
_ _ . _. _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . . _ _ . _ . _

: . r

%. -
i'

fgp., w%
f g Department of Energy.

*-3 y
Oak Ridge Operabens Office? j g

%,%s f P.O. Box 2001'A
s' Oak Ridge. Tennessee 37831-

,

.

;

!

I 'ht. S. 0 |9%
.

: Ms. Sue Deckar
Of5co ofNuclear Ragnissory Rasenreh#

Finsacial Manapanent, Procesament, and
;

i m stair
' U.S.Nusisar Rasmissary Ch

MailStop T-10 D 5 -
Washingles,D.C. 20555 0001

i
'

' Deer Ms. Decker:

PROGRAM AND BUDGET PROPOSAL FOR FY 1996," HEAVY SECTION STEEL
TECHNOIAGY"(INTERAGENCY AGREEMENT DOE NO.1886-N011-98,JCN B0119)

<

Encloemd for your consideration is the khahde 189 project proposal, subject as above, wiuch has been
prepared by the Ook Ridge Nat===l Laboratory (ORNL). 7his proposal is bemg mdwnstad in response to an

,

i NRC Form 173, Order Number 60-96-471, dated June 27,1996; NRC Form 173, Order Number 60-96-345,
| dated April 16,1996; and NRC Form 173, Order Nurnber 60-96-061, dated Decernber 13,1995.i
4

! Tarhaical questions relative to this proposal should be directed to C. E. Pugh, ORNL Program Duector,
telephone (423) 574-0422. Admimstrative quesbons should be addressed to Darlene Cooper, DOE Work fbr'

Others Coordmasor, telephone (423) 576-0646.
I

Sincerely,'

cwM$ W/E,'

Ronald O. Hultgre'n ~~F~
<

! ER 113: Cooper ORNL Site Manager

upo3
v

Enclosure

FM i89(6) [4

cc w/o encl:

; C. E. Pugh, Y-12, MS 8063
S. R. Marta, ORO, ER-111 j

.

C. T. Rice,800 TPK, MS 7610

.

f

.

; o-( n n 17 Re s $4)'i c wa

~

. 9610010098 960726
PDR ORG NREB*

PDR
:

_ _ _ _ . _. ._



a - t

f U.S. NUCLEAR REGULATORY COMMISSION I

NRC FORM 189(Part ) DATE PRO 6 6AL SENT

JULY 19.1996
I 7 '" ,

'

pasal 1996I' DOE LABORATORY PROJECT AND uew ,y

| Nacuosu
,

COST PROPOSAL FOR NRC WORK X InEvism m.....

JOSCODE
| rnoascT TrTUE

IIEAVY SECTION STEEL TECIINOLOGY B0119

NRC 8 &n NUMBER
! NaC OmCE

U.S. NUCLEAR REGULATORY COMMISSION 660151140f0'

NRC BOC CODE
; COE CCNTRACTOR 253DLockheed Martin EnerEy Research Corp.

CONTRACTOR ACCOUNT NUM8ER
snt Oak Ridge National Laboratory

Oak Radre. Tennessee 37831 di WO || 9B !.

COGNIZANT PERSONNEL ORGANIZATION TELEPHONE NO. 00E B &R NUMBEM

40 10 01 06

PERIOD OF PERFORMANCE
NnC PROJECT MANAGEn
Shah N. M. Malik RES/DE/MEB (301)415 6007

;

PMOJECT START DATE
| oTHER NnC TECHNICAL STAFF 07Ml/66
,

PRCUECT END DATE
! DOE PROJECT MAAAGER

DOE.ORO (615) 576-1522 12/31/98
S. R. 31arun

,

C. E. Fueh CMO (615) 574-0422 3LACORA TORY PROGRAM OmECTOR

LA80RATORY PMOJECT MANAGEA'
-

W. E. Pennell ETD (615) 576-8571 h
PT.lNCIPAL INVESTIGATOR ( 3)

W. E. Pennell ETD (615) 576-8571
i

ECIS
NEY PEMSONNGL
B. R. Bass. J. A. Keeney, T. L Dickson CAD isis > stu4014464,. 4465o g,

-

. J. W. Bryson. W. J. McAfee. J. G. Merkte ETD 6isi 57447u. 64646. 4.o66: [R. K. Nanstad. D. E. McCabe M&C isisi 57mn. wie'

STAFF YEARS OF EFFORT FY 1995 FY 1996 FY 1997 FY 1998 | FY 1999

43 10.3 8.0 7.5 | 4.1
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i oTHER DmECT (SUPPORT SEm4CES)
1.4 1.4 1.4 1.4 | 0.8

TOTAL DIRECT STAFF YEARS 10.7 11.7 9.4 8.9 | 4.9

|1

COST PROPOSAL e.wwmo==== r:-- ro

; omEcT LAmon (scemriC/TECHMcAL) 1277 1156 922 964 | 533

|
| ovEnHEsa(INCWDED IN DmeCT LA40m)
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|
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PROJECT COST |

121 118 84 76 | 38
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ooE Aooso PACTon
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-

1905 1626 709 483 | 440
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1626 709 483 440 | 0
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l'140 1800 1800 | 480
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-
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NRC FORM 189 (Part 2) U.S. NUCLEAR REGULATORY COMMISSION JOB CODE

B01190 0-93)

NRcuo it i DOE LABORATORY PROJECT AND DATE

COST PROPOSAL FOR NRC WORK JULY 19,1995

:

FOR PROJECTS, EXCLUDING TASK ORDERS AND TASK ORDER AGREEMENTS
'

PROJECT TITLE
HEAVY SECTION STEEL TECHNOLOGY

DOE PROPO$1NG ORGANt2ATIONi

! Lockheed Martin Energy Research Corp.
j Oak Ridge National Laboratory
:

ESTIMATED COST BY TASK ($k)

TASK 1 TASK 2 TASK 3 TASK 4 TASK 5

2222 2873 2489 737 877
,

J

TASK 8 TASK 7 TASK 8 TASK 9 TASK 10

1021 3301

The estimated task costs included DOE added factor costs. The costs include FY 1994 costs, and cover a period extending to the

completion of the period of performance (12 31-98).

PROJECT DESCRIPTION l

i
; 1

A NARRAT1VE DESCRIPTION IS PROVIDED ON EACH OF THE FOLLOWING TOPICS IN THE ORDER USTED.

I

E REPORTING REQUIREMENTS AND SCHEDULE1- OsuECTIVES OF PROPOSED WORK
,

,

9. SUBCONTRACTOR / CONSULTANT AND MAJOR PROCUREMENT2. SUMMARY OF PRIOR EFFORTS
eNFORMAT10N'

1 10. SPECIAL FACluT1ES, IF REQUIRED
} WORK TO BE PERFORMED AND EXPECTED RESULTS

1

4. PROPOSED PERSONNEL - INCLUDE RESUMES 11. CONFUCT OF-INTEREST # FORMATION
1

I'

5. MEETINGS / TRAVEL
12. Cli.88FICATION OR SENSITMTY, F APPUCABLE

(4 9.. safeguards, proprietary, other)

13. ADOENDUM: ( A) p(TERPRETATIONS OF STATEMBfT OF& une e uge
WORK,(e) COSTINFORMATION, AND (C) 8CHEDULE
INFORMATION

|
I4-7. RELATiONSHe TO OTHER PROJECTS SPENDING PLAN

* PRCUECTS WITH COST TYPE SU8 CONTRACTS CANNOT BE CLOSED OUT UNTIL REQUIRED DCAA AUDITS HAVE BEEN CONDUCTED.
!

8.GNuuRE - APPROVAL AuTwomrry on,,

!

!
C. E. Puah. Direct x, NRC Programs

,
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PROJECT TITLE: Heavy Section Steel Technologyi

i

] 1. OBJECTIVES OF PROPOSED WORK:
1

1 The objectives of the Heavy.Section Scect Technology (HSST) project are to:

)
'

A. Develop and experimentally validate the analysis methods needed to fully characterize the fracture behavior of
heavy section reactor pressure vessels (RPVs) and related components and structures under the full spectrum of
loading and materialconditions;

_

Develop the material property data, including appropriate test techniques and data-analysis methods needed inB.
performing pressure vessel integrity analyses;j

C. Assimilate the analysis methods, the materials data. and the pertinent service data into a comprehensive
pressure vessel integrity assessment methodology that can be used by the Nuclear Regulatory Commesion )

|;
" (NRC) in performing plant specific or generic pressure vessel safety analyses;

| D. Reduce this technclogy to practice through participation in national and international codes and standardst

j organizations; and
!

I
'

; E. Provide technical assistance to the NRC in the general area of pressure vessel integrity.

j 2. SUMMARY OF PRIOR EFFORTS:
J

! Fracture-margin assessment methods were tieveloped, and fracture toughness and crack-growth data were generated

!
cod transferred to the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code. Crack-
arrest testing technology was researched, and an American Society for Testing and Materials (ASD4) seendant was4

developed. Elastic-plastic and dynamic fracture ar.alysis methods were developed and validated using large-scale.

| wide-plate tests. A viscoplastic fracture analysis capability was assembled. Testing was performed to desernune the
effect of stainless steel cladding on the propagation of a fast-running crack. An extensive series of fracture technology

'

verification tests was performed using heavy section steel cylinders and pressure vessels fabricated using sneserials
,

|
selected to simulate neutron-irradiatian-embrittled reactor vessel materials. Dese tests provided data os crack-

i
initiation and propagation behavior under pressure loading, thermal shock loading, and pressurizad-thennal-shock 1

(PTS) loading. Many of the fracture technology issues currently under investigation were identified in these tests.
.

|

i
Computer programs were developed for the fmeture analysis of both laboratory specimens'and reactor pressure

! vessels.' Analysis melbods,for the ======aa* of reactor vessel failure probabilkies during a FTS seest were
- ^M laen the Over-Cooling ~ Accident-Probabilistic (OCA' P) and the Practure Analysis of

developed and ' I%YOR) acapesar progreek. Stress intensity factor lanuence soeffleisees for hafinite teegdiVessels.Cak Rides;(!
asial fisws wese generseed, verilled,' and lacorporated into the FAVOR prograni?%e FAVOR compuest program was

;

validened and lessed toyegulatory and soclear indstry users as a conagureden controlled program confenming with
.for nuclear applications 9ASME NQA- - 921 sp. Support was to

the ASME spaality assurance p? n ._ _ ^'= marglas in (a) the reactor vessel supports tbr the:

the NRC for the evaluation of nuclear'
7

power station and (b) the reactor pressure vessel for the Yankee Rowe nuclear power station. Shallow-flow and
salended crack-arrest does were generated and their stYect on reactor vessel FTS failure probabilities deseruma==d Ai

shallow flaw fracture touishness database was assembled and used to assess the relative performance of canalidass
]

peranneters for e z- " '=5 shallow-flaw fracture toughness data. Ductile tearing technology problems were idemofied1

by participation in an lasernational round-robin analysis of results frout large-scale firecture caparianents. Pleumanary,

studies were completed on (a) the effect of reactor vessel dynamic response on crack arrest during a FI3 eesati(b) the
cffect cf cladding.on crack initia6on and propagation, and (c) the effect of biasial far neld-stress-states on crack

,

!

initieden. %ese seedles identitled the need for fkacture secteology advances in the areas of emek-tip a======i=r afIncas
,

'

and clad *ing effaces. C.C, ^ was initiated on dual psranneest, fracture toughness correlations. A cruelfunn test
;

speciar a was developed to provide an ineaponsive means oflavestisseing the'effect of 4,7' FFS biasialemensi

i
fields ai the shallow-flaw fracture toughness of RPV steel. Test fixtures and a pilot series of crucifonO ^ ? ' --
wereisleicated and ineeed. Does tests confinned that blaalal loading reduced the shallow-flawitraceurs toeshness of

;<\ sane m n w
:
i

* 4 6 .-4 4$ gsw g
- W' S 9- " it $4 ,,

;
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Heavy Section Steel Technology
PROJECT TTTLE:

pressure vessel steel under conditions of protorvpical contasned yielding. Analysis of the biaxial test specimencorrelations could not predict the observed effecu of
h

tevealed that stress based dual. parameter fracture toug nessbiaxial loading on shallow. flaw fracture toughr.ess. An implicit strain. based dual. parameter fracture toughnessj
d

conelation was developed and shown capable of predictmg the observed effects. Fractographic data were produce
from these tests. The fractographic data support the use of strain as a controlling parameter for transition. range
fracture toughness. A program of J R curve resung of A302 Grade B pressure vessel steel was completed. AnAn uncertainty
assessment was made of metallurrical effects which impact pressure vessel safe margin issues.
evaluauon of str:ss. intensity.facu estimates used in the ASME Code and regulatory documents was completed.4

Continuing member *p of program personnel in the ASME and ASTM fracture technology working groups has
of tne program research products into the appropnate national consensus standards These
wfed significant contnbutions to the development of ASME Code criteria for evaluadngassured prompt tre

low. upper. shelf condiuons. Contnbudons were made toward the analytical venficsoonefforts have rece-

illy based equadons for Kg due to steady. state-cooldown thermal loadings. Leadershipvessel safety ma

, mpment of a dratt ASTM standard for detemuning fracture toughness in the ductile.to. brittle1 and improverner
was provided for t:, ,

2 transiuon temperature regime.

WORK TO BE PERFORMED AND EXPECTED RESULTS:3.

'

3.1 FY 1995
'
t

3.1.1 Pro-rme M-~=*nt (Task 11

Task I will provide overall management of the Heavy.Secdon Steel Technology (HSST) program to assure that the
'

program objectives are actueved in a umely and cost effective manner. Specific program management activities to be
|

|
I J
~

performed are as follows.
|

.

"Ihe program will be monitored and controlled using a cost / schedule variance analysis and management
system. Program costs. linancial stams, and cost / schedule variances will be reported in monthly letter statusThe MLSRs will report on progress at the Subtask level. 'Ihe reports will include a

1.

:
reports (MLSRs).
description of the work performed and the progress made. Work performed by both the Oak Radge National!

Laboratory (ORNL) HSST program research team and the program subcontractors will be reported la the
MLSRs. The status o(program deliverables such as NUREG/CR reports and letter reports will be reponed.
Any problems that smpact the program cost / schedule perfor' nance will be ideatified. Achos plans!

impleasased to resolve she problems will be desenbod and their eNecovemens nicassored and reported.
'

Propas piens will be prepared in respones so Stessmens of Work (SOW) isoned by the NRC HSST Pteiset
Manager. Needs for subcontractor and camadaHSAC) support for spacine elemeen of tbs 30W we to2.

identined. SAC suppen will be used to make available to the progrumi special facGities and taleess noti

sveilabis a ORNL. SAC support may also be used to ,," capabilides avesiside et ORNL.:

SOWS will be prepared and subcontracts will be issued and adesaissered for ascessary S&C support
-

Masenals and componenes necessary for the ef8cient esecution of the HSST progresi tasks win be loceaed3.
4.

A quality assuruce program, tailored to the specific needs of the HSST program, will be used to assere high
and procured.

;
1

quality is maintaaned in reports and esperimental data produced by the prograsa. Briefings on project activities and tindings will be prepared and presented as directed by the NRC HSST
fL

Propect Manager.
Coordinenas services will be provided for both NRC and ORNL program and/or topical reviews.
Coordtasmag services will be provided for nanomal and imaggnahnmal jg(ggggggg gggbggggg ggd gggbgg|ggy7.

8.
| tramefers.

..
.

.

Limeos widi the Heavy Section Steel Irradiauon (HSSI) program will be mesasaised to assure coonEnedom:
9.'

of the HSST and HSSI program activities.
,

The HSST Program Manager will coordinate the preparauon and pubbcecom of a-an== mal reports covering
10.

all HSST prograrn activities.

|

PAGE 4 OF 101
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P.70 JECT Tm E: Heavy Section Steel Technology i

!

! 11.2 Ca==e t-a Fffects Aanivelcal Develonenent ==A Validation tTsair 21
1

The objecuves of Task 2 are to assess, develop or refine. and apply as necessary, fracture analysis methods and
validauon tests to determme the influence of crack tip constraint effects on fracture toughness. Results from this
research will be used to improve the accuracy of RPV fracture predictions. This Task supports development of

,

|
constramt based methodologies to improve transferability of fracture toughness data (in the brittle-to-ductile transition

; temperature region) from small-scale (e.g., surveillance sized) specimens to full-scale RPVs. It has been shown that
out-of. plane loading induces crack-tip constraint effects on crack-tip driving forces as well as on the masenal fracture;
toughness as compared to toughness salues determined under uniaxial loading conditions. This phenomenon was;
qualitauvely venfied dunng the FY 1994 performance period through the development-phase testing and analyses ofj
intermediate scale biaxial cruciform specimens with shallow claws. For the performance periods FY 1995 through

q
FY 1997, the work in this task will be focased on validation phase testing and analysis to detennine (a) the effects of
biaxial loading ratios and test temperature on fracture toughness using a single flaw depth (single a/W ratio) andJ

intermediate-scale cruciform specimens. (b) the effect of the combination of biaxiality and flaw depth on fracture
toughness using the same configurrion intennedsate scale cruciform specimens as in (a), and (c) verification of the

3

j transferability of the developed constraint methodology through testing of large-scale, biaxially loaded shallow-flaw
specimens. To further support development of the basic constraint and fracture models, specialized. small-scale tests;

! are also planned to invesugaae the effecu of constraint on fracture duculity and the relationship between failure

! duculity, crack tip-opening displacement (CTOD). and fracture toughness. Plane strain tensile specimens. tensile
: fracture energy (CTOD) specimens. and slow oend Charpy specimens will be used as appropriate for this purpose.

The intermediase and large-scale cruciform beam and small scale specimen testing focuses on the behavior of RPV!

i matenal in tne brittle-to ductile transition temperature region of the fracture toughness curve.
!

1

| To provide the micromechanical process definitions necessary for a complete description of the fracture processes in
! the transition temperature region and to fully support the development and venfication of dual-parenseeer fracture

| toughness mA _Y:;=:- interface with the ORNL HSSI Program will be maintained. Using broken bianial test
| specimens, gtidance will be obtained on (as interpretauon of the fracture process by investigation of the fracture
j surfaces. (b) locanon of fracture initinuon sites, and (c) amounts of ductile teenns before cleavage. The infunnasson

will be obouned by reconstruccon of the fracture process using confocal mapping and by direct examinamos and cross-'

sectioning of the fracture surfaces to make measurements of the plastic zone siac and the crack tip radius near the
,

) cleavage initienon site.

! Task 2 is divided into two Subtasks. The first Subtask will develop the expenmental base requared to define and
quanufy beamlet sondes effesa os consweist. The second subtask will innstisen and evehism samtias dues..

parameer ==ahadanas == or recomussed ahernean methodosogies if approprises, for predieeiens of ensamo is shes'

treasseios esaporanse region of the fracane soughness curve. lasernadonal infonmesion enchangs la des areas of

: carmesist and large scene will be supponed enoush this and other makt. 1he Subteeks and'thei specine

! activities to be posfonned la FY I are summenaed below. '
' " ..; y.,

.,
,

3 i 1,. as.f.u .LW- m _'- --V " "t-T* r* " 2.tk This Subtask investissess' the inAmeans of
1 |- . .. '5

,

bianael loading on the eheuow flaw fresnue sougheses of RPV,rnseenal. Unianael abaBow flaw |soughness
'

cahibits an incroses in scener and steen vales relative to deep-flaw tougheses desa. In --- ; i -- basedasths
;

- ^f ensonferpm assung, binasal shallow flaw soughness entstmas a decreens in bodi mean vales sad
: A'

scosser rolesive to the unanzial shallow flaw resisits, but the mean vales does not appear to be less then shot for
unsassel deep Asw desa. This benasel-loedag soughness reducson wiu be q==awtwausing sheBob-8ser comesforms

,
>

wiebe
; specumene fabriseesd man Rev mesenal. The pnmery focus of ibis sehmak for ihis performanos

esses an shouow-new ancese soughness et tem
Subiesk is an eassosion'of she ' development phess'of C" pmemmesi the iss*=an== ef she amenial C

! and flew depts for RFV smalysis.
eNbem seek aandsened duing the psevious performasse pened. ,giB GmWhiiedeemage of
poemose esperisees.whmever poemble.;1he flows,mader'consi.Tesdag andderados;ie desais h y"| swe.

; """4' 4" ' ' ' ' ' "'' '' "

.''6laf Y lri/t: di===-8 (2 D) flaws.'

.Mi3+ 8
4 4k( ,3 t; y r u, 1 ) tg g 34343gjy' *' ,

f 4 % ' E h ME :p ||1 s: n :r s, y >g ; , , , , , ; g ;g ;, ,

.- ~ , .s . .- . . - . .. . ,,m, , , , , , , , , _
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Venfication. Phase Tesune iSubtask 21.11 Cruciform testing will be performed in the transiuon ]
1121.1
region of the fracture toughness curve at temperatures selected to cover the lower to mid. transition range. A

)

!
proposed test mainx is given in Table 2.1. A total of 16 iests as proposed for the venfication testing. De test

'

matna is grouped into two phases for definition of test biaxiality rauos. Phase I includes a series of six
specimens tested under 0:1. 0.6:1. and 1:1 biaxiality tauos. Results from these tests will be used to define the
baseline and the most severe condition for the tests to be performed in Phase H. De majority of these tests
will be conducted at temperatures such that the failure mode is predominately cleavage with some pnor
ductile scanns that is prototypic of RPV behavior. De source matenal for these tests will be HSST Pfste 14.
This material will be used in a heat treated condition to permit full evaluadon of biaxial effects, i.e., heat-Material
treated to elevate the yield and ultimate stress and simulate radiauon-damaged properties.
characterizatson of Plate 14 in the heat treated condition will be conducted as a part of this Subtask.
Fractographic informauon will be obtained for a number of the resu. Location of initiation sites, the amount
of ducule teanng, the crack.up radius, and the extent of the plasuc zone size developed around the fisw up
will be deternuned.

Table 2.1 Proposed Test Matnx for Biaxial Loading Effects Venfication Testing (Subtask 2.1.1)

Normalized !n: Load Biajuality Notes
Batch # RanoTemperature

Phase 1 01TBD| 0.6:1TBD2 I:1 a
TBD

3

Phase H

&l bUD4
; TBD 0.6:1 or 1:1 c

BD+ 20*C 0:1 d5'

| 6 0.6:1or1:1 a
TBD+ 20*C

! 7 0.6:1 or 1:1 a. d
13D 30*C

i 8 , , , . ,
-

. , < ,

,s. , r; g b _ , , g, p g , .g
! M C. 4 s .

^

Baeches 2 and 3 will desarmine the more sevm bianial rado. Det rado'(0.6il or 1:1) wiu be used ist
g

~ ' ' ' ' 'i ' * '

! a
Baeches 5,7, and 8.
Beach 4 is ideencal to Batch I to provide a baselios for assessing the impact of biasial loading on

I

IL i'
- 44

toughness scaesar
Beach 5 will be identical to either Baech 2 or 3 and will be used with Baeches I and 4 so aseses ahs inspost

r 4 4c.
of bianialloading on scener,
Bree test esapmenos in the transition region will be sampled to decennimod the tiemiaMoedlag effused. -

in eenne of tempeissure shiA. < . . , ,- i , , s

+
,.,.y t; 1,_, a . , , m .w vg

a , hB tests wiu ipe conducted with the eneciform specimea con 63nrados developed during FY 199944
;

,-t,t
|

, using's kD flew widi en a/W rado o(0.1.. |:'' ' ' ' ' ' '

f.i ,All specimens,wiR be essmed la a heist-wesend voedities to asses presseypic suusedrais WK U 'i

A beach refers to two ap===== teseed at identical condhions.' A taal of 16 speciusses er 8 tekihas ase r.

|
g. ;'- 4 / l ' 2 .' : '

speci8ed (or dds mesna.
Test tesnperatures ass to be detersanned tTBD) based on chareceanssoon of test ansesrial
Load rado is denoted as transverse: longitudinal load. 0:1 is uniamial loadseg and 1:1 is Pa=i=1; h.

i.
,,

lo.gmg. .. - . .

i
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Specimen fabncauon will be iniuated and completed in the FY 1996 performance period. Testing will be
.

! completed in the FY 19% performance penod. The specimen design will be essenually the same as that used
<

i
m the development testing performed in FY 1994. A test secuon nonunally 4-in. thick with a constant depth
(a/W = 0.1) flaw will be used. The development tests demonstrated that the failure loads req aired for tests

!
performed at temperatures below the nil-duculity temperature INDT) required loads near the upper limit ofJ

the capacity of the servo. hydraulic test machine being used (550-kip INSTRON). Since it is proposed thatj
testing be performed at temperatures above NDT. the capacity of the servo-hydraulic test machine will bej
upgraded from the cunent 550-kip to near 700 kip by replacing the control system and the servo. valve. and

J
adding a new computer control unit recalibtstmg to the stall-capacity of the servo-hydraulic system. The test

i machine manufacturer has been consulted er.d has prepared a proposal and quote for this work.'

112_1.2 Annivsis of the Test Dans a hawad 213 Analysis of the test data will be performed to determine

the toughness from the data provided in Subtask 2.1.1. Analysis will be conducted to estimate the load vs
crack mouth-opening-displacement iP-CMOD) q. factors required to mierpret the test data as a function of
crack depth. temperature. and load rano. Matenal properues for the analytical model will be determined in

1

I

1
Subtask 2.1.1. Both pre and post-test analysis will be performed to guide the test effort and to provide
comparisons between computed and measured mechanical response. Assessment of post-test comparisons
will be used to idennfy any necessary retinements or modifications to the modeling procedures to assure"

accurate predictions of specimen deformauon and. ultimasely, fracture toughness esumates. Refined crack-tip
1

i modeling will be conducted as a part of Subtask 2.2.

At the compledon of Phase I tesung, a letter report providing test results analysis resuks and conclusicas for l

the effect of biaxiality on toughness will be issued. Preliminary fractographic results relased to initiation site |j

|
locadon and plastic. zone size determinauons will be included. This letter report will be issued within thirty J

I

|
days of compieoon of the Phase I tests and is planned for rmd FY 1996.

A second letter report detailing the test and. analysis results for all specimens in this matrix, (Phase I and
Phase II). will also be issued. The report will include test results, analysis results, test and analysis ;

| comparisons, ri factors used to determine toughness froom the test desa, summarized fraccographsc resuks, and i
j

j inserpretamos of the toughness results. The interpretation will include a quantificanos of the firecture |
|

totaghness reducdos due to biaxsal loading and an assessment of the influence of kanal loading on she scesserj
of fracture sougheses resuks.. Special anenuon will be given to the effect of coassitutive modeling in the |

1

| infit of tougheses vekses and sustable compensons will be made between meneered and compuesd
'

i
s ~ asshan sel despeness,n Daemied eastyses will also be periossed on the small eents types asesed

apseEndeneyj,
' ] ta under 8.assak 2.I' le Guess and assein liauss andesayassy. maJ.aihme wit be doesrau, sed,. ;;n.g|L ;;;gj .

v eyes.on e<-,sedianas wis he weded a is.m se,s .
- j.

.

o <rN . m .. t. ,,g , , , . , ._

1.1.2.2 Consnaies Basssa Canaissian Dmesiasmaat and Varidsmaima, iltahanair 2.2L An mannasemmar 4mislaamd'in .
1

!

FY 1994 denssascused that saisalag seress hased deal ermasser 6 scene W is, de J4 e endalegy[t
consbened widt Riechse Kaoa-Rico fracasse encena and the Dodds. Anderson eenseuim>mginesses FAbaique, de '

j
not predict the effects of biamaal leedung on firacoure soughness in she areassion tempereuse agles. As skummivo

!
strain-based ? " 4 - _ meshadology was proposed and seceived prehminary validselse using'Its Ilmised

|
amount of bianial dann genereund under the development phase of she biasial-loading edisses invassigssion._ la ,~
FY 1995, this subensk will canoese development and assessment of the serain-based ineshodology. To essese

!
achieveneet et a fisily validssed emesselskeNeces faceae seethodology, support will,also be semelmund for ths'

medincedos and votassmes of she .aisiing suess-based ==*adamage== .so densamies;ahs lissies at enir
~

appiluAeley. Ossemutados of she Dodds Anderson soughnessesaling model to insindopissais ' Thsk;

~eedse.; 4)wtsweinsendsda essamnby. To elmansenvenoussessem% dem
:

elemsas mesmee meshames analyons wie be perfumed of(a)esenssisens spesimmes puustaudy eseead . ent

loadies efhse develop =sas phase of she progeme. (b) those being ismed in de vahdmise phase at sahank 2.1
shove.fc)' ths'reHhickness clad been speammes seemd mader sabinsk 3.3. and (d) es sind musissan bases
being~ sessed under Sobiesk 3A Ahernessve comeumsat W wiu be inopsigenedves appsepsima, for
feasibility of their posenaal development andvalidasion. Conniciesofcracklassismen.siesedreasessengsphis

.. ~

sac poned see tiUel PAGE 7 CN'. 101
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data with relevant near-crack tip 6 elds will provide an important entenon for evaluating the applicability of thell be completed in
vanous fracture models. A prelinunary assessment of dual parameter fracture methodologies wi.

]
this performance penod.

.

Initial results from this evaluauon will be included in an interpretadve NUREG/CR report which will be prepared
on completion of this etfort. The report will desenbe the effects of crack-tip constraint on the fracture behavior of

;

]

uniaxially and biaxially loaded specimens at temperatures in the transioon range. The report will include the
'

l
evaluation of both the stress- and strain-based fracture methodologies that was started in FY 1994. The report wil}

include compensons of fracture predictions with data from shallow crack beams tested (uniaxial and biasial) by
'

ORNL, from shallow crack beams tested tuniassal) by the U. S. Naval Surface Warfare Center (NSWC). fromfull thickness clad beams tested under Subtask 3.3 Itested at the National Institute for Standards and Technologiesj
d under Subtasks 3.4. This report wil!j

(NIST) under s'ubcontract to ORNL), and from bianal clad beams testeinclude a recommendadon as to which fracture methodology (stress and/or straan/duculity based) appears to havell be completed by mid-|

the most promise for improving the accuracy of RPV fracture assessment. This report wi;
i

} FY 1996.

Metallurgical examinanons will be made of fracture surfaces from shallow flaw fracture toughness specimensll be used by ORNL. together
tested under unianal and biaxial loading. The fracture imdauon-site information wi d in a

with clastic plasuc analysis of the crack up stress stram Held to determine if crack initiauon occurrelocation where the openmg-mode stress was increasing with increasing applied load. This informanon will be
,

| h
used in the evaluation of stress-based dual parameter fracture toughness correlations. Sections cut at 90' to t e!

fracture surface will be etched to reveal the size and con 6gurauon of the crack tip plastic zone. This informenonI
li

will be used to validate and further develop a strain. based dual-parameter fracture toughness corte at on.
j
i 1
4

| 3.t3 E " + at r' ' ''- - FM tTank 31
! (1) a quantitative description of cladding effects on the fracture

Objectives for this Task are to provide the followmg: behavior of shallow finite length surface cracks in RPVs and (2) a basis for improved treaanent of surface-crack
;

| |
. (P-T) limit transients.

I| es.w applied to FTS and press =.
|

geometries in fracture assessment r
,

The impact of cladding effects on RPV safety margin assessments are not well understood. Curroet PT5 analysis
;

computer codes recognias the influence of the meer surface cladding layer in the hans transfer and strees analysissougheses as be the same as that for she base maannaL 1hese eoden 6 mot
,

'

roodsis but assemh the edadesg'emyle talukkhg eissk inteledes and psspugnales duum shsNoor enties Seurs of
,

j

recognias thela8esusefcIndessnaim is.gm. umhed esperheemal das and shalyess immeans ihm einemag des imbadi ens laisimies andi

! of certain finite length shallow flows. First. the high fracture soughness of irradissed stasaless sesel
ens

claddag acts to redues' sins suces issemony factor on pornoas of the creek front located weshin eks base anneal for ainhibit emering of that ponkle of a'sar(seeirrack lacased wields she cladems. Second, abs low yisid seress of des
;

!
i

shallow flaite length crack shot possesses the claddag.
;

Wishia this Task. analytical stednes and validsoon testing will be perfanned as resolve cladding ssenes and to roGas
.

,

| safety =========* procedures. The work wdl focus on the following:
;

A quandesolve descripden will be developed for the affaces of cladding om the tracese behavier of surfeos
cracks (wiek small depshs and leegehst in RPYs subjected so ovescooling arensisess.. This wiE involvel.'

seasiHip
, laborosary eente clad eruciform specuness sessed tassasially and hinainBy, espmesseingso psodistj lommag connelone for RPVs. It well also involve paracapenas is insumadomai cooperaseve

" des'secules e(sind ItFV esses aheady personned er in propees.r o e i n <.m oi cyn:n , . , , , .

! an- a c n. n. c o s. , .qn r.,, ,w u s y. ,

2."' A asselsdology will be developed for including aladding emeens in cuneet APV lesegrity ansessment,

M This'will: provide a basis for intro (ucing an impsowed areassness of
' --

-

joisial
!

.m* ui,.! ' ' y, ageomeerles in frasene a========aprocedeses applied so Fr3 and P-T lisait areasseens.n
|
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Interactions will be maintained with the HSSI Program to provide an interpretation of the fracture process by
| invesugaung crack surface reconstrucuon of the broken test specimens (shallow flaw specimens under uniaxial and;

.

biaxial loading). using confocal mappmg..
'

Task H.3 is divided into six Subtasks that are concerned with closely related aspects of the cladding effects issue. The(

six Subtasks and the specific accomplishmenu planned for each Subtask in FY 1995 are described below.. |
,

: J

3.1.3 i Oumai.se= sic Chd.Yieldine-Model Develonment (Subestir 311 This Subtask is concerned with the
,

j
formulation and validauon of a clad yieldmg model that can be incorporated into linear-clastic fracture mechanics i

!i Convenuonal practice in assessments of RFVs assumes aiLEFM) influence coefficient methodology.
thermoelastic consutuuve model and base metal fracture toughness propernes for the discrete cladding region.;

j
However, crack-initinuon studies indicaic that incorporation of clad yielding into the assessment models reduces!

the strain controlled element of the crack driving forces for shallow flaws. Also ductile fracture toughness of
cladding may prevent longitudinal propagauon of many tinite length shallow flaws. These studies imply that

.

I

fracture. assessment procedures may be signaticantly improved when clad mechanscal and fracture toughness
;

|
properties. including the effects of radiauon. are incosporated into the calculations.

|,

Influence-coefficient methodology based on LEFM concepts is generally used to perform deterministic andi

| probabilistic RPV assessments. This methodology is employed in the ORNL-developed FAVOR probabilistic
fracture mechanics (PFM) code. As a near term retinement in the assessment methndology, the developannt andj

j
validenen of the genenc clad yielding model started dunng the FY 1994 work period w?! be comoieted during the
FY 1995 work pened. 'The genene model will incorporate the clad yielding into the calcuisticas. +.9gernutting

,

! the LEFM influence coefficient approeca to be retained in the presence of the cladding nonlinen .*esponse. The" - -

| genenc clad yielding model will be implemented in the FAVOR PFM code. Validation of the modelr

will be does wish avselable test data and analyses. A letter report on the model ded_, - clut was startedf

i during the FY 1994 work pened will be issued by the end of the FY 1995 work penod. 'the latest |soport will,

| include any empancel ay=aa== defining the model, validenions perfonned to evaluase model, and liaissaic4s ofj

i the clad yielding model.
!

-

Specific -- - T M ass planned for this Subtask in the FY 1995 performance pened are as follows:

cosnpiees development of a genenc clad-yielding model. started during FY 1994, for incorporation imeoa
:

the LEFM in ===ca. coefficient rH=tatasy, ..

ioiding
n

osmposes a mass pf embocal soluusas for clad veasp! cases that vi8 dg6es J.im,pseens clad kw .1

3 e*; 4 ,- -. a1 .m

. tendsi. m m b s h s!
- , ,.

' "dof m m W isFAY M d<. $ i'."I [f P D ., N * *..
-

@ 'YWi -*
campism veildnise of the gemens clad yisidlag anodel using a,vailable east dese, andj ' * -

1 * . - isses a least ppset on developeset and validasson of the cled yieldag mode . g,'"*{8"jf*'-l
-,

, . .<,d
,

e. m'. u, e. __y,_. .- g 3 .!his Subtesk will develop a maesrials ciurecesrieselesi denn '
,. ~

.

3 , 3 3 p,
m.

base for the saaederdssed nuclear unit power-plant syseon (SNUPPS) shell'enseeriel that 'm' eses esseing
,

requirereses doesnbod in Sehensks 3.4 and 3.5.,Tesung of the SNUPPS masanal will focus on,the "ps geonived"
.

j
condelen (i.e; no heat tremament). Development of the dass bees for the SNUPPS maesrial is~assessary Air she

i -- ''peedsis of she
i seisesion of ensseet aest paramesers seg., test temperature) and for the aselysis,of--- ,

teen. Also, it is essensial se esemblish that ths.SNUPPS claddaag omhibias sad.a seems -

" ~'

! - _ efinediated esadelpes aser the piens ,a mpermema (
.

RPFs es
innessed that clad shecid not be an issue for sheBow . (ayL7)a.)is.,_

shosid the SNUPPS cladding have s'relesively higsmidassa, tuest
; severe PTS treassenes.

weeld act impost ohisanes ef fask 3). , ,; yc;,, iga p g u ,;; 374g 4gjj g ]f
3 m m a m yd MIN _e(the- , - m m , , m % .m .

y esedE g
Tensile, Chapy,'plass earen desshty. and drop weigin testies willJs.

treeshion tempmaans of the SNUPPS weld and pies mansnat. $ hest qips plese emein ,qpeasiesisius
from the clad'seebos and the elsddag h==ah sons aHA2)),will begseer $r g h' 8 " * * 8 8 T

,

ahm=W Kismer;

<

report will be issued that desenhos the asuks of th's meneriercharacte iinnon sisdeas.
-

- )
0

-- ,~~.. . . n .. n w .
'
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Specific accomplishments planned for this Subtask in the FY !995 performance penod are as follows:

complete tensile, planc-strain duculity, Charpy, and drop weight tests for determination of material-

properues. NDT and reference transition temperature for SNUPPS matenal.
complete tests of sheet-type tensile specimens from cladding and HAZ of SNUPPS material, and.

issue a letter report on development of the charactenzauon of the SNUPPS material.a

1113 Uniarial Full TWknen Clad Benen Testina and Analysis (Suhemek 3.31. This Subtask is concerned with
testmg and analysis of uniaxial large-scale clad beam specimens fabricated from material removed from the wall
of a surplus commercial RPV. Dunng the FY 1994 work penod, a senes of full thickness clad beam specimens
with a through-width shallow crack were tested under three pomt bending at NIST, under sub-contract to ORNL.
to determine the effect of shallow flaws on fracture toughness of prototypic reactor materials (weld and base
metal) in the transition temperature region. The initial senes of tests had the crack located in weld material.
Dunny the FY 1995 work penod. the remaining three tests from the test matrix proposed in the FY 1994 Form
189 will be completed. These rests will have the crack located in plate matenal. Also, post-test finite element
analyses of the near-crack tip region of the test specimens will be performed. A NUREG report is to be prepared
dunng the FY 1995 work penod. giving the results of the testing and analyses performed under this Subtask.
Intluence of metallurgical inhomogenciues and the cladding process on fracture toughness of the material will

|also be addressed. 'Ihese results will be provided to Subtask 2.2 on constraint effects conelation development and
verification.

Specific accornplishments planned for this Subtask in the FY 1995 performance period are as follows:i

compleie testing by NIST of three full-thickness clad beams provided by ORNL (to be performed under
4

i existing Interagency Agreement with NIST. DE AIO5 92OR22034, extendang through April 30,1995),
e

'

compless postlest finite-element analyses of near crack-tip region in full-thickness clad beams sessed ata

NIST.
complete evaluation of the influence of metallurgicalinhomogeneities and cladding process on fracture.

; toughness of material and
j issue a NUREG report on tesung and analysis of full. thickness clad beams..
,

!
Rinnial Plad Crucifarm KW== Teesine and AnmIvsin (Euhemah 14l Analysis and testtag of clad! 11.3.4

cruciform specanons conseadas finite-lengsk shallow surface cracks will be f z ' under this ask. These

-1 1 " - A "-'"
' esses are aseded to genereas siges6 cast amounts of east does to undessened the:

{ behavior of flows le RPYs widt essa condmons as cloes to prototypic es pessble. Duselle duesmoden and failess
| processes are known to be seassive to the bianial stress fleids (i.e., azielAcheumderessiel is a cyeinMama vessel)

that are imposed on an RPV wall by presswo and thermal loading conditions. Tessing of eled crucifenn
specsmens under bianial loading provides a mechanism for approminissing she effaces of thoes seress Golds on
shallow throngl>eled suface creeks.

- -e
!
: __ ; /.

Ite m 3.4.1: Analyses laionned during the FY 1994 work period will be completed for typical
weser reactor (PWR) RPVs to predict an envelope of finies flaw sizes (depehs and lengshs) and PTS lossmos
then wesid not resuk in inesistica and growth into long 2.D flaws. These analyses will include the prediesed
effects of loss of crack-tip constraint on fracare toughness. A leser repost on die seenha obeeised for to j

, envelops la ennes of flow sizes and loedmg condimens will be issued donag es perforseemos passed prior to
'

<

. inisiedag essang of specieses for pwposes of venfying this enveisps. e '
ae a.

,n- ,.o
!A thressimmenssonal(3-0) elastic-plesoc finies element seodel of a 6mies least surfees Anw is a RFV wit be
|

,

i

senerseed fine model will be used to deans the crack tip suuss and snais Golds under M5 eamaiset asedies.
Results.from this analysis,will be'usimi. togesher with resuhs flrom the ORNL analysis of to asesifens
specoma, to detennes the vaasfwabday of resuhs fran bos sesse based and seein based dual pmumeter

~ fracture tougliness correlanons. ~ A leaar report will be issued upon compiaden of she emelyses in FYi 1995.n :< . ,
,- ,

. 4 sy
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Dis item addresses a testing program using clad cruciform specimens to validate the analysesitem 3.4.2:
desenbed in item 3.4.1 above. The work under this item includes defining a matnx of venficadon tests to
invesugate and quahfy the limits of the envelope developed in item 3.4.1 using clad cruciform specimens
* th firute length, shallow surface claws. The cruciform specimens used in pnor testing have the essenual
features of PTS biaxial stress tields and offer the potential for deternurung both the distnbution and scatter of
injustion conditions.

Clad cruciform specimens will be fabocated from clad-weld-plate matenal taken from the SNUPPS shell secuon
at ORNL. De weld-overlay cladding from the SNUPPS shell segment will be retained in the test section of the
cruciform specimens. These test sections will be fabncated from the SNUPPS clad-weld matenal in the %,
received" condition to take advantage of the relatively high yield stress propernes (approximately 87 ksi at rovrr.
temperature) of the weld matenal. The ciadding included in the test secuon must exhibit duedle behavior at the
test temperature, but teanng toughness of the cladding is not regarded as an issue in achieving the objectives of
the tesung program.

This Subtask will fabncate the required specimens. develop procedures for conduedng the tests, perform the tests,
and report the test resuhs. (Procedures used for these clad-cruciform tests will be essenually the same as those
used for the unciad cruciform specimens tested under Subtask 2.1: necessary modifications required by the
presence of the cladding will be determmed from development tests.) These test data are expected to provide
iniual results leading to venficauon of the analytical procedures used to define the envelope of non-initiating flaw
sizes and loading conditions.

Presest and postsest computational analyses of the clad cruciform specimens will be made and interpretanon of the
t< si results will be carned out. Also, finite <lement analyses of the near-crack tip region of the test specimens will
be performed. A letter report will be issued by the end of performance period desenbing progress in the sosting
and analysis of clad cnesifonn specimens. The results obtained in this Subtask on ecsting and analysis will be
provided to Subeask 2.2 for developing-conscraint effects correlations and verification.

Dunng the FY 1995 performance penod. six development clad cruciform' specimens will be fabncased fironi
SNUPPS clad weld masenal in the "as received" condition. The development clad specunens will contain finies-
length surface cracks with the same dimensions as the unciad specimens o( Subtask 2.1 (a = 0.8 in.: 2e = 2.1 in.).
Tesmag will take place at the NDT of the SNUPPS maserial. These specimens will be tested in mak=ial and
biamaal loadeng (three each) to develop test procedures and to identify entical test parameters and instrumentation

for throegewhsdregemessets (e.g requered nasar-- for measuring crack =M -; t '" ;'
. i .e ! Nm'

cracks). 4 hw - . ar ....

Following completon of the development phase. a senes of clad eneciform aPar=ia= will be sessed la two phases
-- 4 period, two clad erusMannfrom the verincasion test means given in Table 3.1. In the FY 1995 p L

spoomnens (sroup 4 of Phase I) will be issaed at the transition temperanse and loading ea-aidaan immessed la
Tabis 3.1. (A group refers to two identical specimaas lessed unjer the same ea=elda= ) Tesdag of groups 3 3 la
Phase I and groups 4 9 in Phase II is scheduled to be completed during the FY 1996 perfonnance penod.

Groups 1 and'2 la Table 3.1 repheste the test conditions (crack geometry, teasperature.'and loadias) of the
a. ;- phe ,

. ,
, ,,

"the phase i esses (i.e. ahe first senes'of six specimaas) will provide a desa set ihas ces serve as a reissemos in'she
i* , . f - Y [g

treasseles ea=r===== regies for a penscular set of conditions sununarised is Table NI.CThess issuies sheidd
pnmde goddense for funhar investiganon' of vanables === art =aad widi cladding oNeces ouierank laiolesion'and

~

propaganien abat me sabeduled for the FY 1996 and.1997 perfonnance penods (i.siin Phase 5 and in sessing of
maderseinast 3.5k - ,J

,
;( ,,3 Z+[ " g-"g.,77 -

. lars " cal", P"*" ". - An
| mt .> ;, , ,g , , J, '. v n: y n

'' >! L s , c .., r o ; y ,,,, .,
.

|
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Specific accomplishments planned for this Subtask m the FY 1995 performance penod are as follows::

complete analyses of typical PWR-RPVs to predict a non-iniuaung envelope of finite sized flaws and.

l'TS loadmgs.
issue letter report on non.initiaung envelope of flaw sizes and loading conditions.,

e

complete analyses to determine transferability of dual parameter correlations to RPV assessments.,
.

issue letter report on transferability of dual-parameter correlauons.
} complete fabncation of six surtace-cracked clad cruciform specimens for development testing,

*

|
*

complete development tesung of six clad cruciform specimens.
complete development of procedures (including flaw sharpening) and instrumentation for conductingj +

*
4

tests of clad crucifonn specimens.
complete fabrication of group I surt' ace cracked clad cruciform specimens for initiation of Phase I+

senficauon tesung.
!

complete tests of group I clad cruciform specimens in Phase I senfication testing..

complete computauonal analyses of group I clad cruciform specimens, and|
.

issue lener report desenbing tesung and analysis of clad cruciform specimens.a

! _.113 I arne Scale Clad Cruciform Socetmen Tecine and Analysis (Subemair 3 5t The objective of this
Subtask is to study the most prototypic specimen. less than a clad cylinder. to assess cladding effects. Using

;

liauted intermediate-scale specimens. it has been shown both expenmentally and analytically that a tensile,|

out-of plane biamaal stress reduces fracture toughness below the value in uniaxial loading of the same
specimen. Preparations (or a series oflarge scale clad cruciform specimen tests to inver,tigate the influence
o(cladding, flaw depths, and biaxial-loading rauos on fracture toughness will be initiated during the FY 19954

perfonnance period. Large-scale cruciform specimens allow these factors to be studied under peceotypec,

biaxial conditions while circumventing some difficulties associated with transfer of fracture toughness data4

1

(rom smaller laboratory scale specimens to full scale structures. This Subtask will define the teses to be
j performed, monnor the progress of tests and report test results. Pretest finite element analysis of the

specimen will be performed with appropnate near crack.tip mesh refinement.j

i Clad cruciform specunens will be fabricated from the SNUPPS shell material in the "as received" condidos.
The test secoon of the specimen will contana a thmugh-clad surface flaw located in clad weld mecenal. Omos;

the specimens have been prepared, a readiness review will be conducted prior to any testing. Post test flaise-
:

I mLM wish the salessed,elesient near-erack-tip analyses of the specimens ami coneletions will be
) m-

consermas. effects model (ham Subseek 2.2).
, a. . . .

A prelisminary test mesna fo'r"the h-scale sessing progran is provided la Table 3.2. ' Testing ellerps seals
+c.,

'

- period and wiu .
clad crucifann speameos will commsece at the test facility during the FY 1996 mL
be completed during the FY 1997 perforinence period. Selection of test paramasers win be suonglyt

~

inAuenced by resuka from the i..c " scale testing program cr=arand under Subteek 3.4.
<<.

'

a

Dunng the FY 1995 perfonnesce period, the servo hydraulic test machine employed by the HSST program et
ORNL will be upgraded to increase the total load capacity available. The modification will involve
replacement of the control system and servo valve, addition of a cornputer consol unit, and reseldbramos of

|

!

the loading system to incranes the overall p=ame capacity from 550 kips to a seamanmes of 700 kips. This
sysesa upgrade will be perfonned is connection with Subtask 2.1. la conjeecess widi the east ineobine
upgrade, a aew hinaial aset Asame will be designed and fabricesed.' 1his' new fbnese wlN be designed to the

-

| load link of abs upssaded test assenes and will have provisions for ~a====d stag larger cruelform beams.
.

The same pnacaples of opersoon will be retained as are used for'ths;esisting test nagere. > A diensesi
'

d=====aronom will be compieend for the new east facility, and the requusd east precednee wig be deselsped p
> ussag a dunumy large-scale crucifona specumen fabncased for that purpose. A lesser report wiB be lesund byj

the end of the performance pened desenbing progress in the large scale clad crucifona aseting progress.j

,
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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 mclusive of cladding. Crack*

depths are measured from the clad surface. Nonunal cladding thickness will be 4 mm (0.16 in.).;
4

i All specimens will be tested with the base metal in the heat-treated condition to simulate radiation damaged+

matenal.
1

I
A group refers to two identscal specimens tested under the same conditions. A total of 18 specimens or 9*

poups are specified in two phases for this matnx.

Test temperatures are specified in terms ot' NDT. Actual temperatures will be detemuned once NDT is known*

for the heat. treated matenai.

Group # Crack Geometry Normalized Test irr: PL Notes

Denth finj Lenethfina Temperature

Phase!
1 0.6 1.5 NDT 01 a:'

NDT 0.6:1 or 1:1 a

!| 3

""'

NDT .30'C 0.6:1 or 1:1"*

I Phase II
J 0.6 1.5 NDT +20'C 01

NOT +20'C 0.6:1 or 1:1"-

|
5
6 Vanable NDT Bianal b, c

*
NDT

.
7 "

NDT +20'C"

! 8
"

"

NDT +20'C""
9

,

i

i Notes:
s These inidal two groups utilise the same crack geometry, temperatures, and loadses caada== denned in Table 2.2'

of Subinsk 2.3. * + N- .i u- mn aen43 e,w,.
;

b Crack geoesery and loedlag conshtions for testseg of groups 6-9 will be seiessed eAer smalcient dets heesses.
|

.

availablihome peeps 1-5AW ' v' ,u -m ,r y* '
. 4 .; ,,' u (.

| c pr upon.resulto(pomps 1-5. 4

;
- mu -

, . . , . , .. , u.
-

, - 7
vg 's e

! During tha FY 1995 p i - - period, the servo-hydraulic test machies eenployed by the HSST propuso et
OltNL will be upgraded to inoroese the sesal.loed capacity availabis. The.modiAcessen will involvet

,f ef ehe consol system and servo valve, addition of a composer consrol emis, med receltsaales of'

the loading sysesos to lesseems the overall ==eh== cepecity fros 550 kips so a inessmana'of 700 kipe. ''11ds.

syssem ispgrade win be perfonned is consecuom with Subtesk 2.1.. In ea=r-e**aa with the test machles_
,

uppade. 4 new bienid test namIs will be destgesd and fabitssted. This new $sent will be de' igned ed dtea'

load timek'of die uppeded east ineshine and will heve provisions for aaa'===adanas larger oraciAmen.bepes, {

The - ps6esipios or aparasen will be.nemined as are used for the esising inst;nspeso.E dovesaged.AassessQ
,

demoeseenes'.61 be esepised for the new imot fasitity. and she nogesed inst peessmee mis tusing e dummy lorse scene casiform speciones febnessed for that purpose. A iseer report we tie issess by ' "1l

:
the seis or she poemeness pand desenbing popens is ihe lesse ecele eled sessismen esenes piegent y g , ,

| 9, g . , ,w ux-p sa.M : 3; y g ,v . ,
,

- _, ,
' * * *

we a8 .z. % .a+ . ~ , s . ' * # 8 "f *I II M 4 4 kf 4 * S'r ! rs s e t;, M -: . M. ' I ' ),~~ [' ~ ' 'kS3211811 N $ rK 1F 4 s.;f t
'

. ;; ,
" '

7, ,. # ,e,i , . . .,;; -
. "

- ++ p r. i 4 , 4 a . .,
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Table 3.2. Test Matrix for Large Scale Clad.Crucironn Testing Progme

Normalized
Test objectne

Specimen No. Test temperanse

|

|

NDT
Demonstrauon of fracture for finite. length crack |

|
,

selected on basis of small-cruciform-specimen tests i

,

1

|
tSubtask 3.4).

NDT
Demonstrauon of no fracture up to limit load

; 2

for finite.lensth crack selected on basis of
Ii

i
s

I small-crucifonn-specimen tesu (Subtask 3.4).
| NDT-30*C
i Repetition of test i3j

NDT-30*C
4 Repetition of test 2

i
'

i

;

l

Specific accomplishments planned for this Subtask in the FY 1995 perfonnance period are as follows:i

!

* complete modincanons and testing of INSTRON machine at ORNL for increased loading capocary,
|

* complete design and prepare engineering drawings approved for conseructice by ORNL, for.!

fabricamen of a spesines and east Assure fbr large scale clad onscifona diseaso eeughness esselag. , r
y

j

* comptons pnessa fleine<lement analysis of specimes inodel incorporeams appaprises asarwunshipp Li

!
-a .,

* complete , -. mat of hardware for fabrication of the test fixture for the large-scalekled.men sonnement.and

)
,

cruciforms essnes. i _

n_'m , - _ _ . . . _ _ . - - - . .._..%,& 11 ai1he objective of this Seheesk is to
- ,

j .

.

mg y.., m

' does froen stodelclad-aseled
,

valadess RFY fracare amelysis inethods through applications to en, __
vessels and test specunens. This is =~-taished through paracapetion in rosed-vobin analysis emelvities of)

and C. _" ; -- T~"-
the Fructure Assessment Group (FAG) of C..

'=E-- for Econonuc Ca _!

Energy Agency's Committee on the Safery of Nucieer Installationeerinospet Working Gseep No. 3
,

(CSNI/FWO-3). 8'=ph==ia will be placed on Phase !! of she Propect for she Peasase Analysis of Lasps Genis
'

Internesionni Refersace Experisiones (FALSIRE II), which is sponsored by CENMPAG.t This Sehessk
, pamdes impet so eneeher ORNL project. -RFV Internemonal Propam Seppen." under JobCode 35105 6 ,

., n , w ,,,,,, ,, ,. , , ,
| . -o n. .

Y d!- period.'an =========* wdl be suado of smalysis soeules hasa die F 199
FALSIRE !! Workshop that will focus on near crack tip seress and strain fields.1hese local cash dp Gelds ",

,

Dunes the FY 1995, .' -!

represset requand inpet to A-! -- ' and strain based correlation models that quemmfy edsses of sensamiston fracture toughness. The purpose of this assessment is to deterneias the amont to which thens gesults|

,,. wide additional validation of the constraint. effects methodology beial developed ender Subensk 2.2.

PAGE 14 CF3 101
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(These FALSIRE II analyses are based on detailed problem statements for six reference ear. z.a prepared
;

by the CSNI/ FAG dunns the FY 1993 and FY 1994 performance penods). A letter report will be issued
| dunng the FY 1995 performance penod immediately following completion of this assessment. Activitiesj

under this Subtask include HSST parucipauon in the 13th International Conference on Structural Mechanacs
:

| in Reactor Technology (SMiRT 13) to be held in Porto AlegreTBrazil. dunng August 13-18. 1995.
Presentations of three technical papers desenbing research performed under Tasks 3. 4. and 5 will be png'

and presented at the SMiRT.13 Conference (Titles of the three papers were submitted to the NRC during the
!

FY 1994 perfonnance period). A foreign ene report desenbing HSST staff participanon in SMiRT-13 will be1

i issued two weeks after compleuon of the c Jerence.
4

Specific accomplishments planned for this Subtask in the FY 1995 performance period are as follows::
complete assessment of FALSIRE !! analyses to provide additional validation of constraint. effects|

.

methodology being developed under Subtask 2.2.
issue letter report desenbing contnbution of FALSIRE 11 analysis results to validation of HSST*

constraint effects methodology.
t

j propers three r: t=- for 5%RT-13 desenbing HSST program research.. e

perucipene in SMiRT-13 conference, and|
4

* issue foreign trip report on HSST paracipauon in SMiRT-13 conference*
. .7,,.-,

,

e

! 11.4 c "'- To.e_ Ir=_ _ _ "^ r__ ___ ' iTask 41
. . ,o

|
<. .< .

In the lower-to upper transitica segions of fracture toughness versus temperature behavior. RPV mansnels ces es&dbit'

censadorabis ductile flaw grows followed by a fracture mode conversion to cleavage. ' The maserial failure by
cleavags'aher scene amount of ducede tearing can be regarded as a combined effect of a densrummesde senMs.amadag

! process (J.R curw) and a pechshipede cleavage process. Analynoel modsis~ esist that psodist ein dest 8e eensing in "'

! advance of cleevass'acas to decrease the crack tip radius ~of a previously blusted~ crack tip. 'Ignorfug Ibs psessmee of -

| signincent amounts of pecleaveps decoile teenns may lead to redeced accuracy is predicdag elsovege inhiselen~and :
^ of as ' ngissering

i resulting snargies of safety. The objective for this task is the characterization'and 4.c", e'

model to take isso'accomes any pre. cleavage ductile seansg in fracture rM:^-- for RPYs.'The Grasesse seeds.j

i
conversion snodel it'needed 'td provule a comprehensive f.- :n l:t methodology to assess asseresy'of
compuesd RPY fracture margins. : The techascal approach employed to develop and valideas a hacuss snodel for; '' ~ e '~

i predicting mods conversson la abs transanon temperamme region is outhned as follows:
t ga npta. mm, . w ; .2 ; m e- % , .,am . n g h ta um

M1. s a
; 2, mg a,m isriest suunP end a h d assi

~- ~ M sis
ms mn r1m. pww w pm s,m m.m,m mm

3. "7 4 imidense modet by partmuses's utd:1stensso4siliddesi ps"miisseur
; '

-

!
.

8 Ner); tt) semin4esed essi pammeseWr ensame 6inghetes esamesddes des aP , gqidses Amessealertusenetaughams _ ^~"*ff -jpei N * M s e @1

4. 7;(o)ame fenstera' es cienvege-fracane swast(sy a is usedT de desemi'imselse.messee'ge 'j c um
'

i J**'"** n N M " mea" idmildr * <" M W * --

mpdd Width WE 5 (a)% JgMgve togM(b)I' khMN
availshie: and (c) prwids anym that incendai Weekg@m ',.s,ed'assis pleasi $. ff M M redissr, am veneged and e 4a > . a m . n,em,,i ,g,,,,,weg ,,,g,i,g,,,g,,,,g ,,,,g,a i

M roiSv05 dM (89 00 graphy and'Wh]'M)' for~1Ms[ceMM ^%P
.

& -

appesed.i fendammensdagasessa.a m.u tm.rtetwm mM me e v/nN u, te ha ot 6 m@h$dp,4:
! ed

JTm ppeg ppuav wmq capei m swnw 0% mp.M g. bdrm of ,$m%MW4NMbM ^ NM*f'' $"""# @ * OA' @ " d i " U @ MTheusk Wg
,

betsWor"
age .

i.g d m s -v.ra m m - p-.tved i. dds - . .:
' acespot isukdemiernept of a tacam matsyarerna model. Disnut,essineraphis 8"8Pe* ** iFT'N'88 ..
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depending on the model used,i.e. void and inclusion volume fraction for void formation and coalescence models.I

i
Examinations of the fracture surfaces are being conducted to(l) characterire the extent of crack tip blunting priorI

to crack growth;(2) identify and characterize the microstructural features associated with microvoid formationj
and growth; (3) identify and characterize the microstructural features responsible for the mode conversion to
cleavage; and (4) desenbe the relationship between the ductile crack morphology and the trigger points at mode
conversion. De determination of specific material puameters willinclude (1) the average void spacings of the
major particles; (2) the initial void volume fraction; and (3) the volume fraction of nucleating particles. R-curve (J

-

vs oa) testing will be carried out for the SNUPPS material to be used for calibration of the fracture mode-
j

|
conversion model. Data from these tests will be used for calibration of the fracture mode-conversion model.i

|
Results from these investigations will be used in the development of the fracture-mode-conversion model. The
metallurgical investigations will be completed and the results presented in a letter report in FY 1995.;

?

! 11.4.2 Develonment Of A Fracture-Mode-Conversion Model (Subtask 4.2) The develo'pment of a fracture-
mode conversion model was initiated in the FY 1994 performance period. The fracture mode-conversion model
will be used to predict ductile tearing preceding a cleavage crack initiation in the transition-toughness region. A
finite element code is being developed that analyzes very large 3 D solid models encountered in fracture

i
mechanics studies of crack tip fields and ductile crack growth. Static and dynamic solution capabilities are
constructed on the framework of a linear preconditioned solver implemented in an element-by-element format A
robust kinematic formulation including finite strains and large displacements is adopted. Nonlinear constitutive
material models include rate-independent and rate 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 matrix visco-plasticity). An element death option facilitates removal of heavily
damaged elements during crack-growth analyses. J-integrals along crack fronts are evaluated using a domain-

4

integral methodology. The following items have been included in the model development: (a) geometry changes
resulting from crack tearing extension; (b) effects of work hardening of the crack tip. material prior to crack

}
resharpening;(c) void formation and coalescence models;(d) crack advance, based upon the Dodds J.R approach.j and (c) development of an analytical technique that will permit an " adequately refined" crack tip model to
propagate though the masenal with the crack tip. Model development and evaluation will include considerados of

;

|
the following factors: (1) mode conversion due to an increase in stress triaxiality with crack extension (leadmg to

| a higher degree of constraint and possibly following satisfaction of stress or stress strain based criteria); and (2)
i

breaking of any ductile ligaments behind the advancing crack-front leading to strain-rate sensitivity (i.e., rate-
i

dependent plasticity); and (3) cleavage conversion criteria. Work in FY 1995 will also focus on the vMa8aaa ofI

the model with information obtained from the metallurgucal investigations (Subtask 4.1). The preliminary
fracture-mode-conversion model will be completed and presented in a letter report in FY 1996.

;
2

:.: ,- .,. ,,w, ,.w , +w e n ', e . <v ,

,

.

As part of she model dsvelopment, modifications to the Dodds-Andernos (D A)-" -^^ "- model will be
] carried out to reader the model #M to biaxial loading conditions. Recent fractmo tests gierformed under2

bianial bending loads at ORNL haarate an evolution of plastic deformation remarkably different diros that
observed la conventional, shallow-and-deep acech fracture tests loaded in unianial bending. In the blazial tests
(1:1 ratio), plastic deformation remains strongly con 8aed to lhe sear tip region up to relatively large loads (and

.

corresponding high crack tip stresses) and then develops rapidly with only small additional load. 'Ihis,

j

i phenomenom has raised questions concerning the effects of crack-tip plastic strain on the D-A toughness-scaling
model, which employs stressed volumes of material at the crack tip to correisse constraint affects on toughness
across vanous specimoes Over the process zone in which cleavage fracture ininases (r < -2 5 cit)Ds), sufficientj
plastic strain must be present to create cleavage nucleotion sites that eventually trigger macroscopic ,ractue whenf

''

applied (near-tip) stresses, considered in the D-A model, scach critical levelso
.

,, . - . ., . .

The original development of she D-A model assumed the presence of sufficient plastic strain over the cleavage
i process sor., to proveds ==el==da= sites. For conventional firectue specimens loaded la unianial headsag and

]
uniasial tension, plastic-strain and crack-region stresses incroses in roeshly ,,,,,,,,,i " fashion, generally with
large plastic strains developing over the cleavage process some early.is she loadeng.1.This may,espleis ths ,i

relatively good toughness corretana== obtained for abs D Xmodel for thess' conventioiel specimims.' , .' q ,
q:s- n ,,,y m , t .n1 ,,- - <- , ,-

1 1 a, - ;r- , ,< ). f. a.i=' = s
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! In this work, a plastic strain threshold will be included in the D A model to address explicitly the phenomenon
j observed in the biaxial bending tests. Material will be included in the stressed volume only when both the

i principal stress and plastic strain exceed specified values (plastic strain values estimated from available " plane-
| strain" tensile tests). The revised scaling model is expected to exhibit minimal differences for conventional

fracture specimens, but for the biaxially loaded specimens the scaling curves of Jo vs. J specimen will differ
significantly.'

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

3.1.4.3 Devel -- nar Of A Predictive Fneineerine Methodoloav (Subinsk 4.3) During the second half of

j FY 1995, the development of a predictive engineering methodology will 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 bej
presented in a letter report in FY 1996 (same as letter report in milestone 4.2.C).

i

3.1.5 Fracture-Annivnis Me*h ': Develoament And Annlicaelaae fTask !)
i
,

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 |i

j into the FAVOR (Erecture Analysis of Xessels: Qak Ridge) computer code. FAVOR performs deterministic and |

probabilistic fracture analyses of aging embrittled clad RPVs subjected to transient conditions, such as pressurized
1

{
thermal shock,in cc- "- e with the applicable regulatory criteria.

~

.
, ,

i

The motivation for developing FAVOR was to consolidate the best attributes of OCA-P and VISA IIinto a single
-

! validated, quality esaused, vaer friendly, and well documented RPV fracture mechanscs code that consplies with the
applicable regulatory criteria. The ideas used in the development of FAVOR were derived from lessoas learned!

j during the integrated Pressurized Thermal Shock (IFTS) program, the Yankee Rowe review, and the Yankee Rowe

| sensitivity analysis. It is anticipened FAVOR will continue to evolve such that it continuously reflects the state-of the

; art in pressure vessel fracture technology. Fracture technologies developed in this and odier tasks will be i j -- - :1
into FAVOR such that it contains all the elements of a comprehenesive methodology to perform' generic,and plant.

i

| specific fressure seergia evolueescas for RPYs._ . , , _ p., , p , % y , j
<freesw,ams unwT , e ., . c .%fq : , jg, y.1 y

FAVOR is-applied Isilhis ths H88T program to perferes impost seassenese(enehees kdeserminshm; mpossesial,: .

i

i signiAnasse that sesesseh sesehs speeld have in a regelesery emelysis FAVOR is applied to' perform vessel inespitys

1 - in support of NRC ovelsedens of nuclear RPV.inessney issues. FAVOR has been, and will consieme so be,
used extensively in the reevaluation of the FIS screening criteria and Regulescry Guide 1.154.~ . ; , t m 1,'

m

The perecenal involved ha shis seek have eatensive esperience in scientific soAware development and the applicationi

ofc- , ' ' dracture anochemics to the evaluesion of pressure vessel,hacane preventice mergies. ,

, ., , , . ,. ^

-- thA- - of FAVDet A continuing objective in this subtask ha'ths' development of a
.

*

11s.1 n "
compishessive desebene of accurses valideaed stress intensity influence coefficients (SIFICs) for a range ofinner-
sudoes new geomeones for she reage .of clad-RPV geomessies shot envelope the cassenescial weser;

menest (FWR)eed heties weser sesoner (BWR) vessel geeseenesin abe emeed stones s1b' leng' esas;s es .
,

i of this SIFIC doeshese is so hose the cepehilaqy to assereas SIFICs, and estesqueathys , for vessele

widt an internal radies so weg thickness ratio of(R / t) = 10 and 20. The ;--:-g -- of eds' doeshne, ,si:
i lato pediceive hacesse mechanics codes, such as FAVOR. will fhcilitees the generosien of.accurses tesume

machemics solutions foe the range of new g m ^i required in saractural integrity asseesneses of dessenc'

i U.S. PWR orBWR geometries.
;

- a ..
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During previous reporting penods, databases of SIFICS were generated for axially and circumferentially orientedinner surface flaws with aspect ratios of 2,6,10, and infinity, applicable to clad rpvs with (R / t) = 10. Thisi

geometry is prototypical of a large percentage of the commercial PWRs in the United States. ABAQUS, a
nuclear quality assurance certified (NQA 1) multidimensional finite element code with fracture mechanics
capabilities, was used to generate the SIRCs. Where possible. these databases of SIFICs have been comparedd
with those published by other investigators. These SIFICs have been published, presented in public forums, an
implemented into FAVOR. FAVOR has been validated to produce Ki solutions that are within 12% of those
obtained by direct AB AQUS three dimensional finite element solutions.

During FY 95. SIFICs will be generated for axially and circumferentially oriented finite length semielliptical
inner surface flaw geometries for clad RPV geometries with an (R,/ t) ratio 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, / t) ratio of 20. This geometry is prototypical of a large
percentage of the commercial boiling water reactors (bwrs)in the United States. 'Ihe matrix of fractional wallll
thicknesses for which SIFICs will be generated will be similar to that for RPVs with an internal radius to wa
thickness (R,/ ) ratio of 10.

The following papers will be presented / published during FY 9$:

Validation FAVOR Code Llinear Elastic Fracture Solutionsfor 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 reactor technology) conference.|

|

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

| ;

f
research organizations active in RPV safety analyses.

i

11.51 Prenurized-%ermal Khnck (IFTS) Annlicatigst The NRC plans to revise Regulatory Guide 1.154
(format and content of plant specific pressurized thermal shock safety analysis reports),1he objective is to
publish a revised regulatory guide 1.154 that reflects the fracture technology developed in the last decade and
lessoas learned from the analysis of the Yankee Rowe nuclear plant. Technical benes must be developed to1

"U".
support this" revision. Specine espects of the F15 problemi that are being revisiend laelade " human factors, P5tA! and fracture mechanics analyses.1his eftert involves lateraction between gessessel freen,

INEL (thermal-hydraulics), Sandia (probabilistic risk assessment (PRA)),'and Oak Ridge (f>asture machemics)I
" w' 4-m

|
National Laboratories.

'
'

|
Currently, the NRC plan is io revise regulatory guide 1.154 according to a "two aanlysis" methods approach: (1) a

f best-estimate frequency of failure with specified flaw variables such as flaw density, fisw depths, and Asw longibs
(2) a more-detailed PRA that determines a "mean" frequency of vessel failure. The more detailed PRA includes
the uncertainty assoclased whh thermal hydraulics and flaw related variables.

.

! a..

During the previous reporting penod,' the workscope was divided into two phases: phees I is the doyelopment of
teclinical bases'and methodelegnes. Phase H will be demoeseration analyses,14.; a coentiented effestbetween the
various laborosories to integrees and apply the revised technical bases and methodologies to plaat opecific test,

,~ e, ,, - , . ,,, ,m, 3 , ,

ing ag ;&.g n r .yg ggy,u,,,,^ ' %, , , . ,y < * , . nm r'
<

,,'iyg77,,93pqgg g_

,(
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31.5 la Phase I: Develooment of Technical Bases and Methodolonies for Revisions to Reculatory Guide
,

LM4, The objective of phase I is the development of technical bases and methodologies to support revisions to
Regulatory Guide 1.154. During FY 95, an objective of this subtask will be to complete the development of a
revised fracture mechanics model. During the previous reporting period. PFM sensitivity analyses were
performed to determine the potential impact of various modifications to the fracture mechanics model currently

,

j specified in Regulatory Guide 1.154. All flaws were located on the inner surface of the vessel,i.e., inner-

]
surface breaking flaws. Specific fracture mechanics model assumptions examined included flaw geometry, the
effect of clad, flaw density, and fracture initiation and arrest toughness. FAVOR was used to perform all;
fracture analyses. The results of these analyses and the HSST recommendations for fracture mechanics
modifications will be documented in NRC Letter Report ORNIJNRC/LTR-94/31 entitled Potential
Modyfcations to the Fracture Mechanics Modelin 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 embrittlement. The implementation of this methodology will require the'

,

development of a specialized version of FAVOR. During FY 95, work will be initiated on the development of
this computer code.'

.
.

j 3.15 2_e Review of pts ser-maine criteria During FY 95, the development of the PTS screening criteria
(RTFTS of 270'F for plates, forgings, and axial welds, and 300'F for circumferential welds) that was developed
in SBCY 82-465 will be reviewed. The FTS screening criteria, as developed from both deterministic (Appendia
0 in SBCY 82-465) and probabilistic Appendices O and H in SECY 82-465) considerations.will be be3

reconstructed. This will serve as a baseline for examining the impact upon the screening craerta of vanous
4

i

fracture model modifications Some of the fracture model modifications to be considered are as follows:
>

c.; r ,n ,

the use of regulatory guide 1.99, revision 2 to predict the radiation-induced shift ini a

rtadt- . s u-"

increasing the definition of one sumdard deviation for copper from 0.024 percent to 0.07! ~i

! 1

; 4 ' ' inclusion of clad plasocity and fracture toughness
. e n #.v c. ., am, ,,,,ym _

verloos fisw geometries, aspect ratios of 2,6,10, and inflaity| .

u'mwm uuwwnsasanuwhw n yw.wmvw,,am.msmm.
m .: * laelusion"ef taesmo teldesion toughness ceneistlos that includes the esset of shalloir> ,

.

V finesandbiasialloadag ' - .
,

| m onem m' 4'

M m on tw r u s ; c . . , . s - . e ,, , . , y.

;
g , , . . , , ,

. . ,y , ,, , ' y.= g,,g,,gge y ,g,,,j,g ,,,>,4 (,

' ? -? it n m, , , , ,.r,

" A !< wa, e
'

.:n F various flaw densities .c.

ma m - , - < m ,, r . .m o,,
,

3.1.S.3 Provida Tadaleal Support Rar NBC (a)1his subtask provides for technical suppost to the NRC staff
during ACRS /CROR reywws and public comment penod. (b) This subtask provides oeotinuing anchnical support

'=' benchmark and speciahsts /esperts meetings.to die N. RC staff. in ns m mg , . r.,m 4 7 .y ec y ,.m e , ., ;, g, , y agy,u m
i

r A w e a e.cc 3 art;i G i e t , M . , , ; e e m 4. . . cy. v4 w n , g
.

*
.
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3.1.6 Nfsterial h::v Data and Test McA~h tTask 6)!

The general work to be performed under this task emphasizes developsng unique test methods, determining
mechanical and physical properties of the matensis needed for RPV fracture analyses and mugin evaluations.
Additionally, this task provides e direct liaison wuh the HSSI project (Job Code L1098), to obtain data and input
regarding irradisuon effecu on matenals. However. it does not perform irradiation experiments nor testing ofirradiated malensis. Two Subtasks within this task deal with the development of J-R curves for a number of heats of|

i

A302 grade B steel and the development of dynamic fracture toughness curves under prototypical dynanuc loadingj
f

! conditions.

3.161 Ducule Fenew Tnunkness of Ptse Afsenals t A302.B)(Subimele 611 The objective of this Subtask is to1

develop docule fracture toughness data, in the form of J integral teanns resistance curves (J-R curves), for A302;

grade B plate matenals typical of those used in fabncadng rescior pressure vessels. A previous experimentali

study with one particular heat of the A302 grade B plate matenal showed decreasing J R curves with increasing,

d li l t es and
specimen thickness. In FY 1994 several heau of A302 grade B steel were performe at mu t p e tempera ur
in multiple onentations to obtain J.R curves. Compact specimens of 0.5T. IT. 2T. and 4T size were tested to
invesugate the effect of specimen size on the J.R curves. Additionally, Charpy V notch impact, tensile, and drop-NDTs. The J R curve testing

i weight tests were performed to charactenze the matenals and to deternune RT
,

'

program masrix was completed during the FY 1994 work penod. with the exception of a senes of tests with two
heats to exanume variability; this aspect of the project may be pursued at a future time. Most of the test results, f
were reponed in a letter repon during the FY 1994 work penod The remaining efforts required for coinpieuon o,

idt
the Subtask involve detailed analyses of the tests. to include re analysis of selected test records is accordance w
recendy adopeed procedures in the standard test precuce, and preparanon of a detailed NUREG report. A fonnel.

NUREG CR report giving a detailed presentauon and discussion of the results, as well .as a detailed|

metallographic descripdos of the masenals, will be completed by August 31.1995.|
.

j ,,

- T.e- T=iaa esah*=Ir 6 'i This Sulnask is concerned with performung testsag toi 3 1.61 Dv" - - "=8

determine the dynamuc inniadon fracture toughness of RPV materials at very high strain rases. An ear.__|
; program was staned in the FY 1994 work pened to obtain a systemade set of sest date for dymande fracture

initiation toughness values at high strain rases applicable to PTS transients in RPVs. la ITS crack propaganon
analyses it is necessary to unlize dynamic fracture initisuon and subsequent dynasuc reinitiance fracturedd
toughness vakses appropriate for crack growth initiscon. crack arrest, and post-aneet crack growth reim a on!

i
conditions prior to naal fanlure. The key issues are as follows:

| nn m n m5mperates and: . \v x 1.g'' '

* Due to a gradient la fracase toeshness through RPV well-thiskases as a essenen of theinediados embrindenses, a desaded dyssede analysis of araoh prepapasion posesses a number ofleMada=
;

!

and anset eveses prior to a stable anses. This analysis of dynamic eraak ishinden, propagados, ament, and;

suboegment eenitission dwing a posadened Iramassets, such as a FT5 event.nequaes the == sender dynamic
si

crack iniendon, growdt, crack aness, and reinstianos toughness values, Cseek psopaganse and arsest are
'

dynamse eveses and regare dynanme fracare analysis methods for a nuwe realistic predicales. Appendix Ato Sectica XI of ASME code and Reguissory Guide 1.154 treet crack.esrest as a stade evoet and
;

;

incorporanes dynamic consadoressoas in the crack anest fracture soughness. Kg of fernde sensis. These has
*

been tiede incentive shorefore, for the genereuon of dass for dymande fraamme imidation. Egg. Dynamisc
> ,

s fracasse soughness dans are, there(om very scarcs. .;-< ,,s , ,. ,
-

* Prediction of reinitience of as anessed clesh crack'is A key iksN. 'M' comid Mar w'Is'his a
shon time aher the initial crack arvest, des to dynenne respoess of the RFV la the presones of an essended

-

_ such as during a ITS.
crack, or it may necer laser during a seassent due to sysasen se;

transiset Prediction of reinitiados is quies difnceit (Ref.11 des to seemtivity of the dynamic fressere
tougheses to the loading roses which can be very high after the initial crack-aneet.

, , ,
- .e m. ., . , ,_ m
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In the lower-shelf and in the brittle.to-ducule transiuon regions the fracture toughness of RPV ferritic steels1

decreases with increasing loading rates. The NRC funded test data (Ref. 2] show that the dynanue fracture
:

i trutiauon toughness, K ,of A533B steel decreases substantially with increasing loading rates.id

* The dynamic analyses of HSST Wide Plate tests (Refs. 3-.1) and the CE/EPRI crack-arrest specimens
] [Ref. 5) have shown that the reinitiations are predicted to occur at higher loading rates and at higher

id values than those covered by the NRC test data set (Ref. 21. Therefore the test data in Ref. 2 are
;

K

i not adequate for performing dynanue response analyses of large. scale test specimens and RPVs.
,

;

Hence, there is therefore, a need for generating additional test data at higher loading rates.
i

!
The objecuve of this Subtask .s to generate dynamic plane-strain fracture initiation toughness test data. K 80id

!
verify the accuracy at key selected points of. and extend further, the existing data set (Ref. 2) for A533 grade Bto 10 ksiVin/second, and to65

I
class I steel, and to extend the dt.:a set to higher loading rates in the range of 10

NDTi on the K . The toughness values for additionalloadingfind the effect of the normalized temperature tT.RT id
;

S rates will be generated to extend the upper linut of the data set. as presented in the test specifications (Ref. 6).
i

Details of the work to be performed are defined in items 6.2.1 and 6.2.2 below. This development and maserial's datai
generation program is intended to include a broad range of test conditions, so that the dynanue fracture initiadon|'

toughness values determined. in addition to the values presented in Ref. [2]. can address RPVs under most of the|i

j possible sets of tranment loading conditions for which dynanuc fracture toughness. K , evaluauon is appropnase.id
)

| Item 6.2.1: Dynanue Fracture initinuon Toughness Test Data Generation |

1he objective of this part is to' select approprianely high-rmes of lan&ag (dKid/dt) and conduct dynamme fracame|
.

!
initiation easts at selecsod isodiermal temperature conditions. The loading renes and she isoehermaal esmiposummes|

<

,

1

values will be selected to adequately cover a inajority of anacapened transisses for dyeemus frasens evaluamos of '

. RPVs. Multiple specimens may be tested at the given test condities to account for anahaneal vansaions is the
| ,

maserialsoughness desa.'
,

.

. |
I The verification of the dass set (Ref. 2] at key values of the dependent vanables, iceding roses and teenperature '

,

! values, will also be p L._ " so determies their accuracy. The data set (Ref. 2] will be updeesd and

i wieli tougheses values in Ref. 6. Dunes des FY 1995 work pened, acquisinien of die test does os dyasuds
i=3an=anan eseghness under ibis Sahansk will be compissed.'

.y u r g ; ; w, gn,,f .,.,g ~ , 'p .w
~

; lesas 6.2.2:, , , Test Does Interpsetanos and Toughness Doesnaisseion
. s . <, a r: g. .y g.; . . ,* - ,

_ , . " - 4 >

The isess of des Subensk instedes esse doen gasharing, reduction and inearproution, doesnaimadan k ladrideal
if

dymaade hasmus , initiation soughness values. and sandsecal analysis to ohmin K g values at semb loodsg sees sind
j

,

i
| at she isoehermal temperamme condidons specified in Ref. 6. During the FY 1995 work period a east doen espart

L1 L .j ",

!
will be completed by the subcomeractor. j,

.r.: c , . ,

i
' ..

.< cs . ,, 37+ 1 .

% A. ,

.g . _ . . .
" i' *r 1 06 r; y hn ino 3 3

!
,, . ,,.. WaRdfand|3.'R|'Emm "A'Cosapenson of Analysis Methodstegies far Pendleslag Osmeegs Qask

,. ,

J.Keensy-
. [1] Aness ofiDeep'Onck*lii s Reesear Pressure Veslosi Subjected'io Pressuriend 'InsraelMiesk Landing! '

"J.I5NRC Repen NURBOCR 5793. Oak Rides Neelemal Labassary. ORDE/IM-Il989, Seposeb.er
.

;a. %.o mm , y n g g 9 g, ,; , ~ .t r e m
; g . yggm , ; g .

t pL v 1M. ,m .
.

w. O. Shabbies. "Dynamsc Precame Toughness Propenses of Menvy Sosties AS$3 Grade B Class i Steel Plass "
| [2]
i

NRC funded . HSST Technical Repon No.13. Westinghouse R&D Cemeer (Repen, ate. PUCAP452th nanammh-
1970.
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R. H. Bryan et al. "Pressunzed. Thermal Shock Test of 6-inch Thick Pressure Vessels. I'TSE 2: Investigation of
j

Low Teanng Resistance and Warm PrestressingJ USNRC Repon NURECN-4888, Oak Ridge National[3].

Laboratory, ORNL-6377.1987.
.

D. J. Naus et al.. " Crack-Arrest Behavior in SEN Wide Plates of Quenched and Tempered A533 Grade B Steel
:

: [4) Tested Under Nonisothermal Conditions." USNRC Report NUREG/CR 4930. Oak Ridge National Laboratory.
j

ORNUTM-6388. August 1987.

D. J. Ayres and R. J. Fabi. " Reactor Vessel Internty Analysis Based Upon Large Scale Test Results " IAEA1

Committee on the Safety of Nuclear' installations (CSNI). Specialists' Meeting on: Fracture Mechanics[5]

Venficauon by Large Scale Testing, Oak Ridge. TN., October 26 29.1992, p. 585 598. NUREG/CP-0131,1993.
j

B. R. Bass. " Specification (or the Dynarme Fracture initiation Toughness Testing of a Reactor Pressure Vessel1

[6]
Steel." Specific. Report No. HSST H06-94-001. Rev.1. March 14.1994. ORNL.

.

i

3.1.7 la***rmeta= Of Rel** Into A 98=8a-Of.The Art Analysis Mese=~a.aa-v (Taalt 71

The objectsve of this task is to evaluate. interpret and apply the results of HSST program research to the regulatory

process through interpretive reports. consulting to the NRC. and direct parucipation in the consensus codes andstandards process. Accomplishing the objecoves of this task requires that the experimental and analytical results
,

i

produced by the other tive research tasks be carerully evaluased, supplemented where necessary, and interpreted. alongwith other available results. In this process. the sigruficance of research results must be clearly stated. taking full
j
.

account of existing regulatory criteria. the pnaciples of fracture mechanics, the theory .of plastacity, and the
!

fundamentais of stroemral strength and f=ic- c The elements of this task are to (1) aesses curvest regulatory
#

'

fracture analysis methods, (2) recommend changes in the methodology to incorporate resuks front the HSST programi

research including (a) the evaluauon of marries in the code fracture toughness curves and (b) the analytical and test|

investigation of crack tip constraint effects associated with shallow flaws and bisaial loading, (?) iraplement
'

technology transfer through perucipanon in nauonel and international codes and standards activities, and (4) proveds
technical assistance to NRC, as reqmrod. in document reviews and techascal meetings. During the FY 1995 work,

period, signincent activities in characterizing out-of-plane crack-tip constraint effects in the transition temperenni|

region. cladding effects and ducale-so-cleavage mode conversace efects will he performed in other tasks.,.
1

.

s - . .
>

Pending the sechnie=1 reenks froni these offans. this task will deAof hol"kfwdg'N
N ' *M

:
*^ ^*- 7,lf h|$ ,g $ghgggk jge m e. - oSi .rrys, - ,

* u, ,-

1 f.7.1 A-~
- af A r!nh * * " in (*L..Mid I^A^~ A rE*

directed towards a h of the sessesmeer (sterned dunas AYlp94) of the drasmus aselysis methodui ssed
| in currest regelseary applicadeus, building on the work does by the ASME Secuan XI Sehgiamp'ee Bielmaales
| Standards, and published in EPRI toport number 7R 100251 (Jassary 1995). Am =======* of thei seses of

Technology is ASME, Sectica XI Appendut G will be coatinued, auming at the puhNemema of as inserptetive;

NUREGCR report in FY 1996, which will address at least the following technical issues:
- ' >'

|
-

'

Stress-ineensity factor, Kp (due to pressure) and K (due to temperature gradient), solumous for azieuyT(i)
and circumferentially ories ed flaws in a range of sizes that are as shaBow as O'.05t(t s Od ddshness),'
and as deep as OJ5t (to.ieclude Appeedss K and codtt case M-Sl2 solumons). De

sayestsado,
is die U.S.

* 2cAa, and the vessel R A ratio also.wiu he vanables, to eseellips the PWRs and* * j j $ ,- ' *
:
' j j j;1; m 4( , 3. c o n g n ; ;g ir ,<

Cladding effects for the range of variables comendered ab;ove; addtio,na,Oyf die 1eIedt hInddless
, , ,

3 r .

(ii)
cladding tiuckness, the stress relief and stress-dres temperemmes. claddag saechaniset peepedes Gehoa

. ' i frees the HS&T prognum for thennel assng and irredsstica eNesa data), and disgy
for e c u o. , w w w t w ,, y , megsg'

x,
.

< 44
- m .,. ... ,.
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!

The need to include residual stresses in the regulatory analysis; this evaluation will also include a4

(ui)
discussion on methods needed to esumate them.,

i

I
The uncertainty in the overall determination of KAPPUED and its potential impact on the analysis

j (iv)
margia: the work will make an assessment of biaaial loading effects, and their innuence on overall
accuracy. The work will also assess matenal propeny uncertainnes. and how these could impact the,

j
margin needed to assure a ** conservative" analysis.

i

31.7.2 faum Crack tin Constraint Effects aSubts* 7 2) Planar shallow Haw specimens have been shown
:

to exhibit a significant toughness increase over deep-daw specimens due to in plane constraint effects. The
'

objective of this Subtask is to recommend changes in the current procedures for analyzing shallow surface flaws
'

in RPVs. These recommendauons will include the in plane shallow-crack increase in toughness and the availablei

results on influence of biasial loading, since all shallow surface Daws in a RPV are subject to biaxial loading.j

Interpretation of past (HSST generated) and present tihe shallow-crack beams tested at NSWC and the full-, in
thickness clad beams tested at NIST) data will be conunued. Strain gradient influences will be considered

*

addition. this Subtask will evaluate the need for, and if necessary recommend methods to be used by the ASME
code for deternuning fracture margins for shallow surface Daws subjected to binaial nominal stresses. The effectsj

of biaajal loading on the opening-mode stress miensity factor IK) under clastic-plastic loadings protorypic to RPV:
'

belt-line region will be considered.
;

Pa C=-ia= in Naniaani nad fniernasianal cada mad Sta= 6.h Or==aivatinae (%he==Ar 1m The!

3 1.7 3

objective of this Subsask is to reduce the resuhs of the HSST program to practice through p.ekipence in vanousnadonal and interneuomal codes and standards organizacons. Based on current initiatives in nanceal codes and
{
4

"=. the following activiues will be included in the HSST progrant during the FY 1995 worki

j standards e.,,
-

,

pened'
,

; (i) ASME Section XI. Working Group on Flaw Evatuanon

:

i (ii) ASME Secuan XI. Working Group on Operating Plant Criieria

(iii) ASME Secuan XI. Subgroup on Evaluation Standards

ASME Session XI. Task Group on Appbcanon of NDE to Plant Operadas Criesna| (iv)
i ASD8 h E-08 on Fasises and Fracare, with emphasis on *h 808.08 (alsado-

plands firessore *W echnology), E0s.04 (stracasse applicesions), and 808.07 (Itaser olsens
(v)

t
,

essassic

The Welding Research Council. Pressure Vessel Research Masenals and Fabricades Divides (is
:

} (vi) perdeuter. comunstenes os failure modes of componessa, and on welds, ameeded by Firodesser
| S.T. messe, who wisi formsh repons to the HSST program.

- - dunes the FY 1995 work pened will include amending the messings of each: E
Panicipanos in these %, '

group, perfonsses aanlyses to evaleses proposals put before the groups, and propenag and making c;

before she peups,-

Meensg repens desenbing per=4 h in thsee groups will be subenmed withse 30 calender days of eacht
| messing. The espens wie summmenas sism6 cam assues coendeed daring the messing, the susuhs of say vousj

taken and the parecipant's voes on thoes issess, and any future issues that me believed te reines es she MSST;

progresa or osher reissed NRC funded propects.
|-

'
|

|

|
'
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3114 Soccial Technical Attite= ace (Sub'ath 7 4) De objecuve of this Subtask is to provide short-term technica!
assistance to the NRC in reviewmg technical documents. and I articipanng in vanous technical meetings with and on3

| behalf of the NRC. The specific acuvities to be performed de.ing this w'ork period are described below. However. it
should be noted that other acdvities may be add #unr.g the FY 1995 work pened by modification of the statement of:

j

| work.

A prompt transfer of HSST program output to national consensus standards (ASME. ASTM and
!

| (i) PVRC/WRC)is to be carned out under this Subtask. Upon approval by the NRC project manager, specific
technical issues will be addressed as they arise. During the FY 1995 work period, this willinclude:

'.
Presenta6ons to ASME Section XI of a tabuladon of stress. intensity factor influence coefficients

! (1)
for finite length surface cracks (including and the cladding effects) and the basis for selection of !l

|
safety factors for nuclear structural systems, and

!

! Presenta6ons to PVRC/WRC commmees, of HSST program results on the effect of shallow tlaws
! O

on iracture toughness under prototypic condidons in textor vessels.'
J

Condaue leading the development and balloting of an ASTM standard for the measurement of fracture(ii) |
toughness in the bntile-to-ductile transition temperature region with small specimens.. Insure that the

]i

technical basis for the standard is documented.f

i

Provide ====saae* to NRC in rewiving public comments and issues related to the draft reguissory guide on
;

(iii) |
low Charpy upper. shelf energ/ masenals. This will include continuing the investigation on the nachaical

;

j basis for the equations for stress intensity factor (k) under steady-state and transsent thennal cocidown and
,

!'

pressuse loetbags.
! >. . .:-

i
' ' c .

-

3.2 FY apes ..

,

3 is L ._ ''- - - * iTask 1) ,
i

-

i

|

ne program direction.' monitoring and control. subcontract managesnent. quality control, and comunanications! xtivides defined in secoca 3.1.1. will be condnued in FY 1996. Twelve monthly progress repons and two semiannual j

| reporu will be produced ; Progress towards meeting the program objectives will be assessed by ==i=saiming a
i

1
i
; ca====ar of fHei.the program ressank actmeiss. Reemks toes the servenliness ansvides wiu be

'

| used as' .sehis e$etiveeses ofihe progreas~ plan, and idsedfy say ades'whose agunges es the '

t
pressuspass ' No;adjummens m ihe approwd pressem~ plan wel bounds whhaus she puist wrinsa '

appsovelofibdNRC , _ Fin $setManager. j '] + # M47 pHsu %i.m.v6rr &
- 21r'i J 1. :' W v v' '- ' -,

Maesnel hon' abs masser presses vessel.hom Pnesere Vessel Research Usam* PasMity (PVRUP) wit he puseusd and |t, .%3. 4. . .

t

j
pleoed in she HSg7 prostaa maserials escraps ymd at the Y 12 sin at Oak Ridge Madnest Lahensory.2s assesrial to

:
)

la procured will inchsde (a) masenal smashie for the fahnescos of fuese lege. costa east spechases, ami M maserini|
|
;

|
previously inspaceed by PecsAs Nenhwest Nemoeal Laborneory using the SAPT ulmusemic inspeedes sysseus. ;

/
Comences will be massemned wish beeh domasoc and foreign reassch organiaanone and , 1''" sociedes involved.

| in the C , - and appbcanon of technology for the sensetural ineagrity - --=a of nuclear resseur psessere ,

vessels. Areas where dimot inseracnoe with these orgamassoons would be hamanei=1 will be idesm8ed. Assungements |j

for an innenhenge et Asocee-escheenogy ressack reemin wish uneceed orgamassions win be made wenn append by i
| ,

i NRc. ,

the impact af iboss susuhs on she asustural inesenty asesamment of nuclear reacear possue vessels.11mme pepse wen;

be presensed at she NRC Weser llencear Safety Mesong, professional society moedags, and at special purpose manomass'

and oorkshops as demsessed by Nac.4

!

# b* $ 4 Y' O % g $ g Ay g4 ,
,

fM- M- % @,

TNtM , 4i E M4 i ts - !W ;

[ |
l

_ . _
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3.2.2 C
*Aa.m. cts Analytical De As==t and Validation (Task 21

3711 Bimii 1.1 n= dine.1 frects ValMation Testine < Subruk 21). De effort in this |h:butsk is completion of andFY 1995
-

a direct extension of the venfication phase biaxial loading-effects testing initiated during the| d h
perfonnance penod. All of the validadon tests wsil have been performed on specimens with a single flaw eptI

f d (a) to quandfy
(one a/W reno) and of a single specimen size. It is thus required that invesdganons be per onnedepths and (b) determine thej

l
the applicability of the constraint methodologies for different shallow-f aw

j
hi those of an RPV

transferability of the methodology m predicung behavior in thicker sections (approac ngj

thickness). Tests for (b) will be restncted to constant. depth 2.D flaws.
'

:
3 911.1 Verification. Phase Testina (Subeuk 2.1.1) De venficadon matrix tests will be completed duringi

h i verification testing and a
this p-tiormance period. Two, letter reports will be prepared, one on the P ase'

summary report for this completed venficauon matnx.

Cruciform tesung will be mitiated to study the combined influence of flaw depth and biaxiality on fracture
;

fi i and test
toughness. De intennediate size specimen. the same size as that used for the veri cat on teste! ll be
matenal will be used. Two additional flaw depths, tenta6vely selected as a/W u 0.05 and a/W =i 0.15, wii 8
used. Two biaual load rauos are specified. De proposed test matrix is shown in Table 2.2. A total of testsi

are included for preliminary verificauon of the effects of flaw depth and biaxiality on fracaws tougheses. The|
baseline and the most severe biaxiality condidons, as determined by Phase I of the venficanoa tesmag, will bei i l
used. All specimens will be fabncased donag this performance penod and testing will be compissed s ear yJ

.

|

FY 1997.'The sones mesenal for these resu will also be the heat treated HSST Plate 14.
",m ,"

| !

informance will be generated for a select number of fracture surfaces. f % ofinitience sises, the amount!

of ducune sesring, and the extent of the plastic zone size developed around the flaw tip wiB be desannsmed.
-

| |

Full decoroce of the test matrix, including the appropriate combinanon of test penunesers, wiB be pseendedf |
'

by finite element analyses using a refined mesh tip model. Dese smelysse will be used to de6es the Nasies ini 1

flaw depth where biaxial loading would be expected to have an effect om fracase tougheses Smau-ecalei |

specimens, i.e., plans strain, CTOD. slow-bend Charpy, will continue to be utilized, as approprime, so ass st
in interpretssion o( the test results and in vahdesion of the strain-based constraant model. A lenar report will: '

| t3s prepared wnhan 30 days atest sest completion and will provide test results and :-3 c_= I
'

De seemed senes of cruciform tesu will be perfonned to verify transferability ~of the constreint|

meihadelsslee ed'thisher sesoons. ; Verificeues .of 1.: i ""y of sitt
is asenesary for

| andlined$srabase-
f; ' applisades of ahese W to RFVs. A largiesels specaman,wiu be'' spechase'wiBmetseqabeaselles

M
- "-

| team. His spesismen win be a simple scalo up of she '" The =pach wiu be machised een pises unsu61 wth the leashnessaj
> sism,ses windmiopassa ter: ," " " - ",

beam teens a hemossesses unit. Au specanes deusas, new se==sey,be inesenBy innsimmed tequinst only ces EB weld assup to ensch the transverse been arms adhr the seesk is
I!

| 'M.t>***'
' "

,

thespecimess has been fengue _. r t,, ,

c ,.

! i< p4'7 P ,

<

, 4s 4 13 3,. .,
' ~ ''
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Table 2.2 Proposed Test Matrix for Haw Depth Effects Verifleation Testing (Subtask 2.1.1)I
'

:

I
J

Batch # Normalized Test a/W Rauo Load Biaxiality Notes

Rado
i Temperature

i
'

.

j l TBD 0.05 LR1 a,b

1 2 13D 0.05 LR1 a,b

3 TBD 0.15 LR2 b,c

1 TBD 0.15 LR2 be

4

! Test Specific Notes:
1he a/W rauo is preliminary awaiting detailed. pretest analyses:L;

b. LRI is defined as the baseline biaxialload rauot

| c. LR2 is defined as the rnost severe bianalload rauo
GeneralNoses:|

I d. All tests will be conducted with the cruciform specimen developed during FY 1993 95 using a 2-D flaw
configursuon with the spec Ged a/W rado.

e. All era ==*is wdl be sessed in the heat-treated condition to assure prototypic stress strain response.
C A beach refers 10 two specimens tested at identical conditions. A total of eight specimens or four batches

-

,

are being spec Aed for this maanx.
| g. Test semperamers is specified to be the same as that for the venficanoa matrix.j

hc Load ramo is deaceed as transverse load / longitudinal load. >!

! It is proposed that two flew depths and two bianal load ratios be examined in th's large-scels specimen esens.
u .,

! 2-)

1he flaw depshs wdl be dessemased based on analyses as were performed above while the load seeles will be
,

the same as those for the flaw depth matrix. Fabocauan and testing of these,specanoes will be lainesed
" ''

during the FY 1996 ps.rformance penod. It is planned that two specimens of this type will be complessly
fabricated during this performance penod. All tesung will be cosaplesed dunag the FY 1997 y L

=

penod. Any aMM characeenzation of heat treased Plass 14 masenal will be p fC in this Sabessk.

Table 2.3 Proposed Test Matrix for Large-Scale Speciases Blasial Effects Veri 5 cation Testing
.

i
. (Sehesek11.1)

I Ml: N2 L. ,,
e J. .

m w s
[*". . (T' 7 ' | ;' ' '' j.-- " , fe

',,-

;
! ,wa,%, y

. : px4 pu.o
i ~t o m :1 un a, ~

,NonneliandTest a/W Rado". Lead Bisidsuty 1Neses c ,

: Specumes # 9 y , ' - " Itsde -:
' '

Temperasse.g., , . - ..

13D 085 " ' IAI '' ab-
,

t w- : a at 2
.

'

.

t
,.

' ,

i n si. % m- ' '' ~~ ' ah u ".
' 2- ', TBD 0.05' ' 'LJtt

TBD , 0.15 " 122 ) ha ,a . , '

J u t.hs.
4 , TBD 0.15 - IJt2

, -e

Test Specs 6c Notes:
asins a/W semie is preliminary awninas desseled, presset analyses

,

''' ' o *h% on<'

b LR1 is deemed as the bassiles biasial load ratio "*
c LR2 is dsAnad as the most severe biasselload ratio

,

! GeessulNesse:
d. AB teses will be condeceed with the scaled up, large-size crucifone specisnes using a 2-D flew

c age =adan widi the apaA=a9 a/W resio.
.

;

a AM spennene will be sessed in the beas-weened condition to assure prosotypec stress-seeis msponse.!

f. Test osaperanse is speaned iso be the same as that for the venneanos sneena.
Load rame is denosed as sensverse:longenhaal loed.g

... 4+ .m . y e, , , , , , , ,
1
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3 7 212 Analysis Suuuon of Test Data f Subma 2.1.2) Analyses will be required to establish the a/W ratios:

il d finite-element analyses |

to be used for both test matnces iniunted dunng this performance penod. Deta ej fi tablish test
will be performed using a design type FEA model which is of sufficient re nement to es|

f

conditions. As was done previously, analysis of the rests will be performed to determine the toughness rom|
h dt a funcoon

the experimental data. Estimates of the P vs. CMOD n factors requared to interpret t e test a a as
of crack depth, temperature, and load rauo. wsil be developed. The matenal properties used in the analytical
model will be representauve of the test material near the Daw tip. Both pre and post-test anaj sis will be

y
{

performed to provide test guidance. Required modeling refinements or modificanons will be performed using|

post test evaluations of deformation behavior. Fracture toughness estimates will be developed for all tests. Refined crack tip modeling will be conducted as a pan of Subtask 2.2. to provide comparisons between|
|

!

|
computed and measured mechanical response. i

/

A lener report detailing the test and analysis results for the Daw depth matrix specimens will be issued by the'

l i

end of the performance penod. The report will include test results, analysis results, test and ana ys s{
compansons, q-factors used to determine toughness from the test data summary fractograpluc results, and
preliminary interpretauon of the toughness results. Quanufication of the elfeet of flaw depth and biasial4

loading on fracture toughness and an assessment on the scatter of toughness results will be included.
|

A liranted number of small. scale fracture specimens will be tested to support constraint model developmenth
and to assist interpretauon of analysis results. Plane-strain tensile specimens will be tested to measure t eI

fracture duculity under plane. strain constraint conditions. The specimens will be machined from the samemaserial as that used for the development phase specimens. A new specimen type will also be maciumed and
'

b d descaly.

venficauon tests performed Using this specimen. measurements of CTOD at fracasre can e ma eand the relauonship between initial crack up radius. CTOD at failure, and failure energy can tw investigees .d
1

Resuhs from these tests will be used, together with the results from the development phase cruciform asses, toI

further evaluees the newly ry f sness-strain based consuaist ansehodology. Tests of this type will also
be perfonned on masenal flmat the heat tressed Plate 14. Data frors theos sesis, in conjuncoon wide she smees-strain-based constraint model, will be used to generate pretest predsetions of fracture behavior for the

,

i

veri 5cauem phase cruciform specimens.

The deliverables for Subtask 2.1 in FY 1996 are letter reports on Phase i verificanon sesong, sad a summary
!

I
lener report on the venficanon-phase sesong.

" a - < .__ = rn= _ a v#= =b (" 2 h Assessment and sedaement of'

m 3 r- - ikaseurs inesbodologies wit bej

existing endder modined seess-based and senes-straie based f-_" rcomeimmedi Evelseelen of she,ceedideas fkscsure 7 '',,b will requise perfonmense of deceded, aseMusek-J a dg

tip finies. element Accours machemias analyses of(a) the crucifonsp"eessed sedst the les ng e metsclad been spesimou essend et
validados and the flew <tepeh phases of Subsesk 2.1 above. (b) the ._ T;

NIST under Seheesk 3.3, and (c) the clad crucifens beness being essend moder Seheesk 3.d. If Ad==aadlad;

altermedve consereist me1odologies will be investigesed for feasibility of their possetiel developeses and

validation. De snelytical hvesageocas will be supplemenced by nasiallurgical ===s==alama of solossed ensamesurfaces from shallow flaw fracane toughness specimens teseed. The i,-n f ' infonnetion will be used in;

h
the coatsouing aa-as validation, and development of a strain-bened dual pareensent fraceurs toug ness1

conelenom. <

- period.
The deliverabis for Subeask 2.2 is a letter report surnmarizing progress made during this ,, .-

< a
-

t a > , .g. y,,

'l r
*

H a. t"t. , t [, , ' < < co - u. ,

, '

, r, 3mn>
|

) - #. ' 4 ' s ,nu, ,

' - 3 7i , ,
, ,

Lk v' t $1 g ,;g z ,I '' ' ' '
- *+t ,
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3.13 Eval.=aeta= af D M'a Effects tTak 3)
i

3 H1 0"=<i Static Cbd Yieldine Model Develooment f Subtuk 3.11 in!'.uence-coefficient methodology basedi

j
on LETN concepts is used in the FAVOR PFM code to perform deterministic and probabilistic RPV structural
meegnty assessments. As a near-term refinement in the assessment methodology, the development of a genenc

j

clad yielding model will be completed and implemented in the FAVOR program during the FY 1996 work penod.!

The generic model will incorporate clad yielding into the calculadons. while permitting the LEFM influence
'

s
coefficient approach to be retaaned in the presence of the cladding nonlinear response.

Dunng the FY 1996 work penod. the performance of the generic clad yielding model will be evaluated through
:

i applications to RPV integnty assessments. Geometnes. material and toughness properties, as well as transient
loading condidons will be & fined in an analysis matnx. Assessments of the conditions defined in the analysisi

mainx will be performed using the FAVOR code. Further refinements of the genene model will be formulated;

ar. i smplemented in FAVOR based on the results of these assessments. These retinements may require additional
j

deterministic 3-D canc-plasdc finite element analyses of shallow surface cracks in RPV models. A letter report|

desenbing the results of the insegnty assessments and refinements of the genene clad yield stress model will be;
<

issued by the end of the work penod.
j

Specific acc ..pJJ.unts planned for this Subtask in the FY 1996 perfonnance period are as follows:
j

| complete formulation of analysis matnx for RPV integrity assessments using the generic clad.

yielding modelinstalledin FAVOR,
complew applications of the genenc clad yielding model to RPV structural integrity assessments

.

| .

based on the analysis matrix.
| formulass and implement refinements of the generic clad yielding model based on.

sassrpresamons of tesults from RPV structural integrity assessmenu.
;

i issue a letter report'on interpretations of RPV structural integrity assessments and funher
|

.

rs6aements of the generic clad yielding model.:

!
i

3 914 si i.a mad crucirnem sn.cim,a Te<<ian sad Aamivsis iSah*==k 14) During the FY 1996 p..L I
~= |,

|
period, tesdag wdl be completed for six development clad cruciform spectmens and for the balance of the test

| mariz defined in Table 3.1 i.e., groups 13 in Phase I and groups 4-9 in Phase D. Dus, a total of tweasy four
:

| specimens will be sessed in this pened. um
Test resmiss tem al[ Phase I set will provide guidance for funher investigation of variables aesseissed wish
cladding effects on crack isiusuon and propagetson. Dese variables include crack goemsary (dopsh and leagik),
cledding thickness, claddsag ressdeel seesses, cladding depositiosidireenos. HAZ as wed as assesrial and Aussere

;;

|;

} ioughness properoes assocessed with the various regions. !

Phase II of verificanon testing will e=====* the propensity for crack inieseos over die mid eansides esaparamme

rugson as a fuocoon of crack geometry. Parsmeters defining crack geomeines for tests 6-9 will be specsded aAer
sudicient dass became avanlable frons the first test senes. De effects of some of ties other venables Adammand

.

'

above will be investigated is additional senes of tests to be performed under Task 2 utseisias des crosofern
,

geomeery. . .
.

q

the east sesehs will be seeds. Also. Snies. element analyses of the acer.ctsek-tip region of the east spechmans will
| be persarmed. Mener apart will be issued by the end of performance paiad desenbeng progrees is she essangi

and analysis of send cruodone =p ~= - ne results oinaimed hosi essnes and smalysis in this Subensk will tw'
*4>a

| psevided a Subensk 2.2 for developing-conseaiet effsets caneladoes and benAceanos. -
m

--. *a3 c ., . . 1

Sf L

P anned for this Subtask in Ge FY 1996 perfonnsace pened ase as foNows: * il
- s o; ,,$ ec86c E _ 7'$|

N
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j

complete development tesung of six clad cruciform specimens.
i

complete fabncauon of groups 1 3 clad cruciform specimens for Phase i venfication testing,
+

-

| complete poups 13 specimen tests for Phase i senficauon resung.
complete selection of surface-crack geometnes and test parameters for Phase II of venficadon testing.

*
|

| complete fabncauon of groups 4-9 clad cruciform specimens for Phase 11 venficadon testing,
*

.

| complete groups 4-9 specimen tests for Phase II venfication testing,.

j complete posttest computauonal analyses of clad cruciform specimens, and
issue letter report desenbing progress in testing and analysis of clad cruciform specimens.

.
.

*

! f aree scale Clad Cruciform Snecimen Testine and Analysis (Subenik 3.5) During the FY 19953235'

performance period, irudal preparauons were begun for a large-scale clad cruciform testing program to investigate
the influence of cladding,11aw depths, and biaxial loading ratios on fracture toughness. He specimens will be
sufficiently large to circumvent some difficulues associated with transfer of fracture toughness data from smaller,

!aboratory scale specimens to full scale structures. The servo-hydraulic test machine employed by the HSST
program at ORNL was modtfied to increase both the total load capacity of the test fixture and the size of the beam|

:

j specimen that can be tested.

A preliminary test matna is provided in Table 3.2. The clad cruciform specimens will be fabricated from
| SNUPPS shell masenal in the "as received" condition. The test section will contain a through-clad surface flaw
j located in clad-weld masenal. The selection of test parameters such as crack geometry, test temperanare, loading

ratios, etc., will be strongly influenced by results generated from the senes of medium-thickness clad cruciformi

|

| specimens desenbod in Subtask 3A

During the FY 1996 perfonaance period, a fitness demonstration will be completed for the test facility and sans
procedures using a dusamy large-scale cruciform specimen fabricated for that purpose. Also, any necessary

'

rnodificanons of hardware or procedures identified in the first large scale test will be W A ismer report.

i

will be issued by the end of performance period desenbing progress,in the large-scale clad cruciform tesmag

Specific =--:: .-" ass planned for this Subtask in the FY 1996 performance pened are as follows:J

compless fahncapon of a dummy large scale cruciform specimen for a fitness demonstrados of test.
;

facdsty.
s i es ====hly and lamallados of the test flature for lares scale clad crucifene specimes tsadas.

!

. es p s. .

sampasse a asses- of du met finime and tracedmiesyinns n dummy spesissa,and e me
|

.

isses a leser repost on propees made in assaing programs dtsing ,, y = period. 'uq<b.>

< , ,., ; ,

^b - F-- - -" r'--_-_ ' - (Taalt 4)
lid r - "

.

~ ala ' " - - - 8kd-- --!:: " " '+.=v (sam 41) ' X r" * '-_g wiR be developed
1143 t'
to inchsde the psehamnary frenere mods-converssoa model in detensmande and J l'''' Assess ausshamiss

analyses. %s frecesm smods. conversion model must coatsin a viable model of h imideolos der sessisessy
crocks (i.e no senhas tsanag) and a doculo esenes model which pnmdes emput data that spresses sessedst ispet.
to the selected sleevegs model for prodsedag cleavags imtsation. Several '- ' ^_ asschodelegies have

ne existing dess pasesser makedologos acinds beni sees -bend and suun.samia need

p esasasius,'been invessigneed to gesenfy the effects of speciese esognetry and loadag condidses'en crush d eft
cleavage 6eemme. :The validand model fat cleaveps 6 scours most.secesssfugy prodottheedgme difhetisminaisie
and biaxial loedag on sheBow flaw tessere toughness in;the tramWsugies of RPY seteish Asukelemal
reganoments for the ducals teenas madris includs the following:"(a)'reprehses Ja curve east'esesf99 sequhet
only input dess shot are weisdneed and readily available: and,(c) pnmde emput that includes crack eip sudes and

, , crpck: plans plastic zone width as a fue: tion of crack growth. De'assehodologies'fbr deselle esadag insinds.n,
, - n m>n,,,r. ,, , _, ,

# M
.

"

|
|
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I constitutive formuladons that desenbe progressive damage and matenal softening of the local crack dp region and
j

| parametnc correlauons of J R-curve data with controlled changes in crack up constramt.

I 3.2.4.3.1 Methodolony Develooment iSubt.uk 4 3 Al Performance assessments based on applicadons of the
candidate c!cavage and ducule teanng models to measured data from RPV steels will provide necessary input#

for defining the tearing to-cleavage mode-conversion model. The preliminary fracture mode-conversion
model which includes both cleavage initianon and ducule tearing models will undergo validation procedures.

;

A detailed parametnc study will be performed in FY 1996 with the preliminary model for a relevant range of:

; (a) geometnes,

j (b) transients. and
(c) loading condicons.'

,
,

Modificauons will be made to the fracture mode conversion model based on the validadon study. As part of
the model modificauons. an investigadon will be carned oct to determme the difference in the stress field ).

ahead of a growing crack using the Gurson model and crack-Up-opetung angle failure criteria. Also. the |

affect of pre cleavage ductile teanng on the D- A toughness scaling model and Weibull stress calculations will
1

,

|| be investigated.,

t

i Inidal empirical relationships will be generated from the final analysis results.

1,2.412 Renarta IM had 4.3 Ci De preliminary methodology to include the fracture mode-converstoe:
-

model in f.racture mechannes analyses will be presented in a letter report in FY 1997. ;!
,

,

j

; 1Y411 V.iu..iaa T . ian (Muh*=* 4.3 Di ne predictive engineering mesbodologyowill q
j c > vahdemos procedures in FY 1997. A test matrix will be defined for the crucifone validemos esselia FY Im

i
that 'will include pre cleavage ductile tearing. The test masrix will (nclude:' (I) specunes type, (2)._ racsc i

jgeasseery, and (3) test temperatures and loading conditions. . y"

i

j 't i A F.- :== A ==" '. V ^ E . '-- " - ' A " - " - M Taalr si I
s

f 19 s1 ca..;.oi. Dev.t.- of FAVOR f Subwa*Ir 5.11 De stress intensity influence coefficiones (SIFICs)

that wese generused during'1995 (51FICs for assally and e - ' _ ^"y oneesed inner surface flows with espect
--

i

redos of 2. 6,10. 'applicabis so clad RFVs wuk an iseernal radies as well ddekeess (R / t),reale of 39) will be , |'

impa ==aad ions the FAVOR compueer code. De i_f "n of the SIFIC danshese less FAVOR wN be"
'

; vandseed by comparing AaAqus disc 3 0 neies element soistises whh FAVOR seissions.n vgw sm gg u, w ., , ,uuw ~
;

j 12 $ 2 p1 AppManiana th s.21 Dwtes FY 96 work will coh a des W m h
'

dies she ===amdumyversies of FAVOR models ao perfene " method 2" FT5 'seelyses.-De NRC has'
~ ifassipshbyashig;

J assosiesed whh new. missed esa le weided sessoas be sw . ' law de
| the PRODIGAL campuser sods.' De PRODIGAL seds is se F:disailbutions of therasesidesiGew issellons- - MM system (deve(aped by Rolls Asyes,

<

|
! !ac. in ihn Uniend Ringdeed that goesmess puedeceive , ? T"-

lis she RFY went (sateos besties andfor askedded news), and new siens insedened inne weidad'

fabricados. Dis necesshness n'soewen interenes between the spesemiteed vesesom of FAVO% sed , |
.

During FY 96, work will be~descoed toward the development of this seAware inestfass.w e w ,p . n

y yg7 %gu s_;,_. g. 2yg yi.

a > somsenes enserie, as deselsped is 8BCY 82 465, Reen bash 2=a==4hhde seasidmedoes |

eispiessedsudDemonal |A ' endseatswed and renessessesd Dorise FY K a louer sepan andded
m sedadevotesia ser ambdened emannus waar Ramer smuus ysissis-'

1

m % o ea w w . n , ,s z ,. 4 n &,,,,,,,; (g ,g~, p s68. e m *g;(H W v ,\:

m r, e . , ,,, ,.c ,_ .- sm <,3 ni, ,,, ,,,; , ,,,,,i,g ;,,,,, ,, ,,,3, u -.

Nacitiiff during ACRSKROR'avwws' and publie semanas pairled.W.nis ashensk pregidas,eoneimming
: ~ .mehaiens eussen e on NRc starris e n - Y leechmark and specumsen / expens mesdess. I

!
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316 Material P.c.----tv Data -~8 Test Methods (Tank 61
Subtask 6.1 will have been completed during FY 1995. For Subtask 6.2 on Dynamic Fracture Toughnen Testing. an
-

1
bil sidon

interpretative NUREG/CR repon on dynanuc fracture initiation toughness data in the ductile.to- r tt e traaregion will be completed by the end of December 1995.The report will provide a detailed presentat on o t e yn
1

i fhd anuci

f,
fracture toughness test results and a compenson with previously obtained data.

| Analvsis Me*'' S (T=ak 71
_317 Ineee. "-- Of M

'" fasa A %+*Of.The-Art|

| P

The objective of this task continues to be the evaluadon, interpretation and application of the results of HSST rogramd direct participedon in the
research to the regulatory process through interpretive reports. consulung to the NRC, an

'

i d stry,as
consensus codes and standards process. The NRC has elected to base its regulauon of the nuclear power n ud l t of thesei

much as possible, on industry consensus codes and standards, making direct participation in the eve opmenstandards an activity of pnme imponance. An assessment of the fracture analysis methods used in current regu a oEG repcet. During FY 1996.
l t ryi

|
spplicauons, begun in FY 1994 and conunced in FY 1995. will be documented in a NURdii l l d ruciform and*

significant research results will become available frorn Tasks 2. 3. and 4. including ad t ona unc a cfull thickness clad beans fractwo toughness data. biaxial and shallow.creck constraint analysis resuks. clad yielding|

Dese reseks willj

. r+aal studies of fracture mode conversion from ductile tearing to cleavage.'4,;y forj

be evaluated. organsaed. and used as pan of the initial basis for a comprehensive (meture analysis Ei- -analyses. and c- d belloting of(

reactor pressure vesents. Dunas FY 1996. significant progress is also anecipened in the development anj ll == tem data.

an ASTM standard for easmus fracture toughness values in the transition range based on sma .apa==f
| The desenpuans and titles of the Subtasks in Task 7 will remain the same as for FY 1995, except th.t the scope o"Results

Subtask 7.2 will broedes and its utie will change from "lacorporate Crack.Tip Constraint Effects * to
4

| " ~ for

Incorporatica into a Stase.of.An Analysis Methodology." A letter repon concerning interim im -- -| FY 1996.- Meenas
considering shallow-finw and biasial-loeding effects on fraccare toughness will be Ja.usd early lab adad 4. tbs NRC|

repons documesdag business condueesd at caaaa=== codes and standards aseenags'.ill e t-==am
'

!|
"

*

Project Manager withis a month aAer the rnestings.
,

i

!

3J. FY 1997
m m ne d%. monitori., a.d co.troi. *o. -,.

i

g ggd m a ama** acttVI.es defsaed is secuans 3.1.1 ad 3.2.1. will be condaued 1.PY 1997.;
-

; m,

f % ,. _% m , , m , m .,q , m.mma ww m m m,,, .
; a . _ -n'

112 thesanning Ehs. Anahdemanissaanut and Yh N 2 _
~ ~ ~ . -.

i

,,,,.
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i a . - -- , **
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,
e
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1
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|
3 3.2.2 Constraint Effects Correlation Develooment and Verification (Subtask 2 21. A NUREG/CR report will be

; prepared by the end of this performance period to summarize the effort to assess and refine existing and/or
modified stress and stress strain-based dual parameter fracture toughness constraint effects methodologies.;

i Work performed in prior years of this activity will be completed by application of the candidate fracture-
toughness-constraint-effects methodologies to (a) the large-scale cruciform specimens tested under Subtask 2.1a

i 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.

1

The deliverables for Subtask 2.2 in FY 1997 is a summary NUREG/CR report covering the assessment of the i

different constraint methodologies considered under this task. ,

1

333 E7* af O' "-- -- F"=2: (Task 3)
3 3 3.1 on..iAr.eir rind Yiendia -Madel Develanment (Suhr=4 3 li Evaluation of the generic clad yielding ;

*

i rnodel through applications to RPV integrity assessments will be initiated during the FY 1996 performance period. ;

Refinements of the generic model will be formulated and implemented in FAVOR based on results from these
'

i

1 assessments.
.

I During the FY 1997 work period, evaluation and further refinements of the updated clad yielding model based on ,

RPV integrity assessments will be completed. 'Ihese assessments will incorporate relevant shallow-crack biaxial
!

4

! data provided by the intermediate-scale clad cruciform testing program conducted in Subtasks 2.1 and 3.4 during i

the FY 1996 performance penod. A NUREG report will be completed during the performance period that '
|;

i discusses model development, validation procedures applied to the model, applications of the model to RPV
; assessments, and limitations of the formulauon. j

'

Specific accomp3t.;snente planned for this Subtask in the FY 1997 performance period are as follows:
:

I complete ,,1 d= of an updened clad yielding model to RPV integrity --=a=-
-

formolaes refinements of as updesed model bened on inserpretations of results from RPV integritya
;

]
AAA N t f

compless M'- - 7 of refinements to the clad yielding model in the FAVOR code, and' *

issue a NUREG report on model development, validation procedures, interpretations of RPV integrity-

. aa and hassanons of model

j m4 na..i. ci.a c, ,irn, u.,i_ T. itan ad An.svas (S*-4 3.4) Testing and analyses of the
insonnediase-scale clad cruciform specimens described in Table 3.1 (Phases I and II) will be completed in the |i

'

FY 1996 perforusenes period. During the FY 1997 period, a - 've evelession of she lenweendoss-scale
'

.

clad erectform naaslag progress wiu be cosMiscoed to doestuime lho.isg" met c(sesehe %''":he leasing progreen as" ' " #'-*~i% ,,g,g 7 and on RPV W mummems.' ' !
-

,

Specifically, $f Nees-based and strain M dualM haceurs to@ oenelmises wiB be'
! carried out threadi ap=Ma=*ia== of these mesbodologies to the shiiBow flow clad blesial and emissiel

|
dass base. Also, PPM ametyees wlR be perfenmed widi the FAVOR'conspuest pregnen es dusenales the

^

of she frec'aurs toughness dess'been on the conditional probability of creek initiesten is repsessenative RPVsj

! subjected to severe F13 transisees and to P.T loading treesisees.1hese PPM'enelyses'will etnias fressure
j toughness curves derived heim the shallow-flaw clad blamiel and vaimmini toughness dass bees. A NURBO report

| wiB be completed during this work period that provides a e ' "ve evaluesion of she clad-cruciferai enesing
..

i progran and the kapile=ela== of t.he shallow flaw toughness desa base for RPV lenegdey . L L a
; m, < m . rom a ,, , 3 p ,, , ,m, . . - ~ . . . a >- -

,

Specific - f ' '- planned for this Subeask la the FY 1997 perfonnance pened are as fonows:
; , ' .# r < *

assessment of dual-parameest fracture toughness cormletions appiled:eo interpsessalon of*

! flaw clad binaial and umaniel sougheses dess base,Eum n FWewb sw . A
evaluation of she influence of shallow-Asw clad biannal and menemiel soughnese does bene on| *

| @ essessasses,and '' '~ i' ,
' ,

M: o '' i a 1; m a me . rc
,atVSmth;,yjyggg g g g g| 0 g"*. - 7$ t'

| \
. , . - - , , ,

' *

at d gdL g m.
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d
issue NUREG report providing a comprehensive evaluadon of results from the intermediate scale cla!

!
.

cruciform tesung and analysis program.
|

f arne Sente Clad Cruciform Soccimen Teutna and Analysis (Subensk 3.51 During the FY 1997! i i

performance penod, fabricauon and tesung will be completed for the large-scale cruciform specimens g ven n
3335

Table 3.2. 'the clad cruciform specimens will be fabricated from SNUPPS shell material in the "as received" condition. "Ihe test secnon will contain a through-clad surface Daw located in clad-weld material. The selection
>

f

d by
of test paramesers such as crack geometry, test temperature, loading rauos. etc.. will be strongly influencei

results generated from the senes of medium-duckness clad cruciform specimens desenbed in Subtask 3.4.j

|

Following completion of each test. post test finite element near crack.tip analyses of the specimen andd
correladons will be performed wah the selected constra nt-effects model(from Subtask 2.2). Experimental asa!

conversion models developed under T.tsk J for the ducule-to-brittle transition temperature region.from any specimens exhibidng pre-cleavage stable teanng will provide input for the assessment of fracture mode-A |;

l d |
'

comprehensive NUREG report will be issued by the end of performance period which describes resu ts an|

conclusions denved from the large-scale clad cruciform tesdng program. Results from the large-scale resungll |

program will also provide input to the comprehensive evaluation m Subtask 3.4 of the influence of the sha ow-
flaw clad biaxial and unnaxial toughness data base on RPV integnty assessments.

|
Specifsc accomplishments planned for tius Subtask in the FY 1997 performance period are as follows:

!

compless fabncauon of fint large scale clad cruciform specimen for venfication testing.
compless readiness review for first large scale clad cruciform test.

.

compisse venficanoa tasang of first large-scale clad cruciform specimen.complois any necessary modificauons of procedures or hardware for conducting tests of large-scale clad{
a

*

+

icruciform specimens. .

8 emelyses of fast large scale clad crucifone specamen.
compless P=f remaining large-scale clad cruciform specaneens for verification teenas..

compless fabnceman o
compless venScanon esenes of reinaising large-scale clad enaciform ep ca===

e

C analyses of remaining large-scale clad crucifonn asses.
.

complete inter'pretances of large scale data for applications to fracant models evaluased in Tasks 2 andcomplete --*

.

isses NUREG report on comprehensive interpretation and evalueuon of large scale clad cruciform4 and
* .mm,

isesing ssegmee. .,. 1 .o
mm'iw.- Mm 'ae

2'"-' -M t 3-1 e rT am-

os au. p , % + o.em sniue

h e u=; t " ^- 4 m Empencel relationships will be
i un r-

_

at a _ _ -h s=
" " codes, such as FAVOR (5mbteek 4.3.A). ' Die'psellesimary

imme ===amaasi in d===m==&ane and r.2 -seesbodelosy forinstuding the compleasd Ascase-mode conversion modelin bedh dessesseistic and probabEede
n

freense -=** - anniyees will be vehessed by monas of crucifona spaimene (pisse sad weed mesmien in ensdi
transition region. The megency of the seems will be conduesed at tempereamos such that the failure mo e s
pr=da====sey cleevege with some prior ducale seanag that is prototypic of RFY behavior.'

' *

"-- s' ' - ' 41 Di 'Ihe crucifona validenom emets (which include in
g

3uif V"' T
ductile amenas) will be carned out (under Task 3) unlizias the test meets denned in FY 1996 doesiling:

-g .

3: .,a <

=. c

(a)specimes type. . ,,
4 a ~m 3 .,, :,

a i ,; ,, g ;
,

- (b)sesak geomesy. . . . .

(c)and testtempensens andloadingcasublions a > ga, , . y;

dess from thsee specumens will h inhna for thh 'ofAs Asemus-
"#

Thees
made coewersson inadel for the ducsale to 6nale transmos temperanse regnes.

-.
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3.3.4.3.2 Predictive Canabilities (Subtask 4 3.El Posttest analyses will be performed with FAVOR to

i confirm the predictive capabilities of the method 'ogy. Modifications will be made to the predictive
,

engineenng methodology based on validation test results.i

! 3 1 4.3 3 Renorts (Snkaak 4.3.F) 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.

31 E FM== A r- '.J. MW- Devela- :=t =ad A- " =h (Task il
'
:

f 3 3 51 Cansinnine Devet.r=as of FAVOR (SnMaek 5 !) During FY 97, the correlation to include clad
plasticity (developed in Task 3.1) will be incorporated into FAVOR. 'Ihe methodology to incorporate " plant-l
specific" vessel inspection data into " method 2" ITS PFM analyses will be implemented into FAVOR. 'Ihe flaw

i
density and flaw size distribution data generated by PRODIGAL expert system will be considered as the prior
distribution. " Plant specific" flaw inspection data will be incorporated through Bayesian updating to generate'

plant specific posterior flew density and flaw size distributions. Personnel from Sandia National Labortaory will'

be responsible for the development of Bayesian updating techniques. In order to meet the milestone for the

|
implementation of Bayesian updating techniques into FAVOR. the methodology developed by Sandia must be

:

i
received during the first quaner of FY 97.

|

j 1151h PHARE: II: thaaameranian Aamivaint Innenratiaa mad Aaalicanian of Reviend T,c .ai,as n- maas

ama... :.a to -'- tancine Te.at caea (s-wank 5 ih) > The objective of Phase II is to perform
|
1 demonstranon analyses for PTSs analysis methods I and 2 for two seperase'auclear plants. Phase !! willbe a

coordinated effort between various organizations to integrate and apply the revised technical bases med
2 ':'7;, J-::'y developed in subtask 5.2.a. to plant-specific east cases using both method,1 and

;

i M meshod 2 types of P11 PPM analysis.
J,*",

_;7

ex 4.. , ..-

The first plant has been designated as the H.B. Robinson plant. The second and plant will be designated by
the NRC at the appropnate time. During FY 97, demonstration FTS PFM analyses will be perforraad for the
H.B. Robineos plaat and plant ammber 2. During FY 97, a NUREG will be produced that describes the

,

{ technical bases for the analyses and the results of the H.B. Robinson test cases analyses. "Ihis task will
|

provide impet to the NRC for producing a NURBG letter describing FIS PFM analyses'results for unit 2. !i
INEL will psovide all arenssent deAnscion desa (^ " ".g. "- boundary conditions) to this subssek. The

|
oristeel dass Ihr sesalps of the thennel hydraulic boundary aa-s saa= me given~in amedan iWAddsmessi no

'

'

: CesasBmsm um m,w w.%,.eam,,,m y , % ,hW h, , _ L,,

*i-

t Y" MMM ,_ f t;m W s , s . ,. 7, '#* M%#5
-

r

|,y ,,|
*

'

| J U .,ad A | w a n y , m y w. , , ,

SI$$ IM E (a) N k
_

M MM M
[

du. ries ACRs cidIR avisse and phiis commasat parted.. M TWs subsek pseyides continuing =eachmiset asyperts. e wRC.sni.e be hms,h 8.d s,s.iniis.t.ip.os sd , ;y-: m
. ,, , v. . . - > ,; m . ,

i ti-. y g, ., )^ '' ~" ,

a. ^ a # ^' And A "' ^' ' * - -; (Tamar 7)" **^
ggy 3 - --** - - g 3 - flid V ;;m a-- < a. .,

, _ _ .5 _ an @[of alle peculls.of HSST
sepsweemedil(ag as dhe PIRC,"end dhas DenkdpadenThe objective of Minsk esetiness to MS $he ,evehBMion. '

^

-

| Proyen sessesh sede sessissary passes enough
b en esessmeme sedes and annenes passes. . The. . hes

or se sueur power.
industry,tes(mush as possihis es indesry ceasseems codes,sissied io ame as

' massehe
i and"same6uds, dheet ~dat tis; c

. 1 ~' mesetseneses.an esilvey of phs. Durths FM9pr.
i results wE teases endshis drean feels.2,'3, and d, pesenre,tou@mses'esde meduss edusdbs0leses W

cied crecinum home specieses assimising shenow, asses erneks, adined coussmcut andposa, aumer m

deveispeneses et a sind yieldles ; f ' ' model.e.mljdsmisposses IbsPi ymdischea r ma==8 ma,s.st efm+ m a m a w n w r,n, m. . ~ . ,

* <* nsa .e <n+ ,a y,<,, ,y
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ducule.to-cleavage mode conversion. These results will be used to further develop the basis for a comprehensive
fracture analysis methodology for reactor pressure vm Dunng FY 1997, successful balloting and inidal

4

ll
publicauon of an ASTM standard for establishing fracture toughness values in the transition range, based on sma -ll remain the same as for

'

specimen test data, are anucipated. The desenpuons and urles of the Subtasks in Task 7 wi
FY 1996. A NUREG report desenbing preliminary logic for a comprehensive fracture analysis methodology for clad.biaxially loaded, reactor pressure vessels, based on expenmental data for 2.D and 3-D flaws and analyses considering| d in early

clad yielding, constraint effects, residual stresses and stable crack growth below the upper shelf, will be issueFY 1997. Meeting reports documenting business conducted at consensus codes and standards meetings will be
1

i

transmitted to the NRC Project Manager within a month after the meetings.
"

i
.

a

l 3.4 FY 1993
.

!
M.1 Pre rum M- - -

-e (Tuk 11
!

The program direction. momtonng and control. subcontract management. quality control, and communications!. d
acuvities defined in sections 3.1.1 and 3.2.1. will be continued in FY 1998. Special emphasis will be place on| i
reviewing the implemenung procedures used in Task 7 to integrate the program research results nto a<

comprehensive pressure-vessel integnty assessment methodology.
j

(Tuk il
3.43 Fm:m A meL.i Me*" Ca'- - ~ =e ==A Anallen*baa

i
'

3.4 5.1 (%.d=dme DeveL- =? of FAVOR ihb'ma 5.1) During FY 98, the correlation to include fracture
f mode conversion (developed in Task 4.3) will be inc yar.ted into FAVOR.

During PY 93, work will be innseed on developing a new user guide for FAVOR. in ==*= rip =*=a=
of reisemag the

latest version of the code to comunercial and research organizations active in safety aanlyses of RPYs. TMs user| i
guide will provide techacal explanations and example problems for both snethods 1 and 2 types of PT5 PPhq

analyses.

During FY 9g, the lasest version of the FAVOR code for perfonning both meethod I and method 2 type of pT3|

analyses will be released to comunercial and research orgamzations acave is RPV safety saalyses.
,

" * --f* ' '- 12)
1_a 4 *r FFR A ,,s <. 7,*4~,, . ,

<

' --; r" "- 1.134 (* * " 19 art % FY 98,' " '

--A_ - .g_ g_ u - To * -2
;

a vehse and hapset analysis of proposed revessoas to Reguissory Guide 1.154 will be perienmed. This impost
ygg9g-

analysis is sismier in scope ao NURBO / CR 5186 on the low-esapsmane over-pressesion issue in RPYs.? as. 4'

M * 7 ur NRf'(" '" "- 511 (a)'this sehensk provides for esshmiset suppers as to
,

;
.

, ,

A

NRC staK dersas ACR5 EROR reviews and public commset period. (b) This subensk provides consieming
1 d 1 1 7._ ".- T1 "

=* benchmark and speciebses / expens snessings.;
each=le=I support to the NRC staffin n ,

f

3,4,.r r - .t - - s a- a *- - a ' i .e A --a in "" * - m c. a 'n i

,

__At the besiasing of PY 1998, all iha other eachnical tasks la the HSFT Program will be ehher eenspises or willl d
mores with Task 7. Tbs obesoshe of Task 7.'la PY 1998,' will be's Anal evolmades, insurpseens es, me

pressass vossais. iThe emphasis en transferring H5ST Prognes ressmeh ruumiss ions sensomums sedes sadincorPorsenes of HSST Propus suspersk susuks lato a congwebsamve transe smalysis unsehedsingy ist senseer
.

mesend
sundeds wis semesis unshamess. sismincess asw remarch asshs hem'PY 1997, insemang =amd===ad=*
crucifenn speshaus does for 2 D fisws and clad ~ cruciform'dass'far SJD Saus.i a Hasi:veddsed an==a
roethodeingy, Anal clad yield and snods conversion analysis procednes."J R desa for'A303 8 (seed.) sesel,
additional . hi$.rses dyssanic instismos haceau soughness data, a comepless setof semes-leesueley.desser indeseos(..., ,, , , _ .

" ' a .
._
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Heavy Section Steel Technology
: PnoJact Tm.E:
,

i

coefficients for a wide range of a/W and 7 s R,/t s 20, and several improvements in ITS analysis procedures willi

! be available for incorporsuon into the comprehensive fracture analysis. methodology. A letter report desenbingf

updated logic for a comprehensive fracture analysis methodology for clad, binxially loaded, reactor pressure
vessels, based on experimental data for 2-D and 3-D flaws and analyses considering clad yielding, constraint

.

!

effects, residual stresses and stable crack growth below the upper shelf will be issued in early FY 1993. Meeting'

repons documenting business conducted at consensus codes and standards meetings will be transmitted to the
NRC Project Manager withis a monsh after the meeungs.<

!

3J FY 1999 (10/1/96-12/31/93)j

L4.1 7. -. w .''- - "iTamar 1)
!

The program direction, monitoring and control, subcontract management, quality control, and communications
4

activities defined in sections 3.1.1 and 3.2.1. will be cononued in first three months FY 1999, which are included inj

the penod of performanos for this 189. Discussions will be KM with NRC to. (a) review the results obtained from the
!

i research program, and (b) provide assistance in the trancfer M implementation of the comprehensive pressure vessel-j ' '' y developed in Task 7 of the program.
! integrity. assessment -

-

j tg , . .. __ _ .. - -- d # ''- E=aa a "" ^ * *ba. Art A x'.i Me*' " ' 7 iTamic 7)-

,

The objective of Task 7 la the first ihree rnonths of FY 1999 will be compisuon of the final evaluenos, saaerpestamos,
and lacorporanon of HSST Progress research results into a c_

# "ve frecours analysis methodology for reecserj

pressure weases. The emphens on eransferring HSST Program research resehs isso consensus codes and standards
,

e

| will sensass unshaugede A NUnalG report desenbing she completed comprehensive fracase analysis meshadology for
clad, biasieuy loaded, reasser pressure vessels. based on sapenmental data for 2 D and 3-D flaws and'asaiyees

i
,

{ conssdenas clad yielding comesnam effects. residual stresses and stable crack growth below tho'apper shelf will be
issued. Meeting repons documenting business conducted at consensus codes and standards sneetings wig bei

j
transausted to the NRC Project Manager within a month after the meetings.!

'
,,

3
,

4

| 4. PROPOSED PERSONNEL:
c w J. v w w. w q.m m , ,( , ,;

'

4

! The desowlag persammel ass'pssposed as enscun shs HS8T program . cope of. wort,in she personnesse p"eriod sevends ''t"~,; , " [ f' 7. " ' , 'r"
i

1 by this 189. - re i e: s, v ;, --a
-; :vF. . a u ,~~

, , , - - ' -

Peoposed Amigemums
, ,

PersommelTask y _ a 4 o. a 3 ;.-,

. _

nt W.E. Ptossil ptogressMaanger -
4 .

i E2 B. R. Bass
TaskLeedassendinvenigmar

g3 W. J. McAfee ThakImadesteadlavessissura _"

i K2 & g3 J. W. Bryson Strusseret analysis
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I E6 A E7 D.E.MsCabs ts.amm=ssy and emperimummi

u u ,-
g,,,, ,,,g,,,,,

,

.Tasklandmandinnselemer, , ,
E7-pu. r3 :4 . a . w.. s3 n 3 4 J.G Hed,de 6 v3.c . , , . ... e de g y7% m gm g ,.m g,,,

g

Rdemmes for each of die ind.ividual,s listed above ason the ioSounng pages.M tmc + ? F[ t v n I i. 4 i'
!
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.

Rdeusse

William E. Pennell
Engineenng Technology Division!

i Oak Ridge National Laboratory

|

| Edocation:
,

! M.S Mechanical Engineenng - 1958 Cran 6 eld Institute of Technology. (UK)

!

| Experience:
'

l Structural Integrity Research 6 years: Oak Ridge Nationni Laborseery. Manager of the Heavy Secuos Steel
,

Technology program. Development of fracture mechanics technology for applicanon in the safery assessment of
|

nuclear reactor pressure vessels (RPVs) containing flaws.:
<

Neelear Reactor Engineering 15 years: Rolls Royce sad Associates (UK) 4 years. Manager of the Stress
Office. Stress analysis of systems and components for naval reactors. W " f- _ Electric Coq ~.7" - 20

__

years. Manager of suess analysis for the Fast Flux Test Facility (FFIT) wnh responsibility for. (1) structural analysis
!

and testing of reactor structures and components. (2) development and design application of high temperature design
|| criteria, and (3) development and application irradiation induced swelling-and-creep-effects analysis methods.

i

Manager of the rosesor presswe veneel(RPV) connect for the FFTF Project. Manager of Reactor Engineenas for the'

Clinch River Bseeder Reacsor Proyect (CRBRP), with responsibility for the reactor vessel, reactor internal emusamos,
:

control rod system, head access ares and reactor cavity equipment, stress emelysis, and ^ " 'e_
' analyses and

sesting. Manager of ths;CRBRP Seismic Took Force and the Pressansed Weser Reecear Pee-Heat Saeems Geeseeser
|;

Task Force. Appointed Chief Eagneer to the Westinghouse Advanced Emerty Systems Division is 1984. homemme..

:
Vauey Autherty - 1 year. Manager of Ensumenns and Techmcel Savnes. Responsible for discong the 1eesk of the|

.

Nuclear. Elecincel. Civil, and M~h==r=1 Branches in the nuclear power recovery program. |
1 .

4

A1,vr.h Ser.ceerea sagineering . s years: Westland Aircr h (UK), A. V. Ree (UK), and Boeing VerteL Sauss
f

:

! analysisof ancratservenues.
,

| Techenemiseesser,ushesomr sedimenmadenal Aetivleias

f Inviied laceder"at tidh Imedans of Techeidogy Noeles Phour Reester seeny cause, IFF4 If75tand .
1976. Member of the American Society of M=68 Engineers (ASMB). Member d the ASME Semism XI

|

]i
Worhang Orcup on Opossains Phat Criesria. Session developer and editor of proceedinge volemme for the AmdB
Pressum Vesses and Piping Divisies confomaces in 1991,1992, and 1993.' Member of namesome DOE and NRC

I ineersenoeni sseener eseheelegy enshenge seens.
5 , , ,
"

Poemmes, PtahEnedlems and Firessmeneless

Nine U.S. pasenes for feet breeder messor invenoons. Numerous papers and a
r on socieer neanor design'

j and safesy toples.,ORIE Showcase Pressammon. " Structural Inesenty of Irradened RPYs," la 1991..,o

' w' .c ~

*gm
eter e s a s s a t.

. .n

|
Weedaghouse carpereen Special Award for Essepeonel Achievement in 1977 for unemagement of die FFH'Selande '-

,

) Teek Poses, and in 1983 for enemagement of she Sessen Osasreser Teek Foses. .. , . ,, , " . ' _ '# " ' ' ' * *
Martin Madeus Energy Systems Teshmical Achievement (1939) and P (1995) aweeds. *
ASME Paessems Vessel and Piping Divissem award for she Oumanading Servey Paper of 1992.3

;
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:

} R4sume
B. Richard Bass

;
Compuung Applicauons Division

Oak Ridge National Laboratory (ORNL)

!
'

i Education:

B.S. Mecharucal Engineering 1964 Tulane University,

Addalonal Undergraduate
;

study in Mechanical Engineenng Manchester University. U. K
-

! Ph.D. Mechancal Enpneering 1969 Tulane University
a

'
I

! Employment and Experience:

i Dr. Bass served as an Assistant Pmfessor of Engineenng Mechanics at Old Dominion University (ODU). Norfolk.
Virginia. from 1969 to 1975. His research and teaching efforts were concentrated in the areas of rational mechaascs

,

and computational conunuum mechanics. While at ODU. he was awarded, as principal investigator, a Nationalj
Science Foundation research grant in the ares of thermodynamic stability thcery. During ==i*=* year 1975-1976.

;
Bass held a visiting (scuky appointment at the University of Wales, Swansea, where he engaged in research in finite

4

element applications to thermally. loaded structures
;

t

Since 1977. Dr. Bass has played a major rois in the pre-test planning and poss-east analysis of large-scale easting in ths
|

NRC-sponsored Heavy-secoon Steel Technology (HSST) Program at ORNL He pressady serves as the leader of ths:

) cask investiganng cladding effects wnhin the HSST program. As a part of these effons, he has published snore then 50
technical papers and soports. He is widely recogniand by his peers as an sapset in analytsal anschemia, espessauy?

3 sulative to fkaceae smalysis madeeds. In his leaderstup role for the cladding affaces insk, he coordissess she work of ~.

I researchers wnhis ORNL and also momsors the eachmacal work of program subsonsoceses. He has served as she NEST

! technical monieor for the joint Japan /U.S. Program for Elasuc. Plastic Fracase in 19 7- r Materials and
'

Strucares (EPf). ,

I

f

la addidos no the insumanoemt asemnes ciend shove. Dr. Bass' exponies in analyses methods . ledhimaao I
J

j play e hay vets la es laisseselund RALBIRB Shenome Aaslysis of Lases 8ssisiseumselemal Rafnesse |rs

| predest.' Pipest pm serspensesed by the FWesame a- Ossupaf Gmey 3,
4

e ' : and Deselopmans ( Assesy's . I
(PWGS) etes Opgestessismiser Esamends; , '

(NBA's) ch as the anduy of Nhalear h (C5ND. He served as a enesgeminar aabseeday<
j

workshop en pts $sst FAL81RE held dudas May 1990, and he aise served as assier sushar af a esapahses$we apen;
of the Gedisign, cossimaises, and sesammendenens of shot workshop. 'that separt was sempessed in 1933 as a :;
cooperuhe~edent hoewesa dessessemA lbr Raskmensherheit and ORNL. . , c

y-, - .x.,,- , ..

4 * .- e m m. , ,
s,. ,, ,, , ,

j
Receedy, Dr. Bass served as a co organiser of an inesensuomal conferosos seeded laseressional Specialises' Messing:

on Precours Mechanics Veneesmon by Large-scals Tesang. The conferemos was aponsored by the IAEA Inesraanomal2

Working Group of Life Management of Naciser Power Plana and OECD/NEA.CSN!'S ftscase Asesamment Group.'

^t A .n aimt Gr9isart mN. s 4 rhe,1, . mm hw a .. ,

a n,eu m 3..,xhas,,.c m smq .- 0 4 4 94r <;
> .. .i ,. -o,_n, . . L , g wp h g ( p a 4., J ; yt; p> .9..,

NS MIhi n U dE[ Ij$
, 'r, .h fl ['N T,f '*

W

*

i m a h lla s : '
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!
| Rdeumd
| Wallace J. McAfee
! Engineenng Technology Division'

Oak Ridge National Laboratory
'

!
!

? Educados:
,

B. S. Mathemaucs 1959-962 Union University. Jackson. Tennessee?

i
B. S. Mechanical Engineenns 1 % 2-1964 University of Tennessee Knoxville. Tennessee,

i M. S. Engineenns Mechames 1969 Universny of Tennesace. Knoxville. Tennessee

j Ph. D. Engineenns Mechanics 1970 Universny of Tennessee. Knoxville. Tennessee

Employment History:

!
i Oak Ridge NationalLaboratory 1989-present Engineenns Technology Division

|
Wesunghouse Electne Corporsuon 1983-1989

Nuclear Components Division

Oak Ridge National Laboratory 1970-1978 Engineering Technology Division
j

Oak Ridge Nanonal Laboratory 1966-l%7 Engineenns Technology Division
;

,

Pror=w Esperiences
f

Wallace (Wally) McAfee received B. S. degrees in both mathematics and W te engmeeting. He then eneered the'

University of Tennessee Gradusse School of Engineenng to study for advanced degrees in Engineenns Mechanics
He took a break in his graduate studies to work at the Oak Ridge National Laboratory (ORNL) froen 1966 to 1967

i

where he worked to develop and make operauenal a three dimensional scenered light polanscope for aselysis of|:

concrees reactor pressure vessels. ;'

through-wall stresses in phoicelessic enodels of critical regions of r.
Returning to smdmese school la 1967, he adspeed the seatser light nochneque to the esperunsanal analysis of tismo-.

dimensional lamuser flow problems. For the expenmental techniques developed, he and his major professor wwej

presented the M. Hesenyi Award for the ousatanding research paper of the year. Society of Experinassai Stress:

Analysis 1971. Cosapieting gradusse work, he returned to ORNL where, over the neat 14 years, he worked os a wide
!

| range of projects the ceseral focus being the development and venfication of procedures and criteria for use in she'

design and analysis of pressass or containment systems (water. . gas . sodiuma:ooled reactors fusica devices, and
geothennel plemesi, la 1933. Wally accepeed a pasma= at the Westinghouse Nuclear Ca==pa===a Divieson (WNCD)

;

! as a lead _segener ear Mutsesien and analysis of as advemoed sodium comied steams generosor. 3 l'or his work se
criteria for embe-to4mbe sheet weida, he was aweeded en WNCD Qualig;

developing a he also earved as lead analyst se severet spesist padsens for sammessimi .
'

Acidevensutrg,,gg,q , , -

roecsers, spent Asel seemps Amiehies, and defasse predoms. Wally remnaed to CBIE. in 1909 and assumed the ensk as:

prognum manager ihr the Jo Block Cind Evelmsden Psogrsun and the Warsi Pressess Beam Puograma, bodi]
ISBT

by Knots Asamie Powerlabereaury.' Ahor a=r -da= of these progmas, he beesses a quanhar of the~ ; for experiemessi suppen ihr des HSET Ptognma. In this poshion, he had .
i a

j
Pmgram maff wkh pnmary .4 staans she HSST b6asial been east

"

prinnery reg t*7 for designing. comesuctans, and bringing to W'
j
;

facalky.
i ,

'

Ph

Besides the Moseses thesis and Ph.D. dessenamen. Wally has authored or coasshored 20 aarh= leal repone end 12i

journal articles dealing with diverse sopics such as esperimental analysis of fluid flow, experi===ed seress analysis!

using boek coeventional strain gages and pheeeelastic techniques, ti. : V" and i
d=p==d==* masserialsi

|
behavier, deveispunet of design codes and esendards, and fracture n==cha=3ea

-

PruesoulemalSeeiseinerJ

. Member of Amences a~'y of Mechenscal Engineers , , , ,
c

,
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hROJECT Tm.E:
I Rieums
i John W. Bryson. Jr.
| Engineenns Technology Division
. Oak Ridge Nauonallaboratory'

i
i

*
<

Education:
University of the South.Sewanee. Tennessee

i 1964-1967

| B. A. Chemisay
Columbia University, New York, New York

; 1967-1969

| B. S. Chenucal Eng.. University of Tennessee Knoxville, Tennessee
1970-1975

f M. S. Eng Mechanacs
University of Tennessee, Knoxville. Tennessee

1975-1978
! Completed coursework
j toward PhD Eng.. Mech.

,

4

'

: Employment:
Engineering Technology Division1969-present

Oak Ridge National Lab.

i I
1

,

i
Esperiemes:+

John Bryson has over 25 years' saponence in sauctural mechases, specializing is computadanal fraceae 'a -h==enHe has served as as assiyet as shs.ORNL Nocales and Piping Progress, the ORNL KAPL Navy Propam, and most
j

j
i

' - - --

recendy, the ORNL Heavy seenom Sessi Technology Program.
' ' -

.
,

.

[.,

Publientions:

John has authored or co-aushered over 40 whar=1 papers and repons.|

|

; , .
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,

Hean Section SteelTechnology
| PROJECT Tm.s:

1 Rdemane'
> Jarus A. Keeney
.

Compuung Applicauons Division - Structural'and Fracture Mechanics Group1

Oak Ridge Nanonal Laboratory
<

a

f Educations

^ B.S. Chenucal Engineenag 1981-1984 University of Tennesses. Knoxville, Tennesseei

j M.S. Engineenns Science 1987-1990 University of Tennessee. Knoxville. Tennessee

! .t Mechames
! USNRC Technical Training Center
: Wesunghouse Technology 1992

! Course iR 10lP)
4

5 Employment History:

; Oak Ridge NanonalLaboratory 1984-present Compuung Applicaoons Division

! <

I Experiences

lanis Keeney has over sea-years' professional expenence in computational fracture mechanics (CFM). The majority
.

! of her recimucal respoossbelities are in support of the Heavv Secuan Steel Technology (HSm Prograai (sponsored by
( :he NRC) which is an espasenny sessesce acovity devoted to extendsag and developing the technology for asseessag

the morps of safery agasass amense of reassor pressure vesse,is IRPVs1 Janis has been a Task leader for Sve yeens (in 1,:

j the areas o(cledding eNases and prestaavage ducale seanag) and suppens three odner Tinehs tW deveisposes and
implemeneauon of CFM analysis techniques with appbcanons for experiensanal preesst planasag and posesse amatyeis j ;

~

.

.

of heavy secoon exponesses.

Work outssde the HSST Progrann includes computauomal support _ for RPV Internanomal Programas (CFM analysis oft

Janis has,
inestaanomal experisseness and for Y 12 Development imodeling quench thermiel boundary ea-as.ia==a.

'

| parvcipened in developing several of the HSST fracans analysis codes uulized by a nuenber of other R&D i==aa-
,

in the Uniend Stases and weseern Esseps.
.

Janis has espasionse in several diens N eerssesral meshamscs analysis techniques (two and - lisser! and nonlinear, stads and dysseus h analysess osed for host condeseien and seems analysis o(RFYs under
| pressansed-desnest-shack leedlag, and dymenac crack propagamen in cylinders and pisms. She also has a workingj

Laowledge o( PCs (Mas and IBM) and workssanons..

:

! Pish 8desdiens and Pressmessimam

Autharko-ainhar of over 94 sechascal papers and ORNL repons with over 250 citaneas, and have ansde 23 mesional
and ineennamonal sectascal pressnessoas.;

i

! Professionaisesionles and Awants:
i

Active member on Subsomunese 88.08 on Elasac Plasme Fracture Meh Techmalogy of ibe Assarisma Sosissy
j

', for Tesong Masenais, member of Assencan Society o( Mechenecal Engsmen;s and Tan Seen Pi (Basiasseing Hamar
Somony)

'

s "i<
! Signacan Achieveamles Awad hem Marna Mansas Energy Symens. Inc.iNomenter 1992)

' -

, .

@ Y N % @ 4 M t 4 4 g asepp g 4 9 g y p
, .

9

' ...

. 4 f $ WS h 4
4 ' %

PAGE :41 Gr ' 196 .. # , y , ,, , .
:POmas seet*Hus '



_ __ _ _ . _ .. . . _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ . - _ _ _ . _ . _ _ . _ _ . _ . - _ _ _ _ __ _ . _ . _ __

|

' ^

. .

U.S.NUCt. EAR REGULATORY COMedlS$40N ga
NRC FORM 1es (Cononues:

j 80!!9
*

(to e3)
DOE LABORATORY PROJECT AND cm

! Nacuoiti
i COST PROPOSAL FOR NRC WORK JULY 19.1996
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4

Rdsuene

i Teny L. Dickson

| Comouung Applicauons Division

1
Computauonal Engmeenng Secuon

! Oak Ridge National Laboratory

j

i Educaties:

B.S. Mechanical Engineering 1973 Memphis State University. Memphis. Tennessee

M.S. Engmeering Science 1978 l'nivenity of Tennessee. Knoxville. Tennessee

and Mechanics

( Several conunuing educauon 1978-present

i and professionalcourses
q

Employuneet History:;
;

Oak Ridge Nanonal Laboratory 1988-present

Aralman Amancan OilCompany 1980-1988

: Tennessee Valley Authority 1973-1980
-

;

{ professional-V - =: .<t.~

Terry Dickson worked for TVA from 1973-1980. From 1973-1978. his primary responsibilities were la the
-

| development and appheacon of thermal-hydraulic and structural mechanacs mismulasia= software for the design and'

operanon of fossil and nuclear power plants. Dunng this penod, he completed a'graduees degree at evening school.-~

! From 1978-1900, he worked as a results easieser at a 2600 Mw fossil power plant whers his pnmary .'
! were moniconag and improving plant efficiency and the balancing of large rosating machinery.

:

I Frosa 1980-1988. Tony worked for the Arabses Amencan Oil Company in Dhahran. Saudi Arabsa. Prost 1986-1986,

i his pneary . _, . "*' was the .:.. " , ~ of oil field fluid flow simulados schwese. Tesry desegned and esucht, 4
| courses to the Asahima peereisuut engineenes comesunity la the appliseases of surinos facility esd seu% %
I simmiasses. During 1906-1988. Terry was supervisor over a group of peophysicises and systems amouyis whoes I

rWh laelsest leveloping well les pecessing notwese systems and she deveispasses and.W, ef .
|

e l

damah==== which scored udllions of records comessesag :.i 1 1 - - fhsid propany dass obesised tout esse asuples. ,t -

;

i

Sinos 1983. Mr. Dishmen has been werking at Oak Ridge Nemonal Laboraeory la suppest of shs Hosvy session seest
|

Technology Program. His pnmisry responsabilities have been in the developuneet and appusasion of'h1'
software for perfonmeng structural ineogrity analyses of nuclear reactor pressure vessels. He has aushored severet
techasesi papers and supons and made several techmecal pr====- , . <s. - y.

|1. . w

i

:-
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;

Heavy Section Steel Technology
f PROJECTTUUE:

Resumn
Randy K. Nanstad.

Metals and Ceranucs Division
&

i Oak Ridge Nauonal Laboratory

Educados:

B.S. Engineering. 1960-1964 U.S. Military Academy. West Point. New York

M.S. Nuclear Engineering.- 1969-1971. University of Wisconsin. Madison. Wisconsin

Ph.D. Metallurgical Engineering. 1971-1978 University of Wisconsin. Madison. Wisconsin

Employment History:

1964-1969U.S. Anny,
Oak Ridge Nsuonal Laboratory, 1974-present Metals and Cerarrucs Division

Professional Esposioece:

As Leader of the Fracture Mechanics Group. Metals and. ORNL. Nanstad is charged with the investigation of
masenals behavior in structural applicauons. parucularly fracture propernes and relationships to microstructure soct

.,

radiance effects.

Expanmental fracture mechanics with emphasis on elastic plastic behavior, to psovide technaques for cherecesrisingq. . .x .

.
.

b '. 1 t, m'

masenal pieranceses cnocaho the fractwo process. '
i

Fracews studies of low alloy pressure vessel steels to provide engineenng desa for structural integrity sesessmenes of
<.t . < t r. - i

nuclear reactor vessels, coal conversion pressure vessels. etc., including stansecal evaluanon.
* * "o.

.c< .. - e ., ,
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Heavy Section Steel Technology
PROJECT 77TLE:

;

R4sume

Donald E. McCabe

Metsis and Ceranucs Division
Oak Ridge Nauonal Laboratory

<

,

Educados:

B.S. Metallurgical Engmeenng 1951-1957 University of Wisconsin. Madsson. Wisconsin

j Graduate Studies 1958-1960 University of Cincinnau. Cincinnati Ohio

! Fracture Mechanics Workshop 1954 Denver . Colorado

1

Employment History:

Armco Steel Corp. 1937-1976 Research Laboratory Middletown. Ohio

Wesunghouse Electne Corp. 1976-1985 Research and Development Center Pittsburgh, Pennsylvania
,

: Matenals Engineenng Associates 1985-1989 Lanham Maryland

Oak Ridge National Laboratory 1989-present Metals and Ceranucs Division

ProfA=1 Experience:

Don McCabe's work at Armco Steel Corp. involved pnncipally drawability studies on low-carbon steel sheet
| maserials. Other acuvities included hydrogen diffusion expenments, metallurgy of ss==taan steels, tensile sessing and'

work hardening models. fracture mechanics test method development, fatigue, stress-corrosion cracking, and
probabilisec fracture mechanics. His work at Westinghouse involved the use of elastic. plastic fraceus ==cha-e=
methods and the applicauon of the technology to practical engineenng problems. At Materials Engineersag

;
Associases, Don's work included consulting and leading research projects under contract agnements. At Oak Radge
National Labormaory. Don is involved in testing nuclear reactor pressure vessel stects and weldmears. He is also

;
'

participating in comnunce collaborsuons and wnung Amencan Society for Testing and Matenals standards.'

i
'

Publications:

40 .

ProfessionalSeedesnes:

.

ASM insernanomal
Amencan Society for Testing and Maserials

i ?rof**====a Engsamer. Stase of Pennsylvania

i

s

a

, s - ,
; ,

4 i +

i
,

,

|

I4 . ,
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Heavy Section Steel Technology
;

enoncT Tm.E:i

Rdsund.

John Graham Meride.

Engineenng Technology Division
| Oak Ridge National Laboratory
i
'

i

i Education:

|
Educauon: 6-1/2

Depee Maa lasutunon Dals.i

Design and Applied Research: 32 1/2 BCE Civil Engineering Cornell University 1957
: Military Service: 3

MCE Cisil Engineenng Cornell University 1962'

Professional Exponence:

Mr. Merkle received his bachelor's and master s degrees in civil engineering from Cornell University in 1957 and:

mechames for civil enpneers. Dunng the intervening years. he was a commissioned officer in the U.S. Narj Civil 1962. respecuvely. While a graduate student at Cornell. he taught the undergraduate laboratory course in soil
i
:

Engineenng Corps and, in 1%2. he Joined ORNL in 1%3 he joined the Applied Mechanics Section in ene ReactorDivision and is now a member of the Engineenns Mechames and Structures Secuon in the Engineenns Technology
|
'

Division. Since its inception in 1%7. he has been a major contnbutor to the Heavy Section Steel Technology (HSST)j

Program. which has provided fracture mechames analysis meshods and expenmental data used worldwide in thej

development of fracase safety standards for nuclear pressure vessels. He has also served on professional-====of the Amencan Society of Mechanical Engsneers . Arnencan Society for Testing and Materials (ASDO. and the
i

i

Pressure Vessel Ressach Cornmines. In addition. he has served as a consultant to the Advisory Commiaes on4

Reactor Safeguards ihe U.S. Deparunent of Energy, and the U.S. Nuclear Regulatory Com===i= wiuch sponsors| ' ' <

]

the HSST Proyams. .

i

Research Specialist. Engineenng Mechanics and Structures Section. Engineering Technology.

! Presset Position:
? Division. Oak Ridge Nauanal Labornsory.

I Publiessions:
4

i Over 90 journal anicles. Laboratory reports and other publications

| PredessionalSesissiser ..c.: -

'

,

Member. Asesrican Society of Civil Engineers

!

3 ProfessionalCh Appeistunames
! ASME Secelon XI Working Group on Pips Flaw Evalueuen. Working Group on Flow P.vahnsdom. and Subpoup; *

on Evalunden SenadandsASD4 Consumme 5 08 on Fanges and Fracnne. Company Represensesive: Co.chainnan of Task Group 08.08.03.

on Ducaile.co.Briuis Transsoon Regime
PYRC Ad Hoc Task Group on Fracture Toughness Requirements for Femoc Masenals
PYRC/MPC Waridag Group on Crack Anest Analysis and Test Meshods

*
:
! *

4

I Awardse

-/_^frasasemechadasASTM Coasmisse E 24 Itwie Awerd for leadership in she developement of '
Mason MarismaTechmecal Achsevement Awerd for fraceus ==Aa=ien evaleseos of the Hi$ Plea Isoups(HPR)

.

: .

Psesses teessiInvised to peesent the Fifalt Annual Swediow Memonal Lecture at the 26th National Syimposhms os Presume|
*

i _ . , . ,, ,, , , ,, ,

> " Meehanies ' - ~ 4

.
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PRoJacTTmE: Heavy Section Steel Technology

i

! 5. MEETINGS / TRAVEL:
4

5.1 l'Y 1995
.

| To meet the objecoves of' this project. funds for foreign and domesoc travel have been specified. Foreign travel to Sweden. Beigsm.
Cermany, S witzerland. France. United Kingdom, Japan. and Brani scheduled in the FY 1995.1996.1997. and 1990 performance penod'

i for the conduct of proJoct business.

Naseher of trips piammed for each task in 1995

; Losselas Purpose H.1 H.2 H.3 RA ILS M H.7;

i (c) Fore 6gn Travel

| Stockholm-Sweden. Visit to the RoyalInsutuse i

Renerdiers France of Technology. Stockholm.

Freigurg-Germany. Franhofer insutute-Freiburg,

Risley-England Elecincise de France Renanhers.
j and AEA. Technology. Risley.

The purpose of these visits is
an enchange ofinformanon'

j
on reactor pressure vessei
structuralintegnty and

!

irradsacca embnalement research

1
; Takasago Japan. Freense technology exchange I

i Mueren. Japan. wish Miamhusks Heavy

Toyohnshi-Japan. Indseenes.Takasspo. Japan:
.

.
Tokyo. Japan. Steel Works Maoren.: Toyohnshe

j Universary Toyoheeks: Umweremy
o(Tokyo and the Tokyo ineatues

y

: ofTechnology

Pono Alegre Breal Present papers from the HSST I

i program at the 1995 SMiRT
conference in Braal

(b) Domenale Travel.

Williaanshung VA ASD4 27th Nanonni I I I

Sympeemanen rescene .
,,

Homehde.HI ASMEFYPconfuenos ! I

Sen Assomo.TX ASME Sessies XIcomunnes 3

meenags ,

"'

's
Amehenes. AL AsheSessee XIcomummes

;
mesdags

? 2
.

Ch5IL Ashe Sesses XIcommmans4

fassengs'

2San Fremason,CA ASME Season XIcommenos ,

meeslags ..,

,

Denver CO ASTM commasse 800 messang I Ii
'

.Norfat.VA ASDIcommusselio$ meseng i I
:
i

-M - + ,,
,

e

' ~ * '' na e,
,

- - . , .- ,-
_ _ - - - ---- _ - - .
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Heavy Section Steel Technology
PROJECT TTTLE:

(b) Domeenc Traved (conunued) Number of tripe planned for each task in 1995
H.1 112 H.3 HA IU H4 117

Locanon Purpose

-

Bethesda, MD NRC Water Reactor Safety i I

| meang

! Rockwlle. MD HSST program discussions and 3 2

consultanons with the NRC HSST
Program Momtor plusinteracuon
wnh NIST

,

|
Dynamic Fracaire Readmess review and progress i 4

.,

Toughness at the Naval renew for the dynarruc fracture

Surface Watfare Center toughness resung program.

Caderock Dinsion'

Locanon yet to be ASTM Task Group E08-08.03

deterrruned Working Group mceangs t21

2 )4

RocknlJc. MD Presentauon and discussion of |

results from the A302 B ducule
teanng sest program.

2
Locauon yet to be FTS analysis methods bench-

deternuned martung evaluauon.
;

2
t aran- yet so be Insorscoontcoordmanon

,

dessenuned mesungs for perucipanta
in Reg. Guide 1.154 rension

.

profet8-

Seanne. WA CoGaar the session on Safety I

and Pressee VesselIntegnty at
the ANS conference on Safety

ofOperaang Reacsors.
'

J '''' 3-s
Geisbersburg.MD Discuamens wub NISTon the clad

bema emmag subcomerset. ,, ,, , , , .,

Fabricados and test Disass febncanen and test 3 2

service vendors. regemensass,penons QA checks

Lacanos yet to be and inesses seses,

deservnsmed
- . -

Rockville, MD NRC sponsored workshop on i I I

coasmaat effects in frecess

arms- yet to be ACR$ and Reguimory authoney 1 s

densrummed bnenags on fracane sechnology
-
*'

4.. from the HSST
,

program. cv ., , .

,s. - e, :p,

-t - . et A 9 rh '* 1 9 & s jn1 jg931 9eaP5 t .3- .a +t-y c. 4 y; * , h : p 9 et d. * a - , .

._ r !
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Heavy Section Steel Technology
PROJECT TTTLE:

5.2 FY 1996 Nu mber of tripe planned for each tant in 19M
; El K2 IL3 HA K5 lu fL7
- Location Purpose

i
(a) Foreign Traved

4

| Specific laboratones Research program coorthnacon I

i to be vmied yet to and fracture technology inter-

be desemuned change with European and'

Japanese fracture technology
research and development

laboratones,

: I
I Nuclear Research Workang meeting for the inter.

Labormones. REZ change of mformation from the

Cxech Repuebe U.S. and Czech beaual shallow.
11aw tracture-toughness test,

' programs. The U.S. and Czech
,

j programs use idenocal test

i specimens and loadany sixtures
and therefore produce
compenble test results.j

1
J

i Fraunhofer insatuse Wortang moeung for the mier-

Fur Werkstad o(informsoon from the U.S. and

: Mechensk change Gennan tracture-soughness-

iIWM) Freiburg, consumat-effects programs wiin
;
j Germany and special emphans on the etfacts

i Bundananstak fer of Ansee length flaws cladding. >

| Masenal forschung and seress bianiality.

| undpndung (BAM)
; Berha. Germany

|

(b) Desmeede Travel

Locanon yet to be ASTM 28th National Svmponnam 1 I

doesnusand on Fracame
4

New Orleans.LA ICON-4Caudemmes I |'

3
1 Acumen yet to be AS&E Secean XI Communes

~

desannined Mosengs

e aradan yet to be ASTM Comnuses EDS Mesnaps 2 7

damnenedj

Rockville.MD NRC Wassr Reasser Salery i I
4

Messag

| Rockville. MD HStriespam h 3 2

and - wah she
! NRCNSSTPmpest Mammeur '

$ '' 2'i

! Loomden yet so be AfrM TaskGroep1i0848.03

doesnusnad WestingGrasp messags ,

4

'
;

,
-
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i

(b) Doawstic Travel (conciaind)

I
Number of trips planned for each task in 19N
101 IL2 IL3 IL4 fu lu IL7

Locnoom Purpose

i
Rockville. MD l'TS analysis methods and

Reg. Guide 1.154 revision

Prolea
1

Sands National Lab Interacnon/coordmauca

Albuquerque.NM moeungs for parucipams in
the Reg. Guide 1.154 revision

.
P'*f**

a
3 2

Fabncanon service Discuss fabocanon requirernents

I sendort locauon and penorm QA checks.

yet to be detenruned

Locauon yet to be ACRS and regulatory authontv I

| determmed bnerings on fracture technology
developments from the HSST
prognm as directed by .NRC.

5.3 FY 1997 Number of trips piammed for each task la 1971
1L1 fu - IL3 lu IL5 IL7i

| Leemelem Purpose

.

I (a) Feceign Travel
.

.

1
;

| SMiRTCondemece Preses papers from the '

|
f armaa yet to be HSST program at the 14th

! decenneed SMART conference.
'

| AEA Technology m Give aninvwed presemmoon 1;

|

| Risley, Uruesd on HSST Prograrn resserch
|

Kingden, and as the U.K. Henkh & Safery )' , , 7Esseumve sensenres Imagney" ' '

Universnet Siuissen. Sesamer,and sound the MPA is,,; .r . .-

can y seminer.

Saanstiche lasorchangs o(iniennenes |

2
- - m ,, w ,g,,g ,,,,, ,g ,

I Univores'est Steisgart cylinders and vessels.

(MPA),3magert.'

Genmeny

(b)Desseede Trevoi

Loosesa yet to be ASTM 29di Nanonal Symposium I i
3 e i .. i c. 3 ,,i 5+= <

*

densrummed on Frasmus
.i4 = .- .#

t I"

: Lacemenyetes be ASME PYP Conissance I 't +

dennessed i> ; 'c :i leid g y r, j . ,

'?v:ic.yHi 3 4, ; s ,
tacamen yet to be ASME Sectaea XI Conunness

.

deessummsel mesangs

**.ws* s . . . . , . . ,, ,

_ _ .

pp 48 G'. 101.s.

*
'~

r
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|
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,

| (b) Domesde Travel (coenseed) Number of trips plammed for each task in 1997
!

| Locados Purpose H.1 H.2 IL3 E4 E5 E7

!

| Locauon yet to be ASTM Committee E08 meeungs 2 2

' determmed

Rockwlle, MD NRC Water Reactor Safety 1 i

program mesung

:

Rockwine. MD HSST prograli dicsuss on and 3 1

, consukanons with the NRC
;
' HSST Project Manager

2;

! Locanon yet to be ASTM Task Group E08-08.03

| deterrruned Wodung Group meetmgs

! 1

3

| Rockville. MD M3 analyus methods and |
1 Reg. Guide 1.154 revision |

| Prof *Ct

Lacanon yet to be Discuss tabncanon requirements 3 2

doesrmmed and pertone QA checks.
~

I armaan yet a be ACRS and regulatory authonry I

deseramed bnef' mss on fracture technology
C. - from the HSST

,

program as directed by NRC
,

5.4 FY 1998 Number of trips pisamed for each task in 1990

!acsalem Purpose El E7 |

(a) Foreign Travel

Spaanc ishomsonas asessahprognun I

w he valsed yet = essamassenandtocame , 'm-

be demuredmed see8meingyinestatasse wnh _. -*,
mespeseandJapaness essen. , . .'#
esenssiegymessah and
developussilabormones. *

}

(b) M M , .t. .g .,, . .,., , ,
,

t ==d== yet es be ASTM 30diNedonsi Symponnen 2 |'
-

dessummed on Facens

t agem== yes to be ASME PYPCeafensee ! I
*

,

desumused , ,. ,

, . , ,s .; 4 .- - - -

't 3 Y 't ' ) jyqQg _ ym- 5, ., ye |g
< ,,.n ,m. .m y ydesuunned v * -a * messags - y i ,

+ , .. . _ , , ,, ,- r . ,,r.g
W t'*{-

_. a g q.g ' *"3 ^,,

" M ", ,. y .
O 'I h " ''

',

desummhed '> . W >- ,3-'... I .i il l j '; / (.. s p. ,.1

r| 3 t > | r 't , . , , , , ~N, $ 't, _f '' ? ",

R & Ryg |
' 'Y\ 4

ha m L % i .

psegnum messag

=- ' >r ,vma, , ,
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COST PROPOSAL FOR NRC WORK JULY 19,1996
r

:

| PROJECT Tm.E: Heavy Section Steel Technology

J ib) Domestic Trawi(contimmed)
i Number of trips planned for each task in 199g

! Lecasiae Purpose El R7
s

I 2

Rockville. MD HSST program dacsussion and
i

I consukanons with the NRC
HSST Project Manager'

Locauon yet to be ASTM Task Group E0848.03 2
y

determaned Working Group meetings'

Locanon yet to be ACRS and regulatory authonty I

determmed bnerings on fracture tecnnology
developments trem the HSST

<

program as directeo by .NRC.
i,

1

i

$J FY 1999(IW1/9512/31/98) Number of trips planned for each task in 1999

! Lacsson Purpose El R7
!

! (a) Forsega Travel
i

.
No foragn travel is planned for this pened

1

(b) Domesde Trewl
,

I ae=a= yet so be ASME Secuan XI Comnvase 2
'

.
deserttuned rnessags

4

! Locanon yet to be ASTM Comnunce E08 meenngs 2

determined

Rockville. MD NRC Waser Reactor Safety I

program mesang

! RockvWe, MD HSST programidiscusmen and 3
>

ceasehneens wish the Mtc '

!' HSSThoject Manager .p
.

'

| 6. NRC FURNISHED MATERIALS:
Test specumens will be fabricated been NRC-owned menerial procured in earlaer phases of the HSST programa. >!

7. RELATIONSHIPTO OTHER PROJECTS:
The HSST Prograss is carried out in cooperation with many other rusarsh efforts sponsored by the federal
government pnvate institutions, and industry. Close cooperation is maissained between the HSST and HSSI
Programs at ORNL. Other ORNL progrens relased to the HSST progran aus the Nuclear Plant Aging Rasserch.
Nuclear Cr ^ --- Analysis Cemeer. RPV International Prograni Support, and the Stressural Life Esasesion of
Concrete Compassess. The HSST prognun is being carned out in close cooperamon widiindussy-sponsosed eSerts
that are coordinesed by the Pressure Vessel Reneerch Council. These teclude - .J ., sannes, in-serviosm

-.." . , ' eschasipses, and mondeseractive and in-service iwi mesheds and by asemang comunisse sneenimes,
4

!
ad hoc nosetings, and published repons. Addioonalcooperasive offorts are mesoammed wish the ASME EPRL ASTM,

- -involved in safssy-'

PVRC. IAEA CSNL and NRC. sponsored coopernove programs with foreign nacieer ' .
',

related RPV researcia. :r p

~c * - au w,

;
^~ PAGE 51 OF' 101
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'
i

i 8. REPORTING REQUIREMENTS AND SCHEDULE:
;

! FY 1994
;

I A. NUREG Reports:

D. K. M. Shum. J. W. Bryson, and J. G. Merkle. Potentsal Change in flaw Geometry of an Ininauy Shanow
Finite Length Surface flaw During a Pressurs:ed-Thermal Shock Transient. NUREGICR 5968

j
(ORNUIM 12279). September 1993.

B. R. Bass. 3. W. Bryson. T.1. Theiss. M. C. Rao Bla.tial Loading and Shallow Flaw Efects on Crack Tip
1

] Constrains and Fracture Toughness.NUREG/CR 6132 (ORNI/IM 12498) January 1994.j

i
C. W. Schwasu. Crack Speed Relations Inferred from Larse Single Edge Notched Specimens of A533 B Steel.

i

; NUREG/CR 5861.ORN11SUBn9 7778/9. July.1994.
!

W. E. Pennell. HSST Semiannual Progress Repon for October 1992. March 1993. NUREGICR 4219.
ORNUIM 9593N10&NI.Septemtier 1994.

R. H. Dodds. Jr.. Constraint Effects on Fracture Initiation Loads in HSST Wide Plate Tests. NUREGICR-6259.
,

| ORNUT.112796. UILU ENG 94 2009. December 1994.
!

}
G. R. Irwin and X.1. Zhang Cleavage Behavior in Nuclear Vessel Steels. NUREGICR 6262.
(ORN11Sub/79 7778/l1) Novmeber 1994.

1. A. Keeeey, B. R. Bass. W. 3. McAloe. S. K. Edr=Aar. Preliminary Asussment of she Fracane Behaveer af
}
' Waid Mawrialin Full Dic& ness Clad Samar. NUREG/CR 6228. ORNUI%i 2735. October 1994.

.

i

8. Lemer Repests:
-
.

R. K. Naastad. P..L' 'ry Review of Dese Related to inhomogeneity of Steels fer Acactor Pressure Vessels.
,

|
j NRC/LTR-93/36. December 1993.
j

T. L Dickana. Impact ofihname Crack Arrest on Fracture Analyses of Reeewr Pressure Vessels Sub}sened n
| pressurised merussi.thset. NRC4.M-93/35. Deceasber 1993, w nL>.4 _1
1

!
T. !!Dickson."FAMOR Frenure Aasfysdr af Vessedet Ost AMye Aedsese 9 del'A Fressure Amsfjudr codepr.

.

! 'r.-

! N.ca rR corprearsee vessets. Jammary 1994. o .

1

J. A. Esemey. T. L: Dickses. . Drest inemesere Forser IsWImmece CaeJIrismo Ar AsisNy Oriensed 'M
Innerdwfmee Fisme in Clad Pressure Fesseds(Rihm10) NRC/LM-93/33. April 1994.

,;

!

T. L Dickson. J. W. Bryson. Stress lasnesery.Feewr' hWImence Coeficisner for Cl..- ," . f ",- Ordessed,

Same; _ '='innerdurface Finne in Clad Pressure vessels tRi ul01 April I994.^ h <

,

T. L. lapset allSNasle Crust Arrest sn?/scsure Analyser af"Reerser Fressure Vessair Adfassed a""^$G~'

neenisidheet.ORNUNit0LM 94/35. May 1998; *
: ,.__. _

I

W.' E. 'N al)' .Desi ND Of Pr'ofnum'ifensWr' Afanageoiser Aspert. OR9BAISST a

MMig+eq essush i2, u; , % g ,,t , , g ,, .y , . w ,, 3 ,,
_

,

O. R. Irwin. X. J. Zhang and C. W. Schwarm. SnesilScale Non-Ungersdner Aeissed ar CIssvege induission and
;

; Their." , " " -for Censowent Wedelsug. ORNUNRC/LM-94/18. June 1994.-

. ,

pAgg 33 gr, 101
nsec rosesses4to.es . .n .
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C. W. Schwertt. Crack Tip Loadsnt ates Preceding Cleavage Reinitianon. ORNUNRC)LTR 94/10. June 1994.R

W, E. Pennell. Report on Foreign Travel of W. E. Pennell. Engineenng Technology Division. ORNUFTR-5102.
August 1994.

FY 1995 I
,

A. NUREG Repers: I

W. E. Pennell. es al.. Heavv Section Steel Technology Program Semiannual Progress Repon for April 1993-
Septem6er 1993. NUREG/CR-4219 (ORNUTM 9593N10&N2) May 1995.*

W E. Pennell. et al., Heavv Secnon Steel Technology Program Semiannual Progress Reponfor October 1993-
March 1994. NUREG/CR-4219 (ORNUTM-9593NI I&NI). June 1995.

W. J. McAfee et al.. Bic.ssal I.cading Effects on Fracture Toughness of Reactor Pressure Vessel Steel,
NUREG/CR 6273. (ORNUT%12866) Novembet 1994.

1. A. Keeney, et al. Assessmens of the Fracture Behavsor of Plate and Weld Material in Full Thickness Clad
Beams. June 1995.

W. E. Pennell. es al Heavv Section Steel Technology Program Semiannual Progress Report for April 1994-
Sepom6er 1998. NUREG/CR-4219 (ORNUTM-9593N I I AN2). September 1995.

W. E. Pennell. es al Heavy Secnon Steel Technology Program Senuannual Progress Reportfor Ocsober 1994
March 1995. NURIiGACR 4219 (ORNUT%9593N12&N 1), is g=h===

*

D. E. McCabe. es al Egress of Specimen Si:e on J R Curvesfor hitiple Heats of A 302 Grade B (Mod.) $sent.
Sepomber 1995.

Subconeracear. Rasmiss of Dvneeue lainanon Fracaste Toughness Testsfor A S33 Grade B Steel. HS$T Plant 14.
Sepeember 1995.

A r. my e' ~

s. Lemer sapese -

W. E. Femeen. et as Heavy.Section Steel Technology Program-Monskiy . Management, Reperse,,
ORNUHSST.MMR 95/1iluough 12.

J. A. Keeney,- Cineente freenwe Analyses of she French Cind Been Enperunnne- DSR3 and DD2, Oceaber
>-

s1994,

D. J. Aheanader and M. C. Rao. Results ofMeaallurgicalinvesagenonefor Deve% af a ??"^ C ' '^'"

Freenww Mode Conversion Model. Mack 1995.
,

W. E. Pennell and T. L. Dickson. Preliminsrv Assessment of she FJbest of standel Leading on Reecesr pressure
" .' n .w*3 -Vessel strucanud-Assegr;g; %- ---- - Technodery, ORNUNHCILTR 95/3|M,asch 'IM. m. '.~.m .

,- .

W.J. WeAsse, e at ipsmergsinasiloadus en see risca.ne rene. esse is theise.Lensse ri, son, Apen 1995.n
. m . I t ,% 3r..

T.L Dicks raneist u-ya- - = she Fr.enne Mech.eies M.della seg sses,y o. ids i.f.sd. semis s9Cm
v..: :: . .

8, .
. .,v . . , ,

l's. f/n * rys t ;id .. twtf, ' i t.4 2 itt-
'

t

.- .. -
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i

!

\
J. A. Keeney. et al Development and Validation of a Cladding Yielding Modelfor LEFM I?.jfuence Coeficient

i Methodology. September 1995.
4

1

T. L. Dickson. Review of the PTS Screensng Critena. December 1995.
,

FY 19N
'

A. NUREG Repoem:
7

W. E. Peanell. et al Heavy-Secr.on Steel Technology Program Semiannual Progress Reports.
,

}
W. J. McAfee et al Results of the Phase i Venfication Testing on the influence of Biasial Loadsng ist the

i Transition Region. March !996.
f

I D. E. McCabe. et al.. Interpretsve Report on Results of Dynamsc initiatwn Fracture Toughnessfor A $33 Grade B
Steel. July 1996.

'

T. L. Dickson. Techandal Bases Development and Demonstranon Analysis of Potential Methodology
!
1

Moepcanons m Reyudasory Guide 1.134. Decembet 1996.

J. G. Merkle. et al Assessment of Reactor Pressure Vessel Anaivsis Methods in Current Regulatory Applicanons.
1

March 1996.
|

| W. J. McAfee, as aL Compenson of Stress. Based and Strain. Based Fracture Methodologies so inserpresasion of
D@rrent Constnsus Condaant. Apnl 1996.

j
, t

! 5. Lasser Repeets:
,

i

j W. E. Pennell. et aL Heavv Section Steel Technology Program MonsMr Management Report. ORNUHSST.

j MMR-94/l tivoegh 12.
4

i W. E. Peaaell. et al Intenn Recommendanons for Considering Shallow Flaw and Blasial laading Qscar en
fasenne Tsugenssa.ORNULTR/95 3.Ocsober 1995.

s. R. sans J. A. Keeney, J. W. aryeo W. J. McAtee and W. E. PpH. Dmlopsunt g Desude
]
i w .assesseC -r:' _ rr Modelgaae D.snie a,dsse Tanymenww DessMm Ahpse

' 3> ''-

; f
j (Rescaer Ptuanww Vesssi Assis. M 1996.

-
'

.

,4, w. ,

. .
. ,

8. R. Esan, es aL. K;"; '^ af FALS!RE !! Anahwis Reselst n Valienissa of Dani nsnumsser Censmaint
' '

Apens Mahadelsgdes. April 19N. .u . ,
,

t s. R. Bass, a aL. reedimismy Assessuunt af Tesnag and Analwir afGod Crucparm Speciman, Sepassiber 1996.
1 ,
,

O. R. irwin. J. zhses. Emper==enselin=sagemen of fracave lnimens Sises and Cimet.np ressair zene ssse lni

;
Shenow. Flow reacaer T == S.-:w: Decembee 1995.t ,;

i W. J. McAdse. e aL. Resuks grAsse I and Phase il Verpeamos Temg as she tspooner (msudsf lamNg isi

she Timmanas Aegen. July 1996.

| wm ,
, . ~. .,n .,. . . . . . , .,

s. R. sess.m st, c.4 - -ga rteensaferlarge.Sesse Cimt Cimspmn TesWg andAnshsis, Agust ap6.j

!. A. Keeney.etai; D.. ' , -^ of a fracare Mede r :-:':- Model and : ;'-- hise Frassure-

1 Mechmises Ansfyses. Deesseber 1995.

.
4 u. ,m . _ r .. r ,, , m ,
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PROJECT TTTLE:

'

|

1

R. H. Dodds. et aJ.. Development of a Generali:ed Dodds Anderson Constraint Model to include Biaxial Stress
.

States. December 1995.;

1

W. 3. McAfee. et al.. Contsnuing Evaluatson of Stress Based and Strain-Based Fracture Methodologies to1

i

\
Interpretation of Different Constrasnt Condstions. September l996. 1

4

4

1
'

FY 1997
1

A. NUREG Reperus

W. E. Pennell. et al Heavv.Sectron Steel Technology Program Semiannual Progress Reports.

B. R. Bass. ct al Inf uence of Biaxial Loading on Fracture Toughness of Cladded RPV Steels.. February 1997.I l
1

3. G. Merkle. ct al Preliminarv Logicfor a Comprehensive fracture Analysis Methodologyfor Clad. Biarially.
;

Loaded. Reactor Frenure Vessels Based on Expersmental Data for 2 D and 3 D Flaws and Analyses
;'

Conssdering Clad Yielding, Constraint Effects. Residual Stresses and Stable Crack Growth Below the Upper|.

i)
Shef.May l997.'

i

B. R. Bass. ct al Results of Large Scale Clad Crucsform Tesnng Program. September i997.

W. 3. McAfee. et al.. Summarv Report on Assessment and Comparison of Stress. and Strain Based Frecante
>

Maebadologies. Sepasarer 1997.4

.

1. A. Keeeey et al Resnits of Validanon Testing to Determine Predwaon Capabilities of a fracture. Mode.!

i Conversion ModelSeptember I997.t
,

( I

B Lesser Reports:

W. E. Penaell. et al Heavv.Section Steel Technology Program MonsMv Management Report. ORNUHSST.'

MMR-9#1 eleough 12 3 .,-
- > a .4 . , , . . , ,.

,

'I.XKeeany,Y el.' Preeindnery Mi^' ^ ' ':,, se incinde a Fnsesure.Nede Onnersion Model in W
! M4 4 ' i >c i+ x o'

j fnecare Mechanics.Deesseber 1996.
-

W. J. McAfas, it'el' Test and Analyeis AessierAr de Iqfissner of Fisw Deps and Bisdsf loading as Fasonse
' -

i Toughassain she Dansselse Aegism. June 1997.

! T.'L Dicksois,impec|r Ainsivsfr of Propeesd Revisione so Aermiseery Guide 1.154., Masek 1997.

i T. L. Dickson. SIFIC Danebeses and Interpolating Funestons for Reccaer Pressure Yessel Genneseries
.

~' . <

| 7 $Ryts20. Juan 1997.

]
T.L Dickson. Desesumanen Analyses of NemmiMMededsdsgyAr Pfew Case 2. Jens 1997. ;

s~ -,.i. .c

h. WW Y W [ed & ads Y hC [M [7 ^ ^ ^ * * ^ ^ ^^^ [e&-

2- 2- i a ww m a.x r aein de nemim assise,sepiumber 1997.
' '

T. b _ I AnEIVses 0[IeM PTT Mil _ i,,,MN Case M A h 1997, c
\ ,v,rc , . ,, i;

i
i m,a m a w.,em n w., ,,-. - --c , .

I

t.& .
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,

i

| PROJECT TFTLE: Heavy Section SteelTechnology
:
1

i
'

|

!
'

i FY 1998
i
'

A. NUREG Reports:

i W. E. Pennell. et al Heavy Secnon Steel Technology Program Senuannual Progress Repons.

| B. Letter Reposts:
!

i W. E. Pennell. et al Heavy-Section Steel Technology Program Monthis Management Reports. ORNUHSST.
MMR.94/l through 12.*

4

b 1. G. Meride. et al Updated Logic for a Comprehenssve Fracture Analysis Methodology for Clad. Bianolly
Loaded. Reactor Pressure Vessels. Based on Experimental Data for 2 D and 3 D Flaws and Analyses
Consedering Clad Yieldins. Constraint Effects. Residual Stress. and Stable Crack Growsh Below the UpperShe$

|
Apnl1998.'

.

J. G. Meride, Recommended Mod 4 cations to Regulatorv Guide 1023 Concerning Bianal Laading Efrets on
Omente Teanag. June 1998.

:

W. 3. McAfee et al Test and Analysis oflarge Scale Cruciform Fracare Toughness Specineen: Tested in she
;

l

j Transition Region. December 1997.
:

; >
1

! PT 1999
.

i
'

A. NUREG Reperut
i

i W. E. Pennell. et al Heavy Secusan Steel Technology Progran Senuannual Progrest Report.
i

3. O. Mer|de, et al A Comprehensive Fracture Analysis Methodology for Clad. Blasially Landed Reacaer
'

Pmsare vesends, sand on F.aperunenant Dans pr 2 D and 3 D Flows and Analyses Cannidering Cind UEndekg,
Cansnahn pse, Reemd aresses. and Smede Croch G,emen asisw she 4pper. msg Peteuery 1999.

4
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NRCMD 117 DOE LABORATORY PROJECT AND one
COST PROPOSAL FOR NRC WORK JULY 19,1996

PROJECT TITI.E: Ifeavy Section Steel Technology

9. SUBCONTRACTOR / CONSULTANT AND MAJOR PROCUREMENT INFORMATION:

9.1 Subcontractor / Consultant Information

Subcontractor and consultant (S&C) support is used to make available to the program special facilities and talents not
available at ORNL. S&C support is also used to 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 to be performed in the FY 1995.FY 1998 performance period. and the basis for selecting specific S&C
subcontractors and consultants to perform that work,is summarized below. Note that the FY 1998 performance period
ends in FY 1999, on 12/31/98.

9.1.1 FY 1995

Task Number H.2 H.3 H.4 H.6 Totals

Subcontractor / Consultant K5 K5 K5 KS KS

Subcontractors
University of Maryland 15 2 10 27

University ofIllinois 17 17

National Institute of Standards and Technology 99 99

Naval Surface Warfare Center 140 140

.

Consuhants
Professor S. T. Rolfe 5 5

FY 1995 Totals 15 123 10 140 288

9.l.1.1 University of Maryland
:o .w. 1 . . g. .. ,m .

A. Subcontract Work Package Scope and Objectives
..ats ..

Task 2: Metallurgical examinations of selected fracture surfaces from the biaxial fracture specimens tested in the
load ratio dext _; r phase will be performed. Detailed examination of these fracture surfaces will be
performed to determine and measure the location of initiados site (s). Further, the fracture swfaces will be
sectioned at 90" to the flew plane at a location near (within 2 3 mm) of the primary initiation site exposing in
detail the cross-sectaon of the surface. The exposed surface will be polished and etched, and meeswoments 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 clastic-plastic finite-element analyses using a refined crack-tip model, to perform.

evaluations of a newly proposed strain-based dual-parameter fracture model. The results of these metallurgical
examinations will be published in a letter report. Metallurgical examinations will also be made of fracture
surfaces and secuons from shallow-flaw fractwe toughness specimens tested under uniaxial and biaxsal loading in
the verification phase. Fracture initiation sitas will be located. The fracture initiation site information will be
used by ORNL, together with elastic-plastic analysis of the crack tip stress / strain field, to determine if ereck
initiation ocewind in a locadon where the opening-mode stress was increasing with increasing applied loed.1his
infonnation will be used in the evaluation of sness-based dual parameser flrnetwe toughness comdedoes. Sessions
cut at 90' to the firectwo swface will be etched to reveal the aims and configwation of the crack-tip plastic zone.
This information will be used to validate and father develop a strain-based dual parameter freceste toughnese
correlation. Results from this work package will be included in a letier report.
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Task 3: A three dimensional clastic 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 loading. Results from this analysis will be used, together with results from the ORNL

j analysis of the cruciform specimen to determine the transferability of results from both stress based and strain-
,

based dual parameter fracture toughness correlations. Results from the University of Maryland analysis will be;
documented in a letter report.'

,

*
2

4 Task 4: Metallurgical examinations will be made of fracture surfaces from the full-thickness clad beam tests
! being conducted at NIST to (1) characterize the extent of crack tip blunting prior to crack growth, (2) identify and
! characterize the microstructural features associated with microvoid formstion and growth, and (3) identify and

characterize the microstructural features responsible for mode conversion to cleavage. Results from these

i investigations will be used in the development of the fracture mode conversion model. Results of the
,

i
metallurgical examinations will be documented in a letter report.

i

| B. Basis for Subcontractor Selection
i

The University of Maryland has unique experience relating to the fracture technology issues defined in the SOW. i

iThe University of Maryland team will include Professor G. Irwin, Professor W. Fourney, Professor G. Schwartz, I;

j and Research Assistant J. Zhang. Professors Irwin and Fourney are recognized worldwide as authorities on the

| development of fracture toughness correlaticas. They have extensive experience in integrating fracture test data,
crack-tip stress-distrib' tion analyses, and fractographic data to generate fracture toughness correlations, which areu
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 inelastis finite-element
analysis methods to the, analysis of crack tip stress fields. Professor Schwartz has applied this expertise with

;

i
j outstanding success, in prior phases of this HSST subcontract, to evaluating the reponse of proposed dual-

| parameter _ fracture toughness correlations for prototypical reactor vessel E--3, loading, and constrainti
i cannaleians. Research Assistant J. Zhang is a tecognized authority on fractographic exanlaanam

-'
,

9.l.1.2 University ofIllinois
!

I A. Subcontract Work-Package Scope and Objectives

! Task 4: Analysis of the ORNL shallow. flaw biamial fracture toughness test has shown that (a) out of-plane biaxial

! loading has a negligible offset on in-plane stresses at the crack tip,' and (b) bianial loading acts to restrict the
! yowth of the erask.elp plassic ases.LThe analysis sesuks indesses that c ackdip strales any play en inaportsat seis

la essak talassal== VIts Dodd>Andsraea (D.A) sesese 6esad tesame esedieses scaling usedst een not pseest the
!

|
eksarved eessen ethiesiel lemens en shallow.new tassess aseghness. e + n,.wiM ve;.wge, I

|
.

m M e p - s , , m. , - ~ c n. 4
- 't . s 9. w .c g'

1

i

| 1ho work to be pJ - - f la shis subcoasrect will extend the D-A fracture tougheses scaling model to lestede a
i ____ --- 4 - basene inkindo svein criierios. Its seni based frases.-inimismo rientes win.he

'

derized drosa piano strain 6acture ducti.lity data asserseed by the HSST progreen in thii PY 1954
~

~

:

i pai d/16 satended 0 A scaling matel will aise i.einde the precleavage maring ~model de in she

prevloe's reporting period. A lotest report will be produced documenting the developussut and validados of the |
" d - ',

.

essended D A, taceum.maghnen scaling model. ,,"
,

, m

] s. sasis for subco ciar w a.
;, y,,

.r m , ,,

two pri.cipat ievesdgesor at es vaivainty of Inisois for this subcontract win be Professor R. Dodds. Professor ;

I R. Dodds is an ' " ", is:; '- aushority on she essets' of crack-sip sensamine'em taceus esedness.'

His ressach has lectoded en : . J'; ^ of the is0uence of pre-c esertag os crack-tip'consenist and-

Assumhede eenvuel6a." fis has home smoessnest is inceW a inna of en Gersosytsid Asasuna

! lesn'et emis>etsu m et pse y n m. He;has used that prognudmes''sisselses some of:she.auscamelisospaans
i cheesessindse esseenes sein desdie mart g creeks ,J. medas. Pteresser noeds is is a ssigns peshism

j gm eewn u % rem m.awa um m M m hw t mmu
; . .. ,. .. - .- .,, --- _,.. _ _ _ . ,
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.

to rapidly develop and validate the ductile tearing crack-propagation analysis capability required to support the
ongoing HSST Program iavestigation of constraint effects in fracture.i

J

9.1.1.3 National Institute of Standards and Technology (NIST)
'

A. Subcontract Work Package Scope and Objectivess

Three point bend fracture toughness tests will be performed on three (3) full thickness clad beam1
Task 3:
specimens taken from an RPV shell of a cancelled nuclear plant. These tests will be conducted in the 54 MN
(12 x 10 lb) testing machine located at the NIST facilities in Gaithersburg, MD. Beam specimens having a6

i 9 in. x 9 in. cross.section and containing a shallow through-clad notch will be provided to NIST by the HSST
program. For each test, NIST will instrument the specimens, fatigue sharpen the through-cracks, load the beams

i

j (1) calibration records; (2) temperature data;
' to failure, and provide the following information to ORNL:

(5) specimen halves; (6) fracture surfaces; and (7) crack front irregularity(3) test data; (4) test report;
measurements or photographs. This work is to be performed under existing interagency agreement with NIST.

;

|
1 DE A105-92OR22034, extending through Apnl 30,1995.

B. Basis for Subcontractor Selection'

NIST is uniquely suited for testing of the full thickness clad beam specimens required by the HSST program. De
large tensile / compressive testing machine [12 million Ib. (54 MN) in compression) located at NIST in
Gaithersburg, MD, is one of the largest publicly available testing machines in the united states. Also, it is one of
the few machines with the load capacity to test the size of specimen proposed in the workscope. In conjunction

4

with this equipment capability, the researchers at NIST are highly experienced in large-scale testing, in data
acquisition, and in post-test evaluations, as well as proper methods of preserving fracture surfaces to recover the
maximum amount of data relevant to the fracture process. Researchers who will perform these tests have both
naconal and international reputations in the field of fracture mechanics and represent an important resource for the

.

interpretation of test resuks.

9.1.1.4 Battelle MemorialInstitute (BMI), Columbus Divisioni

The purpose of this work was,(a) to investigate field data on fractures in vessels and structures and determine if
f

evidence exists for local brittle zones (LBZs) causing the failures, and (b) to develop and demonstrees a bianal4

!

session V .1 J east specimes based on a design developed and passaaed by BMI and others -The
|

investigodse of Bold does sonoluded that the eveBoble socords wese set sufficient to reveal any LBZ essces.
lovestigaties of abs binaist-teesion in r 7--- east spechnen design revealed that the udnismen eies hr an

acceptable east specimen was prohibitively large. Draft letter reports were produced and sd=ian i to ORNL
;

; ,s
-

, ,

Work on this sebcomerset was completed la 1994. At the' completion of the subcontract'worti. $15K of the
assigned fWading remained unspent. Recent contacts with BMI persoonst have established that BMI hee noene
varusolved claims on a portion of this unspent funding. These clahns wiR be resolved wiges'the'DCAA sudit of
this subcontract is cosapleted. The unspent balance must then be returned to NRC. The $1SK obligat?oe in

h that the DCAA mudit of this subcontract will be complesed in FY 1995.FY 1995 is bened upon the
< ,

9.l.1.5 Naval Surface Warfare Center. Carderock Division Detachment" et 2xo;.

.Pd D( fe(, 2bJ. g.N4 *

+ . v u r p. cr.. ,

m nn- . L s

Task 30 A testing program will be completed to obtain dyneeds hsture lettission soughness (Kid) dess for a'

reecear pressee veneel steel as a flanction of leading rees sad easyeraters. These dess will be generated from
compact teesion (CT) specimens (ep to 4T) fabricased flrom a piese of A533 Orade B C3ees i steel and sessed at
loading raens up to 10 MPs 4m/s. De matrix defining the testing program includes 13 CT specimens that wiu be5

m n ,. m - - . .- a . . . .. . . , ...n ~~n,
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fabricated from HSST Plate 14. Target loading conditions in the matnx were selected to confirm exisung data and
to extend the dataset to slightly higher loadmg rates. He Statement of Work (SOW) for this subcontract is
defined in specification No. HSST-H06 94-001 Rev 1. De SOW provides detailed requirements for specimen
fabrication. facilides preparation, test procedures, and documentation.

B. Basis for Subcontractor Selecdon

De 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 Vm/s. De Naval
Surface Warfare Center. Carderock Division Detachment (NSWCC DD) maintains a testing machine that meets
these re<; irements. De NSWCC DD has recently completed a series of dynamic-loading shakedown tests which
confirmed that the machine is fully operational and capable of performing all of the tests defined in specification
cs HSS'l H06 94-001 Rev 1. De staff of NSWCC DD has demonstrated expertise in fracture toughness testing.
They have a thorough understanding of technical requirements of the dynamic fracture toughness testing program,
and have the skills, experiencc and equipment required to successfully complete the SOW defined in the test
specificanon.

*

9.l.1.6 Professor S. T. Rolfe

A. Consulting Work Package Scope and Objectives

Task 2: Provide consultation and guidance to assist in development of the biaxial testing program for constant-
depth (2 D) and finite-length (3 D) flaws in unciad RPV material. Specific areas of assistance will include (a)
providing gedance in refining the test specimen design for 3-D flaws; (b) providing recommendations for the test
matrices; (c) performing a technical review of appropriate test specifications; (d) assisting in the interpretauon of
test desa to identify signincaat bianial loading effects; and (e) providing assistance in the production of reports on
the shallow-flaw sessing program -

Task 3: Provide consuhation and guidance in the execution and interpretation of the shallow-flaw fracture
toughnen tests of full thickness clad beams cut from surplus reactor pressure vessels (RPVs). Does tests are
being performed for the HSST Program at the National Institute of Standards and Technology (NIST) under an
Interagency Agreement. Specific arvas of assistance include (a) reviewing test specifications;(b)interpreeng test
data. with emphasis on the effects of both metallurgical inhomogeneities and crack-depth-to-specimen-depth
(a/W) ratio; and (c) providing assistance in the production of reports ce the full-thickness clad-heems testing
psegram. y e 'b ms r gi oxg on er e ,. .t o ,

..o. . . e: +tu .%.a. w. n n # .. . ., .. . .

Thak 7; Provide eh and gImidence in inesgreeing and assassing east dass and analysis sesales toss eiher
HSST Tasks for purposes of A 'O RPV Aracture -a-=== ===6= talar = es be used by the NBC. Specific
asses of assistasse insiede (a) assessing shallow-flaw and biasial coesaraint effects on besh the applied eseek
driving fosce and the sneessiel Aacture toeshoess; and (b) performing technical reviews of doceaneses psopesed is
support of this Task. la addition. Professor Rolfe will provide feedback so she HSST program of inferiassion
relating to hecture technology derived from his membership in the Pressure Vessel Research Councal of the
Welding Research Insutues.

B. Basis for Coneuhant Selection
,, .. . ..

. - a w.;,
Psofe,sor Stanley.T. Rolfs has been involved in a comprehensive esperumental and analyucal sesensch in

,

s
Asemo mechanios'ai the Univueity of Kasses for 20 years. Prior to that timefs was Diviske of the..
ndsesrlal Behsyist Division at U.S. Sessi's Applied Research laborneory la nieeroevalle Psessylvania.- He has an
mesapiu'essamh background sul considerahls practical esperiones in.she applicealen a(tenans meshanies A
vertoes1receum and fadgui poblans. His sesoamb for du Pmssumysemel Rossachj Casumites end the
American Ires and Steel t=sima has focused on elastic-plastic fracture machemics east h " , - as wee as
Ibaigue and tacane connoi la sesel servetures. He has published extensively in the fields of Eraceous cosmol. eset
U, -^ correlations. CIOD seat development, and applications of tacture anschenacs. He has a esashook on
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" Fracture and Fatigue Controlin Structures." co-suthored by John Barsom of U.S. Steel. He has consulted widelyi

Dr. Rolfe
on structural failures and is recognized as a leading expert in the field of fatigue and fracture control..1991,1992,

provided consultation support to the HSST shallow flaw fracture toughness testing program in FY1993, and 1994. His expert advice was instrumental in guiding a number of key program decisions, and his
'

review of results was particularly valuable.
<

9.1.2 FY 1996

H.2 H.3 H.4 H.6 H.7 Totals

Task Number

Subcontractor / Consultant
K5 K5 K5 K5 K5 K5

4

50Subcontractors 15 35
University of Maryland

23
i 3* 20

University ofIllinois
4

6
6*)

National Institute of Standards and Technology

16* 16
Battelle Memorial Institute, Columbus Division

14* 14

Naval Surface Warfare Center

5 10 5 20Consultants
Professor S.T.Rolfe

1 20 54 20 30 5 129

FY 1996 Totals
'

s

Items marked thus * are carry over subcontract obligations from FY 1995.
4

9.1.2.1 University of Maryland

A. Subcontract Work Package Scope and Objectives

Task 2 To assist ORNL in an evaluation of the effects of biaxialloading and flaw depth on fractme toughases,

metallurgical e=h will be perfanned on selected fracture surfaces from the flaw depth verinessiositostmetrix.1he location of initiation site (s) relative to the pre-cracked Saw tip will be determined.1h. flrassure
i

<

surfaces will else he asetioned at 90' to the flew plano in the area of the primary lakission sit 'The cross-
secdonal surface developed in this n=aaer will be pnHahad and esched, messerenants of the crack tip redes will
le sede, and a dessemiestion d the extene of the plastic zone size will be pufenned. Inis intonmation win be
used by ORE for evolestions of the constraint emethodologies being considered, whh particular suestion being'

directed to the eersin based dual-parameter frecours model. 'Ihe resuhs of these zld ' e====3==a'a== wul be'

i,
,

Publishedis aleastreport

Task 3: Metallergical examiannons will be performed on fracture surfaces from the maarsa of verification tests
,

conducted with intermediate-scale clad cruciform specimens containing shallow surface flaws. The extent of
crack growth during the fatiguing process and the geometry of the through-clad fatigued surface flaw will be
meassed. Also, the amount of pre-cleavage ductile scaring and the locados of the initiatica~ site (s) relative to the

initial fatigued flew tip will be recorded. ' Por selected spechness, the frahture surface will be sendoned in a planenennel to the crack Aest is the ans of du prbnery ins 6sdos sh ' Measuremmets of the crustr-dp redles and tho'
enesas of the phusle some will be 'asede' for mes in evahsating dual-persmeter fkacture conmission astnindslegies."i" * * "Wu*'
Rasalts'of theser T =,! stad,ies will be puhHalmd in a loner report..:,.!'' ~n:cu.n criers m>

.t. m 1 s
t. e , .- s ,7s r

F e14rn">, " ! r. a y;a
#,

I !;
1 <
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9.1.2.2 University of Illinois*

$"
d A. Subcontract Work Package Scope and Objecoves

,

a 1

.

The preliminary fracture-mode-conversion model will undergo validation procedures and modificationsTask 4:
will be made to the model based on the validation study. As part of the model modifications, an investigation willg

| be carried out to determine the difference in the stress field ahead of a growing crack using the Gurson model and
| crack tip-opening angle failure criteria. Also, the affect of pre-cleavage ductile tearing on the D-A toughnessj

scaling model and Weibull stress calculations will be investigated. The subcontractor will provide ca===kanaai
and guidance in developing empirical relationships that will be generated from the final analysis results and

:
i.-J -- - M in deestministic and probabilistic fracture codes, and assistance in the producuon of reports.

| 9.1.2.3 Professor S.T. Rolfe

i A. Subcontract Work Package Scope and Objectives
I

Task 2: Provide consultation and guidance to assist in refinement of the testing program for biaxial loading and
flaw depth effects [ constant-depth (2 D) flaws]. Specific areas of assistance will include (a) providing

| recem.w./ ; ions for the test matrices to be executed: (b) performing a tecimical review of test speci6 cation;(c)
i

providing assistance in the interpretation of test data to assess biaxial loading and flaw depth effects; and (d)!

} providing =====e- in the production of reports on the biaxial loading testing program.

i Task 3: Ca===le=ena= and gundance will be provided to the cladding effects testing program nenHving intennedness-
| scale clad cructiorm specimens with shallow surface flaws. Specific areas of ===ia'ame* will include (a) providing
i A__ H of east dass ao assoasa technical review of test specificaticas; (b) providing assistance in the i. '_
j

cladding effects on shallow flew behavior; and (c) providing eas stance in the compleelon of reports se cladding
.

m *w
!

effects on freciere sougheses under bianial loading. .

'

Provide ca==ntration and gudence in integrating and assessing test data and analysis resules eman other
a

Task 7:|
HSST Tasks for purposes of developing RPV fracture =aa=====' methodologies to be used by the NRC. Specs 6c

| areas of assastance include (a) assessing shallow flaw and bianial constraint effects on both the applied crack
driving force and the anssarial fracture tou6hness; and (b) perfornung techsscal revesws of dae====an pupased in

:

| support of this Task. In addstion. Professor Rolfe will provide fandhaear to the HSST Program of infonnasson;

|
relating to fractose sechnology derived from his membership la the Pressure Vessel Reneerch (*a===ha== of abe
Welding Essesu,l,Ly y.s.iLCous % g..,.m,p 3 m,4. ;c ,n., . 3<. .ey ,,ra u ,4 , .. .
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Heavy Section Steel TechnologyPROJECT TITLE:
:

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

;

Non-destructive and destructive;

specimen fracture surfaces from the unciad,2 D Daw beam test matrix.
examinations will be performed to measure initiation site location, crack tip radius, and extent of the plastic zone

;
size. 'Ihe information developed will be used by ORNL to assess the performance of the constraint methodologies
application to RPV thickness materials. The results of these metallurgical examinations will be published in a|

letter report.

! Metallurgical examinations will be performed on fracture surfaces from the matrix of tests conducted forTask 3:
large scale clad cruciform specimens containing shallow surface flaws. Measurements will be made to determine

4

fatigue crack growth, initial fatigue. flaw geometry, initiation site location (s), crack tip radius, and extent of plastic
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 report.

[ 9.l.3.2 University ofIllinois
,

A. Subcontract Work Package Scope and Objectives

Provide consultation and guidance in in;egrating and assessing analysis results for modifications to theTask 4:
predictive engineenas methodology based on validation test results. Specific areas of asristance 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 Objectives

Task 2: Provide consultation and guidance to assist in definition of the large-scale cruciform beam testing
program for constant-dep6 (2.D) flaws in unciad RPV material. Specific areas of assistance will include (a)
review of and recomsmendations for the test maances to be executed (b) performing a techaient review of test
specification; (c) providing ==al e==ca in the interpretation of test data to assess biasial loading and flaw depth
effects; and (d) providlag ===3=*==ca an assessment of constraint -ili-g transferability and is production of --

reports for the biasial test program.

Task 3: Consuhation and guidance will be provided to the cladding effects :eeting programs utsliaing I , :
clad cruciform specimens with shallow surface flaws. Specific areas of assistance will inclods (a) providing a
technical seview of test specifications; (b) providing assistance in the interpretation of test data to assess cladding
effects on shallow flew behavier; and (c) providing assistance in the completion of reports describing the
influence of cladding effects in RPV insegrity assessments.

Task 7: Provide consultation and guMance in integrating and assessing test data and analysis results front other
HSST Tasks for purposes of developing RPV fraesure =amanaawne methodologies to be used by the NRC.. Specific
areas of assistance inc!ude (a) =====iag shallow. flaw and biasial constraint effects on both the applied crack
driving force and the inasonal fracture toughness; and (b) perfonning techmcal reviews of documents proposed is
support c6f this Tak. In addhion, Professer Rolfe will provide feedback to the HSST Program of infonaation
relating e 61mre technology derived frorm his measbership in the Pressure Vessel Research rw ien== of the

Welding Research Council.

+m,. ...,t . .,_.,,,,,, , , , , . , , ., , , ,

NRC FOnM 1a)(Io en;
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COST PROPOSAL FOR NRC WORK JULY 19,1996

PROJECT TITLE: Heavy Section Steel Technology
,

9.I.4 FY 1998

j Task Number H.I H3 H.4 H.6 H.7 Totals
a

j Subcontractor / Consultant K5 K5 K5 K5 K5 K5

i Subcontractors

! Westinghouse Electric Corporation 62* 62*
1 University of Maryland 5 5

| University of11tinois 5 5

'

Consultants
Professor S.T. Rolfe 5 5

1

| FY 1998 Totals 62* I5 77

i Items marked thus * are carry over subcontract obligations from FY 1994.

| 9.l.4.1 Westinghouse Electric Corporation

A. Subcontract Work Package Scope and Objectives

i
Task I: 'the purpose of this work was to further determine crack growth rates in RPV base metals, weldments,'

! and heat-affected zones. Data were developed 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 proposed.
. .

Work on this subenntract was completed in 1986. At completion of work on the subcontract. $62K of the
assigned fund 6g remained unspent. In 1992, the unspent funding was added to the HSST Program funding,
pending cor.spletion of a DCAA audit of the Westinghouse subcontract. Upon succeuful completion of the

; DCAA au/Jt, the unspent balance must be returned to NRC. The 562K obligation in FY 1998 is based upon the
j assumption that the DCAA audit will be completed on or before that time,
a

9.1.4.2 University of Maryland

i A. Consulting Work Package Scope and Objectives

Task 7: Additional - ' =1 e===3=aela== will be perfanned on fracture surfaces ikose the usatrix of tests
conducted for clad cruciform specimens containing shallow surface flaws. lineasurements will be saade to

j deterinias fadges crack growth, initial fatiges flaw geosmetry, initiation site location (s), crack tip radhas, and
i extent of plande moes slas. The metallurgical data will be used to assess the performance of dual-parameter
; constraint ==ahadalogies ;;" :" to RPV materials in the transition temperature region. Results of these

metallurgical studies will concibute to final program reports.

I 9.1.43 University ofIllinois
i
i A. Consuking V(ork Package Scope and Obpectives

Task 7: Provide c-=le=ela= and guidance in integrating and assessing analysis resuhs for constraint e5ects and
the predactive usado conversion methodology based on validstion' test teemies. Specific assas of assistance inchede

'

.

(a) soviewing postsast analyses, (b) assessing =ad36=*ia== *o the - ^ " :j ; and (c) providing assistenes inf
j the production of reports.

. ~ ~ . . . . -
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Heavy Section Steel Technology
PROJECT TITLE:

9.1.4.4 Professor S. T. Rolfe

A. Consulting Work Package Scope and Objectives

Provide consultation and guidance in integrating and assessing test data and analysis results from otherTask 7:
HSST Tasks for purposes of developing RPV fracture assessment methodologies to be used by the NRC. Specific
areas of assistance include (a) assessing shallow-flaw and biaxial constraint effects on both the applied crack
driving force and the material fracture toughness; and (b) performing technical reviews of documents prepared in
support of this Tuk. In addition. Professor Rolfe will provide feedback to the HSST Program of information
relating to fracture technology derived from his membership in the Pressure Vessel Research Committee of the
Welding Research Councd.

9.1.S FY 1999 (10/1/9812/31/98)

No subcontract or consultant support is plannedfor FY 1999.
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-

9.2 Massnals sad Servkus

9.2.1 FY 1995

sf siartals and sernces (M&S) expenduures proposed for the FY 1995 pen'ormance pened are as follows.

Task Masertoier Sernes Cass(ES)

A Subcossrecs 5srnces for Spsonc Tanka

1
H.I Esposes used sarn:ss

5
H.2 Perchase of a 9 gisskyte emissnel

henidrive forits IBM RISC 6000
work saanen. This eqmpment is
requered to accommodass the larys
solume of dets generssed a 3 D
nomianser analyses o(crack.op sessa

11ekis.

16
H.2 Hast onessmes ofibs HSST plass 14

A 533 5 masensi to seassime the
propenses o(ieredissed resener vessel
massnet

H.2 lasse of an IBM RISC 6000 Model 360 worusamon
is(30 pescaer a(cost)

H.2 Meissenemos suppen for the IBM RISC 6000 3 (50 pescast o(esse)
n

: Medal $40wesiassess t ,

i

H.2 Lanes of abs ABAQUS compuer program 3 (30 poemmee(cost) .

H.2 Pshetsamme of 19 crossions aese specimens 56

wish osament daysh Asws (num the
hast usened phes 14 masenal

;

| H.2 h tems efits bassesmed masensi 3 s

H.2 lassem aus sessWes esposty appeds sad 22(30passenta(esseb Y

cultumulesasenmeedin assise IO
*

c. mv .
,

i e

I H.2 ToulagofpenseessinCIODspeismens 13 . m -,: uw n m . , ,

H.2 Test spessum inssumsmaules possesment 3I
11i

andsersions
,

HI Ces up et pisse 14 se ions blasts ist sha 10 < 3' 7

; csosidusa spesiasms .e ':-r .'s* <

Twi' d ~oins wm W2"
|

shopssppelos,

Laess of as b RBC em Madsl ise woubsumes :3(N pausmefess0* N'd ?i
H.3

! H.3 Meinessemos seppen for shs IBM RISC 800 * M fe i<< ~ Ji e 3 (SDWefies6**1 II

Medal 300wesimamise
y n 4 z ..; u , cc ., s nv a is s M yaA ; ..-

H.3 hWhASgey v1xitut.W ., sets 3'<ig g g g g sii:44vsq
-,.

f db $ [I bk/$
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10
H.3 Charactenration tests of the SNUPPS

shell segment reactor vessel matenal

H.3 Instron test machine capacity upgrade and 21 (50 percent of cost)

calibration as desenbed in section 10

2
H.3 Test specimen instrumentation procurernent

and services

M
H.3 Upgrade of the biaxial test fixture

capacity and size to accommodate
large-scale test specimens.

5
10 Cut up of SNUPPS shell material to form

blanks for the clad cruciform specimens

7
10 Fabrication and shipping of full scale shallow

flaw beam specimens and shipping of the
specimens to NIST

|0 Miscellaneous material shippmg costs and 3

shop supplies

2
H.4 Fabrication of specimens for J R testing

of the SNUPPS weld matenal
i

B. ORNL Services for Multipic Tasks

Instrumentation anb Control Group services 5

56NRC Pmgrams Omce services

2Computer Programming services
;

'

49Repons Group services l

Procuremsat Services 7 |

i

Y.12 Plantservises#: - "! )<34 :* a 1 r '
.

a - 4 o v n ur n. a s ,,

K 25 Plant services 14

;e- !Total maserials and services charges in FY 1995 - 1447 4

o ,

9.2.2 FY 1996

Maserials and services (M&S) expendsames proposed for the FY 1995 performance period are as follows.

Task Materini er Service Cast (K$)
. .. ,;e

A. Subcontract Services for Specific Tasks o au. 1

H.I Empmes mailservices ( ; j - ,1. u : + r/ 1. , - ; e j ,3<

4

H.1 Purchase of paper sepsises fass Professional tar'mia= - r#A.e ./ v i -A 1 g A ,. - % e
>

a:r+3
,

H.I Procumment of a shes segment tross the Reacsor 93

Pressure Yessel Rossendi Users' Facility (PVRUF) RPY - m , , p N e w tt 3 .

PAGE 67 OF ~101- s
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PROJECT mu: Heavy Section Steel Technology

| 7' H.! Procuremsat of addstional services dunne the cut up

of the PVRUF'

2
j H.1 R:moval of intermediate vessel V.10 from the K.25 power

i
house and transpan of the vessel to the HSST program

! masenal storage yard at the Y 12 site
i

H.2 Massia===are suppon for the IBM RISC 6000 4(50 percent of cosa)
;

Model 560 workmanaa
.

H.2 LAase of the ASAQU$ computer program 4 (50 percent ofcost)
.

13
; H.2 Fabncanom of 5 cruciform essa specimens with

i coussant depe flaws frora the heat tremad Plase

| 14 masenal. This is the balance of a beach of 24
j specimens on whsch fabncanon was saaned in Wl995.

j 45
H.2 Fabncanon of eight intermosate. size cruciform

j test specieses wnh constant depth flaws from
j the heat tressed masenal These specimens will have

j flaw aspect renosia/w)of.05 and.15
1

! H.2 Fahncanon of four large cruciform test specimens wah 60

coastant dept flaws from the best tressed maserial j
1

1

! H.2 Fabricamen of a linies Azame for the large-scale 10

|
cruedone specumes

15
H.2 !arge-camps Shapec clip gauges

) *

i, H.2 Charamerissaan esses of the host tressed masenal 10

H.2 Tesmagof ' r-25 CTOD spes'=== 12
.

20j H.2 Test spesumen sesenuesmessem procureisen
and servacas

,

1 4 (50,pesoame of.. cost)
.

H.3 Lasse of shs ASAQUS compuest program .

, ,. n.%..

! H.3 Malmammans suppen for she IBM RISC 400 '' ' ' ' !4($0 puesntofesso.

Medal 300wesimassima r u ,. w a,-

Pehricuales of 34 Imesnmedsas alas clad snsniorm 130
; H.3~

east wie Amieslenge sedes doesinnsthe
' - P'

}
j summerpasses vesselshes segsmas

'

j H.3 Pehricansa of one large easle clud enseform specumen 30'
' '

; wie e Amiss isagili surtos dew hem die SNUpFS

{ seemer pseums seasst shog sogmeau
.

! H.3 Test spedmaniannamenessen 3, a
a

" #

i H.4 Pshtessden of spesisemos ter J.R esseng e( SNUpFS 10

mtrg n u.s-

->F'? n r aty y y } g, , , , g ,9 g ;
g ggggg

i%r a M s ar w e e e n f, b ;;
servien tem ABB Cemenudse Englag in suppen
of development of a sind Amies.4sagh Asw enemisse
esa spammen wie summimms passiypesa in.dused

,

seminises seselcladdag posposess
]
.
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,

1

B. ORNL Semces for Mulapic Tasks
9

Instrumentanon and Control Group semces

50
NRC Programs Office services

5
Compuser P.ey csg semcas

38
Repons Group semces

8
K 25 Plant samces

24
Y 12 Plant semces

627
Total masenals and semces charges in FY 1996

9.2.3 FY 1997

Materials and semces (MAS) expenditures proposed for FY 1997 are as follows.

Cost (KS)
Tank Masanaloe Service

A. Subcontract Semcas for Specific Ta sks

i
H.! Expans maal esmcas

!
H.I Pwchaos of paper repnnes froen Professeceal Socicoes

,

5 (50 peicent o(cast)
H.2 Md- suppost fcr the IBM R!SC 6000

Model 560 workstance
5 (50 porosas et cost)

H.2 taans of the ABAQUS compuser pnyam

57
H.2 Fahrtcanon of two lares.ecale cruciform

test spessmans wish coasmas depih news frons
thehostassiedpines 14 assertal ,

. ~ ,

- .

a 3D " n
H.2 Tasdagetpisme seeinCTOD specumens

W - * '

H.2 Test spesumesinsmessasados pecumment'

and eardoes

5(50 pement e(coso
H_3 Malmesmenos support for the IBM RISC 600

Model 500 worksmoon
5(50 pusessasfesso

H.3 tasse e(she ABAQUS cemposer progress ;

5"
H.3 Test spesimamissemusammen

and servises i ,, 4
,

i

71 : M5C 4 . "

I

H.3 Pshstemden a(these larps-scale clad cruendens
test spenumess wah Amine Isaph surfene news (ross the
$NUFPS seemer pensum vessui shou seassume. ' , "vef., ~ ' -

* | {f .. a *.
ui'

. n ,rw ,,
.,y., - > ,,nr .

| er3 ., , ,+3,

.Ri. . $. A ' i . s u gpt

ca
M
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PnoJacT Tm.E: Heavy Section Steel Technology
J,

|
i

B. ORNL Scrwces for Muldple Tasks

50
NRC Programs Office services

,

< 6
| Compmer Programmmg sernces

<

64 1

Repons Group sernces
i

-

'

25j *

' Y 12 Plant serwcas
i 340

Total mansnais sad serwoes charges in FY 1997
i

i
; 9.2.4 FY 1998

I Matenals and serwces iM&S) expe mknares proposed (or FY 1998 are as follows.

Cost (KS) j

Task Maserialer Service
!

.

A. Subcontract Sernces for Specific Tasks

I
H.1 Empsess med sernces'

1!

H.! Puchase o(paper repnnes from Professacasi Sociones ,

10
H.7 Manasseamos suppen f or the IBM RISC 6000

Medal $60 worksandon-

; i i: 3 .,:,
'

10 ,

H.7 lasse of the ABAQUS ew- program
! -

; 8. ORNL Services for Muhiple Tasks
!

$0
|

NRCProgramsOmes surnces

! 64
1 Resons Group serwcas

|136Tesal messneis and services charges in FY 1998
,

MGr VnG ; -
'

|
9.2.5 FY1999 (19f358133340) 34 'i a q; 'y s :j..

Masertels sad services (M&S) empendames proposed for the Arst thus assashs e(FY 1999 are a follows.
1

Cast (ES)
'

5 Task MaasetalerServies

| A. Seheemmes:Sarness for SpendeTasks
r

i

! 11mse se as seheemmest sesvisse plassed der shis pened. , ,,

e w,e .'g,-

B. OftM,Servises for Meinipes Tasks
' ' ' ' " ' ' '

NRC M 0mes M ' ' ; D ' ' ' *s '~' u a 5 ; M'''

ChY' & . T Y; a i 5 ' |WW& ?;VL If.;p. ,

58Tasal mensdais and esenses charges in FY 1999

.

# s '', /.i3 m . . ; g. . .
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Heavy Section Steel Technology
j PROJactmu:

| 10. SPECIAL FACILITIES,IF REQUIRED:

!
The full-scale uniamal shallow flaw fracture toughness tesu will require the use of the existing 27MN (12 M lb) test

:

machine at the National lasutute of Standards and Tesung, Gaithersburg. Maryland.j

1he dynanuc fracture toughness tests will require a special purpose dynanuc tesung machines that exists at the
1
'

. Carderock Division of the Naval Surface Warfare Center.
| 1he large-scale bianial tests will require that the biaual test fixture and the Instron Model 1336 test machine at ORNL

be upgraded to increase the load capacity to 700 kips (the load capacity is currently 550 kips). The Instros company
has confarmed that the test machine capacity can be increased to 700 kips by changing the control system and

;

recalibreong the machine. ORNL studies have confumed that the test. fixture capacity can be ired to 700 kips byi

manufactunng a new base plate and reusing the balance of the existing bianal. fixture hardware. The new base plate!

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

| 11. CONFLICT OF-INTERESTINFORMATION:
.

There are no know relationships between this orgaarzauon or its employees or subcontractors with industnes regulated
f by the NRC and suppliers thereof that might give nse to an apparent or actual conflict of interest regarding work

desenbod in this proposal.
j i

CLASSIFICATION OR SENSITIVITY. IF APPLICABLE (e.g., safeguards, proprietary, other):j 12. .

1he worked defined in the SOW is not classified or sensitive. Reports generstad in response to this SOW will notI
contain any proprietary (including unit-specific Nuclear Plant Reliability Data System data), confkloatial, or! 4

copyrighted material without written permission from the insutuuons and organizations to wiuch the informaraos inay
,

,

belong.
1

j 13. ADDENDUM:
' ' '~

A) INTERPRETATIOl4 OF STATEMENT OF WORK; .- . ,

[
,

;
Task 5 ,3 <.

. ,

1
Subtask 5.2

Pressure-temperassre times bassones for thu FT5 treassents reqmrod as input to Subessk 5.2 h (see peregraph 3.3.5.2.b)
,

willbe provided by NRC.
;

In order so meet the mulesecas for FY 97, the thennal-hydraulic data must be received as fouows:g )-

+ *'$'Ov ^ ,3

Plant so.2 N3W1i a', .gve ,a, ., .

l

.*
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| 13. (B) Cost Inforrnation
:

Estimated Cost Schedule ($K)1
i

Prior
Years 1995 1996 1997 1998 1999 Total

]
Task 1 346 323 508 386 432 139 2134

; Task 2 900 734 679 451 2764

i Task 3 550 662 736 444 2392

| Task 4 108 213 213 174 708

Task 5 242 163 207 216 15 843

]
Task 6 482 408 94 984

i'
Task 7 231 300 302 271 1320 743 3167

Task 8

Task 9

Task 10

Task 11

Task 12
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