Department of Energy

Oak Ridge Operations Oflice
P O Box 2001
Oak Ridge Tennessee 37831

R 6 g

Maal T-10D-§
Washington, D.C. 20555-0001

Dear Ms. Decker:

PROGRAM AND BUDGET PROPOSAL FOR FY 1996, "HEAVY SECTION STEEL
TECHNOLOGY” (INTERAGENCY AGREEMENT DOE NO. 1886-N011-98B, JCN BO119)

WhthhMl”Mmﬂ,MuM,Mhﬂm
MU&O&WNMW(ORNL). “This proposal is being submutted in response to an
NRC Form 173, Order Number 60-96-471, dated June 27, 1996; NRC Form 173, Ovder Number 60-96-345,
dated April 16, 1996, and NRC Form 173, Order Number 60-96-061, dated December 13, 1995.

TMMW»MWM&M(OC. E. Pugh, ORNL Program Director,
telephone (423) 574-0422 MwWM&MwWCm, DOE Work for
Others Coordinator, telephone (423) 576-0646.

Sincerely,
é Rosald O. Hultgren
ER-113.Cooper ORNL Site Manager
Enclosure:
Soncuu'e 189 (6)
cc w/o encl
C.E Pugh, Y-12, MS-8063
S. R Martin, ORO, ER-111
C. T Rice, 800TPK, MS-7610
i t ? ‘ L 7 {;;' b,
GG~ |/ L
9610010098 960726
PDR ORG NREB



(TNAC FORM 189 (Pant 1) S NUCLEAR REGULATORY COMMISSION F 0 e proos .

(16891 P X JULY 19, 1996
NRCMO 117 M | DOE LABORATORY PROJECT AND s —19%
oY/ c0ST PROPOSAL FOR NRC WORK X 1

PROJECT TITLE JOB CODE
HEAVY SECTION STEEL TECHNOLOGY BO119
NRC OFFICE . NAC B &R NUMBER
US. NUCLEAR REGULATORY ( OMMISSION 66015114010
DOE CONTRACTOR NRC BOC CODE
Lockheed Martin Energy Research Corp. 253D
SITE Ouk Ridge National Laboratory CONTRACTOR ACCOUNT NUMBER
ODak Ridge. Tennessee 37831 4 WO119B I
COGNIZANT PERSONNEL ORGANIZATION TELEPHONE NO. DOE B &R NUMBER
401001 06
NAC PROJECT MANAGER PERIOD OF PERFORAMANCE
N. M. Malik RES/DE/MEB (301) 415-6007
OTHER NAC TECHMICAL STAFF PROJECT START DATE
07/01/66
DOE PROJECT MANAGER PROJECT END DATE
S R Marun DOE-ORO (615) $76-4522 1273198
LABORA TORY PROGRAM DIRECTOR .
C_E. Fugh CMO (615) §74-0422 EIC:
LABOBATORY PROJECT MANAGER
W_E._ Pennell ETD (615) 576-8571 o
PRNCIPAL INVESTIGATOR( S) :='3
W_E. Pennell ETD (618) 576-8571 vk
KEY PERSONNEL P,
8. A Bass J A Keeney T L Dickson CAD (819) 1768400 40649 40630 b
J. W. Bryson, W. J. McAlee, J. G. Meriie ETD 615) $74072). 40646, 4-0661 :5
A. K. Nanstad, D. €. McCabe M&C 615) $744471. 44010 “-f
STAFF YEARS OF EFFORT FY 199§ FY 1996 FY 1997 FY 1998 FY 1999
DIRECT SCIENTWIC / TECHNICAL 93 10.3 80 7.5 4.1
OTHER DIRECT ( SUPPORT SERVICES) |4 | 4 1.4 1.4 08
TOTAL DIRECT STAFF YEARS 0.7 1.7 94 R9 49
CO’T PROPOOAL (Fioune w Nesew Mousers 8)
DIECT LABOR (SCIENTIFIC / TECHNICAL ) 137 1156 922 964 533 |
OVERESD ( INCLUOED IN DIRECT LABOR) TI
MATERIALS / SERVICES 47 630 327 139 S8
|4 |
TRAVEL FOREIGN 8 18 1S 5
DOMESTIC 43 53 s3 47 14
SUBCONTRACT(S) 288 129 55 m 0
OTHE R DIRECT
GENERAL AND ADMINIS TRATIVE EXPENSES M 753 567 528 272
TOTAL ESTIMATED LABORATORY ~-803 2739 1942 1767 882
PROJECT COST
DOE ADOED FACTOR 121 18 "4 76 8 |
TOTAL DOE PROJECT COST 292¢ 23857 2026 1843 920
CARRYOVER FROM PRIOR FY 1905 1626 709 483 440
CARRYOVER TO NEXT FY 1626 709 483 440 0
TOTAL FU {DING REQUIRED ~645 |40 1800 1300 480
-
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FOR PROJECTS, EXCLUDING TASK ORDERS AND TASK ORDER AGREEMENTS

; PROJECT TITLE
| HEAVY SECTION STEEL TECHNOLOGY

DOE PROPOSING ORGANIZATION |

Lockheed Martin Energy Research Corp. :
Oak Ridge National Laborator N

ESTIMATED COST BY TASK ($k)

TASK 1 TASK 2 TASK 3 TASK 4 TASK §
21 2873 2489 737 877

TASK 6 TASK7 TASK 8 TASK ® TASK 10
1021 3301

The estimated task costs included DOE added factor costs. The costs include FY 1994 costs, and cover a peniod extending to the
completion of the period of performance (12-31-98).

PROJECT DESCRIPTION

A NARRATIVE DESCRIPTION IS PROVIDED ON EACH OF THE FOLLOWING TOPICS IN THE ORDER LISTED.

1. ORJECTIVES OF PROPOSED WORK 8 REPORTING REQUIREMENTS ANO SCHEDULE

9. SUBCONTRACTOR/CONSULTANT AND MAJOR PROCUREMENT |

2 SUMMARY OF PRIOR EFFORTS
INFORMATION *

3 WORK TO BE PERFORMED AND ZXPECTED RESULTS 10. SPECIAL FACILITIES, IF REQUIRED

4. PROPOSED PERSONNEL ~ INCLUDE PESUMES 11.  CONFUCT- OF -INTEREST INFORMATION

§  MEETINGS/TRAVEL 12.  CL SSIFICATION OR SENSITIVITY , IF APPLICABLE
(e.g., sateguards, proprietary, other)

13.  ADDENDUM: (A) INTERPRETATIONS OF STATEMENT OF
WORK , (8) COST INFORMATION, AND (C) SCHEDULE
INFORMATION

6. \AC FURMISHED MATERIALS

7. AELATIONSHIP TO OTHER PROJECTS 14, SpENDING PLAN

* PROJECTS WITH COST -TYPE SUBCONTRACTS CANNOT BE CLOSED OUT UNTIL REQUIRED DCAA AUDITS HAVE BEEN CONDUCTED.

T m“mll _—— Pugh, -
b C.E Direct or, NRC Prog
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1. OBJECTIVES OF PROPOSED WORK:

The objectives of the Heavy-Section S eel Technology (HSST) project are to

A Nevelop and experimentally val date the analysis methods needed to fully charactenze the fracture behavior of
heavy-section reactor pressure vessels (RPVs) and related components and structures under the full spectrum of

loading and matenal conditions,

B Develop the matenal property data, including appropnate test techniques and data-analysis methods needed in
performing pressure vessel integrity analyses.

C Assimilate the analysis methods the materials data, and the pertinent service data into a comprehensive
pressure vessel integnty assessment methodology that can be used by the Nuclear Regulatory Commiusion
(NRC) in performing plant specific or genenc pressure vessel safety analyses;

D Reduce this technclogy to practice throngh participation in national and international codes and standards
organizations; and

A Provide technical assistance 1o the NRC in the general area of pressure vessel iniegnty.

2. SUMMARY OF PRIOR EFFORTS:

Fracture- margin-assessmeni methods were developed. and fracture toughness and crack-growth data were generated
and transferred 1o the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code. Crack-
arrest testing technology was researched, and an Amenican Society for Testing and Materials (ASTM) standard was
developed. Elastic-plastic and dynamic-fracture aralysis methods were developed and validated using large-scale,
wide-plate tests. A viscoplastic fracture-analysis capability was assembled. Testing was performed (o determine the
effect of stainless sieel cladding on the propagution of a fast-running crack. An extensive series of fracture technology
verification tesis was performed using heavy-section steel cylinders and pressure vessels fabncated using materials
selected 1o simulate neutron-irradiation-embnttled reactor vessel materials. These tests provided data on crack-
initiation and propagation behavior under pressure loading. thermal-shock loading, and pressurized-therinal-shock
(PTS) loading. Many of the fracture technology issues currently under investigation were identified in these tests.
Computer programs were developed for the fracture analysis of both laboratory specimens and reactor pressure
vessels. mmlzwdmmulhﬂmm 8 PTS eveni were
developed an ted into the Over-Cooling Accident-Probabilistic (OCA-P) and the Anslysis of
Vessels-Osk Ridge (FAVOR) computer programs. Stress- -factor influence coefficients for infinite-leagth

axial flsws were generated, verified. and incorporated into the FA qu The FAVOR computer program was
i guration-controlled

] program conforming with
ASME quality assurance for nuclesr applications 9ASME NQA-2-1989. was 0
NRC for the evalustion of prevention marging in (s) the reactor vessel supports for the nuciear
pressure vessel for the Yankee Rowe nuclear power statios. Shailow-flaw and
WMM¢Mmmmlm1ﬂmmmw. A
Mm-ﬂnmmmwmmbumdmdwmunhdwpﬂmdm
parameters for normalizing shallow-flaw fracture toughness data. Ductile-tearing technology problems were idonufied
bymwuh-mmmwwmmhmlm-mmw Preliminary
M-mcoww,u(o)um&mmldymkmuucmkmmlmn—.mh
chMuMde.u-nd(c)thofhuofhhaﬂh-ﬁd‘-mam
mm“muummwmuumuuaﬁwm
and clad ing effects. Development was initiated on dual-purameter, fracture toughness correlations. A cruciform test
”.umumuwmwwmmawmm
fiekds / a the shallow-flaw fracture toughness of RPV steel. “Test fixtures and & pilct series of cruciform test spocimens
were abricated and tested. These tests confirmed thet biaxial loading reduced the shallow-flaw fracture toughness of

i
!
Es
i
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PROJECT TITLE: Heavy Section Steel Technology
pressure vessel sieel unaer conditions of prototvpical contained yielding. Apalysis of the biaxal test specimen
evealed that stress-based dual-parameter tracture toughness correlations could not predict the observed effects of
miaxial loading on shallow-tlaw fracture toughness. An imphcit strain-based dual-parameler fracture toughness
_orrelation was developed and shown capable o1 predicung the observed effects. Fractographuc data were produced
from these tests. The fractographic data suppor the use of strain as a controlling parameter for transibon-range
{racture toughness. A program oi I.R curve tesung of A302 Grade B pressure vessel steel was completed. An
Jssessment was made of metallurgical effects which impact pressure vessel safe margin issues. An uncertainty
evaluauon of stress-intensity-fac estimates used in the ASME Code and regulatory documents was completed.
Continuing membe of program personnel in the ASME and ASTM fracture technology working groups has
assured prompt | { the program research products into the appropnate nauonal consensus standards. These
etforts have rece led significant contnbutions 10 the development of ASME Code cnitena for evaluaung
vessel safety m yw-upper-shelf condions. Contnbutions were made toward the analytcal venficanon
nd improvemne Ily based equauons for Ky due to steady-statecooldown thermal loadings. Leadershup
vas provided for ent of a dratt ASTM standard for determuning fracture toughness in the ductle-to-bnttle

ransiuon temperature regime

1 WORK TO BE PERFORMED AND EXPECTED RESULTS:

3.1 FY 1995

3.1 Program Management (Task Ll

ment of the Heavy-Secuon Steel Technology (HSST) program to assure that the

Task | will provide overall manage
umelv and cost-effecuve manner. Specific program management activities 1o be

program objectives are achieved in a
performed are as follows.

The program will be montored and controlied using a cosUschedule vanance analysis and management
system. Program cosis. financial status. and cost/schedule vanances will be reported in ronthly letter status
reports (MLSRs). The MLSRs will report on progress al the Subtask level. The reports will include a
amnmoawmmmmwmmm. Woftpedomedbybothnnmmhlw
Laboratory (ORNL) HSST program research team and the program subcontractors will be reported in the
MLSRs. The status of program deliverables such as NUREG/CR reports and letier reports will be reporied.
Any problems that impact the program cosvschedule performance will be identified. Action plans

m'u-nnihmdnhpmbkmmnhcdumbdudmkcm“w-ﬂm

2 mmﬂthMwwSde«tﬂOﬂ)uwum r

Mw.MfaMwnﬂM(s&thwﬂc“dbm be

musac:mmuuuwmamwum-wwuum.u

lMlO&M—S&CwMMNMnWWW“IM

SOW.N&MNMM&MMMhmmw

MwﬁdwmfaMeMcmdhmﬂmmhﬁnbw

and procured.

S, Aquﬁ!ymm-.mlaudwdnspmﬁcMofdnﬂmmﬁnkuduwﬁﬁ
MiMnmmﬂr.Mdﬂmwmm

6 su-nupo.pm,.cxxumuuuﬁmmmnummmmuuwwmmusﬂ
Project Manager.

1 CMWM&WI«MNRCMONM‘WUWM

8 CMW“INW!«MMMMW.‘M

'l

transfers.
umuuummsummmssnmﬁnuwmwm

" of the HSST and HSSI program acuvites.
10. mmmuwmnlwmmmwdmwmm

all HSST program acuvities.

e
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112 C int-Effects Analvtical Devel { Validation (Task 2

The objectives of Task 2 are to assess. develop or refine. and appiy as necessary. fracture analysis methods and
validauon tests 1o determine the influence of crack-tip constraint effects on fracture toughness. Results from this
research will be used to improve the accuracy of RPV fracture predicuons. This Task supports development of
constraint-based methodologies (o improve transferability of fracture toughness data (in the brittle-to-ducule ransinon
(emperature region) from small-scale (¢.g., surveillance-sized) specimens 10 full-scale RPVs. It has been shown that
out-of -plane loading induces crack-up consunt effects on crack-up dnving forces as well as on the matenal fracture
toughness as compared (0 toughness +alues determined under umaxial loading conditions. This phenomenon was
qualitauvely venfied dunng the FY 1994 performance penod through the development-phase tesung and analyses of
\ntermediate-scale biaxial cruciform specimens with shallow flaws. For the performance penods FY 1995 through
FY 1997. the work in tus task will be focused on validauon-phase testing and anaiysis (o determine (a) the effects of
biaxial loading rauos and test temperature on fracture toughness using a single Maw depth (single &/W ratic) and
\ntermediate-scale cruciform specimens, (b) the effect of the combinauon of biaxiality and flaw depth on fracture
toughness using the same configuranion intermediate-scale cruciform specimens as in (3). and (c) venficatuon of the
transferability of the developed constraint methodology through tesung of large-scale. bianially loaded shallow-flaw
specimens. To further support development of (he basic constraint and fracture models. specialized. small-scale tests
are also planned 10 invesugaie the effects of constraint on fracture duculity and the reiationship between failure
duculity, crack-tup-opening displacement (CT MD). and fracture toughness. Plane-strain tensile specimens. tensile
fracture energy (CTOD) specimens. and slow bend Charpy specimens will be used as appropnate for this purpose.
The intermediate- and large-scale cruciform beam and small-scale specimen iesung focuses on the behavior of RPV
matenal in tne brittle-to-ductile transiuon tlemperature region of the fracture toughness curve.

vide the micromechanical process definiuons necessary for a complete descripuon of the fracture processes in
the (ransiuon temperature region and (o fully support the developmen: and venficauon of dusl-parameter fracture
toughness m:thodologies. interface with the ORNL HSS! Program will be muntuned. Using broken biaxial test
specimens, g\ idance will be obtained on ‘a) interpretation of the fracture process by invesugation of the fracture
surfaces. (b) location of fracture iniustion sites. and (c) amounts of ductile teanng before cleavage. The information
will be obtained by reconstruction of the fracture process using confocal mappiag and by direct examinaton and cross-
sectioning of the fracture surfaces 10 make measurements of the plasuc zone size and the crack tip radius near the

cleavage iniuanion site.

To pre

paramster or recommend alternative methodologies 1f spproprsse, for of frecturs in the
ransition temperaoune of the fracture oughness curve. International information in the aress of
consumnt and scabe will be supported through this and other tasks. The Subtasks and the specific
acuvities 10 be in FY 1993 are summanzed below

Wmmmm-ﬂnwcﬁua“hh‘“md
scatter relative 10 the uniaxial shallow-flaw results. but the mean value does not appesr 10 be less than that for
MW“NWWM."N&WMMM-
specimens (abricased from RPY matenal The primary focus of this Subtask for this performance period will be
the venificaton of the biaxial effects on shallow-flaw fracture 1oughness sl represeniative len

and flaw depths for RPV caslysis. This Subtask is an extension of the ( phase of the
muwm-mmm Testing and ‘will thus ke advantage of
mwmw The flaws under consideration in (his are consiapt-depth (wo-
" 12-D) 0 :

NRC FOPM 169 (10-83) PAGE $ OF 101
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11211 Vcnﬁcamwmw Cruciform tesung will be performed in the transition

region of the fracture toughness curve at lemperatures se
proposed Lest Matnx is given in Table 2 | A total of 16 tests 1s pro
matrix is grouped into (wo phases for defimuo
specimens tesied under O 1,06 1.and | | baniality
baseline and the most severe condiuon
will be conducted al temperatures such that the fatlur

ducule teanng that 1s prototypic O
This matenal will be used in a heat wreated condition to permit ful

(reated 1o elevate the vield and ulimaie siress and simulate ra
charactenizauon of Plate 14 in the heat ireated con
Fractographic informauon will be obtained for a number of the tests.

of ducule teanng, the crac

lected 1o cover the lower- (0 mud-transiion range. A
posed for the venficauon lesting. The test
n of test biaxiality ravos. Phase | includes a senes of six
rauos. Results from these tests will be used ‘o define the
lor the tests 10 be performed in Phase {I. The majonty of these tests
¢ mode 15 predommnely cleavage with some pnoc
f RPV behavior. The source matenal for these tests will be HSST Plate 14,
| evaluaton of biaxial effects, 1.¢e., heat-
diauon-damaged properties. Matenal
dition will be conducted as a pan of this Subtask.
Location of initiaton sites, the amount

k-up radius. and the extent of the plasuc zone size developed around the flaw op

will be determuned.

2.1 Proposed Test Mamnx tor Biaxial Loading Effects Venficauon Testing (Subtask 2.1.1)

Table
Bawch # Normalized 7« Load Biaxality Notes
Temperature Rano

Phase |

i TBD (13|

2 TBD 06:1

3 TBD 11 2

Phase 1

4 ™BD o1 b

5 TBD 06:10r1:1 c

6 TBD+ 20°C 13 d

7 TBD+ 20C 06:10r1:1 4

8 TBD- 30°C 06:1ori:l ad

Test Specific Notes:

a mzusmuwnmmmmuumm That ratio (0.6:1 or 1:1) will be used for
Batches 5. 7, and 8.

b B“‘thlmlcowm.muufamumo(WMu
loughness scatier

c ams-muw\oumamzasmwmwvuwn-um-u--p-
of biaxial loading on scaner.

d Muwinmmmmmnumhdnmbwﬂ
i terms of temperature shuft

General

e AlmmﬂuWMWcmtnwcmmuNﬂlm
makbhvﬂ.ﬂmo{o.l.

L All will be tested in a hesi-veated condition 10 assure

3 AwmwmmnanWAudduw.lw-
specified for this natnx.

h Tuwnuudmmndqﬂmh.dchdumﬂ-

. Load rauo 1s denoted as trangverse:longitudinal load. 01 is uniexial losding and 1:] is equibiaxial

loading.

NAC FOMM 189 (10-83)
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Specimen fabncauon will be injuated and completed in the FY 1996 performance penod. Tesung will be
completed in the FY 1996 performance penod The specimen design will be essenually the same as that used
in the development testing performed in FY 1994, A test secion nomunally 4-in. thick with a constant depth
(/W = 0.1) flaw will be used. The development tests demonstraied that the failure loads req ured for tests
performed at temperatures below Lhe nii-ducuility temperature (NDT) required loads near the upper limut of
the capacity of the servo-hydraulic test machine being used (550-kip INSTRON). Since it is proposed that
testing be performed at (emperatures above NDT. the capacity of the servo-hydraulic test machine will be
upgraded from the current 550-kip (o neas 700-kip by replacing the control system and the servo-valve, and
adding a new computer control unit recalibrating (0 the stali-capacity of the servo-hydraulic system. The iest
machine manufacturer has been consulied 2d has prepared 2 proposal and quote for this work.

10212 Aonatyss of the Test Dats (Subtask 2.1.2) Analysis of the test data will be performed 10 determune
the toughness from the data provided in Subtask 2.1.1 Analysis will be conducted (o estumate the load vs
crack-mouth-opening-displacement «P-C MOD) n-factors required to interpret the test data as a funcuon of
crack depth. temperature. and load rauo. Matenal properues for the analyucal model will be determined in
Subtask 2.1.1. Both pre- and post-test analysis will be performed to guide the test effort and to provide
compansons between computed and measured mechanical response. Assessment of post-iest compansons
will be used 10 identify any necessary refinements of modificauons to the modeling procedures (o assure
accurate predicuons of specimen deformauon and. ulimately, fracture toughness esumates. Refined crack-up

modeling will be conducted as a par of Subtask 2.2.

At the compleuon of Phase [ tesung, a lener report providing test results. analysis results, and conclusions for
the effect of biaxiality on toughness will be 1ssued. Preliminary fractographuc resuits related 10 iniuauon-site
locauon and plasuc-zone-size determinauons will be included. This letter report will be issued within tharty

days of compleuon of the Phase [ tests and is planned for mud-FY 1996.

A second letier report dewuling the test and.analysis results for all specimens in this matrix, (Phase [ and
Phase (D), will also be issued. The report will include test results, analysis results, test and analysis
an-(mwancwammwmmwmw
interpretation of the loughness resulis. The inierpretation will include a quanufication of the fracture
twghnunducuonduwmmImﬂngmdmumo(unmﬂumofwwamm
of fracture toughness resuls. Special anenuon will be given 1o the effect of consututive modeling in the
mammmmuucmmuumwmmuw
mechan 'al responses. Dutatled anslyses will also be performed oa the smali-scale types tested
*l’“&ld.“‘ﬂlﬂl““”l&lnlhm [
eveusnon of pretest predictions will be included m the lstrer report. y

' An assessomen: ‘nitiated in

HINWM“MW”M&&M.%
cmmnwm-mummmuwwr“

i
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data with relevant near-crack-up fields will provide an important critenon for evaluaung the applicability of the
. anous fracture models. A preliminary assessment of dual-parameter fracrure methodologies will be completed 1n

this performance penod

Iniual results from thus evaluauon will be included in an interpretatve NUREG/CR repon which will be prepared
The repon will descnibe the effects of crack-up constraint on (he fracture behavior of
at temperatures in the Lransibon range. The report will include the
ogies that was started in FY 1994. The report will

on compietion of thus etfort.
umaxially and biaxially loaded specimens

evaluauon of both the stress- and strain-based fracture methodol
include compansons of fracture predictions with data from shallow-crack beams tested (uniaxial and biaxial) by

ORNL. from shallow-crack beams tesied (uniaxsal) by the U S. Naval Surface Warfare Center (NSWC), from
rull-thuckness clad beams tested under Subtask 3 3 [tested at the Nauonal Insutute for Standards and Technologies
NIST) under subcontract to ORNL]. and from biaxial clad beams iested under Subtasks 3.4. This report will
\nclude a recommendation as to which fracture methodology (stress and/or strain/duculity based) appears to have
the most promuse for Improving the accuracy of RPV fracture assessment Thus report will be completed by mud-

FY 1996

Metallurgical examinations will be made of fracture surfaces from shallow-flaw fracture toughness specimens
\ested under uniaxial and biaxial loading Ihe fracture-1niuaton-site informaton will be used by ORNL, together
with elastic-plasuc analysis of the crack-up stress-strain field. 10 determipe f crack instiauon occurred in &
location where the opening-mode suress was increasing with increasing applied load. This informaton will be
used in the evaluauon of stress-based dual-parameter fracture toughness correlauons. Sections cut at 90° to the
fracture surface will be eiched 10 reveal the size and configurauon of the crack-up plasuc zone. This informauon
will be used o validate and further develop 3 srain-based dual-parameter fracture toughness correlanon.

3,13 Evaluation of Cladding Effccts (Task )

Objectives for this Task are to provide the following: (1) a quanutative descnpuon of cladding effects on the fracture
behavior of shallow finite-length surface cracks in RPVs and (2) a basis for improved treatment of surface-crack
geometnes in fracture-assessment procedures applied to PTS and pressure—temperature (P--T) limut transients.

The impact of cladding etfects on RPV safety-margin assessments are not well understood. Current PTS analysis
cmcmmmmsmam.m-m.acw' hy«udnhonmfund“ndm
mmﬂu_m_mmnummuuuumm These codes .+ not
mmw“q h“ﬂﬂﬂ“d“hm“hd
finite length. MW“-‘”MMW&“&W.‘

of cerwmn finite-length shaliow flaws. mmuurmmdwmu can
swwmdumd.mmwmum Second, the low yield stress of the
cmunmummmuumdummw : [
smwﬂwm-mumucm

wmmrut.ummumm.mumanumnmmm-‘nm
safety-assessment procedures. The work will focus on the following:

Awmmu«mmmmam-ummam
cn&(mwmmm»umsmnmm This will invelve
loading conditions for RPVs. nwummuww 10 prodict
d-nl*dehim-mw-um

2 A mwmummmm. .1uﬂiuoﬂmhmuﬂ'vmm

procedures. T&mum.mlot‘mmuumnimdww
Mhlﬂlﬂcmmwwnm-ﬂ!—Tum

-
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Interactions will be maintained with the HSSI Program to provide an interpretation of the fracture process by

\nvesugaung crack surface reconstrucuon of the broken test specimens (shallow-flaw specimens under uniaxial and

braxsal loading), using confocal mapping

sely related aspects of the cladding effects issue. The

Task H.3 is divided into six Subtasks that are concerned with clo
995 are descnbed below.

s1x Subtasks and the specific accomphishments planned for each Subtask in FY |
3 " This Subtask is concerned with the

formulation and validation of a clad-yieiding model that can be incorporated into linear-elasuc fracture mechanics
(LEFM) influence-cosfficient methodology. Conventional practice in assessments of RPVs assumes a
(hermoelasuc constituuve model and base-metal fracture toughness properues for the discrete cladding region.
However. crack-imusauon studies indicaie that incorporation of clag yielding into the assessment models reduces
the strain controlled element of the crack dnving forces for shallow flaws. Also. ductile fracture toughness of
“ladding may prevent longitudinal propagauon of many tinite-length shailow flaws. These studies imply that
fracture-assessment procedures may be signaticantly improved when clad mechanical and fracture toughness

properues. including the effects of radiabion. are incorporated into the calculauons.

Influence-coefficient methodology based on LEFM concepts is generally used 1 perform deterministic and
probabilisuc RPV assessments. This methodology is employed in the ORNL-developed FAVOR probabilisuc
fracture mechanics (PFM) code. As a near-ierm refinement in the assessment methndology, the development and
vahidauon of the genenc clad yielding mode| started dunng the FY 1994 work penod w.'l be complerad during the
FY 1995 work penod. The genenc model will incorporate the clad yielding into the calcuiations. %': Jermitting
the LEFM influence coefficient approach 1o be retauned in the presence of the cladding nonline»: 'esponse. The
genenc clad yielding model will be implemenied in the FAVOR PFM code. Validation of the maviel predictions
will be done with avaiiable test data and analyses. A letter report on the model development thy was staned
duning the FY l”‘wtpmdml!huuwbythoewdunﬁ 1993 work period. The letter report will
nm“nymmdcﬁm.wmodel. validauons pufmdtoevalmmodll.ndnmwnzd

the clad yielding model.
Spec:ﬁcmhhﬂnwpwlaumsm&mmeﬂ 1999 performance penod are as follows:

«  complete development of a genenc clad-vielding model. siarted dunng FY 1994, for incorporstion into

the LEFM influence-coetficient methodology.
. m.md“ﬂ“facﬂnﬁmuﬁnmhmm

. mwumwunvonm
B mm«umumwmuwumu
. iu-mmuwumu-cumw

i This Subtask wiill develop s materials charscierization data
base for the siandardized nuciear-unii-power-plant system (SNUPPS) shell material that meets testing

described in Subtasks 3 4 and 3.5. r.m.amsuumm-mm-u‘uw

requirer-ene

condition (i.¢.. no heat reatment). demmtamm-uﬂbmhh
mum.umlmcuuwl“hmmdw-n“db
. : : : ead 4 :“

M‘M“‘.".‘”W :
indicated that clad tearing should not be an issue for shallow {1 (a<D.7 in.) in invedisted RPVs 10
severe PTS transicats. should the SNUPPS cladding have & relatively high toughness, this factor
would not impect objecuves of Task 3). :

mm.m“m&y.umm.ummhwh“-mau
(ramsiion tempersture of the SNUPPS weid and piaie matenal. sm-lplh_&ﬂ' p o1 thken
from the clod region and the ciaddisg hesi-affected zone (HAZ) will be tesied pear T of . A letier
mvﬂlhhsm‘ﬂmmmcmuhldmmeuchuxumﬁamﬁ 4ok ey
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Specific accomplishments planned for this Subtask in the FY 1995 performance period are as follows:

+  .omplete tensile, plane-stran duculity, Charpy, and drop-weight tests for determination of matenal
properties. NDT and reference transiuon temperature for SNUPPS matenal.

+  complete tests of sheet-type tensile specimens from cladding and HAZ of SNUPPS matenal, and

+  issue a letter repont on development of the characienzauon of the SNUPPS maienal.

This Subtask is concerned with

¢-scale clad beam specimens fabricated from matenal removed from the wall
994 work penod, a senes of full-thickness clad beam specimens
with a through-width shallow crack were tested under three-point bending at NIST, under sub-contract 1o ORNL.
10 determune the effect of shallow flaws on fracture toughness of prolotypic reactor matenals (weld and base
metal) in the transition temperature region The imual senes of tesis had the crack located in weld matenal.
Dunng the FY 1995 work penod. the remaining three tests from the test-mairix proposed in the FY 1994 Form
189 will be completed. These tests will have the crack located in plate matenal. Also, post-test finite element
analyses of the near-crack-up region of the test specimens will be performed. A NUREG report 15 10 be nrepared
dunng the FY 1995 work penod. giving the results of the tesung and analyses performed under this Subtask.
Influence of metallurgical inhomogenesues and the cladding process on fracture toughness of the matenal will
1lso be addressed. These results will be provided (0 Subtask 2.2 on constrant-effects correlation development and

venficauon.
Specific accomplishments planned for this Subtask in the FY 1995 performance penod are as follows:

1 !

testing and analysis of umaxial larg
of a surplus commercial RPYV. Dunng the FY I

+  complete testing by NIST of three full-thickness clad beams provided by ORNL (10 be performed under
existing Interagency Agreement with NIST. DE-AI0S-920R22034, extending through April 30, 1995),

+  complete postiest finite-clement analyses of near-crack-up region tn full-thickness clad beams iesied at
NIST.

«  complete evaluation of the influence of metallurgical inhomogeneiues and cladding process on fracture

(oughness of matenai. and
+  issue 8 NUREG reporn on tesung and analysis of full-thuckness clad beams.

MWWHM Analysis and testing of clad
cmrnmmmmmunmmwummuu Thess
P i mmwwmﬁm“duﬂnwﬁ

intermediaste-siale” Clad-specimen
behavior of flaws is RPVs with test conditions s close w0 83 possible. Ductile deformation and faiture
p.wnhmwhuﬁnumbmidm (i.¢.. axialicircumferential in s cylindrical vesssi)

thuminpa-‘uumvﬂlbymudwmm Testing of clad cruciform
smaﬁmwmlmhunmfamh“hemendm“wu
shallow through-clad surface cracks.

ltem 3.4.1: Analyses initisted during the FY 1994 work penod will be completed for typical pressurized
MW(M)mnoM-mnbpeofﬂnkMﬂu(dsﬂuﬂh’h)ﬁmm
Mmﬂmmhiniﬁdau‘mﬂimbng.zoﬂnn These analyses will include the predicied
effects of loss of crack-tip constraint on fracture toughness. A letser report on the results obtained for the
cnﬂphmdhﬁudhﬂ'wmhw“umﬂw»

i““dquamdmmguuw

gencred.
mmums-@numawmmmummdum
mwmmnﬂmummmwuwa#—
fracture toughness correlations. Ammmnuwmwuumh 1993.
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ltem 342 This item addresses a testing program using clad cruciform specimens to validate the analyses
jescribed in ltem 3 4.1 above. The work under this ilem includes defimng a mamnx of venficauon tests (0
investigate and quaiify the limits o1 the envelope developed in ltem 3.4 | using clad cruciform specimens
with finite-length, shallow surtace tlaws. The cruciform specimens used in prior tesung have the essenual
features of PTS biaxial stress fields and offer the potental for determining both the distnbution and scater of

insuation conditions.

abncated from clad-weid-plate matenal taken from the SNUPPS shell secuon
at ORNL. The weld-overiay cladding trom ihe SNUPPS shell segment wili be retained in the test section of the
cruciform specimens. These test sections will be fabricated from the SNUPPS clad-weld matenal in the 7.
received” condition (0 take advantage o1 the relatvely high yield stress properties (approximately 87 ksi 2t roum
remperature) of the weld matenal. The ciadding included in the test secuon must e xhubit ductile behavior at the
test lemperature, but teanng toughness of the cladding is not regarded as an issue In achieving the objecuves of

the testung program.

Clad cruciform specimens will be

Thus Subtask will fabncate the required specimens. develop procedures for conducung the tests. perform the tests,
and report the test results. (Procedures used for these clad-cruciform tests will be essentially the same as those
used for the unclad cruciform specimens tesied under Subtask 2.1. necessary modificauons required by the
presence of the cladding will be determined from development tests.) These test data are expected to provide
iniual resuits leading 10 venficauon of the analvucal procedures used tc define the envelope of non-iniuaung flaw

sizes and loading conditions.

Pretest and postiest computational analvses ol the clad cruciform specimens will be made and interpretation of the
i st results will be camed out. Also. finie-<lement analyses of the near-crack-up region of the test specimens will
the end of performance penod describing progress in the tesung

be performed. A letter report will be 1ssued by
and analysis of clad cruciform specimens. The results obtained n this Subtask on testing and analysis will be
provsded 10 Subtask 2.2 for developing-consaraint effects correlations and venfication.

Dunng the FY 1995 performance penod. six development clad cruciform specimens will be fabricated from
SNUPPS clad-weld matenal in the “as received” condition. The development clad specimens will contain finite-
length surface cracks with the same dimensions as the unclad specimens of Subtask 2.1 (a = 0.8 in.; 2¢ = 2.1 in.).
Tesung will take place at the NDT of the SNUPPS material. These specimens will be tested in uniaxial and
MM(MM)m«anquwwlonduufymuduumwim
m«spmwm measunng crack-mouth-opeming displacements for through-cled

cracks).

mm.mamammammum«-mmuwumm
from the verification test matrix given in Table 3.1. In the FY 1995 performance period, two clad cructfiorm
w(mld!hnnmuhm-iaun iion lempersture and loading conditions indicated in
Table 3.1. (Ammnmmmmduhh_waﬁon) Testing of groups 3-3 in

mnumwmmnuwwmmm.wnlmmnu
Groups | and 2 in Table 3.1 numm.:ucoudmou(cmk;m.umnﬂm)olb

development phase.
mulmtmhfu“dd&wm;mnmvﬂond&uﬂummuanmhb
Mwmu.wuaeumwhma.n.mm“
mmuwwavmwwu ing effects on crack initietion and
Mhuwhbﬁtmulmmﬂ“ in Phase I1 and in westing of
|arge-scale specimens under Subtask 1.5) ’ '

W
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Specific accomplishments planned for this Subtask in the FY 1995 performance penod are as follows:

+  .complete analyses

PTS loadings,
(ssue letter report on non-iniuaung enveiope of flaw sizes and loading conditions,

complete analyses to determine wransterability of dual-parameter correlauons to RPV assessments,
;ssue letter teport on wransferability of dual-parameter correlauons.

complete fabncauon of six surtace-cracked clad cruciform specumens for development lesung,
complete development lesung of six clad cruciform specimens.
complete development of procedures (including flaw sharpening)
tests of clad cruciform specimens.

+  .omplete fabncanon of group | surtace-crac

venficauon tesung,
+  .omplete tests of group | clad cruciform specimens in Phase | venficauon tesung,

«  .ompiete computauonal analvses ot group | clad cruciform specimens. and
1ssue lener report descnbing lesung and analysis of clad cruciform specimens.

g The objecuive of this

Subtask 13 (0 study the mOst Prolotypic specimen. less than a clad cvlinder, to assess cladding effects. Using
L uted intermediate-scale specimens. it has been shown both expenmentally and analyucally that a ensile,
out-of-plane. biaual siress reduces fracture toughness below the value in uniaxial loading of the same
specymen. Preparatons for a senes of large-scale clad cruciform-specimen (ests (0 investigate the influence
of cladding, flaw depths, and biaxial-loading rauios on fracture toughness wiil be initiated during the FY 1995
performance penod. Large-scale cruciform specimens allow these factors (o be studied under prototypsc
hiaxial conditions while circumventing some difficulties associated with transfer of fracture toughness data
trom smaller laboratory-scale specumens (0 full-scale structures. This Subtask will define the tests to be

ormed. monstor the progress of tesis. and report test results. Pretest finite-clement analysis of the

2L

Amumrauwwuumupmum 3.2 Testing of large-scale
cummmummuuuqumunlmmwuﬂ
be completed during the FY 1997 performance period. Selection of test parameters will be swoagly

..mmwmmmm-mmgmwunwa.«

DumgunFYl”SMwmdmmhmlknaM-WbyuHSﬂm
ORNL will be upgraded (o increase the total losd capacity available. The modification will involve
and servo valve. mmoaoucwmuuwd

i
E
i
:
g
-
:
;
:

wuduwumummmhmwwm
mmmamwmmaumummmum A fitnass
m-&um&mmuhﬁﬁq.uuuﬁuwﬂhm
Maa—ylmwmdnmfwmﬂotmum A letter report will be
unmamep.dmmmuqmmmw-mcumm.m
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and instrumentauon for conductung

ked clad cruciform specimens for imuauon of Phase I
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Table 3.1. Matrix of Verification Tests of Clad-Cruciform Specimens with Shallow Surface Flaws

All tests will be conducted with a cruciform specimen of 102-mm (4 in.) thickness inclusive of cladding. Crack
Jdepths are measured from the clad surtace. Nomunal cladding ttuckness will b2 4 mm (0.16 in.).

All specimens will be tesied with the base metal in the heat-treated condiuon to simulate radiauon- damaged
matenal.

A group refers 10 two identical specimens tesied under the same conditions. A total of 18 specimens or 9
groups are specified in two phases for this maunx.

Test temperatures are specified in terms ot NDT. Actual tlemperatures will be determuned once NDT is known

{or the heat-Ureated maienai.

Group # Crack Geometry Normalized Test T PL Notes
Repth (o) Length oy Temperature

Phase |

| 06 1.5 NDT 13 a

3 ' " NDT 0.6:1or1:1 a

3 ’ : NDT -30°C 0.6:1 or 1:1

Phase [

4 0.6 1.5 NDT +20°C 14|

5 5 " NDT +20°C 0.6:10ri:l

6 Vanable NDT Biaual b.¢c

7 NDT .

8§ - N NDT +20°C -

B s " NDT +20°C =

Notes:

a These nmudzr groups utilize the same crack geomeuy, (emperatures. and loading conditions defined in Table 2.2
of Subtask

b mmummmmamumu“nmum
avasiabls from groups 1-5. :

¢ Dependent upon result of groups 1-5.

NAC FORM 188 (10-99)
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Table 3.2. Test Matrix for Large-Scale Clad-Cruciform Testing Progcum

Specimen No Test objective Normalized
Test temperature
i Demonsuraton ot fracture (or finite-length crack NDT
selected on basis of small-cruciform-specimen (es(s
(Subtask 3.4)
- Demonstration of no fracture up (© limat ioad NDT
for finite-length crack selected on basis of
small-cruciform-specimen (ests (Subtask 3.4).
3 Repeution of test | NDT -30°C
4 Repeuton of test 2 NDT -30°C

Specific accomplishments planned for thus Subtask in the FY 1995 performance penod are as follows:

. cmmuamudmnammoumxmuuommwwum.
« complete design and prepare engincenag drawings approved for coastruction by ORNL, for
md-wdummwcuumwm
. MMWWMWMWMM

mesh refinement. and
. chmno(Mvmfanwnoofmuﬁxm for the large-scale clad
cruciformn testng.

Wmmmﬁm“mwm«duswu
VMMMWMMﬂWhmucxmumww
vessels and lest specimens. muwwmwum“md
g:unA c ‘FAS:):;.: oanc::r ' by '

*s Commitiee on ety Instatiations/Princapal W No.
(MW‘ ﬂumumuuumwumm’“r -
IMWW(FM}MU).M“MWGMAG This
W*u”@ﬂlmﬂmﬂm%’“b“m

munnmmm-mmuwduﬂw—ur\nm
menwmmnnfmuucm&-mmumm These local crack-tip flelds
wMMMMuchmMMMMM
on fracture toughness. mwmdmuuumuuswwuomnv“
provide addiuonal validation of the constraint-effects methodology bemn) developed under

NAC FORM 189 (10-83)
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(These FALSIRE 11 analyses are based on detailed problem statements for six reference experuments prepared
by the CSNUFAG dunng the FY 1993 and FY 1994 performance penods). A letier report will be issued
junng the FY 1995 performance penod immediately following compleuon of Uus assessment. Acuviues
nder this Subtask include HSST parucipauon in the | 3th Internauonal Conference on Structural Mecharucs
in Reactor Technology (SMIRT-13) to be held in Porto Alegre. Brazil. dunng August 13-18, 1995
Presentatsons of three technical papers descnbing research performed under Tasks 3, 4. and § will be propared
and presented at the SMIRT-13 Conference. (Titles of the three papers were submutied to the NRC during the
FY 1994 performance period). A foreign np report describing HSST starf parucipanon in SMIRT-13 wll be

1ssued two weeks after completon of the ¢ ference.

Specific accomplishments planned for this Subtask in the FY 1995 performance penod are as follows:
+  complete assessment of FALSIRE II analyses 1o provide addiuonal validauon of constraint-effects

methodology being developed under Subtask 2.2,
isswe letter report descnibing contribution of FALSIRE Il analysis results to validation of HSST

construnt effects methodology,
three presenations for SMIRT-13 descnibing HSST program research,

prepare
parucipate 1o SMiRT-13 conference. and
 1ssue foreign trip report on HSST parucipauon in SMIRT-13 conference

-

lnwmwmunﬂmd&mmmuvmtwmvm. RPV matenials can exhibit
considersble ductile flaw growth followed by » fracture-mode conversion to clesvage. The material failure by
A " :

chw“mdeMgmuwuacmeﬁmduw

3 injtiation model by performance trisi: (¢) siress-based dual parsmseter
mmkmwummwmm
4 g:hm &-c‘:np-ﬁmuld() be used ‘&-“m i
u ) '
5. : ' :
m.‘ {a) reproduce I -carve test data: (b) regmire only input data thet

svailable: and (¢) provide output that includcs crack-tip radius and crack-plese

ae
plastic Tons width #s & fumcuon of crack growth.

6  Obtain relovam data (frectography and micromechanical features) for the calibration andl practicsl
w;yhﬂﬂnﬂ ‘ _ :

resulis are - ' ; :
iearing snd mode ~onversion 10 cleavage. The physical faciors involved in this pheromenon have w bs tkos into

‘account 1a the development of a fracture-mode-conversion model. Different fraciographic features arc
AC FORIM 189 08B PAGE __ 1§  OF _ 101
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depending on the model used, 1.e. void and inclusion
Examinations of the fracture surfaces are being conducted 10 ¢ )¢

volume fraction for void formation and coalescence models
haracterize the extent of crack-tip blunung prior

to crack growth; (2) idenufy and charactenize the microstructural features associated with microvoid formation

and growth; (3) idenufy and charactenize
cleavage; and (4) descnbe the relatonship between the
conversion. The determinaton of specific material parameters will include
major particles,
vs Aa) testing

metallurgical investigations will be completed and the results presented in a

mode-convers)
will be used to predict ductile te
finite-element code 1s being developed that analyze
mechanics studies of crack-up fields and du
constructed on the framework of a linear-preco
robust kinematic formulation including finite strains a
material models include rate-independent and rate

he microstructural features responsibie for the mode conversion (0
ducule crack morphology and the trigger points at mode
(1) the average void spacings of the

(2) the iniual void volume fraction; and (3) the volume fracuon of nucleating parucles. R-curve (J
will be camed out for the SNUPPS matenal to be used for calibration of the fracture-mode-
conversion model. Data from these tests will be used for calibration of the fracture-mode-conversion model.
Results from these investigations will be used in the development of the fracture-

mode-conversion model. The
letter report in FY 1995,

The development of a fracture-

on model was iitiated in the FY 1994 performance peniod. The fracture-mode-conversion model
aning preceding a cleavage crack iniiation in the transition-toughness region. A
s very large 3-D schid models encountered in fracture
ctile crack growth. Static and dynamic solution capabilities are
nditioned solver implemented in an element-by-element format. A
nd large displacements is adopted. Nonlinear consututive
-dependent Von Mises plasticity with various

isotropic/kinematic hardening rules and a fully implicit implementation of the Gurson hole-growth model (with

optional void nucleation and matnx visco-plasticity).
damaged elements during crack-growth analyses. J-inte

An element death option facilitates removal of heavily
grals along crack fronts are evaluated using a domain-

integral methodology. The following items have been included in the model development: (a) geometry changes
resulting from crack leanng extension; (b) effects of work hardening of the crack-tip matenal prior to erack
resharpening; (c) vord formauon and coalescence models: (d) crack advance, based upon the Dodds J-R approach;

and (¢) development of an analytical technique that

propagate

the following
a higher degree of constrai
breaking of any ductle lig
dependent plasticity); and (3) cleavage conversion cri
the mode! with information obtained from the metal

will permit an “adequately refined” crack-tip model o

the material with the crack up. Model development and evaluation will include consideration of

factors: (1) mode conversion due 10 an increase in stress tnaxiality with crack extension (leading to
nt and possibly following satisfaction of stress or stress-strain based criteria); and (2)
aments behind the advancing crack-front leading 1o strain-rate sensitivity (i.e., rate-
eria. Work in FY 1995 will also focus on the validation of
lurgucal investigations (Subtask 4.1). The preliminary

fracture-mode-conversion model will be completed and presented in 3 letter report in FY 1996.

memmwmwmmmu

As part of the model de

carried out 1o render the model applicable to biaxial loading conditions. Recent fracture tests ormed under
muumm-o&nmucmam&fmm i from that
observed in conventional, shallow-

(1:1 ratio), plastic deformation remains strongly confined to

the near tip region up 10 relatively large loads (and

corresponding high crack-tip stresses) and then develops rapidly with only small additional load. This

phenomenon has raised questions concerning
model, whick employs stressed volumes of maten

the effects of crack-tip plastic strain on the D-A toughness-scaling
al at the crack tip to correlate constraint affects on toughness

ACTOSS VATiOUs specimens. m«mmmmwmaanpmmm-z.scmm.m

plastic strain
applied (near-
The original development of the
process zoce 1o provide nucleation sites.
uniaxial tension, plastic-strain and crack-region stresses increase
”MM&MW
relatively good toughness correlations

[E———————————————————S el
101
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must be present to create cleavage nucleation sites that eventually tngger macroscopic fracture
up) stresses, considered in the D-A model, reach critical levels.

g

D-A mode! assumed the presence of sufficient plastic strain over the cleavage
For conventional fracture specimens loaded in uniaxial bending and
in roughly proportiona! fashion, generally with
the cleavage process zome carly in the loading. This may explain the
obtained for the D-A made! for these conventiopal specimens.
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In this work, a plastic strain threshold will be included in the D-A model to address explicitly the phenomenon
observed in the biaxial bending tests. Material will be included in the siressed volume only when both the
principal stress and plastic strain exceed specified values (plastic strain values estimated from available “plane-
strain” tensile tests). The revised scaling model 1s expected to exhibit minimal differences for conventional
fracture specimens, but for the biaxially loaded specimens the scaling curves of 1o vs. J-specimen wil! differ
significandly.

The generalized D-A constraint model will be completed and presented in a letter report at the end of the
FY 1996

’ During the second half of
FY 1995, the development of a predictive engineering methodology w ill be initiated using the results from the
mode-conversion model. The model is intended for application in both deterministic and probabilistic fracture
mechanics evaluations of RPVs. The status and progress made on this methodology development will be
presented in a letter report in FY 1996 (same as letter report in milestone 4.2.C)

This task emphasizes the development and validation of computational methods for use in predictive fracture
mechanics computer programs used for structural integrity assessments of nuclear reactor pressure vessels (RPVs).
The validated fracture methodologies will be presented and published in appropriate forums as well as implemented
into the FAVOR (Fracture Analysis of Yessels: Qak Ridge) computer code. F AVOR performs deterministic and
probabilistic fracture analyses of aging embnitled clad RPVs subjected to transient conditions, such as pressurized
thermal shock, in compliance with the applicable regulatory cntena.

The motivation for developing FAVOR was 10 consolidaie the best attribuies of OCA-P and VISA-II into & single
validated, quality assured, uoer-friendly. and well documented RPV fracture mechanics code that complies with the
applicsble regulatory criteria. The ideas used in the development of FAVOR were derived from lessons learned
during the integrated Pressurized Thermal Shock (IPTS) program. the Yankee Rowe review, and the Yankee Rowe
sensitivity analysis. It is anticipated FAVOR will continue to evolve such that it continuously reflects the state-of -the
an in pressure vessel fracture technology . Fracture technologies developer! in this and other tasks will be implemented
into FAVOR such that it contains all the elements of a comprehenesive methodology to perform generic and plani-
specific fracture margin eveluatsons for RPVs.

PAVOIh*dihhﬂlﬂmnnﬁm mmu&mnma-m
significance that research resulis would have 1 s regwlatory analysis. FAVOR is 10 perform vessel integrity
asscssments in support of NRC evaluations of nuclear RPY integrity issues. FAVOR has been, and will continue 10 be,

used extensively in the reevaluation of the PTS screening criteria and Regulatory Guide 1.154.

mmmnuumuwwnmummamﬁum
dWMsMnbMdemmmm

‘ A continuing objective in this subtask is the development of a
ive database of accurate validated stress intensity influence coefficients ( SIFICs) for a range of inner-
surince flaw geometries for the range of clad-RPV geomeinies that envelope the commercial pressunized waker
reactar (PWR ) and boiling waser reactor (BWR ) vessel geometnes in the united staiss. The long-ierm
subsequenily d“ﬂ

of this SIFIC database is 0 have the capability 10 SIFICs, and :

with aa interns) radius to wall thickness ratio of (R, /1) = 10 and 20. The
mwmmmunuvm.mwuumdmm
mechanics solutions for the range of flaw geometries required in structural integrity assessmests of domestic
US. PWR or BWR geometries.

NAC FORM 189 (10-63)

PAGE 17

oF .



PWAC FORM 189 (Continued) R UCLEAR REGULATORY COMMISSION
1093
NRCMD 117 DOE LABORATORY PROJECT AND DATE
COST PROPOSAL FOR NRC WORK JULY 19. 1996
PROJECT TITLE: Heavy Section Steel Technology

During previous reporting penods, databases of SIFICS were generated for axially and circumferentially oniented
inner-surface flaws with aspect rauos of 2. 6. 10. and infinity, applicable to clad rpvs with (R, / 1) = 10. This
geometry 1s prototypical of a large percentage of the commercial PWRs 1n the United States. ABAQUS. a
nuclear quality assurance certified (NQA-1) muludimensional finite element code with fracture mechanics
capabilities, was used to generate the SIFICs. Where possible, these databases of SIFICs have been compared
with those published by other investigators These SIFICs have been published. presented in public forums, and
implemented into FAVOR. FAVOR has been validated to produce Ki solutions that are within 1-2% of those
obtained by direct ABAQUS three -dimensional finite element soiutions

During FY 95, SIFICs will be generated for axally and circumferenually onented finite-length semielliptical
inner-surface flaw geometnes for clad RPV geometries with an (R, /1) rato of 20. SIFICs will be generated for
both axially and circumferentially oriented inner-surface flaws with aspect ratios of 2, 6, 10, applicable to clad
RPVS with an internal radius to wall thickness (R, / 1) ratio of 20. This geometry IS prototypical of a large
percentage of the commercial boiling water reactors (bwrs) in the United States. The matnx of fracuonal wall
thicknesses for which SIFICs will be generated will be similar to that for RPVs with an internal radius to wall

thickness (R, /1) rauo of 10

The following papers will be presented / published during FY 95.

Validation FAVOR Code Llinear Elastic Fracture Solutions for Finite Length Flaw Geometries - this paper
will be presented / published at the 1995 asme pressure vessel and piping conference.

An Overview of FAVOr: A Fracture Analysis Code For Nuclear Reactor Pressure Vessels - this paper will be
presented / published at the 1995 SMIRT (structural mechanics in reacior technology) conference.

The 9501 version of the FAVOR code, which contains the ABAQUS SIFIC libranres for axially and
circumferentially oriented flaws with aspect ratios of 2. 6, 10, and infinity will be released to commerical and

research Organizations acuve in RPV safety analyses.

i

3.1.5.2. Pressurized-Thermal Shock (PTS) Applications The NRC plans to revise Regulatory Guide 1.154

(format and content of plant-specific pressurized thermal shock safety snalysis reports). The objective is to

publish a revised regulatory guide 1.154 that reflects the fracture technology developed in the last decade and
wm&mﬁdmnYukanmcwmeMh‘umuWw

umwwdummummmw

factors, PRA. and fracture mechanics analyses. mmmmmmt—

INEL (thermal-hydrautics), Sandis (probabilistic risk assessment (PRA)), and Osk Ridge (fracture ‘mechanics )

Mgbmmmw.ﬁnwuknmwﬁvudmmom:”libmd
Mmﬁm.mnwmgmmm.wmmu
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L154 The objective of phase | is the development of technical bases and methodologies 10 suppor revisions 10
Regulatory Guide 1 154 During FY 95, an objective of thus subtask will be to complete the development of a
revised fracture mechanics model. During the previous reporting period. PFM sensiuvity analyses were
performed 10 determine the potertal impact of vanous modifications to the fracture mechanics model currently
specified in Regulatory Guide 1154 All flaws were located on the inner surface of the vessel, 1.e., inner-
surface breaking flaws Specific fracture mechanics model assumptions examined included flaw geometry, the
eifect of clad, flaw density, and fracture initiation and arrest toughness. FAVOR was used 10 perform all
fracture analyses. The results of these analyses and the HSST recommendations for fracture mechanics
modifications will be documented in NRC Letter Report ORNL/NRC/LTR-94/31 entitled Potennial
Modifications 10 the Fracture Mechanics Model in Regulatory Guide 1.154.

Beginning in 1994, there was a NRC-directed interaction with INEL, Sandia, and PNL to develop a
methodology for performing the NRC-specified “method 2" PTS analysis. The methodology includes the
uncertainties associated with thermal hydraulics, transient initiating frequencies, and flaw-related parameters,
as well as the degree of vessel embrittiement. The implementation of this methodology will require the
development of a specialized version of FAVOR. Dunng FY 95. work will be initiated on the development of

this computer code.

1.1.52¢ Review of PTS Screening Critenia During FY 95, the development of the PTS screcning critena
(RT prs of 270°F for plates, forgings, and axial welds, and 300° F for circumferential welds) that was developed
in SECY 82-465 will be reviewed. The PTS screening criteria, as developed from both determinisuc (Appendix
O in SECY 82-46%5) and probabilistic Appendices G and H in SECY 82-465) considerations will be be
reconstructed. This will serve as a baseline for examining the impact upon the screening critena of vanous
fracture model modifications. Some of the fracture mode! modifications to be considered are as follows:

. the use of regulatory guide 1.99, revision 2 to predict the radiation-induced shift in
rindt.

. Mmaﬁumamwmswr«Wmo.wmwam
percent.

. inclusion of clad plastcity and fracture loughness
. mhmmmdzamum

. isthesion of frsctere initiation toughness comelation that includes the effect of shallow
flaws snd biatiel loading st

e inchesionof plese regions

. various flaw densities

3153 Provide Technical Suppor For NRC (a) This subtask provides for technical support 1o the NRC staff

ACRS /CROR reviews and public comment period. () This subtask provides continuing technical support

dunng
an:ﬂ:ﬁhwwm specialists / expens meetings.
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The general work 10 be performed under this task emphasizes developing unique test methods, determuining
mechanical and physical properties of the matenals needed for RPV fracture analyses and mszgin evaluauons.
Additionally, thus task provides z direcl liaison with the HSSI project (Job Code L109%), 1o obtain data and input
regarding irradiauon effects on matenals. However. it does not perform irradiation experiments nor tesung of
irradisted matenals. Two Subtasks within this task deal with the development of J-R curves for a number of heats of
A302 grade B sieel. and the development of dynamic fracture toughness curves under prototypical dynamic loading

condations.

Wmmﬂh&mwm‘“ The objecuve of this Subtask is 10
develop ducuie fracture toughness data. in the form of J-integral teanng resistance curves (J-R curves), for A302
grade B plate matenals typical of those used in fabncaung reactor pressure vessels. A previous expenmental
study with one parucuiar heat of the A302 grade B plate matenal showed decreasing J-R curves with increasing
specimen tuckness. In FY 1994 several heats of A302 grade B steel were performed at muluple lemperatures and
in muluple onentauons 10 obtain J-R curves. Compact specimens of 0.5T. 1T, 2T, and 4T size were tested 10
invesugate the effect of specimen size on the J-R curves. Additionally, Charpy V-notch impact, lensile, and drop-
weight tests were performed 10 charactenze the matenals and to determune RTyprs. The J-R curve tesung
Program matnx was completed dunng the FY-1994 work penod. with the excepuon of a senes of tests with two
heats 10 examune vanability; this aspect of the project may be pursued al a future ume. Most of the test results
mmﬁmnwmdmuun FY-1994 work penod. nnumn;eﬂmmw!ucomof
theSumilvdndu-hdudmofmmwnxlwcn-wymdwum“wm
mcudyWmnnmwmtpmuce.wpnmondewmmat A formal
NUREG-CR report giving 2 detailed presentation and discussion of t i

metallographuc descnpuon of the matenals, will be completed by August 31. 1995.

analyses it is necessary (0 utilize dvnamic {racture imitiauon and subsequent dynamic reinitiation fracture
toughness values approprate for crack-growth iniuation. crack-arrest, and post-arrest crack-growth reinitiation
conditions pror t© final fulure. The key 1ssues are as foliows:

. nopﬂﬂhﬁmmﬁ‘“kﬂvﬂ-muomdhm
irradistion .wmmammm-*dw

m—smummmmmmumww Appendix A
nomunauulcwuwm 1.154 trest crack-amrest as 8 static eveat and
iwwcw-mm-mmmx.dm“ These has
been little incentive. therefore, for the gensration of dats for dysamic fracture initistion, Kyq. Dynamic
Mmunmmyuym.

’_#‘M
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« In the lower-shelf and in the brttle-1o-ducule Uransiuon regions the fracture toughness of RPV fernuc steels
decreases with increasing loading rates. The NRC funded test data (Ref. 2] show that the dynanuc fracture
\muauon toughness, K 4. of A533B sieel decreases substanually with increasing loading rates.

+ The dynamuc analyses of HSST Wide Plate tests (Refs. 3-4] and the CE/EPRI crack-arrest specumens
(Ref. §) have shown that the reinitiations are predicted 10 occur at higher loading rates and at higher
Kyg values than those covered by the NRC test data set (Ref. 2]. Therefore the test data in Ref. 2 are

not adequate for performing dynamic response analyses of large-scale test specimens and RPVs.
Hence. there is therefore, a need for generaung additonal test data at higher loading rates.

The objective of this Subtask «s to generate dvnamic plane-strain fracture iniuation toughness test data, K4, W0
venfy the accuracy at key selected points of. and extend further. the exisung data set (Ref. 2] for AS33 grade B

class | steel, and to extend the daia set 10 higher loading rates in the range of 10° 10 109 ksivin/second. and to
find the effect of the normalized lemperature (T-RTyp7/ on the Kig. The toughness values for additionsl loading

rates will be generated to extend the upper limut of the data set. as presented in the test specificauons (Ref. 6).

Details of the work to be performed are defined in items 6.2.1 and 6.2.2 below. This development and matenal's data
generation program is intended 10 include a broad range of test conditions. 50 that the dynamic fracture initistion
(oughness values determined. in addition 10 the values presented in Ref. (2], can address RPVs under most of the
possible sets of transient loading conditions for which dynamic fracture toughness. K 4, cvaluation is appropriaie.

ltemn 6.2.1: Dynamuc Fracture Iniuauon Toughness Test Data Generauon

The verification of the data set (Ref. ZlunyvduofdquMiodiumdw
values, will also be performed 10 determine thewr accuracy. mwmtld.nwillhwdﬁ
with toughsess values in Ref. 6. Duhahﬂl”’mk”nﬁﬁadhu“uw
M*.@ﬁ“ﬂhm

fremn 6.2.2: Test Dats Interpretaton and Toughness Determinstion

The iem of the Subtask includes test data gahering, reduction and interpretation, detenmination of individeal
MMM*M.‘MM»MQ“:&“&.‘
at the isothermal temperature conditions specified in Ref. 6. During the FY 1995 work period a test dats report
will be completed by the subcontracior.
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(3) R H Bryanetal. Pressurized- Thermal Shock Test of 6-inch Thick Pressure Vessels, PTSE-2: Invesugauon of

Low Tearing Resistance and Warm Presuressing. 'SNRC Report NUREC “R-4888, Oak Ridge Nauonal

Laboratory, ORNL-6377, 1987

(4] D J Nausetal. ‘Crack-Arrest Behavior in SEN Wide Plates of Quenched and Tempered AS33 Grade B Steel
Tested Under Nonisothermal Condiuons. USNRC Repon NUREG/CR-4930, Oak Ridge Natonal Laboratory.

ORNL/TM-6388, August 1987

(§) D.J Ayres and R. J. Fabu. ‘Reactor Vessel Integnty Analysis Based Upon Large Scale Test Resuits.” IAEA
Committee on the Safety of Nuclear Insiallanons (CSNI), Specialists Meeting on: Fracture Mechanics
Venficauon by Large-Scale Tesung, Oak Rudge. TN.. October 26-29, 1992, p. 585-598, NUREG/CP-0131, 1993

he Dvnamic Fracture Imuation Toughness Tesung of a Reactor Pressure Vessel

6] B. R. Bass, “Specificauon fof t
94.001. Rev. | March 14, 1994. ORNL.

Steel.” Specific. Report No HSST-HO6-

The objective of this task is 1o evaluate. interpret and apply the results of HSST program research (o the regulatory
process through interpretive reporis, consulung 1o the NRC. and direct parucipauon in the consensus codes and
standards process. Accomphshing the objecuves of this task requires that the expennmental and analytical results
produced by the other five research tasks be carerully evaluated. supplemented where necessary, and interpreted. along
with other available results. In this process. the sigmaficance of research results must be clearly stated. taking full
account of exisung regulatory critena. the pnnciples of fracture mechanics, the theory of plasuciry, and the
fundamentals of structural strength and .mawddﬁmtmw(l)ucmw
rmtmudnimmmndcmpmwMwmmﬁ:ﬁwhﬂ:ﬂ‘m
research including (a) the evaluauon of margins in the code fracture toughness curves and (b) the analytical and test
fects associated with shallow flaws and biaxial loading, (7) implement

investigation of crack-uip constrant ef
\n nauonal and international codes and standards acuvities, and (4) provide

rechnology transfer twough parucipation
\echnical assistance 1o NRC, as required. in document reviews and technical meetings. During the FY 1995 work
period, significant acuvives in characienzing out-of -plane crack-tip constraint effects in the transition lemperanue

mﬂomcuﬁlgmmmn-mhnnmoammoﬁmvillh.pdaundiao(hcmh.
MNMMMMMMMMHMthM

wwmww This Subtask is
i of the fracture analysis methods used
i m‘wmunmuwummnmul“a
SM“WhMmmn-lwﬁl (Januery 1993). An assessment of the state of

TM&M&MM)OAMGMHN:MMMIMMJ.M
NUREOICRmmFYl”G,MwIIMuM“MMMM

(i) Stress-imensity factor, Kp (due topmsmmdx-r(dutowm).wuufcuhny
“chmmﬂlymum“nampo(dmmumsmsmc-ﬂm;

d-m-OJa(nMMKde&SlZMW?m
muuun,nmmmnummwmumu inthe US.

(ii) amemmmmpdmmwmm.ﬁ&aﬂuu
mwuwwumwcmwwm
ﬁuhﬂ:ﬂm—h‘w*‘uu‘m.mmxdhww

for computing Ky AD

M”
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(W) The need 1o include residual siresses in the regulatory analysis; this evaluauon will also include a

discussion on methods needed (o esumate them.

The uncertainty in the overail determination of K AppLIED and its potenual impact on the analysis

margin: the work will make an assessment of biaxial loading effects, and their influence on overall
accuracy. The work will also assess material property uncenaimues. and how these could impact the

margin needed Lo assure a “conservauve ‘ analysis.

(1v)

7y Planar shallow-flaw specimens have been shown

1o exhibit a significant toughness increase over deep-flaw specimens due (O in-plane constraint effects. The
objective of this Subtask is to recommend changes in the current procedures for analyzing shallow surface flaws
\n RPVs. These recommendauons will include the in-plane shallow-crack increase in toughness and the avalable
results on influence of biaxial loading, since all shallow surface flaws in a RPV are subject to biaxial loading.
[nterpretation of past (HSST generated) and present (the shallow-crack beams tested at NSWC and the full-
(hackness clad beams tested at NIST) data will be conunued. Stran gradient influences will be considered. In
sddition. this Subtask will evaluate the need for. and if necessary recommend, methods 10 be used by the ASME
code for determuning fracture margins for shallow-surface flaws subjected to biaxial nomunal stresses. The effects
of biaxial losding on the opening-mode suress inlensity factor (K) under elasuc-plasuc loadings prototypic (0 RPV

beli-line region will be ¢

1

The
obpctxvco(deMkutoMmmemuluottheHSSTprogrmloprnmedmghpuucm:nvm
nauonal and international codes and standards organizauons. Based on current iniuatives in nabonal codes and
smumwfoumn.xuwmmuu.mwmmussrpromummﬁlmm
penod:

(1) ASME Section X1, Working Group on Flaw Evaluation

(i) ASME Secuon XI. Working Group on Operaung Plant Critena

(1) Asusmxl.swmonemmonsm

(iv) MW&T‘M«WNM&MMM

(v) mmmummmm“umm(ﬂ
Mmmmxwm(mmxumm

(vi) mwmmcmmwwnmumurmwm
particular cmummmoumuumwnm
S.T.ﬂ.mﬂhﬂmwmmﬂm

mmhummun 1995 work period will include attending the meetings of each
mmmwcﬂﬂmwb«mhm-‘Mu‘-ﬂcm
before the groups.

Meeung mwpmmmummnwmdu
moetng. mﬁlmw“mmbmuﬂdqm
muummmum“mmmmmumuwem.um
mummmwm
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74) The objectuve of thus Subtask is to provide short-term technical

sssistance 1o the NRC in reviewing technical documents. and [ arucipaung In vanous technical meeungs with and on
hehalf of the NRC. The specific acuvities (o be performed dv.ang this work penod are descnbed below. However. it
.hould be noted that other activities may be addec unry¢ the FY 1995 work penod by modification of the statement of

work.

(i) A prompt transfer of HSST program outpu! (0 nauonal consensus standards (ASME, ASTM and

PVRC/WRC) is to be carmed out under this Subtask. Upon approval by the NRC project manager, specific
rechnical issues will be addressed as they anse. Duning the FY 1995 work period, this will include:

v-factor influence coefficients

thH Presentations 10 ASME Secuon XI of a tabulauon of stress-intensit
and the basis for selectuon of

for finite-length surface cracks (including and the cladding effects)
satery factors for nuclear structural systems. and

Presentauions to PYRC/WRC communees. of HSST program resuits on the effect of shallow tlaws
on fracture toughness under prototypic condiuons in reactor vessels.

(1) Conunue leading the development and balloting of an ASTM standard for the measurement of fracture
toughness in the brittie-10-ductile transition temperature region with small specimens. [nsure thai the

\echnical basis for the standard 1s documented.

(w) onvtdlumwNRCinu-mMngpublkcommemw|w~ulundtothednﬁm.won
low Charpy upper-shelf energy maienals. This will include conunuing the invesugation on the technical
basis for the equations for stress intensity factor (k) under steady-siaie and transient thermal cooldown and
pressure loadings.

32 FY 19%

i i . subconuract mansgement. quality comtrol, and communicauions
sctivities defined in secuon 3.1.1, will be continued in FY 1996, Twelve monthly progress reports and two semiannual

reports will be produced. Progress lowards meeting Lhe program objecuves will be assessed by maintaining &
" research actvities. Resuls from the surverliance activities will be

conumuing ol onaput the program
used 10 as3o88 qun—dumnuuqummnu
plan N“nh”mﬂﬂ?ﬂ*hﬂhm

programs :
approval of the NRC Project Manager.
Matenal mmmmmv.umuﬂ'w(mwb-u—lu
Muummwmm-uv-nmuuwmw. The maeterial 10
hMﬂW(l)MMfuhmdmwume)&ﬂ
MWWMMMMMMSMMWq—.
Can-muwmmmumm«muwmm
umwuqmamfammmmmm«mmm
‘ i ‘ WMNW&&WW
r«-mdwmmmwmﬂu-ﬁmwn
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122 Constraint-Effects Analytical Development and Validation (Task 2l
Wmmmmuﬁmm&u The effort in this /;:otask is completon of and
ated during the FY 1995

a direct extension of the venficaton phase biaxial-loading-effects testing init

performance penod. All of the validauon tests will have been performed on specimens with a single flaw depth
(one &/W rauo) and of & single specimen size. It is thus required that invesugauons be performed (2) to quanufy
ihe applicability of the consuraint methodologies for different shallow-flaw depths and (b) determine the
iransferability of the methodology to predicing behavior in thicker secuons (approaching those of an RPV

tuckness). Tests for (b) will be restncied (o constant-depth 2-D flaws.

2 The venficauon matnx lests will be completed dunng

3192
one on the Phase | venfication tesung and a

this periormance penod. Two letier repons will be prepared.
summary report for this completed venficauon matnx.

Cruciform tesung will be \mitiated to study the combined influence of flaw depth and biaxiality on fracture
toughness. The intermediate size specimen. the same size as that used for ‘he venficauon test« and test
matenial will be used. Two additional flaw depths. (entauvely selected as /W » 0.05 and /W = 0.15, will be
used. Two biaxial load rauos are specified. The proposed (est maunx is shown in Table 2.2. A total of 8 tests
are included for prelimunary venficauon o
bualimnlthmouumhuumycommw.udemumdby Phase | of the venficauon esung, will be
used. Au”llmllbc fabnicated dunng this performance pmodudmuuwiubccoqhﬁhwiy
, al for these iests will also be the heat wreated HSST Plate 14. Practographic
\nformauon will be generated for a select number of fracture surfaces. Location of initiation sites. the amount
the extent of the plasuc zone size developed around the flaw up will be determaned.
Full definition of the test Matrix. naclodnumwmummmdumﬂhpﬂd
Wﬁmcmmmgnm‘mdmhupnw. M.dymmllbudumh“h
nummuwdlodaa;wouldbeupecwdwhavcucﬂmonﬁwmps Smali-ucale
specimens. |.€ plane-strain, CTOD. slow-bend Charpy. will conunue 10 be utilized, 25 appropr 1. (O assist
) dmmwunduvm“dwmbdcmw. A leter report wiil

NMMJOMQMMcWMmIImMMM“W
m““dcmda-mumllbopcﬁMtonﬁly ransferability of the cosstraint
methodolegies 10 thicker secuons. Vwmdem ogy is secssssry for
will pon Fequire eewsng
e velopment for Implementsion. mwmnummn—-umuw
loud-diffusion-coatrol

beam being 8 homogeneous unit. All detauls, flawy geometry, shots, esc., will
um—ummmmmumuwu—-—a-uh
m.d-nu-upw
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Tabie 2.2 Proposed Test Matrix for Flaw Depth Effects Verification Testing (Subtask 2.1.1)

Bawch # Normalized Test ~¥W Rauo Load Biaxiality Notes
Temperature Rauo

1 TBD 0.05 LRI ab

2 TBD 0.0 LRI ab

3 TBD 0.15 LR2 be

4 TBD 0.15 LR2 be

Test Specific Notes:
1 The &W rauo s preliminary awaiung detasled. pretesi analvses

b. LRI is defined as the baseline biaxial load rauo
¢. LR2 is defined as the most severe biaxal load rauo

General Notes:
4 All tests will be conducted with the cruciform specimen developed during FY 1993-95 using 8 2-D Naw

configuravon with the specified a/W ravo.
e All specimens will be tested in the heai-treated condition (0 assure prolotypic SUrEss-SUrRID response.
f A baich refers 10 two specimens iesied ar idenuical conditions. A total of eight specimens or four batches
are being specified for tus mawnx.
£ Tmmuwﬁdmhﬂnmu“fahnnﬁaﬂummx.
h Load ranc 15 denoted as ransverse load/longitudinal load.

lmmummwummwnaauewummwwm
mmaﬂﬂumudumm-mmmmmuummu
the same as those for the flaw depth maunx. anwmudmw'ﬂhw
during the FY 1996 purformance penod. lxuplmmmutwmddﬁwﬂlhmw
fabricated duning this performance penod. Ali ma.muucmmmnlmm
puMAuMchmmdhenmmumdmnupﬂMhnim

Table 2.3 MTdMIwWSWMMVMTm

(Subtask 2.1.1)
Specuncs ¢ Normalized Test ¥'W Ratio Load Biaxiality Mesan
Temperature Ratio
i TBD 0.08 LRI ab
2 TBD 0.05 LRI ab
3 TBD a1s L2 be
4 TBD 0.15 LR2 be
Test Specific Notes:
a mﬂmnphmmmmndm
b LRI is defined as the baseline biaxial load ratio
¢ LR2 is defined as the most severe biaxial losd ravo
Genera! Notes:
d ummummmmmmsmmwmn-om

configuration with the specifiet. o/W ragc.
3 Mwﬂh“hhwmmmuwnicm”
4 T-mummuuu—.umummm
5 Load rano is denoted as transverse:longirudinal load.

—M
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2 2] Analyses will be required to establish the a’'W nauos

10 be used for both test matnces insuated dunng this performance penod. Detailed finite-clement analyses
will be performed using 3 design-ivpe FEA model which 1s of sufficient refinement 1o establish test
conditions. As was done previously, analysis of the tests will be performed (o determine the toughness from
the expenmental data. Esumates of the P vs CMOD n-factors requared 10 inierpret the test data as a functon
of crack depth. lemperature. and load rauo, will be developed. The matenal properues used in the analyucal
model will be representatve of the test material near the flaw up. Both pre- and post-test analysis will be
performed to provide test guidance. Requured modeling refinements or modificanons il be performed using

.test evaluauons of deformauon behavior. Fracture toughness esumales will be developed for all tests.
Refined crack-up modeling will be conducted as a pan of Subtask 2.2. to provide compansons between

computed and measured mechanical response.

\ |etter reporn detailing the test and anaivsis results for the flaw depth matnx specimens will be issued by the
end of the performance penod. The report will include test results. analysis results, test and analysis
-ompansons. n-faciors used 1o determine toughness from the test data. summary fractographic results, and
preiminary interprewauon of the oughness resuits. Quanuficauon of the etfect of flaw depth and biaxial
loading on fractire toughness and an assessment on the scatter of toughness results will be included.

A limuted number of smail-scale fracture specimens will be tested to support constraint model development

and (o assist inlerpretaion of analysis results. Plane-strain tensi
fracture duculity under plane-strain constraint conditions. The specimens will be machined from the same
matenal as that used for the development phase specimens. A new specimen type will also be machined and
venfication tests performed. Using this specimen, measurements of CTOD at fracture can be made directy.
and the relauonship between iniual crack-up radius, CTOD at failure. and failure energy can be invesugased.
nmmmummmuuw. toguhuwlmmnsulu&omthcdevdopmwmm“w
nmcvdmbnwlypmpondm-m-budmnum. Tests of this type will also
uwmmmmmwm 14 Data from these tests, in conjunction with the swess-
strain-based constrint model, will be used to generale pretest predictions of fracture behavior for the

venfication phase cruciform specimens.

The deliverables for Subtask 2.1 in FY l”omktwrnpuuonnuelmm.mu.wnm

mmmmmmm esung.
Mmmdmd
mwm—wmummmwmmﬂu
conunued. nm«uwmmﬂwmamw
upwmwmdmmm \ested under the lossleg sffects
validation and the flaw-depth of Subtask 2.1 above. (b) the clad beam
msrmuu:.s.ummcummu-um;wu-uus.m 1f idsacified,
nm«m—;wmnusmwwf«fmdmwwd
validation. mwi.mmnuwwmmwd“t—-
WMW-MMMMWM mwwﬂbm‘h
mMMvMumanmnonmmwmmm
comrelation.
mwm:«smuu.mmmﬁummmumw
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-

on LET'M concepts

v Inf sence-coefficient methodology based

1 used in the FAVOR PFM code to pertorm determuinisuc and probabilistuc RPV structural
integnty assessments. As a near-ierm refinement in the assessment methodology, the development of a genenc
clad yieiding model will be completed and implemented in the FAVOR program duning the FY 1996 work penod.
The genenc model will incorporate clad vielding into the calculauons. while permutung the LEFM influence

coefficient approach (0 be recuned in the presence of the cladding nonlinear response.

nce of the genenc clad vieiding model will be evaluated through
applications 10 RPV integnity assessments. Geometnes. matenal and (oughness properues. as well as transient
loading conditons will be @ fined in an analysis matnx. Assessments of the conditions defined in the anslys:s
matnx will be performe= using the FAVOR code. Further refinements of the genenc model will be formulsted

an4 implemented 1n FAVOR based on the results of these assessments. These refinements may require addi
dewrmimstic 1D (‘asic-plasuc finite element analvses of shallow surface cracks in RPV models. A letier report

descnibing the results of the integnity assessments and retinements of the genenc clad yield stress model will be
issued by the end of the work penod.

During the FY 1996 work penod. the pertorma

Specific accomplishments planned for this Subtask in the FY 1996 performance penod are as follows:

+  complete formulauon of aralvsis matnx for RPV integnity assessments using the genenc clad
yrelding model installed 1n FAVOR.

«  complete applicauons of the genenc
based on the analysis mawnix.

+  formulaie and implement refinements of the genenc clad yielding model based on

demmwmemqm
¢ issue a letier report on Interpreiauons of RPV structural integnity assessmenis and further

refinements of the generic clad yielding model.

clad yielding model 1o RPV saructural integnty assessments

ia ' During the FY 1996 performance

penod. tesung wili be completed for six development clad cruciform specimens and for the balance of the test
matrix defined in Table 3.1, 1.e., groups I-3 in Phase | and groups 4-9 in Phase [I. Thus. 2 total of twenty-four

mmuwumm
Tnmlhhuhh-ﬂmviﬂmmfamhmdmwﬂ
cwu.f_lnummum These variables include crack geometry (depth and leagth).
mwmwmcmmmmm-mnwum
mmmmnmmuvmnm

Mﬂdmﬁanunﬂuwmemmmqfaaxkim”hm

region as a funcuon of crack geometry. Pmudeﬂmucrskgmmfamwﬂlhqdd“
mum:mmmmrmmm The effects of some of the other variables ideatified
Mvillbinmlndinddidoadmolmutohcpuformdudu‘rutzui&ﬁqhm

goometry .
Mﬂmﬂm&nﬂaﬂmdmmﬂmﬁmmﬂh-&uwu
the test results will be made. mmemwmammmwwduu#ﬂ
be performed. Ahwqmmﬂbnndbytbuddmmm&'mhbnﬂ.
and analysis of clad cruciform specimens. The resuits obtained from tesung and analysis in this Subtask will be
W-suurumm-memmum

Mwwfamsmwmn 1996 performance period are as follows:

————— S ST A— P ———————S
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complete development tesung of six clad cruciform specimens,

complete fabncauon of groups -3 clad cruciform specimens for Phase | venficauon tesung,
complete groups |-3 specimen (ests for Phase [ venficauon tesung,

complete selecuon of suriace-crack geometnes and test parameters for Phase [ of venficaton tesung,
complete fabncauon of groups 4-9 clad cruciform specimens for Phase (1 venificauon lesung,
complete groups 4-9 specimen tests for Phase (I venficauon tesung,

complete postiest computauonal analvses of clad cruciform specime ns. and

1ssue letter report descnbing progress in (esung and analysis of clad cruciform specimens.

- s % 8 = = » =

3 x During the FY 1995

performance penod. iniual preparalions were begun for a large-scale clad cruciform tesung program (o invesugale
the influence of cladding. flaw depths, and biaxial-loading ratios on fracture toughness. The specimens will be
sufficiently large to curcumvent some difficulues associated with transfer of fracture toughness data from smaller
|aboratory-scale specimens (0 full-scale structures. The servo-hydraulic test machine employed by the HSST
program at ORNL was modified (0 increase both the total load capacity of the test fixture and the size of the beam

specimen that can be tested.

A preliminary fest matnx is provided in Table 3 2. The clad cruciform specimens will be fabncated from
SNUPPS shell matenal in the “as received” condiion. The test section will contain a through-clad surface flaw
located in clad-weld matenal. The selecuon of test parameters such as crack geometry, (st lemperature, loading
ratios. etc.. will be scrongly influenced by resulis generated from the senes of medium-thickness clad cruciform

specimens descnbed in Subtask 3.4

Duning the FY 1996 performance penod, a fitness demonsurauon will be completed for the test facility and test
procedures using & dummy large-scale cruciform specimen fabricated for that purpose. Also, any necessary
modifications of hardware or procedures idenufied in the first large-scale test will be completed. A letter report
will be issued by the end of performance period describing progress in the large-scale clad cruciform tesusg

program.
smrnwmrmmsmmcnw 1996 performance period are as foliows:
. coqphu fabricatios of a dummy large-scale cruciform specimea for a fitness demonstration of test

+ complase assembly cad instalistion of the tess fixture for large-scake clad cruciform specimes testing
. *-mwuuuamumﬂua—ymu
. wlmmumu&hmm—&mmm

1243 Deveiopmens of a Prediciive Enguncering Meshodology (Subtask 4.1) A methodology will be developad
nwmmmm«mwi-wuwm“
analyses. NWMMMIMcM|MMdWM~“
M(iknuwu-mmmmmqumuw“m
mp““-ﬂhpmﬁﬁnchvmim MWWM
mw-mumd‘mmummumw
mmmwuuwuwm*«
- \{
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consututve formulauons that descnibe progressive damage and matenal softening of the local crack-up region and
parametnc correlauons of Jg-curve data with controlled changes in crack-up constrainL

y ' B Performance assessments based on applicauons of the
candidate cleavage and ducule teanng models o measured data from RPV sieels will provide necessary inpul
for defining the teanng-to-cleavage mode-conversion model. The preliminary fracture-mode-conversion
model which includes both cleavage intuation and ducule tearing models will undergo validation procedures.
A detailed parametnc study will be performed in FY 1996 with the prelimunary mode! for a relevant range of:

(a) geometnes,

(b) transients. and
(¢) loading condiuons.

Modificauons will be made to the fracture-mode-conversion model bised on the validation study. As pan of
the model modificauons. an invesugauon will be carned out (o determine the difference in the stress field
ahead of a growing crack using the Gurson model and crack-up-opemung angle failure cniena. Also, the
affect of pre-cleavage ducuie teanng on the D-A toughness scaling model and Weibull stress calculatons will

be investigated.
Initial empincal relauonships will be generated from the final analysts results.

12432 Repons (Subtask 4.3 C) The preliminary methodology (o include the fracture-mode-con version
modtlmﬁnmmandyscsmﬂbemmdmalemnmmﬂ 1997.

32413 Validation Testiog (Subtask 4.3 D) The predicuve engiscering methodology will
validstion procedures i FY 1997 A test mamx will be defined for the cruciform validation tests in FY 1
that will include pre-cleavage ducule tearing. The test matrix will include: (1) specimen type, (2) crack
geomerry, and (3) lest iemperatures and loading conditions.

1.2.5 Fractars Anatysis Methods Development and Applications (Task 1)

12.5.1 Contisuiag Development of FAVOR (Subtask 5.1) The stress iniensity influeace coefficients (SIFICs)
m-mwamlmmmfuMywmmwmwmmm
ratics of 2. 6, 10 wncum"‘aummummmmnﬁdwwh
' into the FAVOR computer code. The implementasion of the SIFIC databese into FAVOR will be
MWMWM}-D&MM-HMM*

wwnumwmnumdhw
version of FAYOR module 1o perform “method 2” PTS asalyses. The NRC has spesified that the uncértainty
associated with flaw-related data in wailded regions be incorporsted into the “method 2™ type of maalysis by wsing
the PRODIGAL computer code. The PRODIGAL code is sn experi-based system (developed by Rolls Royce.
mubmmvummnwmaumhm
uumw(mmmmmuummmhwm
fabrication. This necessitates a software interface between the speciaiized vevsios of FAVOR and

mnnmmhmwuamd&m“ ‘
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Subtask 6.1 will have been completed dunng FY 1995, For Subtask 6.2 on Dynamic Fracture Toughness Tesung, an
|nterpretative NUREG/CR report on dynanuc fracture \niuauon toughness data in the ducule-to-brittle transiuon
regron will be completed by the end of December 1995, The report will provide 2 detailed presentaucn of the dynamuc

fracture toughness test results and 8 companson with previously obtasned daa.

The objecuve of this sk continues to be the evaluauon, interpretation
research 10 the regulatory process through interpretive reports, consu
consensus codes and standards process. The NRC has elected to base its regulauion of the nuclear power industry, as
much as possible, on industry consensus codes and standards. making direct parucipauoo 1n the development of these
standards an activiry of pnme i  An assessment of the fracture analysis me used in current regulatory
nued 1n FY 1995, will be documented in a NUREG report. During FY 1996,

applicavons, begun 10 FY 1994 and conu
significant research results will become avaslable from Tasks 2. 3, and 4, including additional unclad cruciform and
full-thickness clad beam fracture toughness data. biaxial and shallow-creck constraint analysis results, clad yielding

analyses, and ¢ studies of fracture mode conversion from ductile teanng 0 cleavage. These results will

mmwhm&&;mwmwmunmmmphsdmumwmum
) uuouuormsmnmrunm remain the same as for FY 1995, except that the scope of

The

Subtask 7.2 will broaden and its utle will change from “Incorporaie Crack-Tip Construint Effects” to "Results
Incorparation inio & State-of-Art Analysis Methodology.” A letier report coscerning intenm recommendations for
cM;MMWMm(mﬂanvﬂhwcﬁyhﬂ 1996. Meeting
nmwmcwummwwmwmuwnum
m:Mlemmwmngx

33 FY 1997

13,1, Progrem Massgeemsad (Lash Ll The program direction, moaitoring sad control. subcontract management.
qmmummw.ams.l.l .unn.wmumwunlm.

_Jo
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2 . v 2). A NUREG/CR report will be
prepared by the end of this performance period to summarize the effort 1o assess and refine existing and/or
modified stress- and stress-strain-based dual-parameter fracture-toughness-constraint-effects methodologies.
Work performed in prior years of this acuvity will be completed by application of the candidate fracture-
toughness-constraint-effects methodologies to (a) the large-scale cruciform specimens tested under Subtask 2.1
above, and (b) the large-scale clad cruciform beams being tested under Subtask 3.4, The analytical investigations
will be supplemented by metallurgical examinations of selected fracture surfaces from shallow-flaw fracture
toughness specimens tested.

The deliverables for Subtask 2.2 in FY 1997 is a summary NUREG/CR report covenng the assessment of the
different constraint methodologies considered under this task.

333 Evaluation of Cladding Effects (Task 3)

1331 Quasi-Stauc Clad- Yielding-Model Development (Sublask 3.1) Evaluation of the generic clad yielding
mode! through applications to RPV integnty assessments will be initiated during the FY 1996 performance period.
Refinements of the genenc model will be formulated and implemented in FAVOR based on results from these
assessments.

During the FY 1997 work penod, evaluation and further refinements of the updated clad yielding model based on
RPV integnity assessments will be completed. These assessments will incorporate relevant shallow-crack biaxial
data provided by the :ntermediate-scale clad cruciform tesung program conducted in Subtasks 2.1 and 3.4 duning

1996 performance period. A NUREG report will be completed dunng the performance period that
discusses model development, validation procedures applied to the model, apphications of the model 1o RPV
assessments, and limitations of the formulation,

Specific accompl_iuments planned for this Subtask in the FY 1997 performance penod are as follows:

complete applications of an updaied clad yrelding model 10 RPV integnty assessmenis, _
formulate refinements of an updated model based on interpretations of results from RPV integnity
ASSCISNENtS.

«  compleie i ; olnﬁmmuwdncldc::ldin‘uwdelinﬂnFAVORco&md

« issue 8 NUREG report on model development, validation procedures, interpretations of RPV integrity
assessments, and lunitabons of model.

vy ‘ ' Testing and analyses of the
intermediate-scale clad cruciform specimens described in Table 3.1 (Phases I and II) will be completed in the
FY 1996 performance period. During the FY 1997 peniod, 8 comprehensive evalustion of the iniermediste-scale

clad cruciform testing will be corducied (o desermine the impact of results from the lesting program on
fracture prediction and on RPV integrity assessments. '

Specifically, assessments of stress-based and strain-based dual-parameter fracture comelstions will be
Wmtuu”ﬂdﬂdhu 10 the shallow-flaw clad and uniaxial

dats base. Also, analyses will be performed with the FAVOR computer o determine the

of the fracture toughness dats base on the conditional probability of creck in represemtative RPVs

subjected (o severe PTS transients and to P-T loading transients. These PFM analyses will utilize fracture
toughness curves derived from the shallow-flaw clad biaxisl and uniaxial toughness dss base. A NUREG repon
will be completed during this work penod that provides a comprehensive evaluation of the clad-cruciform esting
program and the implications of the shallow flaw toughness data base for RPV integrity assessments.

Specific accomplishments planned for this Subtask in the FY 1997 performance period are as follows:

. assessment of dual-parameter fracture toughness correlations applied 1o interpretation of
flaw clad biaxial and uniaxial loughness dats base, . L
. evaluation of the influence of shallow-flaw clad biaxial and uniaxisl toughness data base on

integrity assessments, and ;
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{ results from the intermediate-scale clad

cruciform tesung and analysis program.

k)

Following completion
correlauions will be performed
from any specimens exhubiung

with

comprehensive

conclusions denved from the large-
program will also provide input 10 the comprehensive evaluauon in Subtas

flaw clad biaxal and uniaxial toughness

Spec

complete {abncauon
¢ readiness

.
L
.
-

performance penod. fabncauon and tesung

Table 3.2. The clad cruciform specimens
condition. The test secuon will contain a through-clad surface flaw located

of test parameters such as crack geomeury, lest
results generated from the senes of medium-thic

of each test, posi-test finite-element near-crack-up

pre-c
conversion models developed under Tas
NUREG repont will be 1ssued

\fic accomplishments planned for thus Subtask

review for first large

During the FY 1997

wiil be completed for the large-scale cruciform specimens given in
NUPPS shell matenal in the “as received”
\n clad-weld material. The selection
ravos. etc.. will be strongly influenced by
umens described in Subtask 34

will be fabncated from S

emperature, loading
kness clad cruciform spec

| (from Subtask 2.2). Expenimental daws
leavage stabie teanng will provide input for the assessment of fracture-mode-
k 4 for the ducule-to-brittle transition lemperature region. A
by the end of performance penod which describes results and
cruciform tesung program. Results from the large-scale tesung
k 3.4 of the influence of the shallow-

data base on RPV integnty assessments.

the selecied constraint-effects mode

scale clad

0 the FY 1997 performance penod are as follows:

of first large-scale clad cruciform specimen for venficauon tesung,

.scale clad cruciform test.

complete venficauon iesung of first large-scale clad cruciform speciumen.
complete any NECEssary modificanons of procedures or hardware for conductng tests of large-scale ciad
cruca{orn specunens.
. cmwumdfwmvnhcumm
. cWMo‘ mﬂulw-mcucmnh‘mwt«mmm,
. cmmmmmgdmnnw-mcumdnm
«  complete analyses of remaining large-scale clad cruciform Lests.
. cozmmwoﬂm-mdcmmawucwmmmehcvdMin‘l‘ubzw
4,
«  issue NUREG report on comprehensive interpretation and evaluation of large-scale clad cruciform
lesutg Program.
mewwwmﬂh
Witwk-lwcm:ﬂuPAVOl(W&JA). The preliminary
muwuwmmmwhm : and probebilistic
mmmdumwmamww weld matenal) in the
(ransition region. mm«mmmucm‘wmmmm“u
Mcw«mmwwuumamwm.

mmﬂmvdm“(wwmm

mnmwmumou(mruu)mmmumwuﬁ 1996 detmling

(a) specimen type.
(b) creck geomey,
(¢) and st lempersaures

The expenmental dats
mode-conversion model for the
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MWM Posttest analyses will be performed with FAVOR to

confirm the predictive capabiliies of the method ‘ogy. Modifications will be made 10 the predictive
engineenng methodology based on vahidation test results

A NUREG/CR report describing the methodology for inclusion of
fracture-mode-conversion model in deterministic and probabilistic fracture mechanics analyses will be issued
upon completion of this Subtask.

3.3.8 Fracture Analvsis Methods Development and Applications (Task £)

During FY 97, the correlation to include clad
plasticity (developed in Task 3.1) will be incorporated into FAVOR. The methodology to incorporate "plant-
specific” vessel inspecuion daia into “method 2" PTS PFM analyses will be implemented inio FAVOR. The flaw
density and flaw size distribution data generated by PRODIGAL expent system will be considered as the pnior
distribution.  “Plant specific” flaw inspection data will be incorporated through Bayesian updating to generate
plant-specific posterior flaw density and flaw size distnbutions. Personnel from Sandia National Labortaory will
be responsible for the development of Bayesian updating techniques. [n order to meel the milestone for the
implementation of Bayesian updsung techniques into FAVOR., the methodology developed by Sandia must be
received during the first quarter of FY 97.

WMJNW The objective of Phass il is to perform
dsmommmdymfummdymuwnﬁludﬂawommkuplm. Phase I will be &
coordinated effort between various organizations (o integrate and apply the revised technical bases and
methodologies, developed in subtask 5.2.4, 10 plant-specific test cases using both method | and
method 2 types of PTS PFM analysis.

The first plant has been designated as the H.B. Robinson plant. The second and plant will be designated
the NRC at the appropriate ume. Dmngﬁﬂ.&mnmnmmawymwnllupafamdh
H.B. Robinson plant and plam number 2. Mgﬂﬂ.amﬁmllhwwmdﬂumu
mmwmmmwymwﬂnmuhu.l.Robimmlcuauulyn:. This task will
provide input 1o the NRC for producing » NUREG letter describing PTS PFM analyses results for unit 2.
MNMJMMM(W&MW)wMMI\o
-w."mhwdummkmmnmhmn.ut—u
‘(‘. 4 s ’

(£ 4

1153 Provide Techeical Suppoct for NEC (a) This subtask provides for techaical support to the NRC staff
during ACRS /CRGR reviews and jublic commest pervod. (b) This subtask provides continuing techaical support
to the NRC siaff 10 computationsl benchmark snd specialists / experts meetings.

indusiry. s much as possiblc. on consensus codes
developmens of thase standards ar activity of prime
resulis will booome available from Tasks 2, 3, and 4, in




ductile-to-cleavage mode conversion.
fracture analysis methodology for reactor pressure Vi

publicauon of an ASTM standard for establis

spec

FY 1996. A NUREG repon descnbing prelimnary logic for
biaxsally loaded, reacior pressure vessels, based on expenmen

clad
FY
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These results will be used to further develop the basis for a compreheastve
Dunng FY 1997. successful balioting and iniual
hing fracture toughness values in the transiuon range, based on small-
ymen test data, are anucipated. The descnipuons and utles of the Subtasks in Task 7 will remain the same as for
a comprehensive fracture analysis methodology for clad.
wih below the upper shelf. will be issued in carly

yielding, constraunt effects. residual stresses and stable crack gro
odes and standards meetngs will be

1997 Meeung reports documenung business conducted at consensus ¢

ransmutted 10 the NRC Project Manager withun a month after the meeungs.

34

FY 1998

14,1 Program Management (Task L1

The

acuvities defined in secuons
reviewing

program direction. monitonng and control. subcontract management, quality control, and communicatons

31.1 and 3.2.1, will be continued in FY 1998, Special emphasis will bs placed on

the implemenung procedures used in Task 7 to integrate the program rescarch results 1nto &

comprehensive ptmm-vml-mugmy-umsmem methodology

MWMMW

' Duning FY 98, the correlation 1o include fracture
mode conversion (developed in Task 4.3) will be incorporated intc FAVOR.

Dmalﬁ'”.mvmhtauﬁMmbnbpu;ummefaFAVOKuMde
latest mdhco«wcmmnwnmhamxuwhdmmdmu This user
;M-mnmmhucdupcmuouandumplepmbkmfamm | and 2 types of PTS PFM

analyses.

Dmn(ﬁﬂ.mlwvtnmofwFAVORcodcforpalorwuhuhwhod | and method 2 type of PTS
analyses mllbuhndmcmldmdmwch Organizauons active in RPV safety analyses.

WWMH’&
.mummdwmmunwoul.mmum This impect
mu&bwnm/asmuumwmmuum;
me (nmwmhaﬂdm-h
NRC MmAClSCROIMn-Iww:MMMMMWM
anhNMhWWﬂ spocialists / experts moetings.
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coefficients for a wide range of ¥W and 7 < R /1S 20, and several improvements in PTS analysis procedures will
be svaslable for incorporation 1nto the comprehensive fracture analysis methodology. A letier report describing
updaied logic for a comprehensive fracture analysis methodology for clad. biaxially loaded, reactor pressure
vessels. based on experimental dats for 2-D and 3-D flaws and analyses considening clad ywelding, constraint
effects, residual stresses and stabie crack growth below the upper shelf will be issued in early FY 1998. Meeung
repons documenting business conducted at consensus codes and standards mecungs will be transmutted to the

NRC Project Manager within a month afier the meeungs.

15 FY 1999 (10/1/98-123198)

1.5.1 Program Masagesent (Task 1}

The program direction. momionng and control. subcontract management. quality control, and communicauons

acuvies defined in secuons 3.1.1 and 3.2.1. will be continued in first three months FY 1999, which are included in
the penod of performance for s 189. Discussions will ix 1% with NRC to. (a) review the results obtained from the
research program, and (b) provide assistance i the transfer = .d unplementauon of the comprehensive pressure-vessel-
Inilegnty-assessmend methodology developed in Task 7 of the program.

1.6.7 Lnegration of Remalis Inte » State-of-the-Art Aualysis Methodology (Task 7)

4. PROPOSED PERSONNEL:

mmmnwnmnmmwduunmwm

by this 189,
Task Porsonsel Propostd Ass gnement
H1 W. E. Peanell Programs Masage:
H2 B. R Bass Task Leades/lead investigator
H3 W. . McAfee Task Lenderiiend ;2 vesagaoy
H2&H3 1. W. Brysos Structural asalysis

R K Nanstad L o e e
H6&HT D. E. McCabe Mataburgy and exparmental

fracoure mechenscs

H? 1. G. Merkhs Taak Lesdor/ead i vesagaod

whuduwwmnmuufmm

P IR ASTURONTAC,
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DATE
JULY 19, 1996

Résume
William E. Pennell
Engineenng Technology Division
Oak Ridge Nauonal Laboratory

Educaton:

M.S.. Mechanical Engineening - 1958
Expenence;
Structural Integrity Research - 6 years: Oak Ridge Na

Technology program. Development of fracture mechanics
nucleas reactor pressure vessels (RPVs) containing flaws.

Noclear Resctor Engineering - 15 yesrs: R

Heavy Section Steel Technology

Cranfield Insatute of Techoology, (UK)

tional Laboratory. Mansger of the Heavy Section Steel
technology for applicauon in the safery assessment of

olls Royce and Associates (UK) - 4 years. Manager of the Stress

Office. Stress analysis of systems and componenis for naval reactors. Westinghouse Electric Corporation - 20

years. Manager of suess analysis for the Fast Flux

Test Facility (FFTF) with responsibility for, (1) structural analysis

and tesung of reactor structures and COMponents. (2) development and design applicanon of high-temperature design
criteria. and (3) development and application ,rradiation-induced swelling-and-creep-effects analysis methods.
Wﬁmmmw(mmmmmmm Manager of Resctor Enginesning for the
Cﬁxhﬂmlnﬂlwhomtmn).wuhmpmnbﬂkyfammm.mwm
cuculmdoym.hdmnwmcmqeqmmmﬂn&ﬁm-ﬂyﬁd
lesung. WdhCﬂ"MTﬂF«uMhMW&MbMMM
Tamwwwwmwmmmmsmmmm T eemsrrens
Valiey Authority - | yoar. MdMMTMS«MWhMNMdh
Nuclear, Electrical. Civil, and Mechanical Branches in the nuciear power recovery program.

Alreraft Structursl Engineering - & years: Westiand Alreraft (UK), A. V. Roe (UK), and Boeing Vertol. Stress

analysis of arcraft strectures.
TMM.M.‘WA“

x-mm-uwmummmmmmnmmu
1976. Member of the Americas Society of Mechanical Eagineers (ASME). Member of the ASME Section X1
Working Group oa Opersting Plast Critens. Session developer and editor of procesdings volumes for the ASME
Pressure Vessel and Piping Division conferences in 1991, 1992, and 1993. Member of numervus DOE and NRC

nternanonal reactor techaclogy cichsage wams.
Putents Publicathess sad Presesutsoas

Nine U.S. petents for fast breader reacior inventons. Numerous papers sad presentations on nuclear reactor design
and safety (opics. MMM'SWMG(WML'&I”L

A, vrwrdn

WmSMAMHWWhImhmdQW“

Task Foroe, and in 19873 for management of the Steam Generator Task Foroe.

mmmsmwmumumumm

vauumwmuuﬁmmmm

NRC FORSE 189 (10-89)
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Résume
B. Richard Bass
Computing Applicauons Division
Oak Ridge Nauonal Laboratory (ORNL)

Education:
BS. Mechanical Engineenng 1964 Tulane University

Additional Undergraduate

study in Mechamucal Engineenng Manchester University, U. K.
P.D Mechanical Engineening 1969 Tulane University

Employment and Expenence:

Dr. Bass served as an Assistant Professor of Engineening Mechanics ai Old Domunion University (ODU), Norfolk,
Virginia. from 1969 to 1975. His research and teaching efforts were concentrated in the areas of rauonal mechanics
and computational conunuum mechanics. While at ODU. he was awarded. as pnncipal investigator, a Nauonal
Science Foundation research grant in the ares of thermodynamic stability theory. Dunng academuc year 1975-1976.
Bass held a visiung facuity appoinament at the University of Wales, Swanses. where he engaged in research in finite

clement applicauons 0 thermally-loaded structures.

mkummcuﬁqmmmussrm As a pant of these efforts. be has published more than 50
technical papers and reports. mummwum-umnwmm
relative to fracture analysis methods. lauwmhmcldﬂ.“ﬂ.bmhwtd
researchers withiz ORNL and also moastors the technical work of program subcontraciors. He has served as the HSST
«ecmMfummjwu.s.mmm-nmmmmuuﬁmﬁ

Structures (EPY).

Internstioon Actviths:

m-mwhum:l:-mngtmmawu:mm
73‘“ Fracture Assessment Groap Waorking Group 3
m the Orgamizmtion for Economme Cooperation wnd m& Agoacy s
(NEA's) Commitws os the Safeey of Nucles Installations (CSNI). sorvad o8 0 co-orgamizer of o Uwee-day
mummwmnamauum-mmmwm
of the findings, conchusions. sad recommendations of that workshop. That report was completed in 1992 & o
MMMWMWﬂM

M.m.mm--wa-mmmmw'm
on Fracture Venficanos by Large-Scale Tesung. The conference was sponsored by the LAEA lawsrmstonsl
wmmammanmmmummsmwh
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Résume
Wallace J. McAfee
Engineenng Technology Division
Oak Ridge Nauonal Laboratory

Education:

8. S. Mathemaucs 1959-962 Union University, Jackson, Tennessee

B. S Mechanical Engineening 19621964 Universicy of Tennessee. Knoxville, Tennessee

M. § Engineenng Mechanics 1969 University of Tennessee, Knoxwville, Tennessee

Ph. D Engineenng Mechanics 1970 University of Tennessee. Knoxville, Tennessee

[ mployment History:

Oak Ridge Nauonai Laboratory | 989-present Engineenng Technology Division

Wesunghouse Electne Corporauon 19831989 Nuclear Components Division

Oak Ridge Nauonal Laboratory 19701978 Engineenng Technology Division

Oak Ridge Navonal Laboratory 19661967 Engineenng Technology Division

Professsonal Expenence:

Wallace (Wally) McAfee received B. S. degrees in both mathematics and mechanical engineening. He then entered the
University of Tennessee Graduate School of Engineenng 1o study for advanced degrees in Engineening Mechanics.
HnookahnnhNsMMwMuwmmeoﬁdW(M)fm 1966 w0 1967
wmmwmwmwumm.mmmmuummumd
anﬂlminMMhofmmdndeMmmw
Returning 10 graduste school in 1967. he Mmm-limmauunm analysis of three-
dimensional laminar flow problems. Pahcnmmadmamanbwlbwﬂlmmm
presented the M. Heteny Award for the outstanding research paper of the vear, Society of Expenmntal Stress
Analysis. 1971 Co-phuu.r“mtlunmudwORNme‘ovumun 14 years, he worked on & wide
runolpmpwthounﬂlocm bcu.lhodlvelopmemmdvenﬂcwoaolwmdummdcrimhtwiah
dmuundunymdmmcommm svsiems (water, -gas-, sodium-cooled reactors, fusion devices, and
geothermal planss). In 1983, Wally wlmumW¢uWNMCWDiM(WNCD)
nnhdn”n“ul-ﬂmdumwu-”. Foi his work on
«M...Wmumm“uum-mqm
Achievement Awud. hh“nﬂﬂyﬁuuﬂmﬂmta“
rmwumuu-.u“m Wﬂyuﬁu”hlmduhdu
n—pnumculmmuummmmu

Knolls Awomic Power Laborssory. Aftar compietion of thess programs. he became s member of the HRST
mmmmwmnmmnumm In this posstion, be bhad
mmmmm.cmm.mmgmwmmuummu-u

amummumo.mwmynuumauammmumuu
jo'ulmb“nmammm-ummwyﬁsdmm.nm“ﬂyﬁ
wu.mmmwm.wwmm:mmu. umu-imm
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John W. Bry

Résume

son. Jr.

Engineenng Technology Division
Oak Ridge Nauonal Laboratory

B A Chermustry 19641967
B.S. Chemucal Eng.. 1967-1969
M. S, Eng.. Mechanics 1970-1975
Completed coursework 1975-1978
oward PhD Eng.. Mech.

Employment:

Oak Ridge Nauonal Lab. 1969-present
Experience:

Jmnmumzs-y-n' expenence in

He has served a3 an analyst on the

University of the South, Sewanee. Tennessee

Columbia University, New York, New York
University of Tennessee. Knoxville, Tennessee

University of Tennessee. Knoxwille, Tennessee

Engineening Technology Division

memmwmumumm
mmuﬁm.mmommmvymmu

Jomwwduda»m”wmdmwm
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Résume
Jarus A. Keeney
putng Applicauons Division - 5uructural and Fracture Mechanics Group
Oak Ridge Nauonal Laboratory

Com

Education:

B.5. Chemucal Engineenng 19811984
1987-1990

University of Tennessee, Knoxville, Tennessee

.S Engineenng Science University of Tennessee. Knoxville. Tennessee
% Mechanics

Wesunghouse Technology
Course (R-101P)

1992 USNRC Techmcal Traiming Center

Empiloyment History:

Oak Ridge Navonal Laboratory | 984-present Compuung Apphcauons Division

Expenence:

expenence in computauonal fracture mechanics (CFM). The majority

f her techmical responsibilives are 1n support of the Heavv-Section Steel Technology (HSST) Program (sponsored by

‘he NRC) which i3 an engineenng research acuvity devoied 10 extending and developing the technology for assessing

nmmlﬂum-”mdmmvcmmmn. Jazds has been & Task leader for five yess (in
mumnmmmmmmmu

(he areas of cladding effects and precieavage
'mplementation dmuyﬂmmmw tor expenmental pretest planming and postost analyss

of hesvy-secuon ¢XPenments.

Work outside the HSST Program includes computationas suppon for RPV Internauonal Programs (CFM analysis of
mernauonal experiments) and for Y-12 Development (modeling quench thermal boundary conditions). Jansa has
pmnp‘umm'nmdoimHSSTrncmmdnucoduuulmdbylu.huofmmim
i the United States and wesiern Europe.

Jamis Keeney has over ien-vears’ professional

pressun zed-thermeal-shock
knowledge of PCs (Mac and [BM) and workstabons.

Fublcatous amed Presaotions:
AMMM%MmMOMMMoMMMn‘m-&n“
and internatonal techarcal presentsnons.

Professsone Sovseties amd A wards:

MnMuWMnMHmMMwTMthW
rurmm-wammu«’smmaumunmnm

Socwety)
swwmammmmmsmu‘mm

& if s @
" oA e % e

M-——.*_
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Résume
Terry L. Dickson
Comouung Applicauons Division
Computauonal Engineenng Secuon
Oak Ridge National Laboratory
Educaton:
B.S. Mechanical Engineenng 1973 Mempthus State University, Memptus, Tennessee
M.S Engineering Science 1978 University of Tennessee, Knoxville. Tennessee
ind Mechanics
Several conunwing educauon 1978-present
and professional courses
Employment History:

Oak Ridge Natonal Laboratory 1988--present

Arabian Amencan Oil Compnﬁy 19801988
Tennessoe Valley Authonty 1973-1980

Professional experience:

Terry Dickson worked for TVA from 1973-1980. From 1973-1978, his pnmary responsibilities were in the
dcnlwudwmolw-hydrwmmdsmmmmech.msimhb’uwﬁmfwlhddp-d
omo”omludmkupomphnu.Dmnnhnpmod.hecmkudlmm-um.nbd.
From lﬂl—lmuwtdunmlueagnuuazwouwfmulpowplmwmmwmw
mmmgmmwuﬂmcmmwuhxmlo(lnpmm.

From umamrquutau-mmmmomwymmmmm|9lo-l9u.
his prumary '
mwummwmumwummum
simuissors. Dunag 19861988, Terry was supervisor over a group of geophysicists and sysems ane.yv= Whose
Mwmﬂmmmmaumumd
databases which stored millions of records contsmng hydrocarbon fluid property dass obtained from core semples.

Since |mu.wuum-wwmwmumdummm
anm%MWMMManwknmn‘de
mhmfwﬁ“gsmﬂimqmdumnmmmmmmm
(echnical papors and reports and made several LLChNICA! PrESEntABONS.
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Résume
Randy K. Nanstad
Metals and Cerarmucs Division
Oak Rudge Nauonal Laboratory

Educaton:
B .S. Enganeenng, 19601964, U.S. Military Academy, West Point, New York
M.S. Nuclear Engineenng, 1969-1971. University of Wisconsin, Madison, Wisconsin

Ph.D. Metallurpical Enganeenng, 19711974 University of Wisconsin. Madison, Wisconsin

Employment History:

U.S. Army, 19641969

Oak Ridge Natonal Laboratory, |974-present Metals and Ceramucs Division
Professional Expeneace:

p. Metals and. ORNL. Nanstad is charged with the investigation of

As Leader of the Fracture Mechanics Grou
parucularly tracture properues and relationships (0 microstructure »

matenals behavior 1n structural applications.
radistion effects.

Expenmental fracture mechanics with emphasis on elasuc-plasuc behavior. to provide techniques for charscienizing
matenal parameters critical (o the fracture process.

Fracture studies of low-slloy pressure vessel sieels 10 provide engineenng data for structural integnty assessments of
nuciear reactor vessels. coal COnversion pressure vessels. etc.. including stausucal evaluabon.

dewfawpotmvmh(ahﬁ;h-umﬂ\ﬂawlwndfﬂw
applieagions. 7 1 v : " '

} ot A EidTN '! Beuis ; i : . R B
Uradistion studies of Tow-ailoy weeh asid sainless steeis v desermine ffects of neutron m-w
mdhﬁvmduﬁ-‘-uﬁ-m L ha
Wuﬁd”!””!«mu%m”wwm
b~
swm,—-.nop-m.ncmmmmmuww

Publicatons.

75

Prroftasen Sormetes:
wwmmmrmummwmsm
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Résume

Donald E. McCabe
Metais and Ceramucs Division
Oak Ridge Nauonal Laboratory

Education:

B.S. Mewllurgical Engineenng 19511957
Graduate Studies 19581960
Fracture Mechanics Workshop 1954
Employment History:

Armeo Steel Corp. 1957-1976
Wesunghouse Electnc Corp. 19761985
Matenais Engineenng Associates 19851989
Oak Ridge National Laboratory 1989-—present
Professional Expenence:

University of Wisconsin, Madison, Wisconsin
University of Cincinnau, Cincinnati, Ohio
Denver . Colorado

Research Laboratory, Middletown. Ohio

Research and Development Center, Pintsburgh, Pennsylvania
Lanham. Maryland

\Metals and Ceramucs Division

Don McCabe's work at Armco Steel Corp. involved pnncipally drawability studies on low-carbor stee! sheet
matenials. Other acuviues included hydrogen diffusion expenments, metallurgy of stanless sieels. tensie tesung and
work-hardening models. fracture mechanics test method development. fatigue, stress-corrosion cracking, and
probabilisuc fracture mechanics. His work at Wesunghouse involved the use of elastic-plastic fracture mechanics
methods and the applicauoa of the technology (0 practical engineering problems. Al Matenals Engineering
Associates, Don s work included consulting and leading research projects under contract agreements. At Oak Ridge
National Laboratory. Don 1s invoived in testing nuclear reacior pressure vessel steels and weldmenrs. He is also
parucipaung in commutiee collaboratons and wnung Amencan Society for Testing and Matenials standasds.

Publications:

w

Professtonal Societies:
ASM Iniernauonal

American Society for Tesung and Materials
rofessional Enginoes, State of Peansylvania

NRC FORM 189 (1083



NRC FORM 189 (Conrusa) U.S. NUCLEAR REGULATORY COMMISSION | g ~o0¢

(10-93) BO119

NRCMD 117 DOE LABORATORY PROJECT AND DATE '
COST PROPOSAL FOR NRC WORK JULY 19. 1996

Heavy Section Steel Technology

PROJECT TITLE:

Résume
John Graham Merkle
Engineenng Technology Division
Oak Ridge Nauonal Laboratory

Education:
Educauon: 6-172 Degres Arsa {nshuuon DRaie
Military Service: 3
BCE Civil Engineenng Comell University 1957

Design and Applied Research: 32172
MCE Civil Engineening Cornell University 1962

Professiopal Expenence:

Mir. Merkle received his bachelor s and master s degrees in civil engineenng from Cornell University in 1957 and
1962, respecuvely. While a graduate student at Cornell. he taught the undergraduate laboratory course in sotl
mechanics for civil engineers. Dunng the intervening years. he was a commussioned officer in the U.S. Navy Civil
Engineenng Corps and. in 1962. he joined ORNL. In 1963 he joined the Apphied Mechanics Secuon in e Reactor
Division and is now & member of the Engineenng Mechanics and Suuctures Secuon in the Engineening Technology
Division. Since its inception in 1967, he has been 2 major contnbutor 10 the Heavy-Secton Steel Technology (HSST)

Program. which has provided fracture mechanics analysis methods and expenmental dats used worldwide in the
ety standards for nuciear pressure vessels. He has also served on professional commutiees

development of fracture satety
of the Amenican Society of Mechamical Engineers . Amencan Society for Tesung and Matenals (ASTM), and the

Pressure Vessel Research Commitice. In addition. he has served as a consultant to the Advisory Commuttee on
Reactor the U.S. Depariment of Energy, and the U.S. Nuclear Regulatory Commussion, which sponsors

the HSST Programs.
Preseat Position: Research Specialist. Engineenng Mechanics and Structures Section, Engineering Technology
Division. Oak Ridge Nauonal Laboratory.

Publications:
Over 90 journal arucles. laboratory reports. and other publicauons

P rofessvonsd Secteties
MM.WMMGNWM
Professioasl Commitiee Appointments:

. Mwnwmmonﬂpﬁuﬁvﬂm Wuﬁng&wmﬁovenhdu.ﬂm

on Evaluation Standards
. mwwuwwm.mm Representative: Co-chairman of Task Group 08.08.03

on Ductile-to-Brittie Transivon Regime
. MCM&:T‘OMuFmTWqummmMm
. MOWCWMGM“kaMuMmMTmW

Awards:

. WC“&ZCMAM!«MthdWM\M
MMMTMWAMWMWWMG“MMH‘W(M)

pressure vessel
. |muwmuﬁmmsmmmuumumzmﬂumsm‘um

M
e
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5. MEETINGS/TRAVEL:

5.1 FY 1995

To meet the objectives of this project. funds for foreign
Germany. Switzeriand. France. United Kingdom. Japan. and Brazil scheduled in the

for the conduct of project business.
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Numaber of trips planned for each task in 1995

Locaton
(a) Foreign Travel

Stockholm-Sweden.
Renerdiers-France
Freigurg-Germany.
Risley-England

Anchorage, AL
Chicsgo, 1L
San Francusco, CA

Denver, CO
Norfolk, VA

NRC FORN 158 (10-83)

Purpose

Visit 10 the Royal Insunute

ot Technology- Stockholm.
Franhoter Institute-Freaburg,
Electncite de France-Renardiers.
and AEA, Technology-Risiey.
The purpose of these visits 15

an exchange of informanon

JN rEaclor pressure vessel
structural it egnty and
|rradiation embniuzment research

Fracture technology exchange
with Mitsibusiu Heavy
Industnies- Takasago. Japan:

Steel Works-Muroran.. Toyohash
U'niversity- Toyohasiha: Unsversaty
of Tokyo and the Tokyo institute
of Technology.

Presens papers from the HSST
program o the 1995 SMIRT
conterence in Braxl

ASTM 27th Nastonad
§ yposmm oe Fracoere

ASME PVP conference

ASME Section XI comemstien
(nashugs

ASME Secuion X1 comemsties
mesetngs

ASME Section X1 commuties
MEstnE

ASME Section XI commatiee
stIng®

ASTM comswace EOE meeang
ASTM commuase E08 meeting

H1

H2

A3

H4e HS  Hs

and domesoc travel have been specified. Foreign travel to Sweden, Belgum.
FY 1995. 1996, 1997, and 1990 performance penod

7
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(h) Domestic Travel (continued)

Location
Bethesda. MD

Rockwile, MD

Dynamuc Frac.ure

Toughness a the Naval
Surface Warfare Center

Caderock Division

Location yet 1o be
determuned

Rockville, MD

Locauon yet to be
Jetermuned

Locaton yet o be
determuned

Seatile, WA

Gedthersburg, MD

Fabrication and lest
Location yet 10 be

Rockwville, MD

Location yet o be

NRC PORN 188 (10-40)

Purpose

NRC Water Reacior Safery
meeung

HSST program d:scussions and

consuitations with the NRC HSST

Program Monitor plus interacuon
with NIST

Readiness review and progress
review for the dynamuc [racrure
loughness tesung program.

ASTM Task Group E08-08.03
Working Group meeungs (=)

Presentapon and discussion ol
results from the A302 B ducule

teanng iest Program.

PTS analvsis methods bench-
marung evaluauon.

| teracon/coordinaiion
meeungs 107 PArlICIpants

in Reg. Gude 1154 revinion
project.

Co-Chair the session on Sasery
and Pressure Vessel (ntegnoy
the ANS conterence on Salety
of Oper sung Reactors.

Discusmons with NIST on the clad

bewm iesting SUbCONTAC
Discuss fabncation and est

requirements. perform QA checks

NRC-sponsored workshop on
constrant etfects 1 fracture

ACRS and Reguistory suthonty
brefiags on Imacture technology
developrents trom the HSST
program.

Number of trips planned for each task io 1995

H1
|

(o)

H2

H4e HS  HS

2

L
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BO119

DATE

JULY 19, 1996

PROJECT TITLE:

52 FY 199

Location
(a) Foreign Travel

Specific laboratones
10 be visited yet to
be determuned

Nuclewr Fesearch
Laborstones. REZ
("xech Republic

(b) Domestic Travel
Location yet 1o be

New Orleans, LA

Location ya to be

Location yet 10 be

Rockwille. MD

Rockwille. MD

Purpose

Research program coordinauon
and fracture technology inier-

Working meeting 10t the inter-
change ot information (fom the

U.S. and Czech biaxsal shaliow-

law tracture-toughness iest
programs. The U S. ana Czech
programs use identical test
specimens and loading fixtures
and theretore produce
companbie test resuis.

Worlung meeting for the inier-

of informanon from e U.S. and

German (TacTure-4oughness-

constrmns-effects programs with

emphasis on the etfects

special
of findte-length flaws. cladding,

and stress biaxiality

ASTM 28th Natiooal Svmposium

o Fracnare

ASME Section X1 Commauiee
Mastingy

ASTM Commuues EO8 Meetings

NRC Water Reacior Safety

HSST program discusoons
and consuitations with the
NRC HSST Project Mansger

ASTM Task Group E08-08.03
Working Group meetmgs

Heavy Section Steel Technology

“umber of trips planned for each task in 1996
H3

H4e  HS
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(b) Domestic Travel (contnued)

Locanon Purpose
Rockville. MD PTS analysis methods and
Reg. Guide | |54 revision
progect
Sandia Nauonal Lab [ teracuon/coordinauon
Albuguerque, NM meetings for participants in
the Reg. Guide | |54 revision
progect
Fabncanon service Discuss (abncaton iequirements
vendors. Locauon and pertorm QA checks
ve1 10 be determined
Locaton vet 1o be ACRS and regulatory authonty
determined brefings on fractire echnology

developments from the HSST
program as directed by NRC

53 FY 197

Location Parposs

(n) Foreign Travel

SMIRT Conference Present papers {rom the
Locanon vet 1o be HSST program at the | 4th
determuned SMIRT conference.

AZA Technology in Give an mvited presentancn
Rigley, United on HSST Program research
Kingoon. and at the U K. Health & Safery
‘aterialprifungsansial Execuirve Structars Integnty
Universiudt Stuttgart, Seminas. and aitend the MPA
Germsny S

Suastbche Insnrchange of informadon
Mmeriaiprifungsanstal on thermal shock iesung of
Universigit Stungan cytinders and vessels.
(MPA). Stungarn,

Crerrmany

(b) Domestic Travel

Locatita yet 10 be ASTM 29th National Symposium
Garnpremnved on Fracoare

Locaton yet to be ASME PVP Conference
detervomed

Location yet 10 be ASME Section X1 Commines
terprmaned meeungs

NRC FORM 188 (10-63)
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Vumber of trips planned for each task in 1996
H.1 H2 H3 HA4 HS He H?

Number of trips planned for each task io 1997
H1 H2 Hi HA HS iy
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(b) Domestic Travel (continoed)
Number of trips planned for each task in 1997

Location Purpose H.1 H2 H3 R4 HS H7
Locauon yet to be ASTM Commutee EO8 meeungs 2 2
determuned
Rockwile, MD NRC Water Reactor Safery
program mecung
Rockwille, MD HSST program dicsussion an |
consultations with the NRC
HSST Project Manager
Location vet 10 be ASTM Task Group E08-08.03 2
determuned Workung Group meeungs
Rockwile. MD PTS analysis methods and k!
Reg. Guide |.154 revision
progect
Locatsen vet 10 be Discuss 1abncalon requarements
determunedt and pertomr QA checks.
Location yet 1o be ACRS and reguiatory authonry
desermaned brefings on fracture technology
developments rom the HSST
program as directed by NRC.
54 FY 199%
Number of trips planned for each task in 1998
Location Purpose
(8) Foreiga Travel
Specafic laborawonés Research program
10 be vigited yet 80 consdineton and fracture
e determind sach@odogy inerchange will
EBusoposn end Japhnes: Iractue
weimology research and
devolopment sbormones.
(b) Dosmestic Trevel
Locstion yet to be ASTM Yth MNational Symposium
deaarvnined on Freciure
Locatios: yet t0 be ASME PVP Conference
ATV
Locstion yet 1© be ASME Section X1 Commumee
G Tnensd g
Location yer to be AST™ Commease E08 meeangy
Aetmrammed
Rockwilte. MD NRC Water Reactov Safety
program mesting

NRC FORM 189 (10-83)
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ib) Domestic Travel (contunued)

Number of trips planned for each task in 1998
Locaton Purpose H.) H7

Rockwile. MD HSST program dicsussion and
consultations with the NRC

HSST Project Manager

Locauon yet 1o be ASTM Task Group E08-08 03 2
determned Working Group meetings
Locauon yet (0 be ACRS and regulatory authonty |

briefings on fracture tecnnology

Jewermuned
Jevelopments trom the HSST
program as direcied by NRC.
5.5 FY 1999 (10/1/98-1273198)
Number of trips planned for each task in 1999
Location Purpose H1 H7
(#) Foreign Travel
No foreign travel is planned for tus penod
(b) Domestic Travel
Location yet to be ASME Secuon XI Commnes 2
detesimned mesnngs
Location yet to be ASTM Communee EO8 meeungs 2
determaned
Rockwille, MD NRC Water Reacior Safety |
program meeting
Rockvilie. MD HSST program discussion end 3
comsultations with the NRC
HSST Project Manager

6. NRC FURNISHED MATERIALS:
Tmmmuwmmc«-dmmmmmdumm

7.  RELATIONSHIP TO OTHER PROJECTS:
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PROJECT TITLE:
8. REPORTING REQUIREMENTS AND SCHEDULE:

FY 1994

A. NUREG Reports:

and . G. Merkle. Potennal Change in Flaw Geometry of an Ininally Shallow

D. K. M. Shum. J. W. Bryson, :
Finite-Length Surface Flaw During a Pressurized-Thermal-Shock Transient, NUREG/CR-5968

(ORNL/TM-12279). September 1993.
B. R Bass, . W Brvson. T J. Thes
Constraint and Fracture Toughness, N
ced Relanions Inferred from Large Single-Edge-Notched Specimens of A533 B Sieel.

C. W Schwanz. Crack-Sp
NUREG/CR-5861. ORNL/SUB/79-7778/. July, 1994

W E. Pennell, HSST Semiannuai Progress Report for October 1992-March 1993. NUREG/CR-4219,
ORNL/TM-9593/V10&N 1. September |994

R. H. Dodds. Jr.. Constrain Effects on Fracture Ininianon Loads in HSST Wide-Plate Tests, NUREG/CR-6259,
ORNLJ/T 4.12796. UILU-ENG-94-2009. December 1994

G. R, Irwin and X. J. Zhang, Cleavage Behavior in Nuclear Vessel Steels, NUREG/CR-6262.
(ORNL/Subv79-7778/1 1) Novmeber 1994,

J. A. Keeney, B. R. Bass. W_J. McAlee. S. K. Iskander. Preliminary Assessment of the Fracnure Behavier of
Weid Matenal in Full-Thickness Clad Beams. NUREG/CR-6228. ORNL/TM-12735, October 1994,

ss. M. C. Rao, Biaxial Loading and Shallow Flaw Effects on Crack-Tip
UREG/CR-6132 (ORNL/TM-12498), January 1994

B. Letter Reports:
R. K. Nanstad. Preliminary Review of Data Related 1o Inhomogeneiry of Steels for Reactor Pressure Vessels,
NRC/LTR-93/36. December 1993
T. L. Dicksos. /mpact of Dvnamic Crack Arrest on Fracture Analvses of Reactor Pressure Vessels Subjected o
Thermai Shock, NRCLTR-93/38. December 1993.

T L Dicksos. FAVOR Frecrure Analysis of Vessels: Ouak Ridge Relsase 9401 A Fracture Analysis Code for
Nucisar Reactor Pressure Vessels, Janusry 1994.

5. A. Kesney, T. L. Dickson, Stress-insensiry-Factor Influence Coefficienty for Axially Oriented Semseliiptical
Inner-Surface Flaws in Clad Pressure Vessels (Ri=10), NRCA.TR-9VIS, April 1994

T. L Dickson. J. W. Bryson. Stress-Insensity-Factor influence Coefficients for Circumferennally Orientsd
Semuelipnical Inner-Surjace Flaws Clad Pressure Vessels (Ri=10), Apal 1994,

o Diehu. Impect of Dvwamic Crack Arrest on Fracrare Analyses of Reacior Pressure Vessels Subjecsed to
Pressurized- Thermai-Shock . ORNL/NRC/LTR-94735, May 1994.
W. E. Peanell. et al.. Heavy-Section Steel Technology Program Monthly Management Repors, ORNL/HSST-
MMR94/] through 12. ' N ' :
G. R. lrwin, X. J. Zhang and C. W. Schwarwz. Smail Scale Non-Uniforminies Related 1 Cleavage Initiasion and
MW”CWM.OWICATIMI&J& 1994, g
M—M
NAC FOMM 188.010-83) PAGE 52 oF 101
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Rates Preceaing Cleavage Reininanon. ORNL/NRC/LTR-94/10, June 1994.

C. W Schwarz, Crack-Tip Loading

W E. Pennell, Report on Foreign Travel of W E Pennell. Engineenng Technology Division. ORNL/FTR-5102.

August 1994

FY 1995
A. NUREG Reports:

v/ E. Pennell. et al.. Heavv-Section Steel Technology Program Semiannuai Progress Report for Apni | 993~
Sepiember | 993 NUREG/CR-4219 (ORNL/TM-9593/V 10&N2) May 1995

W E. Pennell. et al.. Heavv-Section Steel Technology Program Semiannual Progress Report for October 1993~
March 1994, NUREG/CR-4219 (ORNL/TM-9593/V1 1&N1), June 1995.

W J. McAfee et al., Bicual Loading Effects on Fracture Toughness of Reacior Pressure Vessel Steel,
NUREG/CR-6273. (ORNL/TM-12866) November 1994

1. A. Keeney, et al., Assessmeni of the Fracture Behavior of Plate and Weld Matenal in F wil-Thickness Clad

Beams. June 1995.
W_E. Pennell. et al.. Heavv-Section Steel Technology Program Semiannual Progress Report for Apnl |994—
September | 994, NUREG/CR4219 (ORNL/TM-9593/V 1 1&N2), Sepiember 1995.

W_E. Pennell. et al.. Heavy-Secnon Steel Technology Program Semiannual Progress Repont for October ! 994~
March 1995. NUREG/CR-4219 (ORNL/TM-9593/V12&N1), in publicanon.

D. E. McCabe, et al., Effects of Specimen Size on J-R Curves for Multipie Heats of A 302 Grade B (Mod.) Steel,
Sepumber 1995

Subcontractor, Reswits of Dvnamic Initiation Fracture Toughness Tests for A 533 Grade B Steel, HSST Plase 14.
Sepiember (995,

B. Letter Repores:

_“M
PAGE 3 oF 101

W. E. Peanell, et al., Heavy-Section Sicel Technology Program~Monthly Managemens Reportz,
ORNL/HSST-MMR-9/1 through 2. Lis

,u:‘ Keensy, Mrmmqmrmmmmmnumm

D. J. Alexander and M. C. Rao. Results of Menallurgical Invesngations for Development Ductile-1o-Brintle
Fracture Mode Conversion Model. March 1995. o ve

W. E. Pennell and T. L. Dickson. PnﬁmAammojquleuhmm
Vessel Strucnerai-Insegriry-Assessment Technology, ORNL/NRCALTR-95/3, March 1995.

W_J. MeAfes, et al.. [finence of Biaxial Loading on the Fractere rw-wm.wvlm
T. L. Dickson, MWU*FMMMM&!&MM 1.1.54, June 1995,
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J. A. Keeney, et al.. Development and Validanon of a Cladding Yielding Model for LEFM I’ fluence Coefficient
Methodology, Sepiember 1995,

T L. Dickson. Review of the PTS Screeming Critena. December 1995

FY 199
A. NUREG Repors:

W._E. Pennell, ¢t al.. Heavy-Section Steel Technology Program Semiannual Progress Reports.

W ] MecAfee et al.. Results of the Phase | Venficanon Testing on the Influence of Biaxial Loading ir the

Transition Region. March 1996,

D. E. McCabe. et al.. /nterprenve Report on Results of Dvnamuc Ininanon Fracture Toughness for A 533 Grade B

Steet, July 1996

T. L. Dickson. Techmidai Bases Developmeni and Demonsiranon Analvsis of Potennal Methodology
Modificanons 1o Regulaiory Guide 1.154 . December (996,

1. G. Merkle. et al.. Assessmen: of Reactor Pressure Vessel Analvsis Methods in Current Regulatory Applications .
March 1996.

W 1. McAfee. at al.. Companson of Stress-Based and Sirain-Based Fracture Methodologies to Inierpretasion of
Different Constrawu Condinions . Apnl 1996,

B. Letter Reports:

N
PAGE 84 _ OF _ 101
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W. E. Pennell, et al.. Heavv-Section Steel Technology Program Monthly Management Report, ORNL/HSST-
MMR-94/1 through 12.

W_E. Pensell. et al.. /nterim Recommendanons for Considering Shallow-Flaw and Biaxial-Loading Effects on
Fracnure Toughness. ORNL/LTR/S-3, October 1995.

l.l..lml.A.K—ny.l.W.lmW.J.McAbondW.E.Pnnﬂ.DcnbmJDaalh
Tearing 4 lmmquwrwmm

Clewongs
JMMV~MWI”&
B. R Bass, et al.. Applications of FALSIRE li Analysis Resulis to Validaiton of Dual-Parameser Constrains
Effects Methodologies. April 1996.
B.R Bass etal. qurmumdaucmmsq—nlm

O.LM].MWIW#FWMWﬂCM-WMMMh
ermrmmspxmmnm.

W, J. MicAfee, et al., MdMldMIIVMTMuNIMdWMh
the Tronsition Regron. July 1996.

B.R Bass etal. Developmens of a Program for Large-Scale Clad Crucgform Testing and Analssiz, Avyst 1996

1. A. Keeney, et sl. Development of @ Frocemre-Mode-Conversion Model and Impiemensation into Fracture
Mechanics Analvses. December 1995
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R. H. Dodds, et al.. Development of a Generalized Dodds-Anderson Constraint Model to Include Biaxial Stress

States . December 1995

W | McAfee. et al., Connnuing Evaluation of Stress-Based and Stran-Based Fracture Methodologies 10
Interpretanon of Different Consiraint Condinons, September 1996,

FY 1997
A. NUREG Reports:

W_E. Pennell, et al.. Heavv-Secnion Steel Technology Program Semiannual Progress Reports.
B. R. Bass, et al., /nfluence of Biaxial Loading on Fracture Toughness of Cladded RPV Steels., February 1997.

1. G. Merkle, et al.. Preliminary Logic for a Comprehensive Fracture Analvsis Methodology for Clad. Biaxwaily,
Loaded. Reactor Pressure Vessels, Based on Experimental Data for 2-D and 3-D Flaws and Analvses
Considering Clad Yielding, Constraint Effects. Residual Stresses and Stable Crack Growth Below the Upper

Shelf, May 1997,

B. R Bass. et al.. Results of Large-Scale Clad Cruciform Tesnng Program. September 1997.

W 1. McAfee. et al.. Summarv Report on Assessment and Comparison of Stress- and Strain-Based Fracture
Methodologies. Sepremeer |997.

1. A. Keeney, et al.. Results o Validanon Testing to Determine Predicnion Capabilities of a Fracrure-Mode-
Conversion Model. September 1997,

B Letter Reports:

w
PAGE 58 OF 101
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W._ E. Pennell, et al.. Heavv-Section Steel Technology Program Monshly Management Report, ORNL/HSST-
MMR-94/1 through 12.

1. A. Keeney, ot ol., Mum»m.rmmwuw
Fracmre Mechanics. December | 996.

\V.J.%d’&fud“ﬂkﬁﬁhlﬂcdmmﬁdwmﬁnnm
Toughness in the Transinion Region. June 1997.

T. L. Dickson, lwwafmm»mmou 1.154,, March 1997,

T. L. Dicksos. SIFIC Databases and Inserpolating Funmctions for Reoctor Pressure Vessel Geomeiries
7 SRy 520, Juoe 1997,

T L Dickson. Demonstration Analyses of Revised PTS Methodology for Plans Case 2. Juse 1997.

W_J. McA‘ee. et al.. Tesr and Analvsis Resulss for Large-Scale Crucgform Frocture Toughness Specimens Tested
in the Trams ition Region, Seprember 1997. .

T. L Dickwa, quwmmpmmmawlm.
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A. NUREG Reports:
W_E. Pennell, e1 al., Heavy-Secnon Steel Technology Program Semuannual Progress Reports.

B. Letter Reports:
W. E. Pennell. et al.. Heavv-Section Sieel Technology Program Monthly Management Reports, ORNL/HSST-
MMR-94/1 through 12.

| G. Merkle. et al.. Updated Logic for @ Comprehensive Fracture Analvsis Methodology for Clad. Biaxially
Loaded. Reactor Pressure Vessels. Based on Experimenial Data for 2-D and 3-D Flaws and Analyses
Consedering Clad Yielding, Constrains Effects. Residual Stress. and Stable Crack Growth Below the Upper Shelf,

Apnl 1998,
J. G. Merkle, Recommended Modificanions to Regulatorv Guide 1023 Concerning Biaxial-Loading Effectz on
Ducnile Tearng, June 1998

W_J. McAfee et el.. Test and Analvsis of Large-Scale Cruciform Fracrure Toughness Specimens Tested in the
Transition Region, December 1997.

FY 199
A. NUREG Reporu:
W. E. Peanell. ¢t al.. Heavy-Secnion Sieel Technology Program Semiannual Progress Report.
1. G. Merkle, et al.. A Comprehensive Fracture Analysis Methodology for Clad, Biaxially Loaded Reocior

MVMMQWMMZ-DQIJ-DMQIW:MMMM
M“WMQIMCMGMWNMM February 1999.

B. Letter Reworts:
W. E. Pennell, ot al, mwrmwmmm

NG FOPRM 108 (10-83) PAGE 56 oF 101
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SUBCONTRACTOR/CONSULTANT AND MAJOR PROCUREMENT INFORMATION:

9.1 Subcontractor/Consultant Information

Subcontractor and consultant (S&C) support 1s used to make available to the program special facilities and talents not
available at ORNL. S&C support 15 also used o supplement capabilities available at ORNL. All S&C support is
performed in conformance with a Statement of Work (SOW) prepared each year for each of the S&C subcontracts.

The SOW defines the scope of work to be performed for each of the program Tasks and defines the deliverables. The
S&C work 10 be performec in the FY 1995-FY 1998 performance period, and the basis for selecting specific S&C
subcontractors and consultants to perform that work, is summanzed below. Note that the FY 1998 performance period

ends in FY 1999, on 1273198,
9.1.1 FY 1998

Task Number

Subcontractor/Consultant

Subcontractors
University of Maryland

University of Mllinois

National Institute of Standards and Technology

Naval Surface Warfare Center 140 140
Consultants

Professor S. T. Roife 5 5
FY 1995 T otals 15 123 10 140 288

9.1.1.1 University of Maryland

A. Subcontract Work Package Scope and Objectives

Task 2: Metallurgical examinations of selected fracture surfaces from the biaxial fracture specimens tested in the
load ratio development phase will be performed. Detailed examination of these fracture surfaces will be
performed to determine and measure the location of initiation site(s). Further, the fracture will be
sectioned at 90” 1o the flaw plane at & location near (within 2-3 mm) of the primary initiation site exposing in
detail the cross-section of the surface. The exposed surface will be polished and eiched, and measurements of the
extent of the plastic zone size and the radius of the crack tip will be performed. This information will be used by
ORNL, in conjunction with elastic-plastic finite-element analyses using a refined crack-tip model, 1o perform

information will be used in the evaluation of stress-based dual parameier fracture toughness commelations. Sections
cut at 90° to the fracture surface will be etched to reveal the size and configuration of the crack-tip plastic zose.
This information will be used to validate and further develop a strain-based dual parameier fracture toughness
correlation. Results from this work package will be included in » letter report.

NMC FORM 18- . 10-89) PAGE 57 OF 101
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Task 3. A three-dimensional elastic-plastic finite-element model of a finite-length surface flaw in a reactor
pressure vessel will be generated. The model will be used to define the crack-tip stress and strain fields under
pressurized-thermal-shock foading. Results from this analysis will be used, together with results from the ORNL
analysis of the cruciform specimen, (o determine the transferability of results from both stress-based and strain-
based dual-parameter fracture oughness correlations. Results from the University of Maryland analysis will be

documented in a letter report.

Task 4. Metallurgical examinations will be made of fracture surfaces from the full-thickness clad beam tests
being conducted at NIST 1o (1) charactenize the extent of crack-tip blunting prior to crack growth, (2) identify and
characterize the microstructural features associated with microvoid formation and growth, and (3) identify and
characierize the microstructural features responsible for mode conversion to cleavage. Results from these
investigations will be used in the development of the fracture-mode cunversion model. Results of the

metallurgical examinauons will be documented in a letter report.

B. Basis for Subcontractor Selection

The University of Maryland has unique expenience relaung (o the fracture technology issues defined in the SOW.
The University of Maryland team will include Professor G. lrwin, Professor W. Fourney, Professor G. Schwartz,
and Research Assistant J. Zhang. Professors lrwin and Fourney are recognized worldwide as authoriues on the
development of fracture toughness correlatic:s. They have exiensive experience in integrating fracture test data,
crack-tip stress-distribution enalyses, and fractographic data 10 generate fracture toughness correlations, which are
firmly based and widely used in the fracture-technology sections of national consensus Codes and Standards.
Professor Schwartz has extensive experience in the application of advanced large-strain inelastic finite-element
analysis methods to the analysis of crack-tip sress fields. Professor Schwartz has applied this expertise with
outstanding success, in prior phases of this HSST subcontract, to evaluating the reponse of proposed dual-
parameter fracture toughness correlations for prototypical reactor vessel geometric, loading, and constraint
conditions. Research Assistant J. Zhang is a recognized authority on fractographic examination.

9.1.1.2 University of Illinois
A. Subcontract Work-Package Scope and Objectives

Task 4: Analysis of the ORNL shallow-flaw biaxial fracture toughness test has shown that (a) out-of-plane biaxial
Mu;h-.nﬂiﬂbho&awi--plmmctﬂnmk&p,.d(b)mbdiumwmh
growih of the crack-tp plastic zone. The analysis results indicate thas crack-up straiss may play an important role
@ crack initistion. The Dodds- Anderson (D-A) stress-based frecture oughness scaling model can not predict the
obsarved effects of bisxial losding on shallow-flaw fracture toughness. ‘ “

The work (0 be performed in this subcontract will zxtend the D-A fracture toughness scalirg model to include &
stress-state-dependant fracturs-initistion-strain criterion. The strain-based fracture-initistion criterios will be
derived from plane-sirain fracture data generated by the HSST program in the FY 1994

The extended D-A scaling will also include the pre-cleavage tearing model in the
previous reporting period. A letier report will be produced documenting the development and validation of the
extended D-A fracture toughness scaling model.

B. Basis for Subcontractor Selection

1&mum-mu&mun&mwummumum Professor
R. Dodds is an insernationally recognized authority on the effecis of crack-tip constraint on fracture oughness.
His research has included an investigation of the influence of pre-c tearing on crack-tip constraint snd
failure-mode conversion. He hus been successful in incorporating & form of the Gurson yield function
into @ finite-element program. He hes used that program to sicsulate some of the structurs! response
charsoteristics essential 10 a ductile-tearing crack-growth-analysis model. Profcssor Dodds is in & uaique position

i td B TE

i
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NRC FORM 186 (10-63) PAGE 59 OF

1o rapidly develop and vahidate the ductile-tearing crack-propagation analysis capability required to support the
ongoing HSST Program iavestigalion of constraint effects in fracture

9 1.1.3 National Insutute of Standards and Technology (NIST)
A Subcontract Work Package Scope and Objectives

Task 3. Three-point bend fracture toughness tests will be performed on three (3) full-thickness clad beam
specimens taken from an RPV shell of a cancelled nuclear plant. These tests will be conducted in the 54 MN
(12 x 100 1b) testing machine located at the NIST facilities in Gaithersburg, MD. Beam specimens having a
9 in. x 9 in. cross-section and containing a shallow through-clad notch will be provided 10 NIST by the HSST
program. For each test, NIST will instrument the specimens, fatigue-sharpen the through-cracks, load the beams
1o failure, and provide the following information to ORNL: (1) calibration records: (2) temperature data;
(3)1est data; (4) test report; (5) specimen halves: (6) fracture surfaces. and (7) crack front iregularity
measurements or photographs. This work is 10 be performed under existing interagency agreement with NIST,
DE-A105-920R22034, extending through Apnl 30, 1995

B. Basis for Subcontractor Selection

NIST is uniquely suited for tesung of the full-thickness clad-beam specimens required by the HSST program. The
large tensile/compressive testing machine (12 million Ib. (54 MN) in compression) located at NIST in
Gaithersburg, MD, is one of ihe largest publicly available tesuing machines in the united states. Also, it is one of
the few machines with the load capacity 10 test the size of specimen proposed in the workscope. In conjunction
with this equipment capability, the researchers at NIST are highly experienced in large-scale testing, in data
acquisition, and in post-test evaluations, as weli as proper methods of preserving fracture surfaces o recover the
maximum amount of data relevant to the fracture process. Researchers who will perform these tests have both
Mmdudimnﬁondnwmminwﬁeldoﬂmmmmmmdnmummimpmmtnmufuun
interpretation of iest results.

9.1.1.4 Batelle Memonal Insutute {BMI), Columbus Division

mpwpouofmiswotkm(l)toinmuwﬁelddauonfnctmsin vessels and structures and determine 1f
evmmcmfalocdmma(wb)cmn.unfnumu.nd(b)wdcnlopwdemmmlw
mwuwmmu.wgnawmmw BMI and others. The
dﬁd‘h“d‘hwﬂ“mﬁmunﬂlﬂdnuﬂmmm
lmdmduwwumwwuuwun-
mﬂtumwﬂiﬂﬁnlyh’. MWWMWMMwOIN.

Work o this subcontrect was completed in 1994 Axmmmofumm.sisxam
assigned funding remained unspent. Recent contacts with BMI personne! have established that BMI hos some
unresolved claims on & portion of this unspent funding. These claims will be resolved when the DCAA audit of
this subcontract is completed. The unspent balance must then be returned to NRC. The $15K cobligation in
FYlMisbmdmdnmunpﬁmﬂuanCMMﬁofﬂﬁuMMviﬂhWiaFYlm.

9 1.1.5 Naval Surfsce Warfare Center, Carderock Division Detachment
A. Subccntrect Waork Package Scope and Objectives

Task 3: Ammﬂuwnmwmmmmﬂum.
mmwwu-mdbﬁqm-‘m These dats will be genarated from
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fabncated from HSST Plate 14 Target loading conditions in the matnx were selected to confirm exisung data and
to extend the dataset to shightly higher loading rates. The Statement of Work (SOW) for this subcontract 1s
defined in specification No. HSST-H06-94-001 Rev | The SOW provides detailed requirements for specimen
fabncation, faciliues preparation, test procedures, and documentation

B. Basis for Subcontractor Selecuon

The HSST program for dynamic fracture toughness testing requires a high capacity testing machine capable of

dynamically loading CT specimens up to four inches thick at loading rates up to 105 MPa Ym/s. The Naval
Surface Warfare Center, Carderock Division Detachment (NSWCC-DD) maintains a testing machine that meets
these requrements. The NSWCC-DD has recently completed a senes of dynamic-loading shakedown tests which
confirmed that the machine 1s fully operational and capable of performing all of the tests defined in specification
no HSS'-H06-94-001 Rev 1. The staff of NSWCC-DD has demonstrated expertise in fracture toughness testing
They i:ave a thorough understanding of technical requirements of the dvnamic fracture toughness testing program,
and have the skills, expenence and equipment required to successfully complete the SOW defined in the test
specificauon

9.1.16 Professor S. T. Roife
A. Consulting Work Package Scope and Objectives

Task 2: Provide consultaton and guidance to assist in development of the biaxial testing program for constant-
depth (2-D) and finite-length (3-D) fMluws in unclad RPY matenal. Specific areas of assistance will include (a)
providing guidance in refining the test-spec'men design for 3-D flaws; (b) providing recommendations for the test
matrices; (c) performing a technical review of appropriate test specificauons; (d) assisting in the interpretation of
test dada 1o identify significant biaxial loading effects; and (¢) providing assistance in the production of reports on
the shallow-flaw testing program

Task 3. Provide consultation and guidance in the execution and interpretation of the shallow-flaw fracture
toughness tests of full-thickness clad beams cut from surplus reactor pressure vessels (RPVs). These tests are
being performed for the HSST Program at the National Institute of Standards and Technology (NIST) under an
Interagency Agreement. Specific ancas of assistance include (a) reviewing test specifications; (b) interpreting test
data, with emphasis on the effects of both metallurgical inhomogeneities and crack-depth-to-specimen-depth
(&/W) ratio; and (c) providing assistance in the production of reports on the full-thickness clad-beam testing

program.

Tash 7. Provide consuliation and guidance in integrating and assessing test data and analysis results from other
HSST Tasks for purposes of developing RPV fracture assessment methodologies 10 be used by the NRC. Specific
areas of assistance include (a) essessing shallow-flaw and biaxial constraint effecis on both the applied crack
driving force and the material fracture Wughoess; and (b) performing \echnical reviews of documents prepered is
support of this Task. In addition, Professor Rolfe will provide feedback 1o the HSST program of informstios
relating 10 fracture technology derived from his membership in the Pressure Vessel Research Council of the
Welding Research Institute.

B. Basis for Consultant Selection

Professor Stenley T. Rolfe has been involved in a comprehensive experimental and analytical research program in
frecture mechanics st the University of Kansas for 20 years. Prior 10 that time "¢ was Division Chief of the
Material Behavior Division st U S. Sicel's Applied Research Laborsiory in Moarveville, Peansylvania. He bes an
extensive rescarch background and considerable practical experience in the application of fracture mechanics 1o
various fracture and fatigue problems. His research for the Pressure Vessel Ressarch Commitioe ond the
American lron and Steel Institute has focused on elastic-plastic [racture mechanics iest development as well as
fatigue and fracture control is steel structures. He has published extensively in the fields of fracture coatrol, test
development, correlations, CTOD test development, and applications of fracture mechanics. He has & textbook on
T A e T Y 2 1 T T O N W S 0 1 A OB T 3 A4 TR T A TP AR TSR TR e 009l S I VR T PP TR N T e
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“Fracture and Fatigue Conuolin Siructures,” co-authored by John Barsom of U.S Steel. He has consulted widely
on structural failures and 15 recognized as a leading expert in the field of fangue and fracture control . Dr. Rolfe
provided consultation support 10 the HSST shallow-flaw fracture toughness testing program in FY 1991, 1992,
1993, and 1994 His expert advice was instrumental in guiding a number of key program decisions, and his

review of results was parucularly valuable.

9.1.2 FY 1996
Task Number H2 H3 H4 H6 H7 Totals
Subcontractor/Consultant K$ K$ K$ K$ K$ Ks
Subcontractors
University of Maryland 15 35 50
University of [llinois 20 23
National Institute of Standards and Technology 6* 6
Battelle Memonal Institute, Columbus Division 16* 16
Naval Surface Warfare Center 14* 14
Consultants
Professor S. T. Rolfe 5 10 5 20
FY 1996 T otals 20 54 20 30 S 129

Items marked thus * are carry over subcontract obligations from FY 1995.

nmdh”mﬂh“hmhwmwm
m«u-'wm-mbpuwmmm
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9.1.2.2 University of Illinos
A. Subcontract Work Package Scope and Objecuves

Task 4. The preliminary fracture-mode-conversion model will undergo validaton procedures and modificauons
will be made o the model based on the validation study. As part of the model modificauons. an invesugation wiil
becarmdounodcummmcdnﬂmmmthemnﬁelddmdofa;romn;cnckmmguncmwaud
crack-tip-opening angle failure criteria.  Also. the affect of pre-cieavage ductile teanng on the D-A toughness
scaling model and Weibull stress calculations will be investigated. The subcontractor will provide consultation
and guidance in developing empincal relationships that will be generated from the final analysis results and
uWinmmlemmcms.Mwmmmmam

9.1.2.3 Professor . T. Rolfe

A. Subcontract Work Package Scope and Objectives

Task 2. Provide consultatior and guidance Lo assist in refinement of the tesung program for biaxial loading and
flaw depth effects (constant-depth (2-D) flaws). Specific areas of assistance will include (a) providing
recommendations for the test matnces (o be executed; (b) performing a technical review of test specification; (¢)
providing assistance in the interpretation of test data (o assess biaxial loading and flaw depth effects; and (d)
ptovm.mmmcpmducnonofrcpuuonthebmdlmdmg testing program.

Tﬂ):CMMﬂMwulumeMCMngeﬂqummﬁmm
scale clad cruciform specrmens with shallow surface flaws. smﬁcmofmvmwmm
amhiednmo(wwim;(b)mﬂdiumiminuniummoludn-u“
chﬂum“mmmu(c)mﬂiusmuhhmamum
effects on fracture toughness under biaxial loading.

Task 7: mmwwmmgu«m-‘umummm*
mrmwmamgmmwmwumwmm Specific
u‘sdml-clm(n)mgmdm-ﬂnnndedcwmmmboththoqlptida'lct
Mvh.fauuumdﬁmmw;mmmwmumwh
support of this Task. l-mn«mnommmfuwawmusnm-dw
m»mmmmmmmummvwwman

Weiding Ressarct Council.
AIFYIY
Task Number H2 H3 H4 H6 H? Totwts
Subcontracsont onsaltant KS KS (41 K3 K s
Subcoatrecton
University of Maryland 15 15 %
University of Olinots 15 15
Congsultants
Profesaor S. T. Roife s s 10
ss

FY 1997 Tombs 20 15 15 5
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9 1.3.1 University of Maryland
A. Subcontract Work Package Scope and Objectives

Task 2. To assist ORNL in an evaluation of the transferability from laboratory- to large-scale structural behavior
of the constraint methodologies being assessed, metallurgical examinations will be performed on selected
specimen fracture surfaces from the unclad. 2-D flaw beam test matnx. Non-destructive and destructive
examinations will be performed to measure initiation site location. crack tp radius, and extent of the plastic zone
size. The information developed will be used by ORNL to assess the performance of the constraint methodologies
application 1o RPV thickness materials. The results of these metallurgical examinations will be published in a

letier report.

Task 3. Metallurgical examinations will be performed on fracture surfaces from the matrix of tests conducted for
large-scale clad cruciform specimens containing shallow surface flaws. Measurements will be made ‘o determine
faugue crack growth, intuial fatigue-flaw geometry, iniuation site location(s), crack tip radius, and extent of plasuc
zone size. The metallurgical data will be used to assess the performance of dual-parameter constraint
methodologies applicable to RPV materials in the transition temperature region. Results of these metallurgical

studies will be published in a letter repont.
9.1.3.2 University of [llinois

A. Subcontract Work Package Scope and Objectives

Task 4 Provide consultation and guidance in in.egraung and assessing analysis results for modifications to the
predicuve enginsering methodology based on validation test results. Specific areas of asi:stance include (a)
reviewing posttest analyses to determine the predictive capabilities of the methodology, (b) assessing
modifications to the methodology, and (c) providing assistance in the production of reports.

9.1.3.3 Professor S. T. Rolfe

A. Subcontract Work Package Scope and Objecuves

Task 2. Provide consultation and guidance to assist in definition of the large-scale cruciform beam testing
program for constant-depil (2-D) flaws in unclad RPV material. Specific areas of assistance will include (a)
review of and recommendations for the test matrices 10 be executed, (b) performing & technical review of test
mciﬂcﬁu:(c)mvﬂu.dmuiahwmiolofuhlw assess biaxial loading and flaw depth
effects; u(ammdm:wammmwmyunmu
reports for the biaxial test program.

Task 3: Wdﬂmﬁﬂhwﬂdwhelﬂﬁueﬂmmﬁnm%‘w
clad cruciform specimens with shallow surface flaws. Specific areas of assistance will include (a) providing a
Mnmduwmm;a)mmMiamimdmdﬁwmw
effects on shallow flaw behavicr: and (c) providing assistance in the completion of reports describing the
influence cf cladding effects in RP' ' integnty assessments.

Task 7. Provide consultation and guidance in integrating and assessing test data and analysis results from other
mfmhmdammmwmwuwmum Specific
areas of assistance inc'ude (s) assessing shallow-flaw and biaxial constraint effects on both the applied crack
mmummrmw;.ammmum“dwmh
suppont of this " ek, In addition, Professor Rolfe will provide feedback to the HSST Program of information
nhﬁug*hmMMMMNMhMMVMMMJh
Welding Research Council.
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9.1.4 FY 1998
Task Number H.1 H3 H4 H6 H.7 Totals
- Subcontractor/Consultant K$ K$ K$ K$ KS K$
Subcontractors
Wesunghouse Electric Corporauon 62¢ 62*
University of Maryland 5 5
University of Mlinois 5 5
Consultants
Professor S. T. Rolfe . 5
FY 1998 T otals 62¢ 15 77

Items marked thus ® are carry over subcontract obligations from FY 1994
9.1.41 Westinghouse Electnic Corporation
A. Subcontract Work Package Scope and Objecuves

Task 1. The purpose of this work was to further determine crack growth rates 1o RPV base metals, weldments,
and heat-affected zones. Data were deveioped over temperature ranges with fluid environments representative of
light-water reactor operating conditions. The effects of sulfur content and other compositional factors on crack-
growth rates were determined in well controlled water environments. Data from the cyclic tests and stress-

corrosion-cracking tests were correlated. Topical reports and semi-annual progress reports were prepared.

Work on this subcontract was completed in 1986. At completion of work on the subcontract, $62K of the
assigned fund’_.g remained unspent. In 1992, the unspent funding was added to the HSST Program funding,
pending cor.pletion of a DCAA sudit of the Westinghouse subcontract. Upon successful completion of the
DCAA aw at, the unspent balance must be retumed to NRC. The $62K obligation in FY 1998 is based upon the
assumption that the DCAA audit will be completed on or before that time.

9.1.4.2 University of Maryland
A. Consulting Work Package Scope and Objectives

Task 7: Additional metallurgical examinations will be performed on fracture surfaces from the matrix of tests
conducted for clad cruciform specimens containing shallow surface flaws. Measurements will be made o
determine fatigue crack growth, initial fatigue-flaw-geometry, initiation site location(s), crack tip radius, and
extent of plastic zone size. Tbmﬂddmmnhudwmmwmdw
constraint methodologies applicable 1o RPV materials in the transition temperature region. Results of these
metailurgical studies will contribute to final program reports.

9.1.4.3 University of lllinois

A. Consulting Work Package Scope and Objectives

Task 7. Provide consultation and guidance in integrating and assessing analysis results for constraint effects sod
the predictive mode conversion methodology based on validation test results. Specific aress of assistance include

(a) reviewing postiest analyses, (b) assessing modifications *o the methodologies, and (c) providing assistance in
the production of reports.
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9 1.4 4 Professor S. T. Rolfe

A. Consulting Work Package Scope and Objectives

Task 7. Provide consultation and guidance in iniegraling and assessing test data and
HSST Tasks for purposes of developing RPV fracture assessment methodologies to be
areas of assistance include (2) assessing shallow-flaw and biaxial constraint effects

analysis results from other
used by the NRC. Specific
on both the applied crack

driving force and the matenal fracture toughness; and (b) performing technical reviews of documents prepared in
support of this Task. In addition, Professor Rolfe will provide feedback to the HSST Program of information
relaing to fracture technology derived from his membership in the Pressure Vessel Research Committee of the

Welding Research Council.

9.1.5 FY 1999 (10/198-12/3198)

No subcontract or consultant support is planned for FY 1999.

NAC FORM 189 (10-63)
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9.1 Misterials and Servicms
921 FY 1998
Vistenals and services (MAS) expenditures proposed for the FY 1995 periormance penod are as foliows.
Task Materini or Service Cost (KS)
A Subcontracs Services for Specific Tasks
H.1 Express maal services |
H2 Purchase of a 9 pgabvie exiernad b
hard drive for the LBM RISC 6000
work stapos. This equpmens 13
‘equared (D accoMMOGate the large
. olume of data generated i 3-D
nonknesr analyses of CTack-Up stress
flelds.
|
H2 Hest treatment of the HSST plase 14 16
4 533 B maienal 10 simulste the
properves of irTadisted rEacion VeI
masenal
H2 Lease of an LBM RISC 6000 Model 560 worksiauon 18 (50 percent of cost)
H2 Visiasemancs supporn for the [BM RISC 6000 3 (50 percent of cost)
Mol 560 workaasce
H.2 Lease of the ABAQUS comgusier program 3 (50 peroem of cost)
H2 Fatwicanos of |9 cruciform s specimens <%
with conseant depid flaws from te
hess vesond Piats |4 mesenal
H2 Charscinxanon wets of the hess Teas Maens! 3
H2 et Bow ITECNRYE PG 36 22 (50 percess
“-—m-w il
H2 T g o phases- wiwses CTOL spuscome ]
H2 Tem spROIER 1SOENTI KR OCHTHRE 15
e R
H Cws ap of plate 14 w0 form bisaks for the 10
Crucsfors specImwes
/] Miscrilaneown masene sheppany COSI 168 3
shop supps
H3 L nes o e US4 RISC 6000 Model S60 wouk stuson 18 (50 poross of cout) ~
H3 Vigintermans seppon for the LBEM RISC 600 3 ?
s (50 porcest of cont)
H3 Lesse of the ABAQUS compuer program 3 (50 pefonds of cost)
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H3 Charactenzation tests of the SNUPPS
shell segment reactor vessel matenal

H3 Instron test machine capacity upgrade and
calibration as descnbed in section 10

H3 Test specimen instrumentation procurement
and services

H3 Upgrade of the biaxial test fixture
capacity and size 10 accommodate
large-scale lest specimens.

H3 Cut up of SNUPPS shell matenal to form
blanks for the clad cruciform specimens

H3 Fabncation and shipping of full-scaie shailow
flaw beam specimens and shipping of the
specimens to NIST

H3 Miscellaneous matenal shipping costs and
shop supplies

H4 Fabrication of specimens for J-K testing
of the SNUPPS weld maienal

B. ORNL Services for Multiple Tasks
Instrumentation and Control Group services
NRC Programs Office services
Computer Programming services
Reporns Group services
Procurement Services
Y-12 Plant services
K-25 Plant services

Total materials and services charges in FY 1995

922 FY 199%

Heavy Section Steel Technology

10

21 (50 percent of cost)

Maierials and services (MA&S) expenditures proposed for the FY 1995 performance period are as follows.

Tash Material or Service
A Subcontract Services for Specific Tasks

Hi Expross madl services
H1 Purchase of papsr reprints from Professional Socweties
M1 Procurement of s shell segment from the Reactor

Pressure Vessel Reseasch Users' Facility (PYRUF) RPYV

Cost (K$)

M

NARC FORM 189 (10-83)
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H2

H2
H2

H1

H2

H2

H2
H2
H2

H3

He

Procurement of additional services dunng the cut-up
of the PYRUF

Ramoval of intermediate vessel V- 10 from the K-25 power
house and transpor of the vessel (o the HSST program
material storage yard at the Y- 12 site

Mainienance suppont for the [BM RISC 6000
Model 560 workstaton

Lease of the ABAQUS computer program

Fabncston of § cruciform test specimens with
constant depth flaws (rom the heat eated Plate

|4 matenal. This is the balance of a bach of 24
specunens on whach fabncanon was staned 1n FY 1995

Fabncabon of eight intermechate-size cruciiomm
test specimens with constant depih flaws trom

the hest trested maienal. These specymens will have
flaw aspect rabos (&'w) of 05 and .15

Fabeicaton of four large cruciform test specimens with
consians depth flaws from (he hea treaied maienal

Fabrication of & lifting fixrure for the lasye-scale
cruaiform specumes

Large-mnge Sheprc clif gauges
Characierization lests of the hest treated masenal
Testng of plase-stran CTOD spescmens

Test spocaien IBSUTUIMENtENON Procuremen
and services

Leass of the ABAQUS compuser program

Maimsenence suppor: for the iBM RISC 600
Maodel 360 worksration

Fabricution of 24 insermediace size ciad croaform
e with fisiss lengih surfact faws from the
rescior proesasre veasel shel! segments

Fabricamon of one large-scale clad-crociform spea s
with 2 finite-length surface tlaw from (e SNUPPS
rescaor presyire vessal sheli egmeat

Test spacimen a8 RERBOOD

Fabrication of specumens for J-R testing of SNUPPS
ekt and plase mewnet

Opes gurchass erdes from FY 1994 for chemecai saslyses
services from ABE Combusoon Engtn sieg i sigsport
of devedopenest of & cisd (iase-kengty-law crecfons

ten ApACHIER WiKh SURMLINET PrOICVPAC R rTidisted
staanbesy sioe cladding propertes

NRC FORM 169 (V085

Heavy Section Steel Technology

4 (50 pervent of cost)

4 (50 percemt of cost)

45

4 (50 percent of cost)
4 (30 percent of coet)
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B ORNL Services for Muluple Tasks

Instrumentation and Control Group services
NRC Programs Office services

Computer Programmung services
Reports Group services

K-25 Plant services

Y-12 Plant sernces

Total matenals and services charges in FY 1996

923 FY 1997

Vatenals and services |MA&S) expenditures proposed for FY 1997 are as follows

Task Visterial or Service

A Subcontract Services for Specific Tasks

H.l Express may services

H.1 demmﬁwﬁdumﬂSmu

H2 Maintenance sapport for the [BM RZSC 6000
Model 560 workstation

H2 Lease of the ABAQUS computer projyam

H2 Fabncaon of fwo large-scale cruci{orm

uﬂ—ﬂ“mmm
(e bewt crossss Piate |4 maserial

H.2 Testing of plame-swran CTOD gecimens
H2 Tesi sporames VISTUTRNAO0H PrOCUTCMEN

2290 pervICRE
H3 Mainteasace suppont for the (BM RISC 600
Model 360 worstston
H3 Lease of the ABAQUS compuser program
H3 Test SPocIns WUl entno
and services
HJ3 Fabaicance of three larye-scale clad cruafom

-p—-uwmmmmu

SNUPPS reacsor pressurt vessel sheil sogoas.

NACMD 117 DOE LABORATORY PROJECT AND DATE
COST PROPOSAL FOR NRC WORK JULY 19, 1996
PRAOJECT TITLE: Heavy Section Steel Technology

Cost (KS)

$ (50 percent of cost)

5 (50 percent of cost)

$ (S0 percent of cost)

§ (50 peroms of cost)

fﬂw“
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8. ORNL Services for Multiple Tasks
NRC Programs Office services 50
Computer Programmung services 6
Repors Group services 64
Y-12 Plant services 25
Total maserials snd services charges in FY 1997 340
9.24FY 1998
\atenals and services (M&S) expenditures proposed tor FY 1998 are as follows.
Task Material or Service Cost (KS)
A Subcontract Services for Speaific Tasks
H.1 Express mal services 1
M1 Purchase of paper repnnts from Professional Societies i
H7 Manteaance suppon {or the LBM RISC 6000 10
Modei 560 vorkstaton
H? Lease of the ABAQUS computer program 10
B. ORNL Services for Multiple Tasks
NRC Progrsas Office services $0
Reports Group servces )
136

Toial masenals sad servioes chargas i FY 199§

9.25 FY 1999 (10138-12019%)
Materials snd servioss (MAS) expendinures proposed for te first trer mosths
Toask Msterinl ev Servics
A Subcontract Sarvices for Specific Tasks
There ae no subcontact services plamied for it penoc.
B. ORNL Services for Multipie Tasks
NRC Programs Office services
Rapora Group servicss
Total maerials and services charges in FY 1999

“M

WAC FORM 109 (10-6%)

of FY 1999 sre as follows.
Coat (KS)
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11

12.

13,
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SPECIAL FACILITIES, IF REQUIRED:

The full-scale uniaxial shallow-flaw fracture toughness tests will require the use of the exisung 2TMN (12 M 1b) test
machine a: the Natonal lnsutute of Standards and Tesung, Gaithersburg, Maryland.

The dynamuc fracture toughness lests will require 2 special purpose dynamuc tesung machines that exists at the
Carderock Division of the Naval Surface Warfare Center.

that the biaxsal test fixture and the Instron Model 1336 test machine at ORNL
be upgraded (o increase the joad capacity (0 700 kips (the load capacity is currendy 530 kips). The [nstron company
has confirmed that the test machine capacity can be increased to 700 kips by changing the control system and
recalibraong the machuse. ORNL studies have confirmed that the test-fixture capacity can be increased to 700 kips by
manufacturing a new base plate and reusing the balance of the existing biaxial-fixture hardware. The new base plate

will also permut the test specimen moment arm length to be increased.

The large-scale biaxial iesis will requare

CONFLICT-OF-INTEREST INFORMATION:

There are no know relationships betwecn this organizauon or 1ts employees or
by the NRC and suppliers thereof that might give nse 10 an apparent or ac

described in this proposal.

subcontractors with industnes regulated
wal conflict of interest regarding work

CLASSIFICATION OR SENSITIVITY. IF APPLICABLE (e.g., safeguards, proprietary, other):

mwatoddcﬁadiuhsowuwtclunﬂdaumnuve. chaupmunwwdu'lSOinﬂm
contain any propnetary (including unit-specific Nuclear Plant Reliability Data Sysiem data), confidential, or
copynghted maierial without wrtien permission from the insututions and organizanons (o which the informarnon may

belong.

ADDENDUM:
A) INTERPRETATIONS OF STATEMENT OF WORK

Task §

Subtask 5.2
Pressure-temperatare ume histonies for u. mmmuimmwuummwu)
will be provided by NRC.

[n order to meet the milesione for FY 97. the thermal-hydraulic data must be received as follows:

H.B Robimson 93096
Plant po. 2 V309
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13. (B) Cost Information
Estimated Cost Schedule ($K)

Years 199% | 996 1997 1998 1999 Total
Task | 346 323 508 386 432 139 2134
Task 2 900 734 679 451 2764
Task 3 550 662 736 144 2392
Task 4 108 213 213 174 708
Task § 242 163 207 216 15 843
Task 6 482 408 94 984
Task 7 231 300 302 271 1320 743 3167

74151

mne 1942 1767 882 £7143
s 84 76 k] ] 7ne
2857 2026 1843 920 §TR62
(1626) (709) (483} (440) 0
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[ MAC FORM 189 (Pan 3) U.S. NUCLEAR REGULATORY COMMISSION § Jo8 cODE

10-01-94 12-31-98

| e ' BO119
, 14. SPENDING PLAN
NACMD 117
! FY 1995 MODIFICATION NUMBER
| (H apponbes )
|
’ »
| NAME OF LABORATORY PERFORMANCE PERIOD
} Oak Ridge National Laboratory FACM ™

TITLE OF PROJECT
T on eservemms

Heavy Section Steel Technology

e w
S o o $10570k |
-
5 -!,'{;;i-G‘.L , - ol o, e B 2 R !
&) X e ohhedds o G g R S (|

|
R

It:a:m FLEMENT CTOBER NOVEMBER DECEMBER AMUARY FEBRUARY MARCH
OIRECT COBT ($K) 126 223 158 I8 227 262
INDIRECT COST ($K) 0 0 0 u 0 0
R p——— 126 23 158 118 227 262 H

ESTIMATED COST AND COMPLETION BY MONTH

MAY ARY

300 238

0

w
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U.S. NUCLEAR REGULATORY COMMISSION § Jo8 COOE

NAC FORM 189 (Pan 3) )
BO119
(10-89) 14, SPENDING PLAN
NACMOD 117 MOOIFICA
FY 1996 ¥ sogcarse) |

| .
PERFORMANCE PERIOO

NAME OF LABORATORY
Oak Ridge National Laboratory “
12-31-98

TITLE OF PROJECT
$10570k

5

ESTIMATED COST AND COMPLETION BY MONTH
COST ELEMENY OCTORER NOVEMBER SECEMBER JANUARY FEBRUARY MARCH
DIRECT COST ($k) 183 =29 240 -06 225 286
INDIRECT COST ($K) 0 0 0 0 0 0
TOTAL COST ($K) 183 b3 240 206 229 286 I
| PROECT COMPLETION (%)

ESTIMATED COSY AND COMPLETION BY MONTHM

MAY JALY
206

0

206
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NAC FORM 189 (Pan ) U.S. NUCLEAR REGULATORY COMMISSION § Jo8 cooe
il BO119
14. SPENDING PLAN
NRCMO 1.7 MODIFICATION NUMBER
FY 1997 (f npphcathe)
NAME OF LABORATORY PERFORMANCE PERIOD
Oak Ridge National Laboratory FROM o |

10-01-94 12-31-98

» ' .

TITLE OF PROJECT

Heavy Section Steel Technology

e A an
e o pepan

s w v | §10570k

|

o
s -

iy b

- d"‘ _ |

{

|

COST ELEMENT SCTORER NOVEMBER DECEMBER ANUARY FEBRUARY MARCH
DIRECT COST ($k) 130 162 i 70 i 46 162 203
INDIRECT COST ($K) 0 0 0 0
TOTAL COST ($K) 130 162 170 146

|

ESTIMATED COST AND COMPLETION 8Y MONTH

APFIL. MAY JUNE JAY
F—— (%) 154 162 195 146 203 193
| NOWECT COBT (8K) ¢ 0 ’ 0 0 0
e —— 154 162 195 146 203 193
R 958 96.0 962 9.4 96.6 9.9

NAC FORM 189 (10-83
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RC FORM 189 (Pant 3) U.S. NUCLEAR REGULATORY COMMISSION § 08 CODE

M

! BO119
s 14. SPENDING PLAN
NRCMD 117
FY 1998 MODIFICATION MUMBER
(F applonte)

PER WMANCE FERIOD

FROM i)
100194 | 12-31-98

NAME OF LABORATORY

Oak Ridge National Laboratory

| TITLE OF PROECT
! s abo

Heavy Section Steel Technology SR we | $10670K
i v S SR 2 '

. -

|
ESTIMATED COST AND COMSLETION BY MONTH

COBT ELEMENT OCTORER VOVEMBER NECEMBER JANUARY FEBRUARY MARCH

DIRECT COST ($K) e 147 154 133 147 184

INDIRECT COST ($K) 0 0 0 0 0 0

TOTAL COSY (8K) e 147 154 133 147 184
| PrOSECT COMMETION

140 147 in 133 _l“ 4L "
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NRC FORM 189 (Part 3) U.S. NUCLEAR REGULATORY COMMISSION | Jo8 CODE

(1053 14. SPENDING PLAN
NRCMD 117 FY 1999

Oak Ridge National Laboratory

TITLE OF PROVECT

on Steel Technology

e vl
- »
3

it

[T S

o

R o L

ESTIMATED COST AND COMPLETION BY MONTH

COST ELEMENT OCTOBER NOVEMBER CECEMBER ANUARY pa— o
DIRECT COST ($K) 310 310 300
INDIRECT COST ($K) 0 0 0
TOTAL COST ($K) 30 310 300
PROJECT COMPLETION (%) 9.3 9.7 100.0

k. :.T -y z P St .

L A o : :
ESTIMATED COST AND COMPLETION BY MONTH

COST ELEMENT APPSR MAY JUNE a8y aousr |
DIRECT COST ($Kk)
TOTAL K A‘
PROECT
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