-NP, Rev. 0, TR and has 
determined that the TR Is acceptable for providing conservative estimates of genertc 
unirracfiated Charpy USE for ASME SA508, Class 2 (or the corresponcfing ASTM A508, Class 2) 
forgings In Rotterdam RVs; and conservatfve esthates of IJ800ric unirradiated Charpy USE, Cu 
content, and Ni content for Rotterdam SAWs and SMAWs based on the material classes 
specified in the TR. When measured values of unirradiated Charpy USE, Cu content, and/or Ni 
content are available for the specific RV materials under consideration, the measured values 
should b& use<l. 
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The NRC statrs review has conducted that when measured values of unlrradlated Charpy USE, 
Cu content, and/or NI content are not available for the plant-specific Rotterdam RV matenals 
under considerafion, the generic values for the Rotterdam RV material classes identified In the 
TR may be used in PWR plant llcenslng applfcations for addressing, regulatruy requirements In 
10 CFR Part 50, Appendrx G; 10 CFR 50.61 or 50.61a; and/or TLAA requirements in 
10 CFR 5421(c)(1). 
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the accuracy, completeness, or usefulness of the information contained in this 
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the use of, any information, apparatus, method, or process disclosed in this 
report. 

COPYRIGHT NOTICE 

This report has been prepared by Westinghouse Electric Company LLC and bears a 
Westinghouse Electric Company·copyright notice. As a member of the PV\JR Owners Group, you 
are permitted to copy and redistribute all or portions of the report within your organization; 
however all copies made by you must include the copyright notice in all instances. 

DISTRIBUTION NOTICE 

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to 
establish guidance for access to this information. This report (including proprietary and 
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Xcel Energy Prairie Island 1 & 2 (W) X 
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1.0 INTRODUCTION 

Licensees have been addressing the embrittlement of additional reactor vessel components and 
welds not previously within the scope of 10 CFR 50, Appendix G [Ref. 1] due to the effects of 
aging. 1 O CFR 50, Appendix G requires that, in the transverse direction, reactor vessel beltline 
base metal and weld material Upper-Shelf Energy (USE) values be greater than or equal to 75 ft­
lb initially, and remain greater than or equal to 50 ft-lb (68 J) throughout the lifetime of the reactor 
vessel. In Regulatory Issue Summary (RIS) 2014-11 [Ref. 2], the Nuclear Regulatory 
Commission (NRG) identified a threshold of 1 x 1017 n/cm2 (E > 1.0 MeV) for the projected end of 
life fluence over which the effects of embrittlement must be considered to meet the 10 CFR 50, 
Appendix G requirement. Extended operating durations associated with license renewals can 
increase the fluence for components outside the traditional beltline beyond this threshold. It 
should be noted that prior to exceeding 1 x 1017 n/cm2 (E > 1.0 MeV), the Charpy USE 
requirements of 10 CFR 50, Append IX G requirements do not apply. The materials outside the 
reactor vessel beltline and extended reactor vessel beltline, i.e. below the 1 x 1017 n/cm2 (E > 1.0 
MeV) embrittlement threshold during the plant life, were required to meet the American Society 
of Mechanical Engineers (ASME) Code edition in use at the time of fabrication. 

When addressing these additional components for reactor vessels fabricated by the Rotterdam 
Dockyard Company, some licensees have found it difficult to identify the material information 
required to establish the initial USE values in accordance with American Society for Testing and 
Materials (ASTM) E185-82 [Ref. 3], as required by 10 CFR 50, Appendix G. The difficulty in 
identifying material information stems from significantly less strict testing and reporting 
requirements at the time of fabrication of the Rotterdam reactor vessels (late 1960's to early 
1970's) compared to modern ASME Code requirements. 

The objective of this topical report is to provide conservative, generic USE and conservative, 
generic Copper (Cu) and Nickel (Ni) weight percent values that can be used for Rotterdam reactor 
vessel welds and forgings when no or limited material information is available. These generic 
values are developed utilizing data from the surveillance capsule program records and Certified 
Material Test Reports (CMTRs) available to Westinghouse. 

2.0 SUMMARY OF RESULTS 
After reviewing all available Charpy data for Rotterdam fabricated reactor vessel welds and 
forgings the following conservative conclusions have been drawn: 

• For a forging with insufficient data to determine USE with material supplied by 
Rheinstahl Huttenwerke AG, a generic lower bound value of 56 ft-lb can be used 
based on a mean minus 2 standard deviations evaluation. See Section 4.1 for more 
details. 

• For a forging with insufficient data to deterrrnne USE with material supplied by Fried­
Krupp Huttenwerke AG or with an unknown Rotterdam supplier, a genenc lower 
bound value of 52 ft-lb can be used based on a mean minus"2 standard deviations 
evaluation. See Section 4.2 for more details. 
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• For a Rotterdam Submerged Arc Weld (SAW), the USE can be set to a generic 
lower bound value of 75 ft-lbs, the Cu weight percent can be set to an upper bound 
value of 0.23, and the Ni weight percent can be set to an upper bound value of 0.56. 
The generic USE value is based on a mean minus 2 standard deviations evaluation. 
The generic chemistry values are based on a mean plus 1 standard deviation 
evaluation. See Section 5.1 for more details. 

• For a Rotterdam Shielded Metal Arc Weld (SMAW), the USE can be set to a lower 
bound value of 72 ft-lbs, the Cu weight percent can be set to an upper bound value 
of 0.35, and the Ni weight percent can be set to an upper bound value of 1.13. The 
Cu value is the generic value from Regulatory Guide 1.99, Revision 2 [Ref. 7]. The 
Ni value is based on a mean plus 1 standard deviation evaluation. These values 
can also be used if the type of Rotterdam weld is unknown. See Section 5.2 and 
5.3 for more details. 

3.0 METHODOLOGY 

2 

Herein, generic USE values are determined based on the mean USE of common components 
minus 2 standard deviations (cr). The mean USE is based on a review of all Charpy impact energy 
and shear data. When data is available with reported shear greater than or equal to ~5%, the 
USE values are established in accordance with 10 CFR 50, Appendix G [Ref. 1]. which specifies 
that USE be calculated based on American Society for Testing and Materials (ASTM) E185-82 
[Ref. 3]. In this case, USE is calculated based on an interpretation of ASTM E185-82 that is best 
explained by the most recent version of the ASTM E185 (2016 version). 

ASTM E185-16 [Ref. 4], Section 3.1.5, defines the Charpy upper-shelf energy level as the 
following: 

[T]he average energy value for all Charpy specimen tests (preferably three or 
more) whose test temperature is at or above the Charpy upper-shelf onset; 
specimens tested at temperatures greater than 83°G (150°F) above the Charpy 
upper-shelf onset shall not be included, unless no data are available between the 
onset temperature and onset +83°C (+150°F). 

ASTM E185-16 [Ref. 4], Section 3.1.6, defines Charpy upper-shelf onset as the following: 

[T]he temperature at which the fracture appearance of all Charpy specimens tested 
is at or above 95% shear. 

Using the above guidelines and in compliance with ASTM E185-82 [Ref. 3], the average of all 
Charpy data ~ 95% shear is reported as the USE when the shear data is available. In some 
instances, there may be data that are deemed 'outliers,' which are data points that are 
uncharacteristically high or low relative to other data at or above 95% shear. These 'outlier' data 
points are removed from the determination of the USE based on engineering judgment. 

When transverse data do not exist, the methodology in NUREG-0800, Branch Technical Position 
(BTP) 5-3 [Ref. 5] Position 1.2 is used to estimate the USE. The guidance of NUREG-0800, BTP 
5-3 [Ref. 5] Position 1.2, states that when estimating Charpy V-notch (CVN) USE: 

If tests were only made on longftudinal specimens, the values should be reduced 
to 65% of the longftudinal values to estimate the transverse properties. 
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In many cases, the CVN orientation is not reported in CMTRs. For reactor vessel material 
fabricated before 1973, such as the Rotterdam materials considered herein, the typical industry . 
practice was to perform CVN tests in the strong direction. In instances where the orientation is 
not reported, the CVN orientation is conservatively assumed to be in the "strong direction·. 

Note that the terminology for the orientation of specimens used in this report is consistent with 
the terminology used in the CMTRs. Thus, "longitudinal" and "tangential" are used 
interchangeably for the "strong direction," and "transverse" and "axial" are used interchangeably 
to represent the "weak direction." Table 1 provides the most accurate modern-terminology for the 
strong and weak directions, and Figure 1 provides a comparison of strong and weak direction test 
specimens. 

M d o ern Ch arpy - 0 C es ;pec1men 
Table 1 

VNthT tS nen on 0 . tati T enn no oav 
Reactor Vessel Material Type Weak Direction Strong Direction 

Plate 

Forging 

General 

Transverse (TL) Longitudinal (LT) 

Axial Tangential 

Normal to Major Working Parallel to Major Working 

"WEAK° DIRECTION 

ASME TRANSVERSE 
ASTMT-L 

RPV CIRC. FLAW 

Direction Direction 

•sTRONG• DIRECTION 

ASME LONGITUDINAL 
ASTM l•T 

RPV AXIAL R.AW 

Figure 1 Comparison of ''Weak" Direction and "Strong" Direction Test Specimens 

In some cases there is not enough information to determine the USE according to ASTM E185-
82 in either the weak or strong direction. In these cases, engineering judgment is used to 
determine how to evaluate and utilize the data. The sections below provide the methodology 
used to review and evaluate the forgings and welds respectively. 
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3.1 EVALUATION OF ROTTERDAM FORGING MATERIAL UPPER-SHELF ENERGY 

In order to use the mean USE minus 2 standard deviations (a) approach, the USE values are 
determined for all available components. The amount of available CVN data varies depending 
on the plant and component. In some instances there is enough information to define the USE in 
the transverse direction using the method of ASTM E185-82. These instances are primarily 
associated with testing performed to determine the limiting material for inclusion in the reactor 
vessel surveillance programs. There are other instances where data is only available in the 
longitudinal direction. In these instances BTP 5-3 [Ref. 5] is utilized to convert the data to 
transverse data. In other instances, enough data was obtained to develop a full Charpy curve, 
but shear values were not recorded. Finally, some CVN data does not report the shear and/or 
stops at approximately room temperature (-70°F). In these cases, insufficient data is available 
to determine the USE, and only approximations based on the data are available. The following 
discussion explains how different specific situations are addressed. 

• If the CVN dataset contains at least one shear data point greater than or equal to 
95%, but some data points report no shear, all data points with an impact-energy 
approximately equal to or greater. than the impact energy of the shear data points 
known to be ~ 95% are assumed to have greater than or equal to 95% shear. All 
non-outlier data points with known or assumed shear at ~ 95% are averaged to 
determine the USE and incorporated into the calculation of the generic USE. 

• If the CVN dataset contains limited or no shear data, however, the upper shelf can 
clearly be determined from the data provided (through visual inspection), the USE 
is identified and incorporated into the calculation of the generic USE. The USE is 
identified by an approximately constant energy vs. temperature region. For 
example, in some cases, data points at four temperatures over a 50°F range· 
exhibited energy values within a 10 ft-lb scatter or less. The existence of the upper­
shelf region is confirmed by plotting the impact energy data and identifying if the 
plot levels off at higher temperatures. The USE represents an average of all 
Charpy energy values considered to be in the upper-shelf region. 

• If the CVN dataset reports shear values, but all data indicates a shear less than 
95%, the USE is reported as greater than or equal to the maximum reported CVN 
impact energy, and is not incorporated into the calculation of the generic USE. 

• If the CVN dataset included limited shear data or did not include shear data and 
Charpy impact energies are increasing throughout the temperature range 
available, it is unknown if the upper shelf has been reached. The USE values are 
conservatively determined based on the information available and the actual USE 
values may be higher. The USE is set greater than or equal to the highest Charpy 
impact energy value available or, if the highest data point is determined to be a 
potential 'outlier' or a non-representative data point, the USE is set greater than or 
equal to a value less than the highest value based on the average of the 
comparable preceding data points. In these instances, the USE is not incorporated 
into the calculation of the generic USE. 
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3.2 EVALUATION OF ROTTERDAM WELD MATERIALS UPPER-SHELF ENERGY AND 
CHEMISTRY 

Rotterdam-supplied CMTRs which contain data on weld materials used in the fabrication of 
vessels by Rotterdam do not consistently specify where the materials were used. The CMTRs 
often contain Charpy impact data at a limited number of temperatures or at a single temperature. 
The industry practice at the time of fabrication of the Rotterdam reactor vessels (late 1960's to 
early 1970's) was to test Charpy specimens at 10°F to show 30 ft-lbs or more of absorbed energy, 
and the test information contained in the CMTRs was considered sufficient to satisfy the fracture 
toughness requirements of ASME Code at the time. Since this amount of information is not 
sufficient to determine a USE, and there exist instances where the weld heat is not identified for 
a specific weld seam, a generic USE is developed herein. 

The Rotterdam CMTRs identify two types of welds us.eel in the fabrication of the vessels, shielded 
metal arc welds (SMAW) and submerged arc welds (SAW). Each weld type is addressed 
separately. 

The generic USE value for the SAWs is the mean minus 2 standard deviations (cr) value of the 
initial USE of the surveillance welds for all Rotterdam fabricated vessels. Outside of the baseline 
measurements for the reactor vessel surveillance programs, no USE information is available for 
Rotterdam SAW materials. As discussed previously, the weld material was typically tested at 
only one temperature, and insufficient data exists to determine the USE with accuracy. Therefore, 
only the results relevant to the reactor vessel surveillance capsule program unirradiated testing 
at Rotterdam and Westinghouse can be used to determine the generic USE for an unirradiated 
Rotterdam SAW material. The surveillance capsule programs contain weld specimens which 
represent every Rotterdam SAW heat vendor and every Rotterdam flux type (although not every 
heat-flux type combination is represented). The core region welds had the same specification 
requirements as the other reactor vessel welds; however, for the core region welds, Rotterdam 
was required to "aim for" both a Charpy V-Notch Transition Temperature (T cv) and a Nil-Ductility 
Transition Temperature (NOTT) less than 10°F and to furnish additional test results relevant to 
T cv and NOTT. Both the T cv and NOTT do not occur near the upper-shelf region, and thus, the 
surveillance capsule program test results are generically representative of the SAWs produced at 
Rotterdam for USE calculations. Note that Linde 80 flux type welds are intentionally excluded 
from this analysis, as these welds have been analyzed generically previously (e.g., Reference 6), 
and the use of this flux type is believed to be applicable only to two of the Rotterdam ~abricated 
reactor vessels. 

The generic USE value for SMAWs deviates from the mean minus 2 standard deviations 
approach previously discussed, because the SMAWs Charpy tests typically do not provide 
enough information to determine a USE. Instead of a true USE value, a lower bound USE value 
is developed for each component based on the available information. If no shear is available, the 
lower bound USE is reported as the average of the Charpy impact energies at the test 
temperature, typically around 10°F. When shear values are reported and each is less than 95%, 
then the maximum Charpy impact energy value is reported. The generic USE value for SMAWs 
is then based on analysis of the lower ~ound USE data and corresponding shear data, as 
available. By reporting the USE in this manner, a conservative representation of the USE for 
SMAWs is provided based on the lowest possible value of USE. 

In addition to the generic USE, the generic chemistry, i.e., Cu and Ni weight percentages, is 
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determined for both SAWs and SMAW based on the mean plus 1 a. This method is based on 
Regulatory Guide 1.99, Revision 2 [Ref. 7], which states that conservative chemistry estimates 
are a mean plus one standard deviation. If a common heat-flux type combination is shared 
between multiple welds, the average chemistry value for the heat is considered as one data point 
when determining the generic weld chemistry values as not to assign undue weight to the material, 
since it is representative of just one heat-flux type combination. The chemistry data used in the 
evaluation consists of the measurements from the reactor vessel surveillance program, 
supplemented with all available chemistry data for heats qutside the surveillance programs. The 
data is limited to deposited weld chemistry results, unless otherwise noted. The chemistry 
analysis of the bare weld wire is excluded, as the deposition process can affect the chemistry of 
the weld. 

4.0 GENERIC ROTIERDAM FORGING UPPER-SHELF ENERGY 
This section reviews all Rotterdam reactor vessel forgings, including the supplier responsible for 
the forging, the USE in the strong direction ("known" and estimated), the estimated USE values 
in the weak direction determined using BTP 5-3 Position 1.2 [Ref. 5], and the USE values in the 
weak direction determined from the original CMTR data. 

The data herein is evaluated using the guidance of 10 CFR 50.61 [Ref. 8], which states: 

Data from reactor vessels fabricated to the same material specification in the same 
shop as the vessel in question and in the same time period is an example of 
"generic data." 

For the purposes of this evaluation, "same shop" is considered to be the same supplier 
responsible for the forging. Table 2 breaks down the vessel components according to the 
responsible supplier. Note that all reactor vessel head materials considered herein are the 
original plant materials. 

s ummary o 

Number of 
Supplier 

Components 

Rheinstahl 
38 

Huttenwerke AG 

KJOckner-Werke AG 8 

Fried-Krupp 
67 

Huttenwerke AG 

Temi 6 

Unknown 2 

Marrel-F re res 2 

Table 2 note contained on following page. 

PWROG-17090-NP-A 

Table 2 
0 am f R tterd F orgm1 

Number of 
Materials with 

"Known" Strong-
Direction USE<•> 

9 

8 

38 

2 

0 

0 

s Ii upp. ers 

Number of Materials 
Number 

with "Known" 
Weak-Direction USE<1> of Nozzles 

10 

2 

5 

0 

0 

0 

16 

0 

47 

0 

1 

2 
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Table 2 Note: 
a. "Known" USE values are those which could be positively identified with ~ 95% shear values or visually. 

These USE values are not marked with a ~ symbol in the following tables in this section. See the 
following tables and Section 3.1 for more details. 

4.1 RHEINSTAHL HUTTENWERKE AG 

Table 3 contains the forgings procured from Rheinstahl Huttenwerke AG. All forgings were 
manufactured to the ASTM A508, Class 2 specification and were manufactured in the late 1960s 
and early 1970s timeframe. Note, for USE values preceded by a ·~· symbol, the listed USE value 
is conservatively determined based on the information available, and the actual USE value may 
be higher. 

Table 4 statistically evaluates the USE data for all Rheinstahl Huttenwerke AG supplied forgings. 
In Table 4, the mean weak-direction USE determined using BTP 5-3 estimates is identical to the 
USE determined using known weak-direction data. The mean minus 2 standard deviation weak­
direction USE value utilizing actual weak-direction data is lower than the corresponding BTP 5-3 
value due to a larger standard deviation. A value of 56 ft-lbs, corresponding to the measured 
weak data mean minus two standard deviations, is conservative for use when USE cannot be 
determined from available data for a Rheinstahl Huttenwerke AG forging as this value also bounds 
the BTP 5-3 mean minus two standard deviations value. The results indicate that the generic 
unirradiated USE in the weak-direction minus two standard deviations is greater than the 10 CFR 
50, Appendix G [Ref. 1] criterion for a minimum irradiated USE of 50 ft-lbs. 

The value of 56 ft-lbs is taken from the "known USE" column. Theses Mknown· values are 
identified as the values in Table 3 which do not include a ·~·. This value is more appropriate than 
the values in the "known and estimated" USE column as the estimated data is incomplete and 
represents an unnecessary penalty on the generic value. The "known and estimated" USE data 
is shown for information, and is not recommended for use as it contains a significant amount of 
data that may not represent the actual USE for Rheinstahl Huttenwerke AG forgings. The 
"estimated" USE suppresses the mean and increases the standard deviation as a result of 
intentional conservatism and incomplete data. 
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Table 3 
s ummary o f Rh I e nsta hi H k AG F uttenwer e org ngs USED (al ata 

Upper-Shelf Energy (ft-lbs) 

Plant Comrionent 

Plant A Head Flange 

Head Flarige 

Vessel Flange 

Plant B 
Upper Shell 

Intermediate Shell 

Lower Shell 

Bottom Head Ring 

Head Flange 

Ves~el Flange 

Upper Shell 
Plant C 

Intermediate Shell 

Lower Shell 

Bottom Head Ring 

Upper Shell 

Intermediate Shell 

Lower Shell 

Inlet Nozzle 09 

Plant D Inlet Nozzle 10 

Inlet Nozzle 11 

Outlet Nozzle 12 

Outlet Nozzle 13 

Outlet Nozzle 14 

PWROG-17090-NP-A 

Strong 
Direction!bl BTP 5-31c> 

128 83 

~ 141 ~ 92 

~ 163 ~ 106 

143(d) 93 

119<dJ 77 

115<e) 75 

~ 113 ~ 73 

2: 142 2: 92 

2: 156 ~ 101 

2: 105 ~68 

133(e) 86 

137(d) 89 

~ 113 2: 73 

~ 87 ~ 57 

~ 82 ~ 53 

135(e) 88 

2: 72 ~ 47 

2: 98 2: 64 

~ 60(!) ~ 39(!) 

~ 89 ~ 58 

~ 98 ~64 

~ 60(1) ~ 39(!) 

Weak 
Direction 

NIA 

N/A 

N/A 
111 (d) 

75(d) 

64(8) 

N/A 
NIA 

NIA 
N/A 
88(e) 

98(d) 

N/A 
N/A 
N/A 
77(e) 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 
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Table 3 
s ummary o ens u enwer e f Rh I tahl H tt k AG F orgmgs USED ta<al a 

Uooer-Shelf Enerav (ft-lbs) 
Strong Weak 

Plant Component Direction(bl BTP 5-3<cl Direction 
Upper Shell 2: 68(f) o:!:44(f) N/A 

Intermediate Shell 2: 99 o:!:64 91(d) 

Lower Shell 135(e) 88 85(e) 

Inlet Nozzle 09 2: 109 <:!: 71 NIA 

Plant E Inlet Nozzle 10 <:!: 89 <:!: 58 NIA 

Inlet Nozzle 11 <:!: 80 <:!: 52 N/A 

Outlet Nozzle 12 <:!: 101 <:!: 66 NIA 

Outlet Nozzle 13 <:!: 90 2: 59 NIA 

Outlet Nozzle 14 <:!: 90 <:!: 59 NIA 
Upper Shell 2: 87 2: 57 N/A 

Intermediate Shell 115(e) 75 72(e) 

Lower Shell <:!: 112 2: 73 80(dJ 

Plant F Inlet Nozzle 09 <:!: 72 2: 47 N/A 

Outlet Nozzle 12 <:!: 93 <:!: 60 N/A 

Outlet Nozzle 13 ~ 64(fl o:!:42<fl N/A 

Outlet Nozzle 14 ~ 113 2: 73 N/A 

Table 3 Notes· 

a. All USE values are determined by averaging available Charpy energy values with reported shear ~ 
95% (from CMTRs and surveillance program baseline reports, etc., as available) per ASTM E185-82 
methods, unless otherwise noted. "N/A" indicates the information 1s not available. 

b. The Charpy data identified with a "~" symbol included limited shear data or did not include shear data, 
and it is unknown 1f the upper shelf has been reached, since Charpy impact energies are increasing 
throughout the temperature range available For USE values preceded with a ·~" symbol the USE 1s 
set equal to a value less than or equal to the highest CVN value available. For USE values preceded 
with a·~· symbol the listed USE value 1s conservatively determined based on the information available, 
the actual USE value is likely higher. 

c. NRG Branch Technical Position (BTP) 5-3 [Ref. 5] Position 1.2 was utilized to convert strong-d1rect1on 
USE data to weak-direction USE data by reducing the strong-direction energy values to 65% of the 
reported values. 

d USE determination includes data taken from supplemental Westinghouse test records associated with 
the surveillance capsule program. 

e. USE is the average of all available Charpy energy values with reported shear~ 95% per ASTM E185-
82 methods. Charpy data included data taken from Reactor Vessel Surveillance Programs baseline 
test reports. 

f. This USE value likely does not provide an accurate representation of USE The actual USE 1s likely 
much higher since a Charpy test with a similar absorbed energy has a shear value much less than 
95%. Therefore, this data point is excluded from the statistical analysis. 
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1s ca na1vs so ens u 
Table 4 

Stat" ti I A I I f Rh I tahl H tte nwe rk AG F e oramas 

10 

(a) 

Known USE Known and Estimated USE 
Strong Weak Strong Weak 

Direction BTP 5-3 Direction Direction BTP 5-3 Direction 

Mean 129 84 84 110 72 84 

Standard 
10 7 14 24 16 14 

Deviation 

Mean-2a 109 70 56 62 40 66 

Maximum 143 93 111 163 106 111 

Minimum 115 75 64 72 47 64 

#of 
Components 9 10 34 10 
Included 

Table 4 Note: 

a. Statistical analysis of Table 3 values, unless the value is noted as excluded. "Estimated" values are 
identified with a ·~· symbol. 

4.2 FRIED-KRUPP HUTTENWERKE AG FORGINGS 

Table 5 contains the forgings procured from Fried-Krupp Huttenwerke AG. All forgings were 
manufactured to the ASTM A508, Class 2 specification or the corresponding ASME SA508, Class 
2 specification and were manufactured in the late 1960s and early 1970s timeframe. Note, for 
USE values preceded by a ·~· symbol, the listed USE value is conservatively determined based 
on the information available. and the actual USE value may be higher. 

Table 6 statistically evaluates the USE data for all Fried-Krupp Huttenwerke AG supplied forgings. 
In Table 6, the mean known weak-direction USE is greater than the weak-direction USE based 
on BTP 5-3 estimates. The mean minus two standard deviation weak-direction USE value 
utilizing actual weak-direction data is lower than the corresponding BTP 5-3 value due to a larger 
standard deviation. A value of 52 ft-lbs, corresponding to the measured weak data mean minus 
two standard deviations is conservative for use when USE cannot be determined from available 
data for a Fried-Krupp Huttenwerke AG forging as this value also bounds the BTP 5-3 mean 
minus two standard deviations value. The results indicate that the generic unirradiated USE in 
the weak-direction minus two standard deviations is greater than the 10 CFR 50, Appendix G 
[Ref. 1] criterion for a minimum irradiated USE of 50 ft-lbs. 
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The value of 52 ft-lbs is taken from the "known USEn column. These "knownn values are identified 
as the values in Table 5 which do not include a ·~n. This value is more appropriate than the values 
in the "known and estimatedn USE column as the estimated data is incomplete and represents an 
unnecessary penalty on the generic value. The "known and estimated" USE data is shown for 
information, and is not recommended for use as it contains a significant amount of data that may 
not represent the actual USE for Fried-Krupp Huttenwerke AG forgings. The "estimated" USE 
suppresses the mean and increases the standard deviation as a result of intentional conservatism 
and incomplete data. 

s ummarv o 

Plant 

Plant A 

Plant B 

Plant C 

Plant D 

Plant E 

PWROG-17090-NP-A 

Table 5 
f F. d K ne - rupp Hutte k AG F nwer e orgmgs USED ta<a> a 

Uooer-Shelf Energy (ft-lbs) 
Strong 

Component DirectionCb> 

Intermediate Shell 128(d) 

Lower Shell 136 

Bottom Head Ring 162 

Inlet Nozzle 11 o!:·113(f) 

Inlet Nozzle 12 126 
Inlet Nozzle 13 ~ 125(1) 

Inlet Nozzle 14 137 

Outlet Nozzle 15 119(h) 

Outlet Nozzle 16 121 (h) 

Outlet Nozzle 17 141 

Outlet Nozzle 18 .!: 104<fl 

Inlet Nozzle 11 .!: 106 

Inlet Nozzle 12 .!: 93 

Inlet Nozzle 13 .!: 119 
Inlet Nozzle 14 .!: 106 

Outlet Nozzle 15 .!: 92 
Outlet Nozzle 16 o!:84 
Outlet Nozzle 17 .!: 109 

Outlet Nozzle 18 .!: 127 

Inlet Nozzle 11 ~ 79 
Inlet Nozzle 12 , ~ 109 

Inlet Nozzle 13 .!: 113 

Inlet Nozzle 14 134(h) 

Outlet Nozzle 15 .!: 86 

Outlet Nozzle 16 ~ 77 

Outlet Nozzle 17 .!: 106 

Outlet Nozzle 18 .!: 144 

Head Flange ~ 173 

Vessel Flange 152(h) 

Vessel Flange .!: 166 

BTP 5-a<c> 

83 
88 

105 
~ 73 

82 
.!: 82 

89 

77 

79 

92 

.!: 68 

.!: 69 

.!: 60 

~ 77 
~ 69 
.!: 60 
.!: 55 

.!: 71 
~ 83 

~ 51 

.!: 71 

.!: 73 

87 
.!: 56 

.!: 50 
~ 69 

.!: 94 

.!: 112 

99 

.!: 108 

Weak 
Direction 

62(d) 

111 (e) 

N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
NIA 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
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Table 5 
s ummary o f Fri d K e - rupp H k AG F uttenwer e org ngs USED (al ata 

Upper-Shelf Enerav (ft-lbs) 

Plant Component 

Plant F 
Head Flange 

Vessel Flange 
Head Flange 

Vessel Flange 

lntennediate Shell 
Lower Shell 

Bottom Head Ring 

Inlet Nozzle 11 

Plant G Inlet Nozzle 12 
Inlet Nozzle 13 
Inlet Nozzle 14 

Outlet Nozzle 15 
Outlet Nozzle 16 
Outlet Nozzle 17 
Outlet Nozzle 18 

Head Flange 
Lower Shell 

Bottom Head Ring 
Inlet Nozzle 11 

Inlet Nozzle 12 
Plant H Inlet Nozzle 13 

Inlet Nozzle 14 
Outlet Nozzle 15 

Outlet Nozzle 16 
Outlet Nozzle 17 

Outlet Nozzle 18 
Head Flange 

Vessel Flange 

Intermediate Shell 

Bottom Head Ring 
Inlet Nozzle 11 

Plant I Inlet Nozzle 12 

Inlet Nozzle 13 
Outlet Nozzle 15 
Outlet Nozzle 16 
Outlet Nozzle 17 
Outlet Nozzle 18 

Table 5 notes contained on following page. 
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Strong 
Directionlbl 

~ 130 
~ 146 
146 
211 

148(d)(e) 

156 
162 
121 

103 
94 

133 
139 
110 

129 
~ 129(1) 
158(g) 

153 
~ 110 
133(h) 

132(h) 
125(h) 
117(h) 
130(h) 
137(h) 

125(h) 

~ 111 
156(h) 
173(h) 

150(dJ 

~ 110 
144(g) 
~ 130(f) 
134(g) 

122(h) 

~ 104 
118(g) 

~ 129 

BTP 5-31c1 

~ 85 
~ 95 

95 
137 
96 
101 
105 

79 
67 

61 
86 
90 
72 

84 
~ 84 
103 
99 
~ 72 

86 

86 
81 
76 

85 
89 
81 
~ 72 

101 

112 

98 
~ 72 

94 

~ 85 

87 
79 
~ 68 

77 
~ 84 

Weak 
Direction 

NIA 
N/A 
N/A 
NIA 

11 O(d)(e) 

123(e) 

N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
NIA 
N/A 
N/A 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
94(d) 

NIA 
N/A 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
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Table 5 Notes: 

a. All USE values are determined by averaging available Charpy energy values with reported shear ~ 
95% (from CMTRs and surveillance program baseline reports, etc., as available) per ASTM E185-82 
methods, unless otherwise noted "N/A" indicates the information is not available. 

b. Unless otherwise noted, the Charpy data identified with a·~· symbol included limited shear data or did 
not include shear data, and it is unknown if the upper shelf has been reached, since Charpy impact 
energies are increasing throughout the temperature range available For USE values preceded with a 
":2:" symbol the USE is set equal to a value less than or equal to the highest CVN value available . .EQ!: 
USE values preceded with a ·:2:· symbol the listed USE value js conservatively determined based on 
the information available, the actual USE value is likely higher. 

c. NRC Branch Technical Position (BTP) 5-3 [Ref. 5] Position 1.2 was utilized to convert strong-direction 
USE data to weak-direction USE data by reducing the strong-direction energy values to 65% of the 
reported values. 

d. USE 1s the average of all available Charpy energy values with reported shear :2: 95% per ASTM E185-
82 methods. Charpy data included data taken frorT] Reactor Vessel Surveillance Programs baseline 
test reports. 

e. USE determination Includes data taken from supplemental Westinghouse test records associated with 
the surveillance capsule program. ' 

f. All reported shear values are less than 95% shear. The reported value is less than or equal to the 
maximum energy value of a specimen with less than 95% shear As a result, the USE is higher than 
the CVN data reported. 

g. USE includes averaged data points without a reported shear but assumed to be :2: 95% shear based on 
comparison of the CVN data points known to be at ~ 95% shear for the same material. 

h. The dataset contained limited or no shear data; however, the USE could clearly be determined from 
the data provided. For this material, the upper shelf could be identified as a result of the existence of 
an approximately constant energy vs. temperature region. This USE represents an average of all 
Charpy energy values considered to be in the upper shelf region. 

Table 6 
ca a1ys1s o Statlstl I An I e - UPP u f Fri d Kr H tte nwe rk AG F e oramas (11) 

Known USE Known and Estimated USE 
Strong Weak Strong Weak 

Direction BTP 5-3 Direction Direction BTP 5-3 Direction 
Mean 137 89 100 128 83 100 
Standard 21 14 24 25 16 24 
Deviation 

Mean- 2a 95 61 52 78 51 52 

Maximum 211 137 123 211 137 123 

Minimum 94 61 62 77 50 62 
#of 
Components 38 5 67 5 
Included 

Table 6 Note: 

a. Statistical analysis of Table 5 values. "Estimated" values are identified with a ":2:" symbol. 
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4.3 ROTTERDAM FORGINGS FROM OTHER OR UNKNOWN SUPPLIERS 

Table. 7 contains the forgings produced from suppliers other than Rheinstahl Huttenwerke AG or 
Fried-Krupp Huttenwerke AG. All forgings were manufactured to the ASTM A508, Class 2 
specification or the corresponding ASME SA508, Class 2 specification and were manufactured in 
the late 1960s and early 1970s timeframe. As can be seen from the results, a generic USE is not 
required for any of these components. All components have a USE determined with ASTM E185-
82 or the USE is able to be conservatively estimated to be significantly greater than the 
10 CFR 50, Appendix G USE criterion for a minimum irradiated USE of 50 ft-lb for operating 
plants. Based on the data in Table 7 and the generic values determined for Rheinstahl 
Huttenwerke AG or Fried-Krupp Huttenwerke AG forgings, a Rotterdam forging with an unknown 
supplier from the late 1960's or early 1970's timeframe will have a USE value of at least 52 ft-lbs, 
the minimum generic value determined in this report for Rotterdam forgings. 

Table 7 
s ummar, '0 fR tt d F o er am orgmgs fr 0th om er or u k n nown S II USE Data<a> LIPPI ers 

Plant Component Supplier 

Closure Head Ring Temi 

Plant A Vessel Flange Klockner-Werke AG 

Upper Shell KIOckn~r-Werke AG 

Plant B Top Head Ring Temi 

Plant C Top Head Ring Tami 

Plant E Head Flange Unknown 

Inlet Nozzle 10 Marrel-Freres 
Plant F 

Inlet Nozzle 11 Marrel-Freres 

Closure Head Ring Temi 
Plant G 

Upper Shell Klockner-Werke AG 

Closure Head Ring Temi 

Vessel Flange KIOckner-Werke AG 
Plant H 

Upper Shell Klockner-Werke AG 

Intermediate Shell Kl5ckner-Werke AG 

Closure Head Ring Temi 

Plant I Upper Shell KIOckner-Werke AG 

Lower Shell KIOckner-Werke AG 

Table 7 notes contained on following page. 
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Upper-Shelf Enerav (ft-lbs) 
Strong 

Direction(b> 

148 

156(d) 

152 

~ 126 

~ 126 

~ 144 

~ 118 

~ 115 

148 

144 

~ 155 

235(e) 

156 

161(!) 

~ 155 

156 

151 

BTP 
5-3(c) 

96 

101 

99 

~ 82 

~ 82 

~ 94 

~ 77 

~ 75 

96 

94 

~ 101 

153 

101 

105 

~ 101 

101 

98 

Weak 
Direction 

N/A 

N/A 

N/A 

N/A, 

N/A 

N/A 

N/A 

NIA 

N/A 

NIA 

N/A 

N/A 

N/A 

134(1) 

N/A 

N/A 

141 (g) 
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Table 7 Notes: 

a. All USE values are detennined by averaging available Charpy energy values with reported shear ~ 
95% (from CMTRs and surveillance program baseline reports, etc., as available) per ASTM E185-82 
methods, unless otherwise noted. "N/A" indicates the infonnation is not available 

b. The Charpy data identified with a ·~· symbol included limited shear data or did not include shear data, 
and it is unknown if the upper shelf has been reached, since Charpy impact energies are increasing 
throughout the temperature range available. For USE values preceded with a ·~· symbol the USE is 
set equal to a value less than or equal to the highest CVN value available. For USE values preceded 
with a·~· symbol the listed USE value is conservatively determined based on the infonnation available: 
the actual USE value is likely higher. 

c. NRC Branch Technical Position (BTP) 5-3 [Ref 5] Position 1.2 was utilized to convert strong-direction 
USE data to weak-direction USE data by reducing the strong-direction energy values to 65% of the 
reported values. 

d. The dataset contained limited or no shear data, however, the USE could clearly be detennined from 
the data provided. For this matenal, the upper shelf could be identified as a result of the eXJstence of 
an approximately constant energy vs. temperature region. This USE represents an average of all 
Charpy energy values considered to be in the upper shelf region. 

e. USE includes averaged data points without a reported shear but assumed to be ~ 95% shear based on 
comparison of the CVN data points known to be at ~ 95% shear for the same material. 

f. USE is the average of all available Charpy energy values with reported shear~ 95% per ASTM E185-
82 methods. Charpy data included data taken from Reactor Vessel Surveillance Programs baseline 
test reports. 

g. USE detenninatJon includes data taken from supplemental Westinghouse test records associated with 
the surveillance capsule program: 

4.4 NOZZLE UPPER-SHELF ENERGY VALUE APPLICABILITY 

Since the geometry and size of nozzle forgings is different from the beltline forgings, the_ 
Rotterdam nozzle forging USE data statistics are compared to USE data statistics for all 
Rotterdam forgings in Table 8. No evaluation on measured weak-direction data is provided, 
because no measured weak-direction Charpy data is available for Rotterdam nozzle forgings. 

An evaluation of Table 8 indicates that the mean of the nozzle forging USE data tend to be less 
than the mean of all forging USE data; however, the nozzle USE data have less scatter, which 
decreases the standard deviation. As a result, the mean minus two standard deviations are in 
good agreement when comparing the "known" USE for all Rotterdam forgings and the "known" 
USE for nozzle forgings. It is concluded that the forging USE values calculated herein based on 
all available Rotterdam forgings are applicable to the Rotterdam nozzle forgings. 

Note that most of the nozzle forgings were supplied by Fried-Krupp Huttenwerke AG. A 
comparison of the results for all Fried-Krupp forgings in Table 6 and those for all Rotterdam 
forgings in Table 8 shows no difference in the mean minus 2 standard deviations results for the 
BTP 5-3 analyses. This observation provides further justification of the applicability of the generic 
USE to the nozzles. 
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Table 8 
Statistical Analysis Comparing All Rotterdam Forgings 

e 0 am ozze 011 mas to th R tterd N I F . 
All Components, Nozzles, 

Known USE Known USE 

Strong BTP 
Direction 5-3 

Mean 140 91 

standard Deviation 23 15 

Mean-2a 94 61 

Maximum 235 153 

Minimum 94 61 

# of Components 57 
Included 

PWROG-17090-NP-A 

Strong 
Direction 

126 

12 

102 

144 

94 

24 

BTP 
5-3 

82 

8 

66 

94 

61 
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5.0 GENERIC ROTTERDAM WELD UPPER-SHELF ENERGY AND 
CHEMISTRY 

The Rotterdam CMTRs identify two types of welds that were used in the fabrication of Rotterdam 
vessels, shielded metal arc welds (SMAWs) and submerged arc welds (SAWs). Each weld type 
is addressed separately in the following-sections. Note that the weld type and vendor names are 
taken as written directly from the original records. 

5.1 SUBMERGED ARC WELD (SAW) 

This section analyzes the SAW materials available to Westinghouse and utilized by Rotterdam 
for the manufacturing of reactor vessels with the exception of the welds with Linde 80 flux type. 
Linde 80 flux type welds are excluded from this analysis and discussion, because these welds 
have been thoroughly analyzed previously (e.g., Reference 6). In addition, only one U.S. PWR 
site is believed to have Rotterdam fabricated reactor vessels which utilized the Linde 80 flux type. 
Thus, these materials are not considered generically for Rotterdam materials herein. Table 9 
contains all available USE data for the non-Linde 80 surveillance welds produced by Rotterdam. 
No USE data is available outside of the reactor vessel surveillance program welds. Table 10 
contains the surveillance program chemistry supplemented with all available chemistry data for 
SAW heats not included in the surveillance programs. The chemistry is based on measurements 
of the deposited weld chemistry, unless otherwise noted in Table 10. 

Table 11 evaluates the USE data for all available Rotterdam SAWs. The results indicate that the 
average Rotterdam SAW USE minus two standard deviations of 75 ft-lbs is greater than the 10 
CFR 50, Appendix G [Ref. 1] minimum irradiated USE screening criterion for operating plants 
(50 ft-lbs). It is also noted that all measured values are greater than the mean minus two standard 
deviations value of 75 ft-lbs. This conservative generic value of 75 ft-lbs can be utilized for 
Rotterdam SAWs when insufficient data is available to determine a weld-specific USE value. 

Table 11 provides generic values of 0.23 Cu weight percent and 0.56 Ni weight percent based on 
a mean plus 1 a. This method is based on Regulatory Guide 1.99, Revision 2, which states that 
conservative chemistry estimates are a mean plus one standard deviation. If a common heat-flux 
type combination is shared between multiple welds, the average chemistry value for the heat is 
considered as one data point when determining the generic weld values as not to assign undue 
weight to the material, since it is representative of just one heat-flux type combination. The 
generic weight percent values of 0.23 for Cu and 0.56 for Ni can be utilized for Rotterdam SAWs 
when insufficient data is available to determine weld-specific chemistry values. 
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Table 9 
Available Rotterdam SAW USE Data 

USE<a> 
Plant(s) Weld Vendor Flux Type (ft-lbs) 

Plant A, Plant G 
Hoesch LW320 129 

Plant H & Plant I 

Plant B Smit-Weld SAF89 112 

Plant C Arco Chem SAF89 110 

Plant D Westf. U SAF89 128 

Plant E Smit-Weld SAF89 95 

Plant F Phenix U LW320 109 

Plant J Bohler LW320 82 

Table 9 Note: 

a. The USE value is the average of all available absorbed energy values with a shear 2: 95% per standard 
ASTM E185-82 methodology. See Section 3 0 for additional details. 

Table 10 
Available Rotterdam SAW Chemistry Data 

Cu Cu 
Weld Flux Lot Averaged<al Heat Averaged 

Heat Vendor Type Lot (wt.%) (wt%) 

25531 Smit-Weld SAF89 01211 0.10 0.10 
716126 Phenix U LW320 26 0.10 0.10 

01103 0.33 

25295 Smit-Weld SAF89 01135 0.25 0.29 
01170 0.30 

4278 
Arco 

SAF89 01211 0.12 0.12 
Chem 

0227 Bohler LW320 14 0.19 0.19 

895075 Heesch LW320 P46 0.04 0.036 

899680 Heesch LW320 P23 0.03 0.03 

1725 Westf. U SAF89 02275 0.11 0.11 

801 
Arco 

SAF89 
01180 0.16 

0.17 
Chem 01211 0.18 

25006 Smit-Weld SAF89 
01135 0.17(bl 

0.17 
01985 0.17(b) 

25017 Smit-Weld SAF89 01197 0.33 0.33 

4275 
Arco 

SAF89 02275 0.12 0.12 
Chem 

4292 
Arco 

SAF89 02275 0.12 0.12 
Chem 

721858 
Arco 

SAF89 01197 0.08 0.08 
Chem 

Table 1 O Notes contained on following page. 
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Ni 
Lot Averaged<•> 

(wt%) 

0.18 
0.05 
0.17 
NIA 
NIA 

0.11 

0.56 
0.72 
0.75 
0.12 
NIA 
NIA 
NIA 
NIA 
NIA 

0.11 

0.15 

NIA 
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Table 1 O Notes: 

a. Lot averaged chemistry values are the average of all available as-deposited weld chemistry 
measurements for the specific heat and flux lot combination, unless otherwise noted. 

b. The chemistry value is based on the weld wire analysis since no chemistry data on the deposited 
content of the weld is available. 

Table 11 
Statl ti I A I • f SAWW Id s ca na1ys1s o 8 s 

Chemistry 
USE Heat 'Averaged Ni 

(ft-lb) Cu (wt.%) (wt.%) 

Mean 109 0.14 0.29 

Standard Deviation 17 0.09 0.27 

Mean- 2a 75 - -

Mean+ a - 0.23 0.56 

Maximum 129 0.33 0.75 

Minimum 82 0.03 0.05 

# of Welds 7 14 10 

5.2 SHIELDED METAL ARC WELD (SMAW) 

Table 12 identifies all SMAW heats that were used in reactor vessel fabrication by Rotterdam and 
that are available in Westinghouse records. Actual USE measurements are only available. for 
three weld materials (Heat #'s 818-025612, 7565.7158, and 7703.7265) in Table 12. For these 
materials, the actual measured USE is greater than or equal to 116 ft-lbs. The remainder of the 
available data is based on Charpy tests completed at 10.4°F or lower, and shear values which 
are either unknown or less than 95%. The USE is typically reached at a temperature greater than 
10°F, as demonstrated by the welds with actual measured USE values, which reached the upper­
shelf at temperatures of approximately 70°F or higher. 

Since insufficient data is available to establish an accurate mean and standard deviation, a 
conservative lower bound USE value will be determined based on all Charpy impact energies in 
Table 12. A review of Table 12 indicates that the lowest value based on an unknown shear and 
Charpy measurements of the specific heat is 72 ft-lbs for Heat# 9092. ·Heat# 7359.6708 has an 
impact energy of 63 ft-lbs, which is less than 72 ft-lbs; however, the Charpy test data indicates a 
maximum shear value of only 52%. The actual USE for Heat# 7359.6708 is therefore expected 
to be much greater than 63 ft-lbs. Since a USE value of 72 ft-lbs is only 9 ft-lbs greater, it is 
determined that 72 ft-lbs is a bounding USE value for Heat# 7359.6708. Therefore, 72 ft-lbs is 
considered to be a bounding and conservative USE value for a Rotterdam-fabricated SMAW with 
an unknown USE. 

Since only two welds with test results for Cu weight percent exist, insufficient information is 
available to determine a generic Cu value; thus, the Regulatory Guide 1.99, Revision 2 [Ref. 7], 
generic value of 0.35% for Cu can be used for an unknown Rotterdam-fabricated SMAW. The 
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limited data available indicates that a value of 0.35% is very conservative. Per Table 13, the 
chemistry data indicates that a generic value of 1.13% for Ni is acceptable for unknown heats of 
SMAW used by Rotterdam. This value is based on the Regulatory Guide 1.99, Revision 2 mean 
plus one standard deviation approach. This value of 1.13% is conservative and greater than the 
Regulatory Guide 1.99, Revision 2 generic value of 1.0%. 

Table 12 
Avallable Rotterdam SMAW USE and Chemistry Data 

USECbl Shear<cl cu<cl) 
Heat Tvoe<al Vendor<a> (ft-lb) (%) (wt%) 

818-
E8015-G B&W ~ 91(e) 85 N/A 

021736 
818-

E8015-G B&W ~ 97 N/A N/A 
022108 

818-
E8015-G B&W ~ 77(() . N/A NIA 

022778 
818-

E8015-G B&W ~ 77<ri N/A 0.01 
023006 

818-
E8015-G B&W ~ 77ro NIA N/A 

024509 
818-

E8015-G B&W ~ 77ro NIA N/A 
024510 

818-
E8015-G B&W ~ 77m N/A NIA 

024790 
818-

E8015-G B&W ~ 77(() N/A N/A 
024965 

818-
E8015-G B&W ~ 77(() N/A N/A 

025134 
818-

E8015-G B&W ~ 77(() N/A N/A 
025185 

818-
E8015-G B&W ~ 77m NIA N/A 

025186 
818-

E8015-G B&W ~ 77(f) NIA N/A 
025371 

818-
E8015-G B&W ~ 77(() NIA NIA 

025391 
818-

E8015-G B&W ~ 77(f) NIA NIA 
025392 

818-
E8015-G B&W ~ 77/!J N/A NIA 

025561 
818-

E8015-G B&W ~ 77ro N/A N/A 
025562 

818-
E8015-G B&W ~ 77m N/A N/A 

025611 
818-

E8015-G B&W 130(g) 100% 0.023 
025612 

818-
E8015-G B&W ~ 77(() NIA NIA 

025655 

PWROG-17090-NP-A 

Ni<dl 
(wt%) 

0.87 

1.11 

1.07 

1.15 

1.06 

0.96 

0.97 

0.97 

0.95 

1.04 

1.04 

0.81 

0.90 

0.92 

0.81 

0.85 

0.87 

0.91 

0.76 
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Table 12 
Available Rotterdam SMAW USE and Chemistry Data 

USE!bl Shear<c> Cu<cl) Ni<dl 
Heat Tvoe<a> Vendor<a> (ft-lb) (%) (wt%) (wt.%) 

401W9661 E8018-C3 RACO ~ 166 N/A N/A 0.97 

5835.3423 
KG66ELH, Soudo-

~ 98 N/A N/A 1.15 E9018-G metal 

5835.3900 
KG66ELH, Soudo-

~ 80 N/A N/A 1.25 E9018-G metal 

6236.4063 
KG66ELH, Soudo-

~ 120 NIA N/A 1.24 
E9018-G metal 

6236.4450 
KG66ELH, Soudo-

~ 95 N/A N/A 1.13 E9018-G metal 

6497.4647 
KG66ELH, Soudo-

~ 73 NIA N/A 1.04 E9018-G metal 

6497.4675 
KG66ELH, Soudo-

~ 83 N/A NIA 1.04 E9018-G metal 

6507.4705 
KG66ELH, Soudo-

~ 76 N/A N/A 1.36 E9018-G metal 

6747.5458 
KG66ELH, Soudo-

~ 96 N/A NIA 0.90 E9018-G metal 

7011.6032 
KG66ELH, Soudo- ~ 97(e) 68 N/A 0.93 E9018-G metal 

7011.6143 
KG66ELH, Soudo-

~ 1oa(e) 74 N/A 0.91 E9018-G metal 

7359.6708 
KG66ELH, Soudo-

~ 53(e) 52 N/A 0.83 E9018-G metal 

7565.7158 
KG66ELH, Soudo- 116(g) 100 N/A N/A 
E9018-G metal 

7703.7265 
KG66ELH, Soudo- 134(g) 100 N/A 0.94 E9018-G metal 

8640 
Molyth., 

Secher. ~ 103 NIA N/A N/A 
E8015-G 

8825 
Molyth., 

Sacher. ~ 85 N/A NIA N/A 
E8015-G 

8928 
Molyth., 

Secher. ~ 96 N/A N/A NIA E8015-G 

9004 
Molyth., 

Secher. ~ 112 N/A N/A N/A 
E8015-G 

9092 
Molyth., 

Secher. ~ 72 N/A N/A N/A E8015-G 
Table 12 Notes (continued on following page)· 

a. The weld type and vendor names are taken directly from the original records. 

b. The USE values are the average of all available absorbed energy values from Charpy tests completed 
at 10.4 °F or below with no available shear data or with limited shear data (all available values are less 
than 95%), unless otherwise noted The actual USE values are expected to be much greater in many 
cases. 

c. Identifies the shear value corresponding to the lower bound USE. NIA indicates that there is no shear 
inforrnabon available. Values of 100 correspond to multiple test specimens showing 100% shear. 
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d. When multiple measurements are available, the _chemistry values are the average of all available 
measurements for the heat 

e. The USE value is the maximum Charpy value recorded with a shear less than 95%, as no values of 
shear above 95% are recorded. 

f. Mechanical test data is not available for all type E8015-G weld heats. However, a non-conformance 
review performed by Rotterdam determined the acceptability of the material, i.e. Charpy results greater 
than or equal to 30 ft-lbs at 10°F, based on Charpy tests results available for 27 different heats. of type 
E8015-G welds. A review of these 27 heats is presented in Appendix A of this report. The review 
calculated a mean minus 2cr value of 77 ft-lbs. 

g. The USE value is the average of all available absorbed energy values with a shear .? 95% per ASTM 
E185-82. See Section 3.2 fpr additional details. 

Table 13 
Statistical A na ys1s o f SMAW W Id N" k I W I ht Percent e IC 8 erg 

Ni 
(wt%) 

Mean 0.99 
Standard Deviation 0.14 
Mean+ a 1.13 

Maximum 1.36 
Minimum 0.76 
# of Materials Included 32 

5.3 WELD ANALYSIS SUMMARY 

The previous subsections provide generic information that can be used when material-specific 
Rotterdam SAW or SMAW information is unavailable. If insufficient data exists to determine 
whether a Rotterdam weld is a SAW or a SMAW, then the generic SMAW properties can be 
utilized. The generic SMAW USE, Cu weight percent, and Ni weight percent values are all more 
limiting than the corresponding SAW values. Thus, for an unknown Rotterdam weld, the USE 
can be set to 72 ft-lbs; the Cu weight percent can be set to 0.35; and the Ni weight percent can 
be set to 1.13. 
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Appendix A 
Supplemental Charpy Impact Energy Data 

for E8015-G Electrode Welds 
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For some type E8015-G weld heats, mechanical test data is not available. However, a Rotterdam 
non-conformance review identified Charpy results for 27 separate 8015-type electrodes 
manufactured in the same shop as those utilized at Rotterdam within the previous 5 years. The 
results of this non-conformance review are documented and analyzed in Table A-1 to provide a 
surrogate USE for the materials without specific test data. No shear data is available. 

Table A-1 
S I Ch E D f E8015-G El d W Id upp ementa arpy mpact nergy ata or ectro e e s 

Type 8015 CVN Data at 10°F CVN Data at 10°F 
Material Test #1 Test #2 
Number (ft-lbs) (ft-lbs) 

1 91 95 
2 100 101 

3 65 76 

4 80 83 

5 88 90 

6 99 105 

7 70 84 
8 102 104 
9 84 92 

10 109 117 
11 118 118 
12 90 91 

13 65 90 
14 91 99 
15 95 100 
16 94 96 
17 87 94 
18 94 103 

19 105 110 
20 95 98 
21 98 98 
22 83 96 
23 105 119 
24 109 110 
25 95 95 
26 95 100 
27 94 97 

PWROG-17090-NP-A 

CVN Data at 10°F 
Test #3 
(ft-lbs) 

95 
149 
89 
105 
100 
105 
75 
107 

95 
120 
125 
96 
91 

100 
103 
111 
97 
105 

118 
102 
103 
102 
120 
112 
110 
104 
99 

Mean 

Standard Deviation 

Mean - 2cr 

Averaged 
CVN Data 

(ft-lbs) 
94 
117 
77 
89 
93 
103 
76 
104 

90 
115 
120 
92 

82 
97 
99 
100 
93 
101 

111 
98 
100 
94 
115 
110 

100 
100 

97 

99 

11 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WWIMNGTON. D.C 20555-0001 

FINAL SAFETY EVALUATION 

BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

PRESSURIZED WATER OWNERS GROUP TOPICAL REPORT 

PWROG-17090-NP. REVISION 0, 

~GENERIC ROTIERDAM FORGING AND WELD INITIAL 

UPPER-SHELF ENERGY DETERMINA TIOW 

EPID: L-2018-TOP-0017 

1.0 INTRODUCTION 

By letter dated Aplil 6, 2018 (Ref.1), as supplemented by letter dated June 12. 2019 (Ref. 2), 
the PressuriZed Water Reactor OWners Group (PWROG) transmitted Topical Report (TR) 
PWROG-17090-NP, Revision (Rev.) 0, "Generic Rotterdam Forging and Weld Initial 
Upper-Shelf Energy Determination. (Ref. 3, non-proprietary version) to the U.S. Nuclear 
Regulatory Commission (NRC) for review and approval. 

For reactor vessels (RVs) that were fabricated by the Rotterdam Dockyard Company 
(Rotterdam), the TR provides generic values of the unirradiated Charpy Upper-Shelf Energy 
(USE) for American Society of Mechanical Engineers (ASME) SA5081, Class 2 (or the 
corresponding American Society of Testilg and Materials (ASTM) A508, Class 2 (Ref. 4)) RV 
forgings; and generic values of unirradiated Charpy USE, weight percentage copper (CU) 
conten, and weight percentage nickel (Ni) content for RV SUbmefged Arc Welds (SAWs) and 
Shietded Metal Arc Welds (SMAWs). The PWROG's transmittal letter identifies that licensees 
will reference the PWROG-1709~P, Rev. O report as the basis for the genetic USE, CU 
content, and Ni content values to demonstrate compliance with Title 10 of the Code of Federal 
Regu#ations (10 CFR) Part 50, Appendix G requirements for extended operating license tenns 
when plant-specific RV material information is not available or incomplete. 

As addressed in the P'NROG's transmittal letter dated April 6, 2018, this TR is for 
iq>tementation by all U.S. PWRs with RVs fabricated by Rotterdam i'l the late 1960's and eartv 
1970's timeframe. This statement identifies the limitation on the applicability of the TR, which is 
addressed i'l the transmittal letter. 

1 Logsdon, WA, Begley, J.A., and Gottshall, C.L Oynamc fractLl'e toughness of Ameriawl Society of 
Mechanical EngineeJS (ASME) SA508 Class 2a ASME SA533 grade A Class 2 base and heat affected 
zone material and applicat>e weld metals. United States: N. P-, 1978. Web. 

Enclosure 

vi 
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SUBJECT FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR 
REGULATION FOR THE PRESSURIZED WATER REACTOR OWNERS GROUP 
TOP1CAL REPORT PWROG-17()g().NP, REVISION 0, "GENERIC ROTIEROAM 
FORGING Al«J WELD INITIAL UPPER-SHELF ENERGY DETERMINATION" 
(EPIO L-2018-TOP-0017) DATED DECEMBER 12, 2019 

•.: 11;• • 11.• .. 
OMcny,NRR 
RidsOgcMeiCenle 
~ 
CSyndar,NRR 

Lfields. NRR 
RidlACRS_MalCTR 
RldlNnOnrt,M) 
HGonz.eNlz,NRR 

V 
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I" 

40TH AN"'f'/l!RSARY 

PWR©G ,wao--.o..., 

June 12, 2019 

00-19-126 

U.S. Nuclcm Regulatory Commission 
Document Control Desk 
11SSS Rockville Pike 
Rockville, MD 208S2 

Subject: PWR Owners Group 

Program Mlragement Office 
1000 w..ni,,ouw [)m,e, Sult& 1 n 

Cranberry Townahlp, PA 16086 

PWR00-17090-NP, Revision 0 
Project Nmnber 99902037 

Jraumittal oftbe Rnoogse to Rc9vest ror Addttioaal Inrormation. RAia I:J 
and S-7 Associated with PWRQG::17090. Reyisio• Q, .. Gtn,cis Rotrerdam 
Forginc and Weld laitial I;pper-SbelfEnergy Determination", PA-MSC-1367 

References: 

I. Leuer 00-18-186, Transmittal of PWR00-17090-NP, Revision o. "Oeneric Rotterdam 
forging and Weld Initial Upper-ShelfEnergy Detemtlnation," PA-MSC-1367. dated April 
6,2018 

2. NRC Letter of Acceptance for Review of PWROG-17090-NP, Revision 0, "Generic 
Rottmdam Forging and Weld Initial Uppcr-SbclfF.ncrgy Determination," dated June 12. 
2018 

3. Email from the NRC (Drake) to the PWROG (Holderbaum), Request for Additional 
Information, RAis 1-7, PWR00-17090-NP, Revision 0, "Generic Rotterdam Forging and 
Weld Initial Upper-Shelf Energy Detennination." dated February 21, 2019 

On April 6, 2018, in accordance with the Nuclear Regulatory Commission (NRC) Topical Report 
(TR) program ror review and acceptance, the Pressurized Water Reactor Owners Group (PWROG) 
requested fonnal NRC review and approval of PWR00-17090, Revision O for referencing in 
replatory actions (Reference 1). The report was accepted for review on June 12, 2018 
(Refercnce 2). The NRC Staff has determined that additional information is needed to complete 
the reviC'W per the email dated February 21, 2019 (Reference 3). 

Enclosure I to this letter proviclcs formal responses to NRC RAis 1-3 and 5-7 (Reference 3) 
associated with PWROG-17090-NP, Revision 0, .. Generic Rotterdam Forging and Weld Initial 
Upper-ShelfEnCl'ID' Determination," N-481 of the Primary Loop Pump Casings of Westinghouse 
Type Nuclear Steam Supply Systems". 
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U.S. Nuclear Regulatory Comnussion 
00-19-126 

Correspondence related co this transmittal should be addressed to: 

Mr. W. Anthony Nowinowski, Executive Director 
PWR Owners Group, Program Management Oftke 
Westinghouse Electric Company 
l 000 Westinghouse Drive 
Cranberry Township. PA 16066 

June 12, 2019 
Page 2of2 

If you have any queslions, pleac do not hesitate to contact me at (805) 545-4328 or 
Mr. W. Anthony Nowinowski. Program Manager of the PWR Owners Group, Program 
Management Office at (412) 374-6855. 

Sincerely yours. 

Ken Schrader, COO & Chainnan 
PWR Owners Oroup 

JKS:bm 

cc: PWROG PMO 
J. Drake. US NRC 
P. Atkin. DOM 
C. Tomes. DOM 
T. Hana, DOM 
J. .Andrachek, Westinghouse 
T. Zalewski, Westinghouse 
B. Lynch, Westinghouse 
8. Mays. Westinghou,c 
L. Patter,on, We!itinghouse 

Enclosures I: LTR-SDA-19..031 (Westinghouse non-proprietary). Revision 0, RAls 1-3 and 5.7 
Responses for PWROG-17090-NP, Revision O (P A-MSC-1367) 

PWROG-17090-NP-A 
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@Westinghouse 

To: 1bomu Zalewski 

From: D. Brett Lynch 
Phom~: (412) 342-1718 

West!npo111e Electric ComPlllY 
302 Building 
1332 Beuldl Rold 
Plnsburp. Pennsylv111l1 15235-5081 
USA 

DD: June 11, 2019 

0..rd. LlR•SDA-19-031, Rev. 0 

Subject: Rapoate1 to tile U.S. NRC Request for Addltlonal laformadon on Gcacric Rotterdam 
llorpag and Weld Initial Upper Shelf Ea.-gy Values (PWROG-17090-NP) 

Att!lclunents: A. Responses to the U.S. NRC Request for Additional Information on Generic RoUerdam 
Forging and Weld Initial Uppec Shelf Em'I,}' Values (PWR00-17090-NP) 

Refllreru:es: I. Pressurized Warer Reactor Owners Oroup (PWROO} Report PWROG-17090-NP, 
Revision 0, "Generic Rotterdam Forging and Weld Initial Upper-Shelf EncraY 
Determination," Much 2011. [Agmcy;,IM DocllaNnu A«08 and ~ Syst,rn 
(ADAJIS) Accu&ton Mllllbu MI.I 811 -Ml BJ] 

This letter provides Wesdnahouse responses 10 1he Rlquests for Additional Information (RAb) from tho U.S. Nucleer 
Regulatory Conunl5'Jon (NRC) concsning the evallllltion in the PWROG-17090-NP, Revision o ref)Ort (Refereftce J ). 

If you have any questions. please c:ontact the uodmigoed. 

Blecll'Olrlallly Appn,d 
Author: D. Brett Lynch 
Structural Desip & Analysis m 

Bl~Apfm,Pd' 
Reviewed: Benjamin E. Mays 
Structi.aal Design & Analyai5 m 

El«:trollktl/Jy ~ 
Approved: L)'llll A. Patterson. Manqer 
Structural Desr,n & Analysis III 

C 2019 Wearingbot.lM Electric Cffltpany UC 
All RIJblS Reserved 
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Westinghouse Non-Proprietary Qass 3 

Attachment A 

LTR-SDA-19-03 1. Rcv.O 
Attadunent A 

Page I of8 

Responses to the U.S. NRC Request for Additional 
Information on Generic Rotterdam Forging and 

Weld Initial Upper Shelf Energy Values 
(PWROG-17090-NP) 
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WestiflllOO\L'!C Non-Proprietary Cws 3 
LTR-SDA-19-031, Rcv.O 

A ttllchmc:nt A 
Page? of8 

/t4plot'11'J' llab for 1111 NRC Stuffs RA/ C"Ollcattllll TOfNC'II Rqort PWROG-/ 7tl'J(J..NP, Rn. 0 
Applkabll lO All RAJ (Juutk»u 

TIJk JO UJ' thl! Codi! UJ /i',deraJ Rlg,l/aliom. Par1 j(J (/0 1..'FR Part 50), .fppmda G. "Frocnr, 
TOflSlhnn$ ~" Paragraph IV.A I, "Rloclor Vu"/ Chirpy Upp,r..sltdf EIWJ'f!Y 
RlqlliNIHfflls, " sf41n. In part. drol reot!lor pnaMU ...uuJ (RPV) 11.ltlbte lltQlerlah 1'1U.fl Jrm.e Cw111 
USE in tJw lnmnWH dir«titHt for 1-6 ,,.alma/ and along tit,, vmd for Wf!ld llfflNrial aa:ordt,,g 10 tJw 
ASME Code, Seed°" Ill of 19(1 Ins 1'- 7J ft-lb (102 J) lllitlally alfd lffu.JI ntalnlain Charpy VSE 
,,,,~ tlw life of,,.. RPV of"° kn ,,_, JO ft-16 (68 .I), llllHS.I ii ls ~ in a _, 

~ by me NRC ,"1jf lhol /owu values of C1utrpy USE. wiJJ provk# margm, of 111µ1)' agaillst 
/rocnn ,qulvolent to those fW/11/Nd by Appmdlx G of Stctto,, XI ofllte ASME Cou.. 

Flll'lhu, S«:tlon m, -Fracnn Toug/lnlu Tuts. of JO CFR Part JO. Ap/Mndb& G stales Ihm ~ 
demon,tra CIOllfJ1lia,a wilh IN /ractlll't IOUghnas r,q~ lhu appmdix. incllltJlllg ('harpy USE 
tWfllilWPMnl:I clled allow, farrltlc RPV IIIOIHiab mwt brt wst,d in a«ordrmce with di£ ASME Code. 
Section Ill and. for the RPJ' beltline matmals, the Int r,qrtirMIOlt.1 of Appmtilr H q 10 CFR Ptll'I 5(). 
For an RPY thtll 11·a, COIQlnlclltd to a,r E'Jitian l1lfd Addenda of 1M ASME Cu. S«tion Ill t:arlier titan 
me SUlllmer /971 Adtknd'1 ofdw /971 Edi/ion tllltder /OCFR j(),$5a). IM JWUCl'Vafruct,n tougl,nu.s 
daJa and dt1la analysu 111a,.st he ,wlfflfofflled in a m<¥11JU tlf1l1l'rwed by 11w NRC staff. to demt»utra1e 
«{IIIQffiN 11t'ith I~ fraclllrT IOugimeM reqllU'efflfJflS of dt/J appendiJt. 

S-11pp/emffltal frac~ tm,gltr,es& daJa p RPV bellline tMtmals, whk,. includes ferrltic RPY 11ta1mals 
that are n,wJ, incorparalrd into the RPV btltllnt ngionfor aunJeJ llcr,ue wrms. inay Jnc/lMk giu,trlc 
propvdafor a cla.u qf matmal 10 demomlrale ~ widi Ille reqlUl'ffllOf/S of /0 CFR Pan JO. 
Appendix 0. The U.te of gme,-ic RPY maHriul ~s /or a clas., of material to Jm.onmak 
cwnplitmct! with tline ~a/QI) ,wpdrattmis is nlhfec1 1a w rewew and apprmo/ <,f the NRC stq/f 

Bg,.:kzrow,d. Section I O of TR JIOUJ that ~,, shmdd be ~ tllot prior to ur:«d/ng I Ox /()1' ,r. ,:,,, ' (E 

> 1.0 Me VJ. 10 CFR Part 50, ~ G reqll/remmls dolWl upply." 

/m!!. ' Th~ NRC 1ta/f ldtmtUleJ tht.it dli.r .Wlewuml ls nvt In tXCOl'donc8 with /0 CFR Part JO .• 4ppeltdlx 
G. While the <'1,a,py VSE l'eqllirounn of JO CFR Part 50. Ap,Md:c Gare P•'Clft«/ olfly fi,r RPV 
Mltllmt tnamrlals, other requlretrtttnu of JO CFR Part JO, Appendix G n/(IJed to P-T /Jmin and 
pm~ fram,re toutlme:u k$tlng art co,uitkred applicabk to all ferrlllc compo,,mts of IN RCPB 

~. Pl~, rwlH tJw lffllffl4.'I ltJ be romlstem ltdth the QMl,O( JO CFR Part 50, App. G 
mtllire11tents, or dtlete It {rum tlle TR. 

R~ponse: The wordJna will be l'C'w'ised so that PWR00-17090-A. R~i!lon I will read as follows. The 
only change ls underlined. italicized. and m red foot. 

"In Regulattx)· Issue Summary (RlS) 2014-11 [Ref. :ZJ. the Nuclear Rqulalocy Commission 
(NRC) identified a threshold or I x 1011 nlcm1 (E > 1.0 MeV) for 1he projected end oflife fluence 
o,-er which lhe effea,. or ernbrittlement must be consideml to meet the 10 CFR SO, Appendix G 
miuiremcnt Extended operating durations associalcd with license ~•Is can increase lhe 
ftuence for componenis outside~ traditional beltline beyond this thN!!dlokl . It ~hould ~ nol'ed 
lhat prior to exceeding I x 1011 nlcm2 (E > 1.0 MeV). tlJ.'Li.!!;l! • I SP r ,,r nwr,11·_ !Jl 
10 CF R SO. Appmdlx O miuimnents do n« appl) .. , 
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Wesringhoine Non-Proprictar)' Cius 3 
L TR-SDA-19-03 1, Rev.0 

AnaclvnmlA 
Page 3 of8 

l Table 1 of rift! TR ldmlljles that th,m1 an fM.-O for1J"'g nrcords from thl .1111Dlm1'11 n,pp/ltr. 
wlttmeas Table., lisn anl}•<RMjro,,I dw UIIDIOK'nsiq,p/wr. 

II In S«tion J. I. Pase 4, Fo"1'th &I/ti, the TR Jay.J ~[t}lrt USE is sd f!llMll.12 the ~st Charpy 
ia,p«t tnn-gy awilabk or if the hig/ral data point is Mtfflflinied IO l,e a potennai 'oudur • or 
non-npnsffllatlw dOf4 polnl, tlhr USE & sell ~ a mJw less than the h/gMII valw based on 
lite awrag, of tie coa,parabk pret:fdillg data poiltlJ. " In ti,,: S«f/oll ,1,0 dflla 1'/J, then ca.teJ 

an nported as .. USE~ XX" when .\X ls I~ reported Charpy m,pocl mer,o•. 

BtauI. · Pleaft rnalw the abow tnconsl.rtmey 11*11tl/llld /J, Jt11m fl) ~ the n11tnbtr of forB"'r 
from the WMIIOll'ff n,pplkr. FIJI' IMlff fii). pkoJe cl~ify wl,ed,er lhl..~ S«don J. I Ind/el Is ,,,_, to stah! 
"USE Is set !l'.f4R than or lgllq/ '9 ... ", ralhtr tJiun "VS£ is set f!l1!!ili.k!. ... " and rn'ise '1CCtJT'dillgly. 

&em21]s: 

(I) fbCTe arc two materiab with an unknown supplier as shown in PWROG-17090-NP. Revisioo O 
(Reference A-1). Table 2. However, only one sueh material is li5lcd in PWROG-17~NP. Revision 
O. Table 7, bcclU5C the ttsl rocord Ind suppliff information are not available for the other uunknown 
supplier" material Thus, this marerial 'lfas not included in PWR00-17090-NP. Revision 0, Table 7. 

(ii) The wordina will be revised so that PWROG-17090-A. Revision I will read as follows. The only 
change Is underlined. il.llicized, and in red font . 

.. The USE is stl ,,. .,i. th " ,, oqual to the highest Chirpy impact energy \lalue available or. if 
the highest dlita poin I is t,mnioed to be a pocentlal 'outlier' or a noo-represeniative data point. 
die USE i5 set or ,If r 1h.m ,,. oqual to a value less lhan the highest value lmed on the avenge of 
the cooiparable precedifli da111 points." 

1/g(:kgrQundt/pue: 1Mr11 are s-,(1/ pl.Qcu in the TR where ii addr~ .. Ofllller data polnt.r and lhe 
ellminati01t of :n«:h data poi,rb frotn CONJkkratton In drHlopbtg tit, fll"OPl»ld ge,wric valuu for Charpy 
USE. The places in da11 TR that addre.s., muliu data poilfh are a.f ~lows. 

I. With respttl to d,l'ltrrtrtlnlng IMan,red USE based on IM defi,ritinn in ASTM EISJ·,81, Sec1ton 
J.O, P~2ofth~ TR stales: 

In ;some butan~.s. thttn lll£IY be data that are demu!d 'autlit!rs. ' which (lrtf dala potnU 
lhat ore ~t,rimcally high or low rela#W to Ol/wr dola at or abov. 95% *ar 
n.,~ 'Olllli~' data poinJs an rn,,r,;ed f,o1't tk tkkn,,/nad,m of 11N USE balt!J OIi 

engin«ring jw/gment. 
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LTR-SDA-19-031, Rev. 0 
Attachmell1 A 

Page4of8 

fl Wlth r88f'6Cl h:> d6m-mbdng-wed USE, bawl on tJi. dejiiiitiC111 fn ASTM El8J..JJ2 thefim 
!»&t in ~ctwn 3.1, Pap 4 of tllt3 TR wtes: 

J/ the CY!{ daJaset conJa/ns al lemJ OM m:t:1T daJa pobll grsaftr /han 95%, lmt A<:JrM 

data points report nD s1-, all daJa poinJJ with ar frnpacknugy apprw:imatd.y ~ 111 
or grealer tl«m tM fmpact ~lel'!'J' of~ .urea, doJa polnU .b1olm to be ~ 95% are 
au,med w hawJ grffller than or tqua/ to 95% !hear. ~n 11M:QU{lkr d¢ct polmr with 
mown or as3um..:J .1Ma1' at 2!:: 95% an averaged tu dalvmine the USE and fncorporaUd 
inlo the cafculation oftlre generic USE. f[Fmp}wts Adrkd]j 

~; For rrported USE mluu lhal Wffll del,mufmd band 011 known or 1mum,:d 81- sre«11r than 
or ~uai to 95 ~rcmt, pkaJ11 provldt ,xamplts i;,f an ~u,4fic(J/Jy /,;nt, fmp(Jct energy (Ul(J an 
Ulfdraroc.terfstfoolly high fmpoct f!lft!'gy that wtre comldeed IIJ M Ol!tllw~ (l • .• fmpaat ~'1S 

~tm~d frt.,m th8 avg~)- For lhe.ve outif.er daJa pofrltJ plw.s~ tnclude 1M (lll{ff/ab~ pttTCel'il shear 
Mims, impact mergies, test temwaniru, and fdwifjt the repomd USE ~ bas4d on the average of 
11!111-Qid[Ju ~ 

Respon10: An e.camplc of an "uncbar.eclerically low impact cncrgy~ lhat W11S comidcred to be :m 
outlier (I.e., 11D Impact encfiY ellminared from the avera&e) Is the Plant H. vessel flange from Iha 
Kllkkner-Werlce AG supplfer with-. ri:ported strong-dbwtlon USE of235 ft-lbs in PWR00-17090-NP, 
Revui.on O (Ref= A-1), Table 7. The available pert:"llt shear values, impnct energies, aru:I test 
tempemnires t'or the wt dJltA considered ill detenniniog !he USE arc shown iu Table l that foll~. a!011g 
with the outlier data point A RTOIJ~mtion datu. point of 174.9 fl.lbs wll! lllOOludecl from thD 
calculm:ioo of the USE baied on this value having a .slgnillc.mtly lower ewrgy (39 to 65 1\-lb !l)U) thlll1 
the orher Impact~ at the same tempemwv or with greater than or eque1 to 95% shear. A review of 
the data points w!lh shear data shows th& when the sheor Is equal Ki lex)%, the lowest impnct energy is 
213.7 fl-lb$. If tho 174.9 fHbs data pobJt b Included, the mo~-dlrection USE would be equal to 229 ft. 
lbs. 

Table I-Example ofUncharacterl!tkally I.ow Impact Energy 

Tenq,enitnrc .EnfllD' 
{°F) (fi-lbs) % She,Jr 

-4 239.2 Not 11Vallable 
s 239.2 Not availab!e 

39 213.7 100 
39 239.8 100 
39 224.7 100 

39 239.8 100 

39 239.8 100 

39 239.S 100 

68 239.2 Not IIVllilablo 
68(>) 174 9'<l Not availablelN 

Note: 
(I,) Outler datt poirc. 

An OXIIOlplr: of en "uncb=toristlcally hi~ impact eoer&>'," that - =ldered to be eo oufuer (i.e~ an 
Impact energy elimlnaled from the average) Is the Pl&lt 0, Intermediate shell! from I.be Fried-Krupp 
Huttenwerke AG supp!Itt with a repoiti:d 5troog-olrect!on USE of 148 ll-lbs in PWR00-17090-NP, 
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LTX-sDA-19-031, it.Y. 0 
~A 

~5ofg 

R.ovWoft 0, Tabla 6, Tho ll'l'8!ell!e ptlUltlt shear Y~ lmp;'d ~ amd bl tem~ fw 11,e 
rest dal:t. ~ In dfflinnlnlr,g Ille 1J5B = 'IOOl'IJl Ill TQblc 2 dmt ~ along with tho oodw data 
poitU. A. sitrana-dlrcctlon cl!lla (Klln.t Qf 200.0 ft-lbs fiat WM =tudid i'om ~ ealmda!ioii of Iba USE 
ba!lcd oo 1he data point lamg a ~)' ~ l!Ut'8Y ~ J l 6-lh ~ lhan Ibo ollJer Imped 
-i;{ca 81 Gl' eboo.oe 95'f. !heat. Thl4 appn:ooh;,. ~ ~Ille~ of1bh dllla polat 
\l'lftlJd 1-=tie ~use to lS4 ft-lb!. 

T:,,bli, 2- Eump&, llf'IJ~ 111!;11. Imp:t l'Mtv 

Tcmpcratllrc l!-v 
("F} (B-ffK\ %Sllcv 
m l.f4.3 100 
1 t3 130.J 9l! 
ll3 139.6 ~j 

116 132.6 JOO 
176 137.3 ]00 

m 1660 !IX'.I 
:?to.o+ 20IU)lo,I Jcc,c,,l 
21() L65.D lilO 
::no [69.0 JOO 

Bd.J:l. 

lh:kromi: ht ~ amm, ~fora •elm," t:f Rl'Y lflQWia/ ("cla:<s ~ h d,,Ji-' pu RO 
1 99. &-.. 1 abd 10 CFR. ,0,.61). tire st,:sjf ha, trdllollo/Ty /orbd lO c11CUIDll1 harli' -1tlpk 
~ of• prt}pgfy fr 1M - ,_ af Jnatma/ - -1glaeti (er-~~ jpffl rt,¢ 
~ .ktt CORlalt.1,.,,/Jipli ~for a =*""11"Wlm'11 dms aDi a~. Fa, ait#npJ~ TR So!caml l1 
o:pfalm lbatp 1M pllrpOS~ ef ~ JIJ:JUerrlam .,.-dd chitmiury jC"w -1 NI~ IIM',Zlll"~ 

"I/ a Dll,ot-,,J h.at,.fo.cr /:.fr -,hmatl,;,,i la 3"'1nd ~ WIit/pie -1d1, lNd Q~ clmrtlatry "'1btt! 
fr~~ WCOMJdw&iGIS_, ddo.pm,rt,.Jr,,,, ~ ~ ~ ~UIU!Jwzy ~ <U llOi ~ 
~ign ~ wi,/pt W ~~~/I fr~~ q}lm <llll! 1-J.fa,:r lypc, r:c,,bmation." 

~ ii Is PIMRiV w Im mrJ!l/this - r:rlterlM IJ'dS ~ for 1M liM4nl1vd wdr.,c:;r ,i USE.for !ltv 
-.,/ ~ (fSAJCS. C1a.JS 1~ aJJd "*1lwtd USE~ llbnmkMI SAWwe/Jk 

~ 

.:c For 1M &tl~ Cbs 1 j/;rgbtg ~ USE ~ lh4t tW rq,t)l1llJ Ill Setth»t ./.0 if 11w TN. 
p/1W11 "'1m-~ dN --.mi USE "®lllt .-J Jo.u bcn,,r,J tJSE ,~ n,p,-.t 
differd,t1 j,t-gfJ,t MOJJ.. 1/ drb CDl1N1! ~ ~fo~ all Y<lilla rvp,,7(fd 11'1 ~ 4.IJ, pl-~ 
crmfi,..., lMldhu jut! lft4 --4 l<'llllk dfreil/Sol1 Ch.1,py USE ,~ for ~ rao ~ 
appli= (lard tr, cakulm,d l1IC ~rd .lffQft - lcn'Onlln), OHd d"' USE rmnm:sfor Ollr#r 
#pp/~ In T~w 7, cmt bot~ ltJ ttpnldftl d,fferal_f;,rting 1=4. 

b.. Far lht If.Nladam ~ wr, wk! CIK»y/ t:m: dlMJ IROt u IVp,t,rllri III Tald~ 9, J>IM,1 
~ w!H!thu ~ MM £1/111 En th. lab/~~ ,o o df/f~ 1-t of weld ""'1rrlr1/. 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

L1R-8DA•l9-031, hv.O 
Aftai:flmcmA 

P11ge fi ors 

& The SASl)t. Clei 2 gell£ltle US£ di!~ WmSfil onct, OO<ll!'oa=it indtvidu,ally. P\>1 !Dim 
t.Ullponfflt,j, b bt!m OW'ltber b IGI!= IIJ Will ~ ~. = JIOmQ 3ban: a ~ 
Illllilbel', ;j! lllllltiplc D02Zle ~ WCtt !OllllltUM,I fume,:] fNlc1 I!. shgle heat. tb!I ~ 
vs1nea ror SASOS. Cla:ls 2 (52 l'\.!b .anz1 S6 !Wbs) me l1Q\ ~ b7 oozz1~ mmmu WlriDa 11o 

Ii= r:ramber. Tho jpll!l'(a USE ~ = be5Cd oa ~ o! dlla wtlh clearly dcfincd USB 
lllCll!iOfCd III ix.~ dlrdoo. 1'lme seu of dm do not !nclud,, ml)' Dl)l:da (DT Gthc.r lllJllerWs 
~ktl ,lw,, .a bo.11 lllOO<'f), Thus, Ille~ l!l PWROO-l 7090-NP, Rev!!fon O (]tcfcrcnce 

A-1) and 1M ~ SMOS 0- 2 ~ nl~ do l!OI. n.iy oa ail~ involvma nrty 
mllaial:I whl<:h ~ ll haal ll\Jlllht:r. 

b. end, ltm, esttiy \1 Tllblci 9 of PWR00-1~. Rr.isioo O eonC9pOlllh '° .!. dJffi:ren1 heat of , 
lffld IMIK'riB! ooulstoo1 with !ht erlmt!Cdl dla(ime,.j bl 111'! AA!-5 ~ 

fb;J;erow,d.· s«tkn .l.2 ,:(tJt. TR MIU that ~ ef rh8 htu/rm ~ fer tf.r ~ ,,,,_i 
~ proar-:,.. "" USE Info,14ion u: ~ for ~ S,t,,r ~ alid only 11"1 
=rd#rvkv«mtto 1M ~-'"~ ~ [N'Ogffl)lt~td~(li ~and 
W~<t = bw arri Jo d«.m.ma no. !"""'"" USE.for rosirradzcmi R$,,rdal'r &i W ~ 11. 
TR - to ~ 11"11 Im CM1'i.. rw!a II l1tJI ~ fr dM &/ffl'dam SJW' nolwikm, and no 
~ mpad -,,.gfllll fa,,,, 0/IRJ can 1"' urrrd for~~ " .1,:,,\-v lxlJUTtt (>pl USE for o,u 
/l(llm'tk,m ,'U rYs. 

Ba$"'1 "" dJiJ ~ t,, th.i 171 n:r,,rd»,g C'MTR dlwt, 1M ~ llfui llt,;t dM Charpy IIS!I 
,-pm;rlllnli fer Rolurd- S4 w.,. ar<t 4o luw ~ 10 •JI). and th,, traozariot, l:mpamlllnD ar.:: ro ft, ~ 
ft- 1M 11/lPP' w{f, iluif lfw ~ Oll'R ck1!,o ll'Otdd .iiwl!' Miatvely low,, /mpa,:{ ~ that 
carmol ihJ ~II)* a m<er 1-a;d on U5'E, for Wd Int rotrord Tim n ~ -· 

TM = hJ8{0i! ..,~~ J.a,J a.. ,amr "P"'ific,:,d<m ~- 11J ~ Ulkr m;;c1Qr 

Vl?J$<U -a ,bo,,.._,,., for tlu = ~ -u,. ~ 'Nl' ~ /0 "allll./bl"' 
bol1t .i CJta,py r.)lctdJ lrt:im- r~ and " Nll-Dur,tiffly 1r~ 
Tmpm;nn 1- Olan J(J"F Jrd tr, famish a.i:IIJblal tel ~ ~ ltJ tNm 
{lmmf.ian ~) Both [ITm>sllian ~w:rj '*' "°' octlJl¥'-»' rife lt{J/)U­
~ IVgWn, and UIIJJ, 1M .ru,,eJlltmce e,apsllie ~ IUI rtmm .:n ~ 
rq,rmmlllti•• oifhif SAW8 p!'O(h,ud lit ~for UBE~ 

ll£!i!!I.· /J u 11Rd=r l(J tJo« NRC .t,eff' iOI<' thii ~ l{OOUd aixr,, ~ ilar /WI bmel1M 
.t~ prt:,gra1tl doltJ In TabJ.t 9 II ~eoll}' r'tpllUTdalM of all Rotmdam R!'V ~W:• 11,, NRC 
s1q/J -«h addttkmal ~ to ~ drl:d USE ~ far ~ SAW, lit Tob,I;, 9 ~ 
rej]ff5mtailwfw ~ SA.Wf lill ~ml 

!li!!JIJm,· T~ lntc ('()~ ~ ~6ntlj)I' ~ "°"" r~ &4W.s, phan 
~islm lww 1M ~~ ~ d,u;i-uim that de ~ USE dalaj,r ~ prtWaPt 
s~w. m TaJ,J, 9"' ,~.,,,, ef ~ .uw. i,, fP"Cat. 

~: B8'Cd 011 lbo ao;cpw= <:tltul.J. 1tlr w,eJds ~ tly ~ fl='wh'e ... ltld$ <lid wt 
ha\<v cheutooy ttqWfflflU!lrllB. ~ !I! weld.i b.nl 1lz ~~ mecltmnQJ '""I~ 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Mcdiankal; Tenslle 
M1n. Tensile Strcogth 80 bi (56.2 ~ 

lmpactl! 
Min. 30 ft-lb (5.Z lcgmlcmf) average ofl spcel= 
M1n. 2S ft-lb (4.3 kgm/cmt_) 1 individue.l speoimon 

LTil-SDA-19-031, Rw. 0 
Attacbmeot A 

Paie 7of8 

Core regloa welds bad lldditiolllll requirement, to C!tablish the Ompy V-Notch Tnnsition Temperature 
CITc.-) based on a full Cbarpy V-Noceb CUlVC (UJJl)ff ll!ld lower pllltmus Included). Com region welds 
were also requlrtd to be te8tlld &o establl!b the NU Ductll !ty Transition T ompcr!ltuic (Nl)TI) based oo the 
drop weight data. The original documontation discusses dJlt the suppll« mall "aim for" obtainmg a 1T cv 
and NOTT of~ than 100F (-12~C). 

Thus, the choo1lcal fll1d mcabaokal speoffie41tlons for 11\t> bcltline and aoo-bcltllne SA Ws were ldentlcal.. 
The additional core region reqttirements to establish the TT .. and NDIT and to .. aim for" a transition 
tempcrnturo of I O"F me requirements related to add"itlona.l testing. Those wditiona1 resting requirement, 
will not aflect the USE, s!nce tttt.,e pt'OpCl'tios ere 8650Clated with ductilo-to-brittk: transition, not Ibo 
ductile tt£{on. Slncc the cbemical and mechanical requircmcms In! c:quivalcnt, It ls expected th!! the 
wold materials U.900. by Rotterdam over the ontire vessel were laken from ~ same set of available weld 
metal!. Thls conch.rslon ls supported by known Instances wh«o a !Xlro n:gioa weld and a OOIKOre region 
weld !!harll II heat number. Therefore, the statlstk:al analysis of the core regloo 5111'Veillance program wekf 
materinl Is also applicablG 10 tho !IOll-coce ~oo. 

B&::1 

BCJrJkgrmmd: TR s~ 4.J provfdu Charpy d""1 for' SA508. ~ 2 forgings proatred ftom stpp&rs 
odwr than RheinsumJ lflmemttrke AG atrd Fmd-Kntpp Huitemffl'u AG. This ttction state.,, "a 
g,tmric USE is ncl reqidredfor all)' of lhr.s~ componma. ~ based 011 JM doM provlikd JR Tabk 7. Thi.! 
i«t/Oll efTR Ihm SUMs: 

lklnd on tM data fn _ Table 7 and ~ g,m¥1'ic "'l'Qfuss dm!rmintd for RAwtSlahl 
HttllVnffrb AG or Frkd-Knipp lluttmwr~ AG fergtngs. a Rotterdam forgmg widi an 
ll1lhwwn .ntpplw from rht /au I960's OI' l!(IJ'ly J97(J'J mnefra,m will haw a USE vam 
of at km1 52 .fl-fbs, tM mfnfmwn generic wilu6 dt1!l'11lbwd In lhJs ~ for Rnnerdam 
forgfn&f. 

fmR: If the forging suppl18r Is wikwwn (tllld if" p/anl-rp«fjlc ~ wdMa "1lmQt ~ !klemdned), 
ths TR m:cmmemb a grmerlc ITiitiaJ WE 1'alu« of 5lfl-ll». HC!Wf!IIU, it II 1lOI cl«rr to th4 .stqffvmedwr 
or not the TR Yt1Cmflttends 51 fl-lbs as t/14 gu,,rlc wdw ff a p/anJ •, forging nipplier b idmtifted as ontJ 

of lM other lhttfl firm$ ~din the TR: K1iJcJ:Mr. Wlfll'k.l AG, Tff71f, and MamJ.Jwres. 

&mlflJ_: If a plant Jdent#i~ 'ii-,; RPV SAJ08, Ckiu 2 forging mppDer OM Kloolatsr-W~h AG, T~, or 
Marrel-Fra-!s, pka6« clarify whether or ,:o1 the TR ncommaw a pwric imtfal USE vaJu, of ,2 fl-lb,. 
If tlie TR ~ a pnoJc FnJtlfll USE vah@(s) a/her than !2 fl-lbs p I/Ju, DWI' 3 suppliers, 
please ldmtify th, rtcOlttmDffkd goierlc w:u.(~) and prowd, justlfJccJlon using m.lhods ~II wuh 
tmTR. 

Rospon5e: The gencrf.c Vll!oo of 52 fl:.fbs l! MQI lnlended for 11w suppl!= K~ Werke AO, Tern!, 
or Mmf..Freres. All known mid t!pplic.tblc R.ottordam componlllllll from~ suppliers m-e provided ill 
PWR00-17090-NP, Ravisiori O (Rcfi:roncc A-1), Table 7. As shown in lhe table, lbcr'c Is $Ufficieat data 
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WESTINGHOUSE NON-PROPRIETARY GLASS 3 
/ 

J. 1ll-SOA•l9-031, Rff. 0 
AtteAbmeDt A 

PaFSofS 

b- these comp(*llb to )IS1lfy a ~ USE "Tillhls ti,it Ii hiaher bm S2 ft-Iba. F<Jr 
~ per PWR00-17090-,NP. Rmsion 0. Table .7, 11D Plant A upper nll lbrgiog caju1dfy 11. USE 
valu.e"of 99 fti.lbs in the Wlak (lnc&n Uldng 1llci amhod in Brlmch Teclm.loal Pmttlon 5-3 
(RJ6rence A-2}. 

Brti:rmom 
A-1. Prassutuied W#Y:t ~ 0wn«s ~ (PWR.00) ~ PWROQ-17090-NP, R.o'V1*loa. 0. 

"Oclneric ~ F«gfna 15d Weld 1iaitW Upper.Shi]f ~ Deb:rirlu.dmi_ • Mlim:l. 201&. 
,~~A«aland~~(~~~ 
JLLJBJ 1,W.83) 

A-2. NUR.E0-0800. ~ ROYieW Pwl b tho bviC'ft of 8alftty AoaJ:ytls Raport5 for Nucfcar 
Power Plams, Cliapar' S of LWR. Editim, Bnricli Technical' Pmlt!on 5-3, "Fmctare T~ 
~ ... Rcv.lsiM 4. U.S. Nuclear Rea:u1aknY OianoisAoo. Mardi 2019. {.wAUS 
~Mltnl,qJJL1~16] ' 
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