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December 12, 2018

Mr. W, Anthony Newinowskl,
Executive Director
PWR Owmers Group,

Program Manzgemaent Office
Wastinghouse Electric Company
1000 Westinghouse Drive, Suite 380
Cranberry Township, PA 168066

SUBJECT: FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR
REGULATION FOR THE PRESSURIZED WATER REACTOR OWNERS GROUP
TOPICAL REPORT PWROG-17080-NP, REVISION 0, “GENERIC ROTTERDAM
FORGING AND WELD INITIAL UPPER-SHELF ENERGY DETERMINATION"
(EPID L-2018-TOP-0017)

Dear Mr. Nowinovwski:

By lefter dated April 6, 2018 (Agencywida Documants Access and Managemsent System
(ADAMS) Package Accession No. ML18114A173), the Pressurized Water Reacior Owners
Group (PWROG) submitted Topical Report (TR) PWROG-17080-NP, Ravision (Rev.) 0,
“Generic Rotterdam Forging and Weld Initial Upper-Shelf Energy Delermination™ (ADAMS

No. ¢ML18114A183) for the U.S. Nuclear Regulatory Commission (NRC) review and approval.
Additional information related (0 PWROG-17090-NP, Rov. 0 was submitted by letter doted
Juno 12, 2019 (ADAMS No. ML19170A06), In respanse to a request for additional information
{RAI} from the NRC staff. By lattar dated October 7, 2019 (ADAMS No. ML19284A400), the
PWROG gubmitted comments to the draft Safety Evaluation (SE) and requested that the NRC
prapare the final SE for PWROG-17080-NP against Rsv. 0.

The NRC siaif has reviewed the TR and its supplemental information, and based on the
evaluation in Section 4.0 of (he enclosed SE, finds that the TR, as modilied by the SE, provides
conservalive estimates of ganerie values of the uniradiated Charpy Upper-Shelf Energy (USE)
lor American Soclety of Mechanlcal Enginears (ASME) SA50B, Class 2 {or the corespanding
Amerlcan Sodiety for Tosling and Materials (ASTM) A508, Class 2) reactor vessel (RV) forgings
that were fabricated by the Rotlerdam Dockyard Company (Rotterdem); and generic values of
unirradiated Charpy USE, walght percentage copper (Cu) contant, and weight percentage nickol
{Ni) content for RV Submerged Arc Welds (SAWSs) and Shlaldod Motal Arc Welds (SMAWs)
based on the material classes spocified In the TR.

As stated in PWROG's submiltal letter dated April 6, 2018, licansaca will reference tho
PAROG-17080-NP, Rav. 0 TR as the basis for the genaric USE. Cu content, and Ni content
values to demonstrate comptinnce with Tide 10 of the Coda of Federal Regulations (10 CFR)
Part 50, Appendix G requiraments for extended operating licenss terms whan plant-specific RV
material information is not available, or Incomplele. This TR is for implemsntation by all U.S,
PWRs with RVs fabricated by Rotterdam In the late 1960's and early 1970's limeframe,
Applicants who utilize the TR will be required to adhers fo the conditions that the NRC staff
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impose in the SE and shall be subject lo NRC staff raview and approval on a case-by-case
basis.

By letter dated September 11, 2019 (ADAMS No. ML1922A259), the NRC staff provided tha
draft SE to tha PANROG for raview and comment. By tetter dated October 7, 2018 (ADAMS
No, ML18284A400), the PWROG provided comments on the draft SE. The NRC

staff's dispositian table for the draft SE comments is in the SE.

In accordanca with the guidance provided on the NRC website, the NRC staff requests that the
FWROG pubiish approved versions of PWROG-17090-NP, Revision 0 withfn 3 months of
receipt of this letter. The approved version shall incarporate this lettor and the enclosed final SE
after the title page. Also. the approved versions must contain historical review Information,
including NRC raquosts for additional infarmation (RAIs) and the corrasponding RAI responses.
The approved vorsians shall indude an *-A" (designating approved) following tho TR
identification symbo! As an allernative to induding the request for RAls and RA| responses
behind the title page, If changes to the TR were provided to the NRC staff to support the
resclution of RAI regponses, and Hf the NRC staft reviswed and approved those changes as
dascribed in the RAl responses, there are two ways that the accepted version can capture the
RAls:

1. The RA[ls and RAl responses can be included as an Appendix to the accepied version

2. The RAls and RAI rasponsas can be captured in the form of a table (insened after the
final SE) which summarizas the changes as shown in the approved version of the TR,
The {able should raference tha specliic RAls and RAl responsas vituch resufted in any
changes, as shaovmn in the accepted version of the TR

If future changes to the NRC's reguiatory requirements affect the acceptabilily of these TRs,
PWROG will be expacted to revisa the TRs appropriately or justify thelr cortinued applicability
for subsequant referencing. Liconsees referencing these TRs would be expected to justiy their
continued applicabliity or evaluate their plant using the revised TRs,

If you have any questions, please contact Leslie Fislds at 301-415-1188.

Sincerel

N

Dennls orey, Chief -
Licensing Procesads g;('a/
Division of Operat eacidr Licensing
Office of Nuclear Reactoer R tion

Docket No. 99902037

Enclosure:
Final SE {Non-proprictary)

PWROG-17090-NP-A January 2020
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 vii

-2~

2.0 BACKGROUND AND REGULATORY EVALUATION
Backaground — Qeneric BY Properifes, Appiication fo RV Fracture Toughness Evaluations

Terms such as “generic values,” “generic data,” or “best estimate values,” etc. are often used in
Industry reports and in NRC staff publications for addressing certain RY material properties that
are based on statistical evaluation of a set of original fabrication data for a "dass” of RY
materia®. Data seis such as those provided in the TR are developed from available RV
tabrication records for muliiple plants and are oflen applicable to certain plant and/or RV
material categories. When used in licensing applications for meefing regulatory requirements
discussed below, generic RV material properties are subject to review and approval by the NRC
staff.

When approved by the NRC staff, genenc RY material propertias may be implemesnted n
plant-specific licensing applications to demonstrate compliance with the requirements of

10 CFR Part 50, Appendix G, “Fracture Toughnass Requirements.” For PWR plants, generic
RV material proparties may also be implemented in applications for addressing the
requikemsnts of 10 CFR 50.61, *Fracture toughness requirements for profection against
pressurized thermal shock events,” or the requirements of 10 CFR 50.61a, "Atemate fracture
foughness requirements for protection against pressurized thermal shock events,” as
appropriate. In applications for License Renewal (LR} and Subsequent License Renewal (SLR}
under 10 CFR Part 54, generic properties may be used in RV neutron embritiement evaluations
to meet the technical information requirements for TLAAS, as set forth in 10 CFR 54 21(cX1).
TLAA evaluations related to RV neutron embrittfement, pursuam to 10 CFR 54 21(c)1), rely
upon demonstrations that the above 10 CFR Part 5D fracture toughnsss requirements are -
satisfied (or will be satisfied) for proposed extended license terms. [t should be noted that while
generic properties are used as inputs into fime-dependent neutron embnitlement analyses, the
properties themselves are fixed based on the evaluation of avallable RV fabrication data for the
preservice (unimadiated) condition, and once approved they hecome incorporated into a plant's
licensing basis documentation3.

Fracture Toughpess Requirements and Guidance — Formific RCPB and RY Beifiine Materfals

Pursuant to Section 'V A of 10 CFR Part 50, Appendix G, pressureretaining components of the
reactor coolant pressure boundary {RCPB) that are made of ferritic materials must meet the
requirements of the ASME Boller and Pressure Vassel Code (Cods), Section 1ll, as
supplemented by the additional requirements set forth n paragraph iV A1, “Reactor Vessel
Charpy Upper-Shelf Energy Requirements,” and paragraph IV A2, “Pressure-Temperatura

2 For genanc valuss of the intial {(unimadiated) reference temperaturs (RTeot), 10 CFR 50.61, 50.61a;
and NRC Requlatory Guide 1.89, Revision 2, state that the "class” of matsrial is generally determined for
welds by the type of welding flux (e.g., Linde 80 or cther), and for base metal by the matenal

specificaion The matenal specification is generally the ASTM or ASME standard apecification

(e.g, ASME Section Il, SA508, Claas 2 or cther). '

* NRC Branch Technical Posificn 5-3, Position 1.3, "Reporting Requirements,” states *Fracture toughness
informatbon idenfified by the ASME Code and by Appendix G, 10 CFR Part 50, should be reported in the
final safely analysis report (FSAR]} to provide a basis for evaluating the adsquacy of the operating
imitafions given in the ftachnical specifications] or [pressure-temperature limis repori].”
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Limits and Minimum Temperature Requirements,” of the Rule. With respect to Charpy USE
requirements, paragraph Iv_A_1.a of 10 CFR Part 50 Appendix G states:

Reactor vesse! beiliine materials must have Charpy upper-shelf energy? in the
transverse diraction [i.e_, weak direction] for base metal and afong the weld for
weld material according to the ASME Code {Section iif], of no less than 75 fi-bs.
(102 J) imtiatly and must maintain Charpy upper-shelf energy throughott the life
of the vessel of no less than 50 ft-bs., unless it is demanstraled in a manner
approved by the Director, [NRR] or Director, [NRQ], as appropriate, that fowsr
values of Charpy upper-sheif energy will provide margins of safety against
fracture equivalent to those required by Appendfx G of Section X1 of the ASME
Cods.

Note 1 of this paragraph states that Charpy USE is defined in ASTM Standard E185-82,
“Standard Practice for Conducting SurveiBance Tests for Light Water Cooled Nuclear Power
Reactor Vessels” (Ref. 3) which is incorporated by reference in 10 CFR Part 50, Appendix H.
Section 4 of ASTM E185-82 provides the following definitions that are applicable to the
determmation of Charpy USE based on actual Charpy V-Notch Impact Tests (also referred to in
this SE as “measured” values of Champy USE).

« Paragraph 4.17 definas the “Chamy transition curve” as a graphlc presentation of
Charpy data, including absorbed energy, lateral expansion, and fracture appearance,
extending over a range including the lower sheff energy (lsss tham {<) 5 percent shear),
the transition region, and the upper-shelf energy (greater than {>} 95 percent shear).

« Paragraph 4.18 defines the “upper shelf energy level™ as the average energy value for all
Charpy specimens (nommally three) whose test temperature 1s above the upper end of
the transttion region. For specimens tested in sets of three at each test temperature, the
set having the highest average may be regarded as defining the upper-shelf energy.

Seciion V. A of 10 CFR Part 50, Appendix G states that for ferritic materials that are part of the
RV "“Beftline Region,” as dsfined? in Section 1l of the Rule, the values of the reference
temperature (RTypr, also defined in Section Il of the Rule) and Charpy USE must account for
the effects of neutron radiation, including the results of the RV survelllance program required by
10 CFR Part 50, Appendix H. For protection of PWR RVs against pressurized thermal shock
(PTS) events, 10 CFR 50.61 also requires that the RTwpr for RY beltiine materials account for
the effects of neutron radiation. Ths regulation at 10 CFR 50.61 defines RTars as the RTxor
evaluated for the “EOL Fluence” for each of the RV beltfine materials, usmg the procedures in
10 CFR 50.61(c). The regulation of 10 CFR 50.61 defines EOL Fiusnce as the best-aestimate
nautron fluence projected for a specific RV beltine material at the clad-base-metal interface at
the location where the material recelves the highest fluence on the expiration date of the
operating license. For PWR plants implementing the alternate PTS protection requirements of
10 CFR 50.61a, 10 CFR 50.61a{c){1) requires that each licensee shall have projected values of
RTwaxx, as defined In 10 CFR 50.61a(a)(6}, for each RV beltime materal for the ECL fluence of
the material.

# Secfion I of 10 CFR Part 50, Appendix G defines the RV beitiine as the region of the RY {Including
welds, heat affected zones, and plates or forgings) that directly surounds the effective height of the
active core and adjacent regions of the RV that are predicted to experience sufficient neutren radiation
damage to be considered In the aelection of the moat imiting matenal with regard to radiation damage.
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The NRC Reqgulatory tssue Summary (RIS) 2014-11 (Ref. 4) identifies that the beliline definftion
In 10'CFR Part 50, Appendix G is applicable to all RV ferritic materials with projected neutron
fiuence values greater than 1.0 x 10" n/em? (E > 1.0 MeV), and this fluence threshold remains
appficable throughout the licensed operating period. Accordingly, RIS 2014-11 slates that the
effects of neutron radiation must be considered for any RY locations that are predicted to
experience a neutron fluence exposure greater than 1.0 x 107 pfem? (E > 1.0 MeV) at the end
of the licensed operating parfod; this includes penods of axtended operation for LR and SLR.

In order to account for the effects of neutron embrittiement on RV beltiine materials, Reqgulatory
Guide (RG) 1.99, Rev. 2 (Ref. 5) specifies methods for calculating projected values of Charpy
USE and adjusted RTnor due t0 neutron flusnce exposure. Procediures for calculating RTems
are specified directly In 10 CFR 50.61(¢); and procedures for calculating RTuaxx are specified in
paragraphs (f) and (g) of 10 CFR 50.61a. For RV beltline materials that are not represented in
the RV surveillance program, RG 1.99, Rev. 2 provides methods for direct calculation of
projected values of Charpy USE and adjusted RTwnor basad on the welght percentage Cu and Ni
content and projected neutron fluence exposurs of the RV beltfine materials. The regulation at
10 CFR 50.61 specifies methods for direct calculation of RTems based on welght percentaga Cu
and Ni content and EQL fluence. 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 order to determine the chemisiry factor (CF) for the material using CF Tables
provided therein. For RY helline materials, the product of the CF and the neuiron flusnce
factar (FF) determinas the projected mean value of the shift in RTaxoT {ARTNot). These -
procedures speclfy that the projected value of the adjusted RTyor (or RTrrs under

10 CFR 50.61) is aqual to the sum of the valuses of unirradiated (initial) RTaor, ARTnoT, and a
margin term (M). For PVWR plants implementing the altemate PTS protection requirements of
10 CFR 50.61a, calculation procedures in Paragraphs {g) and (f) of this Rule specify more
detaBled Inputs and equations for calculating RTwaxx; these mputs include, among other things,
Cu content, Ni content, phospharus (P) content, manganese {Mn) content, and EOL neutron
fluence.

If the RV beltline materials are representad in the RV surveillance program, RG 1.9%, Rev. 2
and 10 CFR 50.61 specify methods for calculating projected USE, adjusted RTwor, and RTers
that are hased on measurements of percentage decrease in Charpy USE and ARTupr from
Charpy impact tests of [rradiated surveillance materials. For PWR plants implemeniing the
altemnate PTS protection requirements of 10 CFR 50.61a, paragraph (f{6)(i} of this Rule
specifies that the Ecansee shall evaluate the results from a plant-specific or integrated
survetilance program if the surveillance data satisty the criteria described In paragraphs
(N{6)N(A) and (fHE)(1)(B) of this section.

Requirements and Gudance, Presenvice Fracture Toughness Tests, and Analysis of Test Dala

Pursuant to 10 CFR Part 50, Appendix G, Section IH, “Fracture Toughness Tests.” ferritic
materials for pressure-retaining components of the RCPB must be tested in accordance with the
ASME Code, Sechon Ill and, for RV heltline materials, the RY surveillance program test
requirements of 10 CFR Part 50, Appendix H, in order to demonstrate compliance with the
fracture toughness requirements in Section IV_A of the Rule. For an RV that was constructed to
an Edition and Addenda of the ASME Code, Section Hl earfier than the Summer 1972 Addenda
of the 1971 Edition, Section HI 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.

PWROG-17090-NP-A January 2020
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The NRC guidance in NUREG-08049, Branch Technical Posltion (BTP) 5-3 (Ref. 6), siates that
the preservice fracture foughness test requirements for plants with canstruction permits lssuad
priar to August 15, 1973, may not comply with the later Codes and Regulations in alf respects.
Accordingly, Section 8.1, *Praservice Fracture Toughness Test Requirements,” of BTP 5-3
recommends that the presernvice fracture toughness properties—specifically, unirradiated Rinor
and unirradiated Charpy USE—of the ferritic 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.

With respect to estimation of Charpy USE for the preservice (unirmadfated) condition,

Position 1.2 of BTP 5-3 specifies that if Charpy Impact tests were only conducted on longitudinal
specimens (i.e., Charpy V-Notch specimens oriented in the strong direction), the Charpy USE
values shoukd be reduced to 65 percent of the measured longtudinal values to estimate the
fransverse USE (i.e., USE for the weak direction).

For cases where there [s insufficiant test data in “Certiffed Material Test Reports” (CMTRs®) to
sstablish measured values of thase properiies for a plant's own RV materals?® using BTP 5-3
methods, the implementation of NRC-approved generic estimates based on generic data for a
matesial “class” may he appropriate, especially for older plants. The regulations at

10 CFR 50.61, 10 CFR 50.61a, and RG 1.89, Rev. 2 have provisions that address the use of
generic data to demonstrate compliance with these fracture toughness requirements. The
staff's ovenvew of criteria for use of generic data, as applied to the determination of generic
values of unirradiated Charpy USE, Cu content, and Ni content, is provided below.

S for L USE, and Nf

The NRC reguilations and quidance in 10 CFR Part 50, Appendix G and RG 1.99, Rev. 2 do not
provide explicit criteria regarding the implementation of generic unirradiated USE values for a
“class” of matenal for the presefvice condition. Howevar, with respect to generic values of initial
(unimadiated) RTxor that are used for P-T Emits and PTS evaluations, 10 CFR 50.61 and

RG 1.99, Rev. 2 both state that if a measured value of infiial RTnor is not available, a generic
mean value of mitial RTxoy for the “class” of material (as specified above} may bs used if there
are sufficient test results to establish a mean and standard deviation {(¢) for the class. Per

RG 1.98, Rav. 2 and 10 CFR 50.61, the standard deviation on milial RTyor Is “o” (referred to as
‘ou™In 10 CFR 50.61) and Is incorporated Into the calculation of the adpusted RTnor (0 RTers)
due to the effects of neutron embrittement by using a margin term, “M.” Equation (4) of the RG

’

% For later Edittons and Addenda of the ASME Code, Section 1], Certified Maferial Test Reports, as
defined in NCA-9200 of ASME Section I, are required for Class 1 pressure-retaining materials, as
apsacified in NB-2130. For Impact testing of fermitic RPCE materials in accordance with NB-2300, the test
resufts, test temperatures, specimen orientation and location, setc , as applicable, for all impact tests
(Charpy V-Notch Teats and Drop Weight Tests) performed to maet tha requirements of NB-2330 shall be
reported In the CMTR, as specified in NB-2321 (later Editions and Addenda of ASME Section 111).

¥ For the reguiatory applications addressed herein, plant-specific RY materials are often identified using e
specific componsnt identifier and an ientifier for the specific “heat” (stated tonnage of metal obtainad
from a pericd of continuous melting) of material used to fabricate the plant’s RV wsld, forging, or plate.

PWROG-17090-NP-A January 2020
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 Xi

-6-

and Equation (2) of 10 CFR 50.61 specify the sams axpression for the margin term, which is
shown below:

M=2x |o} +0}

If only the preservice condition for the RV material is considered, the AR Tyor term and the
standard deviation on ARTwor (g4) are eliminated, and the expression for the margin tsrm on
initial RTypy reduces to twice the standard deviation on initial RTyor (2G). Thus, the generic
value of initial RTwpr for the material class equals the mean valus plus 2¢.  Equivalently, for
determinations of a generic value of unirradiated Charpy USE, where only the standard
deviation on the unirmadiated property is considered, the appropriate value for a bounding
siatistical representation of the properiy for a class of material is the mean value minus two
standard deviations (Mean — 2g), since lower USE values are more bounding (as opposed to
RTwnoT, where higher values are more bounding).

If measured vakies of Cu and Ni conterd for plant-specific RV beltiine matenals ars not
available, Position 1.1 of RG 1.99, Rev. 2 and 10 CFR 50.61{c)(1){Iv){A) pravide equivalent
criteria regarding the use of generic values. Specifically, If measured Cu and Ni content are
unknown. “the upper ffrniting values given in the material specifications™ may be used. If the
material speciiications provide no upper limiting values, consarvative estimates (Mean + 1g)
hased on ganeric data may be used if justification Is provided. i there is no information
avaiable based on measured content, material specifications, or conservative estimates

(Mean + 1g) from generic data, “0.35 gpercent copper and 1.00 percenf nickel’ nwist be
assumed. Faor calculations of RTuaxx, 10 CFR 50.61a(f)(3) states that if measured values of
Cu, Ni, P. and Mn content are not avallable for the specific RV mateiial, efther the upper limiting
values given in the material specifications to which the RY matenal was fabricated, or
consernvative estimates (i.e., mean plus one standard deviation) based on ganeric data must be
used. Table 4 of 10 CFR 50.61a provides the genenc values for P and Mn content, which must
be used, if measured values are unknown for the specific RV matsrial.

Fimrally, with respect to determination of genenc values of Cu and Ni content based on
evaluation of Mean + 1g for generic data, Note 4 of 10¢ CFR 50.61(cH1¥w)(A) and Note 4 of
10 CFR 50.61a(f)(3) state: “Data irom reactor vessels rabricated fo the same material
specification in the same shog as the vessel in question and in the same fime period is an
examgple of ‘genearic data.™

The NRC staff applied these critena to determine whether the TR evaluations provide
acceptable generic estimates of unirradiated Chamy USE, Cu Content, and Ni content for use n
plant licensing applications to demonstrate compliance with the requirements 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, REVISION 0

For RVs fabricated by Rotterdam, the TR provides generic values of uniradiated Charpy USE
for ASME SA508, Cfass 2 (or the corresponding ASTM A508, Class 2} forgings and generic
values of uniradiated Charpy USE, Cu content, and Ni content for SAVYs and SMAWVS when no
or limited plant-spacific material information is available. These genernc valuss are developed
using baseline (unirradiated) test data from RY material surveillance program racords and
CMTRs that are avaiahle to Wesiinghouse. The TR identifies that the need for these generic
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" properties Is prompted by the difficutty In identifying plant-specific materfa Information needed
fo establish measured values for these properties for Rotterdam RVs fabricated in the “late
1960's to early 1970’s.” The proposed generic values for these mateﬂa! properties are as
foltows:

« Foran SA508, Class 2 Rotterdam RV forging supplied by Rhemstahl Huttenwerke AG,
the TR provides a generic lower bound Charpy USE value of 56 fi-Ibs., based on the
mean minus two standard deviations (Viean — 2¢) evaluation of measured USE values
for the Rheinstahl Huttenwerke AG data set.

» Foran SA508, Class 2 Rotterdam RV forging supplied by Fried-Krupp Huttenwetke AG,
or an unknown Rectterdam RV forging supplier, the TR provides a generic lower bound
Champy USE value of 52 fi-Ibs. based on the Mean — 2¢ evaluation of measured USE
values for the Fried-Krupp Hutlenwerke AG data set, and consideration of additional
Charpy USE data for other forging suppliers addressed in Section 4.3 of the TR and
discussed befow.

« Fora Rotterdam RV SAW, the TR provides a generic lower bound Charpy USE value of
75 ft-Ibs. based on the Mean — 2g evaluation of measured USE valuas for the Rotterdam
RV SAW data set. The TR also provides a generic upper bound Cu contert of
0.23 percent by weight. and a generic upper bound Ni content of 0.56 percent by weight,
bath of which are based on the mean plus one standard deviation {(Mean + 1g)
evaluation for the Rotterdam RY SAW Cu and Ni chemistry data.

+ Fora Rotterdam RV SMAW, the TR provides a generic lower bound Charpy USE value
of 72 fi-bs., which is the lowest of the Tower bound USE values” (as described in
Sections 3.2 and 5.2 for the Rotterdam SMAW evaluation) for the non-outller SMAW
weld heats. The lower bound USE values are determined from measured absorbed .
impact energles for the SWMAW Charpy V-Noich tests, which are established to bs below
an undetermined USE based on Charpy test temperatures at 10.4 °F or below and
available percent shear data. The TR recommends a generic 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
(greater than the gensnc Ni content of 1.00 percent provided in the RG) based on the
Mean + 1g evaluation for the Rotterdam RY SMAW Ni chemistry data

Section 3.0 of the TR describes the methodology for analyzing the material property data for the
subject Rotterdam RV forgings and wekds. Section 4.0 of the TR provides the actual data sets
and statistical analyses for determining the generic values of unirradiated Charpy USE for
Rotterdam RV forging materals. Seclion 5.0 provides the data ssts and analyses for
determining the generic values of unimadiated Charpy USE, Cu conéent, and Ni content for
Rotterdam RV weld materlals. The NRC staff's independent evaluation of these methods and
data analyses is documented in Section 4.0 of this SE  The key aspects of the methodology
and data analyses, as reported in TR, are summarized below.

Beneric Charpy USE Values for SAS08,_Class 2 Forgings in Rofterdam RVs

The TR i1dentifies that rts genesic Charpy USE values are determined by calculating the

Mean — 2¢ for two independent sets of measured Charpy USE values In the weak direction.
The two independent data sets correspond o two Rotterdam RV forging suppliers: Rheinstahl
Huttenwerke AG and Fried-Krupp Huttenwerke AG. The TR indicates that measured USE

PWROG-17090-NP-A January 2020
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values were determined by reviewing Charpy impact test records from avaltabla CMTRs and
baseline (unimadiated) Charpy test data from RY material surveillance program records. The
total number of Charpy test records for forgings supplied by Rheinstahl Huttenwerke AG is 38,
and the total number of test records for Fried-Krupp Huttenwerke AG-supplied forgings is 67.
Each Charpy test record commesponds o a subsat of Charpy impact tests on samples

(l.e., Charpy V-Notch specimens) of a specific forging material for an unnamed plant {e.g., “Intat
Nozzie 09° for *Plant D,” "Upper Shell” for “Plant C,” efc.). For each test ecord, the TR
reviewed measurements of absorbed Charpy impact energies, test temperatures, and
measurements of parcentage shear fracture surface areas (percent shear) for the fractured
Chafpy specimens (I.e., the broken pieces).

For each Charpy test recerd, the TR determined efther a measured value of the USE for that
forging material—or where this is not possible due to less stringent tmpact tesfing criteria prior
to 1873—a measured value of the absorbed Charpy impact energy, which Is considered in the
TR to be a lower bound on actual USE for that forging. For these cases, the USE [s identified in
the TR as being greater than or equal to {=) the reported absorbed impact energy.

Only measured USE values for Charpy tests on forging specimens orlented in the weak
direction (fransverse specimens) are used to calculate the recommendad Mean — 2¢ values for
the two forging supplier data sets. For cases where measured USE values are available only in
the strong direction (longitudmal spacimens), or where the strong direction must be assumed
because the Champy V-Notch specimen orientation. vsas not reported in the CMTR, the TR
estimates USE mn the weak direction using Posiion 1.2 of BTP 5-3; gpecifically, the weak
directtont USE is estimated to be 65 percent of the measured strong direction USE. These
reduced values of measured strong direction USE are reported in the data sets as the "BTP 5-37
USE values. Separate Mean — 2g calculations are also reported for both the measured

“BTP 5-3" USE values and the full complement of measured USE valuas and estimated lowsr
bound USE vahues {o contextualize and justify the recommended generic values. However, it
must be emphasized that the TR’s recommended generic USE values are set equal to the
calculated Mean — 2¢ values gnfy for Charpy USE data that is measured i the weak direction.

The TR states that all msaswred USE values for Champy tests in both the strong and weak
directions are determined as per the following criteria:

« For a given forging Charpy test record, the TR attempts to determine a value for USE
based on availlable percent shear measurements in @ manner that s conslstent with
ASTM E185-82. Spedcifically, if the Charpy test data for the forging material contains
at feast gne impact energy measurement with greater than or equal to 95 psrcerdt shear
(l.e. == 95 percent shear”), hut some of the impact energy measurements repott no
percent shear values, all impact energies approximately greater than or equal fo those
that are known to exhibit = 95 percent shear are assumed to have = 95 percent shear.
All "non-outiler” impact energy measurements with = 85 percent shear are averaged to
determine the measured USE, which is reported In the TR for the forging test record.

« TR states that If the Charpy test record contains limited or no percent shear data,
howsvar the upper-shelf region of the Chatpy curve can be clearly determined from the
data provided, the USE is identified by an approximately constant energy versus -
temperature region. As an example, the TR identifies cases where data points at four
temperatures over a 50 *F range exhibited impact energy values within a scatter of 10°F
or less. TR states that the axistence of the upper-shelf region is confirmed by plotiing

PWROG-17090-NP-A ’ ' January 2020
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 Xiv |

-g-

the Impact energy data and identifying if the plot levels off at higher temperatures. The
reported USE reprasants an average of all Charpy energy values considered to be in the
upper-shelf region. )

In addition to measurements of actual USE, the TR also reports measured values of the
absorbed Charpy impact energy [n the strong direction for which actual USE is undetermined.
For these cases, the reported Charpy impact energy Is considered to represeit a lower bound
on actual USE for the forging, and the unknown USE is therefore reported to be greater than or
equal to the reported Charpy Imipact energy. Further, since these impact energies are afl
measurad in the strong direction, the TR provides BTP 5-3 estimates of absorbed impact
energiss in the weak direction, which are 65 percent of the measured impact energies in the
strong direction. These casas are all designated in the TR as "USE = X}X," where the value of

XX Is a number that squals the reported Champy impact energy, and they are also reported as
“BTP 5-3° values. The TR’s crmena for determining that “USE = XX," where “)XOC is a number
that equals the reporied impact energy are as follows:

o The TR states that if the test record reporis percent shear vajues, but all data indicates a
percent shear less than 95 percerd, the USE is reporiad to be greater than or equal to
the maximum Charpy impact energy. The reported impact energy is not incorporated
nto the calculation of the recommended Mean — 2¢g valus since this recommended
generic value is based exchsively on the measured weak direclion USE values.

« The TR states that if the test record iricluded limiked shear data ar did not inckude shear
data, and Charpy Impact energies are increasing throughaout the temperature range
availabie, & 13 unknown If the upper-shelf has been reached. The TR states that the
USE is reported to be greater or equal to the highest Champy impact energy value
available; or If the highest data point is determined to be a.potental ‘outlier’ or a
non-reprasentative data point, the USE Is reported as greater than or equal to a value
less than the highest energy value based on the averags of the comparable preceding
data points. In these mstances, the reported impact energy is not incofporated into the
calcuiation of the generic' USE.

In addition to data sets for SA508, Class 2 forgings supplied by Rheinstahl Huttenwerke AG and
Fried-Krupp Huftenwerke AG, the TR also reports Charpy impact energies and USE data for
several other firms who supplied SAS(8, Class 2 forgings to Rotterdam; these include
Kldckner-Werke AG, Teml, Manmal-Frerss, and an unknown suppller. The Charpy test data from
these other suppliers Is independently evatuated in Section 4.3 of the TR, but due to mors
mited data sets for each of the other suppliers. a statistical evaluation to determins generic
USE valuss for the other suppliers is not performed. Instead the TR shows that all measured
USE values and Champy impact energles (where USE Is reported as greater than or equal to the
reported Charpy impact energy, as per the above), are greater than the recommended

Mean — 2¢g values from the Rheinstahl Hultenwerke AG and Fried-Krupp Huttenwearke AG data
sais. Based on this comparison, this section of the TR cencludes that an SA508, Class 2
forging from an unknown supplier in a Rolterdanm-fabricated RY would be expectad to have an
unirradiated Charpy USE value of at least 52 fi-bs. Therefore, the TR recommends 52 ftdbs. as
the genaric unimadiated Charpy USE value to be used for SASOB Class 2 forgings In Rotterdam
RVs if the forging supplier is unknown.

\
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Generic Charpy USE, Copper Content, and Nicke! Content for Rofterdam RV Welds

The TR states that the Rotlerdam CMTRs identify two types of welds used in the fabrication of
the RVs: SMAWSs and SAWSs. Each type is evaluated separately. The TR states that the
industry practice at the time of Rotterdam RV fabrication was to perform Charpy tests ata
limited number of temperaiures to show 30 ft-4bs. or more of absorbad energy at 10 °F. These
{ests were considered sufficient to satisfy ASME Code requirements af that time; however, the
CMTRs often contain insufficient Charpy impact data to determine measured values of USE.
The TR recommends a generic unirradiated Charpy USE value of 75 ft-Ibs. for Rotterdam RV
SAWs; this Is the Mean — 2¢ value for the set of seven measured unfradiated USE values from
RV mateital surveillance programs. The TR states that the Rotterdam RV SAW data sst
reprasents every SAW material vendor and every flux type, with the exception of Linde 80 flux
type. The TR emphasizes that the SAW welds of the Linde 80 flux type are specifically
excluded from the Rotterdam weld anatyses. The TR Identifies that outside of the baseline USE
measurements from the RV material surveillance programs, there s no meaningful USE
information avaifable in the CMTRSs for Rotterdam SAWs. Therefore, only the seven measured
USE values for SAWSs from RV surveiltance programs are reported n the TR.

The TR states that out of 38 SMAW Charpy test records, actual measured USE valuss are
available for only three heats of SMAW materlal. The three measured USE values are 116,
130, and 134 ftdhs. The TR doas not determine a Mean — 2¢ value for these three due to the
statistically insignificant size of the data set. For the remaining 35 Charpy test records, the TR
datermined a lower bound on the USE for each SMAW based on the avatable Charpy impact
energy data using metfiods similar to those desciibed above for SAS08, Class 2 forgings. i no
percent shear data is available, the USE is reported as “greater than or equal to” tha average of
the Charpy impact energles at the test temperature, typically around 10 °F. \When percent
sheaf values are reported, and each Is less than 85 parcent, then the TR reports maximum
Champy Impact energy for the weld test. Based on these methods, the TR determined that its
recormmended generic unimadiated Charpy USE value for Rotterdam SMAWs is 72 fi-lbs., which
is based on the non-outlier weld heat showing the lowest of the “lower bound USE values.”

In addition to the generic USE, the TR determines generic Cu and Ni welght percemtages for
both SAWs and SMAWs based on the calculation of Mean + 1¢ for the data sets. The TR
identifies this method as consistent with RG 1.99, Rev. 2, which states that conservative
estimates of Cu and Ni content based on gens+ic data may be used if justfication is provided;
the TR notas that for Cu and Ni content, the RG identifies “conservalive estimates” as “mean
pius one standard deviation” The TR further states that if a common weld metal heat and flux
{ype combination fs shared hetween multipls welds, the average chemistry value for the heat is
considered as one data point when determinmg the generic weld chemistry values so as not to
assign undue weight to muftiple samples of weld material of the same heat. The chemistry data
used m the evakiation consists of measurements from RY surveillance programs, supplemented
with all avallable chemistry data for heats oudside the surveillance programs. The TR states that
the data is imited to deposited weld chemistry resulis, unless othenvwise noted. The TR notes
that the Cu content for ons SAW material (Smit-Weld Heat No. 25006) is based on the weld
wire analysis since deposited weld chemistry is not available.

40  STAFF EVALUATION

The NRC staff's review of PWROG-17090-NP, Rev. 0 addressed whether the TR evaluations
for determining the generic properties for Rotterdam RVs are acceptable as a basis for
Implementation of these properties in plant licensing applications for demonstrating compliance
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with RV fracture toughness requiremsnts in 10 CFR Part 50, Appendix G; 10 CFR 50.61 or
50.61a; and TLAAs refated to RV fracture toughness pef 10 CFR 54.21(c}1}. The staff applied
the reguiatory guidance regarding the use of generic data, as set forth n Section 2.0 of this SE,
to determine whether the TR evaluations provide reasonably conservative generic esfimates of
these properties for use in plant licensing applications that address these requirements.

e
4.1  Generic Uniradiated Charpy USE for SA508, Class 2 Forgings in Rotterdam RVs

The TR detesmines generic unlradiated Charpy USE values for SA508, Class 2 RV forgings
based on calculating the Mean — 2¢ vatue for the set of measurements of Charpy USE in the _
weak direction, consistent with the criteria addressed in Section 2.0 of this SE. The staff
identified that the TR's evaluation of generic data sets for determining generic USE vakues for
the ASME SAS08, Class 2 forging specification is consistent with the definition of the material
“class® provided in 10 CFR 50.61, 10 CFR 50.61a, and RG 1.99, Rev. 2.

The TR ldenttfies that several fimys manufactured and supplled SA508, Class 2 RV forging
compodnents to Rotterdam; the TR Indicatses that Rotterdam procured the forgings to fabricate
the welded RVs in the late 1860°s and early 1670's imeframe. The Charpy tast data sets used
to establish the TR's generic USE values are based on the forging suppliers. Noie 4 of 10 CFR
Sections 50.61 and 50:61a states: "Dafa from reactor vessels fabricated to the same material
speciiication In the same shop as the vessel in question and in the same time period Is an
example of ‘genaric dala.”™ The staff determined that for multiple suppliers of SA508, Class 2
forgings to the RV fabiicator (Rotterdam), the “same shop™ Is appropriately congidered in the TR
to be the same firm responsible for manufactunng the forging component. Therefore, the staff
determined that these generic data sets and comresponding generic USE values are
appropnately delineated for plant-specific application in a manner that [s consisient with Note 4
of 10 CFR 50.61 and 50.61a. '

Although this Note 4 1s spedcifically cited for the use of generic Cu and Ni content data to
demonstrate compliance with applicable PTS requirements, the NRC staff finds that the criteria
In Note 4 are also relevant to the TR's application of generic data for determining generic values
of undradiated Charpy USE. The NRC staff also finds there are no criteria in 10 CFR Part 50,
Appendix G or NRC guidance related to Charpy USE that would prohibi or othenwise preciude
the application of Note 4 to the detesmination of generic unimadiated Charpy USE based on
forging manufacturer. Therefore, the staff finds that the TR's classificafion of the genenc data
sets for SA508, Class 2 forgings based on the forging manufaciurer, consistent with Note 4 of
the PTS requirements, is accaptable.
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The RV forging supplers and the number of Charpy test records for each forging supplier are

listed below: -
Forging Supplier Number of Charpy Test Records
For Forging Components
Supplied to Rotterdam
Rhamnstah! Huttenwearke AG , a8
Fried-Krupp Huttenwerke AG 67
Klockner-'Werke AG 8
Temi 6
Mamél-Freres 2
Unknown 1

The staff reviewed the TR methods for evaluating Charpy impact test data to determine ether a
measured valus of the USE for the farging—or where a measured USE value could not be
determined—ithe methods for determining a lower bound on the USE for the forging-based on
available Charpy tesl data. The staff's review of these methods is documented. helow.

For cases where Charpy impact energy data is accompanied 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-shelf snergy is
defined as the region in the Charpy fransition curve whare the broken specimens exhibit greater
than 95 percent shear; and upper-shelf energy levet [s defined as the average of absorbed
impact ensrgy values for Charpy specimens whose test temperature is above the upper end of
the transition region, whuch is betow the USE region. This definition also states that for
specimens tested In sets of three at each tenyerature, the set having the highest average
Impact energy may be regarded as defining the USE. The staff determined that the TR's
statement that the reported USE is the average of all “non-outiier” impact ensrgy vaiues greater
than or equal to the value(s) with greater than or equal to 85 percent shear is sufficlentty
consistent with this definttion, provided that the staff cowdd confirm, based on review of
examples, that the elimination of the outlier data point ts reascnable. Therefare, in RAI
correspondence, the staff requested that the PWROG provide examples of both high and low
outliers that were sfiminated from this calculation of the average.

In its June 12, 2019, RAI-3 response (Ref. 2}, the PWROG provided an example of an
uncharacteristically low impact energy and an example of an uncharacteristically high Impact
energy, both of which are considered to be qufliers and eliminated from the calculafon of the
average, which is the USE reported [n TR. Far both the high and low outifer impact energies,
the RAJ response identified all the other impact enetgies that went into the cakculation of the
average, as well as the test tamperatures and the available parcent shear measurements. The
PWROG compared the outlier impact ensrgies with the non-outlier data that was used to
determme applicable USE values for these forging components, as reported in the TR. As
descnbed below. based on its review of the high and low outlier Impact energies, and its review
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of PWROG's comparison of the outliers to the other data that was used to determine USE, the
NRC staff-was abie to verify that appropriate engmesting judgement was used in the eimination
of the high and low outlier &npact energies o 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 Includes no percent shear data for identifying USE, the staff reviewed the
TR’s reported method of determining USE by identifymg an “apgroximatsfy constant energy
versus temperature region™ in the Charpy data. The staff noted that the TR's example of four
data points over a 50 °F temperature range exhibiting impact energy values within a scatter of
10 °F or less is appropriate for identifying the upper-shelf region because at temperatures above
the transition region, impact energy values become approximately constant at or near the USE
level. The staff noted that ASTM E185-82 defines the upper-shelf energy level as the average
energy value for Charpy spectmens whose test temperature is above the upper end of the
transition region. Therefore, the siaff confimned that the USE valse can be determined as the
average of impact energies that are determined to be in the upper-shelf region based on low
scatter over a large temperature range. The staff finds that this method for determining

" measured USE s acceptable.

When measured USE for the forging test record cannot be determined based on the above
methods, the staff reviewed the two methods described [n the TR for establishing a lower bound
on the USE based on the availahle absorbed impact energy data.

« Based on the definitfons in ASTM E185-82, the staff noted that if the test record includes
percent shear values, and all are [ess than 95 percent, then the comesponding impact
energies are not in the upper-shelf region; therefore, the staff identified that USE would
be greater than or equal to the maximum absorbed impact energy with percent shear
less than 95 percent. Based on the definitions In the ASTM standard, the staff finds this
method for determining a lower bound on USE for the available test data to be
acceptable.

« [f shear data are not available, and ft is seen, based on examination of Impact energy
data, that energies are increasing throughotrt the temperature range available, the staff
confirmed that it woukd be unknown whather the USE region has been reached. The
staff noted that for RV niaterials that were fabricated to eariier ASME Cods editions,
Charpy impact testing may not have occurred at temperatures ahove the transition
region. Thus; & Is reascnable for the TR to determine that USE for the material would be
greater than ar equal to absorbed impact energy In the transiion region. The staff's
review of specific cases for this situation is documented below based on #s audit of
Charpy test data for one of the forging suppiiers.

The TR performed independent avaluations of Charpy test data for SAS08, Class 2 forgings
supplied by Rheinstahl Huttenwerke AG and Fried-Krupp Huttenwerke AG. The TR perfomred
a third evaluation that addressed the other forging suppliers, which coliectively includes
Kiockner-Werke AG, Temi, Mamrel-Freras, and the unknown supplier. The staff's review
addressed the three TR evatuations for establishing the recommended genefic USE vahes.

The NRC staff confirmed that of the 38 Charpy test records that are available for Rheinstah!
Huttenwerke AG forgings, there are 11 test records where measured values for unuradiated
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Charpy USE were able to be determined based on the methodologies dascrbed above. The
staff noted that 8 of the 11 forgings have measured USE values for both the strong and the
weak directions; one forging has a measured USE value only in the strong direction; and two
forgings have measured USE values only in the weak direction. For the 9 measured LISE
values in the strong direction, the staff confirmed that the TR correctly used Posifion 1.2 of

BTP 5-3 to estimate the USE values in the weak direction; specifically, BTP 5-3 estimates of
weak direction USE are equal to 65 percent of the measured USE values in the strang direction.

For the 11 forgings with measured values for Charpy USE, the staff's independent calculations
showed the following.

s For the 10 measured USE values in the weak direction, the staff confirmed that the
Mean — 2¢ vahie for this data set is 56 fi-Ibs_, which is the recommended generic USE
value for forgings supplied by Rhelnstahl Huttenwarke AG. The staif noted that this
bounds (i.e., 18 more conservative than) the lowest measured weak direction USE value
of 64 ft-ibs.

+ Forthe 9 BTP 5-3 estimates of USE in the weak direction, the staff confirmed that the
Mean — 2¢ value Is 70 fidbs., which bounds the lowest BTP 5-3 USE value of 75 fi-Ibs.
The staff noted-that the TR"s recommended generic USE value of 56 fi-hs. bounds
these BTP 5-3 USE estinmates. Therefore, based on review of all available USE daia for
Rheinstahl Huttemwerke AG forgings, the staff verified that the recommended generic
USE value of 56 fi-bs. Is the most conservative.

8TF 5-3 Estimates of Lower

The NRC staff also confirmed that out of the 38 Charpy test records for the Rheinstahl
Huttenwerke AG data set, there are 27 for which measured USE could not be established, but
the available impact energy data were used 10 determine a lower bound on USE In the strong
direction using the methods summarized above. Since all of the absorbed impact energies
were measured in the strong direction, the TR determinad estimates of absorbed impact energy
in the weak direction to be 65 psrcent of the measured impact energies in the strong direction
by applying BTP 5-3. The staff noted that 23 of thesa 27 estimates of lower bound USE are
congidered along with measured weak direction USE values and BTP 5-3 USE values in a
separate Mean — 2g calculation, which is 40 ftibs. The TR does not recommsnd 40 ft-#hs. as
the generic USE vatus for Rhelnstahl Huttenwerke AG forgings because the 23 BTP 5-3
estimates of lower bound USE included in this Mean — 2¢ calculation do not represent actual
USE for that test record. Specfically, Note “b” of the data set states that It is unknown whether
the upper-shelf was reached during the test since the Charpy impact energies are increasing
throughout the temperature range available, and “the acfual USE value s fikely higher.”

The staff noted that the four towast of the 23 lower bound USE estimates that were inckided in
the Mean — 2¢ calculation of 40 fi-lbs. are lower than the TR's recommended generic USE value
of 56 fi-dhs. These values, which are annotated with Note “b” in the Rheinstahl Huttenwerke AG
data set are 53 fi-lbs., 52 fbs., and two values at 47 fi-ibs. The staff also noted that the
calculation of 40 ft-lbs. excludes the four kowest of the 27 avallable lower bound USE estimates,
which are 44 ft-lbs_, 42 fidbs_, and two values at 39 fi-lbs. Note “f of the Rheinstahl
Huttenwerke AG data set explalns that the four lowsst values of 44 f-Ibs_, 42 ft-bs._, and two
values at 39 ft-Ibs. are “exciuded from statistical anafysis" hecause the values “do not provide .
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accurate representation of USE,” and “the actual USE Is ltkely much higher since a Charpy test
with a sim¥ar absorbed impact enargy has a shear vafuie much less than 93 percent”

The NRC staff identified that the Charpy test data used to determine the eight lowest estimates
of lower bound USE needed to be reviewed 1o assess whether the reported impact energies are
below the upper-shelf region. Therefore, as part of its TR reviaw, the staff audited Charpy test
records for the following Rheinstahl Huttanwerke AG forgings, which had the eight lowest
reported ahsorbed Impact energies:

Four Lowest Impact Energies, Rhelnstahl Huttanwerke AG Forgings with Note *b" .
(Included in Mean — 2¢ of 40 ft-Ibs.; 40 ft-|bs. is not the recommended USE)
Componeng Measured Absorhed Impact BTP 5-3 Esfimate of Absorbed Impact
Identification Energy, Strong Direction Enaray, Weak Direction
Plant D, 82 ft-bs. 82 fidbs. X-65% =53 fi-Ihs.
Intermediate Shell
Plant E, 80 ftdbs. 80 ft-bs. X 65% = 52 fi-bs,
Inlet Nozzle 11 )
Plant D, 72 ftdbs. © 72 fHbs. X 65% = 47 fibs,
Inlet Nozzle 08 -
Plant F, 72 ftibs. 72 ftdbs. X 65% = 47 fi-bs.
Inlet Nozzle 08

Four Lowest Impact Energies, Rheinstah! Huttenwerke AG Forgings with Note “™
(Excluded from All Statistical Evaluations)

Component Measured Absarbed Impact | BTP 53 Cslimate of Absorbed Impact
Identification, Enerqy, Sirang Direction Enarqy, Weak Direction
(Le., "Lower Bound USE Estimates™
Plant E, €8 ft-bhs. 68 ftdhs. X 65% = 44 fi-|bs.
Upper Shell
Plant F, 64 febs. 64 fidbs. X 65% = 42 fi-lbg,
QOutfet Nozzle 13 '
Plant D, 60 f-bs. 60 fi-ths. X 65% = 39 fi-Ibs,
inlet Nozzle 11 )
PlantD, £0 fHbs. 60 ft-bs. X 65% = 39 fibs.
QOutlet Nozzle 14

The staff's audit of the Charmpy test records for the eight forging materials included. review of test
temperatures, absorbed impact energies, and avallable percent shear measurements. The
staff's review identified that the maximum absorbed impact energies in the sight Charpy test
records cofrespond to the measured Impact energy values for the strong direction that are
reported i the TR. The staff's audit generally confirmed TR statements that the eight lowest
impact energies are not representative of the USE for those forgings since the impact snergies
were increasng throughout the temperature range shown in the test record. Based on the
increasing energy trends, avallable test temperatures, and ths limited amount of shear data, the
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staff found that there Is sufficient evidence that the materials were [ikely in the transition region

“at the hlghest test temparatures documented'in the records. Thus, the staff confirmed that the'
actual USE values for these forgings, while unknown (because it was lkely not reached during
the test evolution), can reasonably be expected to be higher than the measured vahies of
absorhed Impact energy for the strong direction, as reparted in the TR for these eight forgings.
Based on its audR of the test records, the staff found that the eight lowest impact energies do -
not nead to be considered n the statisfical evaluation of the measured USE valuas for
determining the TR's recommended generic USE vakie.

The staff also noted that the other 19 BTP 5-3 estimates of iower bound USE are all greater
than the TR’s recommendad geneiic value of 5§ ft-ibs ; thus provides addifional evidence that
thga #ean — 2¢ value for the ten measurements of Charpy USE In the weak direction Is a
consenvative generic estimate of uniradiated Charpy USE for this forging supplier. . Therefore,
the staff confirmed that 40 fi-lbs. doss not warrant impternentafion as a generic estimate of USE
for Rheinstahl Huttenwerks AG forgings. Accordingly, the staff finds that 56 fi-lbs is acceptable
for implementation as a generic uniradiated Charpy USE value for SA508, Class 2 RV forgings
suppiied by Rheinstahl Hutterwerke AG for Rotterdam RVs.

Unirradfated USE Evajuation of RV Forqings Suppfied by Frisd-Krupp Huttepwerke AG

The NRC staff confirmed that of the 67 Charpy test records that are available for Fried-Krupp
Huttenwerke AG forgings, there are 38 test records where measured values for ururadiated
Charpy USE were abia to be determined basad on the methodologies described above. For the
38 forgings with measured USE vales, the staff noted that 5 of the 38 forgings have measured
USE values for both the strong and the weak direchons, and the other 33 have measured USE
values onty in the strong direction. For ali 38 measured USE values In the strong direction, the
staff confimed that the TR comecity used Position 1.2 of BTP 5-3 to estimate USE values in the
waak direclion. For the 38 forgings with measured values for Charpy USE, the staff's
independent calculations showed the following.

= For the 5 measurad USE values in the weak directian, the staff confimed that the
Mean — 2¢ vahee for this data sel 15 52 ftbs_, wiich is the recommended generic USE
valte for forgings supplied by Fried-Krupp Hutfenwerke AG. The staff noted that this
bounds (i.e., s more wmexvatlve than) the lowest measured weak direction USE valus
of 62 fi-bs.

+ For the 38 BTP 5-3 estimates of USE in the weak direction, the staff confirmed that the
Mean - 2¢ value is 61 ftdbs., which Is equal to the lowest of the 38 BTP 5-3 USE
- estimates. The staff noted that the TR's recommended generic USE value of 52 ft-bs.
bounds this BTP 5-2 USE estimate. Therefore, based on review of all avaitable USE
data for Fried-Knupp Huttenwerke AG forgings, the sfaff vetifted that the recommended
genenc USE value of 52 fidbs. is the most conservative.

BTP 5-3 Estimates of Lower Bound USE for Frieg-Krupp Hutfenwerke AG Forgings

The NRC staff also confirmed that out of the 67 Charpy test records for the Fried-Knupp
Huttenworke AG data set, there are 29 for which measured USE could not be determined, but
BTP 5-3 estimates of the fower bound on USE could be determined, as per the criteria above.
All of the 25 estimates of lower bound USE are considered along with the measured USE
values in a separate evatuation that calculates a Mean — 2¢ value of 51 fidbs. The TR does not
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recommend 51 fi-[bs. as the generic USE value for these forgings because the 29 BTP 5-3
estimates of lower bound USE included in this Mean — 2¢ calculation do not represent actual
USE for that test record. The 29 BTP 5-3 estimates of lower bound USE are annotated with
erther Note “b” or Note *f°. Note “b° stales that it is unknown whether the upper-shelf was
reached during the test since the Charpy impact energies are incréasing throughout the
{emperature range avallable, and “the actual USE value is likely higher” Note °f states that
‘reported shear values are fess than 93 percent shear, and ihe reparted impact energy] vaiue is
fess than or equal to the maximum energy value of a Charpyspecunen with jess than

85 percerd shear,” and as a result, ‘the UUSE is hfgherth&n the Charpy data reported.”

The staff identified that there are no lover bound USE estimates that are excluded from the
Mean — 2¢ calculation of 51 ft-{bs. Further, just two of the 29 kower bound USE estimates

(51 fi-bs. and 50 fi-1bs.) are lower than the TR’s recommended generic USE vatus of 52 fi-lbs
The staff determined that actuat USE values for these two forgings, while unknown, would ikely
be higher than their reported lower bound vales given that these impact energies are
annotated with Note "b" Kentifying that impact energies are increasing throughow the
temperature range available. The staff noted that all of the other 27 lower bound USE astimates
are greater than the TR's recommended generic USE valus of 52 ft-lbs. for this forging supplier.
Therefore, the staff finds that 52 ft-lbs., based on the Mean — 2¢ for the 5 measured USE values
in the weak direciion, is acceptabia for Implementation as a generic ‘urdradiated Charpy USE
value for SA508, Class 2 RV forgings supplied by Fred-Krupp Huttenwerke AG for Rotterdam
RVs.

Unimadiated USE Evaltrafi

The staff noted that there are 17 Charpy test records represented in a single data set provided

_ In TR Table 7-for the other forging suppliers, which includes Klockner-Werke AG, Tem|,
Mamél-Freres, and an unknown company. In RAI comespondence, the NRC requested that the
PWROG resolve the apparent inconsistency in the TR regarding the number of Charpy test
records from an unknown company because in Table 2 the TR identifies that there are two
forging componends from an unknown supplier, whereas Table 7 of the TR lsts one impact
energy measurement for the unknown supplier. In its June 12, 2019, RAI-2 response (Ref. 2),
the PWROG Indicated that there am twa SARQ8, Class 2 forging materials with an unknown
supplier, as shown in TR Table 2 — however, onfy one such matenal is listed in TR Table 7
because the Charpy test record is nok avaitable for the other “unknown supplier” material.
Accordingly, Charpy data for the other SA508, Class 2 forging component from an unknown
supplier could not be included Table 7.

Cut of these 17 test records, the staff noted there ara two with measured USE values in the
woak direclion; these USE values are 134 fi-ibs. and 141 fi-bs. There are 10 measured USE
values in the stnong direction, for which the TR applied BTP 5-3 to estimats weak direction USE
the staff identified that the bwest of the BTP 5-3 USE estimates is 84 ft [bs. The USE is
unknown for 7 test records, but a lower bound on UJSE in the strong direction was established
based on evaluation of available absorbed impact energy data that is established to be in the
transitlon region {i.e, the energies are ncreasing throughout the temperature range availabley,
this is same method as that used for the Rheinstahl Huttenwerke AG and Fried-Krupp
Huttenwerke AG data sets, as ldentified in Note °b” for these data sets. As with the other
SAS08, Class 2 data sets, the lower bound USE vales are reduced per BTP 5-3 to datermine
estimates of lower bound USE in the weak direction. The lowest of these BTP 5—3 estmates of
lovrer bound USE for the other forging suppliers is 75 fi-lbs.
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Considering the smaller number of records covering the three knovm suppliers and the unknoawn
supplier, the staff confirmed that it Is reasonable for the TR to sekect a lower generic USE value
that could be used for SA508, Class 2 forgings in Rotterdam RVs if the farging manufacturer is
unknown. For this purpose, the TR recommended that a genesic USE value of 52 ftHbs. be
used for SAS08, Class 2 forgings In Rotterdam RVs if the forging manufacturer is unknown. In -
its June 12, 2019,-RA7 response (Ref. 2) the PWROG dlarified that the generic value of

52 fi-ibs. is ngt intended for the suppliers Kidckner-Werke AG, Temi, or Mamsl-Freres because
data for all known and applicable Rofterdam RV forgings from these suppliers are provided in
Table 7 of the TR for this data set. The PWROG stated that there Is sufficient data m Table 7
for these compaonents fo justify a component-speciilc USE value that is higher than 52 fi-lbs.
The staff reviewed this RAI response and corfirmed that the applicable component-specific
USE value {or lowet bound USE estimate, as applicable} should be used for plants that can
dendify therr forgings from among the components fisted in Table 7.

With raspect to a generic USE value of 52 fbs. for an unknown forging suppfier in a Rotterdam
RV, the NRC staff considered all Charpy test data for al SA508, Class 2 forging mamﬁamﬂ‘ers
eyaluated in the TR and noted the following:

« There are 122 Crtamympacttest records evaluated In the TR. '

‘s 52 fHbs. is the most bounding of the two Mean — 20vah.|e5forﬂ1ewolargestsmpﬁers,
Rhefnstahl Hultemwerke AG and Fried-Krupp Huttenwerke AG.

« 52 'ftibs. bounds aff available Charpy impact test data (measured weak direction USE
data, BTP 5-3 USE data, and lower bound USE estimates) from the three other knovm
suppliers and the unknown suppfier.

« For all forging supplisrs, 52 fi-lbs bounds all measured USE values n the weak direction
amd all BTP 5-3 USE estimates for the weak direction (Le., USE estimates based on
appllcation of BTP 5-3 to USE measuremends in the sirong direction).

« 52 fHbs bounds 21 of the 27 BTP 5-3 estmates of lower bound USE In the Rheinstahl
Huttenwerke AG data set and 27 of the 29 lowsr bound USEes&nates In the
Fried-Krupp Huttenwerke AG data set.

+ For the those several BTP 5-3 estimates of lower bound USE in the two largest dafa sets
that are less than 52 fi-lbs, the staff determined hasid on review TR methods and audit
of Charpy test records that actual USE values for these forgings, while unknown, woulkd
[ikely be higher than their reported lower bound values given that these inpact energies
are Increasing throughout the temperature range avaitable.

Therefore, based on its revieye of all the SA508, Class 2 Charpy test data, the staff determined
that for a Rotterdam RV with SAS08, Class 2 forging(s) from an unknown supplier, there is
reasonable assurance the USE value for that forging would be at least 52 ftidhs. Accordingly,
the staff finds that 52 fi-lbs is acceptable for implementation as a generic uharagiated Chamy
USE value for SA508, Class 2 RY forgings from an unknown supplier in Rotterdam RVs.

ds and Sh: t

The TR determined. generic values of unkradiated Charpy USE, Cu comtent, and Ni content for
Rotterdam SAVs and SMAWSs. Data sets for Champy USE, Cu content, and Ni cantent were
separately evaluated in the TR to determine the recommended genefic properiies for these two
weld types. The NRC stafT's review of these data sets and data analyses-Tollows below.
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: RV Su; oids

The NRC staff reviewed Charpy USE values and chemistry data for Rotterdam SAWSs, which
are provided in TR Tabies 9 and 10, respectively. These tables atgo.identify the flux types and
weld vire vendors. The TR Indicates that the two flux types ("SAF89” and "LW320") and six
weld wire vendors ldentified in these tables are generically applicable to SAW materials for
Rotterdant RVs, except for welds with Linde 80 flux type. SAWs with Linde 80 flux type are -
excluded from these generic anatyses since welds with Linde 80 8ux have heen generically
analyzed previousty. The staff found that the TR adequately defined the material class for
Rotterdam SAWSs based on #ts identification of the two fiux types and six wine vendors used to
fabricate these welds.

The TR determmes the generic unirradiated Charpy USE value for Rotterdam SAWSs by
calculating the Mean — 2¢ for the set of seven measured values of unirradiated Charpy USE for
the "Non-Linde 80" SAWSs Included In Rotterdam RV survellfance programs. The seven USE ’
values are Ested in TR Table 9. Note “a” of Table 9 identifies that these USE values are
determined as the average of all avaitable absorbed energy values with pefcent shear greater
than or equal 95 percemnt, as per the ASTM E185-82 msthod that was used to determine USE

for the RV forgings. As with the forgings, the staff determined that the TR’s application of the
ASTM E185-82 definitlons for determining the seven USE values is acceptable.

The staff noted that for six of the seven Chaimpy USE values in Table 9, the reported USE value
cofmesponds to a SAW for a specific unnamed plard (e.g., “Plant B™). Gne USE vahue in Table 9
coiresponds to SAWSs at tour plants (Plants “A°, *G” “H", and “I"). In its June 12, 2019, RAl-5
response (Ref. 2), the PWROG identified that each of the seven unirradiated Charpy USE
values in Tabie 9 represernts a unique heat of wald material.

The staff confirmed that the Mean — 2¢ value for the set of seven basekne Charpy USE values
for SAWs in Rotterdam RY surveiftance programs is 75 fidlbs. The staff noted that this
recommended generic USE value bounds {i.e., Is more conservative than) the lowest of tha
seven measured USE values, which is 82 fths. Considering that surveillance welds wers
selacted from. the amongst the core region welds (i.e., wetds located in the original 40-year
bseltiine region), the staff noted that the Mean — 2o value of 75 fidbs may be reasonable for
generic appiication to the non-Linde 80 core region SAWs in Rotterdam RVYs. Additional
considerations regarding the applicabliity of this data to aff Rotterdam SAWs are discussed
below.

The TR Identiftes that outside of the basellne USE measurements from RY surveillance
programs, no USE information ts available for Rotterdam SAWs. The TR states that the
industry practice at the ime of Rotterdam RV falvication was to test Charpy spécimens at10 °F
of kower to show 30 fibs or more of absorbed ensrgy, and the reporting of this test information
fn the Rotterdam CMTRs was consfdered sufficient to satisfy the fracture toughness -
requirements of the ASME Code at that fime. The TR also states that the core region welds had
the same specification requirements as the other RV welds, but for core region welds,
Rotterdam was required to “aim for” both a Charpy V-Notch Transftion Temperature (TTCV) and
a Nil-Ducfility Transtion Temperature (NDTT) based on drop weight testing kess than 10 °F, and -
to fumish additional test results relevant to TTCV and NDTT. The TR also states “the TTCV
and NOTT do not occur hear the Upger-sheff region, and thus, the surveilance capsisfe program
_ test resulis are generically representative of the SAWSs produced at Rotterdam for USE
cafcutations ™ Conaidering thus information, the staff surmised that CMTRs for non-survelliance
walds would show low test temperatures and cofrespondingly low impact energies, which could
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not be used to further support the generic USE value of 75 fi-bs based on the surveillance weld
_USE datain Table 9.

The NRC staff identified that adddional information was needed to confum that the seven USE
values for Rotterdam: SAVVs In Table 8 are representative for Roiterdam SAWs in ganeral. In its
RAI, the staff requested that the PWROG address how specification requirements and test
criteria for Rotterdam SAWS support the TR determination that the hasellne USE data for
surveilance program SAWSs in Table 8 is representative of Rotterdam SAWs in general. In its
June 12, 2019, RAI-6 response (Ref. 2), the PWROG stated that based on acceptance criteria
for Rotterdam RV walds, the fluxfwire welds (SAVWS) did not have chemiatry raquirements, but
all welds had the same mechanical requirements, which included a minimum tensile sirength of
80 ksi, a minimum absorbed Charpy Impact energy of 30 ft-lbs for the average of three
specimens, and a minimum ahsorbed Charpy impact energy 25 ft-lb for one individual
specimen. The PWROG emphasized that these requirements \were [dentical for the heftiine and
non-beltline SAWSs; howsver, tha core region welds had additional requirements to establish
both the TTCV based on Champy testing and NDTT based on drop weight testing, and to "aim
for™ a transition tamperature of 10° F. The PWROG emphasized that thess additional testing
requirements far core region welds would not affect the USE, since these properties are
assoclated with ductile-to-brittle transition, not the ductile region. Since the requirements far
tensile strength and absorbed Charpy impact energy were equivalent, the PWROG stated that it
is expected that all Rotterdam RV SAWS were taken from the same set of available weld
metals. The PWROG Identified that this is further supported by the known instances whers a
core region weld and a non-core region weld share the same heat number. Therefore, the
PWRGG concluded that the statistical analysis of the core region surveillance program SAW
materials are also applicable to the non-core region SAWSs.

The staff considered the RAI response statement that the same set of requirements for
minimum tensile strength and absorbed Charpy impact energy were applicable to alt Rotterdam
RV SAW materials (core region welds and welds outside of the region), and the TR information
indicating that the six SAW weld wire vendors and two fiux types identified in Tables 9 and 10
are applicable io all Rotterdam SAWSs (excluding Linde 80 flux type). The staff also took into
consideration the RAl response statement that applicabllity of SAW generic USE data in Table ©
15 supported by known instances where a cone region weld and a nan-core region weld share
the same heat number. Based on consikderation of tids information, the staff determined that the
Mean — 2g value of 75 fi-lbs, for the seven heat-specific unimadiated USE measurements for
SAWSs in Rotterdam RV surveillance pregrams is reasonable as a conservative estimate of the
uniradiated Champy USE for Rotterdam SAWs. Therefare, the staff finds that 75 fi-lbs is
acceptable for implementation as a generic unirradiated Charpy USE vakse for non-Linde 80
SAWs in Rotterdam RVs.

Based on its review of chemistry data provided in Table 10, the staff confirmed that measured
values of Cu content are specifled for 14 SAW heats. Where multiple Cu measurements
(comresponding to specific flux lot numbers) are isted for a specific SAW heat and flux type, the
staff confirmed that the Cu content value used in the Mean + ‘¢ calculation is the average of the
measured Cu content values for that heat and flux type. Ons of the 14 Cu content vakies
(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. The
staff confirmed that the Mean + 1¢ for the set of 14 Cu content values for Rotterdam SAW
materials listed in Table 10 ts 0.23 percent. Therefore, the staff determined that a genenc Cu
content of 0.23 percent may be used far non-Linde 80 Rotterdam SAWSs [f the measurad value
is unknown for the specific SAW material.
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The staff confirmed 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 + 1g for the set of 10 Ni content values for Rolterdam SAW materials
listed In Table 10 is 0.56 percent. Therefore, the staff determined that a generic Ni content of
0.56 percent may be used for non-Linde 80 Rotterdam SAW's if the measured value Is unknown
for the specific SAVW material. )

Rofterdam RY Shielded Metal Arc Welds

The NRC staff reviewed the avallable Charpy impact energy data, percent shear data, chemistry
data, and weld identification information for Rotterdam SMAWSs, which are provided in TR

Table 12. The staff noted that there are 38 Rotterdam. SIMAWSs addnessed in TR Table 12, each
of which has a unique heat numher associated with it. Table 12 identifies four weld types
corresponding to four vendors for the 38 heats of SMAW material listed therein. The TR states
that all SMAW heats that weme used in RV fabrication by Rotierdam, and that are avaltable in
the Westinghouse records, are included in Table 12. The staff determined that this informaon
Is sufficient to define the matenal 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 SMAWSs. These values are:

130 fHbs, 116 fiHbs, and 134 ft4bs. 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 — 2g. Therefore, the TR used a different approach to determine its recommended genefic
Champy USE value of 72 fi-Ibs for Rotterdam SMAWYs.

As addressed In Section 2.0 of this SE, RG 1.99, Rev. 2, does not explicitly specify “Mean —2g”
as a recommanded method for determining a generic uniradiated USE based on evaluation of
generic data for a “class” of material, and the USE requirements of 10 CFR Part 50, Appendix G
are generally sient on this issue. Further, Position 1.3 of BTP 5-3 states that “in the case of
older plants, the [preservice fracture toughness) dafa may he estimated using procedures fisted
above {Position 1.2 for pfant-specific USE measurements] or other methods that can be shown
{0 be conservative [emphasis added]” '

For Rotterdam RV SMAWS, the staff reviewed the TR evaluafion for determining a gensric USE
value of 72 fiHbs by assessing whether the evaluation has been shown to be conservative, as
specified in Posltion 1.3 of BTP 5-3. While only 3 of the 38 impact snergies in Table 12 are
determined to be the actual USE, the other 35 ahsorbed impact energies in Table 12 are
reported to represent a lower bound on the USE for the test recond. As with the lower bound
USE values for SAS08, Class 2 forgings, the actual USE values for these 35 SMAW materials
are unknown, and they are identifled as being “greafer than or equal fo° the reporied 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 all 35 lower bound USE values are based on Chamy tests completed at 10.4 *F or
lower and shear vatues which are either unknown or less than 95 percent. The TR states that
USE is typlcally reached at a temperature greater than 10 °F, as demonstrated by the welds
wrth actual measured USE values, which reached the upper-shelf at temperatures of
approximately 70 *F or higher.

Considering all 38 impact enérgies reported In Tahle 12 {35 lowsr bound USE values plus
3 actual USE valués}, the staff noted 72 ft-Ibs for Heat No. 9092 1s the second lowest value.
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The staff also noted that 72 ft-ibs [s the lowest of the 31 lower bound USE values that do not
have percent shear measursments repcrted in Table 12. The staff confirmed that the lowest
impact energy value in Table 12 is 63 fi-lbs for Heat No. 7359.6708; this impact energy has a
coiresponding percent shear value of 52 percent. Cansidenng this percent shear
measurement, and the low temperature range reported for the Charpy impact tast (10.4 °F or
lower), the staff foumnd that it is reasonable to expect that actual USE for Heat No. 7359.6708
would be significantly greater than 63 ftdbs if testing of this SMAVY material had continued at
higher temperatures into the upper-shelf region. On this basis, the staff determined that

63 ft-lbs for Heat No. 7359.6708 does not warmrant consideration for determining the gensric
USE value for Rotterdam SMAWS based on the lower bound USE valuss listed In Table 12.
Therefore, the staff finds that tha ower bound USE value of 72 ft4bs is acceptable for
implementation as a generic unimadiated Charpy USE value for SMAWS in Rofterdam RVs.

Based on its review of chemistry data provided In Table 12, the staff confimed that measured
values of Cu content are available for only two SMAW heats. The staff agreed with the
PWRQG determination that this is insufficient data to delermine a generic Cu content value.
Accordingly, the staff confimed 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 information ks avaflable (i.e_, no
heat-specific msasurements, no Cu content requirements in material specificalions, and no
conservative estimates (Mean + 1¢) based on generic data). The staff noted that the default Cu
content of 0.35 percent is conservative relative to the measured valies, 0.01 percent and

0.023 percent, for Rotterdam SMAWSs. Therefore, the staff finds that the RG 1.99, Rev. 2,
default Cu contant of 0.35 percent is acceptable for Rotterdam SMAWS if the measured value s
unknown for the specific SMAYY matenal

The staff noted that 32 of the 38 SMAW heats listed in Table 12 have measured vakies of Ni
content. The staff determined that this constitutes a sufficient set of measurements to
determine a generic value based on Mean + 1g for Rotterdam SMAWS, as per RG 1.99, Rev. 2.
The staff confirmed that the Mean + 1g for the set of 32 Ni content values for Rotterdam SMAW
rmaterfals fisted in Table 12 ks 1.13 percent. Therefore, the staff finds that a genearic Ni content
1.13 percent 1s acceptable for Rotterdam SMAWSs if the measured value Is unknown for the
speciic SMAW material.

The TR alsc reconmends that i msuffictent data exists to determine whether a Rotterdam RV
wold is a SAW or a SMAW, then the geheric values for unfrradiated Charpy USE, Cu content,
and Ni content for Rotterdam SMAWSs can be utilized. The staff confirmed that the above
generic values for unimradiated Charpy USE, Cu contert, and Ni content for Rotterdam SMAWSs
are bounding relative to those for Rotterdam SAVYs. The staff also noted that the TR
affirmativefy states that Rotterdam CMTRS specify only these two weld types for Rotterdam
RVs. Thersfore, the staff finds that the generic propertias for Rotterdam SMAWSs are
acceptabie for Rottsrdam RY welds if the weld type {(SAW of SMAW) 1s unknown and if
measured values of the applicable properties are unknown for the specific weld materials.

5.0  CONDITIONS AND LIMITATIONS

There is no NRC staff-imposed conditfon or limitation on the use of this TR in licensing

app¥cations for addressing regulatory requirements In 10 CFR Part 50, Appendix G;

10 CFR 50.61 or 50.61a; andfor TLAA requirements in 10 CFR 54.21(c){1). However, PWR

plants referencing the TR as the basis for the generic Rotterdam RY material propertes

?Or?mv‘l%ecli theremn must ensure that their RV materials meet the criteria specified in the TR, as set
elow.
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The generic properties provided in the TR are for implementation as conservative generic
estimates for the material classes identified below oniy i no measured values of unimradiated
Charpy USE, Cu content, and/or Ni content are available for the specific RV matetial under
consideration. PWR plants that implement thme genenc estimates must identify their RV
materiais as follows:

» A PWR plant with a Rotterdam RV proposing to use the generic unirradiated Charpy
USE value of 56 ft-Ibs. for its RV forging(s) must [dentify that nts forging(s) ate of the
SA5D8, Class 2 or A508, Class 2 specification and that the forging(s) were supplied by
Rheinstahl Huttermwvarke AG. .

e A PWR plant with a Raottardam RV proposing to use the generic unirradiated Charpy
USE value 52 ft-bs. for its RV forging(s) must identify that Rs forging(s) are of the
SA508, Class 2 or A508, Class 2 specification. This generic unirradiated Champy USE
value may be used if the Rotterdam RY forging suppler Is identified as Fried-Knupp
Huttenwerke AG or if the forging supplier is unknown.

« A PWR plant with a Rotterdam RY proposing to use the generic unirradiated Chamy
USE value of 75 fi-lbs. for fis 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 that its SAW(s) were fabricated by
Rotterdam.

o A PWR plant with a Rolterdam RY propesing to use the generic Cu content of
0.23 percent and genesic NI content of D 56 percent for its RV weld(s) must identify that
the weld(s) afe of the SAVV type, that the SAWs are not of Linde 80 fiux type, and that Rs
SAW(s) were fabricated by Rotterdam.

» A PWR plant with a Rofterdam RV proposing to use the generic unirradiated Charpy
USE value of 72 ft-Ibs. for its RV weld(s) must iderdify that the weld(s) were fabricated
by Rotterdam. This generic unimadiated Champy USE value may be used if the
Rotterdam RY weld is identifled as a SMAW aor If the Rotterdam RV weld type is
unknown. .

+ A PWR plant with a Rotterdam RV proposing to use the RG 1.99, Rev. 2, defauit Cu
content of 0.35 percent and generic Ni content of 1.13 percent for its RV weld(s) must
identify that the weld{s)-were fabricated by Rotterdam. These values may be used if the
Rotterdam RY weld is identified as a SMAW or if the Rotterdam RY weld type is
unknown.

6.0 CONCLUSION

As set forth above, the NRC staff has reviewed the PWROG-17030-NP, Rev. 0, TR and has
determined that the TR Is acceplable for providing conservative estimates of generic
unirradiated Charpy USE for ASME SA508, Class 2 {or the corresponding ASTM A508, Class 2)
forgings in Rotterdam RVs; and conservative estimates of generic uniradiated Charpy USE Cu
content, and Ni content for Rotterdam SAWs and SMAWS based an the material classes
specffied in the TR. When measured values of uniradiated Charpy USE, Cu content, andfor Ni
content are availabe far the specific RV materials under consideration, the measured values
should be used.
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The NRC staff's review has conduded that when measured values of unirradlated Charpy USE,
Cu content, andfor Ni content are not available for the plam-specific Rotterdam RV matedals
under consideration, the generic values for the Rotierdam RV material classes identified in the
TR may be used in PWR plant ficensing applications for addressing regulatory requirements in
10 CFR Part 50, Appendix G; 10 CFR 50.61 or 50.61a; and/or TLAA requirements in

10 CFR 54.21{c)(1).

7.0 REFERENCES

1. Letter from Ken Schrader, Pressurized Water Reactor Owners Group, to USNRC
Document Control Desk, April 6, 2018, Transmittal of Westinghouse Electric Company
Report PWROG-17090-NP, Revision 0, "Generic Rotterdam Forging and Weld Initial
Upper-Shelf Energy Determination,” Westinghouse Non-Proprietary Class 3, March
2018 (ADAMS Accession No. ML18114A173).

2. Letter from Ken Schrader, Pressurized Waler Reactor Qwners Group, o USNRC
Document Control Desk, June 12, 2019, Transmittal of the Response o Request for
Additional Information, RAI 1-3 and 5-7 Assoclated with PWRQG-17080, Revision 0,
“Generic Rotterdam Forging and Weld Inthal Upper-Shelif Energy Determination,”
Westinghouse Non-Proprietary Class 3, June 2019 (ADAMS Accession
No. ML19170A106).

3. PWROG Topical Report, PWROG-17090-NP, Rev.0, “Generic Rotterdam Forging and
Weld [nitfal Upper-Shelf Energy Determination®, March 30, 2018 (ADAMS Accesslon
No. ML168114A183).

4. American Society of Testing and Materials (ASTM) Standard E185-82, *Standard
Practice for Conducting Surveilance Tests for Light Water Cooled Nuclear Power
Reactor Vessels,” 1982, '

5. USNRC Regulatory Issue Summary 2014-11, “information on Licensing Appiications for
Fracture Toughness Requirements for Ferritic Reactor Coolant Pressure Boundary
Components,” Gctober 14, 2014 (ADAMS Accession No. ML14149A185).

6. USNRC Regulatory Guide 1.99, Revision 2, “Radiaton Embritiement of Reactar Vessel
Materials,” May, 1988 {ADAMS Accession No. ML0OO3740284).

7. USNRC NUREG-0800, Standard Review Plan for the Review of Safety Amnalysis Reports
for Nuclear Power Plants, Branch Technical Position 5-3, Draft Revision 3. "Fracture
Toughness Requirements," September 2018 (ADAMS Accession No. ML 18254A090). -

Attachment: Comment Resolution Table
Principle Contributor: Christopher R. Sydnor, NRR/DMLR

Date: December 12, 2019

PWROG-17090-NP-A ; January 2020
: Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3

-25-
TOPICAL REPORT PWROG-170S0-NP, REVISION 0
COMMENT RESOLUTION TABLE
Comment | DSE Text PWRQOG Comment NRC Rasponse
No. Location
Page { Line
No. | No.
1 1 27 Revige the text “SAB08, Class 2” to "ASME | The staff finds the proposed
SA508, Class 2 (or the corresponding change acceptable becauss
6 g | ASTM A508, Class 2)". ASME SA508, Class 2 and
ASTM ARDS, Class 2 are
23 a7 equivalent material
specifications, and the change
doas not affect the staffs
‘ findings or conchluglons.
2 8 33 | Add "or equal to” after “greater than.® The staff finds the proposed
, change acceplable because it
The text “or equai to™ will lso be added to | ensures technical congistancy
the comesponding location in the first and does not affect the staff's
sentence in PWROG-17080-NP Seclion findings or conclusions.
3.1, Bullet 1 in the NRC-approved version
of the topical report that will be issued after
the Final SE Is issued. This is consisterk
with discussions In footnote (g) of
PWROG-17090-NP Table 5 and footnote
() of PWROG-17090-NP Table 7.
3 8 34 | Revise “»" to “2" to he consistert with The staff finds the proposed
& PWROG-17090-NP Section 3.1, Bullet 1. change acceptable because it
7 ensures technical consistency
and does not affect the staff's
findings or conclusions.

4 12 7 & | Add “or equal to™ after “greater than.” The staff finds the preposed

16 change accepiable because 1t
ensures technical consistency
and does not affect the staff's
findngs or conciusions.

5 22 47 | Add “of unimadiated Champy USE, Cu The staff finds the proposed
content, andfor Ni content” afier “measured | change accepiable hecause it
valuss.” provides additional

clarification for this issuse, and
it does not affect the staff's
findings or conclusions.

6 23 3 & | Add “or AR08, Class 2™ after “SA508, Class | The staff finds the proposed

8 27 change acceptable because
these are equivalent material
specifications, and the change
does not affect the staff's
findings or conclusions.

PWROG-17090-NP-A January 2020

Revision 0




WESTINGHOUSE NON-PROPRIETARY CLASS 3 XXXi

ACKNOWLEDGEMENTS

This report was developed and funded by the PWR Owners Group under the leadership of the
participating utility representatives of the Materials Committee.

PWROG-17090-NP-A January 2020
: Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 XX

LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric
Company LLC. Neither Westinghouse Electric Company LLC, nor any person acting on its behalf:

1. Makes any warranty or representation, express or implied including the
warranties of fitness for a particular purpose or merchantability, with respect to
the accuracy, completeness, or usefulness of the information contained in this
report, or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owned rights; or

2. Assumes any liabilities with respect to the use of, or for damages resulting from
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 PWR 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
non-proprietary versions) is not to be provided to any individual or organization outside of the
PWR Owners Group program participants without prior written approval of the PWR Owners
Group Program Management Office. However, prior written approval is not required for program
participants to provide copies of Class 3 Non-Proprietary reports to third parties that are
supporting implementation at their plant, or for submittals to the USNRC.

PWROG-17090-NP-A January 2020
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 XXXiii
PWR Owners Group

United States Member Participation* for PA-MSC-1367, Task 3
Utility Member Plant Stte(s) Particlpant
Yes No
Ameren Missouri Callaway (W) X
American Electric Power DC.Cook 1&2 (W) X
" Arizona Public Service Palo Verde Unit 1, 2, & 3 (CE) X
: . . Millstone 2 (CE) X
Dominion Connecticut Millstone 3 (W) X

- North Anna 1 & 2 (W) X
Dominion VA Surry 18 2 (W)

Duke Energy Carolinas

Catawba 1 & 2 (W)

McGuire 1 & 2 (W)

Oconee 1, 2, & 3 (B&W)

Duke Energy Progress

Robinson 2 (W)

Shearon Harnis (W)

Entergy Palisades

Palisades (CE)

Entergy Nuclear Northeast

Indian Point 2 & 3 (W)

Entergy Operations South

Arkansas 1 (B&W)

Arkansas 2 (CE)

Waterford 3 (CE)

Exelon Generation Co. LLC

Braidwood 1 & 2 (W)

Byron 1 & 2 (W)

T™MI 1 (B&W)

Calvert Cliffs 1 & 2 (CE)

Ginna (W)

FirstEnergy Nuclear Operating Co.

Beaver Valley 1 & 2 (W)

Davis-Besse (B&W)

Florida Power & Light \ NextEra

St Lucie 1 & 2 (CE)

Turkey Point 3 & 4 (W)

Seabrook (W)

Pt. Beach 1 & 2 (W)

Luminant Power

Comanche Peak 1 & 2 (W)

Omaha Public Power Distnct

Fort Calhoun (CE)

Pacific Gas & Electric

Diablo Canyon 1 & 2 (W)

PSEG — Nuclear

Salem 1 &2 (W)

South Carolina Electric & Gas

V C. Summer (W)

So Texas Project Nuclear Operating Co.

South Texas Project 1 & 2 (W)

Southemn Nuclear Operating Co.

Farley 1 & 2 (W)

Vogtle 1 & 2 (W)

Tennessee Valley Authority

Sequoyah 1 &2 (W)

Watts Bar 1 &2 (W)

Wolf Creek Nuclear Operating Co

Wolf Creek (W)

Xcel Energy

Prairie Island 1 & 2 (W)

P P B B Bt B Pt Bl Bt Pt Pt B A P A Bl Pad Bt BB Pt Bl Pl Pl Bad Bt B B B Pl P AR I Bl B d P d B

* Project participants as of the date the final dellverable was completed. On occaslon, additional
members wlill Joln a project. Please contact the PWR Owners Group Program Management Office
to verify particlpation before sending this document to participants not listed above.

PWROG-17090-NP-A

January 2020
Revision 0




WESTINGHOUSE NON-PROPRIETARY CLASS 3 XOXIV

PWR Owners Group
International Member Participation* for PA-MSC-1367, Task 3
Participant
Utility Member Plant Site(s) Yeos No
. Asco 1 &2 (W)
Asociacion Nuclear Ascé-Vandellds Vandellos 2 (W)

Axpo AG Beznau 1 & 2 (W)
Centrales Nucleares Almaraz-Trillo Almaraz 1 & 2 (W)
EDF Energy Sizewell B (W)
Doel1,2& 4 (W)
Electrabel Tihange 1 & 3 (W)
Electricite de France 58 Units
Eletronuclear-Eletrobras Angra 1 (W)
Emirates Nuclear Energy Corporation Barakah 1 &2
EPZ Borssele
Eskom Koeberg 1 & 2 (W)
Hokkaido Toman 1,2 & 3 (MHI)
Japan Atomic Power Company Tsuruga 2 (MHI)

Kansai Electric Co., LTD

Mihama 3 (W)

Ohi1,2,3&4 (W &MHI)

Takahama 1, 2, 3 & 4 (W & MHI)

Korea Hydro & Nuclear Power Corp.

Kori 1,2, 3 & 4 (W)

Hanbit 1 & 2 (W)

Hanbit 3, 4, 5 & 6 (CE)

Hanul 3, 4, 5 & 6 (CE)

Genkai 2, 3 & 4 (MHI)

Kyushu Sendai 1 & 2 (MHI)
Nukleamna Electrarna KRSKO Krsko (W)

Ringhals AB Ringhals 2, 3 & 4 (W)
Shikoku lkata 1, 2 & 3 (MHI)

Taiwan Power Co

Maanshan 1 & 2 (W)

Pad Pad Pad Bad Bad Pad Pad Bad Bad ol Bad Bad Bad Pad Bad Bad Ba 3 PaAPa S Do B P A P D4 Dl P g P d Pt

Project participants as of the date the final deliverable was completed. On occaslon, addltional
members will join a project. Please contact the PWR Owners Group Program Management Office
to verify participation before sending this document to particlpants not listed above.

PWROG-17090-NP-A

January 2020
Revision 0




WESTINGHOUSE NON-PROPRIETARY CLASS 3 XXV

TABLE OF CONTENTS
1.0 INTRODUCGTION . ....ooiiiiii ittt e e e e e e e st e e ettt e e aeeeaaeaaaaeee e sanenenes 1
2.0 SUMMARY OF RESULTS ..ottt RETTR 1
3.0 METHODOLOGY ......coiiiiiiiiiiiie e et e e e e e e s e e e s s rr s et e e e et e s eeaaeeeaaesaaesaeannnnnnreerenas 2
3.1 Evaluation of Rotterdam Forging Material Upper-Shelf Energy...............cccccouee.e. 4
'3.2 Evaluation of Rotterdam Weld Materials Upper-Shelf Energy and Chemistry ....... 5
4.0 GENERIC ROTTERDAM FORGING UPPER-SHELF ENERGY ........ccccooiiiiiiieeeeen. 6
4.1 Rheinstahl Huttenwerke AG.......... ..o e 7
4.2 Fried-Krupp Huttenwerke AG Forgings...........cc.ccccevuenne. e 10
4.3 Rotterdam Forgings from Other or Unknown Suppliers.............ccccoeiceerinennnennnas 14
4.4 Nozzle Upper-Shelf Energy Value Applicability..............ccccciiiiiinine 15
5.0 GENERIC ROTTERDAM WELD UPPER-SHELF ENERGY AND CHEMISTRY........... 17
5.1 Submerged Arc Weld (SAW) ...t e 17
5.2 Shielded Metal Arc Weld (SMAW) ............cooiiiiiieeeee e eeeeree e e e e e e 19
5.3 Weld Analysis SUMMAIY ...........oooiiiiiiiiiiit e 22
6.0 REFERENCES.......... it r et e e e e e e e teaaeeeaeeeea e e e s annneenes 23
Appendix A Supplemental Charpy Impact Energy Data for E8015-G Electrode Welds........ A-1
Appendix B Correspondence withthe U.S. NRC........... e, B-1
PWROG-17090-NP-A January 2020

Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 XXXVi

List of Tables
Table 1  Modern Charpy V-Notch Test Specimen Orientation Terminology ............c.cccceeeeen. 3
Table2  Summary of Rotterdam Forging Suppliers ..ot 6
Table 3  Summary of Rheinstahl Huttenwerke AG Forgings USE Data ..................cccuvveeee..... 8
Table 4  Statistical Analysis of Rheinstahl Huttenwerke AG Forgings .............c.ccoeevvcvvveene.... 10
Table 5 Summary of Fried-Krupp Huttenwerke AG Forgings USE Data...................cc....... 11
Table 6  Statistical Analysis of Fried-Krupp Huttenwerke AG Forgings ..............ccovvvvvviinnnnnn. 13
Table 7  Summary of Rotterdam Forgings from Other or Unknown Suppliers USE Data....... 14
Table 8  Statistical Analysis Comparing All Rotterdam Forgings to the Rotterdam Nozzle
oo 1o T 1 TSRO 16
Table 9  Available Rotterdam SAW USE Data...............ccccoouiiuieuiiriciecieee e 18
Table 10 Available Rotterdam SAW Chemistry Data .................cciiiiiiiiiiccen e, 18
Table 11  Statistical Analysis of SAWWelds.............coooooiiiiii s 19
Table 12 Available Rotterdam SMAW USE and Chemistry Data.....................ccccociiiiiiiinnnnn, 20
Table 13  Statistical Analysis of SMAW Weld Nickel Weight Percent..................cccoccccinnnnnie, 22
Table A-1 Supplemental Charpy Impact Energy Data for EB015-G Electrode Welds ............. A-2

List of Figures
Figure 1 Comparison of “Weak” Direction and “Strong” Direction Test Specimens ................... 3
PWROG-17090-NP-A Y January 2020

Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 . XXXVii

Record of Revisions

Revision Date l Description
0 March 2018 Original Revision 4
-A January 2020 PWROG-17090-NP-A, Revision 0 incorporates the U.S. NRC
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1.0 INTRODUCTION

Licensees have been addressing the embrittiement 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. 10 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-
Ib initially, and remain greater than or equai to 50 fi-Ib (68 J) throughout the lifetime of the reactor
vessel. In Regulatory Issue Summary (RIS) 2014-11 [Ref. 2], the Nuclear Regulatory
Commission (NRC) identified a threshold of 1 x 107 n/cm? (E > 1.0 MeV) for the projected end of
life fluence over which the effects of embrittiement 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 10" n/cm? (E > 1.0 MeV), the Charpy USE
requirements of 10 CFR 50, Appendix G requirements do not apply. The materials outside the
reactor vessel beltline and extended reactor vessel beltline, i.e. below the 1 x 10" n/em? (E > 1.0
MeV) embrittiement 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:

o 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.

e For aforging with insufficient data to determine USE with material supplied by Fried-
Krupp Huttenwerke AG or with an unknown Rotterdam supplier, a generic lower
bound value of 52 ft-Ib can be used based on a mean minus™2 standard deviations
evaluation. See Section 4.2 for more details.
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e 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.

o 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

Herein, generic USE values are determined based on the mean USE of common components
minus 2 standard deviations (g). 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 95%, 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°C (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 2 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 longitudinal specimens, the values should be reduced
to 65% of the longitudinal 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.

Table 1 '
Modern Charpy V-Notch Test Specimen Orientation Terminology
Reactor Vessel Material Type Weak Direction Strong Direction
Plate Transverse (TL) Longitudinal (LT)
Forging Axial Tangential
Normal to Major Working | Parallel to Major Working
General L L
Direction Direction
ZWEAK" DIRECTION “STRONG" DIRECTION
 ASME TRANSVERSE ASME LONGITUDINAL
ASTMTL . ASTM LT
RPV CIRC, FLAW RPV AXIAL ALAW
s O

f‘”‘“' f"

é//,/0//0 &

N

——

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 (o) 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.

o Ifthe 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 2 95% are assumed to have greater than or equal to 95% shear. All
non-outlier data points with known or assumed shear at 2 95% are averaged to
determine the USE and incorporated into the calculation of the generic USE.

e |fthe 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-Ib 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.

o 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.

o |[f 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-Ibs 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 used 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 SAWSs is the mean minus 2 standard deviations (o) 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 (Tcv) and a Nil-Ductility
Transition Temperature (NDTT) less than 10°F and to furnish additional test results relevant to
Tcv and NDTT. Both the Tcy and NDTT do not occur near the upper-sheif region, and thus, the
surveillance capsule program test results are generically representative of the SAWSs 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 appllcable only to two of the Rotterdam fabricated
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 SMAWSs
is then based on analysis of the lower bound 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 1g. 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 outside 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 ROTTERDAM 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.

Table 2
Summary of Rotterdam Forging Suppliers
Number of
. Number of Materials with Number“o f Mate,r’lals Number
Supplier « " with “Known
Components | “Known” Strong- @ | of Nozzles
Direction USE® Weak-Direction USE
Rheinstanhl
Huttenwerke AG 38 9 10 16
Kldckner-Werke AG 8 8 2 0
Fried-Krupp
Huttenwerke AG 67 38 5 41
Temi 6 2 0 0
Unknown 2 0 .0 1
Marrel-Freres 2 0 0 2
Table 2 note contaj llowin e.
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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 2 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 “2" 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 fi-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 Rheinstah| 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-Ibs.

The value of 56 ft-lbs is taken from the “known USE’ column. Theses “known” values are
identified as the values in Table 3 which do not include a “2°. 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 vaiue. 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.

PWROG-17090-NP-A January 2020
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 8
Table 3
Summary of Rheinstahl Huttenwerke AG Forgings USE Data®
Upper-Shelf Energy (ft-lbs)
Strong Weak
Plant Component Direction® BTP 5-3¢© Direction
Plant A Head Flange 128 83 N/A
Head Flange 2 141 292 N/A
Vessel Flange 2 163 2 106 N/A
Upper Shell 143@ 93 1119
Plant B
Intermediate Shell 119@ 77 759
Lower Shell 116© 75 64
Bottom Head Ring 2113 273 N/A
Head Flange 2142 292 N/A
Vessel Flange 2 156 2 101 N/A
Upper Shell 2105 2 68 N/A
Plant C :
Intermediate Shell 133@ 86 88®@
Lower Shell 137@ 89 98
Bottom Head Ring 2113 273 N/A
Upper Shell 287 2 57 N/A
Intermediate Shell 2 82 253 N/A
Lower Shell 135@ 88 77@
Inlet Nozzle 09 272 2 47 N/A
Plant D Inlet Nozzle 10 298 264 N/A
Inlet Nozzle 11 2 600 = 390 N/A
Outlet Nozzle 12 2 89 =58 N/A
Outlet Nozzle 13 =98 =64 N/A
Outlet Nozzle 14 2600 2 390 N/A
PWROG-17090-NP-A January 2020
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Summary of Rheinstahl Hut-[::::e::ke AG Forgings USE Data®
Upper-Shelf Energy (ft1bs)
Strong Weak
Plant Component Direction® BTP 5-3© Direction
Upper Shell 2680 2 440 N/A
Intermediate Shell 2 99 264 91@
Lower Shell 135@ 88 85@
Inlet Nozzle 09 2109 =71 N/A
Plant E Inlet Nozzle 10 = 89 =58 N/A
Inlet Nozzle 11 = 80 252 N/A
Outlet Nozzle 12 2 101 2 66 N/A
Outlet Nozzle 13 290 259 N/A
Outlet Nozzle 14 =90 2 59 N/A
Upper Shell = 87 2 57 N/A
Intermediate Shell C 1150 75 72©)
Lower Shell 2112 273 80@
Plant F Inlet Nozzle 09 272 247 N/A
Outlet Nozzle 12 293 2 60 N/A
Outlet Nozzle 13 2 640 2420 N/A
Outlet Nozzle 14 2113 273 N/A
Table 3 Notes'
a. All USE values are determined by averaging available Charpy energy values with reported shear 2

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.

The Charpy data identified with a “2" 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 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 Is conservatively determined based on the information available,
the actual USE value is likely higher.

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.

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

USE is the average of all available Charpy energy values with reported shear 2 95% per ASTM E185-
82 methods. Charpy data included data taken from Reactor Vessel Surveillance Programs bassline
test reports.

This USE value likely does not provide an accurate representation of USE The actual USE s 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.

PWROG-17080-NP-A January 2020

Revision 0




WESTINGHOUSE NON-PROPRIETARY CLASS 3 10
Table 4
Statistical Analysls of Rheinstahl Huttenwerke AG Forgings®
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

Deviation 10 7 14 24 16 14
Mean - 20 109 70 56 62 40 56
Maximum 143 93 111 163 106 111
Minimum 115 75 64 . 72 47 64

# of

Components 9 10 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 “2” 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 “2” 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-Ibs.
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The value of 52 ft-Ibs is taken from the “known USE”" column. These “known” values are identified
as the values in Table 5 which do not include a “2”. 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 penaity 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.

Table 5
Summary of Fried-Krupp Huttenwerke AG Forgings USE Data®
Upper-Shelf Energy (ftdbs)
Strong Weak
Plant Component Direction® BTP 5-3© Direction

Intermediate Shell 128@ 83 62
Lower Shell 136 88 111@©
Bottom Head Ring 162 105 N/A
Inlet Nozzle 11 21130 273 N/A
inlet Nozzle 12 126 82 N/A
Plant A Inlet Nozzle 13 = 126% 282 N/A
Inlet Nozzle 14 137 89 N/A
Outlet Nozzle 15 119M 77 N/A
Outlet Nozzle 16 121® 79 N/A
Outlet Nozzle 17 141 92 N/A
Outlet Nozzle 18 2 1040 268 N/A
Inlet Nozzle 11 2106 269 N/A
Inlet Nozzle 12 2 93 260 N/A
Inlet Nozzle 13 2119 277 N/A
Inlet Nozzle 14 2106 2 69 N/A

Plant B
Outlet Nozzle 15 292 260 N/A
Outlet Nozzle 16 284 255 N/A
Outiet Nozzle 17 2 109 271 N/A
Outlet Nozzle 18 2127 283 N/A
Inlet Nozzle 11 279 2 51 N/A
Inlet Nozzle 12 - =109 271 N/A
Inlet Nozzle 13 2113 273 N/A
Inlet Nozzle 14 134® 87 N/A

Plant C
Outlet Nozzle 15 2 86 2 56 N/A
Outlet Nozzle 16 277 250 N/A
Outlet Nozzle 17 2 106 269 N/A
Outlet Nozzle 18 2144 294 N/A
Plant D Head Flange 2173 2112 N/A
Vessel Flange 1520 99 N/A
Plant E Vessel Flange 2 166 2108 N/A
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Table 5
Summary of Fried-Krupp Huttenwerke AG Forgings USE Data®®
Upper-Shelf Energy (ft-lbs)
Strong Weak
Plant Component Direction® BTP 5-3© Direction
Head Flange =130 2 85 N/A
Plant F

Vessel Flange = 146 295 N/A
Head Flange 146 95 N/A
Vessel Flange 211 137 N/A

Intermediate Shell 148@@® 96 110W¢e)

Lower Shell 156 101 123@©
Bottom Head Ring 162 105 N/A
Inlet Nozzle 11 121 79 N/A
Plant G Inlet Nozzle 12 103 67 N/A
Inlet Nozzle 13 94 61 N/A
Inlet Nozzle 14 133 86 N/A
Outlet Nozzls 15 139 90 N/A
Outlet Nozzle 16 110 72 N/A
Outlet Nozzle 17 129 84 N/A
Outlet Nozzle 18 > 1290 284 N/A
Head Flange 158@ 103 N/A
Lower Shell 153 99 N/A
Bottom Head Ring 2110 272 N/A
Inlet Nozzle 11 133M 86 N/A
Inlet Nozzle 12 1320 86 N/A
Plant H Inlet Nozzle 13 1250 81 N/A
Inlet Nozzle 14 1170 76 N/A
Outlet Nozzle 15 1300 85 N/A
Outlet Nozzle 16 1370 89 N/A
Outlet Nozzle 17 1250 81 N/A
Outlet Nozzle 18 2111 272 N/A
Head Flange 156M 101 N/A
Vessel Flange 1730 112 N/A
Intermediate Shell 1509 o8 94@
Bottom Head Ring 2110 272 N/A
Inlet Nozzle 11 144© 94 N/A
Plant | Inlet Nozzle 12 = 1300 285 N/A
Inlet Nozzle 13 134@ 87 N/A
Outlet Nozzle 15 122® 79 N/A
Outlet Nozzle 16 2104 268 N/A
Outlet Nozzle 17 118@ 77 N/A
Outlet Nozzle 18 2129 = 84 N/A

Table 5 notes contained on following page.
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Table 5 Notes:

a.

All USE values are determined by averaging availabvle Charpy energy values with reported shear 2
95% (from CMTRs and survelllance program baseline reports, etc., as available) per ASTM E185-82
methods, unless otherwise noted "“N/A” indicates the information is not available.

Unless otherwise noted, the Charpy data identified with a “2° 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. For
USE values preceded with a “2” symbol the listed USE value 8 conservatively determined based on
the information available, the actual USE value is likely higher.

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.

USE 1s 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.

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

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. :

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.

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
Statistical Analysis of Fried-Krupp Huttenwerke AG Forgings®
Known USE Known and Estimated USE
Strong Weak Strong Woeak
Direction | BTP 5-3 | Direction | Direction BTP 5-3 Direction
Mean 137 89 100 128 83 100
Standard .
Deviation 21 14 24 25 16 24
Mean - 20 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 1980’s or early 1970’s timeframe will have a USE value of at least 52 fi- Ibs
the minimum generic value determined in this report for Rotterdam forgings.

Summary of Rotterdam Forgirlgs fro-lr-:tg:h-,er or Unknown Suppliers USE Data®

Upper-Shelf Energy (ft-lbs)

Strong BTP Weak

Plant Component Supplier Direction® | 5-3¢ Direction

Closure Head Ring Terni 148 96 N/A
Plant A Vessel Flange Kléckner-Werke AG 156@ 101 N/A
Upper Shell Kldckner-Werke AG 1562 99 N/A

Plant B Top Head Ring Temi 2126 2 82 N/A -
Plant C Top Head Ring | Temi >126 2 82 N/A
Plant E Head Flange Unknown 2144 294 N/A
Inlet Nozzle 10 Marrél-Freres 2118 2 77 N/A
Plant F Inlet Nozzle 11 Marrel-Freres 2115 2 75 N/A
Plant G Closure Head Ring Temni 148 96 N/A
Upper Sheli Klockner-Werke AG 144 94 N/A

Closure Head Ring Temi 2 155 2101 N/A

Plant H Vessel Flange Kldckner-Werke AG 235@ 153 N/A
Upper Shell Kidckner-Werke AG 156 101 N/A

Intermediate Shell | Kldckner-Werke AG 1610 105 1340

Closure Head Ring Terni 2 155 2101 N/A

Plant | Upper Shell Kléckner-Werke AG 156 101 N/A

Lower Shell Kidckner-Werke AG 151 98 141@

Table 7 notes contained on following page.
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Table 7 Notes:

a. All USE values are determined by averaging available Charpy energy values with reported shear 2
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. The Charpy data identified with a “=2" 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. For USE values preceded
with a “2” symbol the listed USE value is 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. The dataset contained limited or no shear data, however, the USE could clearly be determined from
the data provided. For this matenal, the upper shelf could be identified as a resuit 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.

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 2 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 determination 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 nozzie 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
to the Rotterdam Nozzle Forgings
All Components, Nozzles,
Known USE " Known USE
Strong BTP Strong BTP
Direction 5-3 Direction 5-3
Mean 140 91 126 82
Standard Deviation 23 15 12 8
Mean - 20 94 61 102 66
Maximum 235 153 144 94
Minimum 94 61 94 61
# of Components
Included 57 24
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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 (SMAWSs) and submerged arc welds (SAWSs). 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 SAWSs. The results indicate that the
average Rotterdam SAW USE minus two standard deviations of 75 ft-Ibs is greater than the 10
CFR 50, Appendix G [Ref. 1] minimum irradiated USE screening criterion for operating plants
(50 ft-lbs). Itis 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 SAWSs when insufficient data is available to determine a weld-specific USE value.

Table 11 provides generic values of 0.23 Cu weight percent and 0.58 Ni weight percent based on
a mean plus 10. This method is based on Regulatory Guide 1.99, Revision 2, which states that
conservative chemistry estimates are a mean plus one standard deviation. [f 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 SAWSs
when insufficient data is available to determine weld-specific chemistry values.
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Table 9
Available Rotterdam SAW USE Data

USE®

Plant(s) Weld Vendor Flux Type (ft-lbs)
;laanm' ot e Hoesch LW320 129
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 Phonix 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 = 95% per standard
ASTM E185-82 methodology. See Section 3 0 for additional details.

Table 10
Available Rotterdam SAW Chemistry Data
Cu Cu Ni
Weld Flux Lot Averaged® | Heat Averaged | Lot Averaged®
Heat Vendor Type Lot (wt. %) (wt. %) (wt. %)
25531 | Smit-Weld | SAF89 | 01211 0.10 0.10 0.18
716126 | Phonix U | LW320 26 0.10 0.10 0.05
01103 0.33 0.17
25295 | Smit-Weld | SAF89 | 01135 0.25 0.29 N/A
01170 0.30 N/A
4278 Arco SAF89 | 01211 0.12 0.12 0.11
Chem
0227 Bohler LW320 14 0.19 0.19 0.56
895075 Hoesch LW320 | P46 0.04 0.036 0.72
899680 Hoesch LW320 | P23 0.03 0.03 0.75
1725 Westf. U | SAF89 | 02275 0.1 0.11 0.12
Arco 01180 0.16 N/A
801 Chem | SAF89 oio4 0.18 0.17 N/A
. 01135 0.17® N/A
25006 | Smit-Weld | SAF89 01985 0,170 0.17 N/A
25017 | Smit-Weld | SAF89 | 01197 0.33 0.33 N/A
Arco
4275 Chem SAF89 | 02275 0.12 0.12 0.1
4292 Arco SAF89 | 02275 0.12 0.12 0.15
Chem
721858 Arco SAF89 | 01197 0.08 0.08 N/A
Chem
Table 10 N ntained on followin e.
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Table 10 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
Statistical Analysis of SAW Welds
Chemistry

USE Heat Averaged Ni

(ft-Ib) Cu (wt. %) (wt. %)
Mean 109 0.14 0.29
Standard Deviation 17 0.09 0.27
Mean - 20 75 - -
Mean + o - 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-Ibs, which is less than 72 ft-Ibs; 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 fi-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
USE® Shear® Cu@ Ni@
Heat Type® Vendor® (ft-1b) (%) (Wt. %) (wt. %)
0311%6 E8015-G B&W 2916 85 N/A 0.87
032118(-)8 E8015-G B&W 2 97 N/A N/A 1.11
0321;';8 E8015-G B&W 2770 - N/A N/A 1.07
028;8;6 E8015-G B&W 2770 N/A 0.01 115
oglgc-)g E8015-G B&W 2770 N/A N/A 1.06
028158; 0 E8015-G B&W 2770 N/A N/A 0.96
oglgéo E8015-G B&W 2 770 N/A N/A 0.97
oglgés E8015-G B&W 2 779 N/A N/A 0.97
03;?54 E8015-G B&W > 770 N/A N/A 0.95
s | Eso1sG | Baw > 770 N/A N/A 104
028513{36 E8015-G B&W 2770 N/A N/A 1.04
0323;1 E8015-G B&W 2770 N/A N/A 0.81
03;351 E8015-G B&W 2770 N/A N/A 0.90
028;3‘.352 E8015-G B&W 2770 N/A N/A 0.92
0%5861 E8015-G Ba&wW 2 770 N/A N/A 0.81
035158{52 E8015-G B&W 2770 ~ N/A N/A 0.85
028512;1 E8015-G B&W 2 770 N/A N/A 0.87
028513; 5 E8015-G B&W 130@ 100% 0.023 0.91
028;68;5 E8015-G B&W 2770 N/A N/A 0.76
PWROG-17090-NP-A January 2020
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Table 12
Available Rotterdam SMAW USE and Chemistry Data

USE® | Shear® Cu® Ni©®

Heat Type® | Vendor® | (ft-Ib) (%) (Wt.%) | (wt. %)
401W9661 | EB018-C3 | RACO > 166 N/A N/A 0.97
5835.3423 | "oay | Soude- >98 N/A N/A 115
5835.3900 | "Loa g | Soude- > 80 N/A N/A 125
6236.4063 | 'Copiaa | oudo- > 120 N/A N/A 1.24
6236.4450 | oot | Soudo- > 95 N/A N/A 1.13
6497.4p47 | [0t | Soudos >73 N/A N/A 1.04
6497.4675 | poociel | Soudo- > 83 N/A N/A 1.04
6507.4705 | KTOOELH, | Soudo- 276 N/A N/A 1.36
6747.5458 | oo | S0udo- > 96 N/A N/A 0.90

7011.6032 | (ooocith | Soude- ), g7 68 N/A 0.93
7011.6143 | [R00CHEh | SOUde |5 qoge 74 N/A 0.91
7350.6708 | Koot | Soude- )y g3 52 N/A 0.83
7565.7158 | "fooocttl | Soudo- 1160 100 N/A N/A
7703.7265 | ool | Soudo- 1340 100 N/A 0.94
8640 | oV | secher. | 2103 N/A N/A N/A
8825 | SV | Secher. > 85 N/A N/A N/A
go2s | MOWIM. | Secher. > 96 N/A N/A N/A
9004 | Mo | secher. > 112 N/A N/A N/A
9002 | MOV | secher. 272 N/A N/A N/A

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. N/A indicates that there is no shear
information 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 EB015-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 2o value of 77 ft-Ibs.

g. The USE value is the average of all available absorbed energy values with a shear =2 95% per ASTM
E185-82. See Section 3.2 for additional details.

Table 13
Statistical Analysis of SMAW Weld Nickel Weilght Percent
Ni
(wt. %)

Mean 0.99

Standard Deviation 0.14

Mean + o 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 fi-Ibs; the Cu weight percent can be set to 0.35; and the Ni weight percent can
be setto 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 & 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

Supplemental Charpy Impact Energy Data for E8015-G Electrode Welds

Type 8015 | CVN Data at 10°F | CVN Data at 10°F | CVN Data at 10°F Averaged
Material Test #1 Test #2 Test #3 CVN Data
Numbher (ft-lbs) (ft-lbs) (ft-lbs) (ft-lbs)

1 91 95 95 94
2 100 101 149 117
3 65 76 89 77
4 80 83 105 89
5 88 - 90 100 93
6 99 105 105 103
7 70 84 .75 76
8 102 104 107 104
9 84 92 85 90
10 109 117 120 115
11 118 118 125 120
12 90 91 96 92
13 65 90 91 82
14 91 99 100 97
15 95 100 103 99
16 94 96 111 100
17 87 94 97 93
18 94 103 105 101
19 105 110 118 111
20 95 98 102 98
21 98 98 103 100
22 83 96 102 94
23 105 119 120 115
24 109 110 112 110
25 95 95 110 100
26 95 100 104 100
27 94 97 99 97
Mean 99
Standard Deviation 11
Mean - 20 77
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FINAL SAFETY EVALUATION

BY THE OFFICE OF NUCLEAR REACTOR REGULATION

PRESSURIZED WATER O RS GROUP TOP il

PWROG-17090-NP, REVISION 0,
“GENERIC ROTTERDAM F ING AND WE IT|

UPPER-SHELF RGY D INATION"
EPID: L-2018-TOP-0017

1.0 INTRODUCTION

By letter dated April 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 Weild 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) SA508!, Class 2 {or the
corresponding American Society of Testing and Materials (ASTM) A508, Class 2 (Ref. 4)) RV
forgings; and generic vaiues of unirradiated Charpy USE, weight percentage copper (Cu)
content, and weight percentage nickel (Ni) content for RV Submerged Arc Welds (SAWSs) and
Shielded Metal Arc Welds (SMAWS). The PWROG's transmittal letter identifies that licensees
will reference the PWROG-17090-NP, Rev. 0 report as the basis for the generic USE, Cu
content, and Ni content values to demonstrate compliance with Title 10 of the Code of Federal
Reguiations (10 CFR) Part 50, Appendix G requirements for exiended operating license terms
when plant-specific RV material information is not available or incompiete.

As addressed in the PWROG's transmittal letter dated April 6, 2018, this TR is for
implementation by alf U.S. PWRs with RVs fabricated by Rotterdam in the late 1960’s and early
1970’s timeframe. This statement identifies the limitation on the applicability of the TR, which is
addressed in the transmittal letter.

' Logsdon, W_A_, Begley, J.A., and Gotishall, C.L. Dynamic fracture toughness of American Society of
Mechanical Engineers (ASME) SAS08 Class 2a ASME SAS533 grade A Class 2 base and heat affected
zone matenal and applicable weld metals. United States: N. p., 1978. Web.

Enclosure
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40TH ANNIVERSARY - Mum lhmm 'gﬂ:g
PWROG L U

PWROG-17090-NP, Revision 0
Project Number 99902037

June 12, 2019

0G-19-126

U.S. Nuclear Regulatory Commission
Document Control Desk

11555 Rockville Pike

Rockville, MD 20852

Subject: PWR Owners Group

An A iated with PWROG-17 i ‘- ‘l el 'ul R '
Forging and Weld Initial Upper-Shelf Energy Determination”, PA-MSC-1367
References:

l. Letter OG-18-186, Transmittal of PWROG-17090-NP, Revision 0, “Generic Rotterdam
Forging and Weld Initial Upper-Shelf Energy Determination,” PA-MSC-1367, dated April
6,2018

2. NRC Letter of Acceptance for Review of PWROG-17090-NP, Revision 0, “Generic
Rotterdam Forging and Weld Initial Upper-Shelf Energy Determination,” dated June 12,
2018

3. Email from the NRC (Drake) to the PWROG (Holderbaum), Request for Additional
Information, RAIs 1-7, PWROG-17090-NP, Revision 0, “Generic Rotterdam Forging and
Weld [nitial Upper-Shelf Energy Determination,” dated February 21, 2019

On April 6, 2018, in accordance with the Nuclear Regulatory Commission (NRC) Topical Report
(TR) program for review and acceptance, the Pressurized Water Reactor Owners Group (PWROG)
requested formal NRC review and approval of PWROG-17090, Revision 0 for referencing in
regulatory actions (Reference 1). The report was accepted for review on June 12, 2018
(Reference 2). The NRC StafT has determined that additional information is needed to complete
the review per the email dated February 21, 2019 (Reference 3).

Enclosure 1 to this letter provides formal responses to NRC RAIs 1-3 and 5-7 (Reference 3)
associated with PWROG-17090-NP, Revision 0, “Generic Rotterdam Fotging and Weld Initial
Upper-Shelf Energy Determination,” N-481 of the Primary Loop Pump Casings of Westinghouse
Type Nuclear Steam Supply Systams®.

o4l

NRR
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# U.S. Nuclear Regulatory Commission June 12, 2019
0G-19-126 Page 2 of 2

Correspondence related o this transmittal should be addressed to:

Mr, W. Anthony Nowinowski, Executive Director
PWR Owners Group, Program Management Office

Westinghouse Electric Company

1000 Westinghouse Drive

Cranberry Township, PA 16066
If you have any questions, pleasc 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.

Ken Schrader, COO & Chairman
PWR Owners Group

JKS:bm

c«: PWROGPMO
J. Drake, US NRC
P. Atkin, DOM
C. Tomes, DOM
T. Hana, DOM
J. Andrachek, Westinghouse
T. Zalewski, Westinghouse
B. Lynch, Westinghouse
B. Mays, Westinghouse
L. Patterson, Westinghouse

Enclosures 1: LTR-SDA-19-031 (Westinghouse non-proprietary), Revision 0, RAIs 1-3 and 5-7
Responses for PWROG-17090-NP, Revision 0 (PA-MSC-1367)

Electronically Approved Records are Authenticated in the Elsctronic Document Management Sysiem
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Westinghouse Non-Proprietary Class 3
Westinghouse Electric Company

®Westinghouse 1332 Bouls Road

Pittsburgh, Pennsylvania 15235-5081

USA
To: Thomas Zalewski Dete: June 11, 2019
From: D. Brett Lynch
Phone: (412) 342-1788 Owrf LTR-SDA-19-031, Rev. 0

Subject: Responses to the U.S. NRC Request for Additional Informstion on Geaeric Rotterdam
Forging and Weld Initial Upper Shelf Energy Values (PWROG-17090-NP)

Atnachments: A. Responses to the U.S. NRC Request for Additional Information on Generic Rotterdam
Forging and Weld Initial Upper Shelf Energy Values (PWROG-17090-NP)

References: 1. Pressurized Water Reactor Owners Group (PWROG) Report PWROG-17090-NP,
Revision 0, “Generic Rotterdam Forging and Weld Initial Upper-Shelf Energy
Determination,” March 2018. [Agencywide Documents Access and Managemen: System
(ADAMS) Accession Number ML181144183]

This letter provides Westinghouse responses to the Requests for Additional Information (RAIs) from the U.S. Nuclear
Regulatory Commission (NRC) conceming the evaluation in the PWROG-17090-NP, Revision 0 report (Reference 1).

If you have any questions, please contact the undersigned.

Blectronically Approved’
Author: D. Breit Lynch
Structural Design & Analysis [

Electronicelly Approved”
Reviewed: Benjamin E. Mays
Structural Design & Analysis 11!
Electronically

Approved: Lynn A. Patterson, Manager
Structural Design & Analysis III

'DMWMWﬂMMM&chcMmem

© 2019 Westinghouss Electric Compeny LLC
All Rights Reserved
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Waestinghouse Non-Proprietary Class 3
LTR-SDA-19-031, Rev. 0
Attachment A
Page 1 of 8

Attachment A
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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Westinghouse Non-Proprietary Class 3
LTR-SDA-19-031, Rev. 0
Attachment A !
Page 2 of B :
Regulatory Basis for the NRC Staff”s RAI Concerning Topical Report PWROG-17890-NP, Rev. 0 -

Applicable to All RAI Questions

Tide 10 of the Code of Federal Regulations, Part 30 (10 CFR Part 30), Appendix G, “Fractre

Toughness Requirements,” Paragraph IV.A.l, “Reactor Vessel Charpy Upper-Shelf Energy |
Reguirements,” states, In part, thet reacior pressure vessel (RPV) belsline matertals must have Charpy '
USE in the transverse direction for baxe material and along the weld for weld material according ia the i
ASME Code, Section Ul of mo less than 75 f-Ib (102 J) imitially and must maintain Charpy USE

throughaut the life of the RPV of no less than 30 fi-tb (68 J), undess it i3 dewonstrated in a marmer

approved by the NRC' sigff that lower values of Charpy USE will provide margins of safety against

Fracmure equivalent to those required by Appendix G aof Section X1 of the ASME Cods.

Further, Section I, “Fracture Toughness Tests,” of 10 CFR Part 50, Appewdts G states that to
demonstrate compliance with the fracture toughness requirements this appendix, including Charpy USE
requirements clted above, farritic RPV materials must be fested in accordance with the ASME Cods.
Section [IT and, for the RPV beliline materials, the t2st reguirements of Appendix H of 10 CFR Part 50.
For an RPV that was cansiructed to an Edition and Addenda of the ASME Cods, Section I11 earlier than
the Summer 1972 Addenda of the 1971 Edition (wnder 10 CFR 50.55a), the preservice fraciure toughness
data and data analysis must be supplemented in a manner approved by the NRC staff, io demonstrale
eguivalence with the fracture toughmess requirements of this appendix.

Supplemental frachure toughness data for RPV beliline matevials, which includes ferritic RPV materials
that are mewly incorporaied into the RPY beltline region for extended license terms, may include generic
properiies for a cluss of material to demonstrate compliance with the reguirements of 10 CFR Part 50,
Appendix G. The use of generic RPV maseriul properties for a class of material o demonstraie
compliance with these regulatory reuidrements s subfect to the review and approval of the NRC siaff.

RBALL

Background: Section 1.0 of TR states that “/t showld be noted that prior to exceeding 1.0 x 10% wem’ (E
> 1.0 MeV}, 10 CFR Part 50, Appendlx G requirements do not apply. "

Lssug: The NRC staff identlfied that this statement is not in accordance with 10 CFR Part 30, Appendix
G. While the CRarpy USE requirements of 10 CFR Part 50. Appendix G are specified only for RPV
beltline matertals, other requirememis of 10 CFR Part 50, Appendis G related to P-T limits and
preservice fracture toughmness testing are considered applicable to afl fervitic components of the RCPB

Regquest:  Please revise this sentence 1o be consistent with the actual 10 CFR Part 50, App. G
reguiremenis, or delete it from the TR.

Response: The wonding will be revised so that PWROG-17090-A, Revision | will read as follows. The
only change is underfined, italicized, and in red font,

“In Regulatory [ssue Summery (RIS) 2014-11 [Ref. 2], the Nuclear Regulatory Commission
(NRC) identified a threshold of | x 10" niem? (E > 1.0 MeV) for the projected end of life fluence
over which the effects of embrittiement 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 outcide the traditional beltline beyond this threshold. It should be noted
that prior to exceeding | x 10! nfom® (E > 1.0 MeV). the Charpy USE requirements of
10 CFR 50, Appendix G requirements do not apply.”
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Westinghouse Non-Proprietary Class 3
LTR-SDA-19-031, Rev. 0
Attachment A
Page 3of 8

BAL2
Background Issue: The staff roted the following inconsistencies in the TR.

I Table 2 of the TR identifles that there are two forging records from the unknown supplier,
whereas Table 7 lists only one from the wiknown supplier.

il.  InSection 3.1, Page 4, Fourth Bullet, the TR says “{t}he USE is set gquol to the highest Charpy
impact energy available ar if the highest data point is determined 1o be a poteniial ‘oulier’ or
non-represemiative data poimt, the USE s set equal 1o a value less than the highest vatue based on
the average of the comparable preceding data points.™ In the Section 4.0 data sets, these cases
are reporied as “USE = XX where XX Is the reported Charpy impoct energy.

Reguesi: Please resolve the abave inconsistency identified in ltem (1) regarding the number of forgings
from the wnknown supplier. For ltem (i), please clarify whether this Section 3.1 bullet is meant (o state
“USE Is sev gregier than or egual to .. ", rather than “USE is et ¢gual fo... " and revise avcordingly.

Response:

(i) There are two materials with an unknown supplier as shown in PWROG-17090-NP, Revision 0
(Reference A-1), Table 2. However, only one such material is listed in PWROG-17090-NP, Revision
0, Table 7, because the test rocord and supplier information are not available for the other “unknown
supplier” material. Thus, this material was not included in PWROG-17090-NP, Revision 0, Table 7.

(ii) The wording will be revised so that PWROG-17090-A, Revision | will read as follows. The only
change is underlined, italicized, and in red font.

“The USE is set greater than or equal to the highest Charpy impact energy value availabie o, if
the highest dsta point is determined to be a potential “outlier’ or a non-representative data point,
the USE s set grearer than or equal to a value less than the highest value besed on the average of
the comparable preceding data polnts.”

RAI-3

BackgrowndiIssue: There are several ploces in the TR where it addresses “outlier data points™ and the
elimination of such data poirss from consideration in developing the praposed generic values for Charpy
USE. The places in the TR that address owlier data points are as follows.

L With respec to determining measured USE based on the definition in ASTM E[835-82, Seciion
3.0, Page 2 of the TR states:

In some instances, there may be data that ore deemed ‘outliers,' which are data poinis
that are wicharacterisiically high or low relative to other data at or above 95% shear
These ‘cutlier’ data points are remaved from the determination of the USE based on

engineering judgment.
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Wesatinghause Non-Propristary Class 3
LTR-SDA-19-031, Rev. 0
Attechmoent A

Page 4 of 8

fi.  TFith respect (o determining measured USE, based on the definition in ASTM EL85-82 the first
bullet m Section 3.1, Page 4 of the TR states:

¥ the C¥N dataset contains ol least one shurr data potnt greater than 9556, but soma
data points report no shaar, afl dain points with an impact-energy approximately equal ta
or greater than the Impact energy of the shear data poins known to be = 95% are
asstined 1o have greater than or equal to 93% shear. Al pon-outlier datg polnts with
known or assiened thear at > 95% are averaged to datermine the USE and incorporated
tio the calculaiion of the generic USE. [{Emphasts Added]]

Reauest: For reported USE values that were desermined bassd on known or asswned shear greatar than
ar equal fo 93 percent, please provide axamples of an wharactaristically low inpoct emergy and an
uncharacteristically high Impact energy that were comsidered o be omiliers (1e., bupast energles
eliminaied from the average). For theso outllar data potts please include the avatlabls percant shear
values, impoact energies, lcst temperatwres, and Identify the reported USE value based on the average of
non-gutlier energizs.

Response: An example of an “uncharacteristically low impact cnergy™ that was considered to be an
outtier (i.e., an impact encrgy eflminated from the average) Is the Plant I, vessel flange from the
Kldckner-Werke AG supplier with « reported strong-direction USE of 235 fi-lbs in PWROG-17090-NP,
Revision 0 (Refercnco A-[), Table 7. The available percent shear vabues, impact epergies, and test
temperanires for the tast data considered in determiniog the USE sre shown i Table | that follows, along
with the outlier dat point. A sroppg-direction data point of 174.9 fi-lbs was excluded from the
calculation of the USE based on this vahwe having a significantly lower euscgy (39 to 65 R-Ib loss) than
the other impact energies ¢ the same tempersture or with greater than or equal to 95% shear. A review of
the data points with shear data shows thet when the shear i3 equal to 100%, the lowest impact energy is
213.7 fi-bs. If the 174.9 fi-ths data point s tncluded, the strong-direction USE would be equal to 229 ft-
lba.

‘Table 1 - Example of Uncharacteristicaily Low Impact Energy

Temperatore Energy
T ) (N-1hs) % Shear
-4 23192 Not avajlable
5 2392 Not avmlable
v 213.7 |00
35 2319.8 100
39 247 100
39 239.8 100
3% 2398 100
39 239.8 100
68 2392 Not available
689 174 90 Not available®
Notez

() Owilicr data point.

An example of an “uncharctoristically high impact epergy,” that was considered to be an outlier (i.e., an
impact energy eliminated from the average) #a the Plant G, Intenmediate shell from the Fried-Krupp
Huttenwerke AQG supplier with a repoited strong-direction USE of 148 N-lbs in PWROG-17080-NP,
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Revision (, Tablks 6. The svallehle pascent shear valoed opoecd energies, and test wemperatums for the
test dars comsidared in determining the USE aro shown lo Tebie 2 that follows, slong with the ostiter data
point A shong-direction deta point of 200.0 f-ibs that was oucluded fom the cakoutathon of the USE
besed o the data polnt having a sipnificaotly higher etergy (=31 B-1h grearer) tom the other impect
eoerpica ot af abovs 959 alede. This approoch B conservative, bosaose the Inelosien of this dote polm
vould increase #he stropg-direction USE to 154 it-Jhe.

Tabts 2 ~ Exampke of Uncharscteristically High Impact Ersrgy

Tomperatare Energy
CF) (Pbs) % Shoar |
113 144.3 100
13 1303 98
113 1306 25
1% 1326 100
1% 1378 160
129 166 D 0
2104 20000 joc
200 L6.0 180
210 [55.0 100
Nare
{@ Ouwhr don point.

Bl

Backerownd: In revewing peneric properties for a “clas” of RPY maserial {"olaxs™ i3 dafimed per RG
199, Bev. 2 and 10 CFR S0.61), the sicef hoy eadlionadly looked io ascerioli how wudtipls
prasuremsns of the properiy Jor the soms heat of saterid are waighted ¢or not woiphicd), givem thet
Bereric sets coxlan sedtple beats for @ certata moterial cdats and suppller. For econpls, TR Sechon 3.2
axplabu that for the purposs of avatuating Movterdam wold chemitry (Cx and NI connge( measirsmwns,
Y a oommeon Jeat-fur trpe combination Is shared beiween midiipla welds, the average chentistp vwerbire
Jour the hear It coridered as ome dolo porat when deteraiming Ve generic weld cherdiiry voluss as wol
araign wndue woig (o fhe mosrial, siace I & reprereutative of fust oas heat-flice fpe coanbination.

Lpee, & i wnckear Lo the siqi if ihis same criterion was applied for the mearured volver of USE for the
2ayeral xuppliers of SA$08, Claxs 2 Rrgmps and menzured USE valies Roterdam SAR welds

By

o For the SASO8 Cloms 2 forgiag Charpy USE dia st are reporsed In Section 4.0 of the TR,
Plrare adkdress whather the measurnd USE valsar and dower bowrnd USE vobuey ropreses
differans foging heats. i this conmot be deternmined for off veives reporied in Section 4.0,
confirm whether juzt i mearured weak divaction Chorpy USE valisa for the o
sppliers fused to calcdaied the recommended Mean — 2avatuet), awd te USE wahues for other
suppiioes o Tobka 7, oot bet daterutnd 40 reprocent difforent forging feats,

b For duw Roverdom nobmerged ore weld Charpy USE doto St i rported in Talde 9, pleare
ety whether each kns ettry br tix talde correxponds s a differerst heat of weld materii,
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Response;

a The $AS08, Chass 2 genettc USE dateemination weighet ench component individually. Por most
cocnponenty, the bent mouber i umgee W thet component. Howewer, cenain nozzies share a hest
momber, 33 muktiple nozzie components wore somotimes Totrnad Moo A steghe beat. T pasaric
velnes for 8A 508, Clasg 2 {52 N-Ths and 56 A-fin) are ot offeced by poezie materials shaing &
fieet muber. The geoera USE valood aro besed on sets of deta with elesrly doflned USE
momsared in tho weak directlon, Thess sets of dats do nat inchde any noexles (or otfser materials
which stuwre a baat rameber), Thus, the conchadons tn PWRCG- 1 FO90-IVP, Revisfon 0 (Reference
A-1) and the gencric SAS0R Class 2 frgleg valuss do nal rdy an cnlcalations involviog ary
muteriats which shere n baat number,

b Bach line entry in Toble 2 of FWROG-17050-NP, Revidon 0 cormesponds o a differeat heat of
weld mateelal conststont with the ariterion discaen] in e RAJ-5 background. :

Bdlf

Bockeroamd, Saction 3.2 of the TR states that oniside of the batelum sasuremerts for the reacior veaze!
srrveliloenest progrows, ne USE bfirmation s opallable for Roverdour SAW masericls, and only he
rex iy relewant (o he reactor vesssi sxrvetliowe capside progrost wrarradioted sesiing o Rovterdon srd
Wastbrphatte oo be meedd S0 determmn the geserie USE for wafrradeated Rotterdar SATY sunteriod, The
TR seems fo tndlacis siam the CMTR dala &5 not gl jor o Roserdam SAF evalumion, ond no
svasured vnpoct energlet from CMIT can by wed for dpierodrndng a lower bowrd on USE for o
Rotivrdom SAFs,

Based on the bfortion fn the TR repwding CMTR dmix, the ttaff infars tha the Charpy laxs
temparai\res for Rodterdun SAWs are se low 5 10 °F), ond the bracshion emperoiiras arz 5o for ceg
framt the upper shelf, that ¥w avellaity CMTR data wonld show relatvely low fmpace evergies thot
camot I ared 10 bfer a lower botoad on USE for that test record The TR sperifically states.

The core region welds ked sha sane specificotion reqeoremerny as the ather reacior
voysel welds: bowewer, for the core region wekis, Ronardam waz reguired to "aby for”
botk o Chorpy V-Noteh froowwer Temperotwe axd o Ni-Doct®ity  Transltion
Tempercitrs kkm than 10°F und o fionksh aiditional test resalts refevent o thert
{trmsiticn traparoiures]  Both feremcition romparatse €1] 00 1wl 000 near e WEDEr-
helf rogian, and s, D survelimice capsule progrow st retnfy ant genarically
represuntative of th SAWs prodced at Rotterdams for USE eakerdations.,

Qo B in melear & the NRC sinff how the informorion qnated abawe demorsiraiss Sxrt the baveline
siervelllance program data it Tabie 9 It penricallp rapresor ative of aft Roderdanr RPV SAFr  The NRC
siaff meceds addittanal igfarmanor to coffinm et USE data for Rotterdowt S4Ws s Tobke 9 &
representative yor Rosardam S4¥3 tn general

Reqoesi: Taking into conrlderation spactfication requiransus jor Rousrdan core region SARs, plecre
axplain how the above Iyformuion demorstrotes thut the bavelome USE dafa for mureillance program
S4W¥s in Toble 9 o represevtative of Rattardam SAWs bn gase of.

Rosponse: Based on the accoptance oriterda far welds fuesighed by Roterdam, flus/wive welds did xot
lenea chembsery requiresarits ard all weldy bad the Sliowirg mechomcal reqoiremeonts:
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Mechanical;:  Tensie
Min. Tensile Streugth 80 ksi (56.2 kg/mm?)

Impacts
Min. 30 fi-lb (5.2 kgmim?) average of 3 specimens
Min, 25 f-1b (4.3 kgmiem?) 1 individual specimen

Core region welds had additional requirements to establish the Charpy V-Notch Transition Tempecature
(TT.,) based on a full Charpy V-Noich curve (uppsr and lower platmaus included). Cors region welds
were alzo required to be tested to establish the Nil Ductility Trausition Tomperature (ND'TT) based on the
drop welght data. Tke original docimentation disctsses that the supplier shall “rim for™ obtaining a TTey
and NDTT of lesg than 10°F (-12.2°C).

Thus, the chemical and mechanical specifications for the belttine and pon-beltline SA'Ws wece {denticel.
The additional core region requirements & cstablish the TT,, and NDTT and & “aim for” a transition
temperaiire of 10°F are requirements related to additional testing. Those additional testing requiraments
will not affect the USE, since these properties are associated with ductile-to-brittle tramsition, not the
ductile region. Sinco the chemical and mechanical requirenents wre cquivalent, it fs expected thar dre
wok] materinls used by Rotterdam over the entire vessol were taken from the same set of available weold
metals. This conclusion is supported by known Iastances whees a coro region wald and & nan-core region
weld share o heat number. Therefore, the statistical enalysis of the core region surveillance progmam welkd
material {s alao applicable to the nor-core region.

BAL7

Backgronexi: TR Section 4.3 provides Charpy daia for SA508, Clazs 2 foargings prociured from suppliers
other than Rhetnstahl Huttenverke AG comd Fried-Krupp thatemwerke AG.  This section sttes, “a
generic USE ks not requtred for ay of thase components, ™ based on the data provided m Tabls 7. This
section of TR then siates:

Based on the data in Tuobls 7 and the generic valuss determined for Rheinstob
Huttwrmwerkze AG or Fried-Krupp hatenwerke AG forgings, a Rotterdamn forgmg with an
unknovn nupplier from the late 1960's or early 1970' timeframe will have o USE value
of al feaxt 32 fi-lls, the minimut genaric value determined In this raport for Rotierdom

Jorgings.

[snw: [f v forging supplier is unknown (and if o plant-specific mearured valus cannot be detarntined),
the TR reconumands a goneric bdtial USE valus of 52 f-bs. However, it & not clear to the staff whether
ar pot e TR recommends 32 fi-ibs ay the gemaric valus if a plant’s forging supplier b identified az one
of the other threg firms covered in the TR: Klsckner-Werke AG, Tarni, and Marrél-Freres,

Bequest: If a plont identifies its RPV S4308, Class 2 forging suppller au Klocknar-Werks AG, Tarm, or
Marréd-Freres, please clarify whether or not the TR reconmmands a generic initial USE value of 32 ji-Iby.
If the TR recommends a ganeric hnitlal USK valuafs) other than 52 f-lbs for these other 3 suppliers,
Dlease identifsr the recommandzd generic wiiuafs) and provide justification using mathods consistent with
the TR.

Besponse: The generic value of 52 t-lbs is NOT intended for the suppllers Kidckner-Werke AG, Teeni,
or Marrtl-Freres. All known and epplicable Rotterdam components from these suppliers are provided in
PFWROG-1T050-INP, Revision 0 (Reference A-1), Table 7. As shown in the teble, there is sufficient data
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fr fhese copowtots to justify o componcnispeciiic USE value st b higher then 52 fi-lbs. For
eaamphe, par PWROG-17090-NP, Revision 0, Table 7, the Plant A upper shell forging can justify 2 USE
value~of 99 fi-dbs in the weak direcion wing the method in Bramch Techalcal Poattion 5-3
(Bsfarsnce A-2)

Belerenecr:

A-L wmwmmmwmlm Raviston 0,
“Generic Rotterdmt Forging snd Welkd heitisl Upper-Shelf Energy Determination,” March 2018.
m&‘fw Access and Manogemert System (ADAMS) Accesston W

A2 NUREG-0800, Stsadard Review Plan for the Review of Sality Analysis Reparts for Nuckar
Power Phnts, Chapwr 5 of LWR Edition, Branch Technical Posltion §-3, “Fractare Toughaess
Requircments,” Revision 4, US. Nuckeer Rogulakry Commisdion, March 2019, [ADAMS
Accession Number ML183384516} )
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